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*HQHUDO�LQWURGXFWLRQ
5��+XLUQH
��� ,QWURGXFWLRQ�DQG�EDFNJURXQG
'HQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�KDYH�GHYHORSHG�EHFDXVH�WKH\�KDYH�FRQVLGHUDEOH�HFRQRPLFDGYDQWDJHV� IRU�ERWK� WKH� IDUPHUV� LQYROYHG�DQG� WKH�DJULEXVLQHVV� LQGXVWU\��7KHLU�GHYHORSPHQWJLYHV�ULVH��KRZHYHU��WR�DQ�LQFUHDVHG�ULVN�IRU�WKH�LQWURGXFWLRQ�DQG�VSUHDG�RI�QRWLILDEOH�DQLPDOGLVHDVHV�� 7KH� FRVW� RI� GHDOLQJ� ZLWK� WKHVH� SUREOHPV� LV� SODFLQJ� LQFUHDVLQJO\� KHDY\� ILQDQFLDOEXUGHQV� RQ� WKH� FRPPHUFLDO� DQG� SXEOLF� VHFWRUV��5HFHQW� RXWEUHDNV� RI�&ODVVLFDO� 6ZLQH� )HYHU�&6)��DQG�)RRW�DQG�0RXWK�'LVHDVH��)0'��KDYH�FOHDUO\�VKRZQ�WKH�H[WHQW�RI�WKH�SUREOHP�DQGWKH�QHHG�WR�UHFRQVLGHU�WKH�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�WKDW�FRXOG�EHVW�EH�DSSOLHG�WR�VXFKUHJLRQV�)RU� VRPH� LPSRUWDQW� DQG� FOHDU� UHDVRQV�� IDUPHUV� SURGXFH� PDQ\� DQLPDOV� �GDLU\� FRZV�� SLJV�SRXOWU\�� HWF�� LQ� UHODWLYHO\� VPDOO� DUHDV�� NQRZQ� DV� FRQFHQWUDWLRQ� DUHDV� RU� GHQVHO\� SRSXODWHGOLYHVWRFN� DUHDV� �'3/$V��� 6WURQJ� PDWHULDO� DQG� LQIRUPDWLRQ� OLQNV�� DV� WKH\� H[LVW� LQ� DQLPDOSURGXFWLRQ�� DUH� RIWHQ� DVVRFLDWHG� ZLWK� VXFK� DJJORPHUDWLRQV� RI� HFRQRPLF� DFWLYLW\�$JJORPHUDWLRQ�HIIHFWV�WKDW�DULVH�IURP�WKH�FOXVWHULQJ�RI�DFWLYLWLHV�DQG�ZKLFK�DUH�H[WHUQDO�WR�WKHIDUP� RU� ILUP� DUH� FDOOHG� H[WHUQDO� HFRQRPLHV� RI� VFDOH�� $� FRPPRQ� GLVWLQFWLRQ� FDQ� EH� PDGHEHWZHHQ�WZR�W\SHV�RI�H[WHUQDO�HFRQRP\��ORFDOLVDWLRQ�HFRQRPLHV��DQG�XUEDQLVDWLRQ�HFRQRPLHV�/RFDOLVDWLRQ�HFRQRPLHV�DUH�FRVW�VDYLQJV�VSHFLILF�WR�WKH�HVWDEOLVKPHQW�RI�D�SDUWLFXODU�LQGXVWU\�VXFK�DV�WKRVH�WKDW�DULVH�IURP�VSDWLDO�SUR[LPLW\�WR�WKH�XQLWV�WR�ZKLFK�WKH\�DUH�OLQNHG��VXFK�DV�DSLJ�IDWWHQLQJ�IDUP�DQG�D�VODXJKWHUKRXVH���,Q�DQLPDO�SURGXFWLRQ��IDFH�WR�IDFH�FRQWDFWV�EHWZHHQSURGXFHUV��VXFK�DV�LQ�VWXG\�JURXSV��DUH�YHU\�LPSRUWDQW�IRU�WKH�H[FKDQJH�RI�LQIRUPDWLRQ�DQGH[SHULHQFH��SRVVLEO\� IRFXVHG�RQ� LQQRYDWLRQV�� FRRSHUDWLRQ�DQG�VKDULQJ�H[SHQVLYH�SURGXFWLRQIDFWRUV� �VXFK� DV� WUDQVSRUW� FRVWV��� 0RUHRYHU�� JURXS� FRKHVLRQ�� FRXQWHU�YDLOLQJ� SRZHU�� DQGFRPSHWLWLRQ� WR� EH� WKH� EHVW� FDQ� EH� VWLPXODWHG� E\� DFWLQJ�RSHUDWLQJ� DV� D� JURXS�� 8UEDQLVDWLRQHFRQRPLHV�DUH�FRVW�VDYLQJV�WR�DOO�IDUPV�ILUPV�DULVLQJ�IURP�ORFDWLRQ�LQ�DQ�XUEDQ�DUHD��VXFK�DVWUDQVSRUW�IDFLOLWLHV��D�UDQJH�RI�LQGXVWULDO�DQG�RIILFH�SUHPLVHV��RU�D�SRRO�RI�FKHDS�ODERXU��,Q�WKLVZD\� SURGXFWLRQ� FRVWV� RI� DOO� IDUPV�ILUPV� LQYROYHG� FDQ� EH� NHSW� ORZ� DQG� LQIRUPDWLRQ� FDQ� EHH[FKDQJHG�HDVLO\��7KHVH�DUH�FRQVLGHUDEOH�DGYDQWDJHV�IRU�'3/$V�8UEDQLVDWLRQ�HFRQRPLHV�DUH�UHODWHG�WR�VHWWOHPHQW�VL]H��WKH�ODUJHU�WKH�VHWWOHPHQW�WKH�JUHDWHU�WKHSRWHQWLDO� HFRQRPLHV�� 8UEDQLVDWLRQ� GLVHFRQRPLHV�� VXFK� DV� FRQJHVWLRQ�� ULVLQJ� ODQG� SULFHV�
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SROOXWLRQ�DQG�WKH�HVFDODWLQJ�FRVWV�RI�SURYLGLQJ�SXEOLF�VHUYLFHV��PD\�DOVR�FRPH�LQWR�RSHUDWLRQDV� WKH� VL]H� RI� XUEDQ� DUHDV� LQFUHDVH�� 7KH� VDPH� LV� WUXH� IRU� ORFDOLVDWLRQ� GLVHFRQRPLHV��0DMRUORFDOLVDWLRQ�GLVHFRQRPLHV�LQ�DQLPDO�SURGXFWLRQ�LQFOXGH�FRPSHWLWLRQ�LQ�REWDLQLQJ�ODQG�QHHGHGWR�JURZ�FHUHDOV�RU� WR� VSUHDG�PDQXUH�� DQG� WKH�RFFXUUHQFH�� VSUHDG� DQG� FRQWURO� RI� FRQWDJLRXVDQLPDO�GLVHDVHV�VXFK�DV�&6)�DQG�)0'�7KH�DUJXPHQW�IRU�D�UHODWLRQVKLS�EHWZHHQ�OLQNDJHV�DQG�DJJORPHUDWLRQV�LV�XVXDOO\�EDVHG�RQ�WKHFRVW�VDYLQJV�WKDW�ILUPV�IDUPV�PD\�DFFUXH�IURP�ORFDO�OLQNDJHV��$OWKRXJK�WUDQVSRUW�FRVWV�DUH�DQLPSRUWDQW�ORFDWLRQ�IDFWRU�LQ�SLJ�SURGXFWLRQ��WKH\�DUH�RQO\�RQH�DVSHFW�RI�WKH�HIIHFW�RI�GLVWDQFHRQ� FRVWV�� 'LVWDQFH� DOVR� LQIOXHQFHV� WKH� FRVW� RI� PDLQWDLQLQJ� FRQWDFW� E\� H[FKDQJH� RILQIRUPDWLRQ��7KLV� LV�HVSHFLDOO\� LPSRUWDQW�ZKHUH�QRQ�VWDQGDUGLVHG�JRRGV�DUH�EHLQJ�SURGXFHGDQG�FORVH�FRQWDFW�EHWZHHQ�VXSSOLHU�DQG�SURGXFHUV�LV�YLWDO��DV�LV�WKH�FDVH�ZLWK�SURGXFLQJ�SLJVRU� PLON� DFFRUGLQJ� WR� FHUWDLQ� VSHFLILFDWLRQV� �YDOXH�DGGHG�FKDLQ� SURGXFWLRQ��� 7KHUH� DUH� DOVRYDULDWLRQV�LQ�WKH�VLJQLILFDQFH�RI�WUDQVSRUW�FRVWV�EHWZHHQ�GLIIHUHQW�VL]HG�IDUPV�ILUPV��VXFK�DVIHHG�PLOOV��LQGLYLGXDO�VZLQH�SURGXFHUV��WKH�PLON�SURFHVVLQJ�LQGXVWU\�DQG�VODXJKWHUKRXVHV��

��� 2EMHFWLYHV
7KH�PDLQ�REMHFWLYHV�RI�WKH�SURMHFW��WKHUHIRUH��DUH�WR�GHYHORS�PHWKRGV�RI�LGHQWLI\LQJ�GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV�DQG�WR�GHYHORS�WRROV�WKDW�DUH�QHFHVVDU\�LQ�RUGHU�WR�UHGXFH�ULVNV�DQGKHOS� VROYH� SUREOHPV� LQ� VXFK� DUHDV�� )RU� WKLV�� LQVLJKW� LV� JLYHQ� LQWR� WKH� IROORZLQJ� IRXU� NH\UHVHDUFK�TXHVWLRQV��� :KLFK�DUHDV�RI�WKH�(8�DUH�GHQVHO\�SRSXODWHG�ZLWK�OLYHVWRFN"�� :KDW�DUH�WKH�ULVN�IDFWRUV�IRU�WKH�LQWURGXFWLRQ�RI�QRWLILDEOH�DQLPDO�GLVHDVHV�LQWR�WKHVHDUHDV"�� :KDW� DUH� WKH� ULVN� IDFWRUV� IRU� IXUWKHU� VSUHDG� RI� QRWLILDEOH� DQLPDO� GLVHDVHV� LQ� WKHVHDUHDV"�� :KLFK� VSHFLILF� SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� IRU� QRWLILDEOH� DQLPDO� GLVHDVHV� DUHSRVVLEOH�DQG�ZKDW�DUH�WKH�FRVWV�DQG�EHQHILWV"
7KHVH�NH\�UHVHDUFK�TXHVWLRQV�KDYH�EHHQ�GLVFXVVHG�IUHTXHQWO\�LQ�WKH�&RPPLVVLRQ�DQG�LQ�(8PHPEHU� VWDWH� FRXQWULHV�� ERWK� IRUPDOO\� DQG� LQIRUPDOO\�� +RZHYHU�� WKLV� GLG� QRW� UHVXOW� LQFRQFUHWH� DQG�ZRUNDEOH� VROXWLRQV� ZLWK� ZKLFK� WKH� UHDO� SUREOHPV� FDQ� EH� WDFNOHG�� 7KH� UHFHQWRXWEUHDNV� RI� )0'� LQ� WKH�8.��)UDQFH� DQG�7KH�1HWKHUODQGV� DUH� D� VDG� H[DPSOH�� ,Q� RUGHU� WR
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HQVXUH�GHILQLWLYH�DQG�SUDFWLFDO�UHVXOWV� LQ� WKH�FXUUHQW�SURMHFW� WKH�NH\�UHVHDUFK�TXHVWLRQV�KDYHEHHQ�WUDQVODWHG�LQWR�WKH�IROORZLQJ�IRXU�ZRUNLQJ�WDVNV�7DVN�$� 'HYHORSPHQW� DQG� VWDQGDUGLVDWLRQ� RI� GDWD� DQG� PHWKRGV� XVHG� WR� LGHQWLI\� GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV7DVN�%� 4XDQWLILFDWLRQ� DQG� FODVVLILFDWLRQ� RI� WKH� ULVN� RI� VXFK� DUHDV� IURP� D� GLVHDVH� SRLQW� RIYLHZ7DVN�&� $QDO\VLV� RI� UHFHQW� GLVHDVH� RXWEUHDNV� RI� &6)� DQG� )0'� WR� WHVW� DQG� UHILQH� ULVNSDUDPHWHUV7DVN�'� &RVW�EHQHILW�DQDO\VLV�RI�GLVHDVH�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�LQ�VXFK�DUHDV

��� *HQHUDO�RUJDQLVDWLRQ�RI�WKH�SURMHFW�DQG�GHOLYHUDEOHV
7KH� FRPSOHWLRQ� RI� WKH� SURMHFW� PDNHV� LW� SRVVLEOH� WR� LGHQWLI\� DUHDV� LQ� WKH� (8� ZKLFK� DUHFKDUDFWHULVHG� E\� D� KLJK� ULVN� ZLWK� UHVSHFW� WR� WKH� LQWURGXFWLRQ� DQG� IXUWKHU� VSUHDG� RI� PDMRUDQLPDO�GLVHDVHV��7KH�UHVXOWV�HQDEOH�WKH�(8�WR�VWLPXODWH�PHDVXUHV�WKDW�UHGXFH�WKH�ULVN�DQG�WRGHFLGH� ZKDW� PHDQV� VKRXOG� EH� XVHG� LQ� SDUWLFXODU� DUHDV� WR� UHGXFH� WKH� FRVW� RI� DQ� RXWEUHDN�5HGXFHG� ULVN� IDFWRUV� DQG� LPSURYHG� FRQWURO� VWUDWHJLHV� KHOS� WR� HQVXUH� WKDW�PHDVXUHV� WKDW� DUHYHU\�FRVWO\�DQG�QR�ORQJHU�SXEOLFO\�DFFHSWDEOH��VXFK�DV�WKH�VWDPSLQJ�RXW�RI�D�ODUJH�QXPEHU�RIKHUGV�WKDW�GR�QRW�VKRZ�DQ\�VLJQV�RI�DQ�LQIHFWLRQ��DUH�QR�ORQJHU�XVHG�0RUH�VSHFLILFDOO\�WKH�PDMRU�UHVXOWV�EHQHILWV�IURP�WKH�SURMHFW�LQFOXGH�x WKH� DELOLW\� WR� LGHQWLI\�GHQVHO\�SRSXODWHG� OLYHVWRFN�DUHDV� DQG� WR� FKDUDFWHULVH� WKH� VHFWRUDODQG�VSDWLDO�VWUXFWXUH��SDWWHUQ��RI�WKH�OLYHVWRFN�LQGXVWU\�LQ�VXFK�DUHDVx WKH�GHYHORSPHQW�RI�VRIWZDUH�WRROV�WKDW�DOORZ�WKH�DQDO\VLV�RI�DYDLODEOH�GDWD�VHWV�LQ�RUGHU�WRFKDUDFWHULVH�WKH�ULVNV�IRU�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DQG�WR�UDQN�WKHP�ZLWK�UHVSHFWWR�WKH�ULVN�RI�LQWURGXFWLRQ�DQG�IXUWKHU�VSUHDG�RI�PDMRU�GLVHDVHV��VXFK�DV�&6)�DQG�)0'x WKH� GHYHORSPHQW� RI� D� FRPSXWHULVHG� PRGHOOLQJ� DSSURDFK� IRU� FDUU\LQJ� RXW� FRVW�EHQHILWDQDO\VHV�RI�UHOHYDQW�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�PDMRU�DQLPDO�GLVHDVHV�LQ�GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV��DLPHG�DW�VXSSRUWLQJ�SROLF\�PDNHUV�DW�(8��QDWLRQDO�DQG�UHJLRQDOOHYHOVx WKH�SRVVLELOLW\�RI�XVLQJ� WKH�GDWD�FROOHFWHG�DQG�VRIWZDUH� WRROV�GHYHORSHG�IRU� WKH�VWXG\�RIIDFWRUV� RWKHU� WKDQ� GLVHDVH� ULVN�� VXFK� DV� HQYLURQPHQWDO� SUREOHPV� UHVXOWLQJ� IURP� WKHFRQFHQWUDWLRQ�RI�OLYHVWRFN,Q�DGGLWLRQ��PRVW�LPSRUWDQW�WHFKQLFDO�GHOLYHUDEOHV�LQFOXGH�
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x D�FRPSXWHULVHG�WRROER[�IRU�WKH�LGHQWLILFDWLRQ�DQG�DQDO\VLV�RI�GHQVHO\�SRSXODWHG�OLYHVWRFNDUHDVx D�PHWKRG�RI�UDQNLQJ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DFFRUGLQJ�WR�WKHLU�ULVNx DQ� LQWHJUDWHG�PRGHO� DSSURDFK� IRU� WKH� HYDOXDWLRQ�RI�SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� RIQRWLILDEOH�GLVHDVHV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV

��� 'HWDLOHG�UHVHDUFK�SODQ�DQG�RUJDQLVDWLRQ�RI�WKH�WH[W
7KH� UHVXOWV� RI� WKH� SURMHFW� DUH� SUHVHQWHG� LQ� WKLV� UHSRUW�� 7KH� UHSRUW� LV� RUJDQLVHG� LQWR� IRXUVHFWLRQV��RQH�SHU�WDVN��FRPSOHPHQWHG�E\�DQ�µJHQHUDO�LQWURGXFWLRQ¶�DQG�µJHQHUDO�VXPPDU\�DQGFRQFOXVLRQV¶�� (DFK� VHFWLRQ� LV� GLYLGHG� LQWR� VHYHUDO� FKDSWHUV�� DV� LQWURGXFHG� DQG� H[SODLQHGEHORZ�
7DVN�$� 'HYHORSPHQW� DQG� VWDQGDUGLVDWLRQ� RI� GDWD� DQG� PHWKRGV� XVHG� WR� LGHQWLI\� GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV)ROORZLQJ�GLVFXVVLRQV�LQ�VHYHUDO�RI�WKH�&RPPLVVLRQ¶V�ZRUNVKRSV��DV�ZHOO�DV�LQ�WKH�6FLHQWLILF9HWHULQDU\� &RPPLWWHH¶V� VSHFLDO� VXE�JURXS�� LW� EHFDPH� FOHDU� WKDW� WKH� GDWD� DYDLODEOH� IURP(85267$7�FRXOG�QRW�EH�WKH�EDVLV�IRU�WKH�LGHQWLILFDWLRQ�RI�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DV� LQ�PRVW� FDVHV� WKH� VSDWLDO� UHIHUHQFH�XQLWV� DUH� WRR� ODUJH��+HQFH�� REWDLQLQJ�GDWD�RQ� VPDOOHUUHIHUHQFH�XQLWV�EHFDPH�QHFHVVDU\��,Q�UHODWLRQ�WR�GLVHDVH�PDQDJHPHQW��HVSHFLDOO\�IRU�QRWLILDEOHGLVHDVHV��WKH�DUHDV�RI�SURWHFWLRQ�DQG�VXUYHLOODQFH�]RQHV�GHILQHG�DURXQG�DQ�RXWEUHDN�DUHD�DUH�DVXLWDEOH�UHIHUHQFH�XQLW�EHFDXVH�WKH�HFRQRPLF�LPSDFW�RI�DQ�RXWEUHDN�LV�SDUWLFXODUO\�UHODWHG�WRWKHVH� DUHDV�� 7DVN� $� ZDV� GLUHFWHG� WRZDUGV� REWDLQLQJ� WKLV� GDWD� LQ� D� VWDQGDUGLVHG� ZD\� DQGGHYHORSLQJ�PHWKRGV�WR�PDNH�LW�DYDLODEOH�IRU�IXUWKHU�XVH�WKURXJK�XVHU�IULHQGO\�VRIWZDUH�7KH� PDLQ� PHWKRGRORJ\� DSSOLHG� ZLWKLQ� 7DVN� $� ZDV� WKH� GHYHORSPHQW� RI� D� IOH[LEOH� DQGVWDQGDUGLVHG� GDWDEDVH� WKDW� LQFOXGHG� DQG� ZDV� FHQWHUHG� RQ� WKH� JHRJUDSKLFDO� FRRUGLQDWHV� RILQGLYLGXDO� OLYHVWRFN�KROGLQJV��7KH�GDWDEDVH�KDV�D�GLUHFW� OLQN�ZLWK�JHRJUDSKLFDO� LQIRUPDWLRQV\VWHPV�VRIWZDUH��WR�DOORZ�XVHU�IULHQGO\�FRPPXQLFDWLRQ�DQG�DQDO\VHV��+RZHYHU��DOWKRXJK�LWLV�NQRZQ�ZKHUH�WKH�KLJK�DQG�ORZ�FRQFHQWUDWLRQV�RI�OLYHVWRFN�DUH�ZLWKLQ�WKH�(8��WKHUH�LV�QRFOHDU� DQG� XQLTXH� GHILQLWLRQ� RI� WKH� WHUP� µGHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV¶�� &KDSWHU� �WKHUHIRUH� DGGUHVVHV� WKLV� LVVXH� LQ� JUHDW� GHWDLO�� L�H�� LW� VHUYHV� WR� GHILQH� GHQVHO\� SRSXODWHGOLYHVWRFN� DUHDV�� DV� ZHOO� DV� WR� SURYLGH� ERWK� VSDWLDOO\�RULHQWHG� PHWKRGV� DQG� LQGLFHV� IRULGHQWLI\LQJ� VXFK� DUHDV� �� �VXFK� DV� WKH�*,1,�LQGH[� WR�PHDVXUH� WKH� GLVWULEXWLRQ� RI� KHUG� VL]HVZLWKLQ�DQ�DUHD�DQG�WKH�1HDUHVW�1HLJKERXU�,QGH[�WR�FKDUDFWHULVH�WKH�GLVWULEXWLRQ�RI�GLVWDQFHV
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EHWZHHQ�OLYHVWRFN�KROGLQJV���7KHVH�PHWKRGV�DQG�LQGLFHV�ZHUH�WKHQ�FDOFXODWHG�DQG�DSSOLHG�WRGHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� �VHH� &KDSWHU� ���� ,Q� SDUWLFXODU�� WKH� VR�FDOOHG� 1HDUHVW1HLJKERXU� ,QGH[� �11,��� WKH� /RUHQ]� FXUYH� IRU� HVWLPDWLQJ� WKH� VNHZQHVV� RI� DQLPDO� GHQVLW\GLVWULEXWLRQV��WKH�*,1,�LQGH[�DQG�DQ�DGYDQFHG�DQG�GHWDLOHG�NHUQHO�WRRO�IRU�GHQVLW\�HVWLPDWLRQZHUH�GHYHORSHG�DV�XVHU�IULHQGO\�WRROV�IRU�GHFLVLRQ�PDNHUV��DQG�WKHQ��DSSOLHG�WR�VRPH�VHOHFWHG'3/$V��7KHVH� LQGLFHV� DQG� WRROV� VKRXOG� EH� VHHQ� DV� D� ORJLFDO� QH[W� VWHS� LQ� DQDO\VLQJ� DQLPDOGHQVLWLHV� LQ� VSDWLDO� WHUPV� �L�H� WKH�QH[W� VWHS�RQ� IURP� LQGLFHV� VXFK� DV�QXPEHU�RI� DQLPDOV� SHUVTXDUH�NP��DV�GHILQHG�LQ�&KDSWHU����
7DVN�%� 4XDQWLILFDWLRQ�DQG�FODVVLILFDWLRQ�RI� WKH�ULVN�RI�GHQVHO\�SRSXODWHG� OLYHVWRFN�DUHDVIURP�D�GLVHDVH�SRLQW�RI�YLHZ7KH�ULVN�RI�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�IRU�WKH�LQWURGXFWLRQ�DQG�VSUHDG�RI�GLVHDVHV�PD\GHSHQG�RQ�IDFWRUV�VXFK�DV�KHUG�VL]H�DQG�KHUG�ORFDWLRQ��DQDO\VHG�LQ�7DVN�$���+RZHYHU��RWKHULQIOXHQFLQJ� IDFWRUV� VXFK� DV�PDQDJHPHQW� SUDFWLFHV� RI� WKH� IDUPHUV� DQG� WUDGH�SDWWHUQV�ZLWKLQ�LQWR�DQG�RXW�RI�WKH�DUHD�PD\�DOVR�EH�LPSRUWDQW��7DVN�%��WKHUHIRUH��DLPV�WR�REWDLQ�WKLV��RIWHQPRUH�TXDOLWDWLYH��LQIRUPDWLRQ��LQ�RUGHU�WR�SURYLGH�LQVLJKW�LQWR�ZKDW�GLIIHUHQFHV�LQ�WKH�W\SH�RIOLYHVWRFN� LQGXVWU\�H[LVW�DPRQJ�DQG�ZLWKLQ�DUHDV��DQG�ZKHWKHU�RU�QRW� WKH\�VKRXOG�UHVXOW� LQ�DPRGLILFDWLRQ� RI� WKH� ULVN� UDWLQJ� RI� WKH� UHVSHFWLYH� DUHDV�� )LUVW� RI� DOO� DQ� H[WHQVLYH� VXUYH\� RQFDWWOH�� SLJ� DQG� VKHHS� KHUGV� LV� FDUULHG� RXW� LQ� RUGHU� WR� FKDUDFWHULVH� WKH� VWUXFWXUH� RI� VSDUVHO\SRSXODWHG�OLYHVWRFN�DUHDV��63/$V��DQG�'3/$V�LQ�WHUPV�RI�IDUP�PDQDJHPHQW�FKDUDFWHULVWLFV�DQLPDO� FRQWDFWV�� YHKLFOH� PRYHPHQWV�� KXPDQ� FRQWDFWV� DQG� ELRVHFXULW\� PHDVXUHV� EHWZHHQIDUPV�KHUGV��&KDSWHU�����7KHQ��DV�D�ORJLFDO�QH[W�VWHS��ULVN�DQDO\VHV�DUH�SHUIRUPHG�UHIHUULQJ�WRWKH�LQWURGXFWLRQ�RI�&6)�LQ�63/$V�DQG�'3/$V��XVLQJ�WKH�UHVXOWV�DQG�LQVLJKWV�REWDLQHG�IURPWKH� VXUYH\� �&KDSWHU� ���� )RU� WKLV�� D� QHZ�PXOWLSOH� DWWULEXWH� WHFKQLTXH� KDV� EHHQ� GHYHORSHG� LQZKLFK�WKH�VHYHUDO�XQGHUO\LQJ�ULVN�IDFWRUV�DUH�FRPELQHG�LQWR�RQH�RYHUDOO�ULVN�LQGH[��%DVHG�RQWKH�LQIRUPDWLRQ�FROOHFWHG��WRJHWKHU�ZLWK�WKH�LQIRUPDWLRQ�IURP�7DVN�$���WKLV�PHWKRG�LV�XVHG�WRUDQN�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�ZLWK�UHVSHFW�WR�GLVHDVH�ULVN��&KDSWHU���DQG����LQ�FORVHFRRSHUDWLRQ�ZLWK�7DVN�&�±�VHH�EHORZ��$GGLWLRQDO� UHJUHVVLRQ�DQDO\VLV� WHFKQLTXHV� DQG� HSLGHPLRORJLFDO� DQG� PDWKHPDWLFDO� �UDWLR�WHFKQLTXHV�ZHUH�XVHG�WR�DQDO\VH�WKH�VXUYH\�GDWD�LQ�RUGHU�WR�FDOFXODWH�WKH�ULVN�RI�WKRVH�DUHDVXQGHU�FRQVLGHUDWLRQ�DQG�WR�YDOLGDWH�WKLV�DJDLQVW�WKH�DFWXDO�RXWEUHDNV�RI�QRWLILDEOH�GLVHDVHV�LQVHOHFWHG�(8�FRXQWULHV��&KDSWHUV�������$PRQJ�RWKHUV�� WKH�WHFKQLTXH�RI�PXOWLYDULDWH�DQDO\VHVZDV�XVHG�WR�GHILQH�DQG�DQDO\VH�WKH�LPSRUWDQFH�RI��GLIIHUHQFHV�LQ��ULVN�SURILOHV�RI�LQGLYLGXDOIDUPV�LQ�UHODWLRQ�WR�WKH�ULVN�ZLWKLQ�WKH�UHJLRQ�DUHD��7R�WHVW�IRU�JHQHUDOLW\�� WKH�PHWKRGV�KDYHDOVR� EHHQ� DSSOLHG� WR� RWKHU� DQLPDO� GLVHDVHV� DQG� DUHDV�FRXQWULHV�� &KDSWHU� �� GHDOV� ZLWK
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UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�LQ�IDWWHQLQJ�SLJV��63/$V�YHUVXV�'3/$V�LQ�)UDQFH��DQG�&KDSWHU��GHDOV�ZLWK�$XMHV]N\¶V�'LVHDVH�RQ�SLJ�IDUPV�LQ�'3/$V�LQ�%HOJLXP�
7DVN�&� $QDO\VLV� RI� UHFHQW� RXWEUHDNV� RI� &6)� DQG� )0'� WR� WHVW� DQG� UHILQH� WKH� ULVNSDUDPHWHUV7KH�PDMRU� DLP� RI� 7DVN�&� LV WR� YDOLGDWH� VWLOO� IXUWKHU� WKH� ULVN� UDQNLQJ� RI� GHQVHO\� SRSXODWHGOLYHVWRFN�DUHDV��DV�REWDLQHG�LQ�7DVN�%��XVLQJ�GDWD�IURP�UHFHQW�RXWEUHDNV��$V�VKRZQ�DJDLQ�E\WKH�PDMRU�RXWEUHDNV�LQ�%HOJLXP��*HUPDQ\�DQG�7KH�1HWKHUODQGV��&6)�LV�D�PDMRU�WKUHDW�WR�ERWKWKH�SULYDWH�LQGXVWU\�DQG�WKH�SXEOLF�VHFWRU�DQG�KHQFH�KDV�EHHQ�FKRVHQ��DW�WKH�EHJLQQLQJ�RI�WKHSURMHFW� LQ� ������ DV� WKH� GLVHDVH� WR� EH� XVHG� IRU� WKH� YDOLGDWLRQ��$GGLWLRQDO� DQDO\VHV�� EXW� OHVVGHWDLOHG��KDYH�EHHQ�FDUULHG�RXW�IRU�)0'��ZLWK�UHFHQW�RXWEUHDNV� LQ� WKH�8.��)UDQFH�DQG�7KH1HWKHUODQGV��$YDLODEOH� GDWD� RQ� WKH� &6)� RXWEUHDNV� LQ� WKH� WKUHH� ILUVW�PHQWLRQHG� FRXQWULHV� �L�H�� %HOJLXP�*HUPDQ\�DQG�7KH�1HWKHUODQGV��ZHUH�DQDO\VHG��&KDSWHUV���DQG�����XVLQJ�VLPLODU�PHWKRGV�WRJDLQ�TXDQWLWDWLYH� LQVLJKW� LQWR�ERWK� WKH� VSDWLDO� DQG�TXDQWLWDWLYH� G\QDPLFV� RI�&6)� LQ� GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV��DV�ZHOO�DV�LQWR�WKH�XQGHUO\LQJ�IDFWRUV��L�H���HSLGHPLRORJ\���$�VWXG\RQ�)0'�LV�FRQGXFWHG�LQ�&KDSWHU�����'LIIHUHQFHV�LQ�G\QDPLFV�DQG�XQGHUO\LQJ�IDFWRUV�EHWZHHQWKH� DUHDV� ZHUH� UHODWHG� WR� H�J�� KHUG� VWUXFWXUH�� WUDGLQJ� SDWWHUQV�� DQLPDO� FRQWDFWV�� HWF�� 7KHVHILQGLQJV�ZHUH�FRPSDUHG�ZLWK�WKH�ULVN�UDQNLQJ�RI�WKH�DUHDV�DV�GHWHUPLQHG�LQ�7DVN�%�IRU�IXUWKHUYDOLGDWLRQ�RI�WKH�ULVN�UDQNLQJ�WRROV��7KH�LPSURYHG�XQGHUVWDQGLQJ�RI�WKH�HSLGHPLRORJ\�RI�&6)DQG�)0'�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�KHOSV�WR�GHILQH�GLVHDVH�SUHYHQWLRQ�DQG�FRQWUROVWUDWHJLHV� WKDW� DUH� DGDSWHG� WR� VSHFLILF� FRQGLWLRQV� H[LVWLQJ� LQ� WKHVH� DUHDV�� UHVXOWLQJ� LQ� IDVWHUHUDGLFDWLRQ�DQG�ORZHU�FRVWV��VHH�7DVN�'��7R� REWDLQ� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH� G\QDPLFV� RI� WKH� RXWEUHDNV� LW� ZDV� FRQVLGHUHGLPSRUWDQW� LQ� WKH�DQDO\VHV� WR� LQFOXGH�ERWK� WKH�VSDWLDO�SDWWHUQ�RI�GLVHDVH�RXWEUHDNV�DV�ZHOO�DVWKHLU�GLIIXVLRQ�RYHU�WLPH��7KLV�ZDV�PDGH�SRVVLEOH�E\�WKH�XVH�RI�VSDWLDO�DQG�VXUYLYDO�DQDO\VLVWHFKQLTXHV�DV�GHYHORSHG�LQ�7DVN�$��6SDWLDO�DQDO\VLV� LV�D�UHODWLYHO\�QHZ�WHFKQLTXH�LQ�DQLPDOKHDOWK�PDQDJHPHQW� WKDW� DOORZV� IRU� WKH� LQFOXVLRQ� RI� WKH� JHRJUDSKLFDO� FRPSRQHQW� LQWR�PRUHRUGLQDU\� VWDWLVWLFDO� DQDO\VHV�� VXFK� DV� UHJUHVVLRQ� DQDO\VLV�� 6XUYLYDO� DQDO\VLV� RIIHUV� WKHSRVVLELOLW\�RI�VWXG\LQJ�WKH�GLIIXVLRQ�RYHU�WLPH��7KLV�LV�H[SODLQHG�LQ�&KDSWHUV������
7DVN�'� &RVW�EHQHILW� DQDO\VLV� RI� GLVHDVH SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� LQ� GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV7KH� SXEOLF� LQFUHDVLQJO\� SHUFHLYHV� WKH� VODXJKWHULQJ� RI� ODUJH� QXPEHUV� RI� DQLPDOV� DQG� WKHGHVWUXFWLRQ� RI� WKHLU� FDUFDVVHV� LQ� WKH� FDVH� RI� DQ� RXWEUHDN� RI� D� QRWLILDEOH� GLVHDVH� DV� ERWK
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ZDVWHIXO�DQG�HWKLFDOO\�XQDFFHSWDEOH��,W�LV�DOVR�D�FRVWO\�PHDVXUH��D�KHDY\�ILQDQFLDO�EXUGHQ�IRUERWK� (8� PHPEHU� VWDWHV� DQG� SURGXFHUV�� 7KHUH� LV� D� QHHG�� WKHUHIRUH�� WR� GHILQH� �L�H��� IXUWKHUUHILQH�� HIIHFWLYH� SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV�� WDNLQJ� LQWR� DFFRXQW� WKH� VSHFLILFFKDUDFWHULVWLFV� RI� WKH� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHD� XQGHU� FRQVLGHUDWLRQ��7KLV� LV� DQ� DUHDZKHUH�IXUWKHU�HSLGHPLRORJLFDO�DQG�HFRQRPLF�UHVHDUFK�LV�UHTXLUHG��DQG�RQ�ZKLFK�7DVN�'�ZDVIRFXVHG��&RPSXWHU�VLPXODWLRQ�PRGHOV�KDYH�EHHQ�GHYHORSHG�WKDW�DOORZ�FRVW�EHQHILW�DQDO\VHVRI�DOWHUQDWLYH�RSWLRQV�IRU�GLVHDVH�SUHYHQWLRQ�DQG�FRQWURO�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�WDNLQJ�LQWR�DFFRXQW�GLIIHUHQW�FRQGLWLRQV�DQG�VFHQDULRV��FRQVLGHULQJ�����WKH�LQWURGXFWLRQ�RI�WKHGLVHDVH� LQWR� DQ� DUHD�� ���� WKH� IXUWKHU� VSUHDG� RI� WKH� GLVHDVH�� ���� WKH� GLUHFW� FRVW� RI� FRQWUROPHDVXUHV�� DQG� ���� WKH� LQGLUHFW� HIIHFWV� GXH� WR� WUDGH� UHVWULFWLRQV��7KHVH�PRGHOV� DUH� GHVFULEHGDQG�DSSOLHG�LQ�&KDSWHUV�������7DVN�'�PDGH�XVH� RI� VWRFKDVWLF� VLPXODWLRQ�PRGHOV� DW� KHUG� DQG� UHJLRQDO� OHYHOV� UHVSHFWLYHO\�&RPSXWHU�VLPXODWLRQ�LV�D�PHWKRG�IRU�DQDO\VLQJ�D�SUREOHP�E\�FUHDWLQJ�D�PDWKHPDWLFDO�PRGHORI� WKH�V\VWHP�XQGHU�FRQVLGHUDWLRQ� WKDW�FDQ� WKHQ�EH�PDQLSXODWHG�E\� LQSXW�PRGLILFDWLRQ�� ,W� LVSDUWLFXODUO\� XVHIXO�ZKHUH� UHDO�OLIH� H[SHULPHQWDWLRQ� LV� LPSRVVLEOH�� FRVWO\� RU� GLVUXSWLYH� �DV� LVWKH� FDVH� ZLWK� KLJKO\� FRQWDJLRXV� GLVHDVHV��� DV� ZHOO� DV� IRU� H[SORULQJ� QHZ� FRQWURO� VWUDWHJLHV�&KDSWHU� ��� DQG� ����� 6SHFLILF� �FRQMRLQW�� DQDO\VHV� ZHUH� XVHG� WR� REWDLQ� NQRZOHGJH� IURPH[SHUWV�DV�WR�WKH�UHODWLYH�LPSRUWDQFH�RI�ULVN�IDFWRUV�IRU� WKH�LQWURGXFWLRQ�RI�D�GLVHDVH�LQWR�DQDUHD�DV�REMHFWLYHO\�DQG�TXDQWLWDWLYHO\�DV�SRVVLEOH��&KDSWHU������'HFLVLRQ�DQDO\VLV�WHFKQLTXHVZHUH� XVHG� LQ� HYDOXDWLQJ� WKH� HFRQRPLF� UHVXOWV� RI� GLIIHUHQW� FRQWURO� VWUDWHJLHV� �&KDSWHU� ����)LQDOO\�� WUDGH�RULHQWHG� PRGHOV� KDYH� EHHQ� GHYHORSHG� IRU� D� EURDGHU� FRYHUDJH� RI� DOO� FRVWVLQYROYHG��7KHVH�PRGHOV�DUH�GHVFULEHG�LQ�&KDSWHU����
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7DVN�$
'HYHORSPHQW�DQG�VWDQGDUGLVDWLRQ�RI�GDWD�DQGPHWKRGV�XVHG�WR�LGHQWLI\�GHQVHO\�SRSXODWHG�OLYHVWRFNDUHDV

'HQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��'HILQLWLRQ�DQG�VSDWLDO�GLVWULEXWLRQ�LQ�WKH(XURSHDQ�8QLRQ�±�$�FDVH�VWXG\�IRU�ILYH�PHPEHU�VWDWHV
,��0LFKHO�DQG�+���:��:LQGKRUVW

9HWHULQDU\�,QIRUPDWLRQ�6\VWHP��$�*,6�EDVHG�WRROER[�IRU�KDQGOLQJ�DQGDQDO\VLQJ�HSLGHPLRORJLFDO�ULVN�IDFWRUV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV
0DQIUHG�(KOHUV�DQG�0DWWKLDV�0|OOHU



��

'HQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��'HILQLWLRQ�DQGVSDWLDO�GLVWULEXWLRQ�LQ�WKH�(XURSHDQ�8QLRQ�±�$�FDVHVWXG\�IRU�ILYH�PHPEHU�VWDWHV
,��0LFKHO�DQG�+��:��:LQGKRUVW
$EVWUDFW7KH�FHQWUHV�RI�DQLPDO�SURGXFWLRQ�LQ�WKH�(8�DUH�PRUH�RU�OHVV�ZHOO�NQRZQ�DQG�LQ�PRVW�FDVHVQDPHG� DIWHU� SURYLQFHV� RU� QDWXUDO� ODQGVFDSHV�� 7KXV�� %ULWWDQ\� LV� WKH� FHQWUH� RI� SURGXFWLRQ� LQ)UDQFH�� WKH� 3R� YDOOH\� LQ� ,WDO\�� SDUWV� RI� /RZHU�6D[RQ\� DQG� 1RUWKUKHLQ�:HVWSKDOLD� LQ*HUPDQ\��HWF��7KLV�GHVFULSWLRQ�QHJOHFWV��KRZHYHU��WKH�LQWHQVLW\�UHDFKHG�LQ�WKHVH�DUHDV��DV�ZHOODV� WKH� DQLPDO� GHQVLW\� DQG� WKH� H[DFW� GHILQLWLRQ� RI� WKH� ERXQGDULHV�� &RQVLGHULQJ� WKH� IDFW� WKDWWKHVH�SURGXFWLRQ�UHJLRQV�ZHUH�PHQWLRQHG�DJDLQ�DQG�DJDLQ�LQ�WKH�PHGLD�LQ�FRQQHFWLRQ�ZLWK�WKHRXWEUHDNV�RI� DQLPDO�GLVHDVHV�� VXFK�D�JHQHUDO�GHVFULSWLRQ� LV� LQVXIILFLHQW��$V� WKH�(8� VHWV� WKHOHJDO� IUDPHZRUN� IRU� D� GLVHDVH� RXWEUHDN�� D� PRUH� SUHFLVH� GHILQLWLRQ� RI� GHQVHO\� SRSXODWHGOLYHVWRFN� DUHDV� DW� WKH� (8� OHYHO� LV� QHFHVVDU\�� D� GHILQLWLRQ� DW� D� QDWLRQDO� OHYHO� ZRXOG� EH� DGLVDGYDQWDJH�7KH�PDLQ�JRDO�RI�WKLV�SDSHU�LV�WR�SURYLGH�D�FDOFXODWLRQ�IRU�ILYH�PHPEHU�VWDWHV�DV�D�EDVLV�IRU�DFODVVLILFDWLRQ�WKDW�PDNHV�LW�SRVVLEOH�WR�UDQN�PXQLFLSDOLWLHV�DFFRUGLQJ�WR�WKHLU�DQLPDO�GHQVLW\�DQLPDOV�SHU�NPð�RI�ODQG�DUHD��LQ�GHQVHO\�DQG�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��'3/$V�DQG63/$V���7ZR�SDUDOOHO�FDOFXODWLRQV�ZHUH�FDUULHG�RXW��2QH�GHDOV�ZLWK�UXPLQDQWV��FDWWOH��VKHHS�JRDWV��DQG�SLJV��DQLPDOV�ZKLFK�ZRXOG�EH�DIIHFWHG�E\�DQ�RXWEUHDN�RI�)RRG�DQG�0RXWK�'LVHDVH�)0'���$� VHFRQG� FDOFXODWLRQ� RQO\� GHDOV�ZLWK� SLJV�� IRU� RQO\� WKH\�ZRXOG� EH� DIIHFWHG� E\� DQRXWEUHDN�RI�&6)��'3/$V�DUH�GHILQHG�DV�PXQLFLSDOLWLHV�ZLWK�PRUH� WKDQ�����DQLPDOV�NPð�RUPRUH�WKDQ�����SLJV�NPð�

��� ,QWURGXFWLRQ
'DWD�IURP�WKH�DQLPDO�FHQVXVHV�LQ�%HOJLXP��)UDQFH��*HUPDQ\��,WDO\�DQG�7KH�1HWKHUODQGV�ZDVXVHG�IRU�D�GHILQLWLRQ�RI�'3/$V��7R�UHDFK�D�VSDWLDO�SDWWHUQ�RQ�D�VPDOO� VFDOH��GDWD� IRU�FDWWOH�SLJV�� VKHHS� DQG� JRDWV� LV� QHHGHG� RQ� WKH� PXQLFLSDOLW\� OHYHO�� $� VHFRQG� GDWDEDVH� ZDV� WKHFDGDVWUDO�DUHD�RI�WKH�PXQLFLSDOLWLHV�L�H��WKH�GHQVLW\�YDOXHV�GR�QRW�UHIHU�WR�WKH�ODQG�LQ�IDUPV��DVVXFK�D�YDOXH�LV�LUUHOHYDQW�LQ�FDVH�RI�D�GLVHDVH�RXWEUHDN��)RU�WKH�VDPH�UHDVRQ��QR�FRQYHUVLRQ



��

WDEOHV�ZHUH�XVHG��)RU�WKH�UDQNLQJ�RI�PXQLFLSDOLWLHV�DFFRUGLQJ�WR�WKHLU�GLVHDVH�ULVN��WKH�ULVN�IRUDQ�RXWEUHDN�DQG�WKH�GLVVHPLQDWLRQ�RI�DQ�LQIHFWLRXV�GLVHDVH�ZRXOG�KDYH�WR�EH�FDOFXODWHG�RQ�WKHEDVLV� RI� HDFK� VSHFLHV�� 6XFK� GDWD� LV� QRW� DYDLODEOH�� KRZHYHU� IRU� DQ� RXWEUHDN� DQG� WKHGLVVHPLQDWLRQ� RI� D� GLVHDVH� WKH� RUJDQLVDWLRQ� RI� SURGXFWLRQ� LV� DOVR� UHOHYDQW�� $V� VXFKLQIRUPDWLRQ�FDQQRW�EH�FRQFOXGHG�IURP�WKH�DQLPDO�FHQVXV��DOO�VSHFLHV�DUH�RQO\�FRQVLGHUHG�E\WKHLU�QXPEHU�

��� 7KH�GDWDEDVH
7KH� GDWDEDVH� GHYHORSHG� IRU� )0'� DQG� &6)� UHIHUV� WR� ������� DQG� ������� PXQLFLSDOLWLHVUHVSHFWLYHO\��DQG�DQ�DUHD�RI������DQG������PLOOLRQ�NPð�UHVSHFWLYHO\��7KH�GLIIHUHQFHV�DUH�GXHWR�WKH�DYDLODELOLW\�RI�GDWD�IRU�WKH�)HGHUDO�5HSXEOLF�RI�*HUPDQ\��,Q�WRWDO��*HUPDQ\�KDV�������PXQLFLSDOLWLHV� �)LVFKHU�:HOWDOPDQDFK�� ������� )RU� WKH� FDOFXODWLRQ� RI� DQLPDO� GHQVLW\� RQ� WKHPXQLFLSDOLW\�OHYHO��RQO\�������GDWD�SDLUV�ZHUH�DYDLODEOH�IRU�)0'�DQG�������IRU�&6)��7KLV�LVGXH�RQ�WKH�RQH�KDQG�WR�WKH�IDFW�WKDW�IRXU�RI�WKH�ILYH�VWDWHV�LQ�HDVWHUQ�*HUPDQ\�GR�QRW�SXEOLVKDQLPDO� GDWD� DW� WKLV� DGPLQLVWUDWLYH� OHYHO�� DQG� RQ� WKH� RWKHU� KDQG�� WR� GLVFORVHG� GDWD�� ZKHQ� DFHUWDLQ�QXPEHU�RI�IDUPV�KROGV�D�FHUWDLQ�SHUFHQWDJH�RI�DQLPDOV�LQ�D�PXQLFLSDOLW\��1HYHUWKHOHVVWKH�YDVW�PDMRULW\�RI� WKH�DQLPDO�SRSXODWLRQ� LV�FRQWDLQHG�ZLWKLQ� WKH�FDOFXODWLRQV��2I� WKH�����PLOOLRQ�KHDGV�RI�FDWWOH�������PLOOLRQ�DUH�LQ�WKH�GDWDEDVH��RI�WKH������PLOOLRQ�SLJV�������PLOOLRQDUH�LQ�WKH�GDWDEDVH�DQG�RI�WKH�����PLOOLRQ�VKHHS������PLOOLRQ�DUH�LQ�WKH�GDWDEDVH��DOO�GDWD�IURP������$QRWKHU� LPSRUWDQW� SUREOHP� RULJLQDWHV� IURP� WKH� GLIIHUHQFHV� LQ� WKH� DQLPDO� FHQVXVHV� LQ� WKHPHPEHU� VWDWHV�� *HUPDQ\� GRHV� QRW� FRXQW� JRDWV� EHFDXVH� WKHLU� WRWDO� QXPEHUV� DUH� VR� ORZ�%HOJLXP� GDWD� FDQQRW� EH� FRPSDUHG� WR� WKRVH� RI� RWKHU� FRXQWULHV� LQ� WKH� (8�� DV� LW� LV� QRW� WKHQXPEHU� RI� SLJV� WKDW� DUH� FRXQWHG� RQ� D� FHUWDLQ� GD\�� EXW� WKH� QXPEHU� RI� SODFHV�� ,Q� DGGLWLRQ�SLJOHWV�DUH�QRW�FRXQWHG��,Q�RUGHU�WR�EH�DEOH�WR�XVH�WKH�%HOJLXP�GDWD��D�FRQYHUVLRQ�PHWKRG�ZDVXVHG� IURP� WKH� ³&HQWUDO� $QLPDO� +HDOWK� $VVRFLDWLRQ´� �8NNHO�� %HOJLXP��� 7R� DYRLG� IXUWKHUSUREOHPV�� WKH� FODVVLILFDWLRQ� IRU� VRZV�� KRJV�� SLJOHWV� HWF�� ZDV� QRW� XVHG�� EXW� RQO\� WKH� WRWDOQXPEHU�RI�DQLPDOV�IRU�HDFK�VSHFLHV�,Q�DGGLWLRQ�WR�WKH�GLIIHUHQFHV�LQ�WKH�PHWKRGRORJ\�RI�WKH�FHQVXVHV�DQG�WKH�JHQHUDO�DYDLODELOLW\RI�WKH�GDWD��WKH�\HDUV�IRU�ZKLFK�GDWD�VHWV�DUH�DYDLODEOH�DW�DOO��GLIIHU�FRQVLGHUDEO\��)UDQFH�RQO\SXEOLVKHV�GDWD�DW� WKH�DGPLQLVWUDWLYH� OHYHO�RI� WKH�FDQWRQ�DQG� WKH� ODVW� FRPSOHWH�GDWD� VHW� LVIURP�������'XWFK�GDWD��RQ�WKH�RWKHU�KDQG��VWHPV�IURP�������7DEOH�����VKRZV�D�VXPPDU\�RI
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WKH�EDVLV GDWD�XVHG��,W�EHFRPHV�REYLRXV�WKDW�WKLV�EDVLV�LV�QRW�RSWLPDO��EXW�ZLWK�UHVSHFW�WR�WKHGLIIHUHQFHV� LQ� WKH�PHWKRGRORJ\� RI� DQLPDO� FHQVXVHV� LQ� WKH�(8�PHPEHU� VWDWHV�� LW� LV� WKH� EHVWSRVVLEOH�
7DEOH���� %DVLV�GDWD�IRU�FDOFXODWLRQV% ) 'D 'E , 1/\HDU�RI�FHQVXV ���� ���� ���� ���� ����&RPPXQLW\�QR� ��� ����� ����� ����� ����� ���DUHD�LQ�NPð ������ ������� ������� ������� ������� ������WRWDO�QR��RI�FDWWOH ��������� ���������� ���������� ��������� ���������WRWDO�QR��RI�SLJV F��������� ���������� ���������� ��������� ����������WRWDO�QR��RI�VKHHS ������� ���������� ��������� ��������� ���������WRWDO�QR��RI�JRDWV ������ ��������� QR�GDWD ��������� �������D� )RU�UHDVRQV�RI�SULYDF\�������FRPPXQLWLHV�DUH�FORVHG�E� )RU�UHDVRQV�RI�SULYDF\�������FRPPXQLWLHV�DUH�FORVHG�F� &DOFXODWHG�SLJ�QXPEHU
��� 'HILQLWLRQ�RI�'3/$V�
$V�PHQWLRQHG�EHIRUH��WKH�DQLPDO�GHQVLW\�ZDV�FDOFXODWHG�IURP�WKH�QXPEHU�RI�DQLPDOV�DQG�WKHDUHD�RI�D�PXQLFLSDOLW\��7R�UHDFK�D�FODVVLILFDWLRQ�RI�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��GHQVLW\FODVVHV�ZHUH� IRUPHG����DQLPDOV�NPð�������DQLPDOV�NPð���������DQLPDOV�NPð��HWF��7KH�VDPHFDOFXODWLRQ�ZDV�WKHQ�FDUULHG�RXW�IRU�SLJV��)LJXUH�����VKRZV�WKDW�WKH�RYHUZKHOPLQJ�QXPEHU�RIPXQLFLSDOLWLHV� EHORQJV� WR� WKH� FODVVHV�ZLWK� ORZ� GHQVLWLHV�� 7KLV� GLVWULEXWLRQ� IRFXVVHG� IXUWKHUFRQVLGHUDWLRQV�RQ� WKH����RI� WKH�PXQLFLSDOLWLHV�ZLWK� KLJKHVW� GHQVLWLHV��7KLV� SHUFHQWDJH�ZDVXVHG�DV�ZH�DUH�FRQYLQFHG�WKDW�WKH�YDVW�PDMRULW\�RI�WKH�PXQLFLSDOLWLHV�EHORQJ�WR�FODVVHV�ZLWKORZ�RU�PRGHUDWH� GHQVLW\�� LI� RQH� UHDOO\�ZDQWV� WR� LGHQWLI\� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV�$QRWKHU� DVSHFW�ZDV� WKH� DVVXPSWLRQ� WKDW� OHJDO� UHJXODWLRQV� IRU� DOO�PHPEHU� VWDWHV� RI� WKH�(8�ZLWK�UHVSHFW�WR�GLVHDVH�SUHYHQWLRQ��ZRXOG�RQO\�EH�DFFHSWHG�DQG�FRXOG�RQO\�EH�DSSOLHG�LI�WKHDUHD�DIIHFWHG�GLG�QRW�VXUSDVV����RI�WKH�WRWDO�ODQG�DUH�RI�WKH�(8�7KH� DSSHQGL[� VKRZV� WKH� WDEOHV� IRU� ERWK� FDOFXODWLRQV� RQ�ZKLFK� WKH� GHILQLWLRQ� RI�'3/$V� LVEDVHG��0XQLFLSDOLWLHV�ZLWK�PRUH�WKDQ�����DQLPDOV�NPð�DUH�FODVVLILHG�DV�'3/$V�IRU�)0'��LQWRWDO� ������ IDOO� LQWR� WKLV� FODVV�� )RU�&6)�� WKH� YDOXH� LV�PRUH� WKDQ� ���� SLJV�NPð�� KHUH�� �����PXQLFLSDOLWLHV�DUH�FODVVLILHG�DV�GHQVHO\�SRSXODWHG��$V�WKH�UHPDLQLQJ�PXQLFLSDOLWLHV�FRXOG�QRWEH�FODVVLILHG�DV�VSDUVHO\�SRSXODWHG�ZLWKRXW�D�EXIIHU��WKH�IROORZLQJ�FODVVLILFDWLRQ�ZDV�XVHG��DOO
� 1XPEHU�RI�SLJOHWV� ��QXPEHU�RI�VRZ�SODFHV��[�����[����� ,Q�FRRSHUDWLRQ�ZLWK�&OD]LHQ�GH�9RV��:DJHQLQJHQ�$JULFXOWXUDO�8QLYHUVLW\�
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PXQLFLSDOLWLHV� WKDW� EHORQJ� WR� WKH� ����ZLWK� ORZHU� GHQVLWLHV� ZHUH� FODVVLILHG� DV� 63/$V�� WKHUHPDLQLQJ�DV�PXQLFLSDOLWLHV�ZLWK�D�PHGLXP�GHQVLW\��)URP�7DEOH�����RQH�FDQ�VHH�WKDW�WKHVHSHUFHQWDJHV�KDYH�WR�EH�XQGHUVWRRG�DV�D�EDVLV�IRU�D�³URXJK´�FODVVLILFDWLRQ�DQG�WKDW�DFFRUGLQJ�WRWKH�GDWD�VHW�WKH\�KDYH�WR�EH�PRGLILHG��,W�EHFRPHV�REYLRXV��KRZHYHU�� WKDW� WKH�GLVWULEXWLRQ�RIWKH� SHUFHQWDJHV� LV� VLPLODU� IRU� WKH� QXPEHU� RI�PXQLFLSDOLWLHV� DV�ZHOO� DV� IRU� WKH� DUHD� LQ� WKHVHPXQLFLSDOLWLHV�
)LJXUH���� 'LVWULEXWLRQ�RI�FRPPXQLWLHV�LQ�GHQVLW\�FODVVHV�IRU�SLJV�DQG�DQLPDOV

7DEOH����D 0DUJLQDO�YDOXHV�IRU�WKH�FODVVLILFDWLRQ�RI�'3/$V��03/$V�DQG�63/$V�IRU�)0'DQG�WKHLU�VKDUH��LQ����RI�WKH�QXPEHU�RI�PXQLFLSDOLWLHV�DQG�WKH�DUHD&ODVV PDUJLQDO�YDOXHDQLPDOV�NPð 1XPEHU�RIFRPPXQLWLHV ��RIFRPPXQLWLHV ��RI�DUHD
63/$ ����� ������ ����� �����03/$ ������� ����� ����� �����'3/$ !��� ����� ���� ����
7DEOH����E� 0DUJLQDO�YDOXHV�IRU�WKH�FODVVLILFDWLRQ�RI�'3/$V��03/$V�DQG�63/$V�IRU�&6)DQG�WKHLU�VKDUH��LQ����RI�WKH�QXPEHU�RI�PXQLFLSDOLWLHV�DQG�WKH�DUHDFODVV PDUJLQDO�YDOXHSLJV�NPð 1XPEHU�RIFRPPXQLWLHV ��RIFRPPXQLWLHV ��RI�DUHD
63/$ ���� ������ ����� �����03/$ ������ ����� ����� �����'3/$ !��� ����� ���� ����
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,I� D� PXQLFLSDOLW\� UHDFKHV� D� GHQVLW\� YDOXH� RI� PRUH� WKDQ� ���� SLJV�NPð� EXW� OHVV� WKDQ� ���DQLPDOV�NPð�LW�ZRXOG�RQ�WKH�RQH�KDQG�EH�FODVVLILHG�DV�D�'3/$�IRU�&6)�DQG�RQ�WKH�RWKHU�DV�D03/$� IRU�)0'��$V� SLJV� FDUU\� D� KLJK� ULVN� LQ� WKH� GLVVHPLQDWLRQ� RI� )0'�� DOO� FRPPXQLWLHVZLWK�D�GHQVLW\�RI�PRUH�WKDQ�����SLJV�NPð�DUH�DOVR�FODVVLILHG�DV�'3/$V�IRU�)0'��7KHUH�DUH����UHVSHFWLYH�PXQLFLSDOLWLHV��EXW�WKH\�DUH�QRW�FRQWDLQHG�LQ�WKH�ILJXUHV�LQ�7DEOH����D�

������5HVXOWV
$�GHWDLOHG� DQDO\VLV� RI� WKH� UHVXOWV� RI� WKH� GHILQLWLRQ� IRU� WKH� ILYH� FRXQWULHV� VKRZV� UHVXOWV� WKDWGLIIHU� FRQVLGHUDEO\�� :KHUHDV�� IRU� H[DPSOH�� LQ� 7KH� 1HWKHUODQGV� PRUH� WKDQ� ���� RI� WKHPXQLFLSDOLWLHV�DQG�LQ�%HOJLXP�PRUH�WKDQ�����KDYH�WR�EH�FODVVLILHG�DV�'3/$V��LQ�)UDQFH�OHVVWKDQ����EHORQJ�WR�WKLV�FODVV�DQG�LQ�*HUPDQ\�DQG�,WDO\�EHWZHHQ���DQG�����7KH�GLIIHUHQFHV�DUHHYHQ�KLJKHU�ZKHQ�ORRNLQJ�DW�WKH�DYHUDJH�GHQVLWLHV��7KH�'XWFK�PXQLFLSDOLW\�0LHUOR�VKRZV�WKHKLJKHVW� YDOXH�ZLWK� ������ DQLPDOV�NPð�� WKLV� LV�PXFK� KLJKHU� WKDQ� WKH� KLJKHVW� YDOXH� WKDW�ZDVUHDFKHG� LQ� )UDQFH� LQ� ����� ������� DQLPDOV�NPð� LQ� /RPEDOOH��� 7KH� LQFUHDVH� LQ� WKH� SLJSRSXODWLRQ�LQ�)UDQFH�WR�PRUH�WKDQ����PLOOLRQ�LQ������PD\��KRZHYHU��KDYH�UHGXFHG�WKH�JDS�EXW�WKH�'XWFK�YDOXH�LV�DOVR�PXFK�KLJKHU�WKDQ�WKH�KLJKHVW�YDOXH�LQ�*HUPDQ\�LQ�������'DPPH������� DQLPDOV�NPð��� ,Q� %HOJLXP� WKH� PD[LPXP� ZDV� DWWDLQHG� LQ� /LFKWHUYHOGH� ������DQLPDOV�NPð��LQ�������LQ�,WDO\��&XPLJDQDR�VXO�1DYLJOLR��UHDFKHG�D�PHGLXP�YDOXH�ZLWK������DQLPDOV�NPð��F�I��OLVW�RI�WKH����PXQLFLSDOLWLHV�ZLWK�WKH�KLJKHVW�DQLPDO�GHQVLWLHV�ZLWK�UHVSHFW�WR)0'� LQ� WKH� DSSHQGL[��� 7KH� PDSV� LQ� WKH� DSSHQGLFHV� VKRZ� WKH� GLIIHUHQFHV� LQ� WKH� VSDWLDOGLVWULEXWLRQ�RI�'3/$V��:KHUHDV�7KH�1HWKHUODQGV�DQG�%HOJLXP�VKRZ�FRQWLQXRXV�DUHDV�ZLWKDQ�DYHUDJH�GHQVLW\�RI�PRUH�WKDQ�������DQLPDOV�NPð��VXFK�DUHDV�FDQQRW�EH�IRXQG�LQ�)UDQFH�DQG*HUPDQ\� DW� DOO� DQG� RQO\� LQ� D� IHZ� ORFDWLRQV� LQ� ,WDO\�� 2QO\� D� PRUH� UHFHQW� GDWD� VHW� FRXOGLOOXVWUDWH�KRZ�WKLV�VLWXDWLRQ�PD\�KDYH�FKDQJHG�LQ�)UDQFH�DQG�,WDO\�)LJXUH� ���D� DQG�E VKRZ�DQRWKHU� LPSRUWDQW� DVSHFW� RI� WKH� FRPSDULVRQ�� WKH� SHUFHQWDJH� RI� WKHUHVSHFWLYH�VSHFLHV�WKDW�DUH�ORFDWHG�LQ�WKH�'3/$V��2QH�FDQ�HDVLO\�VHH�WKDW�WKH�SLJ�SURGXFWLRQ�LQWKH�1HWKHUODQGV� DQG�%HOJLXP� LV� DOPRVW� FRPSOHWHO\� FRQFHQWUDWHG� LQ� UHJLRQV� WKDW� KDYH� WR� EHFODVVLILHG� DV� '3/$V�� ZKHUHDV� LQ� )UDQFH�� *HUPDQ\� DQG� ,WDO\� OHVV� WKDQ� ���� RI� WKH� SLJSRSXODWLRQ�LV�ORFDWHG�LQ�VXFK�DUHDV�2QO\�LQ�7KH�1HWKHUODQGV�LV�PRUH�WKDQ�����RI�WKH�FDWWOH�SRSXODWLRQ�KHOG�LQ�'3/$V��IROORZHGE\�%HOJLXP�7KH�VDPH� LV� WUXH� IRU�JRDWV�� ,Q� ,WDO\�DQG�)UDQFH� WKH�SHUFHQWDJH� IRU�JRDWV� LV� OHVVWKDQ������HYHQ�LI�WKH�YDOXHV�IRU�)0'�LV�XVHG��7KH�QXPEHU�RI�VKHHS�LQ�'3/$V�LV�KLJKHVW�LQ
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%HOJLXP�� IROORZHG� E\� 7KH� 1HWKHUODQGV�� 7KH� SHUFHQWDJH� LQ� *HUPDQ\�� )UDQFH� DQG� ,WDO\UHPDLQV�EHQHDWK������DV�VHHQ�EHIRUH�IRU�JRDWV�
)LJXUH����D 7KH�VKDUH�RI�OLYHVWRFN�ORFDWHG�LQ�'3/$V�IRU�)0'�SHU�FRXQWU\

)LJXUH����E 7KH�VKDUH�RI�OLYHVWRFN�ORFDWHG�LQ�'3/$V�IRU�&6)�SHU�FRXQWU\
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QR��RI�FDWWOH�LQ�'3/$�IRU�)0' QR��RI�SLJV�LQ�'3/$�IRU�)0' QR��RI�VKHHS�LQ�'3/$�IRU�)0' QR��RI�JRDWV�LQ�'3/$�IRU�)0'
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QR��RI�FDWWOH�LQ�'3/$�IRU�&6) QR��RI�SLJV�LQ�'3/$�IRU�&6) QR��RI�VKHHS�LQ�'3/$�IRU�&6) QR��RI�JRDWV�LQ�'3/$�IRU�&6)
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$W� D� KLJKHU� DGPLQLVWUDWLYH� OHYHO�� WKH� UHVXOW� LV� WKH� VSDWLDO� GLVWULEXWLRQ� SDWWHUQ� DV� VKRZQ� LQ)LJXUH������%HVLGHV�WKH�WZR�UHJLRQV�LQ�)UDQFH�DQG�,WDO\��ZKLFK�DUH�ORFDWHG�LQ�D�ODUJH�GLVWDQFHIURP�WKH�RWKHU�KLJK�GHQVLW\�DUHDV��D�FRQWLQXRXV�EHOW�FDQ�EH�IRXQG��UHDFKLQJ�IURP�%HOJLXP�DQG7KH�1HWKHUODQGV�WR�QRUWKZHVWHUQ�*HUPDQ\��,Q�WKLV�KLJK�GHQVLW\�UHJLRQ�DERXW�����RI�DOO�SLJVRI�WKH�(8�ZHUH�SURGXFHG�LQ�������=03�������
)LJXUH���� '3/$V�IRU�)0'�DQG�&6)�LQ�WKH�ILYH�FRXQWULHV�SDUWLFLSDWLQJ�LQ�WKH�(8�SURMHFW

'3/$V LQ WKH ILYH SDUWLFLSDWLQJ FRXQWULHV'3/$V IRU &6) DQG�RU )0'QR '3/$V

7KH� GHWDLOHG� PDSV� LQ� WKH� DSSHQGLFHV� VKRZ� DOO� PXQLFLSDOLWLHV� FODVVLILHG� DV� '3/$V�� :KHQFRPSDULQJ�WKH�UHVXOWV�RQ�WKH�WZR�DGPLQLVWUDWLYH�OHYHOV��RQH�FDQ�VHH�WKDW�VRPH�LQIRUPDWLRQ�LVORVW� LQ� WKH�SURYLQFH� OHYHO��6R�� IRU� H[DPSOH�� WKH�SURYLQFH�RI�/LPEXUJ� LQ� WKH�1HWKHUODQGV� LVFODVVLILHG� DV� D� '3/$� DOWKRXJK� WKH� VRXWKHUQ� PXQLFLSDOLWLHV� RQO\� VKRZ� D� ORZ� RU� PHGLXPGHQVLW\��6HYHUDO�RWKHU�H[DPSOHV�FDQ�EH�IRXQG��7KH�VDPH�LV�WUXH�IRU�WKH�RSSRVLWH��DQ�H[DPSOHLV� &XQHR� �3LHPRQWH�� LQ� ,WDO\�� (YHQ� WKRXJK� D� FOXVWHU� RI� '3/$V� FDQ� EH� IRXQG� RQ� WKHPXQLFLSDOLW\�OHYHO��WKH�SURYLQFH�DV�D�ZKROH�LV�FODVVLILHG�DV�DQ�63/$�IRU�)0'�DQG�DQ�03/$IRU�&6)�,Q� RUGHU� WR� EH� DEOH� WR� HVWLPDWH� WKH� GLVWULEXWLRQ� RI� WKH� DQLPDO� VSHFLHV� LQ� WKH� '3/$V�� WKHSHUFHQWDJH�RI� WKH�VSHFLHV�IRU� WKH�SURYLQFHV� LQ�7KH�1HWKHUODQGV�DQG�%HOJLXP�� WKH�UHJLRQV�LQ
� ,Q�*HUPDQ\��/DQGNUHLVH��FRXQWLHV���LQ�)UDQFH��GHSDUWPHQWV
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,WDO\�� WKH� VWDWHV� �%XQGHVOlQGHU�� LQ�*HUPDQ\� DQG� WKH� GHSDUWPHQWV� LQ�)UDQFH��ZDV� FDOFXODWHG�UHJLRQV�ZLWK�PRUH�WKDQ�����DQLPDOV�NPð���)URP�)LJXUH�����RQH�FDQ�HDVLO\�VHH�WKDW�SLJV�DUHWKH�GRPLQDWLQJ�VSHFLHV�LQ����RI�WKH����SURYLQFHV��2QO\�LQ�WKH�,WDOLDQ�UHJLRQ�RI�&DPSDJQH�DUHFDWWOH� WKH� GRPLQDQW� VSHFLHV��2Q� WKH� RWKHU� KDQG� WKHUH� DUH� �� UHJLRQV� RQ�ZKLFK� VKHHS� KDYH� DVKDUH� RI� PRUH� WKDQ� ���� RI� WKH� DQLPDO� SRSXODWLRQ� �)UDQFH�� $YH\URQ�� +DXW�9LHQQH�� 'HX[6HYUH�� ,WDO\�� 6DUGHQJQD�� 6L]LOLD��� ,Q� WKH� UHPDLQLQJ� �� UHJLRQV� QR� GRPLQDQW� VSHFLHV� FDQ� EHIRXQG��/LqJH��%���9HQHWR��,���&DODEULD��,���0DUFKH��,���=XLG�+ROODQG��1/���*URQLQJHQ��1/��'UHQWKH��1/���DQG�1RRUG�+ROODQG��1/��
)LJXUH���� 6KDUH�RI�DQLPDO�VSHFLHV�DW�'3/$�IRU�)0'�SURYLQFHV

�������)LQDO�UHPDUNV
7KH�SUHVHQWHG�GHILQLWLRQ�PDNHV�LW�SRVVLEOH�WR�FRPSDUH�PXQLFLSDOLWLHV�RQ�WKH�(8�OHYHO�DQG�WRFODVVLI\� WKHP� DFFRUGLQJ� WR� WKHLU� DQLPDO� GHQVLW\�� 7KH� WKUHH� OHYHO� FODVVLILFDWLRQ� V\VWHP� LV� DJRRG�DQG�HDV\�ZD\�WR�REWDLQ�DQ�LQVLJKW�LQWR�WKH�VSDWLDO�SDWWHUQ�RI�'3/$V��7KLV�DOVR�PDNHV�LWSRVVLEOH�WR�FDOFXODWH�WKH�HFRQRPLF�ULVN�LQ�FDVH�RI�D�GLVHDVH�RXWEUHDN��7KH�FODVVLILFDWLRQ�RQ�WKHPXQLFLSDOLW\�OHYHO�SUHVHQWV�D�EHWWHU�DQG�PRUH�SUHFLVH�SLFWXUH�WKDQ�D�FODVVLILFDWLRQ�EDVHG�RQ�WKH(85267$7� VWDWLVWLFDO� XQLWV�� 7KH� GLVDGYDQWDJH� LV� WKH� LQKRPRJHQHRXV� GDWDEDVH�� 7KLV
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LQKRPRJHQHLW\� OHDGV� WR� VXE�RSWLPDO� UHVXOWV�� $� FDOFXODWLRQ� EDVHG� RQ� WKH� ORFDWLRQ� RI� VLQJOHIDUPV��F�I��SDSHU�RI�(KOHUV�DQG�0|OOHU��&KDSWHU����ZLOO�VKRZ�WKDW�LQ�PXQLFLSDOLWLHV�FODVVLILHGDV�63/$V�DQG�03/$V��FOXVWHUV�RI�IDUPV�PD\�DOVR�VKRZ�XS�WKDW�KDYH�H[WUHPHO\�KLJK�DQLPDOGHQVLWLHV�2QH�DOVR�KDV�WR�NHHS�LQ�PLQG�WKDW�WKH�FODVVLILFDWLRQ�V\VWHP��SUHVHQWHG�KHUH��LV�RQO\�EDVHG�RQGDWD�VHWV�IURP�ILYH�(8�PHPEHU�VWDWHV��7R�XVH�WKLV�GHILQLWLRQ�DV�D�EDVLV�IRU�OHJDO�UHJXODWLRQV��LWVKRXOG�EH�PRGLILHG�RQ� WKH�EDVLV�RI� WKH�GDWD� VHWV� IURP�DOO� ���PHPEHU� VWDWHV��7KH�SUHVHQWHGPDSV� RQO\� VKRZ� WKH� GHQVLW\� DQG� GR� QRW� FRQWDLQ� LQIRUPDWLRQ� DERXW� WKH� ULVN� RI� D� GLVHDVHRXWEUHDN��QRU�DERXW�WKH�RUJDQLVDWLRQ�RI�DQLPDO�SURGXFWLRQ�1HYHUWKHOHVV�LW�FDQ�EH�VWDWHG�WKDW�WKH����RI�WKH�PXQLFLSDOLWLHV��FODVVLILHG�KHUH�DV�'3/$V�DUH�DJRRG�PHDQV�RI� LGHQWLI\LQJ� UHJLRQV�ZLWK�D�YHU\�KLJK�FRQFHQWUDWLRQ�RI� DQLPDOV� WKDW� FRXOG�EHVHYHUHO\�DIIHFWHG�E\�)0'�RU�&6)��7KLV�FODVVLILFDWLRQ� LV�DOVR�VXSSRUWHG�E\� WKH� IDFW� WKDW� WKH'3/$V� FRYHU� DERXW� ��� RI� WKH� DUHD�� 7KH� FODVVLILFDWLRQ�PHWKRGRORJ\� FDQ� EH� WUDQVIHUUHG� WRRWKHU�GDWD�VHWV��HLWKHU�RQ�WKH�(8�OHYHO�LQ�WRWDO�RU�IRU�VLQJOH�FRXQWULHV�

5HIHUHQFHV
%DUDWWD��0���������'HU�)LVFKHU�:HOWDOPDQDFK�������)UDQNIXUW�0�+XLUQH�� 5�%�0��� ������ 6SDWLDO� GLVWULEXWLRQV� RI� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV�� KLVWRULFDOGHYHORSPHQW�DQG�UHIOHFWLRQ�IURP�HFRQRPLF�WKHRU\��,Q��'LMNKXL]HQ��$�$��DQG�'DYLV��*���HGV��� $QLPDOKHDOWK�DQG�UHODWHG�SUREOHPV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�RI�WKH�&RPPXQLW\��3URFHHGLQJV�RI�DZRUNVKRS�KHOG�LQ�%UXVVHOV�������1RYHPEHU������� %UXVVHOV���������5HSRUW�(85�������(1��2IILFH� IRU2IILFLDO�3XEOLFDWLRQV�RI�WKH�(&��/X[HPERXUJ�=03��=HQWUDOH�0DUNW��XQG�3UHLVEHULFKWVWHOOH���������=03�%LODQ]�9LHK�XQG�)OHLVFK��%RQQ�

'DWD�VRXUFHV
%HOJLXP��0LQLVWU\�RI�$JULFXOWXUH������)UDQFH��$JUHVWH�5*$���������������*HUPDQ\��6WDWLVWLFDO�RIILFHV�RI�WKH�%XQGHVOlQGHU������,WDO\��,VWLWXWR�1DWLRQDO�GL�6WDWLVWLFD���WK DJULFXOWXUDO�FHQVXV�����1HWKHUODQGV��&%6�DJULFXOWXUDO�VHUYLFH��/DQGERXZWHOOLQJ�����



��

$SSHQGL[�,�
7DEOH�,�$� &DOFXODWLRQ�RI�'3/$V�IRU�)0'GHQVLW\FODVVHV QR��RIFRPPXQLWLHV &XPXODWLYHQR��RIFRPPXQLWLHV

VKDUH�SHUGHQVLW\�FODVV FXPXODWLYHSHUFHQWDJH VKDUH�RIFRPPXQLWLHV VKDUH�RI�DUHD
QR� QR� � � � �� ��� ��� ���� �������� ����� ����� ����� ����������� ����� ������ ����� ������������ ����� ������ ����� ����� ����� ������������ ����� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ����� ����� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� ������ ���� ����
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$SSHQGL[�,����FRQWLQXHG
7DEOH�,�% &DOFXODWLRQV�RI�'3/$V�IRU�&6)GHQVLW\FODVVHV QR��RIFRPPXQLWLHV &XPXODWLYHQR��RIFRPPXQLWLHV

VKDUH�SHUGHQVLW\�FODVV FXPXODWLYHSHUFHQWDJH VKDUH�RIFRPPXQLWLHV VKDUH�RI�DUHD
QR� QR� � � � �� ����� ����� ����� ��������� ������ ������ ����� ����� ����� ����������� ����� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ ��� ������ ���� ����� ����� ������������ ��� ������ ���� ������������ ��� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������ �� ������ ���� ������������� �� ������ ���� �������������� � ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� � ������ ���� �������������� �� ������ ���� �������������� �� ������ ���� �������������� � ������ ���� �������������� � ������ ���� ������ ���� ����
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$SSHQGL[�,����FRQWLQXHG
7DEOH�,�& 7KH�WRS����RI�WKH�'3/$�UDQNLQJ�IRU�)0'��!����DQLPDOV�NPð�&RPPXQLW\ 3URYLQFH WRWDOODQG�NPð�

DQLPDOV�NPð FDWWOH�NPð SLJV�NPð JRDWV�NPð VKHHS�NPð
'HQWHUJHP :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��6DQ�)LRUDQR /RPEDUGLD , ���� ����� ��� ����� � �&DVDOHWWR�GL�6RSUD /RPEDUGLD , ���� ����� ��� ����� � �.RUWHPDUN :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��,FKWHJHP :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��/DQGHUG 1�%UDEDQW 1/ ����� ����� ��� ����� � ��0HXOHEHNH :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��*URHQOR *HOGHUODQG 1/ ���� ����� ��� ����� � ��3DJD]]DQR /RPEDUGLD , ���� ����� ��� ����� � �$PEW�'HOGHQ 2YHULMVVHO 1/ ����� ����� ��� ����� � ��6RPHUHQ 1�%UDEDQW 1/ ����� ����� ��� ����� � ��0DDVGRQN 1�%UDEDQW 1/ ����� ����� ��� ����� �� ��0RUHQJR /RPEDUGLD , ����� ����� �� ����� � �9RWWLJQDVFR 3LHPRQWH , ���� ����� ��� ����� � �6RQ�HQ�%UHXJHO 1�%UDEDQW 1/ ����� ����� ��� ����� � ��.RHNHODUH :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��7RUKRXW :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��*HPHUW�%DNHO 1�%UDEDQW 1/ ������ ����� ��� ����� � ��$VWHQ 1�%UDEDQW 1/ ����� ����� ��� ����� � ��+RRJOHGH :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��%DDUOH�+HUWRJ $QWZHUSHQ % ���� ����� ��� ����� � ��:HKO *HOGHUODQG 1/ ����� ����� ��� ����� � ��7LHOW :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��6LQW�2HGHQURGH 1�%UDEDQW 1/ ����� ����� ��� ����� � ��9HQUD\ /LPEXUJ 1/ ������ ����� ��� ����� � ��&XPLJQDQR�VXO1DYLJOLR /RPEDUGLD , ���� ����� ��� ����� � �
5HXVHO��'H�0LHUGHQ 1�%UDEDQW 1/ ����� ����� ��� ����� �� ��$UGRRLH :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��:LQJHQH :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��9HJKHO 1�%UDEDQW 1/ ����� ����� ��� ����� � ��5XLVHOHGH :HVW�9ODDQGHUHQ % ���� ����� ��� ����� � ��'HXUQH 1�%UDEDQW 1/ ������ ����� ��� ����� � ��0HLMHO /LPEXUJ 1/ ����� ����� ��� ����� � ��6LQW�$QWKRQLV 1�%UDEDQW 1/ ����� ����� ��� ����� � ��%HUQKH]H 1�%UDEDQW 1/ ����� ����� ��� ����� �� ��3LWWHP :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��6WDGHQ :HVW�9ODDQGHUHQ % ����� ����� ��� ����� � ��/LFKWHUYHOGH :HVW�9ODDQGHUHQ % ����� ����� ��� ����� �� ��%RHNHO 1�%UDEDQW 1/ ����� ����� ��� ����� � ��0LHUOR 1�%UDEDQW 1/ ����� ����� ��� ����� � ��



��

$SSHQGL[�,,��±�'HQVLW\�FODVVLILFDWLRQ�IRU�%HOJLXP��7KH�1HWKHUODQGV�*HUPDQ\��)UDQFH�DQG�,WDO\
)LJXUH�,,�$ 'HQVLW\�FODVVLILFDWLRQ�IRU�%HOJLXP��������

)LJXUH�,,�% 'HQVLW\�FODVVLILFDWLRQ�IRU�)UDQFH��������
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$SSHQGL[�,,����&RQWLQXHG
)LJXUH�,,�& 'HQVLW\�FODVVLILFDWLRQ�IRU�1RUWK:HVW�*HUPDQ\��������

)LJXUH�,,�' 'HQVLW\�FODVVLILFDWLRQ�IRU�6RXWKHUQ�*HUPDQ\��������
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$SSHQGL[�,,����&RQWLQXHG
)LJXUH�,,�( 'HQVLW\�FODVVLILFDWLRQ�IRU�WKH�QRUWKHUQ�SDUW�RI�,WDO\��������

)LJXUH�,,�) 'HQVLW\�FODVVLILFDWLRQ�IRU�WKH�VRXWKHUQ�SDUW�RI�,WDO\��������
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$SSHQGL[�,,����&RQWLQXHG
)LJXUH�,,�* 'HQVLW\�FODVVLILFDWLRQ�IRU�7KH�1HWKHUODQGV��������



��

9HWHULQDU\�,QIRUPDWLRQ�6\VWHP��$�*,6�%DVHG7RROER[�IRU�+DQGOLQJ�DQG�$QDO\VLQJ�(SLGHPLRORJLFDO5LVN�)DFWRUV�LQ�'HQVHO\�3RSXODWHG�/LYHVWRFN�$UHDV
0��(KOHUV�DQG�0��0|OOHU
������,QWURGXFWLRQ
*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6��DUH�YHU\�SRZHUIXO�DQG�IOH[LEOH�VRIWZDUH�WRROV�IRU�WKHHIIHFWLYH�PDQDJHPHQW�RI�VSDWLDOO\�UHIHUHQFHG�GDWD��H�J��JHRGDWD���&RXSOLQJ�GDWDEDVH�DQG�*,6WHFKQRORJ\�SURYLGHV� WKH� WRROV� IRU� D�GHWDLOHG�DQDO\VLV�RI� VSDWLDO�SDWWHUQV�DQG�GLVWULEXWLRQV� LQYHWHULQDU\�DSSOLFDWLRQV��$�VSHFLILF�WRROER[�ZDV�GHYHORSHG�VR�WKDW�
*,6�OD\PHQ
�FDQ�PDNH�XVHRI�WKLV�SRZHUIXO�WHFKQRORJ\�ZLWKRXW�KDYLQJ�WR�OHDUQ�FRPSOH[�*HRLQIRUPDWLFV��7KH�FRPSOHWHIXQFWLRQ�� KRZHYHU�� DV� SURYLGHG�E\� D� GHVNWRS�*,6� VXFK� DV�$UF9LHZ� LV� VWLOO� DYDLODEOH� WR� WKHXVHU�8VLQJ�D�VSHFLILF�VFULSW�SURJUDPPLQJ�ODQJXDJH��WKH�WRROER[�DGGV�VWDWLVWLFDO�IHDWXUHV�IRU�GHQVLW\DQDO\VLV�DQG�ULVN�DVVHVVPHQW�WR�WKH�*,6��PRVW�LPSRUWDQWO\�WKH�FDOFXODWLRQ�RI�LQGLFHV�VXFK�DVWKH�/RUHQ]�FXUYH��WKH�*,1,�LQGH[�DQG�D�NHUQHO�WRRO�IRU�GHQVLW\�HVWLPDWLRQ��7KLV�VRIWZDUH�ZDVHPSOR\HG�IRU�WKH�DQDO\VLV�RI�OLYHVWRFN�GDWD�LQ�YHU\�GHQVHO\�SRSXODWHG�DUHDV�RI�WKH�(XURSHDQ8QLRQ��(8���7KH�UHVXOWV�ZHUH�XVHG� IRU�GHILQLWLRQ�DQG�DQDO\VLV�RI�DQLPDO�GLVHDVH� ULVN�DUHDV�7KH�YHWHULQDU\�*,6��9HW*,6��WRROER[�ZDV�VXFFHVVIXOO\�WHVWHG�DQG�DSSOLHG�E\�WKH�FRQWULEXWLQJSDUWQHUV� RI� WKH� (8� SURMHFW� �'HYHORSPHQW� RI� SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� WR� DGGUHVVDQLPDO�KHDOWK�DQG�UHODWHG�SUREOHPV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�RI�WKH�&RPPXQLW\��)$,5�&7����������

������*HRLQIRUPDWLFV�DV�D�1HZ�'LVFLSOLQH
*HRLQIRUPDWLFV� LV� WKH� DUW�� VFLHQFH� RU� WHFKQRORJ\� GHDOLQJ� ZLWK� WKH� DFTXLVLWLRQ�� VWRUDJH�SURFHVVLQJ��SURGXFWLRQ��SUHVHQWDWLRQ�� DQG�GLVVHPLQDWLRQ�RI�JHRLQIRUPDWLRQ� �(KOHUV�������� ,WFRQVLVWV�RI�WZR�PDLQ�FRPSRQHQWV��RQH�UHODWHG�WR�WKH�JHRJUDSKLFDO�RU�VSDWLDO�FRQWHQW�DQG�WKHRWKHU� WR� WKH� EDVLF� LQIRUPDWLRQ� WHFKQRORJ\� �,7�� GLVFLSOLQHV� �7DEOH� ������ *HRLQIRUPDWLFV� LV



��

KLJKO\�LQWHUGLVFLSOLQDU\��FRQQHFWLQJ�VHYHUDO�EDVLF�VFLHQFHV�WR�IRUP�D�QHZ�HYROYLQJ�VFLHQWLILFGLVFLSOLQH��(KOHUV���������7KLV�QHZ�ILHOG��KRZHYHU��LV�PDLQO\�GULYHQ�E\�DSSOLFDWLRQV��XVHG�LQSDUWLFXODU� WR� VROYH� VSDWLDO� SUREOHPV�ZLWK� LWV�PDLQ� WRRO� NQRZQ� DV� D�*HRJUDSKLF� ,QIRUPDWLRQ6\VWHP��*,6��
7DEOH���� *HR�DQG�,QIRUPDWLFV�&RPSRQHQWV�RI�*HRLQIRUPDWLFV*(2 ,1)250$7,&6*HRJUDSK\ ,QIRUPDWLRQ�7HFKQRORJ\&DUWRJUDSK\ &RPSXWHU�6FLHQFH�	�7HFKQRORJ\*HRGHV\�	�6XUYH\LQJ ,QIRUPDWLRQ�7KHRU\3KRWRJUDPPHWU\�	�5HPRWH�6HQVLQJ 'DWDEDVH�0DQDJHPHQW6SDWLDO�3ODQQLQJ 0DWKHPDWLFV��6WDWLVWLFV

������*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6��IRU�9HWHULQDU\�$SSOLFDWLRQV
$�*,6�LV�XVHG�WR�FROOHFW��VWRUH��PDQDJH��DQDO\VH�DQG�SUHVHQW�JHRPHWULF�LQIRUPDWLRQ�WRJHWKHUZLWK� LWV� VHPDQWLF� FRQWHQW�� 8VXDOO\�� WKH� JHRPHWULF� LQIRUPDWLRQ� LV� EDVHG� RQ� JHRJUDSKLF� RUJHRGHWLF� FRRUGLQDWHV� �PDS� GDWD��� *,6¶V� DUH� SRZHUIXO� VRIWZDUH� WRROV� IRU� WKH� HIIHFWLYHPDQDJHPHQW�RI�VSDWLDOO\�UHIHUHQFHG�GDWD��$URQRII��������&RXSOLQJ�GLJLWDO�GDWDEDVHV�DQG�*,6WHFKQRORJ\�SURYLGHV�WKH�PHDQV�IRU�D�GHWDLOHG�DQDO\VLV�RI�VSDWLDO�SDWWHUQV�DQG�GLVWULEXWLRQV��)RUH[DPSOH�� D� *,6� FDQ� EH� XVHG� WR� FDOFXODWH� WKH� QXPEHU� RI� DQLPDOV� LQVLGH� DQG�RU� DURXQG� DVSHFLILF� DUHD� DV�ZHOO� DV� WR� LGHQWLI\� WKHLU� ORFDWLRQV��$QRWKHU� SUREOHP� LV� WKH� LGHQWLILFDWLRQ�RIOLYHVWRFN� DQG� KROGHUV� LQ� D� VSHFLILHG� ]RQH� DURXQG� D� ORFDWLRQ� RI� LQWHUHVW�� 7KLV� LV� W\SLFDO� IRUSUHYHQWLRQ� PHDVXUHV� LQ� HSLGHPLRORJLFDO� YHWHULQDU\� DSSOLFDWLRQV�� $� *,6� FDQ� KDQGOHLGHQWLILFDWLRQ�DQG�FDOFXODWLRQ�RI�DQLPDOV�LQVLGH�D�EXIIHU�]RQH�LQ�DQ�DXWRPDWHG�PDQQHU�,GHQWLILFDWLRQ�DQG�WKH�VSDWLDO�VHSDUDWLRQ�RI�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�LV�D�FULWLFDO�WDVNEHFDXVH�VWUDWHJLHV�IRU�ILJKWLQJ�DQLPDO�GLVHDVHV�VXFK�DV�&ODVVLFDO�6ZLQH�)HYHU��&6)��RU�)RRW�DQG�0RXWK� 'LVHDVH� �)0'�� GHSHQG� KHDYLO\� RQ� WKH� GHQVLW\� DQG� GLVWULEXWLRQ� RI� DQLPDOV�7\SLFDOO\�� FLUFOHV�ZLWK�DSSURSULDWH� UDGLXVHV�RU�JHQHUDO�SRO\JRQDO�REMHFWV� �GHSHQGLQJ�RQ� WKHULVN�IDFWRUV�RI�WKH�GLVHDVH��DUH�GUDZQ�DURXQG�WKH�ORFDWLRQ�RI�DQ�RXWEUHDN��:LWKLQ�WKHVH�FLUFOHV�UHVWULFWLRQV� DUH� LPSRVHG� UDQJLQJ� IURP� NLOOLQJ� WKH� DQLPDOV� LQ� WKH� LQQHU� FLUFOH� WR� SURKLELWLQJWUDGH� LQ� WKH� RXWHU� FLUFOH�� $OO� RI� WKHVH� WDVNV� FDQ� UHDGLO\� EH� VROYHG� XVLQJ� H[LVWLQJ� *,6



��

WHFKQRORJ\��'HQVLW\�FDOFXODWLRQ�DQG�ULVN�DVVHVVPHQW��KRZHYHU��UHTXLUH�QHZ�VROXWLRQV�WKDW�DUHFXUUHQWO\�QRW�LPSOHPHQWHG�LQ�VWDQGDUG�*,6¶V��&RQVHTXHQWO\��WKH\�KDYH�WR�EH�DGGHG�WR�DGGUHVVWKH�QHHGV�IRU�YHWHULQDU\�DSSOLFDWLRQV�0RGHUQ�*,6¶V�DUH�IOH[LEOH�VRIWZDUH�WRROV�WKDW�DOORZ�WKH�GHVLJQ�RI�XVHU�VSHFLILF�SURJUDPV�RUVFULSWV�IRU�VSHFLDO�DQDO\VLV�WDVNV��7KLV�FDQ�EH�GRQH�IRU�YLUWXDOO\�DQ\�VSDWLDO�DSSOLFDWLRQ��7KHVHVSHFLDO�WRROV�FDQ�EH�LQFRUSRUDWHG�LQ�D�XVHU�IULHQGO\�WRROER[��D�VR�FDOOHG�µH[SHUW�VKHOO¶��7KHVHVKHOOV�DUH�XVXDOO\�HPEHGGHG�LQ�D�*UDSKLFDO�8VHU�,QWHUIDFH��*8,��XQGHU�D�FRPPRQ�:LQGRZVHQYLURQPHQW��+RZHYHU��DFFHVV�WR��DQG�KDQGOLQJ�RI��VSDWLDO�GDWD�FDQ�SRVH�VRPH�SUREOHPV�DV�DOO*,6�XVH�GLIIHUHQW�SURSULHWDU\�GDWD�IRUPDWV��%XW�WKH�DGYHQW�RI�*,6�GDWD� WUDQVODWRUV�DQG�PRUHFRPPRQO\� XVHG� VWDQGDUGV�PDNHV� GDWD� H[FKDQJH� DQG� WUDQVIHU� QRZ� IHDVLEOH� HYHQ� IRU� QRYLFHXVHUV�� )RU� H[DPSOH�� LQ� PDQ\� DGPLQLVWUDWLRQV� WKH� VXUYH\LQJ� DQG� FDGDVWUDO� RIILFHV� PDQDJHGLJLWDO�PDS�GDWD� LQ�&$'�IRUPDWV��8VLQJ� VWDQGDUG� WUDQVODWRUV�� WKLV�GDWD�FDQ�QRZ�EH�TXLFNO\LPSRUWHG�LQWR�PRVW�FXUUHQW�*,6¶V�LQ�RUGHU�WR�EXLOG�DQ�HVVHQWLDO�VSDWLDO�GDWDEDVH�IRU�YLUWXDOO\DQ\�DSSOLFDWLRQ�ZLWK�D�JHRJUDSKLF�FRPSRQHQW�

������7KH�*,6�3DUW�LQ�WKH�)$,5�(8�3URMHFW
*HRLQIRUPDWLFV�WHFKQLTXHV�ZHUH�XVHG�LQ�WKH�(XURSHDQ�8QLRQ��(8��SURMHFW��'HYHORSPHQW�RISUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� WR� DGGUHVV� DQLPDO� KHDOWK� DQG� UHODWHG� SUREOHPV� LQ� GHQVHO\SRSXODWHG� OLYHVWRFN�DUHDV�RI� WKH�FRPPXQLW\�� �)$,5�&7�����������2XU� VXESURMHFW� IRFXVVHGRQ�WKH�JHRJUDSKLF�VHSDUDWLRQ�RI�GLIIHUHQW�VSDWLDO�GHQVLWLHV�RI�(XURSHDQ�OLYHVWRFN�DUHDV�)RU�DQ�HIIHFWLYH�VSDWLDO�DQG�VWDWLVWLFDO�DQDO\VLV��VSHFLDO�*,6�WHFKQLTXHV�ZHUH�LPSOHPHQWHG�DQGWKH�XQGHUO\LQJ�EDVLF�*,6�FDSDELOLWLHV�KDG�WR�EH�PRGLILHG�DQG�H[WHQGHG�WR�DGGUHVV�WKH�QHHGV�RIPRGHOOLQJ� DQG� VLPXODWLQJ� VSDWLDO� SDWWHUQV� RI� HSLGHPLRORJLFDO� ULVNV� LQ� OLYHVWRFN�� 7KH� PDLQWDUJHW�RI�WKH�SURMHFW�ZDV�WR�JHQHUDWH�D�XVHU�IULHQGO\�*,6�VKHOO�IRU�YHWHULQDU\�DSSOLFDWLRQV��7KLV9HW*,6�WRROER[�HQDEOHV�WKH�XVHUV�WR�GHILQH��ORFDWH�DQG�VHSDUDWH�GHQVHO\�SRSXODWHG�OLYHVWRFNDUHDV��'3/$V�� LQ� WKH�(8�DQG� WR�SHUIRUP�DQDO\WLFDO�DQG�VWDWLVWLFDO� WDVNV�XVLQJ� WKHLU�VSHFLILFGDWD��)LUVW�LQYHVWLJDWLRQV�ZHUH�FDUULHG�RXW�SUHGRPLQDQWO\�ZLWK�SLJ�GDWD�EXW�WKH�WHFKQLTXHV�FDQEH�DSSOLHG�WR�RWKHU�DQLPDOV��SRXOWU\��FDWWOH��DV�ZHOO��0|OOHU�DQG�(KOHUV��������



��

��� 'HVLJQ�RI�WKH�9HW*,6�7RROER[
��������3URJUDP�&RQVLGHUDWLRQV7KH�GHYHORSPHQW�RI�WKH�WRROER[�ZDV�GRQH�LQ�WKH�SURJUDPPLQJ�HQYLURQPHQW�RI�WKH�ORZ�FRVWGHVNWRS�*,6�$UF9LHZ��(65,�����D���$UF9LHZ�LV�FRPSOHWHO\�ZULWWHQ�LQ�WKH�REMHFW�RULHQWDWHGSURJUDPPLQJ�ODQJXDJH�$9(18(�DQG�FDQ�EH�H[WHQGHG�XVLQJ�IOH[LEOH�VFULSWV�ZKLFK�DUH�DOVRZULWWHQ� LQ� $9(18(� �(65,� ����E��� $QRWKHU� DGYDQWDJH� LV� WKH� ODUJH� ZRUOGZLGH� XVHUFRPPXQLW\�RI�$UF9LHZ�WKDW�VKDUHV�QHZO\�GHYHORSHG�H[WHQVLRQV�WKURXJK�WKH�,QWHUQHW��:LWK�DWRWDO� QXPEHU� RI� PRUH� WKDQ� ������� LQVWDOOHG� V\VWHPV�� WKH� VRIWZDUH� RI� WKH� (QYLURQPHQWDO6\VWHPV�5HVHDUFK�,QVWLWXWH��(65,��LV� WKH�*,6�ZRUOG� OHDGHU��)RU�DOO� WKHVH�UHDVRQV��ZH�FKRVH$UF9LHZ�WR�JXDUDQWHH�IXWXUH�FRPSDWLELOLW\�DQG�VXVWDLQDELOLW\�&RVWV� IRU� WKH� SURJUDP� LWVHOI� DUH� TXLWH� UHDVRQDEOH� DQG� ZHOO� ZLWKLQ� PRVW� EXGJHWV�� )RU� WKHPDQDJHPHQW�RI�YHU\�ODUJH�GDWDVHWV��KRZHYHU��$UF9LHZ�DV�D�GHVNWRS�*,6�KDV�LWV�OLPLWDWLRQV�7KHUHIRUH�D�SURIHVVLRQDO�*,6�DQG�D�JHRGDWD�VHUYHU�HQYLURQPHQW�LV�VWULFWO\�UHFRPPHQGHG�IRUODUJH�VFDOH��H�J��LQWHUQDWLRQDO�RU�(8��DFWLYLWLHV��(65,¶V�SURIHVVLRQDO�DQG�PRUH�H[SHQVLYH�*,6VRIWZDUH�LV�$UF�,QIR�WKDW�FRRSHUDWHV�ZLWK�WKH�GHVNWRS�*,6�$UF9LHZ��(65,�����D���%RWK�*,6GDWD�IRUPDWV�DUH�FRPSDWLEOH�DQG�SURYLGH�D�YHU\�HIILFLHQW�JHRGDWD�PDQDJHPHQW�V\VWHP�
��������1HDUHVW�1HLJKERXU�,QGH[��11,�$Q�RIWHQ�XVHG�WRRO�IRU�WKH�FDOFXODWLRQ�RI�GLVWULEXWLRQ�SDWWHUQV�LV�WKH�1HDUHVW�1HLJKERXU�,QGH[�11,��� 7KH� 11,� LV� H[SUHVVHG� LQ� QXPHULFDO� YDOXHV� UHODWHG� WR� KRZ� FOXVWHUHG� RU� GLVSHUVHGPHDVXUHPHQWV� DUH� ZLWKLQ� D� VSHFLILHG� DUHD�� $� YDOXH� RI� OHVV� WKDQ� �� LQGLFDWHV� D� FOXPSHGGLVWULEXWLRQ��D�YDOXH�RI���LQGLFDWHV�D�UDQGRP�GLVWULEXWLRQ�DQG�DQ�11,�JUHDWHU�WKDQ���LQGLFDWHVDQ�RUJDQLVHG�GLVWULEXWLRQ��)LJXUH�������8VLQJ�DGGLWLRQDO�GHVFULSWLYH�VWDWLVWLFV�OLNH�WKH�DYHUDJHDQLPDO� GHQVLW\� IRU� DQ� LQYHVWLJDWHG� DUHD�� WKH� 11,� JLYHV� DQ� LQGLFDWLRQ� RI� WKH� DFFXPXODWLRQZLWKLQ�WKLV�UHJLRQ��7KLV�LV�YHU\�KHOSIXO�IRU�WKH�GHWHUPLQDWLRQ�RI�ULVN�IDFWRUV�UHJDUGLQJ�DQLPDOGLVHDVHV�� $� VPDOO� 11,� YDOXH� WRJHWKHU� ZLWK� D� ODUJH� QXPEHU� RI� DQLPDOV� LQGLFDWHV� VSDWLDOO\FRQFHQWUDWHG�SDWWHUQV�RI�ODUJH�DQLPDO�GHQVLWLHV�WKDW�PD\�SRVH�D�KLJKHU�ULVN�WKDQ�LQGLFDWHG�E\WKH�DYHUDJH�GHQVLW\�DV�WKH�RQO\�PHDVXUHPHQW�



��

)LJXUH���� 'LVWULEXWLRQ�3DWWHUQ�'HWHFWHG�E\�WKH�1HDUHVW�1HLJKERXU�,QGH[��11,�

7KH�11,�LV�WKH�FDOFXODWHG�UDWLR�RI�REVHUYHG�DQG�H[SHFWHG�GLVWDQFHV�EHWZHHQ�HYHU\�SRLQW��H�J�VWDEOH��KHUG��HWF���LQVLGH�DQ�DUHD�
ZKHUH�'REV�  ��WKH�DYHUDJH�RI�WKH�REVHUYHG�GLVWDQFHV�EHWZHHQ�HDFK�SRLQW��KROGHU��KHUG��DQG�LWVQHDUHVW�QHLJKERXU'H[S�  ��WKH�H[SHFWHG�DYHUDJH�GLVWDQFH$�  ��WKH�DYHUDJH�GHQVLW\�RI�SRLQWV��KROGHUV��KHUGV��SHU�NPð�LQ�WKH�UHJLRQ��*�VVHIHOG�������
�������*,1,�,QGH[�DQG�/RUHQ]�&XUYH$QRWKHU�9HW*,6�WRRO�ZDV�GHYHORSHG�WR�FDOFXODWH�WKH�*,1,�LQGH[��*,��DV�D�YDOXH�DQG�SORW�WKHUHVXOWV�DV�D�FKDUW�ZKLFK�LV�FDOOHG�D�
/RUHQ]�FXUYH
��*�VVHIHOG�������

ZKHUH�\L DQG�\L DUH�WKH�FXPXODWLYH�FRXQWV�RI�WKH�WZR�SDUDPHWHUV�WR�EH�LQYHVWLJDWHG�:LWK� WKH� /RUHQ]� FXUYH�� WZR� UHODWHG� SDUDPHWHUV� �L�H�� KHUG� VL]HV� LQ� OLYHVWRFN� SURGXFWLRQ� YV�QXPEHU�RI�KHUGV��FDQ�EH�DQDO\VHG��,I�DOO�KHUGV�LQ�D�SDUWLFXODU�UHJLRQ�ZHUH�RI�WKH�VDPH�VL]H��WKHJUDSK�ZRXOG�ORRN�OLNH�WKH�VROLG�OLQH�D��LQ�)LJXUH������)RU�DQ�XQHYHQ�GLVWULEXWLRQ��H�J������RIWKH�DQLPDOV�LQ�D�UHJLRQ�EHORQJ�WR�����RI�WKH�IDUPV�DQG�����RI�WKH�IDUPHUV�RZQ�����RI�WKHDQLPDOV���WKH�/RUHQ]�FXUYH�GLVSOD\V�DQ�H[SRQHQWLDO�EHKDYLRXU�DV�VKRZQ�LQ�WKH�GRWWHG�FXUYH�E�LQ� )LJXUH� ����� 7KH� PRUH� H[SRQHQWLDO� WKH� GLVWULEXWLRQ� LV�� WKH� VPDOOHU� WKH� *,� ZLOO� EHFRPH�

11,������FOXPSHG�SDWWHUQ 11,� ����UDQGRP�SDWWHUQ 11,�!����RUJDQL]HG�SDWWHUQ

�H[S�''REV11,  $' ���H[S  

¦ � QL \L[L*,1, ����
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7RJHWKHU�ZLWK� WKH�11,� WKH�*,� LV� DQRWKHU� LQGLFDWRU� RI� FRQFHQWUDWLRQ� LQ� DQ� DUHD� RI� LQWHQVLYHDQLPDO�SURGXFWLRQ�
)LJXUH���� 7KH�/RUHQ]�&XUYH

�������.HUQHO�(VWLPDWLRQ7KH�.HUQHO� (VWLPDWLRQ� WRRO� �.(�� LQWHUSRODWHV� WKH� DQLPDO� GHQVLW\� ZLWKLQ� D� VSHFLILF� DUHD� RILQWHUHVW��H�J��D�FLUFOH�DURXQG�D�VSHFLILF�KHUG��7KH�EXIIHU�VL]H��UDGLXV��RI�WKH�VXUURXQGLQJ�FLUFOHLV� GHWHUPLQHG� E\� WKH� FKRVHQ� EDQGZLGWK� RI� WKH� HVWLPDWLRQ�� )RU� &ODVVLFDO� 6ZLQH� )HYHUHUDGLFDWLRQ��PHDVXUHV�DUH�UHODWHG�WR�DQ�DUHD�ZLWKLQ�D���NP�UDGLXV��7KHUHIRUH��D�GHIDXOW�YDOXHIRU� WKH� EXIIHU� VL]H� LV� VHW� WR� �� NP�� 7KH� VL]H� LV� YDULDEOH�� KRZHYHU�� DFFRUGLQJ� WR� WKH� XVHUVSHFLILFDWLRQ��2WKHU�JHRPHWULF�EXIIHU�IHDWXUHV�EDVHG�RQ�LQWHUDFWLYHO\�GUDZQ�SRO\JRQV�DUH�DOVRSRVVLEOH��,JQRULQJ�DQ\�HGJH�FRUUHFWLRQ�WKH�DQLPDO�GHQVLW\�ZLWKLQ�WKH�EXIIHU�LV�FDOFXODWHG�DV�
� � ¦WdW ¸̧¹·¨̈©§ W�SW O
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�
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� ��Ö
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GHQVLW\¶� IRU� HYHU\� ORFDWLRQ�� 7KH� .(� KDV� QR� GLPHQVLRQ�� LW� GHSHQGV� RQO\� RQ� WKH� QXPEHU� RIDQLPDOV�DQG�WKH�GLVWDQFH�RI�KHUGV�LQ�D�VSHFLILHG�DUHD�DURXQG�D�KHUG�RI�LQWHUHVW��7KH�.(�WRRO�KRZHYHU��FDQ�RQO\�IXQFWLRQ�ZKHQ�WKH�GDWD�LV�LQFRUSRUDWHG�LQ�WKH�XQGHUO\LQJ�*,6�$OO�GHYHORSHG�9HW*,6�WRROV�SUHVHQWHG�LQ�WKLV�SDSHU��WRJHWKHU�ZLWK�DQ�H[DPSOH�GHPRQVWUDWLRQSURMHFW�DQG�D�VKRUW�PDQXDO�IRU�WKH�XVH�RI�WKH�WRROV�LQ�WKH�$UF9LHZ�HQYLURQPHQW�FDQ�EH�IRXQGDW�� KWWS���ZZZ�LVSD�XQL�YHFKWD�GH�SURMHFWV�IDLU�JHUP�KWPO�WRROV�� 7KH� WRROV� DUH� YHU\� HDV\� WRKDQGOH�DQG�FDQ�EH�XVHG�DIWHU�D�VKRUW�WUDLQLQJ�SHULRG�IRU�HIILFLHQW�GDWD�DQDO\VLV��,Q�DGGLWLRQ��WKHZKROH�*,6�IXQFWLRQ�DV�SURYLGHG�E\�$UF9LHZ�LV�DOVR�DYDLODEOH�WR�WKH�XVHU�DIWHU�LQVWDOOLQJ�WKHWRROV�� $� SUHUHTXLVLWH� KRZHYHU�� LV� WKH� DYDLODELOLW\� RI� WKH� EDVLF� $UF9LHZ� *,6� PRGXOH�� 7KH9HW*,6�WRROV�DUH�GHVLJQHG�WR�VHUYH�WKH�QHHGV�RI�YHWHULQDULDQV�

������'DWD
7KH�,63$�LV� ORFDWHG�LQ�D�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHD�DQG�LWV�FRPPLVVLRQ� LV� WR�DQDO\]HWKH�UHJLRQ¶V�VSDWLDO�DQG�HFRQRPLF�RUJDQL]DWLRQDO�VWUXFWXUH��9HWHULQDULDQV��RQ�WKH�RWKHU�KDQG�DUH� DOVR� LQWHUHVWHG� LQ� WKH� UHVXOWV� RI� *,6� EDVHG� VWDWLVWLFDO� VSDWLDO� DQDO\VHV�� ,Q� VWURQJFRRSHUDWLRQ� ZLWK� WKH� YHWHULQDU\� RIILFH� RI� WKH� &RXQW\� RI� 2VQDEU�FN� LQ� /RZHU� 6D[RQ\� ZHZRUNHG� ZLWK� WKH� &RXQW\¶V� OLYHVWRFN� KROGHUV� GDWDEDVH� �KRPH� DGGUHVV�� QXPEHU� DQG� NLQG� RIDQLPDOV��YLVLWV�RI�YHWHULQDULDQV��DQLPDO�GLVHDVHV��HWF����7KH�DUHD�RI� WKH�FRXQW\�LV�DERXW�����NPð�VHSDUDWHG�LQWR����PXQLFLSDOLWLHV�8QIRUWXQDWHO\�� WKH� SRLQW� GDWD� LV� UHODWHG� WR� WKH� KRPH� DGGUHVVHV� RI� WKH� IDUPHUV� ZKLFK� PD\IDOVLI\�WR�VRPH�GHJUHH�WKH�UHVXOWV�RI�WKH�VSDWLDO�DQDO\VLV��KHUGV�DQG�KROGHUV�DUH�DVVXPHG�WR�EHDW� WKH� VDPH� JHRJUDSKLF� ORFDWLRQ��� +RZHYHU�� WKLV� JHRJUDSKLFDO� GDWD� LV� WKH� PRVW� H[DFW� GDWDDYDLODEOH�LQ�*HUPDQ\�ZKHUH�SULYDF\�ODZV�DUH�VWULFWO\�LPSRVHG�DQG�HQIRUFHG�

������6WDWLVWLFDO�5LVN�$QDO\VLV
)RU� WKH� LGHQWLILFDWLRQ� DQG� UDQNLQJ� RI� OLYHVWRFN� DUHDV�� WKH� DQLPDO� GHQVLW\� LV� DQ� DSSURSULDWHPHDVXUH��,Q�RXU�VWXG\��IRU�H[DPSOH��ZH�XVH�D�VLPSOH�UDWLR�EHWZHHQ�WKH�QXPEHU�RI�SLJV�DQG�WKHDUHD�RI�DQ�DGPLQLVWUDWLYH�XQLW��H�J��D�PXQLFLSDOLW\���,Q�WKH�&RXQW\�RI�2VQDEU�FN��IRU�H[DPSOH����RI�WKH����LQVSHFWHG�PXQLFLSDOLWLHV�KDYH�D�GHQVLW\�RI�PRUH�WKDQ�����SLJV�NPð��)LJXUH������



��

$� GHQVLW\� RI� PRUH� WKDQ� ���� SLJV�NPð� KDV� EHHQ� IRXQG� WR� EH� D� XVHIXO� WKUHVKROG� IRU� WKHGHFODUDWLRQ�RI�DQ�HSLGHPLRORJLFDO�ULVN�DUHD��0LFKHO�DQG�GH�9RV���������7DEOH�����SUHVHQWV�WKHWKUHVKROG� YDOXHV� WKDW�ZHUH� GHWHUPLQHG� E\� WKH� (8� SURMHFW� WR� GLIIHUHQWLDWH� EHWZHHQ� GHQVHO\�PLGVL]H��DQG�VSDUVHO\�SRSXODWHG�UHJLRQV�
)LJXUH���� 3LJ�'HQVLW\��SLJV�NPð��IRU�WKH�&RXQW\�RI�2VQDEU�FN�������

7DEOH���� 'LIIHUHQWLDWLRQ�6FKHPH'HQRPLQDWLRQ SLJV�NPð6SDUVHO\�SRSXODWHG�OLIHVWRFN�DUHD��63/$� ��±���0LGVL]H�SRSXODWHG�OLYHVWRFN�DUHD��03/$� !����±����'HQVHO\�SRSXODWHG�OLYHVWRFN�DUHD��'3/$� !����
%\� DQDO\]LQJ� WKH� VSDWLDO� GLVWULEXWLRQ� RI� IDUPV� LQ� WKH� PXQLFLSDOLWLHV� ZLWK� OHVV� WKDQ� ���SLJV�NPð��E\�GHILQLWLRQ�DQ�03/$���VRPH�FOXVWHUV�DQG�FOXPSV�RI�FRQFHQWUDWLRQ�FDQ�EH�IRXQGXVLQJ�WKH�9HW*,6�WRROV��7KH�PXQLFLSDOLW\�µ%UDPVFKH¶�ZLWK�DQ�RYHUDOO�GHQVLW\�RI�����SLJV�NPðLV�D�JRRG�H[DPSOH��)LJXUH������



��

)LJXUH���� 03/$�0XQLFLSDOLW\�%UDPVFKH

7KH� 11,� IRU� WKLV� UHJLRQ� LV� ������ ZKLFK� LQGLFDWHV� D� VWURQJO\� FOXPSHG� GLVWULEXWLRQ� SDWWHUQ�6RPH�IDUPV�DUH�YHU\�FORVH�WR�WKHLU�QHLJKERXUV��ZKLFK�OHDGV�WR�GHQVLWLHV�RI�PRUH�WKDQ������SLJV�NPð� LQ� VRPH� DUHDV� RI� WKLV�03/$�� 7KLV� YDOXH� ZDV� FDOFXODWHG� LQVLGH� D� EXIIHU� ]RQH� RIH[DFWO\���NPð�DURXQG�HYHU\�IDUP�ORFDWLRQ��)LJXUH�����SUHVHQWV�WKH�11,�IRU����PXQLFLSDOLWLHVLQ� WKLV� FRXQW\��0XQLFLSDOLWLHV� �� ±� ��� KDYH� DQ�11,� RI� DERXW� ��� DQ� LQGLFDWLRQ� IRU� D� UDQGRPGLVWULEXWLRQ�SDWWHUQ��$OO�RWKHU����PXQLFLSDOLWLHV�GLVSOD\�PRUH�RU� OHVV�FOXPSHG�IDUP�ORFDWLRQSDWWHUQV�

)LJXUH���� 11,¶V�IRU����0XQLFLSDOLWLHV�LQ�2VQDEU�FN�&RXQW\

�
���
���
���
���
�

���

� � � � � �� �� �� �� �� �� �� �� �� �� ��

11,
/HJHQG�'RW� �IDUP�ORFDWLRQ11,� �����&LUFOHV� ZLWKRXW� GRWV� LQGLFDWH� UHJLRQV� ZLWKRXWIDUPV&LUFOHV�ZLWK�GRWV�LQGLFDWH�FOXPSHG�VWUXFWXUHV
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$�ORQJ�WHUP�WUHQG�LQ�DJULFXOWXUH�LV�WKH�FRQFHQWUDWLRQ�RI�ODUJH�DQLPDO�KHUGV�DW�D�VPDOO�QXPEHURI� IDUP� ORFDWLRQV� �:LQGKRUVW�� ������� 7KLV� LV� HVSHFLDOO\� WUXH� IRU� SLJV�� 0DLQO\� HFRQRPLFUHDVRQV� OHDG� WR� WKH� GHYHORSPHQW� RI� LQGXVWULDOL]HG� SRUN� SURGXFWLRQ� LQ� *HUPDQ\�� ZKLFK� LVPDLQO\� ORFDWHG� LQ� WKH�:HVWHUQ� SDUW� RI�/RZHU�6D[RQ\��$�JRRG�PHDVXUHPHQW� LQVWUXPHQW� IRUVXFK�D� FRQFHQWUDWLRQ� LV� WKH�*,1,� ,QGH[�*,� �VHH�DERYH���)RU� WKH�PXQLFLSDOLW\�%UDPVFKH�� DQRYHUDOO�*,�RI������ZDV�FDOFXODWHG�XVLQJ�WKH�9HW*,6�WRRO�)LJXUH� ���� SUHVHQWV� WKH� /RUHQ]� FXUYH� DQG� WKH� *,� IRU� WKH� PXQLFLSDOLW\� RI� %UDPVFKH� DQGLOOXVWUDWHV�WKH�FXPXODWLYH�GLVWULEXWLRQ�RI�DQLPDOV�DQG�KROGHUV�LQ�WKLV�UHJLRQ��,W�FDQ�EH�VHHQ�WKDW���� RI� WKH� KROGHUV� SRVVHVV� ���� RI� WKH� DQLPDOV�� 2Q� WKH� RWKHU� KDQG�� ���� RI� WKH� KROGHUVSRVVHVV� RQO\� ��� RI� WKH� DQLPDOV�� $Q� H[WUHPH� H[DPSOH� IRU� DQ� XQHTXDO� GLVWULEXWLRQ� LV� WKHPXQLFLSDOLW\�1RUWUXS�ZKHUH�����RI�DOO�SLJV�EHORQJ�WR�RQO\�����RI�WKH�KROGHUV��)LJXUH������$Q�RYHUDOO�FRPSDULVRQ�RI�WKH�*,�LV�JLYHQ�LQ�7DEOH�����
)LJXUH���� 3ORWWHG� /RUHQ]� &XUYH� DQG� *,� IRU� WKH� 0XQLFLSDOLW\� %UDPVFKH�� UHVSHFWLYHO\1RWUXS

7RGD\��WKH�RQO\�RSHUDWLRQDO�ZD\�WR�GHWHUPLQH�WKH�ULVN�IDFWRUV�IRU�GHQVHO\�SRSXODWHG�OLYHVWRFNDUHDV� LV� WR� FDOFXODWH� WKH� UDWLR� RI� WKH� QXPEHU� RI� DQLPDOV� SHU� DUHD� �VHH� DERYH���$V�ZH� KDYHVKRZQ��D�PRUH�GHWDLOHG�DQDO\VLV�LV�QHFHVVDU\�DQG�IHDVLEOH�LI�H[DFW�DQLPDO�QXPEHUV�DQG�IDUPORFDWLRQV�DUH�NQRZQ�

0XQLFLSDOLW\�%UDPVFKH 0XQLFLSDOLW\�1RUWUXS
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7DEOH���� *,1,�,QGLFHV�IRU�WKH�&RXQW\�RI�2VQDEU�FN0XQLFLSDOLW\ 1��SLJKROG� SLJV�NPð *, 0XQLFLSDOLW\ 1��SLJKROG� SLJV�NPð *,
1RUWUXS �� ��� ���� %DG�/DHU ��� ��� ����%LVVHQGRUI ��� ��� ���� )XHUVWHQDX ��� ��� ����'LVVHQ �� ��� ���� %DGEHUJHQ �� ��� ����0HOOH�%XHU ��� ��� ���� %DG�,EXUJ �� ��� ����+DJHQ �� ��� ���� $OIKDXVHQ �� ��� ����0HOOH�0LWWH ��� ��� ���� $QNXP ��� ��� ����2VWHUFDSSHOQ �� ��� ���� 1HXHQNLUFKHQ ��� ��� ����0HQVODJH �� ��� ���� 0HOOH�*HVPROG ��� ��� ����%DG�(VVHQ ��� ��� ���� *HKUGH �� ��� ����+LOWHU �� ��� ���� %HUJH ��� ��� ����+DVEHUJHQ �� �� ���� *ODQGRUI ��� ��� ����%DG�5RWKHQI� �� ��� ���� %HOP �� ��� ����%UDPVFKH ��� ��� ���� 5LHVWH �� ��� ����*HRUJVPDULHQK� �� ��� ���� 9ROWODJH �� ��� ����:DOOHQKRUVW �� ��� ���� %HUVHQEUXHFN �� ��� ����%RKPWH ��� ��� ���� 4XDNHQEUXHFN �� ��� ����
:H� DSSOLHG� WKH� .(� ZLWK� D� UDGLXV� RI� ����� P� IRU� HDFK� IDUP� ORFDWLRQ� LQ� WKH� &RXQW\� RI2VQDEU�FN� �VHH� )LJXUH� ������ 8VLQJ� WKH� VDPH� FDOFXODWLRQ� �DQLPDOV� SHU� DUHD��� WKH� DQLPDOGHQVLWLHV� FDQ� QRZ�EH� OLQNHG�PRUH� SUHFLVHO\� WR� WKH� DFWXDO� IDUP� ORFDWLRQV�� ,W� LV� REYLRXV� WKDWFOXVWHUV� GR� QRW� RQO\� H[LVW� RQ� WKH� PXQLFLSDOLW\� OHYHO�� ,Q� VRPH� FDVHV�� FOXVWHUV� VSUHDG� RYHUVHYHUDO� QHLJKERXULQJ� PXQLFLSDOLWLHV� LQ� ERWK� '3/$V� DQG� 03/$V�� :LWK� WKLV� LQ� PLQG�� WKH9HW*,6� VRIWZDUH� SURYLGHV� PRUH� DFFXUDWH� PHDVXUHV� IRU� LGHQWLI\LQJ� ULVN� DUHDV� IRU� DQLPDOGLVHDVHV�
)LJXUH���� .HUQHO�(VWLPDWLRQ�IRU�WKH�0XQLFLSDOLW\�%UDPVFKH�UHJDUGLQJ�SLJV

/HJHQG�SRLQW�UDGLXV�LV�DFFRUGLQJ�WR�.(YDOXH
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$�GHWDLOHG�YLHZ�RI�WKH�VLWXDWLRQ�LQ�WKH�PXQLFLSDOLW\�%UDPVFKH�LV�LOOXVWUDWHG�LQ�)LJXUH������DQRYHUYLHZ�RI�WKH�ZKROH�FRXQW\�LV�SUHVHQWHG�LQ�)LJXUH������7KH�GDUN�SDWFKHV�VKRZ�WKH�SUHFLVHORFDWLRQ�RI�KLJK�DQLPDO�GHQVLWLHV�WKDW�RFFXU�LQ�ERWK�'3/$V�DQG03/$V�
)LJXUH���� .HUQHO�(VWLPDWLRQ�IRU�WKH�FRXQW\�RI�2VQDEU�FN�UHJDUGLQJ�SLJV

������&RQFOXVLRQV
7KH�(8�)$,5�SURMHFW�KDV�VXFFHVVIXOO\�GHYHORSHG�QHZ�VRIWZDUH�WRROV�IRU�D�GHWDLOHG�DQDO\VLVDQG� LGHQWLILFDWLRQ� RI� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV�� 7KH� WRROV� DUH� HDV\� WR� XVH� DQG� DUHLPSOHPHQWHG�LQ�D�9HW*,6�VKHOO�EDVHG�RQ�D�ORZ�FRVW�*,6�9HW*,6�FDQ�QRZ�EH�XVHG�WR�SHUIRUP�JHRVWDWLVWLFDO�DQDO\VLV�DQG�WR�HQKDQFH�WKH�HVWLPDWLRQ�RIDUHD�EDVHG�ULVN�IDFWRUV��7RJHWKHU�ZLWK�PRUH�FUXGH PHDVXUHPHQWV��H�J��'3/$��03/$��63/$FDOFXODWLRQ��LW�LV�DQ�RSHUDWLRQDO�DQG�DFFXUDWH�WRRO�WKDW�FDQ�EH�XVHG�E\�GHFLVLRQ�PDNHUV�IRU�WKHDQDO\VLV�DQG�DVVHVVPHQW�RI�HSLGHPLRORJLFDO�ULVN�LQ�UHJLRQV�RI�WKH�(8��,W�VHUYHV�DV�D�EDVLV�IRUWKH�PLQLPLVDWLRQ�RI�HSLGHPLRORJLFDO�ULVNV�DQG�HFRQRPLF�GDPDJHV�



��

$FNQRZOHGJHPHQWV
(XURSHDQ� 8QLRQ� �(8� IXQGLQJ�� IRU� WKH� SURMHFW� )$,5� &7� �������� LV� JUDWHIXOO\� DFNQRZOHGJHG�� 7KHDXWKRUV�DUH�DOVR�JUDWHIXO�WR�WKH�&RXQW\�RI�2VQDEU�FN�DQG�WKH�&RXQW\�RI�&ORSSHQEXUJ�IRU�WKHLU�VXSSRUW�:H�ZRXOG�HVSHFLDOO\�OLNH�WR�WKDQN�'U��)ULHGHO��FKLHI�YHWHULQDULDQ�RI�2VQDEU�FN��IRU�KLV�KHOS�

5HIHUHQFHV
$URQRII��6WDQ��������*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��$�0DQDJHPHQW�3HUVSHFWLYH��:'/�3XEOLFDWLRQ�(KOHUV�� 0��� ������ ,QWHJUDWLRQ� RI� *,6�� 5HPRWH� 6HQVLQJ�� 3KRWRJUDPPHWU\� DQG� &DUWRJUDSK\�� 7KH*HRLQIRUPDWLFV�$SSURDFK��*HR�,QIRUPDWLRQV�6\VWHPH��*,6����������������(KOHUV��0���������,QWHJUDWHG�*,6��)URP�'DWD�,QWHJUDWLRQ�WR�,QWHJUDWHG�$QDO\VLV��6XUYH\LQJ�:RUOG����������(65,������D��8VLQJ�$UF9LHZ�*,6���7KH�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP�IRU�(YHU\RQH�� 5HGODQGV��86$�(65,������E��8VLQJ�$YHQXH�±�&XVWRPL]LQJ�DQG�$SSOLFDWLRQ�'HYHORSPHQW�IRU�$UF9LHZ��5HGODQGV��86$�*�VVHIHOG�� � ������ 5HJLRQDODQDO\VH�� 0HWKRGHQKDQGEXFK� XQG� 3URJUDPPV\VWHP� *UDSK*HR� �'26��2OGHQERXUJ��0�QFKHQ�0LFKHO�� ,�� DQG�'H�9RV��&�-��� ������7KH�'HILQLWLRQ�RI�'HQVHO\�3RSXODWHG�/LYHVWRFN�$UHDV� DQG� WKHLU6SDWLDO� ,GHQWLILFDWLRQ� LQ� WKH�(XURSHDQ�8QLRQ�� ,Q�� 6DOPDQ��0�'���0RUOH\�� 3�6�� DQG�5XFK�*DOOLH���5��HGV�� 3URFHHGLQJV� RI� WKH� �WK 6\PSRVLXP� RI� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG(FRQRPLFV��%UHFNHQULGJH��&RORUDGR�������$XJXVW������0|OOHU��0��DQG�(KOHUV��0���������6SDWLDO�6HSDUDWLRQ�DQG�$QDO\VLV�RI�'HQVHO\�DQG�6SDUVHO\�3RSXODWHG/LYHVWRFN�$UHDV�8VLQJ�*,6�7HFKQRORJ\� ,Q��6DOPDQ��0�'���0RUOH\��3�6��DQG�5XFK�*DOOLH���5���HGV��3URFHHGLQJV� RI� WKH� �WK 6\PSRVLXP� RI� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG(FRQRPLFV��%UHFNHQULGJH��&RORUDGR�������$XJXVW������:LQGKRUVW�� +��:��� ������ 'LH� .RQ]HQWUDWLRQ� LQ� GHU� 9HUHGHOXQJVZLUWVFKDIW� QLPPW� ZHLWHU� ]X� �,�� ±6FKZHLQHKDOWXQJ��,63$�0LWWHLOXQJHQ�����9HFKWD�
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7DVN�%
4XDQWLILFDWLRQ�DQG�FODVVLILFDWLRQ�RI�WKH�ULVN�RI�VXFKDUHDV�IURP�D�GLVHDVH�SRLQW�RI�YLHZ

$�VXUYH\�RQ�FDWWOH��SLJ�DQG�VKHHS�KHUG�FKDUDFWHULVWLFV�LQ�GHQVHO\�DQGVSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�RI�WKH�(XURSHDQ�8QLRQ
0��%HWWLR��6��0DUDQJRQ��1��)HUUH��0��0DUWLQL��,WDO\

5LVN�RI�LQWURGXFWLRQ�RI�&ODVVLFDO�6ZLQH�)HYHU�LQ�GHQVHO\�DQG�VSDUVHO\SRSXODWHG�OLYHVWRFN�DUHDV��DSSOLFDWLRQ�RI�WKH�PXOWLSOH�DWWULEXWH�GHFLVLRQ�PDNLQJ�PHWKRG
1��)HUUH��0��0DUWLQL��&��3DVTXDO��0��%HWWLR��6��0DUDQJRQ��,WDO\

5DWLR�RI�IDWWHQLQJ�SLJV�VRZ�DV�D�PRYHPHQW�LQGH[��DSSOLFDWLRQ�WR�WKH�ULVNDQDO\VLV�LQ�&6)�LQ�%ULWWDQ\
9��&KHYDOLHU��*��*HUELHU��9��$XYLJQH��%��'XUDQG��)��0RXWRX��)UDQFH

2FFXUUHQFH�RI�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�LQ�IDWWHQLQJ�SLJV��UHODWLRQ�WRWKH�IHDWXUHV�RI�D�GHQVHO\�DQG�D�VSDUVHO\�SRSXODWHG�SLJ�DUHD�LQ�)UDQFH
1��5RVH�DQG�)��0DGHF��)UDQFH

'LVHDVH�ULVN�DQG�IDFWRUV�LQ�UHODWLRQ�WR�PDQDJHPHQW�DQG�FRQWDFW�SDWWHUQVZLWK�HPSKDVLV�RQ�$XMHV]N\�GLVHDVH�RQ�SLJ�IDUPV�LQ�D�GHQVHO\�SRSXODWHGOLYHVWRFN�DUHD
.��+X\VPDQV��-��+RR\EHUJKV��3��9\W��)��&DVWU\FN��*��9HUEHNH��0��GH�%HFNHU��5��*HHUV��%HOJLXP
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$�VXUYH\�RQ�FDWWOH��SLJ�DQG�VKHHS�KHUG�FKDUDFWHULVWLFVLQ�GHQVHO\�DQG�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�RIWKH�(XURSHDQ�8QLRQ
0��%HWWLR��6��0DUDQJRQ��1��)HUUq�DQG�0��0DUWLQL
������,QWURGXFWLRQ
2YHU�WKH�SDVW�GHFDGHV�WKHUH�KDV�EHHQ�D�VLJQLILFDQW�FRQFHQWUDWLRQ�RI�OLYHVWRFN�SURGXFWLRQ�LQ�DOLPLWHG�QXPEHU�RI�DUHDV�LQ�WKH�(XURSHDQ�8QLRQ��(8���EHFDXVH�RI�WKH�FRQVLGHUDEOH�HFRQRPLFDGYDQWDJHV� ZKLFK� GHULYH� IURP� WKHVH� 'HQVHO\� 3RSXODWHG� /LYHVWRFN� $UHDV� �'3/$V��1HYHUWKHOHVV�� WKHLU� GHYHORSPHQW� KDV� LQFUHDVHG� WKH� ULVN� IRU� WKH� LQWURGXFWLRQ� DQG� VSUHDG� RIPDMRU� HPHUJLQJ�GLVHDVHV��5HFHQW� HSLGHPLFV�RI�ERWK�&ODVVLFDO�6ZLQH�)HYHU� �&6)�� DQG�)RRWDQG�0RXWK�'LVHDVH��)0'��LQ�WKH�(XURSHDQ�8QLRQ�KDYH�FOHDUO\�VKRZQ�WKH�QHHG�WR� LGHQWLI\�FKDUDFWHULVH� DQG� FODVVLI\� '3/$V� ZLWKLQ� WKH� (8�� ZLWK� WKH� DLP� RI� DVVHVVLQJ� SRWHQWLDO� ULVNIDFWRUV� IRU� WKH� LQWURGXFWLRQ� DQG� VSUHDG�RI�2,(� OLVW�$�GLVHDVHV�� LQ� IDUPV� ORFDWHG� LQ�'HQVHO\�'3/$V�� DQG�6SDUVHO\�3RSXODWHG�/LYHVWRFN�$UHDV� �63/$V���7KLV�ZRXOG� DOORZ� D� UHYLHZ�RISUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�DSSOLFDEOH�ZLWKLQ�WKHVH�UHJLRQV��'LMNKXL]HQ�DQG�'DYLHV��������,Q� RUGHU� WR� SURYLGH� LQVLJKW� LQWR� H[LVWLQJ� GLIIHUHQFHV� LQ� WKH� OLYHVWRFN� LQGXVWU\� DPRQJ� DQGZLWKLQ�(8�FRXQWULHV��D�VXUYH\�RQ�FDWWOH�DQG�SLJ�KHUG�FKDUDFWHULVWLFV� LQ�GHQVHO\�DQG�VSDUVHO\SRSXODWHG�OLYHVWRFN�DUHDV�RI�WKH�(8�ZDV�FDUULHG�RXW�7KH� PDLQ� REMHFWLYH� RI� WKH� VXUYH\� ZDV� WR� FROOHFW� GDWD� DERXW� WKH� VWUXFWXUH� RI� WKH� OLYHVWRFNSURGXFWLRQ� DQG� UHODWHG� LQGXVWULHV� LQ� WKH� VWXG\� DUHDV� LQ� RUGHU� WR� JDWKHU� LQIRUPDWLRQ� RQ� KHUGFKDUDFWHULVWLFV��7KHVH�FKDUDFWHULVWLFV�PD\�JLYH�DQ� LQGLFDWLRQ�RI� WKH� ULVN� IRU� WKH� LQWURGXFWLRQDQG� VSUHDG� RI�PDMRU� GLVHDVH� HSLGHPLFV��ZLWK� SDUWLFXODU� UHIHUHQFH� WR�&ODVVLFDO� 6ZLQH� )HYHU�&6)��DQG�)RRW�DQG�0RXWK�'LVHDVH��)0'��

������0DWHULDOV�DQG�0HWKRGV
��������6WXG\�DUHDV7KH�VXUYH\�ZDV�FDUULHG�RXW�LQ�'3/$V�DQG�63/$�V�LQ���(8�PHPEHU�VWDWHV��7KH�DUHDV�LQYROYHGLQ�WKH�VXUYH\�ZHUH�)ODQGHUV��%HOJLXP���%ULWWDQ\��)UDQFH���/RZHU�6D[RQ\��*HUPDQ\���WKH�3R



��

9DOOH\� �,WDO\��DQG� WKH� VRXWKHUQ�SDUW�RI�7KH�1HWKHUODQGV� �)LJXUH�������7KH� VWXG\�DUHDV�ZHUHVHOHFWHG�DW�D�FRPPXQLW\�OHYHO�DQG�UHSUHVHQW�D�PXQLFLSDOLW\�RU�D�FOXVWHU�RI�PXQLFLSDOLWLHV�ZLWKD�PLQLPXP�UDGLXV�RI���NP��&RQVLGHULQJ�WKLV�GHILQLWLRQ��WKH�VL]H�DQG�ERXQGDULHV�RI�WKH�VWXG\DUHDV�LQ�GLIIHUHQW�FRXQWULHV�ZHUH�GHILQHG�RQ�D�UDWKHU�DUELWUDU\�EDVLV��&RQYHQLHQFH�FULWHULD�ZHUHDOVR�WDNHQ�LQWR�FRQVLGHUDWLRQ��$UHDV�ZHUH�VHOHFWHG�WDNLQJ�LQWR�DFFRXQW�SLJ�DQG�FDWWOH�GHQVLW\�'3/$V�KDG�DW�OHDVW�����SLJV�NP� DQG�����FDWWOH�NP���ZKLOH�63/$V�KDG�D�PD[LPXP�YDOXH�RI���� SLJV�NP� DQG� ��� FDWWOH�NP��� 7KLV� LQLWLDO� GHILQLWLRQ� RI�'3/$V� DQG� 63/$V� �$QRQ\PRXV�������ZDV�DOWHUHG�LQ�D�ODWHU�VWDJH�RI�WKH�SURMHFW��0LFKHO�DQG�'H�9RV��������
)LJXUH����� *HRJUDSKLFDO�GLVWULEXWLRQ��VL]H�DQG�DQLPDO�GHQVLW\�RI�WKH�VHOHFWHG�VWXG\�DUHDV

,7���63/$.P�  ����1R��SLJV�NP�  �����1R�FDWWOH�NP�  �����

,7���'3/$.P�  �����1R��SLJV�NP�  ������1R�FDWWOH�NP�  ������

'(���'3/$.P�  �������1R��SLJV�NP�  �������1R�FDWWOH�NP�  ������

'(���63/$.P�  � �����1R��SLJV�NP�  ����1R�FDWWOH�NP�  ����

)5���'3/$.P�  �������1R��SLJV�NP�  ����1R�FDWWOH�NP�  ����

)5���63/$.P�  ����1R��SLJV�NP�  ����1R�FDWWOH�NP�  ����

%(���'3/$.P�  ������1R��SLJV�NP�  ������1R�FDWWOH�NP�  ����

%(���63/$.P�  �������1R��SLJV�NP�  ���1R�FDWWOH�NP�  ���

1/���63/$.P�  ������1R��SLJV�NP�  ���1R�FDWWOH�NP�  ���
1/���'3/$.P�  ����1R��SLJV�NP�  ������1R�FDWWOH�NP�  ����



��

�������6WXG\�GHVLJQ4XDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�RQ�FKDUDFWHULVWLFV�RI�IDUPV�DQG�UHODWHG�LQGXVWULHV�ORFDWHG�LQWKH�VHOHFWHG�VWXG\�DUHDV�ZHUH�FROOHFWHG�E\�PHDQV�RI�WZR�TXHVWLRQQDLUHV�$UHD� TXHVWLRQQDLUH ±� 7KH� TXHVWLRQQDLUH� ZDV� GHVLJQHG� WR� FROOHFW� GDWD� RQ� WKH� W\SH� DQGDYDLODELOLW\� RI� UHODWHG� LQGXVWULHV� LQ� HDFK� VWXG\� DUHD�� ,QIRUPDWLRQ� ZDV� GHULYHG�PDLQO\� IURPFXUUHQW� VWDWLVWLFV� DQG� H[LVWLQJ� LGHQWLILFDWLRQ� DQG� UHFRUGLQJ� V\VWHPV�� ,QIRUPDWLRQ� RQ� WKHSUHVHQFH�RI�ZLOG�ERDUV�ZDV�DOVR�LQFOXGHG�+HUG�TXHVWLRQQDLUH ±�$�TXHVWLRQQDLUH�WR�JDWKHU�LQIRUPDWLRQ�RQ�PDQDJHPHQW�TXDOLW\��DWWLWXGHRI� IDUPHUV�� W\SH� RI� WUDGH� SDWWHUQ� DQG� UHODWHG� VDQLWDU\� GLVFLSOLQH� ZDV� GUDZQ� XS� �&]DMD� DQG%ODLU�� ������ �)LJXUH� ������ 7KH� TXHVWLRQQDLUH� ZDV� SUH�WHVWHG� IROORZLQJ� ERWK� ³IRUPDO´�VXEPLVVLRQ�WR�H[SHUWV��DQG�³LQIRUPDO´��VXEPLVVLRQ�WR�D�VDPSOH�RI�IDUPHUV��WHFKQLTXHV��8�6�%XUHDX�RI�WKH�&HQVXV���������7R�UHILQH�WKH�TXHVWLRQQDLUH�XQGHU�ILHOG�FRQGLWLRQV�WKH�SUH�WHVWZDV�FDUULHG�RXW�RQ���IDUPV����SLJ�XQLWV����FDWWOH�KHUGV����VKHHS�IORFN�DQG���PL[HG�KHUG��LQ��FRXQWULHV� �%HOJLXP�� ,WDO\�� 7KH� 1HWKHUODQGV��� 7KH� SUH�WHVW� UHVXOWV� ZHUH� HYDOXDWHG�� DQG� WKHTXHVWLRQQDLUH� ZDV� VXEVHTXHQWO\� UHYLVHG�� $� GRFXPHQW� UHSRUWLQJ� VSHFLILF� FRPPHQWV� RQ� WKHPHDQLQJ�RI�HDFK�TXHVWLRQ�ZDV�DOVR�SUHSDUHG�DQG�XVHG�WR�WUDLQ�WKH�LQWHUYLHZHUV�,Q�������GDWD�ZDV�FROOHFWHG�RQ������FDWWOH��SLJ�DQG�VKHHS�IDUPV�WKURXJK�WKH�VXEPLVVLRQ�RI�WKHVWDQGDUGLVHG�TXHVWLRQQDLUH�WR�IDUPHUV�RQ�VLWH��DIWHU�D�SUHYLRXV�SHUVRQDO��,WDO\�DQG�*HUPDQ\�RU�PDLO��RWKHU�FRXQWULHV��FRQWDFW��,Q�WKH�%HOJLDQ�VWXG\�DUHDV�DOO�IDUPV�ZHUH�WDNHQ�LQWR�DFFRXQW�ZKLOVW� LQ� WKH� RWKHU� FRXQWULHV� KHUGV� ZHUH� VHOHFWHG� DSSO\LQJ� D� VWUDWLILHG� �KHUG� W\SH�� VL]H�ORFDWLRQ��VDPSOLQJ�VFKHPH��,WDO\�DQG�)UDQFH���D�V\VWHPDWLF�VDPSOLQJ��7KH�1HWKHUODQGV��RU�DSXUSRVLYH� VHOHFWLRQ� �*HUPDQ\��� 7UDLQHG� VWDII�� L�H�� YHWHULQDULDQV�� XQLYHUVLW\� VWXGHQWV� RUVFLHQWLVWV� LQYROYHG� LQ� WKH� SURMHFW�� LQWHUYLHZHG� WKH� IDUPHUV�� 2Q� DYHUDJH� WKH� TXHVWLRQQDLUHLQWHUYLHZ�ODVWHG�KDOI�DQ�KRXU��ZLWK�VLJQLILFDQW�YDULDWLRQV�DPRQJ�GLIIHUHQW�W\SHV�RI�IDUPV�
�������'DWD�DQDO\VLV'DWD�ZDV�FROOHFWHG�DQG�DVVLPLODWHG�LQ�RUGHU� WR�EXLOG�XS�D�XQLTXH�GDWDEDVH��,Q�D�SUHOLPLQDU\VWDJH�� GDWD� ZDV� VXEPLWWHG� WR� DQ� LQQHU� YDOLGDWLRQ� SURFHVV�� ZKLFK� FRQVLVWHG� RI� FKHFNLQJ� LWVFRQVLVWHQF\� DQG� ILQGLQJ� RXW� DQG� UHSODFLQJ� �ZKHUH� SRVVLEOH�� DQG� DIWHU� FRQVXOWDWLRQ�ZLWK� WKHSDUWQHU� LQYROYHG�� WKH� PLVVLQJ� LQIRUPDWLRQ�� $� GHVFULSWLYH� DQDO\VLV� ZDV� FDUULHG� RXW� RQ� WKHZKROH� GDWDVHW�� &RQWLQJHQF\� WDEOHV� ZHUH� REWDLQHG� DQG� GLIIHUHQFHV� LQ� WKH� GLVWULEXWLRQ� RISUHGLFWRUV� EHWZHHQ� '3/$V� DQG� 63/$V� ZHUH� WHVWHG� XVLQJ� F� DQG� .UXVNDO�:DOOLV� WHVWV� IRUFDWHJRULFDO�DQG�FRQWLQXRXV�YDULDEOHV�UHVSHFWLYHO\�
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)LJXUH���� +HDGLQJV�RI�KHUG�TXHVWLRQQDLUH

$V� IDU� DV� GDWD� FROOHFWHG� DW� D� IDUP� OHYHO� WKURXJK� WKH� KHUG� TXHVWLRQQDLUH� LV� FRQFHUQHG�� WKHH[SORUDWRU\� PHWKRG� RI� PXOWLSOH� FRUUHVSRQGHQFH� DQDO\VLV� �/HEDUW�� :DUZLFN� DQG�0RULQHDX�������ZDV�DSSOLHG�WR�VHOHFW�KHUG�FKDUDFWHULVWLFV�WKDW�FRXOG�GLIIHUHQWLDWH�'3/$V�IURP�63/$VPRUH�HIIHFWLYHO\��&RUUHVSRQGHQFH�DQDO\VLV� LV�D� IDFWRULDO�PHWKRG� WKDW�FRQVLGHUV� UHODWLRQVKLSVEHWZHHQ�FDWHJRULFDO�YDULDEOHV��DQG�JLYHV�DQ�RYHUYLHZ�RI� WKHLU�GHSHQGHQFH�SDWWHUQ� LQ�D� ORZ�GLPHQVLRQDO� VROXWLRQ�� 7R� DSSO\� WKLV�PHWKRG� WR� WKH� FXUUHQW� GDWDVHW�� DOO� FRQWLQXRXV� YDULDEOHVZHUH�FDWHJRULVHG�RQ� WKH�EDVLV�RI� WKH�GLVWULEXWLRQ�SHUFHQWLOHV��5HJLRQ� �'3/$�YV�63/$��DQGFRXQWU\� �%HOJLXP�� )UDQFH�� *HUPDQ\�� ,WDO\� DQG� 7KH� 1HWKHUODQGV�� KDYH� EHHQ� XVHG� LQ� WKHDQDO\VLV�DV�VXSSOHPHQWDU\�YDULDEOHV��QRW�XVHG�WR�ILQG�WKH�ILQDO�VROXWLRQ��EXW�SORWWHG�RQ�LW���LQRUGHU� WR� H[SODLQ� WKHLU� UHODWLYH� SRVLWLRQ� FRPSDUHG� ZLWK� WKH� WZR�IDFWRULDO� D[HV� VROXWLRQFRPSXWHG��'LIIHUHQW� VXEVHWV� RI� GDWD�ZHUH� VHSDUDWHO\� FRQVLGHUHG�� DFFRUGLQJ� WR� WKH� GLIIHUHQWIDUP�FKDUDFWHULVWLFV� WDNHQ� LQWR� DFFRXQW��7KH�SUHVHQW� SDSHU� IRFXVHV� RQ�ELRVHFXULW\�PHDVXUHVDSSOLHG�LQ�DOO�W\SHV�RI�KHUG��DQDO\VLV�$���DQG�RQ�DQLPDO�LQWURGXFWLRQ�SUDFWLFHV�LQ�SLJ��DQDO\VLV

� 6HFWLRQ�$��,QWHUYLHZHH�SRVLWLRQ� H[SHULHQFH�LQ�IDUPLQJ� 6HFWLRQ�%��)DUP�PDQDJHPHQW�EDUULHUV��SUHVHQFH�DQG�W\SH�� FOHDQ�ZD\�GLUW\�ZD\�DW�WKH�IDUP�HQWUDQFH� VKDULQJ�RI�IDUP�PDFKLQHU\�DQG�HTXLSPHQW�GLVSRVDO�RI�FDUFDVVHV� VZLOO�IHHGLQJ��SLJ�XQLWV��YHWHULQDU\�DVVLVWDQFH�RXWGRRU�IDFLOLWLHV� DOO�LQ�DOO�RXW�SROLF\� W\SH�RI�VHUYLFH��QDWXUDO��DUWLILFLDO�� 6HFWLRQ�&��$QLPDO�FRQWDFWV�PRYHPHQWV�,1�±�DQLPDOV�DQG�EDWFKHV��QXPEHU�DQG�RULJLQ��TXDUDQWLQH�PRYHPHQWV�287�±�DQLPDOV�DQG�EDWFKHV��GHVWLQDWLRQ��HWF���YHUWLFDOO\�LQWHJUDWHG�SURGXFWLRQ�V\VWHP� 6HFWLRQ�'��9HKLFOHV�YHKLFOHV��QXPEHU�DQG�W\SH��GLVLQIHFWLQJ��LQFRPLQJ�RXWJRLQJ�YHKLFOHV�� DUHD�IRU�ORDGLQJ�XQORDGLQJ�RI�JRRGV�DQG�DQLPDOV� 6HFWLRQ�(��+XPDQ�FRQWDFWV�QXPEHU�RI�ZRUNHUV� FRQWDFW�ZLWK�RWKHU�IDUPV�YLVLWRUV�ELRVHFXULW\�PHDVXUHV��DFFHVV�UHVWULFWLRQV��XVH�RI�RYHUDOOV�ERRWV��HWF��� 7\SH�DQG�VL]H�RI�WKH�KHUG� +LVWRULFDO�GDWD�RQ�)0'�DQG�&6)�RQ�WKH�IDUP



��

%��DQG�FDWWOH�IDUPV��DQDO\VLV�&���)RU�WKHVH�ODWWHU�DQDO\VHV��RQO\�SLJ�DQG�FDWWOH�KROGLQJV�ZKLFKLQWURGXFH�DQLPDOV�� UHSUHVHQWLQJ�UHVSHFWLYHO\�����DQG�����RI� WKH� WRWDO�QXPEHU�RI� VXUYH\HGSLJ�DQG�FDWWOH�IDUPV��ZHUH�FRQVLGHUHG�

������5HVXOWV
7KH� VL]H� RI� WKH� VWXG\� DUHDV� GLIIHUHG� JUHDWO\�� DV� WKHLU� ERXQGDULHV� ZHUH� GHILQHG� RQ� D� UDWKHUDUELWUDU\�EDVLV�DFFRUGLQJ�WR�FRQYHQLHQFH�FULWHULD��'LIIHUHQFHV�LQ�VL]H�FRXOG�KDYH�KDG�D�GLUHFWLQIOXHQFH� RQ� WKH� YDULRXV� GHQVLWLHV� REVHUYHG� DPRQJ� '3/$V� DQG� 63/$V� �)LJXUH� ������ ,Q63/$V� SLJ� DQG� FDWWOH� GHQVLWLHV� DFWXDOO\� YDULHG� IURP���� SLJV�NP� DQG� ��� FDWWOH�NP� LQ�7KH1HWKHUODQGV�� WR� ���� OLYHVWRFN� XQLWV�NP� IRU� ERWK� SLJV� DQG� FDWWOH� LQ� *HUPDQ\�� 7DNLQJ� LQWRDFFRXQW� '3/$V�� FDWWOH� GHQVLW\� UDQJHG� IURP� ��� WR� ���� FDWWOH�NP� LQ� *HUPDQ\� DQG� ,WDO\UHVSHFWLYHO\��ZKLOVW�SLJ�GHQVLW\�YDULHG�IURP�����SLJV�NP� LQ�,WDO\� WR�������SLJV�NP� LQ�7KH1HWKHUODQGV�7DEOH� ���� LOOXVWUDWHV� WKH� GLVWULEXWLRQ� RI� WKH� KHUGV� LQFOXGHG� LQ� WKH� VWXG\� DQG� RI� WKH� QRQ�UHVSRQVH�UDWH�IRU�HDFK�FRXQWU\��7DEOH�����VKRZV�WKH�W\SH�DQG�GLVWULEXWLRQ�RI�YLVLWHG�IDUPV�LQHDFK�VWXG\�DUHD��ZKLOVW�7DEOH�����UHSRUWV�WKH�PHGLDQ�VL]H�RI�FDWWOH��SLJ�DQG�PL[HG��FDWWOH�DQGSLJ��KROGLQJV�
7DEOH���� 'LVWULEXWLRQ� RI� WKH� QXPEHU� RI� KHUGV� LQ� WKH� VWXG\� DUHDV� DQG� RI� QRQ�UHVSRQVHUDWHV�SHU�FRXQWU\ 1�� RI�IDUPV&RXQWU\ 63/$V '3/$V 7RWDOLQWHUYLHZHG

1RQ�UHVSRQVHUDWH����
%HOJLXP �� �� ��� ��)UDQFH �� ��� ��� ��*HUPDQ\ �� ��� ��� �,WDO\ ��� ��� ��� �7KH�1HWKHUODQGV ��� ��� ��� �� D727$/ ��� ��� ����� ��D� DOO�QRQ�UHVSRQGHQWV�ZHUH�UHSODFHG�
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7DEOH���� 7\SH�DQG�GLVWULEXWLRQ�RI�WKH�KHUGV�LQFOXGHG�LQ�WKH�VXUYH\'3/$V 63/$V&RXQWU\ 3LJ &DWWOH 6KHHS 0L[HG 3LJ &DWWOH 6KHHS 0L[HG%HOJLXP �� �� � �� � �� � ��)UDQFH �� �� � �� �� �� � ��*HUPDQ\ �� � � �� � �� � ��,WDO\ �� ��� � �� �� �� � ��7KH1HWKHUODQGV �� �� � �� � �� �� ��
727$/ ��� ��� � ��� �� ��� �� ���

7DEOH���� 0HGLDQ�VL]H�RI�FDWWOH��SLJ�DQG�PL[HG��FDWWOH�DQG�SLJ��KROGLQJV�LQFOXGHG�LQ�WKHVXUYH\&DWWOH�KHUGV 3LJ�KROGLQJV 0L[HG�IDUPV5HJLRQ 1R� 0HGLDQ�VL]H E 1R� 0HGLDQVL]H D 1R� 0HGLDQ�VL]H�&DWWOH� E 0HGLDQ�VL]H�3LJV� E63/$V ��� �� �� ��� ��� �� ��'3/$V ��� �� ��� ����� ��� �� ���727$/ ��� �� ��� ��� ��� �� ���D� S�YDOXH��.UXVNDO�:DOOLV�WHVW�d����E� S�YDOXH��.UXVNDO�:DOOLV�WHVW�d�����
7KH� SUHVHQFH� RI�ZLOG� ERDUV� LQ� WKH� VHOHFWHG� VWXG\� DUHDV�� WKH� SHUFHQWDJH� RI� SLJ� XQLWV�ZLWK� DSK\VLFDO�EDUULHU�DURXQG�WKH�IDUP\DUG��WKH�SHUFHQWDJH�RI�WKRVH�SURYLGLQJ�RXWGRRU�IDFLOLWLHV�IRUSLJV�� DQG� RI� KROGLQJV�ZKHUH� VZLOO� LV� IHG� WR� SLJV� DUH� LOOXVWUDWHG� LQ� 7DEOH� ����� 6ZLOO� IHHGLQJRFFXUUHG�LQ�D�WRWDO�RI����������SLJ�KROGLQJV�ORFDWHG�LQ���FRXQWULHV��%HOJLXP�DQG�*HUPDQ\��7KH�SURSRUWLRQ�RI�SLJ�IDUPV�WKDW�IHG�WKH�SLJV�ZLWK�VZLOO�DSSHDUHG�ORZ�ERWK�LQ�'3/$V�������DQG�63/$V��������7DEOHV������ ���� DQG����� UHSRUW� WKH� FRGLQJ� DQG� WKH� GLVWULEXWLRQ�RI� SUHGLFWRUV� LQFOXGHG� LQ� WKHPXOWLYDULDWH�DQDO\VHV��PHGLDQ��PLQLPXP�DQG�PD[LPXP�YDOXHV�DQG�SHUFHQWDJHV�DUH�UHSRUWHGIRU�FRQWLQXRXV�DQG�FDWHJRULFDO�YDULDEOHV�UHVSHFWLYHO\�)LJXUH�����VKRZV�WKH�ILQDO�SORW�RI�WKH�DQDO\VLV�FRQFHUQLQJ�ELRVHFXULW\�PHDVXUHV�LQ�DOO�WKH�����VWXG\� KHUGV�� 7KH� YDULDELOLW\� VWUXFWXUH� LV� PDLQO\� H[SODLQHG� LQ� ERWK� LWV� GLPHQVLRQV� E\TXDQWLWDWLYH�SDUDPHWHUV�VWULFWO\�UHODWHG�WR�KHUG�VL]H��+HUGV�RI�VPDOOHU�VL]H�DUH�FKDUDFWHULVHG�E\D� ORZHU� PRYHPHQW� RI� YHKLFOHV�� DQG� JHQHUDOO\� E\� WKH� DSSOLFDWLRQ� RI� OHVV� VWULFW� ELRVHFXULW\PHDVXUHV��7KHVH� IHDWXUHV�DUH�REVHUYHG�PRUH� IUHTXHQWO\� LQ� FDWWOH� IDUPV��7KH� VDPH�YDULDEOHV
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JLYHQ�DERYH�LGHQWLI\ DOO�KHUGV�ORFDWHG�LQ�63/$V��,WDO\�DQG�%HOJLXP�DUH�WKH�FRXQWULHV�LQ�ZKLFKKHUGV�RI�D�VPDOOHU�VL]H�DUH�PRVW�FRPPRQ�DPRQJ�WKRVH�LQWHUYLHZHG��2Q�WKH�RWKHU�KDQG��ODUJHUKHUGV�JHQHUDOO\�DGRSW�PRUH�VWULQJHQW�ELRVHFXULW\�PHDVXUHV��DQG�WKH�DYHUDJH�QXPEHU�RI�DQLPDOWUDQVSRUW� ORUULHV� HQWHULQJ� WKH� IDUP�SHU�PRQWK� LV� KLJKHU�� 7KHVH� SDUDPHWHUV� GHILQH�ZHOO� ERWKPL[HG�DQG�SLJ�XQLWV�WKDW�DUH�PDLQO\�ORFDWHG�LQ�'3/$V��*HUPDQ\��)UDQFH�DQG�7KH�1HWKHUODQGVDUH�WKH�FRXQWULHV�LQ�ZKLFK�KHUGV�RI�D�ODUJHU�VL]H�DUH�PRVW�FRPPRQ�DPRQJ�WKRVH�LQWHUYLHZHG�
7DEOH���� 3UHVHQFH� RI� ZLOG� ERDU�� EDUULHUV�� RXWGRRU� IDFLOLWLHV� DQG� VZLOO� IHHGLQJ� LQ� SLJKROGLQJV
&RXQWU\ 5HJLRQ :LOG�ERDU 1R��RI�IDUPV %DUULHUV���� 2XWGRRU�IDFLOLWLHV��� 6ZLOOIHHGLQJ����63/$ 1R �� ���� ���� ����%HOJLXP '3/$ 1R �� ����� ���� �63/$ <HV �� ���� ��� �)UDQFH '3/$ 1R �� ���� ���� �63/$ <HV �� ���� ��� �*HUPDQ\ '3/$ <HV ��� ���� ��� ���63/$ 1R �� ���� ���� �,WDO\ '3/$ 1R �� ���� ���� �63/$ 1R �� ���� ���� �7KH�1HWKHUODQGV '3/$ <HV �� ���� ��� �

7DEOH���� 'LVWULEXWLRQ�RI�SUHGLFWRUV�LQFOXGHG�LQ�DQDO\VLV�$9DULDEOH 63/$V��1 ���� '3/$V��1 ���� S7RWDO�1R��RI�DQLPDOV �����±����� ������±������ ������1R��RI�DQLPDO�WUDQVSRUW�YHKLFOHV�PRQWK ��������±��� ������ ��±��� ������7\SHV�RI�KHUGV��&DWWOH3LJ0L[HG
���������������

��������������� ������
3UHVHQFH�RI�EDUULHUV ����� ����� Q�V�&OHDQ�ZD\�GLUW\�ZD\ ���� ����� ������/RDGLQJ�XQORDGLQJ�DUHD ����� ����� ������5HVWULFWHG�DFFHVV�PHDVXUHV ����� ����� ������6KDULQJ�RI�IDUP�PDFKLQHU\ ����� ����� �����6KDULQJ�RI�YHWHULQDU\�HTXLSPHQW ����� ����� ������9HWHULQDU\�DVVLVWDQFH ����� ����� ������
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)LJXUH���� $QDO\VLV�$��UHVXOW�RI�FRUUHVSRQGHQFH�DQDO\VLV��WZR�D[HV�VROXWLRQ�

$QDO\VLV�%�VXJJHVWV�WKH�SUHVHQFH�RI�WZR�GLIIHUHQW�W\SHV�RI�IDUPV��WKDW�DUH�GLVWULEXWHG�RQ�WKHWZR�D[HV� VROXWLRQ� SORW� �)LJXUH� ����� DFFRUGLQJ� WR� TXDQWLWDWLYH� SDUDPHWHUV�� 7KH� ILUVW� W\SH� RIIDUP�LV�FKDUDFWHULVHG�E\�VPDOO�XQLWV��XS�WR�����SLJV��ZLWK�D�ORZ�OHYHO�RI�LQWURGXFWLRQ��IURP��WR����SLJV�SXUFKDVHG�SHU�\HDU���7KH�RWKHU�W\SH�GHVFULEHV�ODUJHU�IDUPV��KHUG�VL]H�JUHDWHU�WKDQ����SLJV��ZLWK�D�KLJKHU�OHYHO�RI�DQLPDO�PRYHPHQW��PRUH�WKDQ����SLJV�LQWURGXFHG�SHU�\HDU��8VXDOO\�SLJ�XQLWV�RI�D�VPDOOHU�VL]H�GR�QRW�EHORQJ�WR�D�YHUWLFDOO\�LQWHJUDWHG�SURGXFWLRQ�V\VWHP�WKH\�RQO\�SXUFKDVH�SLJV� IURP� IDUPV� ORFDWHG� LQ� WKH�QHLJKERXUKRRG�ZLWKRXW�TXDUDQWLQLQJ� WKHLQWURGXFHG�DQLPDOV��DQG�ZLWKRXW�D�VHSDUDWH�DUHD�IRU�ORDGLQJ�DQG�XQORDGLQJ�WKH�DQLPDOV��7KLVW\SH�RI�IDUP�LV�W\SLFDO�RI�63/$V��2Q�WKH�RWKHU�KDQG��ODUJHU�IDUPV�KDYH�IL[HG�FRQWUDFWV�IRU�SLJWUDGLQJ�DQG�WKH\�SXUFKDVH�DQLPDOV�ZKRVH�SURYHQDQFH�LV�RIWHQ�XQNQRZQ�WR�WKH�IDUPHU��7KH\DUH�HTXLSSHG�ZLWK�D�GLVWLQFW�DUHD�IRU�ORDGLQJ�DQG�XQORDGLQJ��7KLV�W\SH�RI�IDUP�LV�FRPPRQO\UHSUHVHQWHG� E\� EUHHGLQJ� DQG� IDUURZ�WR�ILQLVK� XQLWV�� DQG� LV� PRVWO\� ORFDWHG� LQ� '3/$V�*HUPDQ\��)UDQFH�DQG�7KH�1HWKHUODQGV�DUH�PDLQO\�FKDUDFWHULVHG�E\�ODUJHU�IDUPV��ZKLOH�,WDO\DQG�%HOJLXP�DUH�PRVWO\�UHSUHVHQWHG�E\�VPDOOHU�RQHV�:LWK�UHJDUG�WR�FDWWOH�LQWURGXFWLRQ�SUDFWLFHV��DQDO\VLV�&�LGHQWLILHV�TXDQWLWDWLYH�YDULDEOHV�DV�WKHSULQFLSDO�GLVFULPLQDWLQJ�IDFWRUV�EHWZHHQ�WZR�GLVWLQFW�W\SHV�RI�IDUPV��$V�IRU�SLJV��PDLQO\�ODUJHDQG�VPDOO�W\SHV�RI�KHUGV�UHVSHFWLYHO\�FKDUDFWHULVH�'3/$V�DQG�63/$V��ZLWK�WKH�VDPH�IHDWXUHVSUHYLRXVO\�LGHQWLILHG�LQ�WKH�DQDO\VLV�FRQFHUQLQJ�SLJ�XQLWV�
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�3UHVHQFH�RI�EDUULHUV�1R�VKDULQJ�RI�IDUP�PDFKLQHU\�1R�&OHDQ�ZD\�GLUW\�ZD\�SULQFLSOH�1R�UHVWULFWHG�DFFHVV�PHDVXUHV�1R�DUHD�IRU�ORDGLQJ�XQORDGLQJ�6KDULQJ�RI�YHWHULQDU\�HTXLSPHQW

�$EVHQFH�RI�EDUULHUV�6KDULQJ�RI�IDUP�PDFKLQHU\�&OHDQ�ZD\�GLUW\�ZD\�SULQFLSOH�5HVWULFWHG�DFFHVV�PHDVXUHV�$UHD�IRU�ORDGLQJ�XQORDGLQJ�1R�VKDULQJ�RI�YHWHULQDU\�HTXLSPHQW

+HUG�VL]Hd�� +HUG�VL]H
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7DEOH���� 'LVWULEXWLRQ�RI�SUHGLFWRUV�LQFOXGHG�LQ�DQDO\VLV�%9DULDEOH 63/$V��1 ���� '3/$V��1 ���� S7RWDO�1R��RI�SLJV �������±������ �������±������ ������1R��RI�SLJV�SXUFKDVHG��\HDU �������������� ���� ��������� ������1R��RI�SXUFKDVHG�EDWFKHV�SHU�\HDU ������ ������ ������ ������� ������7\SHV�RI�KHUGV��%UHHGLQJ)DWWHQLQJ)DUURZ�WR�ILQLVK
���������������

�������������� Q�V�
3UHVHQFH�RI�FDWWOH ����� ����� �����,QWURGXFWLRQ�IURP��NQRZQ�IDUPVRWKHU�VRXUFHV ���������� ���������� �����
2ULJLQ�RI�SXUFKDVHG�SLJV��UHJLRQDO�RQO\2WKHU ���������� ���������� Q�V�
4XDUDQWLQH ����� ����� Q�V�/RDGLQJ�XQORDGLQJ�DUHD ����� ����� Q�V�,QWHJUDWHG�SURGXFWLRQ�V\VWHP ����� ����� ������

)LJXUH���� $QDO\VLV�%��UHVXOW�RI�FRUUHVSRQGHQFH�DQDO\VLV��WZR�D[HV�VROXWLRQ�
$QDO\VLV�%��,QWURGXFWLRQ�SUDFWLFH���3LJ�KROGLQJV
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)DWWHQLQJ



��

7DEOH���� 'LVWULEXWLRQ�RI�SUHGLFWRUV�LQFOXGHG�LQ�DQDO\VLV�&
9DULDEOH 63/$V�1 ���� '3/$V�1 ���� S
7RWDO�QR��RI�FDWWOH �������±����� �������±����� ������1R��RI�FDWWOH�SXUFKDVHG��\HDU �������±����� �������±����� ������1R��RI�SXUFKDVHG�EDWFKHV�SHU�\HDU ������ ��±��� ���������±���� �����7\SHV�RI�KHUGV��'DLU\%HHI0L[HG

���������������
��������������� ������

3UHVHQFH�RI�SLJV ����� ����� ������,QWURGXFWLRQ�IURP��NQRZQ�IDUPVRWKHU�VRXUFHV ���������� ���������� �����
2ULJLQ�RI�SXUFKDVHG�FDWWOH��UHJLRQDO�RQO\2WKHU ���������� ���������� Q�V�
4XDUDQWLQH ����� ����� Q�V�/RDGLQJ�XQORDGLQJ�DUHD ����� ����� Q�V�,QWHJUDWHG�SURGXFWLRQ�V\VWHP ���� ����� ������

)LJXUH���� $QDO\VLV�&��UHVXOW�RI�FRUUHVSRQGHQFH�DQDO\VLV��WZR�D[HV�VROXWLRQ�$QDO\VLV�&��,QWURGXFWLRQ�SUDFWLFH���&DWWOH�IDUPV
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� 3UHVHQFH�RI�SLJV� 4XDUDQWLQH� $UHD�IRU�ORDGLQJ�XQORDGLQJ� 3XUFKDVH�IURP�XQNQRZQIDUPV�PDUNHWV� 1DWLRQDO�IRUHLJQ�SXUFKDVH
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������'LVFXVVLRQ�DQG�FRQFOXVLRQV
7KH�QRQ�UHVSRQVH�UDWH�RI�WKH�VXUYH\�YDULHG�IURP�����,WDO\�DQG�*HUPDQ\��WR�DURXQG��������%HOJLXP�DQG�7KH�1HWKHUODQGV� �� LQ� WKH� ODWWHU� FRXQWU\� QRQ�UHVSRQGHQWV�ZHUH� UHSODFHG���7KHGLIIHUHQW� QRQ�UHVSRQVH� UDWH� REVHUYHG� LQ� WKH� YDULRXV� VWXG\� DUHDV� FRXOG� EH� UHODWHG� WR� WKHXQZLOOLQJQHVV�RI� IDUPHUV� WR�FRRSHUDWH�GXH� WR� WKH� ODWHVW�&6)�HSLGHPLFV� LQ�%HOJLXP�DQG�7KH1HWKHUODQGV�� DQG� WR� WKH� PHWKRGV� XVHG� WR� DSSURDFK� IDUPHUV� �SHUVRQDO� FRQWDFW� ZDV� PRUHVXFFHVVIXO� WKDQ� FRQWDFW� E\� PDLO��� )XUWKHUPRUH�� LW� VKRXOG� EH� QRWHG� WKDW� SURIHVVLRQDORUJDQLVDWLRQV�LQ�)UDQFH�DQG�SXEOLF�YHWHULQDU\�VHUYLFHV�LQ�,WDO\�WRRN�DQ�DFWLYH�SDUW�LQ�PDNLQJIDUPHUV�FRRSHUDWLYH�:LWK� UHJDUG� WR� WKH� ULVN� RI� &6)� LQWURGXFWLRQ�� VZLOO� IHHGLQJ� DQG� WKH� SUHVHQFH� RI� ZLOG� ERDUVKRXOG�EH� FRQVLGHUHG��6ZLOO� IHHGLQJ��ZKLFK� DOVR� UHSUHVHQWV� D� ULVN� IDFWRU� IRU�)0'� �+\VORS�������6HOOHUV���������ZDV�LGHQWLILHG�LQ�D�WRWDO�RI����������SLJ�KROGLQJV�ORFDWHG�LQ���FRXQWULHV�%HOJLXP�DQG�*HUPDQ\���7KH�SURSRUWLRQ�RI�SLJ�IDUPV�ZKHUH�VZLOO�ZDV�IHG�WR�SLJV�DSSHDUHGORZ�ERWK�LQ�'3/$V��������DQG�63/$V���������EXW�WKH�SHUFHQWDJH�RI�SLJ�IDUPV�WKDW�PDGH�XVHRI�VZLOO�ZDV�PXFK�JUHDWHU�LQ�WKH�DUHD��,Q�IDFW��DPRQJ�WKH���SLJ�KROGLQJV�ZKHUH�VZLOO�ZDV�IHGWR�SLJV����ZHUH�ORFDWHG�LQ�WKH�%HOJLDQ�63/$��KDOI�RI�DOO�SLJ�IDUPV�LQ�WKDW�DUHD��DQG���LQ�WKH*HUPDQ�'3/$�������RI�DOO�SLJ�XQLWV� LQ� WKH�DUHD���7KLV�GDWD�GRHV�QRW� WDNH� LQWR�DFFRXQW� WKHULVN�UHODWHG�WR�LOOHJDO�VZLOO�IHHGLQJ��ZKLFK�LV�RQH�RI�WKH�PDLQ�FDXVHV�RI�&6)�YLUXV�LQWURGXFWLRQLQ�WKH�GRPHVWLF�SLJ�SRSXODWLRQ��)ULW]PHLHU�HW�DO���������,Q� �� FRXQWULHV� �*HUPDQ\�� )UDQFH� DQG� 7KH� 1HWKHUODQGV�� WKH� SUHVHQFH� RI� ZLOG� ERDU� ZDVLGHQWLILHG�LQ���63/$V�DQG���'3/$��,Q�WKHVH���DUHDV�WKH�SHUFHQWDJH�RI�SLJ�XQLWV�ZKHUH�EDUULHUVDUH�SUHVHQW�YDULHV�IURP�����WR������,Q�JHRJUDSKLFDO�DUHDV�ZLWK�D�ZLOG�ERDU�SRSXODWLRQ��WKHSUHVHQFH�RI�D�SK\VLFDO�EDUULHU�DURXQG�IDUPV�WR�UHGXFH�WKH�ULVN�RI�D�SRVVLEOH�FRQWDFW�EHWZHHQZLOG�ERDU�DQG�GRPHVWLF�SLJV�VKRXOG�UHSUHVHQW�RQH�RI�WKH�PLQLPXP�UHTXLUHPHQWV�WR�EH�DSSOLHGWR�DOO�SLJ�XQLWV�LQ�WKH�DUHD��7KLV�LV�RI�SDUWLFXODU�UHOHYDQFH�IRU�DUHDV�ZKHUH�WKH�SUHVHQFH�RI�&6)9LUXV�LQ�ZLOG�ERDU�KDV�EHHQ�GHWHFWHG�7KH� GHVFULSWLYH� DQG� WKH� PXOWLSOH� FRUUHVSRQGHQFH� DQDO\VHV� VXJJHVWHG� WKDW� KHUG� VL]H� DQGQXPEHU�RI�LQWURGXFHG�DQLPDOV�DQG�EDWFKHV�SHU�\HDU�ZHUH�WKH�YDULDEOHV�PDLQO\�DVVRFLDWHG�ZLWKWKH�GLVWULEXWLRQ�RI�FDWWOH�DQG�SLJ�IDUPV�WR�'3/$V�RU�63/$V�2QH�RI�WKH�PDLQ�ULVN�IDFWRUV�RI�GLVHDVH�LQWURGXFWLRQ�LQ�D�FRXQWU\�RU�D�UHJLRQ�LV�WKH�PRYHPHQWRI�DQLPDOV��$QLPDO�LQWURGXFWLRQ�RFFXUUHG�PRUH�IUHTXHQWO\�LQ�SLJ�������WKDQ�LQ�FDWWOH������KROGLQJV��EXW�����RI�SLJ�XQLWV�DQG�����RI�FDWWOH�KROGLQJV�SXUFKDVHG�DQLPDOV�RQO\�IURP�IDUPVORFDWHG� LQ� WKH� VDPH� UHJLRQ�� )XUWKHUPRUH�� SLJ� IDUPV� ZHUH� FKDUDFWHULVHG� E\� D� KLJKHU� OHYHO������ RI� LQWURGXFWLRQ� RI� DQLPDOV� IURP� NQRZQ� IDUPV�� ZKHQ� FRPSDUHG� WR� FDWWOH� ������� $GLIIHUHQW�OHYHO�RI�ULVN�ZDV�LGHQWLILHG�LQ�GLIIHUHQW�FRXQWULHV��7KH�SUDFWLFH�RI�SXUFKDVLQJ�DQLPDOV
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FRPLQJ� IURP� RWKHU� DUHDV� YDULHG� IURP� ���� DQG� ���� LQ� ,WDOLDQ� SLJ� DQG� FDWWOH� KROGLQJVUHVSHFWLYHO\��WR�����DQG�����LQ�)UHQFK�SLJ�DQG�FDWWOH�IDUPV��7KH�LQWURGXFWLRQ�RI�UHSODFHPHQWVWRFN�IURP�VRXUFHV�DW�KLJKHU� ULVN� �KROGLQJ�FHQWUHV��PDUNHWV�DQG�XQNQRZQ�IDUPV��ZDV�PXFKJUHDWHU� LQ� SLJ� ������ DQG� FDWWOH� ������ IDUPV� LQ� WKH�*HUPDQ� SLORW� DUHDV�� WKDQ� LQ� ,WDOLDQ� SLJ������DQG�FDWWOH�������KROGLQJV��$V�ZDV�DOVR�FOHDUO\�VKRZQ�GXULQJ�WKH�UHFHQW�HSLGHPLFV�RI&6)�DQG�)RRW�DQG�0RXWK�'LVHDVH�LQ�(XURSH��WKH�GLVFLSOLQH�RQ�DQG�WKH�WUDFHDELOLW\�RI�DQLPDOPRYHPHQWV�UHSUHVHQW�WKH�NH\�SRLQWV�LQ�JXDUDQWHHLQJ��RQ�WKH�RQH�KDQG��D�UHGXFWLRQ�RI�WKH�ULVNRI� LQWURGXFWLRQ� RI� D� FRQWDJLRXV� DQLPDO� GLVHDVH� LQ� D� IUHH� DUHD� DQG� RQ� WKH� RWKHU� KDQG�� WKHVXFFHVV�RI�WKH�HUDGLFDWLRQ�PHDVXUHV�SXW�LQWR�IRUFH�RQFH�LW�KDSSHQV��,Q�RUGHU�WR�UHGXFH�WKH�ULVNRI� GLVHDVH� LQWURGXFWLRQ� DQG� VSUHDG� WKURXJK� WKH� PRYHPHQW� RI� DQLPDOV�� DQLPDOV� VKRXOG� EHSXUFKDVHG�GLUHFWO\�IURP�NQRZQ�KHUGV��WKH�DFFHVV�WR�DQLPDOV�VKRXOG�EH�UHVWULFWHG�DQG�K\JLHQLFPHDVXUHV�VKRXOG�EH�UHJXODUO\�DSSOLHG�DW�IDUP�HQWUDQFHV��)ULW]PHLHU�HW�DO���������'3/$V�ZHUH�FKDUDFWHULVHG�E\� WKH�SUHVHQFH�RI� ODUJHU�DQG� W\SLFDOO\�SLJ�RU�PL[HG� �FDWWOH�DQGSLJ��IDUPV��ZLWK�D�EHWWHU�VDQLWDU\�GLVFLSOLQH�ZKHQ�FRPSDUHG�WR�63/$V��DSDUW�IURP�WKH�SUDFWLFHRI�VKDULQJ�IDUP�PDFKLQHU\��1HYHUWKHOHVV��WKH�DQDO\VLV�RI�YDULDEOHV�WKDW�GHVFULEH�WKH�VDQLWDU\GLVFLSOLQH� RI� IDUPV� ORFDWHG� LQ� WKH� VWXG\� DUHDV� LQGLFDWHG� WKDW� ELRVHFXULW\�PHDVXUHV�ZHUH� QRWXQLIRUPO\� DSSOLHG� LQ� IDUPV� VLWXDWHG� LQ� ERWK� '3/$V� DQG� 63/$V�� 7R� UHGXFH� WKH� ULVN� RILQWURGXFWLRQ�DQG�VSUHDG�RI�FRQWDJLRXV�DQLPDO�GLVHDVHV�D�PLQLPXP�VHW�RI�ELRVHFXULW\�PHDVXUHVDQG� RWKHU� VXSSOHPHQWDU\� UHTXLUHPHQWV� VKRXOG� EH� GHILQHG� DQG� HQIRUFHG� DW� WKH� IDUP� OHYHO�SDUWLFXODUO\� LQ�'3/$V��6RPH�RI� WKHVH�PHDVXUHV� VKRXOG�EH�DSSOLFDEOH� WR� DOO� IDUPV��ZKHUHDVRWKHUV�FRXOG�DSSO\�RQO\� WR�FHUWDLQ� W\SHV�RI� IDUPV� �7HUSVWUD��������$PDVV�DQG�&ODUN��������L�H��KROGLQJ�FHQWUHV��

$FNQRZOHGJHPHQWV
7KH� UHVHDUFK� UHSRUWHG� LQ� WKH� SUHVHQW� SDSHU� LV� SDUW� RI� WKH� (8�5HVHDUFK� 3URMHFW� )$,5��&7��������ZKLFK� ZDV� IXQGHG� E\� WKH� (XURSHDQ� &RPPLVVLRQ�� 7KH� ILHOG� VXUYH\� ZDV� FDUULHG� RXW� ZLWK� WKHFRRSHUDWLRQ� RI� WKH� 8QLYHUVLW\� RI� 9HFKWD� �*HUPDQ\��� $)66$�$OIRUW� �)UDQFH��� *KHQW� 8QLYHUVLW\�%HOJLXP��� &DWKROLF� 8QLYHUVLW\� RI� /HXYHQ� �%HOJLXP��� :DJHQLQJHQ� $JULFXOWXUDO� 8QLYHUVLW\� �7KH1HWKHUODQGV���7KH�SUHFLRXV�DVVLVWDQFH�RI�0DQXHOD�'DOOD�3R]]D��:LOPD�*XHUULHUR��/RUHGDQD�*HQQDUR�$OHVVDQGUD�6LOYDJQL��)UDQFHVFR�0RQJH��$QGUHD�1LFROL�DQG�6LOYLR�)RJDWR�LV�JUDWHIXOO\�DFNQRZOHGJHG�
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5HIHUHQFHV
$PDVV��6�)���&ODUN��/�.���������%LRVHFXULW\� FRQVLGHUDWLRQV� IRU�SRUN�SURGXFWLRQ�XQLWV� 6ZLQH�+HDOWKDQG�3URG��������������$QRQ\PRXV�� ������5HSRUW� RI� WKH� ZRUNLQJ� JURXS� RI� WKH� 6FLHQWLILF� 9HWHULQDU\� &RPPLWWHH� ±� $QLPDO+HDOWK� 6HFWLRQ� ±� 6XE�JURXS�� 'HQVHO\� 3RSXODWHG� $UHDV�� 7KH� )HDVLELOLW\� RI� ,GHQWLI\LQJ� 'HQVHO\3RSXODWHG� /LYHVWRFN� $UHDV� LQ� WKH� &RPPXQLW\� WKDW� 3RVH� D� 3DUWLFXODU� +LJK� 5LVN� RI� 0DMRU� 'LVHDVH(SLGHPLFV��&(&��'RF��1R��9,��������������&]DMD�5���%ODLU�-���������'HVLJQLQJ�6XUYH\V��7KH�3LQH�)RUJH�3UHVV��7KRXVDQG�2DNV��&$�'LMNKXL]HQ��$��$���'DYLHV��*���HGV����������$QLPDO�KHDOWK�DQG�UHODWHG�SUREOHPV�LQ�GHQVHO\�SRSXODWHGOLYHVWRFN� DUHDV� RI� WKH�&RPPXQLW\�� 3URFHHGLQJV� KHOG� LQ� %UXVVHOV�� ������1RYHPEHU� ���� �� (XURSHDQ&RPPLVVLRQ��2IILFH� IRU�2IILFLDO� 3XEOLFDWLRQV� RI� WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ��%UXVVHO�/X[HPERXUJ��(85�������(1�)ULW]PHLHU�� -��� 7HXIIHUW�� -��� *UHLVHU�:LONH�� ,��� 6WDXEDFK�� &K��� 6FKOXWHU�� +��� 0RHQQLJ�� 9�� �����(SLGHPLRORJ\�RI�FODVVLFDO�VZLQH�IHYHU�LQ�*HUPDQ\�LQ�WKH�����V��9HW��0LFURELRO�������������+\VORS�1��6W��*���������7KH�(SL]RRWLRORJ\�DQG�(SLGHPLRORJ\�RI�)RRW�DQG�0RXWK�'LVHDVH��$GYDQFHVLQ�9HWHULQDU\�6FLHQFH������������� �/HEDUW� /��� :DUZLFN� .�0��� 0RULQHDX� $��� ������ 0XOWLYDULDWH� GHVFULSWLYH� VWDWLVWLFDO� DQDO\VLV�FRUUHVSRQGHQFH�DQDO\VLV�DQG�UHODWHG�WHFKQLTXHV�IRU�ODUJH�PDWULFHV�� 1HZ�<RUN��:LOH\�	�6RQV�0LFKHO�,���'H�9RV�&�-���������7KH�GHILQLWLRQ�RI�'HQVHO\�3RSXODWHG�/LYHVWRFN�$UHDV�DQG�WKHLU�6SDWLDO,GHQWLILFDWLRQ� LQ� WKH� (XURSHDQ� 8QLRQ�� ,Q�� 6DOPDQ��0�'��� 0RUOH\�� 3�6�� DQG� 5XFK�*DOOLH��� 5�� �HGV��3URFHHGLQJV� RI� WKH� �WK 6\PSRVLXP� RI� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG(FRQRPLFV��%UHFNHQULGJH��&RORUDGR� �����$XJXVW������6HOOHUV��5�)���������4XDQWLWDWLYH�$VSHFWV�RI� WKH�6SUHDG�RI�)RRW�DQG�0RXWK�'LVHDVH��7KH�9HWHULQDU\%XOOHWWLQ���������������7HUSVWUD� &��� ������ 0LQLPXP� 'LVHDVH� 6HFXULW\� 6WDQGDUGV� IRU� /DUJH� 6ZLQH� +ROGLQJV� LQ� WKH1HWKHUODQGV� 6LQJ��9HW��-������������8�6��%XUHDX�RI�WKH�&HQVXV���������$SSURDFKHV�WR�'HYHORSLQJ�4XHVWLRQQDLUHV��:DVKLQJWRQ�'&�
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5LVN�RI�LQWURGXFWLRQ�RI�&ODVVLFDO�6ZLQH�)HYHU�LQGHQVHO\�DQG�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DSSOLFDWLRQ�RI�WKH�PXOWLSOH�DWWULEXWH�GHFLVLRQ�PDNLQJPHWKRG
1��)HUUq��0��0DUWLQL��&��3DVTXDO��0��%HWWLR�DQG�6��0DUDQJRQ

������,QWURGXFWLRQ
$QLPDO�GHQVLW\��H[SUHVVHG�DV�WKH�QXPEHU�RI�OLYHVWRFN�XQLWV�SHU�NP���LV�FRQVLGHUHG�WKH�EDVLFFULWHULRQ� IRU� LGHQWLI\LQJ� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� �'3/$V�� �0LFKHO� DQG� GH� 9RV��������(YLGHQFH�H[LVWV� WKDW� WKHVH� DUHDV� DUH� DW� DQ� LQFUHDVHG� ULVN� IRU� WKH� VSUHDG�RI� QRWLILDEOHDQLPDO�GLVHDVHV�VXFK�DV�&ODVVLFDO�6ZLQH�)HYHU��&6)��DQG�WKDW�WKH�ILQDQFLDO�FRQVHTXHQFHV�RIWKHVH� HSLGHPLFV� LQ� VXFK� DUHDV� DUH� KHDY\� �'DYLHV� DQG�'LMNKXL]HQ�� ������0HXZLVVHQ� HW� DO��������9DQWKHPVFKH���������,W�LV�WKHUHIRUH�UHOHYDQW�WR�HYDOXDWH�WKH�ULVN�RI�&6)�LQWURGXFWLRQ�LQGHQVHO\�DQG�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��63/$V��FRQVLGHULQJ��EHVLGHV�DQLPDO�GHQVLW\�PRUH� TXDOLWDWLYH� LQIRUPDWLRQ� RQ� RWKHU� IDFWRUV� VXFK� DV� IDUP� PDQDJHPHQW�� WUDGH� SDWWHUQV�VDQLWDU\�GLVFLSOLQH��DQG�WKH�SUHVHQFH�RI�ZLOG�ERDU��8VLQJ�WKLV�LQIRUPDWLRQ��D�SURFHGXUH�WR�UDQNDUHDV�DFFRUGLQJ�WR�WKHLU�ULVN�FRXOG�EH�GHYHORSHG�WR�SURYLGH�LQVLJKW�LQWR�ZKDW�GLIIHUHQFHV�H[LVWLQ�WKH�W\SH�RI� OLYHVWRFN�LQGXVWU\�DPRQJ�DQG�ZLWKLQ�DUHDV��DQG�ZKHWKHU� WKH\�VKRXOG�UHVXOW� LQPRGLILFDWLRQ�RI�WKHLU�ULVN�UDWLQJ�2QH�RI� WKH�DLPV�RI� WKH�(XURSHDQ�8QLRQ��(8��UHVHDUFK�SURMHFW�³'HYHORSPHQW�RI�3UHYHQWLRQDQG�&RQWURO�6WUDWHJLHV�WR�$GGUHVV�$QLPDO�+HDOWK�DQG�5HODWHG�3UREOHPV�LQ�'HQVHO\�3RSXODWHG/LYHVWRFN�$UHDV�RI�WKH�&RPPXQLW\´� ZDV�WR�UDQN�DUHDV�LQ�WKH�(8�RQ�WKH�EDVLV�RI�LQIRUPDWLRQJDWKHUHG� WKURXJK� D� TXHVWLRQQDLUH� VXEPLWWHG� WR� IDUPHUV�� 7KLV� LQIRUPDWLRQ� ZDV� REWDLQHG� E\PHDQV�RI�DQ�HSLGHPLRORJLFDO�VXUYH\�RQ�IDUP�FKDUDFWHULVWLFV�SHUIRUPHG�LQ�'3/$V�DQG�63/$VLQ�ILYH�(8�FRXQWULHV�LQ�������%HWWLR�HW�DO���������&RQVLGHULQJ� WKDW� RQO\� D� OLPLWHG� QXPEHU� RI� UHFHQW� &6)� RXWEUHDNV�ZHUH� LGHQWLILHG� LQ� D� IHZVWXG\� DUHDV� DQG� WKDW� WKH� VXUYH\�ZDV�PDLQO\� GHVLJQHG� DV� D� FURVV�VHFWLRQDO� VWXG\�� LW�ZDV� QRWSRVVLEOH�WR�HVWLPDWH�WKH�UHODWLYH�LPSRUWDQFH�RI�ULVN�IDFWRUV�WR�&6)�LQWURGXFWLRQ�E\�PHDQV�RI�DUHJUHVVLRQ�DSSURDFK��6LQFH�WKLV�SLHFH�RI�LQIRUPDWLRQ�ZDV�HVVHQWLDO�WR�UDQN�DUHDV�ZLWK�UHJDUG�WRGLVHDVH�ULVN��H[SHUW�MXGJHPHQWV�ZHUH�XVHG�WR�SURYLGH�HVWLPDWHV�RQ�WKH�UHODWLYH�LPSRUWDQFH�RIWKH� LQYROYHG� ULVN� IDFWRUV�� ([SHUW� MXGJHPHQWV� KDYH� EHHQ� XVHG� VXFFHVVIXOO\� LQ� PDQ\



��

PDQDJHPHQW�GHFLVLRQ�DSSOLFDWLRQV�WR�HVWLPDWH�LQSXW�YDULDEOHV�IRU�ZKLFK�QR�KLVWRULFDO�GDWD�LVDYDLODEOH��+RUVW�HW�DO���������%DVHG�RQ�WKH�GDWD�FROOHFWHG�GXULQJ�WKH�DERYH�PHQWLRQHG�ILHOG�VXUYH\��DUHDV�ZHUH�UDQNHG�ZLWKUHVSHFW�WR�WKH�ULVN�RI�&6)�LQWURGXFWLRQ�XVLQJ�D�PXOWLSOH�DWWULEXWH�GHFLVLRQ�PDNLQJ��0$'0�PHWKRG� �+ZDQJ�HW� DO��� �������3LRQHHULQJ� VXUYH\V�RQ�0$'0�PHWKRGV�ZHUH� FDUULHG�RXW� E\0DF&ULPPRQ�� ����� DQG� ������ 6LQFH� WKHQ�� PDQ\� PHWKRGV� KDYH� EHHQ� GHYHORSHG� E\UHVHDUFKHUV�LQ�GLVFLSOLQHV�DV�GLYHUVH�DV�PDQDJHPHQW�VFLHQFH��HFRQRPLFV��DSSOLHG�VWDWLVWLFV�DQGGHFLVLRQ� WKHRU\�� 0$'0�PHWKRGRORJ\� KDV� JHQHUDOO\� EHHQ� XVHG� WR� DVVLVW� LQ� WKH� VFUHHQLQJ�UDQNLQJ��SULRULWLVDWLRQ�DQG�MXVWLILFDWLRQ�RI�SURSRVHG�VFKHPHV�7KH�SUHVHQW�SDSHU�GHVFULEHV�DQ�DSSOLFDWLRQ�RI�WKH�0$'0�PHWKRG�WR�WKH�YHWHULQDU\�ILHOG��7KHDQDO\VLV�ZDV�FDUULHG�RXW� WR� LGHQWLI\�DUHDV� LQ� WKH�(8�WKDW�DUH�FKDUDFWHULVHG�E\�D�KLJK�ULVN�RI&6)�LQWURGXFWLRQ�

������0DWHULDOV�DQG�0HWKRGV
$�ZLGH� UDQJH� RI� WHFKQLTXHV� LV� LQFOXGHG� XQGHU� WKH� JHQHUDO� KHDGLQJ� RI� WKH�0$'0�PHWKRG�VLQFH�WKLV�FRYHUV�KLJKO\�VRSKLVWLFDWHG�PHWKRGRORJ\�WHFKQLTXHV�EDVHG�RQ�WKH�DSSOLFDWLRQ�RI�DVLPSOH�UDWLQJ�V\VWHP��$FFRUGLQJ�WR�+ZDQJ�DQG�<RRQ��������WD[RQRP\��DPRQJ�WKH�0$'0WHFKQLTXHV�WKH�KLHUDUFKLFDO�DGGLWLYH�ZHLJKWLQJ�PHWKRG�ZDV�DSSOLHG��7KH�KLHUDUFKLFDO�DGGLWLYHZHLJKWLQJ�PHWKRG� LV� WKH� EHVW� NQRZQ� DQG� PRVW� ZLGHO\� XVHG�0$'0�PHWKRG�� 7KH� PHWKRGLPSOLHV�WKH�GHYHORSPHQW�RI�D�KLHUDUFKLFDO�WUHH�VWUXFWXUH��ZKLFK�LV�XVHIXO�LQ�WZR�ZD\V��)LUVWO\�LW� SUHVHQWV� WKH� DWWULEXWHV� LQ� DQ� RUGHUO\� VWUXFWXUH�� 6XEVHTXHQWO\�� WKH� WUHH� VWUXFWXUH� FDQ�PDNHHOLFLWDWLRQ� RI� LPSRUWDQFH�ZHLJKWV� IRU� WZLJV�PXFK� HDVLHU� WKDQ� WKH\�ZRXOG� RWKHUZLVH� EH�� E\UHGXFLQJ�WKH�QXPEHU�RI�MXGJHPHQWV�UHTXLUHG��(GZDUGV�DQG�1HZPDQ��������
�������6WXG\�DUHDV4XDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�RQ�WKH�FKDUDFWHULVWLFV�RI�IDUPV�ORFDWHG�LQ�'3/$V�DQG�63/$VLQ���(8�0HPEHU�6WDWHV�ZDV�XVHG��%HWWLR�HW�DO����������7KH�DUHDV�LQYROYHG�LQ�WKH�VXUYH\�ZHUH)ODQGHUV��%HOJLXP���%ULWWDQ\��)UDQFH���/RZHU�6D[RQ\��*HUPDQ\��� WKH�3R�9DOOH\��,WDO\��DQGWKH�VRXWKHUQ�SDUW�RI�7KH�1HWKHUODQGV�



��

�������$WWULEXWH�JHQHUDWLRQ$PRQJ� WKH� IDUP� FKDUDFWHULVWLFV� WDNHQ� LQWR� DFFRXQW� LQ� WKH� ILHOG� VXUYH\�� RQO\� WKH�PDLQ� ULVNIDFWRUV�IRU�&6)�LQWURGXFWLRQ�ZHUH�FRQVLGHUHG�LQ�WKH�KLHUDUFKLFDO�VWUXFWXUH��2QO\�DWWULEXWHV�WKDWZHUH� UHOHYDQW� WR� WKH� ILQDO� UDQNLQJ�� H[KDXVWLYH� DQG� QRQ�UHGXQGDQW�� ZHUH� VHOHFWHG�� 7KH� ULVNIDFWRUV�RI�&6)�LQWURGXFWLRQ�WDNHQ�LQWR�DFFRXQW�LQ�WKH�PRGHO�ZHUH�KLHUDUFKLFDOO\�EURNHQ�GRZQLQWR�WKUHH�SDUWV��)LJXUH�������$OO�ULVN�IDFWRUV�FDQ�EH�H[SODLQHG�E\�VHYHUDO�VXE�IDFWRUV��VHFRQGOHYHO���DQG�VRPH�RI�WKHP�E\�RWKHU�VXE�VXE�IDFWRUV��WKLUG�OHYHO���(DFK�OHYHO�ZDV�FRQILUPHG�WREH�QRQFRQIOLFWLQJ��FRKHUHQW�DQG�ORJLFDO�DV�D�VHW��,QGHSHQGHQFH�RI�WKH�VHOHFWHG�ULVN�IDFWRUV�ZDVHYDOXDWHG� XVLQJ� WKH� FKL�VTXDUH� VWDWLVWLF� DQG� WKH� %UDYDLV�3HDUVRQ� FRUUHODWLRQ� FRHIILFLHQW� IRUFDWHJRULFDO� DQG�FRQWLQXRXV�YDULDEOHV� UHVSHFWLYHO\��1HYHUWKHOHVV�� HYHQ� LQ� WKH�DEVHQFH�RI� IXOOLQGHSHQGHQFH� WKH� UHVXOWV� FRXOG� EH� FRQVLGHUHG� D� JRRG� DSSUR[LPDWLRQ� RI� WKH� ³WUXH´� YDOXH�)LVKEXUQ��������
�������'DWD5HODWLYH� IUHTXHQFLHV� RI� HDFK� ULVN� IDFWRU� �ORFDWLRQ� PHDVXUHV�� ZHUH� REWDLQHG� XVLQJ� GDWDFROOHFWHG� LQ� WKH� VXUYH\�� /RFDWLRQ� PHDVXUHV� ZHUH� FRPSXWHG� DV� SURSRUWLRQ� DQG� DV� PHGLDQYDOXHV�IRU�GLFKRWRPRXV�DQG�FRQWLQXRXV�SUHGLFWRUV�UHVSHFWLYHO\��)RU�TXDQWLWDWLYH�SDUDPHWHUV��DOLQHDU� UHODWLRQVKLS� EHWZHHQ� HDFK� YDULDEOH� DQG� WKH� DVVRFLDWHG� ULVN� ZDV� DVVXPHG�� &XUYHGIXQFWLRQV� UHODWLQJ� TXDQWLWDWLYH� PHDVXUHPHQWV� WR� WKH� RXWSXW� DUH� SUREDEO\� PRUH� SUHFLVHUHSUHVHQWDWLRQV�WKDQ�WKH�VWUDLJKW�RQHV��EXW�VXFK�FXUYDWXUHV�PDNH�DOPRVW�QR�GLIIHUHQFH�WR� WKHILQDO�UHVXOW��(GZDUGV��������(LQKRUQ��������$�IXUWKHU�VWHS�FRQVLVWHG�RI�D�OLQHDU�QRUPDOLVDWLRQRI� WKH� UHODWLYH� IUHTXHQF\�YDOXHV� WR�HOLPLQDWH�FRPSXWDWLRQDO�SUREOHPV�DULVLQJ� IURP�GLIIHUHQWPHDVXUHPHQW�XQLWV��<RRQ�DQG�+ZDQJ��������
�������:HLJKWV1RW�DOO�WKH�DWWULEXWHV�ZHUH�OLNHO\�WR�EH�FRQVLGHUHG�HTXDOO\�LPSRUWDQW��7KH�IXQFWLRQ�RI�ZHLJKWVZDV�XVHG� WR� H[SUHVV� WKH� UHODWLYH� LPSRUWDQFH� RI� WKH� LQYROYHG� DWWULEXWHV��7KH�'HOSKL�PHWKRGZDV� XVHG� WR� JHQHUDWH� D� YHFWRU� RI� ZHLJKWV� WKURXJK� WKH� HOLFLWDWLRQ� RI� H[SHUW� NQRZOHGJH�/LQVWRQH�DQG�7XURII���������$�SDQHO�RI����,WDOLDQ�H[SHUWV�RQ�&6)�ZDV�FRQVXOWHG� WR�DVVLJQZHLJKWV�WR�WKH�LGHQWLILHG�ULVN�IDFWRUV��4XHVWLRQQDLUHV�ZHUH�VXEPLWWHG�LQ�IRXU�URXQGV�WKURXJK�DZHE�FRPSXWHU� DVVLVWHG� VHOI�DGPLQLVWUDWHG� LQWHUYLHZLQJ� �)DEEULV�� ������� 7KH� OHYHO� RIDJUHHPHQW� DPRQJ� H[SHUWV� ZDV� HYDOXDWHG� IRU� HDFK� YDULDEOH� WKURXJK� WKH� FDOFXODWLRQ� RI� WKHYDULDWLRQ�FRHIILFLHQW�



��

7KH�PDLQ�RXWFRPH�RI�WKH�PRGHO�ZDV�UHSUHVHQWHG�E\�D�ULVN�LQGH[�FDOFXODWHG�DV�IROORZV�
LMQM ML YZ$5 u ¦  ���

5�$L�� �5LVN�LQGH[�RI�DUHD�$LZM� �ZHLJKW�RI�ULVN�IDFWRU�[MYM� �QRUPDOLVHG�UHODWLYH�IUHTXHQF\�RI�ULVN�IDFWRU�[LM
,Q� RUGHU� WR� DVVHVV� WKH� VWDELOLW\� RI� WKH� PRGHO� DQG� WR� GHWHUPLQH� ZKLFK� YDULDEOHV� PRVWO\FRQWULEXWHG� WR� LW�� D� VHQVLWLYLW\� DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ� WKH� VRIWZDUH�#5LVN� �3DOLVDGH�1HZ� <RUN�� ������� DQG� DSSO\LQJ� D� %HWD3(57� GLVWULEXWLRQ� �9RVH�� ������ IRU� HDFK� ZHLJKWREWDLQHG�WKURXJK�WKH�H[SHUW�HOLFLWDWLRQ�

������5HVXOWV
7KH�FRUUHODWLRQ�EHWZHHQ�FRQWLQXRXV�YDULDEOHV�LQFOXGHG�LQ�WKH�ILQDO�KLHUDUFKLFDO�WUHH�VWUXFWXUHUDQJHG� IURP� ����� �QXPEHU� RI� LQWURGXFHG� EDWFKHV�QXPEHU� RI� ZRUNHUV�� WR� ����� �QXPEHU� RILQWURGXFHG� EDWFKHV�QXPEHU� RI� LQWURGXFHG� SLJV��� $VVRFLDWLRQ� DPRQJ� GLFKRWRPRXV� YDULDEOHVDQG�EHWZHHQ�WKHVH�YDULDEOHV�DQG�WKH�FRQWLQXRXV�RQHV�ZDV�ORZ��KLJKHVW�YDOXHV�F�  ������DQGK�  � ������ UHVSHFWLYHO\��� *LYHQ� LWV� KLJK� FRUUHODWLRQ� ZLWK� WKH� RWKHU� FRQWLQXRXV� YDULDEOHV�ORZHVW�F�  ��������KHUG�VL]H�ZDV�WKH�RQO\�YDULDEOH�H[FOXGHG�IURP�WKH�PRGHO�,Q� 7DEOH� ���� DQG� ���� WKH� RXWFRPHV� RI� WKH� 'HOSKL� H[HUFLVH� DUH� SUHVHQWHG�� $� KLJK� OHYHO� RIDJUHHPHQW�DPRQJ�H[SHUWV�ZDV�REVHUYHG�DIWHU� WKH� IRXUWK� URXQG� �YDULDWLRQ�FRHIILFLHQW� UDQJHGIURP���IRU�KXPDQ�FRQWDFWV�WR������IRU�DEVHQFH�RI�EDUULHUV��7KH�RXWFRPH�RI�WKH�0$'0�PRGHO�LV�VKRZQ�LQ�7DEOH������ZKLFK�LOOXVWUDWHV�WKH�UDQNLQJ�RI�WKHVHOHFWHG� VWXG\� DUHDV� DFFRUGLQJ� WR� WKH� ULVN� RI� &6)� LQWURGXFWLRQ�� 7KH� VHQVLWLYLW\� DQDO\VLVLQGLFDWHG�D�JRRG�VWDELOLW\�RI�WKH�PRGHO��VLQFH�WKH�VKDSH�RI�HDFK�GLVWULEXWLRQ�DSSUR[LPDWHG�WKHQRUPDO�GLVWULEXWLRQ��NXUWRVLV�UDQJHG�IURP�����WR������DQG�VNHZQHVV�UDQJHG�IURP������WR�������0RUHRYHU��WKH�VHQVLWLYLW\�DQDO\VLV�DOORZHG�WKH�LGHQWLILFDWLRQ�RI�WKRVH�ULVN�IDFWRUV�WKDW�PDLQO\FRQWULEXWHG�WR�WKH�ULVN�UDWLQJ�LQ�HDFK�VWXG\�DUHD��7KH�UHODWLYH�FRQWULEXWLRQ�RI�HDFK�PDLQ�ULVNIDFWRU�WR�WKH�ILQDO�UDQNLQJ�RI�WKH�VHOHFWHG�VWXG\�DUHDV�LV�LOOXVWUDWHG�LQ�7DEOH����



��

)LJXUH����� +LHUDUFKLFDO�VWUXFWXUH�RI�ULVN�IDFWRUV�IRU�&6)�LQWURGXFWLRQ�



��

7DEOH����� 5HODWLYH�ZHLJKWV�RI�PDLQ�ULVN�IDFWRUV

7DEOH����� 6HFRQG�OHYHO�VXE�IDFWRUV� UDQNLQJ�RI�ZHLJKWV

5,6.

,QWURGXFWLRQ�RI�SLJV
+HUG�PDQDJHPHQW

9HKLFOHV��DQLPDO�WUDQVSRUW�

+XPDQ�FRQWDFWV
2WKHU�LQGLUHFW�FRQWDFWV

:LOG�ERDU

�����
�����
�����

������
������
�����

+HUG�PDQDJHPHQW ������
������:LOG�ERDU
������
������
������9HKLFOHV��DQLPDO�WUDQVSRUW�

,QWURGXFWLRQ�RI�SLJV ������

9HKLFOHV��DQLPDO�WUDQVSRUW�
9HKLFOHV��DQLPDO�WUDQVSRUW�

������,QWURGXFWLRQ�RI�SLJV

6ZLOO�IHHGLQJ
&6)�LQ�WKH�DUHD

1R�GLVLQIHFWLQJ�RI�LQFRPLQJ�ORUULHV
1XPEHU�RI�YHKLFOHV

1R�FOHDQ�ZD\�GLUW\�ZD\�DWP�1XPEHU�RI�EDWFKHV
1XPEHU�RI�SLJV

1R�YHWHULQDU\�DVVLVWDQFH ������+HUG�PDQDJHPHQW

������6RXUFH�RI�SLJV,QWURGXFWLRQ�RI�SLJV
������6RXUFH�RI�SLJV,QWURGXFWLRQ�RI�SLJV

+HUG�PDQDJHPHQW ������1R�YHUWLFDOO\�LQWHJUDWHG�SURGXFWLRQ�V\VWHP

)DWWHQLQJ�SLJV

'HDOHUV
8QNQRZQ�IDUPV
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7DEOH���� 5DQNLQJ�RI�WKH�VHOHFWHG�VWXG\�DUHDV�DFFRUGLQJ�WR�WKH�ULVN�RI�&6)�LQWURGXFWLRQ

������'LVFXVVLRQ�DQG�FRQFOXVLRQV
7KH� RXWFRPH� RI� WKH� 'HOSKL� HOLFLWDWLRQ� �7DEOH� ����� LQGLFDWHG� WKDW� VZLOO� IHHGLQJ� DQG� WKHSUHVHQFH�RI�LQIHFWHG�ZLOG�ERDU�UHSUHVHQWHG�WKH�PDLQ�ULVN�IDFWRUV�IRU�&6)�LQWURGXFWLRQ�LQ�WKHGRPHVWLF� SLJ� SRSXODWLRQ� DW� DUHD� OHYHO�� 7KHVH� UHVXOWV� UHIOHFWHG� WKH� NQRZOHGJH� WKDW� LQ� VRPHDUHDV�RI�WKH�(8�D�ODUJH�SURSRUWLRQ�RI�&6)�SULPDU\�RXWEUHDNV�ZHUH�GXH�WR�FRQWDFW�ZLWK�ZLOGERDU�RU�WR�VZLOO�IHHGLQJ��.UDPHU�HW�DO���������)ULW]PHLHU�HW�DO����������7KH�RWKHU�ULVN�IDFWRUVIRU� &6)� LQWURGXFWLRQ� ZHUH� PDLQO\� VXE�IDFWRUV� UHODWHG� WR� ERWK� DQLPDO� WUDGH� DQG� KHUGPDQDJHPHQW��7UDGH�RI�OLYH�DQLPDOV�DQG�UHWXUQLQJ�WUDQVSRUW�ORUULHV�ZHUH�WKH�SUHVXPHG�VRXUFHRI�&6)�9LUXV�LQWURGXFWLRQ�LQ�IUHH�DUHDV��9DQWKHPVFKH��������(OEHUV�HW�DO����������7KH�'HOSKLHOLFLWDWLRQ�DVVLJQHG�D�UHODWLYH�ZHLJKW�WR�WKH�PDLQ�ULVN�IDFWRUV�RI�&6)�LQWURGXFWLRQ��7DEOH������$PRQJ� WKHVH�� WKH� SXUFKDVH� RI� OLYH� SLJV� UHSUHVHQWHG� DOPRVW� ���� RI� WKH� WRWDO� ULVN�� ZKLOVWVLPLODU� ZHLJKWLQJV� ZHUH� DVVLJQHG� WR� KHUG� PDQDJHPHQW� �������� DQG� YHKLFOHV� IRU� DQLPDOWUDQVSRUW�HQWHULQJ�D�IDUP���������7DNLQJ�LQWR�DFFRXQW�WKH�ILQDO�UDQNLQJ�RI�WKH�GLIIHUHQW�VWXG\�DUHDV��7DEOH������LW�DSSHDUV�WKDW�LQHDFK� FRXQWU\� WKH� ULVN� RI� &6)� LQWURGXFWLRQ� LV� KLJKHU� LQ� 63/$V� WKDQ� LQ� '3/$V�� 7KHUHIRUH�GHQVLW\�GRHV�QRW�VHHP�WR�EH�WKH�RQO\�IDFWRU�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�GLVHDVH�LQWURGXFWLRQ�LQWKH�VHOHFWHG�VWXG\�DUHDV��7KH�HSLGHPLRORJLFDO�UROH�WKDW�63/$V�PD\�SOD\�LQ�WKH�LQWURGXFWLRQ�RI&6)� LQ� WKH� GRPHVWLF� SLJ� SRSXODWLRQ� VKRXOG� EH� HPSKDVLVHG�� VLQFH� WKH� GLVHDVH� FRXOG� WKHQVSUHDG� WR�'3/$V� WKURXJK� WKH�PRYHPHQW�RI� OLYH�DQLPDOV�RU� WUDQVSRUW� ORUULHV� �9DQWKHPVFKH�������(OEHUV�HW�DO���������

%HOJLXP�'3/$,WDO\�'3/$)UDQFH�'3/$,WDO\�63/$%HOJLXP�63/$7KH�1HWKHUODQGV�'3/$)UDQFH�63/$7KH�1HWKHUODQGV�63/$*HUPDQ\�'3/$*HUPDQ\�63/$

������������������������������������������������������������
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&RQW
ULEXW

LRQ

9HKLF
OHV��D
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SRUW�
+HUG�
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DO�LQWU
RGXFW

LRQ
2WKHU

�FRQWD
FWV
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7KH�KLJK�ULVN�LQGLFHV�RI�*HUPDQ�63/$V�DQG�'3/$V�FRXOG�EH�H[SODLQHG�E\�WKH�SUHVHQFH�RILQIHFWHG�ZLOG�ERDU��DVVRFLDWHG�ZLWK� WKH�DEVHQFH�RI�D�SK\VLFDO�EDUULHU�DURXQG�WKH�PDMRULW\�RISLJ� IDUPV�� '3/$V� LQ� %HOJLXP�� )UDQFH� DQG� ,WDO\� VKRZHG� ORZHU� ULVN� LQGH[� YDOXHV�� GXH� WRUHODWLYHO\� EHWWHU� KHUG� PDQDJHPHQW� DQG� WR� D� ORZHU� LPSDFW� RI� WKH� ULVN� DVVRFLDWHG� ZLWK� WKHLQWURGXFWLRQ�RI� OLYH�SLJV��7KH�%HOJLDQ�63/$�ULVN� LQGH[�YDOXH� LV�PDLQO\�DWWULEXWDEOH� WR�KHUGPDQDJHPHQW��VLQFH�WKH�SHUFHQWDJH�RI�IDUPV�ZKHUH�VZLOO�ZDV�IHG�WR�SLJV�ZDV�KLJK�7KH�DSSOLFDWLRQ�RI� WKH�0$'0�PHWKRG� WR� WKH�GDWDVHW�RQ� WKH�FKDUDFWHULVWLFV�RI� WKH� OLYHVWRFNLQGXVWU\� LQ� '3/$V� DQG� 63/$V� VKRZHG� WKDW� WKH� ULVN� DVVRFLDWHG� ZLWK� YHKLFOHV� IRU� DQLPDOWUDQVSRUW�PDLQO\�FRQWULEXWHG�WR�WKH�ULVN�UDWLQJ�RI�WKH�VWXG\�DUHDV��)LJXUH�������:KHUH�SUHVHQW�LQIHFWHG�ZLOG�ERDU�FRXOG�FOHDUO\�DIIHFW�WKH�OHYHO�RI�ULVN�ZLWK�UHJDUG�WR�WKH�LQWURGXFWLRQ�RI�&6)LQ� WKH�GRPHVWLF�SLJ�SRSXODWLRQ��ZKLOVW�KHUG�PDQDJHPHQW� DQG�DQLPDO� LQWURGXFWLRQ�ZHUH� WZRRWKHU� IDFWRUV� ZKLFK� LQIOXHQFHG� WKH� ILQDO� UDWLQJ�� 7KH� 0$'0� RXWFRPH� FRXOG� DOORZ� WKHLGHQWLILFDWLRQ�RI�WKH�PDLQ�IDFWRUV�WKDW�FRQWULEXWH�WR�GLVHDVH�ULVN�DQG�WKH�GHILQLWLRQ�RI�SULRULWLHVIRU�WKH�DGRSWLRQ�RI�VRXQG�SUHYHQWLYH�PHDVXUHV�LQ�HDFK�DUHD�,Q� WKH� (XURSHDQ� 8QLRQ�� &6)� VWLOO� UHSUHVHQWV� D� FRQWLQXLQJ� WKUHDW� IRU� WKH� SLJ� LQGXVWU\�� 7KHILQDQFLDO�ORVVHV�GXH�WR�WKH�HSLGHPLFV�FRXOG�EH�KXJH�IRU�ERWK�WKH�FRPPHUFLDO�DQG�WKH�SXEOLFVHFWRUV�� HVSHFLDOO\� RQFH� WKH� LQIHFWLRQ� HQWHUV� D�'3/$�� 7KH� EHVW� ZD\� WR� UHGXFH� ORVVHV� IURPWKHVH� HSLGHPLFV� LV� WR� SUHYHQW� WKH� LQWURGXFWLRQ� RI� WKH� &6)� 9LUXV� LQWR� WKH� GRPHVWLF� SLJSRSXODWLRQ�7KHUH�LV�D�QHHG�WR�LGHQWLI\�DQG�FODVVLI\�DUHDV�DFFRUGLQJ�WR�WKH�ULVN�RI�GLVHDVH�LQWURGXFWLRQ�DQGWR� GHILQH� HIIHFWLYH� SUHYHQWLRQ� DQG� HUDGLFDWLRQ� PHDVXUHV�� WDNLQJ� LQWR� DFFRXQW� WKHFKDUDFWHULVWLFV�RI� WKH�DUHDV�XQGHU�FRQVLGHUDWLRQ��0LFKHO�DQG�GH�9RV��������KDYH�GHILQHG�WKHFULWHULD�ZKLFK� FDQ� EH� DSSOLHG� WR� WKH� LGHQWLILFDWLRQ� RI�'3/$V�� ([SHUW� HOLFLWDWLRQ� WHFKQLTXHVFRXOG� EH� XVHG� WR� UDQN� DUHDV� FRQVLGHULQJ�� EHVLGHV� DQLPDO� GHQVLW\�� RWKHU� TXDOLWDWLYH� DQGTXDQWLWDWLYH�LQIRUPDWLRQ�RQ�WKH�FKDUDFWHULVWLFV�RI�WKHLU�OLYHVWRFN�LQGXVWU\��7KH�DSSOLFDWLRQ�RIVXFK� PHWKRGRORJLHV� GRHV�� KRZHYHU�� UHTXLUH� WKH� GHILQLWLRQ� LQ� DOO� WKH� (8� FRXQWULHV� RI� DPLQLPXP� VHW� RI� GDWD� RQ� WKH� PDLQ� ULVN� IDFWRUV� IRU� GLVHDVH� LQWURGXFWLRQ�� VXFK� DV� DQLPDOPRYHPHQW�DQG�LWV�VDQLWDU\�GLVFLSOLQH��ELRVHFXULW\�PHDVXUHV�HQIRUFHG�DW� WKH�IDUP�OHYHO��VZLOOIHHGLQJ� DQG� WKH� SUHVHQFH� RI� �LQIHFWHG�� ZLOG� ERDU�� &ULWHULD� WR� FROOHFW� DQG� XSGDWH� WKLV� GDWD�ZKLFK� FRXOG� EH� SDUWO\� JHQHUDWHG� E\� ,	5� DQG� $1,02� V\VWHPV�� VKRXOG� EH� GHILQHG� DQGXQLIRUPO\�DSSOLHG�7KH�V\VWHPDWLF�DGRSWLRQ�RI�ELRVHFXULW\�SURWRFROV�VKRXOG�EH�HQIRUFHG�WR�PLQLPLVH�WKH�ULVN�RILQWURGXFLQJ�LQIHFWLRXV�GLVHDVHV�LQWR�SLJ�XQLWV��7HUSVWUD��������$PDV�DQG�&ODUN���������,I�WKLVLV� WKH� FDVH�� IXUWKHU� LQIRUPDWLRQ� RQ� WKH� FRPSOLDQFH� RI� SLJ� IDUPV� WR� WKHVH� SURWRFROV� FRXOGUHJXODUO\�EH�FROOHFWHG�DQG�XVHG�WR�PRQLWRU�ULVN�LQ�VXFK�DUHDV��7KLV�FRXOG�HYHQWXDOO\�VWLPXODWH
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WKH� LGHQWLILFDWLRQ� DQG� HQIRUFHPHQW� RI� SUHYHQWLYH� PHDVXUHV� DLPHG� DW� UHGXFLQJ� WKH� ULVN� RIGLVHDVH�DSSHDUDQFH�
$FNQRZOHGJHPHQWV
7KH� UHVHDUFK� UHSRUWHG� LQ� WKH� SUHVHQW� SDSHU� LV� SDUW� RI� WKH� (8�5HVHDUFK� 3URMHFW� )$,5��&7��������ZKLFK� ZDV� IXQGHG� E\� WKH� (XURSHDQ� &RPPLVVLRQ�� 7KH� ILHOG� VXUYH\� ZDV� FDUULHG� RXW� ZLWK� WKHFRRSHUDWLRQ� RI� WKH� 8QLYHUVLW\� RI� 9HFKWD� �*HUPDQ\��� $)66$�$OIRUW� �)UDQFH��� *KHQW� 8QLYHUVLW\�%HOJLXP��� WKH� &DWKROLF� 8QLYHUVLW\� RI� /HXYHQ� �%HOJLXP�� DQG�:DJHQLQJHQ� $JULFXOWXUDO� 8QLYHUVLW\�7KH�1HWKHUODQGV���7KH�([SHUWV�ZKR� WRRN�SDUW� LQ� WKH�'HOSKL� H[HUFLVH� DUH� JUDWHIXOO\� DFNQRZOHGJHG�7KH� DXWKRUV�ZRXOG� OLNH� WR� WKDQN� WKH�'HSDUWPHQW� RI� 6WDWLVWLFV� DW� WKH�8QLYHUVLW\� RI� 3DGRYD� IRU� WKHLUYDOXHG�VXSSRUW�

5HIHUHQFHV
$PDVV��6�)���&ODUN��/�.���������%LRVHFXULW\� FRQVLGHUDWLRQV� IRU�SRUN�SURGXFWLRQ�XQLWV��6ZLQH�+HDOWKDQG�3URG��������������%HWWLR�� 0��� )HUUp�� 1��� 0DUWLQL�� 0��� 'DOOD� 3R]]D�� 0��� 0DUDQJRQ�� 6��� ������ $� VXUYH\� RQ� KHUGFKDUDFWHULVWLFV�LQ�GHQVHO\�DQG�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�LQ�WKH�(8��,Q��6DOPDQ��0�'���0RUOH\�3�6�� DQG� 5XFK�*DOOLH��� 5�� �HGV�� 3URFHHGLQJV� RI� WKH� �WK 6\PSRVLXP� RI� ,QWHUQDWLRQDO� 6RFLHW\� IRU9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV��%UHFNHQULGJH��&RORUDGR� �����$XJXVW�����������������'LMNKXL]HQ��$��$���'DYLHV��*���HGV����������$QLPDO�KHDOWK�DQG�UHODWHG�SUREOHPV�LQ�GHQVHO\�SRSXODWHGOLYHVWRFN� DUHDV� RI� WKH�&RPPXQLW\�� 3URFHHGLQJV� KHOG� LQ� %UXVVHOV�� ������1RYHPEHU� ������(XURSHDQ&RPPLVVLRQ�� 2IILFH� IRU� 2IILFLDO� 3XEOLFDWLRQV� RI� WKH� (XURSHDQ� &RPPXQLWLHV�� /X[HPERXUJ�� 5HSRUW(85�������(1�(OEHUV�� $�5�:��� 6WHJHPDQ�� $��� 0RVHU�� +��� (NNHU�� +�0��� 6PDN�� -�$��� 3OXLPHUV�� )�+��� ������ 7KHFODVVLFDO� VZLQH� IHYHU� HSLGHPLF� ���������� LQ� WKH�1HWKHUODQGV�� GHVFULSWLYH� HSLGHPLRORJ\��3UHY�� 9HW�0HG���������������)DEEULV�� /�� ������ &$3725� ����� �� 4XDOLWj� QHOOD� GLGDWWLFD� H� VLVWHPL� FRPSXWHU�DVVLVWHG�� &/(83�3DGRYD�)LVKEXUQ�&�3���������8WLOLW\�LQGHSHQGHQFH�RQ�VXEVHW�RI�SURGXFW�VHWV��2SHUDWLRQ�UHVHDUFK���������)ULW]PHLHU�� -��� 7HXIIHUW�� -��� *UHLVHU�:LONH�� ,��� 6WDXEDFK�� &K��� 6FKOXWHU�� +��� 0RHQQLJ�� 9��� �����(SLGHPLRORJ\�RI�FODVVLFDO�VZLQH�IHYHU�LQ�*HUPDQ\�LQ�WKH�����V��9HW��0LFURELRO�������������
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+RUVW��+�6���'LMNKXL]HQ��$��$���+XLUQH��5�%�0���6WHHQNDPS��-�%�(�0���������(OLFLWLQJ�H[SHUW�RSLQLRQVRQ�ULVN�IDFWRUV�FRQFHUQLQJ�LQWURGXFWLRQ�RI�YLUXV��DSSOLFDWLRQ�RI�FRQMRLQW�DQDO\VLV��,Q��3URFHHGLQJV�RI�DPHHWLQJ�RI� WKH�VRFLHW\� IRU�YHWHULQDU\�HSLGHPLRORJ\�DQG�SUHYHQWLYH�PHGLFLQH�KHOG� LQ�*ODVJRZ�������0DUFK�������+ZDQJ�� &�/��� <RRQ�� .��� ������ 0XOWLSOH� $WWULEXWH� 'HFLVLRQ� 0DNLQJ�� 0HWKRGV� DQG� $SSOLFDWLRQV�%HUOLQ�+HLGHOEHUJ�1HZ�<RUN��6SULQJHU�±�9HUODJ�.UDPHU��0���$KO��5���7HXIIHUW��-���.URVFKHZVNL��.���6FKOXWHU��+���2WWH��-���������&ODVVLFDO�VZLQH�IHYHULQ�*HUPDQ\��6RPH�HSLGHPLRORJLFDO�DVSHFWV��,Q� *RRGDOO��(��$���HG����3URFHHGLQJV�RI�D�PHHWLQJ�RI�WKHVRFLHW\�IRU�YHWHULQDU\�HSLGHPLRORJ\�DQG�SUHYHQWLYH�PHGLFLQH�KHOG�LQ�5HDGLQJ��8.����������/LQVWRQH��+��$�� DQG� 7XURII��0��� ������7KH�'HOSKL�0HWKRG�� 7HFKQLTXHV� DQG� $SSOLFDWLRQ��$GGLVRQ�:HVOH\��5HDGLQJ��0DVVDFKXVVHWWV0DF&ULPPRQ��.�5��� ������'HFLVLRQ�0DNLQJ� $PRQJ�0XOWLSOH�$WWULEXWH� $OWHUQDWLYHV�� $� 6XUYH\� DQG&RQVROLGDWH�$SSURDFK��5DQG�0HPRUDQGXP�50�±������$53$0DF&ULPPRQ��.�5���������$Q�RYHUYLHZ�RI�PXOWLSOH�REMHFWLYH�GHFLVLRQ�PDNLQJ� ,Q��-�/��&RFKUDQH�DQG0��=HOHQ\� �HGV����0XOWLSOH�&ULWHULD�'HFLVLRQ�0DNLQJ�� &ROXPELD�� 6&��8QLYHUVLW\� RI� 6RXWK�&DUROLQD3UHVV�����±����0HXZLVVHQ��0��3�0���+RUVW��6��+���+XLUQH��5��%�0���'LMNKXL]HQ��$��$���������$�PRGHO�WR�HVWLPDWH�WKHILQDQFLDO�FRQVHTXHQFHV�RI�FODVVLFDO�VZLQH�IHYHU�RXWEUHDNV��SULQFLSOHV�DQG�RXWFRPHV��3UHY��9HW��0HG��������������0LFKHO�,���GH�9RV�&�-���������7KH�GHILQLWLRQ�RI�'HQVHO\�3RSXODWHG�/LYHVWRFN�$UHDV�DQG�WKHLU�6SDWLDO,GHQWLILFDWLRQ� LQ� WKH� (XURSHDQ� 8QLRQ�� ,Q�� 6DOPDQ��0�'��� 0RUOH\�� 3�6�� DQG� 5XFK�*DOOLH��� 5�� �HGV��3URFHHGLQJV� RI� WKH� �WK 6\PSRVLXP� RI� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG(FRQRPLFV��%UHFNHQULGJH��&RORUDGR� �����$XJXVW���������������7HUSVWUD�� &��� ������ 0LQLPXP� 'LVHDVH� 6HFXULW\� 6WDQGDUGV� IRU� /DUJH� 6ZLQH� +ROGLQJV� LQ� WKH1HWKHUODQGV��6LQJ��9HW��-������������9DQWKHPVFKH��3���������&ODVVLFDO�6ZLQH�)HYHU�����������%HOJLXP��7KH�3LJ��-�������������9RVH��'���������4XDQWLWDWLYH�5LVN�$QDO\VLV��-RKQ�:LOH\�DQG�6RQV��(QJODQG<RRQ�.�3��+ZDQJ�&�/���������0XOWLSOH�DWWULEXWH�GHFLVLRQ�PDNLQJ�±�DQ�LQWURGXFWLRQ��6DJH�3XEOLFDWLRQ�7KRXVDQG�2DNV�/RQGRQ�1HZ�'HOKL�
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5DWLR�RI�IDWWHQLQJ�SLJV�VRZV�DV�D�PRYHPHQW�LQGH[�DSSOLFDWLRQ�WR�WKH�ULVN�DQDO\VLV�RI�&6)�LQ�%ULWWDQ\
9��&KHYDOLHU��*��*HUELHU��9��$XELJQH��%��'XUDQG�DQG�)��0RXWRX
$EVWUDFW7RGD\�� DQG� DV� IDU� DV� &ODVVLFDO� 6ZLQH� )HYHU� RU� )RRW� DQG� 0RXWK� 'LVHDVH� DUH� FRQFHUQHG�GHQVHO\� SRSXODWHG� DUHDV� DUH� FRQVLGHUHG� DV� DW�ULVN� DUHDV�� +RZHYHU�� HYHQ� LI� WKH� GHQVLW\SDUDPHWHU� LV� V\QWKHWLF�� LW�GRHV�QRW� WDNH�DQLPDO�PRYHPHQWV� LQWR�DFFRXQW��1HYHUWKHOHVV� WKHVHPRYHPHQWV�ZLGHO\�FRQWULEXWH� WR�ERWK� WKH� LQWURGXFWLRQ�DQG� WKH� VSUHDGLQJ� ULVNV�RI� WKHVH� WZRGLVHDVHV�7KH�DLP�RI�WKLV�SDSHU�LV�WR�VKRZ�WKH�UHOHYDQFH�RI�XVLQJ�WKH�UDWLR�RI�IDWWHQLQJ�SLJV�VRZV��ERWKDV� D� PRYHPHQW� LQGH[� DV� ZHOO� DV� HYLGHQFH� RI� WKH� LPSRUW�H[SRUW� VWDWXV� RI� D� JLYHQ� DUHD�� WRJHRJUDSKLFDOO\�LPSURYH�WKH�ULVN�DQDO\VLV�RI�&6)�

������,QWURGXFWLRQ
7KH� QXPEHU� DQG� LPSRUWDQFH� RI� '3/$V� KDV� VLJQLILFDQWO\� LQFUHDVHG� LQ� UHFHQW� \HDUV�� 7KHQHFHVVLW\�RI�DGDSWLQJ� WKH�ELRVDIHW\�DQG� ILJKW�PHDVXUHV�DJDLQVW� VXFK�GLVHDVHV�DV�)0'��)RRWDQG�0RXWK�GLVHDVH��RU�&6)��&ODVVLFDO�6ZLQH�)HYHU��LQ�WKHVH�DUHDV�EHFDPH�HYLGHQW�,QGHHG��WKH�VWXG\�RI�SUHYLRXV�HSL]RRWLFV�VKRZHG��RQ�RQH�KDQG��WKDW�WKH�SURSDJDWLRQ�ZDV�YHU\IDVW� LQ� WKHVH� DUHDV� DQG� RQ� WKH� RWKHU� KDQG�� WKDW� WKH� HFRQRPLFDO� FRQVHTXHQFHV� ZHUH� YHU\VHULRXV��7KDW� LV�ZK\� WKHVH� DUH� FRQVLGHUHG� WR� EH� KLJK�ULVN� DUHDV� DV� IDU� DV�&6)� �RU�)0'�� LVFRQFHUQHG�:LWKLQ�WKH�IUDPH�RI�WKH�)$,5�SURMHFW��WKH�SURSRVDO�ZDV�WR�GHILQH�WKH�'3/$�XVLQJ�WKH�³DQLPDOGHQVLW\´�FULWHULRQ��WKUHVKROGV�DUH�����SLJV�NP� IRU�&6)�DQG�����DQLPDOV�NP� IRU�)0'�%HFDXVH�LW�GHDOV�ZLWK�WKH�QRWLRQV�RI�KHUG�VL]H��KHUG�QXPEHU�DQG�GLVWDQFH�EHWZHHQ�KHUGV��WKHGHQVLW\�SDUDPHWHU�LV�D�V\QWKHWLF�RQH��PRUHRYHU��GHQVLW\�HIIHFWV�RQ�WKH�VSUHDGLQJ�RI�)0'�RU&6)�KDYH�DOUHDG\�EHHQ�VKRZQ��*HUELHU�������)HUJXVRQ�HW�DO���������0LQWLHQV�HW�DO���������+RZHYHU��WKLV�SDUDPHWHU�LV�REYLRXVO\�LQDGHTXDWH�IRU�GHVFULELQJ�WKH�JHRJUDSKLFDO�ULVN�RI�&6)SUHFLVHO\�LQ�D�JLYHQ�DUHD��7KHUH�DUH�VHYHUDO�UHDVRQV�IRU�WKLV�
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x WKH�UHOHYDQW�HSLGHPLRORJLFDO�XQLW�IRU�&6)�LV�WKH�KHUG��DQG�WKH�UHODWLRQVKLS�EHWZHHQ�KHUGGHQVLW\�DQG�DQLPDO�GHQVLW\�LV�QRW�FOHDU�x WKH�WKUHVKROG�YDOXHV�ZHUH��DUELWUDULO\�GHILQHGx LW� GRHV� QRW� WDNH� DQLPDO�PRYHPHQWV� LQWR� DFFRXQW�� DOWKRXJK� LW� ZDV� FRQILUPHG� WKDW� WKHVHPRYHPHQWV� ZHUH� WKH� PDLQ� WUDQVPLVVLRQ� IDFWRUV� IRU� LQIHFWLRXV� GLVHDVHV� EHWZHHQ� KHUGV�9DQQLHU��������x ODVWO\�� DQG� LQ� D� VLPLODU� ZD\�� WKLV� SDUDPHWHU� GRHV� QRW� WDNH� WKH� SURGXFWLRQ� V\VWHPV� LQWRDFFRXQW�� ,W� LV� REYLRXV� WKDW� JLYHQ� D� GHQVLW\�� WKH� LPSRUW�H[SRUW� VWDWXV� RI� D� FRXQWU\� RU� DUHJLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�ULVN�LQWURGXFWLRQ�RI�&6)�LQ�WKLV�FRXQWU\�RU�UHJLRQ��$VDQ� H[DPSOH��'HQPDUN��ZKLFK� KDV� RQH� RI� WKH� KLJKHU� GHQVLWLHV� RI�(8�EXW�ZKLFK� H[SRUWV����RI�LWV�SURGXFWLRQ��KDV�EHHQ�IUHH�RI�&6)�VLQFH�������$QRQ\PRXV�����D��*LYHQ�WKLV�LQIRUPDWLRQ��WKH�ILUVW�WDUJHW�IRU�RXU�ZRUN�ZDV�WR�EXLOG�D�VLPSOH�WRRO�IRU�GHVFULELQJSLJ� PRYHPHQWV� LQ� %ULWWDQ\�� XVLQJ� WKLV� WRRO� WR� FRPSOHWH� WKH� GDWD� JLYHQ� E\� WKH� GHQVLW\SDUDPHWHU��7KH� VHFRQG� WDUJHW�ZDV� WR� LPSURYH� WKH�JHRJUDSKLFDO� ULVN� DQDO\VLV� RI�&6)� LQ� WKLVDUHD�

������0HWKRGRORJ\
7KH�GDWD�ZDV� H[WUDFWHG� IURP� WKH� ,1)2325&� ILOH� ��������7KLV� ILOH�ZDV� JLYHQ� WR� XV� E\� WKH8*39%� �RXU� VXEFRQWUDFWRU��� ,W� JLYHV� D� FHQVXV� RI� WKH� WRWDO� QXPEHU� RI� DFWLYH� SLJ� IDUPV� LQ%ULWWDQ\�DV�ZHOO�DV�WKHLU�SURGXFWLRQ�W\SHV��WKHLU�QXPEHU�RI�SODFHV��VRZV��IDWWHQLQJ�SLJV��SRVWZHDQLQJ�SLJV���DQG�WKHLU�JHRJUDSKLFDO�ORFDOLVDWLRQ��FRRUGLQDWHV�/DPEHUW�,,�&HQWUH��)URP� WKLV� GDWD�� ZH� FDOFXODWHG� D� SLJ� GHQVLW\�� D� IDUP� GHQVLW\� SHU� FRXQW\� �IRU� WKH� )UHQFK³FDQWRQ´�� RQ� WKH� RQH� KDQG�� WKHQ� RQ� D� JULG� ���NP��NP�� RQ� WKH� RWKHU� KDQG�� 3RVW�ZHDQLQJSLJOHWV�ZHUH�LQFOXGHG�LQ�WKH�SLJ�GHQVLW\�FDOFXODWLRQ�7KHQ��ZH�FDOFXODWHG�WKH�IROORZLQJ�UDWLR�SHU�FRXQW\�DQG�RQ�WKH�VDPH�JULG�

SODFHVVRZVRIQXPEHU SODFHVSLJVIDWWHQLQJRIQXPEHU5DWLR  
,QGHHG�DQG�E\�GHILQLWLRQ��WKLV�UDWLR�LV�DQ�LQGLFDWRU�RI�WKH�LPSRUW�H[SRUW�VWDWXV�RI�D�JLYHQ�DUHD�,I� ZH� FRQVLGHU� D� VHOI� VXIILFLHQW� DUHD� �QHLWKHU� LPSRUW�� QRU� H[SRUW��� WKH� QXPEHU� RI� IDWWHQLQJSODFHV�LQ�WKLV�DUHD��JLYHQ�D�\HDU��VKRXOG�EH�HTXDO�WR�WKH�QXPEHU�RI�SLJOHWV�ERUQ�SHU�VRZ�SODFHPLQXV�WKH�WRWDO�QXPEHU�RI�GHDG�SLJV�EHWZHHQ�ELUWK�DQG�VDOH��2EYLRXVO\��WKLV�YDOXH�PD\�YDU\
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GXULQJ� WKH� \HDU�� DFFRUGLQJ� WR� WKH� HFRQRPLF� PDUNHW� DQG� SDWKRORJLHV�� +RZHYHU�� DV� IDU� DV%ULWWDQ\�LV�FRQFHUQHG�DQG�EDVHG�RQ�H[SHUW�RSLQLRQV��ZH�HVWLPDWH�WKH�YDOXH�RI� WKH�UDWLR�DW���)RU� D� KLJKHU� YDOXH�� WKH� DUHD�ZLOO� EH� FRQVLGHUHG� DV� LPSRUWLQJ��2Q� WKH� FRQWUDU\�� IRU� D� ORZHUYDOXH�WKH�DUHD�ZLOO�EH�FRQVLGHUHG�DV�H[SRUWLQJ�7KHQ�XVLQJ�D�JULG�DOORZHG�XV�WR�FDOFXODWH�WKH�0RUDQ�LQGH[��WKLV�FRHIILFLHQW�LV�XVHG�WR�PHDVXUHWKH�H[LVWHQFH�RI�D�VSDWLDO�DXWRFRUUHODWLRQ�7KH�IRUPXOD�LV�
,�� ¦¦ ¦¦¦

L M L
L M <LM:LM:LM<LM1

:LM�LV�D�JHRJUDSKLFDO�QHLJKERXUKRRG�PHDVXUH:LM� ���LI�WKH�WZR�DUHDV�DUH�QHLJKERXUV����LI�QRW<LM�LV�D�PHDVXUH�RI�SUR[LPLW\�RI�HDFK�DUHD�YDOXH<LM� � � � � �\\M\\L ��  ZKHUH�\L�LV�WKH�YDOXH�RI�WKH�DUHD�L��DQG� \ LV�WKH�DYHUDJH�RI�WKH�YDOXHVLQ�WKH�1�DUHDV�,I�,�LV�VLJQLILFDQWO\�SRVLWLYH��ZH�PD\�DVVXPH�WKDW�WKH�FOXVWHU�LV�QRW�GXH�WR�FKDQFH��,I�LWV�YDOXHLV�VLJQLILFDQWO\�QHJDWLYH�WKHQ�ZH�PD\�DVVXPH�WKDW�WKH�³FKHVVERDUG�´�UHSDUWLWLRQ�LV�QRW�GXH�WRFKDQFH�$QDO\VLV�ZDV�FRPSOHWHG�XVLQJ�0DSLQIR��0DSLQIR�&RUS���DQG�6�SOXV��0DWKVRIW��

��� 5HVXOWV
��������5HVXOWV�SHU�FRXQW\7KH�UHVXOWV�DUH�SUHVHQWHG�RQ�PDSV����������DQG������7KH�PDSV�����DQG�����KLJKOLJKW�WZR�ELJSURGXFWLRQ�DUHDV��QDPHO\�&{WHV�G¶$UPRU�DQG�)LQLVWqUH�1RUG��:H�FRXOG�VXSHULPSRVH�WKHVH��PDSV��WKH�YDOXH�RI�FRUUHODWLRQ�FRHIILFLHQW�KHUG�GHQVLW\�DQLPDO�GHQVLW\�LV������:LWK�UHJDUGV�WR�PDS������UDWLR�PDS���ZH�QRWLFH�WKDW�WKH�YDOXHV�RI�WKH�UDWLR�PD\�YDU\�IURP���WR����+LJKOLJKWHG�DUHDV�DUH�GLIIHUHQW�IURP�WKH�SUHYLRXV�RQHV��0RUHRYHU�WKH�³SDWFKZRUN´�VKDSHRI�WKH�UDWLR�PDS�REYLRXVO\�FRQWUDVWV�ZLWK�WKH�KRPRJHQHLW\�RI�WKH�SURGXFWLRQ�DUHDV�KLJKOLJKWHGE\�WKH�GHQVLW\�PDS�/DVWO\��WKH�JUHDW�PDMRULW\�RI�KLJK�GHQVLW\�DUHDV�RI�%ULWWDQ\�VHHP�WR�EH�H[SRUWLQJ�DUHDV�



��

0DS����� 3LJ�GHQVLW\�RQ�D�µ¶FDQWRQ¶¶OHYHO��SLJV�NP��

0DS����� )DUP�GHQVLW\

0DS����� 5DWLR�RI�IDWWHQLQJ�SLJV�VRZV

3LJ�GHQVLW\����������������������� ��������������� ��������������� ������������� ���������

)DUP�GHQVLW\��������������������������������������������������������������������� �������������

5DWLR�IDWWHQLQJ�SLJV�VRZV������ ���������� � ���������� ������������ � ������
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��������5HVXOWV�RQ�D�JULG7KH�UHVXOWV�DUH�SUHVHQWHG�RQ�PDSV�����DQG�����,QVRIDU� DV� DQLPDO� GHQVLW\� DQG� IDUP�GHQVLW\� DUH� KLJKO\� FRUUHODWHG� �U�  � �������ZH� GHFLGHG� WRNHHS�RQO\�RQH�RI�WKH�WZR�YDULDEOHV�WR�SHUIRUP�WKH�DQDO\VLV��QDPHO\�WKH�SLJ�GHQVLW\�:H�QRWH�DJDLQ�WKH�WZR�ELJ�SURGXFWLRQ�DUHDV�DV�ZHOO�DV�WKH�SDWFKZRUN�VKDSH�RI�WKH�UDWLR�PDS�/DVWO\��WKH�JUHDW�PDMRULW\�RI�KLJK�GHQVLW\�DUHDV�LQ�%ULWWDQ\�DJDLQ�VHHP�WR�EH�H[SRUWLQJ�DUHDV�7KH�0RUDQ�LQGH[�ZDV�FDOFXODWHG�IRU�HDFK�RI�WKH�WZR�SDUDPHWHUV��,WV�YDOXH�LV�����IRU�WKH�SLJGHQVLW\�SDUDPHWHU��PHDQLQJ�WKDW�WKH�YDOXH�RI�HDFK�FHOO��VXUIDFH�XQLW��VWURQJO\�GHSHQGV�RQ�WKHQHLJKERXULQJ�FHOO¶V�YDOXHV��2Q�WKH�FRQWUDU\��WKH�LQGH[�YDOXH�IRU�WKH�UDWLR�LV�������WKDW�PHDQVWKDW� WKH� VHOI�FRUUHODWLRQ� LV� ORZ�� ,I� WKLV� VHOI�FRUUHODWLRQ� H[LVWV�� ZH� VKRXOG� ORRN� IRU� LW� RQ� DVPDOOHU�VFDOH�
0DS����� 3LJ�GHQVLW\��JULG���NP��NP�

0DS����� 5DWLR�IDWWHQLQJ�SLJV�VRZV

3LJ�GHQVLW\����������������������� �������������� �������������� ������������ ��������

5DWLR�IDWWHQLQJ�SLJV�VRZV�������� ���������� � ���������� � ����������� � ������
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�������5HODWLRQVKLS�EHWZHHQ�UDWLR�DQG�GHQVLW\(DFK�SRLQW�RI�WKH�)LJXUH�����UHSUHVHQWV�D�VXUIDFH�XQLW��D�FHOO�RI����NP����NP��DQG�JLYHV�LWVSRVLWLRQ�DFFRUGLQJ�WR�LWV�UDWLR�YDOXH�DQG�LWV�GHQVLW\�YDOXH�7KLV�ILJXUH�FRQILUPV�ZKDW�WKH�SUHYLRXV�PDSV�ZHUH�VXJJHVWLQJ��WKDW�WKH�PDMRULW\�RI�'3/$V�DUHHLWKHU� VHOI�VXIILFLHQW� RU� OLJKWO\� H[SRUWLQJ� �L�H�� ORFDWHG�RQ� RU� EHORZ� WKH� WKUHVKROG� OLQH� RI� WKHUDWLR���0RUHRYHU��WKLV�ILJXUH�VKRZV�WKDW�%ULWWDQ\�LV�TXLWH�KHWHURJHQHRXV��GHQVLWLHV�FDQ�EH�ORZRU�KLJK��WKLV�LV�WKH�VDPH�DV�IDU�DV�UDWLR�YDOXHV�DUH�FRQFHUQHG�)LQDOO\��WKH�DYHUDJH�UDWLR�RI�%ULWWDQ\�LV������ZKLFK�LV�TXLWH�FORVH�WR���DQG�PHDQV�WKDW�WKLV�DUHDLV�JOREDOO\�VHOI�VXIILFLHQW�
)LJXUH����� 'LVWULEXWLRQ�RI� WKH�VXUIDFH�XQLWV�DFFRUGLQJ�WR� WKH�SLJ�GHQVLW\�DQG� WKH�UDWLR�RIIDWWHQLQJ�SLJV�VRZV��FHOOV�RI����NP����NP�

������5HODWLRQVKLS�EHWZHHQ�UDWLR�DQG�SHUFHQWDJH�RI�IDWWHQHUV7KH� DQDO\VLV RI� WKH� UHODWLRQ� EHWZHHQ� UDWLR� DQG� SHUFHQWDJH� RI� IDWWHQHUV� LQ� WKH� VXUIDFH� XQLWVVKRZV�WKDW�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKHVH�WZR�YDULDEOHV��U� �������
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� ��� ��� ��� ��� ���� ���� ����'HQVLW\��SLJV�NPð�

5DWLR
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)LJXUH���� 'LVWULEXWLRQ�RI� WKH�VXUIDFH�XQLWV�DFFRUGLQJ� WR� WKH�UDWLR�RI� IDWWHQLQJ�SLJV�VRZVDQG�WKH�SHUFHQWDJH�RI�IDWWHQHUV

�����'LVFXVVLRQ
������*HRJUDSKLFDO�DQDO\VLV��DGPLQLVWUDWLYH�XQLWV�YV��JULG8VLQJ� D� JULG� DOORZHG� XV� WR� HOLPLQDWH� WKH� YDULDELOLW\� RI� DGPLQLVWUDWLYH� ERXQGDULHV�FRQVHTXHQWO\�ZH�FRXOG�XVH�WKLV�PHWKRG�LQ�RWKHU�DUHDV�DV�ZHOO�DV�LQ�RWKHU�FRXQWULHV��0RUHRYHU�WKLV� PHWKRG� DOORZHG� XV� WR� FDOFXODWH� WKH� 0RUDQ� LQGH[� WKDW� LV� DQ� LQGLFDWRU� RI� WKH� VSDWLDOFRUUHODWLRQ�EHWZHHQ�HDFK�FHOO¶V�YDOXHV�+RZHYHU��ZH�KDG�WR�GHILQH�WKH�FHOO¶V�VL]H�DQG�WKLV�FKRLFH�ZDV�PDGH�DUELWUDULO\��7KLV�LPSOLHVDQ�DSSUR[LPDWH�DQG�SUHYLRXV�NQRZOHGJH�DERXW�WKH�FDUU\LQJ�GLVWDQFH�RI�SLJ�PRYHPHQWV�/DVWO\��DQG�FRQWUDU\�WR�DQ�DQDO\VLV�EDVHG�RQ�DGPLQLVWUDWLYH�OLPLWV��ZH�QHHG�WR�KDYH�DFFXUDWHGDWD��DW�IDUP�OHYHO��DW�RXU�GLVSRVDO�LQ�RUGHU�WR�SHUIRUP�WKLV�NLQG�RI�DQDO\VLV�
������$QLPDO�GHQVLW\�YV��IDUP�GHQVLW\:LWK�UHJDUG�WR�&6)�RU�)0'��WKH�UHOHYDQW�HSLGHPLRORJLFDO�XQLW�LV�WKH�IDUP��,Q�WKH�VDPH�ZD\�WKH�KHUG�VL]H�LV�DQ�LPSRUWDQW�SDUDPHWHU�WR�FRQVLGHU��WKLV�LV�SDUWLFXODUO\�WKH�FDVH�DV�IDU�DV�)0'LV�FRQFHUQHG�VLQFH�LW�KDV�EHHQ�VKRZQ�WKDW�WKH�KHUG�VL]H�ZDV�D�ULVN�IDFWRU�IRU�VSUHDG�IURP�RQHKHUG�WR�DQRWKHU��+XJK�-RQHV��������*HUELHU��������+RZHYHU��WKH�GHQVLW\�SDUDPHWHU�WDNHV�LQWR�DFFRXQW�WKHVH�WZR�YDULDEOHV�LQ�DQ�LQGLUHFW�ZD\��DQGWKHVH� WZR� YDULDEOHV� DUH� QRW� QHFHVVDULO\� FRUUHODWHG�� ,QGHHG�� ZH� FRXOG� KLJKOLJKW� KLJKO\
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SRSXODWHG� DQLPDO� DQG� VSDUVHO\� FRQFHQWUDWHG� KHUG� GHQVLW\� DUHDV�� MXVW� DV� ZHOO� DV� ZH� FRXOGKLJKOLJKW�VSDUVHO\�FRQFHQWUDWHG�DQLPDO�DQG�KLJK�KHUG�GHQVLW\�DUHDV�:KHUH�%ULWWDQ\�LV�FRQFHUQHG��ZH�FRXOG�JHRJUDSKLFDOO\�VXSHULPSRVH�WKH�WZR�PDSV�RI�GHQVLW\�SLJ�DQG�KHUG���7KDW�PHDQV�WKDW�WKHUH�LV�KHUG�VL]H�KRPRJHQHLW\�LQ�WKLV�DUHD�
������5DWLR�YV��DQLPDO�GHQVLW\'HQVLW\�PDSV�VKRZ�WKH�H[LVWHQFH�RI�KRPRJHQHRXV�SURGXFWLRQ�DUHDV��WKLV�LV�FRQILUPHG�E\�WKHKLJK�YDOXH�RI�WKH�0RUDQ�LQGH[�������FDOFXODWHG�RQ�GHQVLWLHV��2Q�WKH�FRQWUDU\��UDWLR�PDSV�VKRZD�SDWFKZRUN�VKDSH��ZLWK�D�ORZ�YDOXH�RI�WKH�0RUDQ�LQGH[��������$V� D� FRQFOXVLRQ�� WKH� GHQVLW\� DOORZV� XV� WR� SHUIRUP� D� ILUVW� DQDO\VLV� RI� WKH� JHRJUDSKLFDOYDULDWLRQV�RI�WKH�ULVN�RI�&6)��7KHQ��WKH�UDWLR�DOORZV�XV�WR�LPSURYH�WKLV�DQDO\VLV�E\�LQVHUWLQJ�DG\QDPLF�FRPSRQHQW��7KH�DQDO\VLV�LV�WKLQQHU�DQG��ILQDOO\��ZH�PD\�DVVXPH�WKDW�LPSRUWLQJ�DUHDVZRXOG�EH�PRUH�DW�ULVN�WKDQ�WKH�H[SRUWLQJ�RQHV�
�������5HODWLRQVKLS�EHWZHHQ�WKH�UDWLR�DQG�WKH�SHUFHQWDJH�RI�IDWWHQHUV7KH�SHUFHQWDJH�RI�IDWWHQHUV�DQG�WKH�UDWLR�DUH�KLJKO\�FRUUHODWHG��U� ��������7R�VRPH�H[WHQW�DQGEHFDXVH�RI�WKH�ODFN�RI�UHOHYDQW�GDWD��QXPEHU�RI�VRZ�SODFHV��QXPEHU�RI�IDWWHQLQJ�SLJV�SODFHV��ZH� FRXOG� JHW� FORVHU� WR� WKH� PRYHPHQWV� QRWLRQ� XVLQJ� D� SURGXFWLRQ� SDUDPHWHU�� QDPHO\� WKHSHUFHQWDJH�RI�IDWWHQHUV�LQ�D�JLYHQ�DUHD�

�����&RQFOXVLRQV
7KH�VR�FDOOHG�¶¶GHQVLW\¶¶�SDUDPHWHU�VHHPV�WR�EH�D�JRRG�LQGLFDWRU�RI�WKH�JHRJUDSKLFDO�ULVN�IRU&6)�� 1HYHUWKHOHVV�� LW� FRXOG� EH� LPSURYHG� XVLQJ� D� VHFRQG� YDULDEOH�� WKH� UDWLR� RI� IDWWHQLQJSLJV�VRZV�� ,QGHHG�� WKLV� UDWLR� EULQJV� DGGLWLRQDO� LQIRUPDWLRQ�� WKLV� LQIRUPDWLRQ� GHDOV�ZLWK� SLJPRYHPHQWV� DQG� WKXV� LV� HVVHQWLDO� IRU� D� PRUH� SUHFLVH� JHRJUDSKLFDO� ULVN� DQDO\VLV� RI� &6)�� $VSDUVHO\�SRSXODWHG�DUHD�PD\�EH�DW�ULVN�LI�LW�LV�D�VWURQJO\�LPSRUWLQJ�DUHD�0RUHRYHU��WKLV�YDULDEOH�DIIRUGV�VRPH�REYLRXV�DGYDQWDJHV�x RQ�WKH�RQH�KDQG��LW�LV�YHU\�HDV\�WR�FDOFXODWHx RQ�WKH�RWKHU�KDQG��LW�WDNHV�WKH�SURGXFWLRQ�V\VWHP�LQWR�DFFRXQWx ILQDOO\�� LW� ORRNV� VLPSOH� DQG� UHSUHVHQWDWLYH� RI� D� G\QDPLF� ZKHUHDV� WKH� GHQVLW\� LVKHWHURJHQHRXV�DQG�QRW�VR�HDV\�WR�XQGHUVWDQG



��

2EYLRXVO\�� WKH� VLJQLILFDQFH� RI� WKLV� LQGH[� VKRXOG� EH� GLVFXVVHG� DFFRUGLQJ� WR� WKH� SURGXFWLRQV\VWHPV��$Q�LQWHUQDO�YDOLGDWLRQ��FRPSDULVRQ�RI�WKH�JHRJUDSKLFDO�UHVXOWV�ZLWK�PRYHPHQWV�GDWDRI�,1)2325&��DV�ZHOO�DV�DQ�H[WHUQDO�YDOLGDWLRQ�RI�WKH�ZKROH�SURFHVV��FRPSDULVRQ�ZLWK�RWKHU(XURSHDQ�FRXQWULHV��VKRXOG�EH�SHUIRUPHG�

5HIHUHQFHV
$QRQ\PH������D��/H�SRUF�HQ�%UHWDJQH���OHV�FKLIIUHV�FOp�GH�OD�ILOLqUH��5HQQHV��&RPLWp�UpJLRQDO�3RUFLQGH�%UHWDJQH��$VVRFLDWLRQ�5pJLRQDOH�,QWHUSURIHVVLRQQHOOH�3RUFLQH� ���$QRQ\PH������E��6DQWp�DQLPDOH�PRQGLDOH�HQ�������3DULV��2,(� ���0LFKHO�� ,�� DQG� 'H� 9RV�� &�-��� ������ 'HQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� LQ� WKH� (XURSHDQ� 8QLRQ�GHILQLWLRQ�DQG�ORFDWLRQ��,Q� 0�-�0��7LHOHQ�DQG�0�7K�9RHWV��HGV�� 3URFHHGLQJV�RI�WKH�;WK ,QWHUQDWLRQDO&RQJUHVV�RQ�$QLPDO�+\JLHQH���0DDVWULFKW������-XO\���������������)HUJXVRQ��1���'RQQHOO\��&��DQG�$QGHUVRQ��5���������7KH�)RRW�DQG�0RXWK�HSLGHPLF�LQ�*UHDW�%ULWDLQ��SDWWHUQ�RI�VSUHDG�DQG�LPSDFW�RI�LQWHUYHQWLRQV��6FLHQFH� ����������*HUELHU��*��� ������(YDOXDWLRQ� GH� OD� GLIIXVLRQ� VSDWLDOH� GH� OD� ILqYUH� DSKWHXVH� GDQV� OHV� ]RQHV� j� IRUWHGHQVLWp�DQLPDOH��7KqVH�GH�6DQWp�3XEOLTXH�� VSpFLDOLWp�%LRVWDWLVWLTXH��8QLYHUVLWp�GX�.UHPOLQ� �%LFrWUH�3DULV�;,� ����+XJK�-RQHV��0���������(SLGHPLRORJLFDO� VWXGLHV�RQ� WKH���������)RRW�DQG�0RXWK�GLVHDVH�HSLGHPLF� �DWWDFN�UDWHV�DQG�FDWWOH�GHQVLW\��5HVHDUFK�LQ�YHWHULQDU\�VFLHQFH�������������0LFKHO�� ,��� ������'HILQLWLRQV� RI� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� DQG� VSDUVHO\� SRSXODWHG� OLYHVWRFNDUHDV��,QVWLWXW�I�U�6WUXNWXUIRUVFKXQJ�XQG�3ODQXQJ�LQ�DJUDULVFKHQ�,QWHQVLYJHELHWHQ��,63$�� $QQH[H���0LQWLHQV�� .��� /DHYHQV�� +��� 'HZXOI�� -��� %RHODHUW�� )��� ������ 3UHGLFWLRQ� RI� WKH� OLNHKRRG� RI� VSUHDG� RIFODVVLFDO�VZLQH�IHYHU�YLUXV�WKURXJK� 

QHLJKERXUKRRG��LQIHFWLRQV

�IRU�GLIIHUHQW�UHJLRQV�LQ�%HOJLXP��,Q�0HQ]LHV��)�'��DQG�5HLG��6�:�-���HGV����3URFHHGLQJV�RI�D�PHHWLQJ�RI�WKH�6RF��9HW��(SLG��$QG�3UHY��0HGKHOG�DW�1RRUGZLMNHUKRXW��7KH�1HWKHUODQGV����������0DUFK�����������9DQQLHU��3���������&RQFHSWV�JpQpUDX[�VXU�OD�WUDQVPLVVLRQ�GHV�PDODGLHV�LQIHFWLHXVHV�HQWUH�OHV�pOHYDJHVSRUFLQV�HW�OD�SHUVLVWDQFH�GHV�DJHQWV�LQIHFWLHX[�DX�VHLQ�GHV�pOHYDJHV��-RXUQpHV�GH�OD 5HFKHUFKH�3RUFLQHHQ�)UDQFH����� ��������



��

2FFXUUHQFH�RI�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�LQIDWWHQLQJ�SLJV��UHODWLRQ�WR�WKH�IHDWXUHV�RI�D�GHQVHO\DQG�D�VSDUVHO\�SRSXODWHG�SLJ�DUHD�LQ�)UDQFH
6KRUW�WLWOH��5HVSLUDWRU\�GLVHDVH�RXWEUHDNV�DQG�SLJ�GHQVLW\

5RVH�1LFRODV�DQG�0DGHF�)UDQoRLV
$EVWUDFW$�VXUYH\�ZDV�FDUULHG�RXW�LQ�)UDQFH�LQ������LQ�D�'HQVHO\�3RSXODWHG�3LJ�$UHD��'33$��DQG�D6SDUVHO\�3RSXODWHG�3LJ�$UHD��633$���7KH�WZR�DUHDV�ZHUH�FRPSDUHG�UHJDUGLQJ�WKH�QXPEHU�RIUHVSLUDWRU\� GLVHDVH� RXWEUHDNV� LQ� IDWWHQLQJ� SLJV� RQ� HDFK� IDUP� SHU� \HDU� ZLWK� D� PXOWLSOHFRUUHVSRQGHQFH� DQDO\VLV� DQG� D� KLHUDUFKLFDO� FOXVWHULQJ�� 7KH� WZR� DUHDV� H[KLELWHG� GLIIHUHQWW\SRORJLHV��LQ�WKH�'33$��KLJK�GHQVLW\�ZDV�DVVRFLDWHG�ZLWK�D�KLJK�SURSRUWLRQ�RI�ILQLVKLQJ�SLJXQLWV�UHVXOWLQJ�LQ�D�ORW�RI�PRYHPHQW�RI�SLJOHWV�ZLWKLQ�WKH�DUHD��)DUURZ�WR�ILQLVK�IDUPV�ORFDWHGLQ� WKH�'33$�KDG�PDQ\�FRQWDFWV�ZLWK�H[WHUQDO�YHKLFOHV�� WKLV�ZDV�DVVRFLDWHG�ZLWK�PRUH� WKDQWZR� UHVSLUDWRU\� GLVHDVH� RXWEUHDNV� SHU� IDUP� SHU� \HDU�� 7KHUH� ZDV� DOVR� D� ODFN� RI� ELRVHFXULW\PHDVXUHV� LPSOHPHQWHG� RQ� WKHVH� IDUPV�� &RQYHUVHO\�� WKH� JRRG� KHDOWK� VWDWXV� RI� WKH� IDUPVORFDWHG� LQ� WKH� 633$� ZDV� DVVRFLDWHG� ZLWK� IHZ� H[WHUQDO� FRQWDFWV� DQG� JRRG� ELRVHFXULW\PHDVXUHV�� ,Q� D� VHFRQG� VWHS�� ULVN� IDFWRUV� ZHUH� VWXGLHG� IRU� WKH� RFFXUUHQFH� RI� PRUH� WKDQ� �UHVSLUDWRU\�RXWEUHDNV�SHU�\HDU��+DYLQJ�PRUH�WKDQ���SLJ�IDUPV�ZLWKLQ�D���NP�UDGLXV��PRUH�WKDQ���LQFRPLQJ�UHQGHULQJ�WUXFNV�SHU�\HDU��DQG�VWRUDJH�RI� WKH�FDUFDVVHV�RI�GHDG�DQLPDOV�ZLWKLQWKH� IDUP\DUG�SHULPHWHU� LQFUHDVHG� WKH� ULVN� RI� RFFXUUHQFH�RI�PRUH� WKDQ��� UHVSLUDWRU\�GLVHDVHRXWEUHDNV�SHU�\HDU�RQ� WKH� IDUP��7KLV� ULVN�ZDV�DOVR� LQFUHDVHG�ZKHQ� WKHUH�ZHUH�PRUH� WKDQ��DQLPDO� WUDQVSRUW� ORUULHV� HQWHULQJ� WKH� IDUP� SHU� PRQWK� DQG� PRUH� WKDQ� �� YHWHULQDULDQ¶V� RUWHFKQLFLDQ¶V� YHKLFOH� FRPLQJ� LQ� HYHU\� �� PRQWKV�� 7KHVH� UHVXOWV� ZHUH� GLVFXVVHG� EHFDXVH� RISRVVLEOH� ELDV� GXH� WR� WKH� UHWURVSHFWLYH� GHVLJQ� RI� WKH� VXUYH\� DQG� WKH� VDPSOLQJ� VFKHPH�UDQGRPLVDWLRQ�ZLWKLQ�WZR�DUHDV��

5pVXPp�6\QGURPHV�JULSSDX[�HQ�SRUFKHULH�G¶HQJUDLVVHPHQW ��UHODWLRQ�DYHF�OHV�FDUDFWpULVWLTXHVG¶XQH�]RQH�j�IRUWH�HW�IDLEOH�GHQVLWp�SRUFLQH�HQ�)UDQFH�8QH�]RQH�j�EDVVH�GHQVLWp��%'��HW�XQH�]RQH�j�IRUWH�GHQVLWp��)'��RQW�pWp�HQTXrWpV�HQ�)UDQFH�HQ������/HV� W\SRORJLHV�GH�FHV�GHX[�]RQHV�RQW�pWp�FRPSDUpHV�DX�UHJDUG�GX�VWDWXW�VDQLWDLUH�GHV



��

pOHYDJHV� �QRPEUH� G¶pSLVRGHV� GH� W\SH� JULSSDO� HQ� HQJUDLVVHPHQW�� DX� PR\HQ� G¶XQH� DQDO\VHIDFWRULHOOH�GHV�FRUUHVSRQGDQFHV�PXOWLSOHV�VXLYLH�G¶XQH�FODVVLILFDWLRQ�DVFHQGDQWH�KLpUDUFKLTXH�/HV�GHX[�]RQHV�SUpVHQWHQW�XQH�W\SRORJLH�GLIIpUHQWH ��HQ�]RQH�)'��OD�IRUWH�GHQVLWp�HVW�DVVRFLpHj�XQ�QRPEUH�G¶pOHYDJHV�SOXV� LPSRUWDQW� GH� W\SH� HQJUDLVVHXU�� LPSOLTXDQW�XQH� FLUFXODWLRQ�GHVSRUFHOHWV� SOXV� LPSRUWDQWH�� /D� IRUWH� IUpTXHQWDWLRQ� GHV� pOHYDJHV� QDLVVHXU�HQJUDLVVHXUV� VLWXpVGDQV� FHWWH� ]RQH� SDU� OHV� YpKLFXOHV� H[WpULHXUV�� SHXW� rWUH� LQWHUSUpWpH� HQ� WDQW� TXH� FDXVH� RXFRQVpTXHQFH� G¶XQH� VLWXDWLRQ� VDQLWDLUH� GLIILFLOH� �QRPEUH� GH� V\QGURPHV� JULSSDX[� HQHQJUDLVVHPHQW� !� ��DQ��� H[DFHUEpH� SDU� OH� PDQTXH� GH� SUpFDXWLRQV� VDQLWDLUHV� SULVHV� SDU� FHVPrPHV� pOHYDJHV�� (Q� ]RQH� %'�� OD� ERQQH� VLWXDWLRQ� VDQLWDLUH� GHV� pOHYDJHV� j� O¶pJDUG� GH� ODSDWKRORJLH� FLEOH�� HVW� DVVRFLpH� j� XQH� IDLEOH� IUpTXHQWDWLRQ�SDU� OHV� YpKLFXOHV� H[WpULHXUV� HW� j� ODPLVH� HQ� SODFH� GH�PHVXUHV� GH� ELRVpFXULWp��'DQV� XQ� VHFRQG� WHPSV�� OHV� IDFWHXUV� GH� ULVTXH� GHO¶H[SUHVVLRQ�FOLQLTXH�GH�SOXV�GH���V\QGURPHV�JULSSDX[�SDU�DQ�RQW�pWp�UHFKHUFKpV��/H�PRGqOHGH� UpJUHVVLRQ� ORJLVWLTXH� D� SHUPLV� GH�PHWWUH� HQ� pYLGHQFH� TXH� OD� GHQVLWp� G¶pOHYDJHV� SRUFLQVDXWRXU� GH� O¶H[SORLWDWLRQ� �SOXV� GH� TXDWUH� pOHYDJHV� GH� SRUFV� GDQV� XQ� UD\RQ� GH� �� NP��� XQHIUpTXHQWDWLRQ�LPSRUWDQWH�GH�O¶pOHYDJH�SDU�OHV�YpKLFXOHV�G¶pTXDUULVVDJH��!����SDVVDJHV�SDU�DQ�HW�OH�VWRFNDJH�GHV�FDGDYUHV�GDQV�OH�SpULPqWUH�GH�O¶H[SORLWDWLRQ�DXJPHQWHQW�VLJQLILFDWLYHPHQWOH�ULVTXH�GH�VXUYHQXH�GH�SOXV�GH�GHX[�V\QGURPHV�JULSSDX[�SDU�DQ�FKH]�OHV�SRUFV�j�O¶HQJUDLV�/H� ULVTXH� HVW� DXVVL� DXJPHQWp� ORUVTXH� OD� IUpTXHQWDWLRQ� SDU� OHV� YpKLFXOHV� GH� WUDQVSRUWG¶DQLPDX[�G¶XQH�SDUW�HW�SDU�OH�YpWpULQDLUH�RX�OH�WHFKQLFLHQ�G¶DXWUH�SDUW�HVW�LPSRUWDQWH��SOXV�GHGHX[� SDVVDJHV� SDU� PRLV� HW� SOXV� G¶XQ� SDVVDJH� WRXV� OHV� GHX[� PRLV� UHVSHFWLYHPHQW��� &HVUpVXOWDWV�VRQW�GLVFXWpV�FRPSWH�WHQX�GH� OD�QDWXUH�GH� O¶pWXGH��UpWURVSHFWLYH��HW�GHV�VSpFLILFLWpVOLpHV�j�O¶pFKDQWLOORQQDJH��WLUDJH�DX�VRUW�GDQV�GHX[�]RQHV�VpOHFWLRQQpHV��

������,QWURGXFWLRQ
,QWHQVLILFDWLRQ�RI�WKH�SLJ�LQGXVWU\�KDV�H[HUWHG�JUHDW�SUHVVXUH�RQ�WKH�KHDOWK�VWDWXV�RI�SLJV�DQGUHVSLUDWRU\�GLVHDVHV�FRQVWLWXWH�WKH�PDLQ�FDXVH�RI�HFRQRPLF�ORVV�IRU�WKH�IDUPHUV��0DGHF�HW�DO��������� 7KH� FODVVLF� YLUDO� GLVHDVHV� RI� SLJV� �$XMHV]N\¶V� GLVHDVH�� 3RUFLQH� 5HSURGXFWLYH� DQG5HVSLUDWRU\� 6\QGURPH� >3556@�� ,QIOXHQ]D�� FDQ� EH� FRPSOLFDWHG� E\� EDFWHULDO� DJHQWV�$FWLQREDFLOOXV� SOHXURSQHXPRQLDH�� 3DVWHXUHOOD� PXOWRFLGD�� 0\FRSODVPD� K\RSQHXPRQLDH�OHDGLQJ�WR�FRQVLGHUDEOH�ORVVHV�LQ�IDUPV�ZLWK�SRRU�UHDULQJ�FRQGLWLRQV��7KHVH�LQIHFWLRXV�DJHQWVFDXVH�DFXWH�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�LQ�IDWWHQLQJ�SLJV��/RHIIHQ�HW�DO���������DVVRFLDWLRQRI�DQRUH[LD�� IHYHU� >���&�WR����&@� IRU�DW� OHDVW���GD\V��DQG�SDUR[\VPDO�FRXJK��0DGHF�HW�DO���������� 7KLV� V\QGURPH� FDQ� UHPDLQ� VXEFOLQLFDO� RQ� IDUPV� ZLWK� KLJK� VWDQGDUGV� RI� K\JLHQHZKHUHDV�DFXWH�FOLQLFDO�RXWEUHDNV�PD\�EH�REVHUYHG�RQ�IDUPV�ZLWK�KHDY\�PLFURELDO�ORDGV��7KH



��

VHYHULW\�RI�D�UHVSLUDWRU\�GLVHDVH�RXWEUHDN�LV�DQ�LQGLFDWRU�RI�IDUP�KHDOWK�VWDWXV��0DGHF�HW�DO��������3LJ�GHQVLW\�LV�D�ULVN�IDFWRU�IRU�VSUHDGLQJ�YLUDO�GLVHDVHV������$XMHV]N\¶V�GLVHDVH��+HOLH]�HW�DO��������/HRQWLGHV�HW�DO���������0DUVK�HW�DO���������6WHJHPDQ�HW�DO��������������3556��$OELQD�������%ODKD���������DQG�����,QIOXHQ]D��(ZDOG�HW�DO���������0DGHF�HW�DO���������0DGHF�HW�DO��������0DHV�HW�DO���������0DHV�HW�DO����������+RZHYHU��WKH�VSHFLILF�IHDWXUHV�RI�WKHVH�GHQVHO\SRSXODWHG� DUHDV�PLJKW� H[SODLQ� WKH� LQFUHDVHG� ULVN� RI� VSUHDG� IRU� WKH� DERYH� YLUDO� DJHQWV�� 3LJGHQVLW\� SDUWO\� H[SODLQHG� WKH� JHRJUDSKLFDO� GLVWULEXWLRQ� RI� IDUPV� VHURSRVLWLYH� IRU�$XMHV]N\¶VGLVHDVH�LQ�%ULWWDQ\��$XYLJQH�DQG�+HU\���������,W�VXJJHVWV�WKDW�SLJ�GHQVLW\�LV�LPSRUWDQW�EXW�QRWVXIILFLHQW� WR�GHVFULEH� WKH� VWUXFWXUH�RI�SLJ�SURGXFWLRQ� LQ� DQ� DUHD� DQG� WKH� FUXGH� HIIHFW� RI�SLJGHQVLW\�PLJKW� EH�PRGLILHG� E\� RWKHU� FKDUDFWHULVWLFV� RI� WKH� DUHD� �PRYHPHQW� RI� WKH� DQLPDOV�UHDULQJ� SUDFWLFHV�� HWF��� 7KXV�� WKH� GHVFULSWLRQ� DQG� FRPSDULVRQ� RI� WZR� DUHDV� VHOHFWHG� IRUFRQWUDVWLQJ�SLJ�GHQVLWLHV�PLJKW�EH�D�XVHIXO� DSSURDFK� IRU�GHWHUPLQLQJ� WKH� VSHFLILF�SURILOH�RIGHQVHO\� SRSXODWHG� DUHDV� ZKLFK� SRVVLEO\� OHDG� WR� DQ� LQFUHDVHG� ULVN� RI� WKH� LQWURGXFWLRQ� DQGVSUHDG�RI�YLUDO�GLVHDVHV�7KH� DLP� RI� RXU� VWXG\� ZDV� WKHUHIRUH� WR� GHVFULEH� DQG� FRPSDUH� WKH� IHDWXUHV� RI� D� GHQVHO\SRSXODWHG�SLJ�DUHD�ZLWK�D�VSDUVHO\�SRSXODWHG�RQH�ZLWK�UHJDUG�WR�PDQDJHPHQW�FKDUDFWHULVWLFVDQG� SLJ� IDUP� KHDOWK� VWDWXV� PHDVXUHG� IURP� WKH� QXPEHU� RI� UHVSLUDWRU\� GLVHDVH� RXWEUHDNVRFFXUULQJ� SHU� \HDU� LQ� ILQLVKLQJ� SLJV�� ,Q� D� VHFRQG� SDUW� RI� WKH� VWXG\�� SRVVLEOH� ULVN� IDFWRUV�DGMXVWHG�IRU�WKH�JHRJUDSKLFDO�DUHD��DQG�UHODWHG�WR�WKH�RFFXUUHQFH�RI� WZR�RU�PRUH�UHVSLUDWRU\GLVHDVH�RXWEUHDNV�SHU�\HDU�LQ�WKH�IDUP�ZHUH�LQYHVWLJDWHG�

������0DWHULDOV�DQG�0HWKRGV
�������6WXG\�VDPSOH7KH� ³FDQWRQ´� RI� 3ORXJXHQDVW� �GpSDUWHPHQW� RI�&{WHV� G¶$UPRU��ZDV� VHOHFWHG� DV� WKH� GHQVHO\SRSXODWHG� SLJ� DUHD� �'33$�� DQG� WKH� ³FDQWRQV´� RI� +XHOJRDW� DQG� &KDWHDXQHXI� GX� )DRX�GpSDUWHPHQW�RI�)LQLVWqUH��DV�WKH�VSDUVHO\�SRSXODWHG�SLJ�DUHD��633$���7DEOH������)LJXUH������$Q� H[KDXVWLYH� OLVW� RI� SLJ� IDUPV� ORFDWHG� LQ� WKH� WZR� DUHDV�ZDV�REWDLQHG� IURP� WKH�9HWHULQDU\6HUYLFHV�RI�ERWK�FRXQWLHV�DQG�IURP�WKH�³)DUPHUV�8QLRQ´��D�SULYDWH�RUJDQLVDWLRQ��8QLRQ�GHV*URXSHPHQWV� GH�3URGXFWHXUV� GH�9LDQGH� GH�%UHWDJQH��� 6HYHQW\� SHUFHQW� RI� WKH� SLJ� IDUPV� LQHDFK�DUHD�ZHUH�VHOHFWHG�DW�UDQGRP��UHVXOWLQJ�LQ�D�VDPSOH�RI�����IDUPV�IRU�WKH�'33$�DQG���IDUPV� IRU� WKH� 633$�� 'XH� WR� UHIXVDOV� DQG� WHUPLQDWLRQ� RI� DFWLYLW\�� ��� TXHVWLRQQDLUHV� ZHUHILQDOO\�REWDLQHG�IURP�WKH�'33$�DQG���� IURP� WKH�633$��7KH�SURSRUWLRQ�RI� UHIXVDOV�GLG�QRW
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GLIIHU�EHWZHHQ�WKH�DUHDV������IRU�'33$�YV��������IRU�633$��DQG�ZDV�PDLQO\�UHODWHG� WR�DWHUPLQDWLRQ�RI�DFWLYLW\�
7DEOH���� *HQHUDO�FKDUDFWHULVWLFV�RI�VHOHFWHG�DUHDV'33$D 633$E$JULFXOWXUDO�DUHD��NP�� ��� ���3LJ�GHQVLW\��SLJVF�NP�� ��� ��D� 'HQVHO\�3RSXODWHG�3LJ�$UHD��FDQWRQ�RI�3ORXJXHQDVW��&{WHV�G¶$UPRU��)UDQFH�E� 6SDUVHO\�3RSXODWHG�3LJ�$UHD��FDQWRQ�RI�+XHOJRDW�DQG�&KDWHDXQHXI�GX�)DRX��)LQLVWqUH��)UDQFH�F� (YHU\�SLJ�!��NJ�OLYHZHLJKW

)LJXUH���� 0DS�RI�%ULWWDQ\��ORFDOLVDWLRQ�RI�WKH�VHOHFWHG�DUHDV��������GHQVHO\�SRSXODWHG�SLJDUHD��FDQWRQ�RI�3ORXJXHQDVW��DQG���������VSDUVHO\�SRSXODWHG�SLJ�DUHD��FDQWRQV�RI+XHOJRDW�DQG�&KDWHDXQHXI�GX�)DRX��

�������'DWD�FROOHFWLRQ:H� WHOHSKRQHG� WKH� VHOHFWHG� IDUPHUV� LQ� RUGHU� WR� H[SODLQ� WKH� DLP� RI� WKH� VWXG\� DV�ZHOO� DV� WRPDNH�DQ�DSSRLQWPHQW�IRU�DQ�LQWHUYLHZ��$�VLQJOH�LQWHUYLHZHU�ILOOHG�LQ� WKH�TXHVWLRQQDLUH�ZLWKWKH�IDUPHU�DW�WKH�IDUP�VLWH��,W�KDG�SUHYLRXVO\�EHHQ�WHVWHG�RQ����IDUPV�DQG�FRQWDLQHG����FORVH�
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HQGHG� TXHVWLRQV�� $OO� WKH� TXHVWLRQQDLUHV� ZHUH� FROOHFWHG� IURP�0DUFK� WR� 2FWREHU� ������ 7KHPDLQ� LWHPV� LQFOXGHG� LQWHUYLHZHH� FKDUDFWHULVWLFV�� GHVFULSWLRQ� RI� WKH� IDUP� VLWH�� UHDULQJFRQGLWLRQV��DQLPDO�PRYHPHQWV��SXUFKDVHV���VDOHV���LQFRPLQJ�YHKLFOHV��IDUP�VWDII�DQG�YLVLWRUVDQG�KHUG�VL]H��7KH�FULWHULRQ�UHWDLQHG�DV�WKH�RXWFRPH�YDULDEOH�ZDV�WKH�QXPEHU�RI�UHVSLUDWRU\GLVHDVH� RXWEUHDNV� WKDW� RFFXUUHG� LQ� ������2QO\� W\SLFDO� DFXWH� DQG� FROOHFWLYH� RXWEUHDNV�ZHUHUHWDLQHG�WKDW�LQFOXGHG�DQRUH[LD��IHYHU�IRU�DW�OHDVW����KRXUV�DQG�SDUR[\VPDO�FRXJK�
��������6WDWLVWLFDO�SURFHGXUHV������� )HDWXUHV�RI�WKH�'33$�DQG�633$:H�XVHG� D�PXOWLSOH� FRUUHVSRQGHQFH� DQDO\VLV� IROORZHG�E\�KLHUDUFKLFDO� FOXVWHULQJ� �63$'�1�������� 7KH� PDLQ� REMHFWLYH� LQ� WKLV� DQDO\VLV� LV� WR� GHWHFW� WKH� DVVRFLDWLRQV� ZLWKLQ� D� VHW� RIFDWHJRULFDO�YDULDEOHV�LQ�D�VPDOO�QXPEHU�RI�GLPHQVLRQV�DQG�WR�JLYH�D�ORZ�GLPHQVLRQDO��RIWHQWZR�GLPHQVLRQDO�� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKHVH� DVVRFLDWLRQV� �'RKRR� HW� DO��� ������� 7RFRPSOHWH� WKH�DQDO\VLV�DQG� WR� IDFLOLWDWH� LQWHUSUHWDWLRQ�RI� WKH� IDFWRULDO�PDSV�GHULYHG� IURP� WKHFRUUHVSRQGHQFH� DQDO\VLV�� WKH� FODVVLILFDWLRQ� SURFHVV� EXLOGV� FOXVWHUV� RI� VXEMHFWV� EDVHG� RQ� WKHGHJUHH�RI�VLPLODULW\�EHWZHHQ�WKH�LQGLYLGXDOV�ZLWK�UHJDUG�WR� WKH�YDULDEOHV���*UHHQDFUH�������/HEDUW� HW� DO��� ������� 7KLV� PHWKRG� LV� TXLWH� VLPLODU� WR� SULQFLSDO� FRPSRQHQW� DQDO\VLV�� %RWKPHWKRGV�KDYH� WKH� VDPH� DLP�� WR� EXLOG� W\SRORJLHV� RI� LQGLYLGXDOV�ZLWK� GDWD� JURXSHG�ZLWKLQ� DWDEOH� �,QGLYLGXDOV� ;� 9DULDEOHV�� DQG� ZKHUH� YDULDEOHV� DUH� FDWHJRULHV�� ZKHUHDV� WKH\� DUHFRQWLQXRXV�LQ�3ULQFLSDO�&RPSRQHQW�$QDO\VLV��7KLV�W\SRORJ\�LV�EDVHG�RQ�D�GLVWDQFH�SULQFLSOH�VR�WKDW�WKH�PRUH�WKH�LQGLYLGXDOV�DUH�FORVH�WR�HDFK�RWKHU��WKH�ODUJHU�WKH�QXPEHU�RI�FDWHJRULHVWKH\�VKDUH�,Q�D�SUHOLPLQDU\�VWHS��DQ�LQLWLDO�VFUHHQLQJ�RI�WKH�YDULDEOHV�SRVVLEO\�UHODWHG�WR�WKH�DUHD��'33$YV�� 633$�� ZDV� SHUIRUPHG� XVLQJ� WKH� )5(4� SURFHGXUH� �6$6�� ������� 2QO\� WKRVH� YDULDEOHVUHODWHG�WR�WKH�DUHD��S�������ZHUH�LQFOXGHG�LQ�WKH�PXOWLSOH�FRUUHVSRQGHQFH�DQDO\VLV��)LQDOO\���DFWLYH� YDULDEOHV� �VSOLW� LQWR� ��� FDWHJRULHV�� ZHUH� LQWURGXFHG� LQWR� WKH� DQDO\VLV�� 7KH� ³DUHD´YDULDEOH� �'33$� YV�� 633$�� ZDV� LQFOXGHG� DV� D� VXSSOHPHQWDU\� YDULDEOH� VR� WKDW� LW� ZDV� QRWLQFOXGHG� LQ� WKH� GHILQLWLRQ� RI� WKH� IDFWRULDO� D[HV�� ,Q� WKH� KLHUDUFKLFDO� FOXVWHULQJ�� RQO\� WKRVHYDULDEOHV� WKDW� ZHUH� VLJQLILFDQWO\� UHODWHG� �F��WHVW�� S������� WR� HDFK� JURXS� ZHUH� UHWDLQHG� WRGHVFULEH�WKH�FOXVWHUV�
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7DEOH���� 'HILQLWLRQ�RI�H[SODQDWRU\�YDULDEOHV�LQFOXGHG�LQ�DQDO\VLV�RI�WKH�RFFXUUHQFH�RI��UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�\HDU�RU�PRUH�DQG�SHUFHQWDJH�RI�IDUPV�IRU�HDFKOHYHO�RI�WKH�YDULDEOHV������SLJ�IDUPV��'HILQLWLRQ�RI�YDULDEOHV /HYHO 3HUFHQWDJH����
5HDULQJ�RI�FDWWOH�RQ�WKH�IDUP 1R<HV ��������)HQFH�DURXQG�WKH�IDUP\DUG�SHULPHWHU 1RQH)RU�VRPH�DUHDV�RQO\$OO�DURXQG�WKH�IDUP

������������6KDULQJ�RI�WKH�PDQXUH�VSUHDGHU�ZLWK�RWKHU�IDUPV 1R<HV��ZLWKRXW�FOHDQLQJ<HV��EXW�FOHDQLQJ�EHIRUH�XVH
������������6WRUDJH�RI�FDUFDVVHV�LQVLGH�WKH�IDUP\DUGSHULPHWHUD 1R<HV ��������9HWHULQDU\�DVVLVWDQFH )DUP�YHWHULQDULDQ&RQVXOWDQW�YHWHULQDULDQ%RWK
������������8VLQJ�D�TXDUDQWLQH�IRU�WKH�LQWURGXFHG�SLJV 1R\HV ��������3LJV�DUH�VROG�WR�RWKHU�IDUPV�RU�IDWWHQHG�LQ�RWKHUIDUPV 1R<HV ��������$YHUDJH�QXPEHU�RI�DQLPDO�WUDQVSRUW�YHKLFOHVHQWHULQJ�WKH�IDUPD d ��SHU�PRQWK!���SHU�PRQWK ��������$YHUDJH�QXPEHU�RI�IHHG�YHKLFOHV�HQWHULQJ�WKHIDUPD d ��SHU�PRQWK!���SHU�PRQWK ��������1XPEHU�RI�YHWHULQDULDQ�RU�WHFKQLFLDQ�YHKLFOHVHQWHULQJ�WKH�IDUPD d ��HYHU\���PRQWKV!���HYHU\���PRQWKV ��������1XPEHU�RI�GHDOHU�YHKLFOHV�HQWHULQJ�WKH�IDUPD 1RQH��SHU�PRQWK�DW�OHDVW ��������

1XPEHU�RI�H[WHUQDO�PDQXUH�YHKLFOHV�HQWHULQJ�WKHIDUPD ����HYHU\���PRQWKVt ��HYHU\���PRQWKV ��������
7KH�PLON�WUXFN�FRPHV�LQWR�WKH�IDUP 1R\HV ��������1XPEHU�RI�UHQGHULQJ�SODQW�ORUULHV�HQWHULQJ�WKHIDUPD d ���SHU�\HDU!����SHU�\HDU ��������8VH�RI�D�YHKLFOH�VKDUHG�ZLWK�RWKHU�IDUPV�IRUDQLPDO�WUDQVSRUW 1R<HV ��������3UHVHQFH�RI�D�ORDGLQJ�DUHD�IRU�SLJV 1R<HV��EXW�QHYHU�FOHDQHG<HV��FOHDQHG�DIWHU�HDFKRSHUDWLRQ

������������
D��9DULDEOH�UHWDLQHG�DW�VFUHHQLQJ�VWHS�WR�EH�RIIHUHG�WR�ORJLVWLF�PRGHO��3������
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7DEOH����� �FRQWLQXHG�'HILQLWLRQ�RI�YDULDEOHV /HYHO 3HUFHQWDJH����1XPEHU�RI�VWRFN�SHUVRQV�RQ�WKH�IDUP ��PRUH�WKDQ���
������������(PSOR\HHV��SDUW�WLPH�VKDUHG�ZLWK�RWKHU�SLJIDUPV 1R<HV ��������)UHTXHQF\�RI�FRYHUDOOV�ODXQGU\ ��RQFH�D�ZHHNRQFH�D�ZHHN!�RQFH�D�ZHHN
������������(PSOR\HHV�IURP�IHHG�FRPSDQLHV�DUH�DOORZHG�WRHQWHU�WKH�IDFLOLWLHVD 1R<HV ��������+DXOLHUV�DUH�DOORZHG�WR�HQWHU�WKH�IDFLOLWLHV 1R<HV ��������2WKHU�IDUPHUV�DUH�DOORZHG�WR�HQWHU�WKH�IDFLOLWLHVD 1R<HV ��������'LVLQIHFWLRQ�RI�WKH�ERRWV�RI�YLVLWRUV�EHIRUHHQWHULQJ�WKH�IDFLOLWLHV 1R<HV ��������6SHFLILF�FRYHUDOO�IRU�YLVLWRUV 1R<HV ��������9LVLWRUV�ZHDU�D�FDS�WR�HQWHU�WKH�IDFLOLWLHV 1R<HV ��������$FFHVV�LV�UHVWULFWHG�LI�YLVLWRUV�KDYH�EHHQ�LQFRQWDFW�ZLWK�RWKHU�SLJ�IDUPV�EHIRUH�YLVLWLQJ�WKHIDUP

1R<HV ��������
1XPEHU�RI�SLJ�IDUPV�ORFDWHG�LQ�D���NP�UDGLXVDURXQG�WKH�IDUP�XQGHU�VWXG\D d �!�� ��������1XPEHU�RI�IDWWHQLQJ�SODFHV�LQ�WKH�IDUP�XQGHUVWXG\D d ���@����±����@!����

������������1XPEHU�RI�EDWFKHV�RI�SLJV�LQWURGXFHG�SHU�\HDUD d �!�� ��������$UHDD 'HQVHO\�3RSXODWHG�3LJ�$UHD6SDUVHO\�3RSXODWHG�3LJ�$UHD ��������)DUP�V\VWHPD )DUURZ�WR�ILQLVK�XQLW)LQLVKLQJ�XQLW ��������D��9DULDEOH�UHWDLQHG�DW�VFUHHQLQJ�VWHS�WR�EH�RIIHUHG�WR�ORJLVWLF�PRGHO��3������
��������5LVN�IDFWRUV�IRU�WKH�RFFXUUHQFH�RI���RU�PRUH�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�SHU�\HDU��2XWFRPH�DQG�H[SODQDWRU\�YDULDEOHV7KH�XQLW�RI�REVHUYDWLRQ�ZDV� WKH� IDUP��$�FDVH�ZDV�GHILQHG� DV� D� IDUP� WKDW� H[SHULHQFHG���RUPRUH� UHVSLUDWRU\� GLVHDVH� RXWEUHDNV� GXULQJ� ������ )RU� SRVVLEOH� H[SODQDWRU\� YDULDEOHV� WKHQXPEHU�RI�FDWHJRULHV�SHU�YDULDEOH�ZDV�OLPLWHG�VXFK�WKDW�WKH�FDWHJRU\�IUHTXHQFLHV�ZHUH�!����7DEOH�������7KH�YDULDEOHV�XQGHU�VWXG\�ZHUH�VHOHFWHG�GXULQJ�D�SUHOLPLQDU\�VWHS�WR�UHGXFH�WKH
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FKDQFH� RI� REWDLQLQJ� UHVXOWV� DIIHFWHG� E\� PXOWLFROOLQHDULW\� ZLWKLQ� WKH� GDWDVHW� �'RKRR� HW� DO���������$OO�ELYDULDEOH�UHODWLRQVKLSV�EHWZHHQ�SRVVLEOH�H[SODQDWRU\�YDULDEOHV�ZHUH�FKHFNHG��F��WHVW��� )RU� WKRVH� UHODWLRQVKLSV� EHWZHHQ� YDULDEOHV� WKDW� H[KLELWHG� VWURQJ� VWUXFWXUDO� FROOLQHDULW\�3��������RQH�RI�WKH�WZR�YDULDEOHV�RI�LQWHUHVW��WKH�RQH�ZH�EHOLHYHG�WR�EH�PRVW�UHODWHG�WR�WKHRXWFRPH�YDULDEOH��ZDV�FKRVHQ���0RGHO/RJLVWLF� UHJUHVVLRQ� ZDV� XVHG� �SURF� /2*,67,&�� �6$6�� ������� DFFRUGLQJ� WR� WKH� PHWKRGGHVFULEHG� E\� +RVPHU� DQG� /HPHVKRZ� �������� ,Q� WKH� ILUVW� RI� WKH� WZR� VWHSV�� D� XQLYDULDEOHDQDO\VLV� UHODWHG� WKH� RXWFRPH�YDULDEOH� WR� HDFK� H[SODQDWRU\� YDULDEOH��2QO\� IDFWRUV� DVVRFLDWHGZLWK� WKH� RXWFRPH� �OLNHOLKRRG�UDWLR� F��WHVW�� 3������� ZHUH� XVHG� LQ� WKH� PXOWLYDULDWH� PRGHO�7DEOH�������7KH�VHFRQG�VWHS�LQYROYHG�D� ORJLVWLF�PXOWLSOH�UHJUHVVLRQ�PRGHO� WKDW� LQFOXGHG�DOOIDFWRUV�WKDW�SDVVHG�WKH�ILUVW�VFUHHQLQJ��7KH�FRQWULEXWLRQ�RI�HDFK�IDFWRU�WR�WKH�PRGHO�ZDV�WHVWHGXVLQJ�D�OLNHOLKRRG�UDWLR�FKL�VTXDUH�WHVW��0F&XOODJK�DQG�1HOGHU���������7KH�YDULDEOH�ZLWK�WKHKLJKHVW� 3�ZDV� UHPRYHG� DQG� WKH� ORJLVWLF� UHJUHVVLRQ�ZDV� UHUXQ�� 7KLV� SURFHVV�ZDV� FRQWLQXHGXQWLO�D�PRGHO�ZDV�REWDLQHG�ZLWK�DOO�IDFWRUV�VLJQLILFDQW�DW�3���������WDLOHG���7KH�YDULDEOHV�IDUPV\VWHP��)LQLVKLQJ���)DUURZ�WR�ILQLVK��DQG�JHRJUDSKLFDO�DUHD��'33$���633$��ZHUH�LQFOXGHG�LQWKH�PRGHO�LQ�RUGHU�WR�DGMXVW�WKH�HVWLPDWLRQ�RI�WKH�RGGV�UDWLRV�DFFRUGLQJ�WR�WKHVH�IDFWRUV��$OOSRVVLEOH�LQWHUDFWLRQV�EHWZHHQ�WKHVH�IRUFHG�YDULDEOHV�DQG�RWKHU�VLJQLILFDQW�IDFWRUV�ZHUH�WHVWHG�

������5HVXOWV
�������3URILOHV�RI�WKH�'33$�DQG�633$��)LJXUH�����2QH� KXQGUHG� DQG� WKLUW\� ILYH� IDUPV� ZHUH� LQFOXGHG� LQ� WKH� DQDO\VLV� DQG� ILYH� FOXVWHUV� ZHUHREWDLQHG�DFFRUGLQJ�WR�WKH�KLHUDUFKLFDO�FOXVWHULQJ��7KH�FXPXODWLYH�SHUFHQWDJH�RI�LQHUWLD�IRU�WKH�� ILUVW� GLPHQVLRQV� ZDV� ������� 7KH� '33$� ZDV� QRW� KRPRJHQRXV� ZLWK� UHJDUG� WR� IDUPFKDUDFWHULVWLFV��7KUHH�FOXVWHUV�ZHUH�UHODWHG�WR�WKLV�DUHD������RQH�JURXS�RI�VPDOO�ILQLVKLQJ�XQLWV>ERWWRP��OHIW�SDUW�RI�WKH�PDS@������RQH�JURXS�RI�ODUJHU�ILQLVKLQJ�XQLWV�>PLGGOH��ULJKW�SDUW�RI�WKHPDS@��DQG�����RQH�JURXS�RI�IDUURZ�WR�ILQLVK�XQLWV�>ERWWRP��ULJKW�SDUW�RI� WKH�PDS@��)LQLVKLQJXQLWV� DSSOLHG� IHZ� ELRVHFXULW\� PHDVXUHV� �QR� VSHFLILF� FRYHUDOOV�� QR� DFFHVV� UHVWULFWLRQ�� DQGLQWURGXFHG� D� ODUJH� QXPEHU� RI� SLJV� SHU� \HDU� EXW� LQ� IHZ� EDWFKHV�� 7KH� QXPEHU� RI� YHKLFOHVHQWHULQJ� WKH� IDUP� SHU� PRQWK� ZDV� PRGHUDWH� WR� KLJK� DQG� WKHVH� IDUPV� H[SHULHQFHG� IHZUHVSLUDWRU\�GLVHDVH�RXWEUHDNV�SHU�\HDU��d ��\HDU���,Q�FRQWUDVW��WKH�IDUURZ�WR�ILQLVK�IDUPV�WKDWZHUH�VXUURXQGHG�E\�DOO�WKH�SUHYLRXVO\�GHVFULEHG�ILQLVKLQJ�XQLWV�DSSOLHG�YHU\�SRRU�ELRVHFXULW\
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PHDVXUHV�DQG�KDG�D�KLJK�QXPEHU�RI�YHKLFOHV�HQWHULQJ�WKH�IDUP�SHU�PRQWK��7KH\�H[SHULHQFHGPRUH�WKDQ�WZR�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�SHU�\HDU�7KH�633$�ZDV�PDLQO\�GHVFULEHG�DV�D�ODUJH�FOXVWHU�RI�IDUURZ�WR�ILQLVK�IDUPV�>WRS��ULJKW�SDUW�RIWKH�PDS@� FKDUDFWHULVHG� E\� JRRG� ELRVHFXULW\�PHDVXUHV� DQG� D� ORZ� IUHTXHQWDWLRQ� E\� YHKLFOHV�7KHVH�IDUPV�GLG�QRW�H[SHULHQFH�DQ\�UHVSLUDWRU\�GLVHDVH�RXWEUHDN�GXULQJ� WKH�\HDU��)LQDOO\��DVPDOO�JURXS�RI����IDUPV�ZDV�DOVR�UHODWHG�WR�WKH�633$��7KLV�ZDV�UHSUHVHQWHG�E\�YHU\�VPDOO�LVRODWHG�DQG�PDUJLQDO�XQLWV�ZKHUH�QR�ELRVHFXULW\�PHDVXUH�ZDV�DSSOLHG�
��������5LVN�IDFWRUV�IRU�WKH�RFFXUUHQFH�RI���RU�PRUH�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�SHU�\HDU7ZHQW\�IRXU� �������� RI� WKH� ���� IDUPV� XQGHU� VWXG\� H[SHULHQFHG� WZR� RU� PRUH� UHVSLUDWRU\GLVHDVH�RXWEUHDNV�LQ�������+DYLQJ�PRUH�WKDQ�IRXU�SLJ�IDUPV�ZLWKLQ�D���NP�UDGLXV��25 �����PRUH�WKDQ����LQFRPLQJ�UHQGHULQJ�WUXFNV�SHU�\HDU��25 ������DQG�VWRUDJH�RI� WKH�FDUFDVVHV�RIGHDG� DQLPDOV� ZLWKLQ� WKH� IDUP\DUG� SHULPHWHU� �25 ����� LQFUHDVHG� WKH� ULVN� RI� RFFXUUHQFH� RIPRUH�WKDQ�WZR�UHVSLUDWRU\�GLVHDVH�RXWEUHDNV�SHU�\HDU�LQ�WKH�IDUP��7KLV�ULVN�ZDV�DOVR�LQFUHDVHGZKHQ� WKHUH� ZHUH� PRUH� WKDQ� WZR� DQLPDO� WUDQVSRUW� ORUULHV� HQWHULQJ� WKH� IDUP� SHU� PRQWK�25 �����DQG�PRUH�WKDQ�RQH�YHWHULQDULDQ¶V�RU�WHFKQLFLDQ¶V�YHKLFOH�FRPLQJ�LQ�HYHU\���PRQWKV�25 ������+RVPHU�DQG�/HPHVKRZ¶V�JRRGQHVV�RI�ILW�VWDWLVWLF�LQGLFDWHG�D�JRRG�FRUUHODWLRQ�RIWKH� SUHGLFWLYH� YDOXHV� ZLWK� WKH� REVHUYDWLRQV� �S ������� ,QWHUDFWLRQV� EHWZHHQ� WKH� IRUFHGYDULDEOHV��IDUP�V\VWHP�DQG�JHRJUDSKLFDO�DUHD��DQG�WKH�RWKHU�YDULDEOHV�LQFOXGHG�LQ�WKH�PRGHOZHUH�QRW�VLJQLILFDQW�
������'LVFXVVLRQ
7KH�UDQGRP�VHOHFWLRQ�RI�WKH�IDUPV�OHG�WR�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�IDUPV�ZLWKLQ�HDFK�DUHD�DQGPDGH� GHVFULSWLRQ� RI� WKH� IHDWXUHV� RI� HDFK� DUHD� SRVVLEOH�� 7KH� SURSRUWLRQ� RI� UHIXVDOV� DQG� WKHLUUHDVRQV�GLG�QRW�GLIIHU�EHWZHHQ�WKH� WZR�DUHDV�VR� WKDW�FRPSDULVRQ�ZDV�SRVVLEOH��+RZHYHU�� WKH��DUHDV�ZHUH�QRW�UDQGRPO\�FKRVHQ�ZLWKLQ�WKH�GHQVHO\�DQG�VSDUVHO\�SRSXODWHG�DUHDV�RI�%ULWWDQ\�EXWZHUH�VHOHFWHG�DFFRUGLQJ�WR�FRQYHQLHQFH�FULWHULD��7KHUHIRUH��WKH�UHVXOWV�VKRXOG�QRW�EH�JHQHUDOLVHGWR�'33$V� DQG� 633$V� LQ� )UDQFH��2WKHU� DUHDV�PLJKW� KDYH� EHHQ� VHOHFWHG� DV� WKH�'33$� EXW�ZHSUHIHUUHG�WR�FKRRVH�RQH�ZLWK�D�PHDQ�SLJ�GHQVLW\�ZLWKLQ�WKH�FDQWRQV�H[FHHGLQJ�����SLJV�NP��7KH�SLJ�IDUPV�ORFDWHG�LQ�WKH�'33$�DQG�633$�GLG�QRW�KDYH�WKH�VDPH�SURILOH��)DUPV�ORFDWHG�LQWKH� '33$� ZHUH� PDLQO\� ILQLVKLQJ� XQLWV�� ZKHUH� SLJ� SURGXFWLRQ� ZDV� RIWHQ� D� VXSSOHPHQWDU\DFWLYLW\�WR�GDLU\�FDWWOH��)DUURZ�WR�ILQLVK�IDUPV�ORFDWHG�LQ�WKLV�DUHD�ZHUH�PDLQO\�VPDOO�XQLWVZLWK� D� UDWKHU� SRRU� KHDOWK� VWDWXV� DQG� ZKHUH� IHZ� ELRVHFXULW\� PHDVXUHV� ZHUH� DSSOLHG�� 7KLV
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VLWXDWLRQ�PLJKW�EH�H[SODLQHG�E\� WKH�SUHVHQFH�RI�PDQ\� ILQLVKLQJ�XQLWV� LQ� WKH�DUHD� OHDGLQJ� WRQXPHURXV�WUDQVIHUV�RI�SLJOHWV�WKDW�PD\�LQFUHDVH�WKH�ULVN�RI�YLUXV�VSUHDG�DV�ZDV�VXJJHVWHG�IRU$XMHV]N\¶V� GLVHDVH� �$XYLJQH� DQG�+HU\�� ������� ,Q� WKH� 633$�� ODUJHU� IDUURZ�WR�ILQLVK� IDUPVZHUH�HQFRXQWHUHG�ZLWK�EHWWHU�ELRVHFXULW\�PHDVXUHV��IHZHU�YHKLFOH�FRQWDFWV�DQG�ZLWK�D�EHWWHUKHDOWK� VWDWXV�� 7KHUHIRUH�� DQLPDO�PRYHPHQWV� LQ� DVVRFLDWLRQ�ZLWK� DQLPDO� GHQVLW\� VHHP� WR� EHLQYROYHG� LQ� WKH� LQFUHDVHG� ULVN� UHJDUGLQJ� WKH� RFFXUUHQFH� RI� UHVSLUDWRU\� GLVHDVH� RXWEUHDNV� LQILQLVKLQJ�SLJV�
7DEOH���� )LQDO�ORJLVWLF�UHJUHVVLRQ�PRGHO�IRU�ULVN�IDFWRUV�IRU�WKH�RFFXUUHQFH�RI���RU�PRUHUHVSLUDWRU\�GLVHDVH�RXWEUHDNV�SHU�\HDU������SLJ�IDUPV��3HUFHQWDJH�RI�IDUPV�ZLWK /RJLVWLF�PRGHOD9DULDEOHV t ��RXWEUHDNV�\HDU���� 25E �&,F ����)DUP�V\VWHP)DUURZ�WR�ILQLVK�XQLW)LQLVKLQJ�XQLW �������� ���� �����������$UHD'33$G633$H �������� ���� �����������1XPEHU�RI�SLJ�IDUPV�LQ�D���NP�UDGLXVDUHD�DURXQG�WKH�IDUPd �!�� �������� ���� �����������6WRUDJH�RI�FDUFDVVHV�LQVLGH�WKH�IDUP�\DUGSHULPHWHU1R<HV ������� ���� ������������1XPEHU�RI�DQLPDO�WUDQVSRUW�YHKLFOHVHQWHULQJ�WKH�IDUPd ����PRQWK!����PRQWK ������� ����I ������������1XPEHU�RI�UHQGHULQJ�SODQW�ORUULHVHQWHULQJ�WKH�IDUPd �����\HDU!�����\HDU �������� ����I �����������1XPEHU�RI�YHWHULQDULDQ�RU�WHFKQLFLDQYHKLFOHV�HQWHULQJ�WKH�IDUPd ��HYHU\���PRQWKV!���HYHU\���PRQWKV ������� ����I ������������D� ,QWHUFHSW �������PRGHO�GHYLDQFH ������GI ���S�������E� 2GGV�UDWLRVF� &RQILGHQFH�,QWHUYDO��S������G� 'HQVHO\�3RSXODWHG�3LJ�$UHDH� 6SDUVHO\�3RSXODWHG�3LJ�$UHDI� 6LJQLILFDQW�DOVR�DW�S�������OLNHOLKRRG�UDWLR�F��WHVW�
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,Q�RUGHU�WR�GHWHUPLQH�WKH�SRWHQWLDO�ULVN�IDFWRUV�UHODWHG�WR�WKH�GLIIHUHQW�KHDOWK�VWDWXV�REVHUYHGRQ�IDUPV�ORFDWHG�LQ�WKH�'33$�DQG�WKH�633$�ZH�GHFLGHG�WR�XVH�DV�DQ�LQGLFDWRU�WKH�QXPEHU�RIUHVSLUDWRU\�GLVHDVH� RXWEUHDNV� WKDW� RFFXUUHG� RQ� WKH� IDUP�GXULQJ� ������2QO\� DFXWH� RXWEUHDNVZHUH� LQFOXGHG� DQG� WKH� H[WUHPH� VLWXDWLRQV� GHILQHG� DV� WKRVH� IDUPV� LQ� ZKLFK� WZR� RU� PRUHUHVSLUDWRU\�GLVHDVH�RXWEUHDNV�RFFXUUHG�ZLWKLQ�D�\HDU��7KHVH�ZHUH�WKHQ�FRPSDUHG�ZLWK� WKRVHZLWK�RQH�RU�QR�RXWEUHDN��7KH�GLDJQRVLV�ZDV�PDGH�E\�WKH�IDUPHU�DQG�SRVVLEOH�UHFDOO�ELDV�PD\KDYH�RFFXUUHG��+RZHYHU� IDUPHUV� DUH� YHU\� XVHG� WR� WKHVH� NLQGV� RI� UHVSLUDWRU\� RXWEUHDNV� DQGERWK�WKH�IDFW�WKDW�WKH�GDWD�ZDV�FROOHFWHG�E\�RQO\�RQH�SHUVRQ�DQG�WKDW�RQO\�H[WUHPH�VLWXDWLRQVZHUH� UHWDLQHG� �t�� UHVSLUDWRU\� RXWEUHDNV�\HDU�� PD\� KDYH� FRQWULEXWHG� WR� D� KLJK� GHJUHH� RIDFFXUDF\�RI�WKH�UHVXOW��:H�RQO\�WRRN�FROOHFWLYH�RXWEUHDNV�LQWR�DFFRXQW��/RHIIHQ�HW�DO��������ZKHUH�PRUH� WKDQ�����RI� WKH�SLJV�ZLWKLQ�D�EDWFK�ZHUH�DIIHFWHG�� WKXV� LW�ZDV�QRW�SRVVLEOH� WRFRQIXVH� WKHP�ZLWK�RWKHU�HQ]RRWLF�UHVSLUDWRU\�GLVHDVHV��7KH�RXWFRPH�ZDV� WKXV�GHILQHG�XSRQFOLQLFDO� HYDOXDWLRQ� DQG� WKH� IDUP� FRXOG� EH� LQIHFWHG� E\� VHYHUDO� YLUDO� RU� EDFWHULDO� DJHQWVUHVSRQVLEOH� IRU� WKLV� V\QGURPH�� $XMHV]N\¶V� GLVHDVH� YLUXV�� ,QIOXHQ]D� YLUXVHV�� 3RUFLQH5HVSLUDWRU\�&RURQDYLUXV��3556�YLUXV�RU�WR�D�FHUWDLQ�H[WHQW�$FWLQREDFLOOXV�SOHXURSQHXPRQLDH�(OEHUV� HW� DO��� ������� +RZHYHU�� LQ� IDUPV� ZLWK� SRRU� K\JLHQH� FRQGLWLRQV�� LQIHFWLRQ� E\� WKHVHDJHQWV� LV� RIWHQ� FRPSOLFDWHG� E\� VHFRQGDU\� LQIHFWLRQV� OHDGLQJ� WR� DQ� DFXWH� FOLQLFDO� RXWEUHDN�SULPDU\�LQIHFWLRQ�E\�$XMHV]N\¶V�GLVHDVH�YLUXV�IROORZHG�E\�$FWLQREDFLOOXV�SOHXURSQHXPRQLDH�RU� VXFFHVVLYH� FRQWDPLQDWLRQ� E\� ,QIOXHQ]D� YLUXVHV� �(OEHUV� HW� DO��� ������� 7KH� VHYHULW\� RI� WKHFOLQLFDO� H[SUHVVLRQ� RI� WKLV� V\QGURPH� LQ� ILQLVKLQJ� SLJV� LV� WKHUHIRUH� KLJKO\� UHODWHG� WR� DGLVWXUEDQFH�RI�WKH�IDUP�HFRV\VWHP�DV�LQIOXHQFHG�E\�HQYLURQPHQWDO�IDFWRUV�3LJ�KHUG�GHQVLW\��PHDVXUHG� LQ�RXU� VWXG\�DV� WKH�QXPEHU�RI�SLJ� IDUPV� ORFDWHG�ZLWKLQ�D���NPUDGLXV�� LQFUHDVHG� WKH� ULVN� RI� KDYLQJ�PRUH� WKDQ� WZR� UHVSLUDWRU\� GLVHDVH� RXWEUHDNV� SHU� \HDU�7KLV�REVHUYDWLRQ�LV�LQ�DFFRUGDQFH�ZLWK�SUHYLRXV�ILQGLQJV�FRQFHUQLQJ�,QIOXHQ]D�YLUXVHV�LQ�SLJSURGXFWLRQ� �(OEHUV� HW� DO��� ������(ZDOG� HW� DO��� ������0DGHF� HW� DO��� ������0DHV� HW� DO��� �����0DHV�HW�DO����������7KHUHIRUH��D�UHVSLUDWRU\�GLVHDVH�RXWEUHDN�PD\�EH�H[SODLQHG�E\�VXFFHVVLYHRU� VLPXOWDQHRXV� FRQWDPLQDWLRQ� E\� YLUDO� DJHQWV� �9DQ� 5HHWK� HW� DO��� ������ UHODWHG� WRFRQVLGHUDEOH�PLFURELDO� H[SRVXUH� GXH� WR� WKH� KLJK� SLJ� KHUG� GHQVLW\��7KH� LQFUHDVHG�PLFURELDOORDG�RQ�D�JLYHQ�IDUP�PD\�DOVR�UHVXOW�IURP�VSHFLILF�FKDUDFWHULVWLFV�RI�WKDW�IDUP�WKDW�ZHUH�QRWLQYHVWLJDWHG�LQ�WKLV�VWXG\��SRRU�YHQWLODWLRQ��LPPXQH�VWDWXV�RI�WKH�SLJV«���+RZHYHU��ZLWKLQ�DGHQVHO\� SRSXODWHG� DUHD� VRPH� IDFWRUV� UHODWHG� WR� WKH� ODUJH� QXPEHU� RI� SLJ� IDUPV� LQ� WKHQHLJKERXUKRRG�PLJKW�EH�FRQGXFLYH�WR�VXFFHVVLYH�FRQWDPLQDWLRQ�E\�YLUDO�DJHQWV�LI�ELRVHFXULW\PHDVXUHV� DUH� QRW� FRUUHFWO\� LPSOHPHQWHG� DW� WKH� IDUP� OHYHO�� 2XU� UHVXOWV� VKRZ� WKDW� D� KLJKQXPEHU�RI�FRQWDFWV�ZLWK�YHKLFOHV��DQLPDO�WUDQVSRUW��YHWHULQDU\�DQG�WHFKQLFLDQ��ZHUH�D�IHDWXUHRI�IDUURZ�WR�ILQLVK�IDUPV�ORFDWHG�LQ�'33$��SRRU�ELRVHFXULW\�PHDVXUHV���(OEHUV�HW�DO��������VKRZHG�WKDW�D�KLJK�QXPEHU�RI�FRQWDFWV��YLVLWRUV�DVVRFLDWHG�ZLWK�SLJ�SURGXFWLRQ��ZDV� OLQNHGZLWK� D� KLJK� UDWH� RI� +�1�� ,QIOXHQ]D� YLUXV� VHURSRVLWLYLW\� LQ� WKHVH� IDUPV�� 1HYHUWKHOHVV� DQG
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EHFDXVH�RI�WKH�FURVV�VHFWLRQDO�GHVLJQ�RI�WKH�VXUYH\��ZH�VKRXOG�EH�FDUHIXO�LQ�LQWHUSUHWLQJ�WKHVHUHVXOWV�DV�SLJ�KHUG�GHQVLW\�LV�FHUWDLQO\�WKH�PDMRU�IDFWRU�LPSO\LQJ�WKH�RWKHU�FRQGLWLRQV�VXFK�DVWKH� QXPEHU� RI� YLVLWV� E\� WKH� YHWHULQDULDQ�� WHFKQLFLDQ� RU� UHQGHULQJ� ORUULHV�� 0RUHRYHU�� WKHVHYLVLWRUV�FRPH�PRUH�RIWHQ�LI�WKH�KHDOWK�VLWXDWLRQ�RQ�WKH�IDUP�LV�SRRU�DQG�WKHVH�IDFWRUV�PD\�EHLQWHUSUHWHG�DV�FRQVHTXHQFHV�UDWKHU�WKDQ�FDXVHV��3LJ�KHUG�GHQVLW\�LV�WKHUHIRUH�WKH�PDLQ�IDFWRUDQG�DIIHFWV�WKH�IHDWXUHV�RI�WKH�DUHD��KLJK�QXPEHU�RI�VPDOO�ILQLVKLQJ�XQLWV��SLJOHW�PRYHPHQWV�%LRVHFXULW\�PHDVXUHV� DW� IDUP� OHYHO� VKRXOG� EH� LPSOHPHQWHG� WR� LPSURYH� WKH� VDIHW\� RI� IDUPVORFDWHG� LQ� WKHVH� GHQVHO\� SRSXODWHG� DUHDV�� UHVWULFWHG� DFFHVV� IRU� YHKLFOHV�� ORFDWLRQ� RI� ORDGLQJDUHDV�RXWVLGH�WKH�IDUP\DUG�SHULPHWHU��DQG�EDVLF�K\JLHQH�PHDVXUHV�IRU�YLVLWRUV�EHIRUH�HQWHULQJWKH� IDFLOLWLHV�� $OWKRXJK� WKH� SLJV� UHPDLQ� WKH� PDLQ� IDFWRUV� IRU� YLUXV� LQWURGXFWLRQ� YLDDV\PSWRPDWLF�FDUULDJH�RI�LQIHFWLRXV�DJHQWV��WKH�DERYH�UHFRPPHQGDWLRQV�PLJKW�KHOS�WR�UHGXFHWKH�ULVN�RI�LQWURGXFWLRQ�RI�YLUDO�DQG�EDFWHULDO�DJHQWV�LQWR�SLJ�IDUPV�
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��

(OEHUV� $�5�:��� 7LHOHQ� 0�-�0��� &URPZLMN� :�$�-��� +XQQHPDQ� :�$��� ������ 6HUR�HSLGHPLRORJLFDOVFUHHQLQJ�RI�SLJ�VHUD�FROOHFWHG�DW�WKH�VODXJKWHU�KRXVH�WR�GHWHFW�KHUGV�LQIHFWHG�ZLWK�$XMHV]N\
V�GLVHDVHYLUXV��SRUFLQH�LQIOXHQ]D�YLUXV�DQG�$FWLQREDFLOOXV �+DHPRSKLOXV��SOHXURSQHXPRQLDH LQ�WKH�IUDPHZRUNRI�DQ�,QWHJUDWHG�4XDOLW\�&RQWURO��,4&��V\VWHP��9HW��4���������������(OEHUV�$�5�:���7LHOHQ�0�-�0���&URPZLMN�:�$�-���+XQQHPDQ�:�$���������9DULDWLRQ�LQ�VHURSRVLWLYLW\IRU�VRPH�UHVSLUDWRU\�GLVHDVH�DJHQWV�LQ�ILQLVKLQJ�SLJV��(SLGHPLRORJLFDO�VWXGLHV�RQ�VRPH�KHDOWK�SDUDPHWHUVDQG�IDUP�DQG�PDQDJHPHQW�FRQGLWLRQV�LQ�WKH�KHUGV��9HW��4������������(ZDOG� &��� +HHU� $��� +DYHQLWK� 8��� ������ )DFWRUV� DVVRFLDWHG� ZLWK� LQIOXHQ]D�$� YLUXV� LQIHFWLRQV� LQILQLVKLQJ�SLJV��%HUO��0�QFK��7LHUlU]WO��:RFKHQVFKU����������������*UHHQDFUH�0�-���������&RUUHVSRQGHQFH�DQDO\VLV�LQ�SUDFWLFH��$FDGHPLF�3UHVV��1HZ�<RUN�+HOLH]�6���$XYLJQH�9���)RXULFKRQ�&���������5LVN�IDFWRUV�RI�QHZ�$XMHV]N\
V�GLVHDVH�YLUXV�LQIHFWLRQ�LQVZLQH�KHUGV�LQ�%ULWWDQ\��)UDQFH���9HW��5HV���������������+RVPHU�'�:���/HPHVKRZ�6���������$SSOLHG�/RJLVWLF�5HJUHVVLRQ��:LOH\��1HZ�<RUN�/HEDUW� /��� 0RULQHDX� $��� :DUZLFN� .�:��� ������ 0XOWLYDULDWH� GHVFULSWLYH� VWDWLVWLFDO� DQDO\VLV�&RUUHVSRQGHQFH�DQDO\VLV�DQG�UHODWHG�WHFKQLTXHV�IRU�ODUJH�PDWULFHV��:LOH\��1HZ�<RUN�/HRQWLGHV� /��� (ZDOG� &��� 0RUWHQVHQ� 6��� :LOOHEHUJ� 3��� ������ )DFWRUV� DVVRFLDWHG� ZLWK� FLUFXODWLRQ� RI$XMHV]N\
V�GLVHDVH�YLUXV� LQ� IDWWHQLQJ�KHUGV�RI� DQ� LQWHQVLYHO\�YDFFLQDWHG� DUHD�RI�1RUWKHUQ�*HUPDQ\�3UHY��9HW��0HG�������������/RHIIHQ� :�/��� .DPS� (�0��� 6WRFNKRIH�=XUZLHGHQ� 1��� $�3�� 9�1��� %RQJHUV� -�+��� +XQQHPDQ� :�$��(OEHUV� $�5�:��� %DDUV� -��� 7�� 1��� )�*�� 9�=��� ������ 6XUYH\� RI� LQIHFWLRXV� DJHQWV� LQYROYHG� LQ� DFXWHUHVSLUDWRU\�GLVHDVH�LQ�ILQLVKLQJ�SLJV��9HW��5HF����������������0DGHF� )��� *RXUUHDX� -�0��� .DLVHU� &��� ������ (SLGHPLRORJ\� RI� VZLQH� LQIOXHQ]D� +�1� RQ� IDUPV� LQ%ULWWDQ\��ILUVW�RXWEUHDN��������(SLGHPLRORJLH�HW�6DQWp�$QLPDOH�����������0DGHF� )��� .DLVHU� &���*RXUUHDX� -�0���9DQQLHU� 3��� .RELVFK�0��� 3DERHXI� )��� $\PDUG�0��� ������ /HVV\QGURPHV� JULSSDX[� HQ� SRUFKHULH� G
HQJUDLVVHPHQW� �� HQTXrWH� �IODVK�� UpDOLVpH� HQ� %UHWDJQH��/H� 3RLQW9pWpULQDLUH��������������0DGHF�)���)RXULFKRQ�&���0RUYDQ�3���/DEEp�$���������(FRQRPLH�HW�VDQWp�HQ�SURGXFWLRQ�SRUFLQH��,15$3URGXFWLRQV�$QLPDOHV�������������0DHV� '��� 'HOX\NHU� +��� 9HUGRQFN� 0��� &DVWU\FN� )��� 0LU\� &��� 9LUMHQV� %��� 'HNUXLI� $��� ������ 5LVNLQGLFDWRUV� IRU� WKH� VHURSUHYDOHQFH� RI� 0\FRSODVPD K\RSQHXPRQLDH�� SRUFLQH� LQIOXHQ]D� YLUXVHV� DQG$XMHV]N\
V�GLVHDVH�YLUXV�LQ�VODXJKWHU�SLJV�IURP�IDWWHQLQJ�SLJ�KHUGV��-��9HW��0HG��6HU��%��������������0DHV�'���'HOX\NHU�+���9HUGRQFN�0���&DVWU\FN�)���0LU\�&���9ULMHQV�%���'HNUXLI�$���������+HUG�IDFWRUVDVVRFLDWHG�ZLWK�WKH�VHURSUHYDOHQFHV�RI�IRXU�PDMRU�UHVSLUDWRU\�SDWKRJHQV�LQ�VODXJKWHU�SLJV�IURP�IDUURZ�WR�ILQLVK�SLJ�KHUGV��9HW��5HV���������������
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V�*XLGH��9HUVLRQ�����WK�HGQ��&DU\��1&��6$6�,QVWLWXWH�63$'�1��������63$'�1��YHUVLRQ��������HG��&,6,$�&(5(67$��0RQWUHXLO��)UDQFH�6WHJHPDQ� $��� (OEHUV� $��� 9DQ� 2LUVFKRW� -��� +XQQHPDQ� :��� .LPPDQ� 7��� 7LHOHQ� 0��� ������ $UHWURVSHFWLYH�VWXG\�LQWR�WKH�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�WKH�VHURSUHYDOHQFH�RI�SVHXGRUDELHV�YLUXV�LQIHFWHG�EUHHGLQJ�SLJV�LQ�YDFFLQDWHG�KHUGV�LQ�WKH�VRXWKHUQ�1HWKHUODQGV��3UHY��9HW��0HG���������������9DQ� 5HHWK� .��� 1DXZ\QFN� +��� 3HQVDHUW� 0��� ������ 'XDO� LQIHFWLRQV� RI� IHHGHU� SLJV� ZLWK� SRUFLQHUHSURGXFWLYH� DQG� UHVSLUDWRU\� V\QGURPH� YLUXV� IROORZHG� E\� SRUFLQH� UHVSLUDWRU\� FRURQDYLUXV� RU� VZLQHLQIOXHQ]D�YLUXV��D�FOLQLFDO�DQG�YLURORJLFDO�VWXG\��9HW��0LFURELRO���������������
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'LVHDVH� ULVN� IDFWRUV� LQ� UHODWLRQ� WR�PDQDJHPHQW� DQGFRQWDFW�SDWWHUQV�ZLWK�HPSKDVLV�RQ�$XMHV]N\�GLVHDVHLQ�SLJ�IDUPV�RI�D�GHQVHO\�SRSXODWHG�DUHD�
.��+X\VPDQV��-��+RR\EHUJKV��3��9\W��)��&DVWU\FN��*��9HUEHNH��0�'H�%HFNHU�DQG�5��*HHUV
$EVWUDFW7KH�PDLQ�REMHFWLYH�ZDV�WR�TXDQWLI\�ULVN�IRU�FRQWUDFWLQJ�DQG�RU�VSUHDGLQJ�GLVHDVHV�LQ�UHODWLRQWR�FKDUDFWHULVWLFV�RI�PDQDJHPHQW�DQG�RU�FRQWDFW�SDWWHUQV�RI�SLJ�IDUPV�ZLWKLQ�GHQVHO\��'3/$�DQG�VSDUVHO\��63/$��SRSXODWHG�OLYHVWRFN�DUHDV��6XFK�LQIRUPDWLRQ�VKRXOG�DOORZ�FODVVLILFDWLRQRI� IDUPV� DFFRUGLQJ� WR� WKHLU� GLVHDVH� ULVN�� $'9� �$XMHV]N\�'LVHDVH� 9LUXV�� ZDV� FKRVHQ� DV� DUHIHUHQFH� EHFDXVH� RI� LWV� SUHYDOHQFH� RQ� SLJ� IDUPV� LQ�%HOJLXP��(YHQWXDOO\�� WKH� VHOHFWHG� ULVNIDFWRUV�KDYH� WR�EH� FRPSDUHG�ZLWK� WKRVH� LQIHUUHG� IRU� RWKHU� LPSRUWDQW� GLVHDVHV�� VXFK� DV�&6)�&ODVVLFDO� 6ZLQH� )HYHU�� DQG� )0'� �)RRW� DQG� 0RXWK� 'LVHDVH��� WR� GHILQH� VWUDWHJLHV� IRUSUHYHQWLRQ� DQG� HUDGLFDWLRQ��'DWD�ZDV� FROOHFWHG� LQ� WZR� SKDVHV�� ,Q� SKDVH� ,� D� FURVV�VHFWLRQDOVWXG\�ZDV�FDUULHG�RXW�RQ����PL[HG�SLJ�IDUPV�����'3/$�����63/$���ZKLFK�SDUWLFLSDWHG�LQ�WKH,4&��,QWHJUDO�4XDOLW\�&DUH��V\VWHP�RI�&29$9((��,Q�SKDVH�,,����IDUURZ�WR�ILQLVKLQJ�IDUPV����FDVHV�����FRQWUROV��ZHUH�VHOHFWHG�ZLWKLQ�D�'3/$�IRU�D�PDWFKHG�FDVH�FRQWURO�VWXG\�IURPWKH�GDWDEDVH�RI�WKH�$'9�VWDWXWH�SURJUDPPH�RI�WKH�$QLPDO�+HDOWK�&DUH�)ODQGHUV�,PSRUWDQW�ULVN�IDFWRUV�IRU�UHVSLUDWRU\�GLVHDVHV�DUH�D�KLJK�QXPEHU�RI�DQLPDOV�SHU�XQLW�RI�DUHD��DKLJK�QXPEHU�RI�FRQWDFWV�DQG�RXWGRRU�IDFLOLWLHV��3URWHFWLRQ�IDFWRUV�DUH�JRRG�K\JLHQH��XVH�RI�DVSDUH� FRPSDUWPHQW�� DSSOLFDWLRQ� RI� TXDUDQWLQH� DQG� D� QXPEHU� RI� HPSW\� GD\V� EHIRUHUHSRSXODWLQJ� WKH� SHQV� �3KDVH� ,�� ,,��� 0DQDJHPHQW� IDFWRUV� FDQ� LQIOXHQFH� WKH� VWDWXV� IRU$XMHV]N\� GLVHDVH� RQ� WKH� SLJ� IDUP� �3KDVH� ,,���$SSOLFDWLRQ� RI� DOO�LQ�DOO�RXW� SURFHHGXUHV�� QRWUHJURXSLQJ�DQLPDOV��QRW�SODFLQJ�WRR�PDQ\�DQLPDOV�LQ�RQH�FRPSDUWPHQW�DQG�D�JRRG�SXUFKDVHVWUDWHJ\�FDQ�UHGXFH�WKH�FKDQFHV�RI�D�IDUP�WHVWLQJ�SRVLWLYH�IRU�D�GLVHDVH�OLNH�$'9��+HQFH��WKHGLVHDVH�ULVN�ZLWKLQ�D�'3/$�FDQ�EH�UHGXFHG�E\�DGHTXDWH�IDUP�PDQDJHPHQW�SURFHGXUHV�
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KHDOWK�DQG�ZHOIDUH�LVVXHV��(SLGHPLF�GLVHDVHV�DUH�OLQNHG�WR�LQGXVWULDO�OLYHVWRFN�IDUPLQJ�ZLWKLQGHQVHO\� SRSXODWHG� DUHDV��+RZHYHU� EHVLGHV� VSRUDGLF� EXW� YHU\� H[SHQVLYH� HSLGHPLFV�� D� ORW� RIDGGLWLRQDO�GDLO\�SUREOHPV�DUH� LPSDLULQJ�D� IDUPHU¶V� LQFRPH��ZKLFK�PD\�UHGXFH� WKH�SRWHQWLDOIRU�RWKHU�LQYHVWPHQWV��0RUHRYHU��WKH�KHDOWK�VWDWXV�RI�IDUPV�KDV�WR�EH�KDUPRQLVHG�ZLWKLQ�WKH(8�LQ�RUGHU�WR�SURPRWH�WKH�IUHH�WUDGH�FRQFHSW�$� FDVH� VWXG\� RI� IDUPV� ZLWK� IDWWHQLQJ� SLJV� VKRZHG� WKDW� ���� EHWZHHQ� IDUP� YDULDELOLW\� RIPDQDJHPHQW� H[SODLQHG�DERXW�����RI� WKH�REVHUYHG�YDULDELOLW\�ZLWKLQ� IHHG� FRQYHUVLRQ� UDWLR�PRUWDOLW\� DQG� FDUFDVV� TXDOLW\�� ����� WKHUH� ZDV� D� KLJK� FRUUHODWLRQ� EHWZHHQ� FRXJKLQJ� DQG� DLUWHPSHUDWXUH�YDULDELOLW\�DV�ZHOO�DV�WKH�WKHUPDO�LQVXODWLRQ�FKDUDFWHULVWLFV�RI�WKH�SLJ�KRXVH������WKHUH� ZDV� D� KLJK� FRQFHQWUDWLRQ� RI� FRXJKLQJ� ZLWK� WKH� PL[LQJ� RI� SLJOHWV� RULJLQDWLQJ� IURPGLIIHUHQW� IDUPV�� GXUDWLRQ� RI� WUDQVSRUW� DQG� WKH� HIIHFWLYH� WHPSHUDWXUH� FRQGLWLRQV� RI� WKH� SLJKRXVH� DW� DUULYDO� �*HHUV� HW� DO��� ������������ 6HURORJLFDO� SUHYDOHQFH� RI� IRXU� LQIHFWLRXVUHVSLUDWRU\�GLVHDVHV�ZDV�IRXQG�WR�EH�UHODWHG�WR�VHDVRQ��KHUG�VL]H�DQG�SLJ�GHQVLW\��0DHV�HW�DO���������,Q�WKH�PHDQ�WLPH�D�ORW�RI�HYLGHQFH�EHFDPH�DYDLODEOH�WR�VXSSRUW�WKH�LPSOHPHQWDWLRQ�RIHIILFLHQW�VXUYHLOODQFH�RI�WKH�SURGXFWLRQ�FKDLQ�LQ�RUGHU�WR�UHGXFH�GDLO\�SURGXFWLRQ�FRVWV�7KHUHIRUH�� V\VWHPV� IRU� WKH� SUHYHQWLRQ� DQG� VXUYHLOODQFH� RI� GLVHDVHV� VKRXOG� DOORZ� IRU� WKHLPSURYHPHQW�RI�GDLO\�PDQDJHPHQW�DW�IDUP�DQG�VHFWRU�OHYHO��7KH�DGYDQWDJHV�DUH������WKH�SD\�EDFN� RI� LQYHVWPHQWV� WKURXJK� WKH� LQFUHDVH� LQ� GDLO\� SURILWV�� ���� WKH� XVH� RI� WKH� V\VWHP� ZLOOEHFRPH� URXWLQH�� PDNLQJ� LW� LPPHGLDWHO\� DYDLODEOH� DQG� RSHUDWLRQDO� LQ� FDVH� RI� D� GLVHDVHRXWEUHDN�� 0RUHRYHU�� WKH� V\VWHP� FDQ� EH� XVHG� DV� DQ� HDUO\� ZDUQLQJ� GHYLFH� IRU� DOO� NLQGV� RIVDQLWDU\� SUREOHPV� DW� IDUP� DQG� VHFWRU� OHYHO�� ,QGHHG�� IDUPV� DW� ULVN� ZLOO� EH� SLQSRLQWHG� YHU\TXLFNO\� DV� ZHOO� DV� IDUP�UHODWHG� DFWLYLWLHV� ZLWKLQ� WKH� VHFWRU� �LQVHPLQDWLRQ� FHQWUHV�PDUNHW�FROOHFWLRQ� FHQWUHV�� IHHG� VXSSOLHUV�� VODXJKWHUKRXVHV�� YHWHULQDU\� VHUYLFHV�� HWF���SUHYHQWLQJ� IXUWKHU� VSUHDG� RI� WKH� SUREOHP�� ([DPSOHV� DW� VHFWRU� OHYHO� DUH� DOUHDG\� ZRUNLQJ�%ODKD�� ������ +XUQLN� HW� DO��� ������ 9HOOHQJD�� ������� 6RPH� FRXQWULHV� �%HOJLXP�� 'HQPDUN�*HUPDQ\�� 7KH�1HWKHUODQGV�� DUH� VWLPXODWLQJ� WKH� LPSOHPHQWDWLRQ� RI� WKH� LGHD� RQ� D� YROXQWDU\EDVLV� RU� E\� FODVVLI\LQJ� IDUPV� DFFRUGLQJ� WR� K\JLHQLF� VWDQGDUGV� IRU� FKDUJLQJ� VDQLWDU\� IHHV�0DF'DQLHO�DQG�6KHULGDQ��������+RZHYHU�� WKH� UDQNLQJ�RI� IDUPV� LV� RQO\� SRVVLEOH�ZKHQ� DQ�REMHFWLYH�PHDVXUH� LV� DYDLODEOH��$6DQLWDU\�5LVN�,QGH[��65,��PD\�EH�D�SRVVLEOH�VROXWLRQ��7KLV�FDQ�EH�GHILQHG�DV�D�TXDQWLWDWLYHPHDVXUH� IRU� WKH� KHDOWK� VWDWXV� RI� D� IDUP� DQG�RU� WKH� ULVN� IRU� FRQWUDFWLQJ� DQG�RU� RI� VSUHDGLQJDQLPDO�GLVHDVHV�RQ�D�IDUP��7KH�65,�LV�D�IXQFWLRQ�RI�D�JURXS�RI�SDUDPHWHUV�WR�EH�PHDVXUHG�LQWKH�ILHOG�DQG�WKHLU�ZHLJKW�IDFWRUV��,W�FDQ�EH�XVHG�WR�RSWLPLVH�WKH�KHDOWK�VWDWXV�RI�LQGLYLGXDO�SLJIDUPV�DV�ZHOO�DV�WKH�KHDOWK�VWDWXV�RI�WKH�SLJ�SURGXFWLRQ�RI�D�ZKROH�FRXQWU\��7KLV�65,�VWUDWHJ\VKRXOG� DOORZ� IRU� D� IDVWHU� DQG� PRUH� VSHFLILF� VFUHHQLQJ� DQG� GHWHFWLRQ� RI� RXWEUHDNV� RIFRQWDJLRXV�DQG�QRWLILDEOH�GLVHDVHV��EXW�LW�FDQ�DOVR�EH�XVHG�E\�WKH�SOD\HUV�RQ�WKH�PDUNHW�IRU�WKH
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VHOHFWLRQ�RI�ORZHU�ULVN�FRQWDFWV��,Q�RUGHU�WR�YDOLGDWH�WKH�65,�FRQFHSW��WKH�IROORZLQJ�REMHFWLYHVZHUH�GHILQHG�� &RPSDULVRQ�RI�SURGXFWLRQ�DQG�VDQLWDU\�SDUDPHWHUV�RI�SLJ�IDUPV�GLIIHUHQW�ZLWK�UHVSHFW�WRPDQDJHPHQW� VWUDWHJ\� �EUHHGHUV�� IDWWHQHUV��EUHHGLQJ�IDWWHQLQJ��PXOWL�VLWH��ZLWKLQ� VSDUVHO\RU�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��LQWHJUDWLRQ�ZLWK�7DVN�%���� ,QIHUULQJ� UHODWLRQVKLSV� EHWZHHQ�K\JLHQLF� VWDWXV�� XVH� RI� GUXJV� RQ� WKH� IDUP� DQG� VODXJKWHUOLQH� REVHUYDWLRQV� LQ� RUGHU� WR� SURYLGH� JXLGHOLQHV� IRU� GHYHORSLQJ� DQ� DQLPDO� KHDOWK� DQGFRQVXPHU�VDIHW\�FRQWURO�VWUDWHJ\��7DVN�%���� ,GHQWLILFDWLRQ� RI� TXDQWLWDWLYH� ULVN� PDUNHUV� DV� LQSXWV� IRU� HSLGHPLRORJLFDO� VLPXODWLRQPRGHOV�WR�EH�XVHG�LQ�VXUYHLOODQFH�DQG�FRQWURO�WRROV��LQWHJUDWLRQ�ZLWK�7DVN�'��7KH�EDVLF�UHVHDUFK�K\SRWKHVLV�WR�EH�WHVWHG�ZDV�WKDW�SLJ�IDUPV�ZLWK�D�JRRG�PDQDJHPHQW�KDYHOHVV� ULVN� RI� LQIHFWLRQV�ZKHWKHU� RU� QRW� ORFDWHG� LQ� D� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHD��ZKLFKLPSURYHV�WKH�KHDOWK�VWDWXV�RI�WKH�IDUP�

������0DWHULDOV�DQG�0HWKRGV
'DWD�DFTXLVLWLRQ�ZDV�EDVHG�RQ�WKH�SURWRFROV�XVHG�E\�'RQKDP���������(OEHUV���������)OHVMD�HWDO���������DQG�0DHV�HW�DO���������� *HQHUDO�LQIRUPDWLRQ�ZDV�FROOHFWHG�E\�DQ�LQWHUYLHZ�RQ�WKH�IDUP��DQG�LQFOXGHG�ILQGLQJ�RXWGHWDLOV� DERXW� WKH� IDUPHU� �DJH�� HGXFDWLRQ� OHYHO��� PDQDJHPHQW� �XVH� RI� 3&�� JHQHUDO� ZRUNSODQ�� DOO� LQ�DOO� RXW� SROLF\�� VDQLWDU\� VWUDWHJ\�� YHUPLQ� FRQWURO� SROLF\��� LPSOHPHQWDWLRQ� RIKHDOWK�SURJUDPPHV��DGPLQLVWUDWLYH�GLVFLSOLQH�� %DVHOLQH� SHUIRUPDQFH� LQIRUPDWLRQ� LQFOXGLQJ� QXPEHU� RI� SLJV� ZLWKLQ� HDFK� FDWHJRU\�EUHHGLQJ�VWUDWHJ\��QXPEHU�RI�ZHDQHG�SLJOHWV�SHU�VRZ�DQG�SHU�\HDU��SUH��DQG�SRVWZHDQLQJPRUWDOLW\��IHHG�FRQYHUVLRQ�UDWH��JURZWK�UDWH��FXOOLQJ�UDWH��K\JLHQLF�VWDWXV�RI�EXLOGLQJV�DQGHTXLSPHQW��YHWHULQDU\�FRVWV��VODXJKWHU�OLQH�LQIRUPDWLRQ�� 3K\VLFDO�FKDUDFWHULVWLFV�RI�WKH�SLJ�KRXVHV��HQJLQHHULQJ�RI�WKH�LQVLGH�FOLPDWH��IORRU�W\SH��IO\FRQWURO��IHHGLQJ�HTXLSPHQW��VWRFNLQJ�GHQVLW\��FOHDQLQJ�DQG�TXDUDQWLQH�IDFLOLWLHV��GHOLYHU\SHQV��VHSDUDWLRQ�EHWZHHQ�WKH�FOHDQ�DQG�GLUW\�IDUP�DUHD�� ,PSRUW�RI�SLJOHWV�RU�EUHHGLQJ�VWRFN��RULJLQ�DQG�QXPEHU�RI�VXSSOLHUV��WUDQVSRUW�FRQGLWLRQV�SK\VLFDO�FRQGLWLRQ�RI�WKH�SLJ�KRXVH�DW�DUULYDO�� (YDOXDWLRQ�RI�VODXJKWHU�SLJV��VODXJKWHU�OLQH�ILQGLQJV��VHUXP�SURILOLQJ�
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��������3KDVH�,����������6WXG\�GHVLJQ$�FURVV�VHFWLRQDO�VWXG\�ZDV�FDUULHG�RXW�RQ����PL[HG�SLJ�IDUPV��7KH\�ZHUH�DOO�PHPEHUV�RI�WKH,QWHJUDO�4XDOLW\�&KDLQ�RI�&29$9((��7KH�VHOHFWLRQ�RI�IDUPV�ZDV�EDVHG�RQ�WKH�UHJLRQ�ZKHUHWKH�IDUPV�ZHUH�ORFDWHG��L�H�����IDUPV�LQ�D�GHQVHO\�SRSXODWHG�DUHD��'3/$��DQG����IDUPV�LQ�DVSDUVHO\� SRSXODWHG� DUHD� �63/$��� &ULWHULD� ZHUH� EDVHG� RQ� WKH� GHQVLW\� FKDUDFWHULVWLFV� �VRZSODFHV�DQG�IDWWHQLQJ�SODFHV�ZLWKLQ�D�UDGLXV�RI���NP�DURXQG�WKH�IDUP��RI�WKH�IDUPV�DV�DYDLODEOHIURP� WKH� 6$1,7(/�Y� �SLJV�� GDWDEDVH� �&HQWUDO� $VVRFLDWLRQ� IRU� $QLPDO� +HDOWK�� %HOJLXP��7DEOH� ������ VLQFH� WKH� FULWHULD� GHILQHG� E\�0LFKHO� ������� ZHUH� QRW� \HW� DYDLODEOH�� $OO� IDUPDQLPDOV��LQFOXGLQJ�SODFH�RI�ELUWK�DQG�PRYHPHQWV��DUH�UHFRUGHG�LQ�WKH�6$1,7(/�GDWDEDVH�
7DEOH���� 3DUDPHWHUV��PHDQ��VWDQGDUG�GHYLDWLRQ��PLQLPXP��PD[LPXP��RI�WKH�'3/$�DQG63/$�3DUDPHWHUV 63/$�Q �� '3/$�Q ��; 6' 0LQ 0D[ ; 6' 0LQ 0D[)DUPV�LQ�DUDGLXV�RI���NP ��� � � � �� � � ��
)DUPV�LQ�DUDGLXV�RI���NP �� � � �� �� �� �� ��
)DUPV�LQ�DUDGLXV�RI����NP ��� �� �� ��� ��� ��� ��� ���
6RZ�SODFHV�LQ�DUDGLXV�RI���NP ��� ��� �� ��� ��� ��� ��� ����
6RZ�SODFHV�LQ�DUDGLXV�RI���NP ���� ��� ��� ���� ���� ���� ���� ����
6RZ�SODFHV�LQ�DUDGLXV�RI����NP ���� ���� ���� ����� ����� ����� ����� �����
*URZLQJ�SLJSODFHV����NP� ���� ���� ��� ���� ���� ���� ���� �����
*URZLQJ�SLJSODFHV����NP� ���� ���� ���� ����� ����� ���� ����� �����
*URZLQJ�SLJSODFHV�����NP� ����� ����� ����� ������� ������ ������ ����� ������
7KH�IROORZLQJ�YDULDEOHV�ZHUH�FROOHFWHG�DV�PDUNHUV�IRU�WKH�KHDOWK�VWDWXV�RI�D�IDUP��VHURORJ\�IRU$'9� DQG� VODXJKWHU� OLQH� ILQGLQJV� �SQHXPRQLD� �3Q��� SOHXULWLV� �3OF��� OXQJV� ZLWK� LQWHUOREXODUILVVXUHV� �)LV�� DQG� OHVLRQV� VSHFLILF� IRU�$FWLQREDFLOOXV�SOHXURSQHXPRQLDH� �$SS�� �6KDZ�HW� DO���������7KH�EORRG�VDPSOHV�ZHUH�WDNHQ�DW�VODXJKWHU�IURP����IDWWHQLQJ�SLJV�RI�HDFK�SDUWLFLSDWLQJIDUP�GXULQJ�-XQH�DQG�-XO\�������ZKLOH�WKH�VODXJKWHU�OLQH�ILQGLQJV�ZHUH�FROOHFWHG�GXULQJ������
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$OO�WKH�IDUPV�ZHUH�YLVLWHG�GXULQJ�WKH�VSULQJ�RI������DQG�DQ�LQWHUYLHZ�WRRN�SODFH�RQ�WKH�IDUP�7KLV� LQTXLU\� ZDV� EDVHG� RQ� D� OLVW� RI� SRWHQWLDO� ULVN� IDFWRUV� IRU� UHVSLUDWRU\� GLVHDVHV� DQGFRQWDJLRXV� GLVHDVHV� VXFK� DV�� IDUP� OD\RXW�� FRQWDFWV� �KXPDQ�� DQLPDO�� YHKLFOHV��� DUWLILFLDOLQVHPLQDWLRQ�� PDQXUH� DQG� QHLJKERXUKRRG� LQIHFWLRQ�� ,Q� 0D\� DQG� -XQH� ����� DQ� DGGLWLRQDOLQTXLU\�ZDV�FDUULHG�RXW�IRFXVVLQJ�RQ�VWUXFWXUDO�GLIIHUHQFHV�EHWZHHQ�'3/$�DQG�63/$��DQG�WKHLQIRUPDWLRQ�ZDV�PDGH�DYDLODEOH�WR�RWKHU�SDUWQHUV�LQ�WKH�SURMHFW�����������6WDWLVWLFDO�DQDO\VLV'DWD�ZDV� DQDO\VHG� XVLQJ� XQLYDULDWH�PHWKRGV� �IUHTXHQF\� DQDO\VLV�� 6WXGHQW� W�WHVW��:LOFR[RQWHVW�� WDNLQJ� LQWR� DFFRXQW� WKH� IROORZLQJ� FODVV� YDULDEOHV�� UHJLRQ� �'3/$�� 63/$��� $'9�SQHXPRQLD�� SOHXULWLV� DQG� ILVVXUHV�� 6SHFLILF� OHVLRQV� IRU� $SS �� $FWLQREDFLOOXVSOHXURSQHXPRQLDH���ZHUH�OHIW�RXW��EHFDXVH�RI�SUREOHPV�ZLWK�GDWD�LQWHUSUHWDWLRQ��7KH�ILUVW�WZRYDULDEOHV�ZHUH�GLFKRWRPRXV��ZKLOH�WKH�RWKHUV�ZHUH�GLFKRWRPLVHG�EDVHG�RQ�WKH�PHGLDQ��$IWHUWKLV�VHOHFWLRQ�SURFHGXUH�RI�WKH�PRVW�LPSRUWDQW�ULVN�IDFWRUV��WKH�LQWHQWLRQ�ZDV�WR�TXDQWLI\�WKHLUUHODWLYH�LPSRUWDQFH�E\�PHDQV�RI�ORJLVWLF�UHJUHVVLRQ�SURFHGXUHV��6$6��������
��������3KDVH�,,����������6WXG\�GHVLJQ$'9�ZDV�FKRVHQ�DV�D�GLVHDVH�PRGHO�WR�WHVW�WKH�UHVHDUFK�K\SRWKHVLV��EHFDXVH�IDUPV�DUH�VWLOOLQIHFWHG��9DQ�9ODHQGHUHQ�HW�DO���������+RR\EHUJKV���������$V�IRU�)0'�DQG�&6)��DLU�VSUHDGDQG�WKH�GHQVLW\�RI�SLJV�DQG�SLJ�IDUPV�LQ�WKH�QHLJKERXUKRRG�DUH�DOVR�SRWHQWLDO�ULVN�IDFWRUV�)DUURZ�WR�ILQLVK� IDUPV� ZHUH� VHOHFWHG� LQ� D� '3/$� LQ� %HOJLXP�� L�H�� :HVW� )ODQGHUV� ������SLJV�P����0LFKHO���������'DWD�ZDV�FROOHFWHG�ZLWKLQ�D�PDWFKHG�FDVH�FRQWURO�GHVLJQ��EHLQJ�DQREVHUYDWLRQDO�VWXG\��1RRUGKXL]HQ�HW�DO����������&DVHV�ZHUH�GHILQHG�DV�IDUPV�WHVWLQJ�SRVLWLYHIRU�$'9��2Q�WKHVH����IDUPV�$'9�FLUFXODWLRQ�ZDV�HYLGHQW�IURP�REYLRXV�SRVLWLYH�VHURORJLFDOUHVXOWV��PHDQ�SUHYDOHQFH� �������7KH�EORRG�VDPSOHV�ZHUH�WDNHQ�IRU�WKH�RIILFLDO�HUDGLFDWLRQSURJUDPPH� �$QRQ\PRXV�� ������� $� FRQWURO� IDUP� ZDV� D� IDUP� WKDW� ZDV� QHJDWLYH� IRU� WKHGLIIHUHQW� WHVWV� IRU� $'9� VWDWXV� GHWHUPLQDWLRQ�� ,Q� RUGHU� WR� ILQG� GLIIHUHQFHV� LQ� PDQDJHPHQWEHWZHHQ�IDUPV�WHVWLQJ�SRVLWLYH�DQG�QHJDWLYH�IRU�$'9��FDVHV�DQG�FRQWUROV�ZHUH�PDWFKHG�IRUERWK�IDUP�VL]H�DQG�GHQVLW\�RI�WKH�DUHD��%HVLGHV�GHQVLW\�RWKHU�LPSRUWDQW�IDFWRUV�DUH�PHQWLRQHGLQ� WKH� OLWHUDWXUH�� QDPHO\� IDFWRUV� RQ� WKH� OHYHO� RI� WKH�PDQDJHPHQW� RI� WKH� SLJ� IDUP� DQG� IDUPFKDUDFWHULVWLFV��7DEOH�������7KH�PDQDJHPHQW�PD\�EH�UHVSRQVLEOH�IRU�ERWK�OLPLWLQJ�WKH�VSUHDGDQG�WKH�HOLPLQDWLRQ�RI�WKH�YLUXV�RQ�WKH�IDUP��7DEOH�������,Q�DGGLWLRQ��LQ�D�IXUWKHU�VWDJH�RI�DQHUDGLFDWLRQ� FDPSDLJQ� LW� LV� LPSRUWDQW� WKDW� IDUPV� PDLQWDLQ� WKHLU� IUHH� VWDWXV�� :KHQ� WKHSUREDELOLW\� LV� ORZHU� WKDW� WKH� YLUXV� LV� VSUHDGLQJ� RQ� WKH� IDUP�� WKHQ� WKH� YLUXV� VSUHDG� EHWZHHQIDUPV�ZLOO�DOVR�EH�ORZHU�
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7DEOH���� 5LVN�IDFWRUV�IRU�VSUHDG�RI�$'9�ZLWKLQ�D�SLJ�IDUP�
5LVN�IDFWRU $XWKRU�V�&RQILQHPHQW�KRXVLQJ $QGHUVRQ���������$XVWLQ�HW�DO�� ��������1RUPDQ�HW�DO�� ��������6LHJHODQG�:HLJHO�������3LJ�GHQVLW\�LQ�WKH�VWDEOHV %RXPD�HW�DO����������/HKPDQ�HW�DO��������
)DUP�VL]H $QGHUVRQ���������'XII\�HW�DO�������D���'XII\�HW�DO�������E���0RUULVRQHW�DO����������6LHJHO�HW�DO����������/HRQWLGHV�HW�DO�������D���/HRQWLGHVHW�DO����������6WlUN�������1R�FRPSDUWPHQWV (OEHUV�HW�DO����������'XII\�HW�DO�������D���/HKPDQ�HW�DO��������3URGXFWLRQ�RI�EUHHGLQJ�VWRFN /HKPDQ�HW�DO����������6WHJHPDQ�HW�DO����������6WHJHPDQ�HW�DO��������2WKHU�UHVSLUDWRU\�GLVHDVHV $QGHUVRQ���������(OEHUV�HW�DO����������/HRQWLGHV�HW�DO��������1RW�XVLQJ�DOO�LQ�DOO�RXW /HKPDQ�HW�DO����������:HLJHO�HW�DO��������
)RU�VSUHDG�EHWZHHQ�IDUPV�WKH�IROORZLQJ�IDFWRUV�VHHP�WR�EH�LPSRUWDQW��7DEOH������
7DEOH���� 5LVN�IDFWRUV�IRU�VSUHDG�RI�$'9�EHWZHHQ�SLJ�IDUPV�
5LVN�IDFWRU $XWKRU�V�
3XUFKDVH�RI�DQLPDOV $QGHUVRQ���������'XII\�HW�DO�������D���'XII\�HW�DO�������E���0RUULVRQHW�DO����������6LHJHO�HW�DO���������/HRQWLGHV�HW�DO�������D���/HRQWLGHVHW�DO����������6WlUN�������$HURJHQ�VSUHDG &KULVWHQVHQ���������6WlUN�������'HQVLW\�RI�SLJV�LQ�WKHQHLJKERXUKRRG /HRQWLGHV� HW� DO�� �����D��� /HRQWLGHV� HW� DO�� �������� 6WHJHPDQ� HW� DO���������%RHODHUW�HW�DO����������6LHJHO�HQ�:HLJHO���������6WlUN�������'HQVLW\�RI�LQIHFWHG�SLJV�LQ�WKHQHLJKERXUKRRG $XVWLQ�HQ�:HLJHO���������:HLJHO�HW�DO����������1RUPDQ�HW�DO��������1RUPDQ�HW�DO��������9HKLFOHV��ZLOGOLIH�DQG�SHUVRQV 6FKRHQEDXP� HW� DO�� �������� 6WHJHPDQ� HW� DO�� ������ �� $XVWLQ� HW� DO���������(OEHUV�HW�DO��������

������0DWFKLQJ
,Q� RUGHU� WR� ILQG� SRVVLEOH� GLIIHUHQFHV� LQ� PDQDJHPHQW� EHWZHHQ� IDUPV� WHVWLQJ� SRVLWLYH� DQGQHJDWLYH�IRU�$'9��FDVHV�DQG�FRQWUROV�ZHUH�PDWFKHG�IRU�IDUP�VL]H�DQG�GHQVLW\�)RU� HDFK� FDVH� FRQWURO� IDUPV� ZHUH� VHOHFWHG� IURP� WKH� GDWDEDVH� ³6$1,7(/� 3LJV´DV� IDU� DVSRVVLEOH�� )RU� GHQVLW\� WKH� QXPEHU� RI� SLJV� SHU� VTXDUH� NLORPHWUH� RQ� YLOODJH� OHYHO� ZDV� XVHG�0LFKHO���������)DUP�VL]H�ZDV�PDWFKHG�E\�WKH�QXPEHU�RI�VRZV��EHFDXVH�LW�LV�YHU\�GLIILFXOW�WRILQG�D�IDUP�ZLWK�D�FRPSDUDEOH�QXPEHU�RI�VRZV�DQG�IDWWHQLQJ�SLJV�LQ�WKH�VDPH�YLOODJH��$IWHUPDWFKLQJ�����JURXSV�ZHUH�XVHG�LQ�WKH�IXUWKHU�DQDO\VLV��7DEOH�����VKRZV�WKH�JURXSV�ZLWK�WKHLUFKDUDFWHULVWLFV�
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7DEOH���� 1XPEHU�RI�JURXSV��WRWDO�QXPEHU�RI��IDUPV��WKH�QXPEHU�RI�FDVHV��WKH�QXPEHU�RIVRZV� RU�PLQLPXP� DQG�PD[LPXP� IRU� WKH� FDVHV�� WKH� QXPEHU� RI� FRQWUROV�� WKHQXPEHU� RI� VRZV� RU� PLQLPXP� DQG� PD[LPXP� IRU� WKH� FRQWUROV� DQG� WKH� SLJGHQVLW\�RQ�YLOODJH�OHYHO�IRU�HDFK�JURXS�
*URXS 7RWDO�IDUPV &DVHV ��VRZV &RQWUROV ��VRZV SLJV�NP�� � � ��� � ����± ��� ����� � � �� � ����± ��� ����� � � �������� � ���± ��� ����� � � ��� � ����± ��� ����� � � ��� � ����± ��� ����� �� � ��� � ����± ��� ����� � � ��������� � ����± ��� ����� � � ��������� � ����± ��� ����� � � �� � ����± ��� ������ � � ��� � ���± ��� ������ � � �������� � ���± ��� ������ � � ��� � ����± ��� ������ � � ��������� � ����± ��� ������ �� � �������� �� ���± ��� ������ � � ��������� � ����± ��� ����7RWDO �� �� ��

������5LVN�IDFWRUV
,QIRUPDWLRQ�DERXW�WKH�IDUP¶V�PDQDJHPHQW�ZDV�FROOHFWHG�E\�PHDQV�RI�D�SHUVRQDO�LQWHUYLHZ�RQWKH�IDUP��7KH�FRQWUROV�ZHUH�VHOHFWHG�DV�PHQWLRQHG�DERYH��7KH\�ZHUH�FRQWDFWHG�E\�D�OHWWHU�DQGDIWHU�D�ZHHN��WKH\�ZHUH�DVNHG�IRU�WKHLU�FRRSHUDWLRQ�E\�WHOHSKRQH��7KH�UHVSRQVH�UDWH�IURP�WKHFRQWURO�IDUPV�ZDV������$�YHWHULQDULDQ�IURP�WKH�9HWHULQDU\�6HUYLFH�YLVLWHG�WKH�FDVHV�LQVWHDG�$OO�FDVHV�GHWHFWHG�EHWZHHQ�-XO\������DQG�)HEUXDU\������ZHUH�YLVLWHG�DQG�DOO�SDUWLFLSDWHG�LQWKH�VWXG\��7KH�FRQWURO�IDUPV�ZHUH�YLVLWHG�EHWZHHQ�'HFHPEHU������DQG�)HEUXDU\������7KH�HQTXLU\�ZDV�WKH�VDPH�IRU�ERWK�FDVHV�DQG�FRQWUROV��'DWD�DERXW�WKH�IROORZLQJ�SRWHQWLDO�ULVNIDFWRUV�IRU�$'9�ZDV�UHFRUGHG��� ,QIRUPDWLRQ�DERXW�WKH�IDUP��W\SH��SXUFKDVHV�RI�SLJOHWV�DQG�EUHHGLQJ�DQLPDOV�DQG�VDOHV�RIDQLPDOV���� )DUP�VL]H��QXPEHU�RI�VRZV�DQG�IDWWHQLQJ�SLJV���� )DUURZLQJ�FRPSDUWPHQW��QXPEHU�RI�FRPSDUWPHQWV��DOO�LQ�DOO�RXW��FOHDQVLQJ��GLVLQIHFWLQJ�GU\LQJ�SHULRG���� 3LJOHW� FRPSDUWPHQW� �QXPEHU� RI� FRPSDUWPHQWV�� DOO�LQ� DOO�RXW�� FOHDQVLQJ�� GLVLQIHFWLQJ�GU\LQJ�SHULRG��UHJURXSLQJ�RI�DQLPDOV��
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�� 3UH�IDWWHQLQJ� FRPSDUWPHQW� �QXPEHU� RI� FRPSDUWPHQWV�� DOO�LQ� DOO�RXW�� FOHDQVLQJ�GLVLQIHFWLQJ��GU\LQJ�SHULRG��UHJURXSLQJ�RI�DQLPDOV���� )DWWHQLQJ�FRPSDUWPHQW� �QXPEHU�RI� FRPSDUWPHQWV�� DOO�LQ� DOO�RXW�� FOHDQVLQJ�� GLVLQIHFWLQJ�DQG�GU\LQJ�SHULRG��UHJURXSLQJ�RI�DQLPDOV���� 6RZ�FRPSDUWPHQW��JURXS�KRXVLQJ��FOHDQVLQJ��GLVLQIHFWLQJ��GU\LQJ�SHULRG���� %UHHGLQJ�DQLPDOV��SXUFKDVH�RI�ERDUV�VRZV��RZQ�VHOHFWLRQ�RI�EUHHGLQJ�DQLPDOV���� 4XDUDQWLQH��SUHVHQFH�RI�ERDUV��JLOWV��FOHDQVLQJ�DQG�GLVLQIHFWLQJ��GU\LQJ�SHULRG����� 9DFFLQDWLRQ� �W\SH� RI� YDFFLQH�� VFKHPH� RI� YDFFLQDWLRQ�� LQ� ZKLFK� VWDEOH�� QHHGOH� OHQJWK�SUHVHUYDWLRQ�RI�WKH�YDFFLQH��7KH�SLJ� KRXVHV�ZHUH� YLVLWHG� LQ� RUGHU� WR� YDOLGDWH� WKLV� LQIRUPDWLRQ��7KH� VWDEOHV� IRU� DOO� FDVHVZHUH� LQVSHFWHG� DV� ZHOO� DV� ��� RI� WKH� ��� FRQWURO� IDUPV�� 6RPH� RI� WKH� LQIRUPDWLRQ� ZDV� DOVRYHULILHG�XVLQJ�LQIRUPDWLRQ�DYDLODEOH�IURP�WKH�6$1,7(/�V\VWHP�
��������6WDWLVWLFDO�$QDO\VLV'DWD�ZDV�DQDO\VHG�XVLQJ�D�VLPSOH�DQG�PXOWLSOH�FRQGLWLRQDO�ORJLVWLF�UHJUHVVLRQ�LQ�RUGHU�WR�WHVWWKH�UHODWLRQ�EHWZHHQ�WKH�IDFWRUV��6$6��������

������5HVXOWV
��������3KDVH�,5HVXOWV�RI�WKH�IUHTXHQF\�DQDO\VLV�EHWZHHQ�WKH�UHJLRQ�DQG�KHDOWK�SDUDPHWHUV��FODVV�YDULDEOHV�DUH�VKRZQ�LQ�7DEOH������ ,Q�FDVHV�ZKHUH� WKH�RGGV�UDWLR� LV�JUHDWHU� WKDQ�RQH��L�H����HVWLPDWH� LVSRVLWLYH���WKH�GLVHDVH�WHVWHG�RFFXUUHG�PRUH�IUHTXHQWO\�LQ�WKH�'3/$�UHJLRQ�
7DEOH���� 5HVXOWV�RI�WKH�IUHTXHQF\�DQDO\VLV�
9DULDEOH ��HVWLPDWH &RQILGHQFH�LQWHUYDO��� 3�YDOXH
$'9 ��� �����±����� �����3Q ���� �����±����� �����3OF ���� �����±����� �����)LV ���� �����±���� �����



��

:KHQ� DQDO\VLQJ� WKH� UHVXOWV� RI� WKH� WZR� LQTXLULHV�� WKH� IROORZLQJ� SRVVLEOH� LPSRUWDQW� ULVN� DQGSURWHFWLRQ�IDFWRUV�IRU�WKH�SUHVHQFH�RI�VODXJKWHU�OLQH�ILQGLQJV�DQG�$'9�ZHUH�LQIHUUHG�� 5LVN�IDFWRUV�x +LJKHU�QXPEHU�RI�DQLPDO�SODFHVx +LJKHU�QXPEHU�DQG�IUHTXHQF\�RI�SXUFKDVH�RI�EUHHGLQJ�VWRFNx 6KDULQJ�RI�HTXLSPHQW�ZLWK�RWKHU�IDUPVx 3XUFKDVH�DQG�VDOHV�IURP�D�GHDOHUx 0RUH�FRQWDFWV�ZLWK�QHLJKERXULQJ�IDUPVx 8VH�RI�RXWGRRU�IDFLOLWLHV� 3URWHFWLRQ�IDFWRUV�x *RRG�K\JLHQH��FOHDQVLQJ�RI�WKH�IDUP��DOO�LQ�DOO�RXW�x 3UHVHQFH�RI�D�VSDUH�FRPSDUWPHQWx $SSOLFDWLRQ�RI�TXDUDQWLQH
��������3KDVH�,,2QO\�WKH�YDULDEOHV�ZLWK�VXIILFLHQW�YDULDWLRQ�ZHUH�WDNHQ�LQWR�DFFRXQW�IRU�DQDO\VLV�
7DEOH���� ,QGHSHQGHQW�IDFWRUV�ZLWK�D�3�±�YDOXH�������5LVN�IDFWRU S���YDOXH 5LVN�5DWLR7KH�SUHVHQFH�RI�D�SUHIDWWHQLQJ�FRPSDUWPHQW ����� ����2QH�H[WUD�GD\�IRU�GU\LQJ�SHULRG�LQ�IDUURZLQJ�FRPSDUWPHQW ����� ����'U\LQJ�SHULRG�LQ�TXDUDQWLQH ���� ����'U\LQJ�SHULRG�LQ�SLJOHW�FRPSDUWPHQW ���� ����1RW� XVLQJ� DOO�LQ� DOO�RXW� DQG�RU� GU\LQJ� SHULRG� LQ� WKH� SLJOHWFRPSDUWPHQW ���� ����
2QH�H[WUD�SLJ�SHU�FRPSDUWPHQW ���� �����3XUFKDVH�RI�ERDUV ���� ����1RW�XVLQJ�DOO�LQ�DOO�RXW�LQ�WKH�IDWWHQLQJ�FRPSDUWPHQW ���� ����6DOH�RI�DQLPDOV ��� ����1RW�XVLQJ�DOO�LQ�DOO�RXW�LQ�WKH�SUHIDWWHQLQJ�FRPSDUWPHQW ��� ����1RW�XVLQJ�DOO�LQ�DOO�RXW�LQ�WKH�IDUURZLQJ�FRPSDUWPHQW ���� ����1RW�UHJXODUO\�FOHDQVLQJ�WKH�SUHIDWWHQLQJ�FRPSDUWPHQW ���� ����7KUHH�ZHHN�V\VWHP ���� ����2QH�H[WUD�GD\�IRU�GU\LQJ�SHULRG�LQ�SUHIDWWHQLQJ�FRPSDUWPHQW ���� ����2QH�H[WUD�GD\�IRU�GU\LQJ�SHULRG�LQ�IDWWHQLQJ�FRPSDUWPHQW ���� ����3XUFKDVH�RI�JLOWV ���� ���1RW�FOHDQVLQJ�WKH�IDUURZLQJ�FRPSDUWPHQW ���� ����5HJURXSLQJ� SLJV� �IURP� EDWWHU\� WR� SUHIDWWHQLQJ� DQG�RU� IDWWHQLQJFRPSDUWPHQW� ��� ����
1RW�UHJXODUO\�GLVLQIHFWLQJ�WKH�SUHIDWWHQLQJ�FRPSDUWPHQW ��� ����



��

����������6LPSOH�XQLYDULDWH�DQDO\VLV7KH� UHVXOWV� IURP� WKH� VLPSOH� DQDO\VLV� �7DEOH� ����� LQGLFDWH� WKDW� WKHUH� DUH� VRPH� LPSRUWDQWGLIIHUHQFHV�EHWZHHQ�IDUPV�WHVWLQJ�SRVLWLYH�DQG�QHJDWLYH�IRU�$'9�� 7KH�PRVW� LPSRUWDQW� IDFWRU� VHHPV� WR�EH� WKH�SUHVHQFH�RI� D�SUHIDWWHQLQJ�FRPSDUWPHQW� IRUSLJV�EHWZHHQ����DQG����NLORJUDPV�� 5HVW�EHIRUH�UHILOOLQJ�WKH�FRPSDUWPHQWV�VHHPV�WR�EH�D�SURWHFWLQJ�IDFWRU��GU\LQJ�SHULRG��� 1RW�XVLQJ�WKH�DOO�LQ�DOO�RXW�SULQFLSOH�DW�GLIIHUHQW�VWDJHV�VHHPV�WR�EH�D�ULVN�IDFWRU�IRU�$'9�� 1RW�UHJXODUO\�FOHDQVLQJ�DQG�RU�GLVLQIHFWLQJ�VWDEOHV�LV�D�ULVN�IDFWRU�IRU�$'9�� $� KLJK� GHQVLW\� RQ� WKH� IDUP� LWVHOI� �QXPEHU� RI� DQLPDOV� SHU� FRPSDUWPHQW�� LV� DOVR� D� ULVNIDFWRU�� 5HJURXSLQJ� DQLPDOV� DW� ��� DQG�RU� ��� NLORJUDPV� DQG�RU� DW� D� ODWHU� VWDJH� RI� WKH� IDWWHQLQJSHULRG�LV�D�ULVN�IDFWRU�IRU�WKLV�GLVHDVH�� 6DOH�RI�DQLPDOV��SLJOHWV�DQG�EUHHGLQJ�DQLPDOV��VHHPV�WR�EH�D�SURWHFWLRQ�IDFWRU�� 3XUFKDVH� RI� ERDUV� VHHPV� WR� EH� D� ULVN� IDFWRU�� ZKHUHDV� SXUFKDVH� RI� JLOWV� VHHPV� WR� EH� DSURWHFWLRQ�IDFWRU�
����������0XOWLSOH�XQLYDULDWH�DQDO\VLV$OO� WKH� YDULDEOHV� PHQWLRQHG� LQ� 7DEOH� ���� ZHUH� XVHG� IRU� WKH� PXOWLSOH� DQDO\VLV�� )RUZDUG�EDFNZDUG�DQG�VWHSZLVH�VWHS�E\�VWHS�VHOHFWLRQ�SURFHGXUHV�ZHUH�XVHG�WR�ILQG�WKH�EHVW�PRGHOV�7KH�IROORZLQJ�PRGHOV�ZHUH�VHOHFWHG��PRGHOV�ZLWK�WZR�VLJQLILFDQW�IDFWRUV��
7DEOH���� 6HOHFWHG�ULVN�IDFWRUV�IURP�WKH�PXOWLSOH�DQDO\VLV�
0RGHO 5LVN�IDFWRU 3�YDOXH 5LVN�UDWLR� 3UHIDWWHQLQJ�FRPSDUWPHQW ������ �����'U\LQJ�IDUURZLQJ�FRPSDUWPHQW ������ ������ 3XUFKDVH�RI�ERDUV ������ �����3UHIDWWHQLQJ�FRPSDUWPHQW ������ ������ 'U\LQJ�IDWWHQLQJ�FRPSDUWPHQW ������ �����2QH�H[WUD�SLJ�LQ�FRPSDUWPHQW ������ �����
7KH� SUHVHQFH� RI� D� SUHIDWWHQLQJ� FRPSDUWPHQW�� SXUFKDVH� RI� ERDUV� DQG� PRUH� DQLPDOV� SHUFRPSDUWPHQW�DUH�ULVN�IDFWRUV�IRU�$'9�$OORZLQJ�WKH�IDUURZLQJ�FRPSDUWPHQWV�WR�UHPDLQ�HPSW\�IRU�DQ�H[WUD�GD\�DIWHU�WKH�SLJOHWV�DQGVRZV�KDYH�OHIW�DQG�EHIRUH�QHZ�VRZV�HQWHU�WKH�FRPSDUWPHQWV�LV�D�SURWHFWLQJ�IDFWRU��7KH�ILUVW



��

PRGHO� VHHPV� WR� EH� WKH� EHVW� IURP� D� VWDWLVWLFDO� SRLQW� RI� YLHZ� ZKHUHDV� IURP� D� ELRORJLFDOYLHZSRLQW�DOO�WKUHH�PRGHOV�DUH�YDOXDEOH�

������'LVFXVVLRQ�DQG�FRQFOXVLRQV
3LJ� GHQVLW\� KDV� DOUHDG\� EHHQ� PHQWLRQHG� VHYHUDO� WLPHV� DV� DQ� LPSRUWDQW� ULVN� IDFWRU� IRUUHVSLUDWRU\�GLVHDVHV��0DHV��������%RHODHUW�HW�DO���������6WDUN���������������7KLV�LV�FRQILUPHGE\�WKH�UHVXOWV�RI�3KDVH�,���$�KLJK�QXPEHU�RI�DQLPDO�SODFHV�SHU�DUHD��D�KLJK�QXPEHU�RI�FRQWDFWVDQG�WKH�SUHVHQFH�RI�RXWGRRU�IDFLOLWLHV�KDYH�WR�EH�FRQVLGHUHG�DV�GLVHDVH�ULVN�IDFWRUV��7KHVH�FDQEH� PLQLPLVHG� E\� WKH� DSSOLFDWLRQ� RI� WKH� IROORZLQJ� SURWHFWLRQ� IDFWRUV�� JRRG� K\JLHQH�DYDLODELOLW\� RI� D� VSDUH� FRPSDUWPHQW�� DSSOLFDWLRQ� RI� TXDUDQWLQH� DQG� DQ� HPSW\� SHULRG� EHIRUHUHSRSXODWLQJ�SHQV��0RUHRYHU��WKH�UHVXOWV�RI�3KDVH�,,�SURYHG�WKDW�WKURXJK�GHQVLW\�WKH�VDPH�ULVNIDFWRUV�FRXOG�H[SODLQ�DQ�LPSRUWDQW�YDULDWLRQ�ZLWKLQ� WKH�KHDOWK�VWDWXV�RI�SLJ� IDUPV�IRU�$'9�FRQILUPLQJ� WKH� UHVHDUFK� K\SRWKHVLV�� 7KH� PDQDJHPHQW� RI� WKH� SLJ� IDUPV� FDQ� DOVR� SOD\� DQLPSRUWDQW�UROH�LQ�WKH�ULVN�VWDWXV�RI�WKH�IDUP�IRU�$'9��� 7KH� SUHVHQFH� RI� D� SUHIDWWHQLQJ� FRPSDUWPHQW� LV� D� ULVN� IDFWRU� IRU� $'9�� 7KLV� FDQ� KDYHGLIIHUHQW�H[SODQDWLRQV�)LUVWO\��D�SUHIDWWHQLQJ�FRPSDUWPHQW�LV�PRUH�W\SLFDO�IRU�ROGHU�IDUPV��2Q�ROGHU�IDUPV��LW�LV�QRWVR�HDV\�WR�LPSOHPHQW�QHZ�V\VWHPV�OLNH�DOO�LQ�DOO��RXW��FOHDQLQJ�DQG�GLVLQIHFWLQJ�DQG�D�SHULRGRI�UHVW�EHIRUH�UHILOOLQJ��EHFDXVH�WKLV�ZDV�QRW�WDNHQ�LQWR�DFFRXQW�ZKHQ�WKH�VWDEOHV�ZHUH�EXLOW�:KHQ�WKH�DOO�LQ�DOO�RXW�V\VWHP�LV�XVHG�LQ�WKH�SUHIDWWHQLQJ�FRPSDUWPHQW��WKH�ULVN�RI�FRQWUDFWLQJ$'9�LV�ORZHU��7KHUHIRUH�LW�LV�D�SURWHFWLYH�IDFWRU�*HQHUDOO\�WKH�DOO�LQ�DOO�RXW�V\VWHP�LV�RQO\�XVHG�E\�����RI� WKH�SLJ�IDUPV�LQ�WKH�SUHIDWWHQLQJFRPSDUWPHQW�FRPSDUHG�ZLWK�����LQ� WKH� IDUURZLQJ�FRPSDUWPHQW�DQG�����LQ� WKH�SLJOHW�DQGIDWWHQLQJ�FRPSDUWPHQW�6HFRQGO\�� SLJV�ZHUH� SUREDEO\� UHJURXSHG� RU� UHSODFHG�PRUH� IUHTXHQWO\��ZKLFK� FRXOG� DOVR� EHUHVSRQVLEOH�IRU�D�ORZHU�LPPXQH�VWDWXV�RI�WKH�SLJV��WKXV�LQFUHDVLQJ�WKH�ULVN�RI�D�GLVHDVH�VXFK�DV$'9�EHLQJ�SUHVHQW�RQ�D� IDUP��+DUULV�DQG�$OH[DQGHU���������7KH�SRVVLELOLW\� LV�DOVR�JUHDWHUWKDW� SLJV� RI� GLIIHUHQW� DJHV� ZHUH� PL[HG�� 7KLV� FRXOG� KDYH� DQ� HIIHFW� RQ� WKH� YDFFLQDWLRQSURJUDPPH� WKDW� LV� QRW� FRUUHFWO\� DSSOLHG�� 0LVPDWFKLQJ� RI� DJHV�� RU� YDFFLQDWLQJ� SLJV� DW� WKHPRPHQW� ZKHQ� WKH\� DUH�PRYHG� WR� D� SUHIDWWHQLQJ� FRPSDUWPHQW� L�H� DW� D� PRPHQW� ZKHQ� WKHLULPPXQH�VWDWXV�LV�ORZHU�PD\�OHDG�WR�WKH�YDFFLQH�QRW�ZRUNLQJ�RSWLPDOO\�



��

��2QH� GD\V� H[WUD� UHVW� EHIRUH� UHILOOLQJ� WKH� IDUURZLQJ� FRPSDUWPHQWV� VHHPV� WR� SURWHFW� DJDLQVW$'9��7KLV�LV�RQH�RI�WKH�SDUDPHWHUV�RI�WKH�DOO�LQ�DOO�RXW�V\VWHP��7KH�DOO�LQ�DOO�RXW�V\VWHP�ZLWKFOHDQVLQJ�DQG�GLVLQIHFWLQJ�DQG�D�UHVW�EHIRUH�UHILOOLQJ�UHGXFHV�WKH�SUHVHQFH�RI�SDWKRJHQV�LQ�WKHSLJ�KRXVHV� �+DUULV� DQG�$OH[DQGHU�� �������$� WKUHH�ZHHN� V\VWHP� IRU� WKH�EUHHGLQJ� VWRFN� DOVRDOORZV�IRU�WKH�RSWLRQ�RI�LPSOHPHQWLQJ�DQ�DOO�LQ�DOO�RXW�V\VWHP���3XUFKDVH�RI�ERDUV�LV�D�ULVN�IDFWRU�LQ�WKLV�VWXG\��,W�LV�NQRZQ�WKDW�WKH�LQWURGXFWLRQ�RI�DQLPDOVLV�D�ULVN�IDFWRU�IRU�WKH�LQWURGXFWLRQ�RI�GLVHDVHV��&XUUHQWO\�DOO�EUHHGLQJ�VWRFN�QHHGV�WR�EH�WHVWHGEHIRUH� VHOOLQJ��0RUHRYHU�� ERDUV� FDQ� EH� XVHG� IRU� WKH� RHVWUXV� GHWHFWLRQ� RI� VRZV�� ZKLFK� FDQSURPRWH�WKH�VSUHDG�RI�D�YLUXV���,Q�FRQWUDVW��SXUFKDVH�RI�JLOWV�LV�D�SURWHFWLYH�IDFWRU��2ZQ�EUHHGLQJ�VWRFN�FDQ�EH�D ULVN�IDFWRUIRU�$'9��%UHHGLQJ�RQH¶V�RZQ�VWRFN�QHHGV�VXSSOHPHQWDU\�SODFHV�DQG�PDQDJHPHQW�VNLOOV�WKDWDUH�QRW�DOZD\V�SUHVHQW�RQ�DOO�IDUPV��,Q�WKHVH�FDVHV�LW�LV�UHFRPPHQGHG�WKDW�EUHHGLQJ�VWRFN�EHSXUFKDVHG�IURP�ERWK�NQRZQ�DQG�DV�IHZ�DV�SRVVLEOH�VRXUFHV��� 2YHUFURZGLQJ RU� D� KLJK� QXPEHU� RI� DQLPDOV� SHU� FRPSDUWPHQW� LV� DOVR� IRXQG� WR� EH� D� ULVNIDFWRU�� ,W� LV� DOUHDG\�NQRZQ� IURP�RWKHU� VWXGLHV� WKDW� WKH�PRUH�DQLPDOV� LQ� D� FRPSDUWPHQW�� WKHJUHDWHU�WKH�ULVN�WKDW�WKHUH�LV�VSUHDG�RI�D�YLUXV��HVSHFLDOO\�ZKHQ�WKH�YLUXV�FDQ�VSUHDG�E\�DLU�
)RU�GHQVLW\�� WKH�QXPEHU�RI�SLJV�SHU�VTXDUH�NLORPHWUH�DW�YLOODJH� OHYHO�ZDV�XVHG�� ,W� LV�NQRZQWKDW�WKH�GLVWULEXWLRQ�RI�SLJ�IDUPV�LV�QRW�WKH�VDPH�WKURXJKRXW�WKH�ZKROH�YLOODJH��7KHUHIRUH��LWZRXOG�EH� EHWWHU� WR� WDNH� WKLV� GLVWULEXWLRQ� LQWR� DFFRXQW��7KLV�PD\�EH�SRVVLEOH�ZKHQ�ZRUNLQJZLWK�WKH�NHUQHO�HVWLPDWHV��0LQWLHQV���������,Q�D�IXUWKHU�VWDJH�RI�WKH�UHVHDUFK��QHZ�JURXSV�ZLOOEH�PDGH�EDVHG�RQ�WKH�NHUQHO�HVWLPDWHV�RI�HDFK�SLJ�IDUP��6RPH�YDULDEOHV�KDG�D�3�YDOXH�EHORZ����� EXW� WKH\� ZHUH� REYLRXVO\� D� UHVXOW� RI� WKH� IDUP� EHLQJ� SRVLWLYH� IRU� $'9�� � )RU� H[DPSOHQHHGOH�OHQJWK��XVLQJ�TXDUDQWLQH�DQG�XVLQJ�D�FRUUHFW�YDFFLQDWLRQ�VFKHPH��:KHQ�D�IDUPHU�XVHV�DSHUIHFW�QHHGOH�OHQJWK��WKH\�VHHP�WR�KDYH�PRUH�FKDQFH�RI�KDYLQJ�$'9��7KHVH�DUH�WKH�UHVXOWVRI�DQ�LQWHQVLYH�HUDGLFDWLRQ�FDPSDLJQ�WKDW�LV�KHOG�RQ�WKH�SRVLWLYH�IDUPV��1DPHO\�WKH�QHJDWLYHIDUPV�ZHUH� QRW� FRQWUROOHG� RQ� WKHVH� SRLQWV� EHFDXVH� WKH\� KDYH� QR� SUREOHPV�� SRVLWLYH� IDUPVZHUH� VWURQJO\� FRQWUROOHG� RQ� WKHVH� IDFWRUV� LQVWHDG�� 7KH� FDVHV� DOUHDG\� NQHZ� WKDW� WKH\� ZHUHSRVLWLYH�IRU�$'9�DQG�WKDW�WKH\�QHHGHG�WR�EH�QHJDWLYH�DV�VRRQ�DV�SRVVLEOH��ZKLFK�FDQ�H[SODLQWKHVH�UHVXOWV��7KHVH�SDUDPHWHUV�ZHUH�QRW�WDNHQ�LQ�FRQVLGHUDWLRQ�IRU�WKH�PXOWLYDULDWH�DQDO\VLV�'HVSLWH� WKHVH�GLVFXVVLRQ�SRLQWV� WKH� UHVXOWV�DUH�EDVHG�RQ�D�JRRG�UHVSRQVH�UDWH�DQG�D�UHOLDEOHQXPEHU�RI�IDUPV��VR�WKDW�WKH\�FDQ�EH�XVHG�WR�KHOS�HOLPLQDWLQJ�$'9�IURP�SLJ�IDUPV��FHUWDLQO\ZKHQ� WKH� VDPH� IDFWRUV� DUH� FRQILUPHG� E\� IXUWKHU� DQDO\VLV� ZLWK� WKH� NHUQHO� HVWLPDWH�� *RRGPDQDJHPHQW� VXFK� DV� DOO�LQ� DOO�RXW�� QRW� UHJURXSLQJ� DQLPDOV�� QRW� WRR� PDQ\� DQLPDOV� LQ� RQHFRPSDUWPHQW�DQG�D�JRRG�SXUFKDVH�VWUDWHJ\�FDQ�UHGXFH�WKH�FKDQFHV�RI�D�IDUP�WHVWLQJ�SRVLWLYH



���

IRU�$'9��7KHVH�IDFWRUV�DUH�DOVR� LPSRUWDQW�ZKHQ� WKH�KHUG� LV� IUHH�� WKH\�FDQ�KHOS� WKH�KHUG� WRUHPDLQ�IUHH�DQG�HQVXUH�WKH�PRUH�UDSLG�HOLPLQDWLRQ�RI�D�QHZ�LQIHFWLRQ�7KH�DYDLODEOH�UHVXOWV�GHPRQVWUDWH�WKH�SRVVLELOLW\�RI�LQWURGXFLQJ�WKH�FRQFHSW�RI�D�VDQLWDU\�ULVNLQGH[� DV� D� UDWLQJ� GHYLFH� DW� IDUP� OHYHO� IRU� GDLO\� XVH�� DQG� SUREDEO\� DOVR� LQ� WKH� FDVH� RI� DQRXWEUHDN�RI� D� QRWLILDEOH� GLVHDVH�ZKHQ� WKH� VDPH� ULVN� IDFWRUV� DUH� LQYROYHG��2Q�IDUP� VDQLWDU\LPSURYHPHQW�FDQ�EH�HVWDEOLVKHG�IDVWHU�WKDQ�VWUXFWXUDO�FKDQJHV�LQ�WKH�UHJLRQ��WKXV�UHGXFLQJ�WKHULVN�SRWHQWLDO�RI�DQ�DUHD��+RZHYHU��LQIRUPDWLRQ�VKRXOG�EH�ERWK�DYDLODEOH�RQ�OLQH�DQG�DFFXUDWH�,QIRUPDWLRQ� RQ� DQLPDO� QXPEHUV� DQG�PRYHPHQWV� DUH� DYDLODEOH� IURP� WKH� 6$1,7(/�Y� �SLJV�GDWDEDVH��ZKLOH�LQIRUPDWLRQ�RQ�VODXJKWHU�OLQH�ILQGLQJV�FDQ�EH�FROOHFWHG�LQ�D�VHPL�DXWRPDWHGZD\� E\� XVH� RI� D� KDQG�KHOG� FRPSXWHU� �+X\VPDQV� HW� DO��� LQ� SUHSDUDWLRQ��� &XUUHQWO\� WKHSURFHGXUH� LV� RQ� WHVW� LQ� WKH� GLIIHUHQW� VODXJKWHUKRXVHV� RI� WKH� &29$9((� JURXS�� 2WKHULPSRUWDQW�LQIRUPDWLRQ�UHODWHG�WR�K\JLHQH�DQG�FRQWDFWV�RQ�D�IDUP�LV�PRUH�GLIILFXOW� WR�FROOHFW�DQG� KDV� WR� EH� FRQVLGHUHG� DV� WKH� IDUPHU¶V� UHVSRQVLELOLW\�� 7KHUHIRUH�� JHQHUDO� K\JLHQH�DSSOLFDWLRQ�RI�VDQLWDU\�PHDVXUHV��WKH�QXPEHU�RI�DQLPDO�SODFHV��QXPEHU�RI�DQLPDOV�SXUFKDVHGDQG� WKH� IUHTXHQF\� RI� SXUFKDVH�� L�H�� FRQWDFWV� LQ� JHQHUDO� �+X\VPDQV� HW� DO��� ������� PD\� EHFRQVLGHUHG�DV�LPSRUWDQW�ULVN�RU�SURWHFWLRQ�IDFWRUV�

������&RQFOXVLRQV
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$EVWUDFW,Q� WKLV� VWXG\�� ULVN� IDFWRUV� DVVRFLDWHG� ZLWK� WKH� RFFXUUHQFH� RI� µQHLJKERXUKRRG� LQIHFWLRQV¶�:HVWHUJDDUG������� GXULQJ�&ODVVLFDO�6ZLQH�)HYHU��&6)��RXWEUHDNV�ZHUH�H[DPLQHG�EDVHG�RQLQIRUPDWLRQ�FROOHFWHG�E\�9HWHULQDU\�2IILFHUV�IURP�WKH�0LQLVWU\�RI�$JULFXOWXUH�GXULQJ�WKH�&6)HSLGHPLF�LQ�(DVW�)ODQGHUV��%HOJLXP��RI�������1HLJKERXUKRRG�LQIHFWLRQV�ZHUH�REVHUYHG�LQ�WKHQHLJKERXUKRRGV�RI���RXW�RI����SULPDU\�KHUGV��7KH�RQO\�ULVN�IDFWRU�WKDW�ZDV�DVVRFLDWHG�ZLWKWKH�RFFXUUHQFH�RI�QHLJKERXUKRRG�LQIHFWLRQV�ZDV�WKH�ELYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\��3  ��������� L�H�� WKH� KLJKHU� WKH� ELYDULDWH� NHUQHO� HVWLPDWH� RI� LQWHQVLW\�� WKH� KLJKHU� WKH� ULVN� IRURFFXUUHQFH�RI�QHLJKERXUKRRG�LQIHFWLRQV�,Q�D� VHFRQG�SDUW�RI� WKH� VWXG\� WKH�ELYDULDWH�NHUQHO� HVWLPDWH�RI� LQWHQVLW\�RI�QHLJKERXULQJ�SLJKHUGV� LQ� D� �� NP� UDGLXV� ZDV� FDOFXODWHG� IRU� DOO� %HOJLDQ� SLJ� KHUGV� EDVHG� RQ� DYDLODEOHJHRJUDSKLFDO� FRRUGLQDWHV�� ,Q� D� VXEVHTXDQW� VWHS�� WKH� OLNHOLKRRG� IRU� WKH� RFFXUUHQFH� RIQHLJKERXUKRRG�LQIHFWLRQV�ZLWKLQ�DQ�DUHD�ZLWK�D���NP�UDGLXV�ZDV�SUHGLFWHG�IRU�HYHU\�%HOJLDQSLJ� KHUG�� JLYHQ� WKDW� WKH� KHUG� ZDV� LQIHFWHG� ZLWK� &6)� YLUXV�� )RU� WKH� SUHGLFWLRQ� RI� WKHVHOLNHOLKRRGV�� WKH� PRGHO� UHVXOWLQJ� IURP� WKH� ULVN� IDFWRU� DQDO\VLV� PHQWLRQHG� DERYH� ZDV� XVHG�)LQDOO\�WKH�SUHGLFWHG�OLNHOLKRRGV�ZHUH�GLVSOD\HG�RQ�D�PDS�RI�%HOJLXP�DW�FRXQWU\�OHYHO�DIWHUDSSO\LQJ�VPRRWKLQJ� WHFKQLTXHV��$V�D� UHVXOW��GLIIHUHQW�DUHDV�RI�KLJKHU�RU� ORZHU�ULVN� IRU�&6)YLUXV�VSUHDG�WKURXJK�QHLJKERXUKRRG�LQIHFWLRQV�FRXOG�EH�LGHQWLILHG�RQ�WKHVH�PDSV��7KH�DUHDVLQ� %HOJLXP�ZKHUH� &6)� RXWEUHDNV� LQFOXGLQJ� µQHLJKERXUKRRG� LQIHFWLRQV¶� RFFXUUHG� LQ� UHFHQWGHFDGHV�ZHUH�DOO�SUHGLFWHG�WR�EH�RI�KLJK�ULVN�

������,QWURGXFWLRQ
,Q� WKH� SDVW�� FHUWDLQ� DUHDV� RI� WKH� (XURSHDQ� 8QLRQ� GHYHORSHG� KLJKO\� FRQFHQWUDWHG� OLYHVWRFNSRSXODWLRQV� EHFDXVH� RI� WKHLU� FRQVLGHUDEOH� HFRQRPLF� DGYDQWDJHV��+RZHYHU�� WKHVH� DUHDV� DOVR
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DSSHDUHG� WR� LQFRUSRUDWH� DQ� LQFUHDVHG� ULVN� IRU� HSLGHPLF� GLVHDVHV� DQG� WKHUHIRUH�� GHVSLWH� WKHHFRQRPLF� DGYDQWDJHV�� PD\� KDYH� SURYHQ� WR� EH� XQVXVWDLQDEOH� LQ� WKH� ORQJ� WHUP�� ,Q� RUGHU� WRHVWLPDWH�WKH�H[WHQW�WR�ZKLFK�WKLV�OLYHVWRFN�FRQFHQWUDWLRQ�LV�UHVSRQVLEOH�IRU�WKH�LQFUHDVHG�ULVNRI�HSLGHPLF�GLVHDVHV��D� ULVN�DVVHVVPHQW�EDVHG�RQ� UHDO�RXWEUHDN�GDWD� LV� UHTXLUHG��7KLV�SDSHUSUHVHQWV�WKH�ULVN�IDFWRUV�UHVSRQVLEOH�IRU�WKH�VSUHDG�RI�&ODVVLFDO�6ZLQH�)HYHU��&6)��ZLWKLQ�WKHFORVH�YLFLQLW\�RI�D�SLJ�KHUG�RQ�ZKLFK�WKH�&6)�YLUXV�KDV�EHHQ�LQWURGXFHG��7KH�ULVN�IDFWRUV�ZHUHDVVHVVHG�EDVHG�RQ�GDWD�REWDLQHG�GXULQJ�D�&6)�RXWEUHDN��ZKLFK�RFFXUUHG�LQ�%HOJLXP�LQ������,Q� D� VHFRQG� SDUW� WKH� SDSHU� SUHVHQWV� D� FODVVLILFDWLRQ� RI� WKH� GLIIHUHQW� UHJLRQV� LQ� %HOJLXPDFFRUGLQJ�WR�WKH�ULVN�IRU�WKH�RFFXUUHQFH�RI�WKH�µQHLJKERXUKRRG�LQIHFWLRQV¶�WKH\�LQFRUSRUDWH�LQWKH� FDVH� RI� D� &6)� HSLGHPLF�� 7KLV� ULVN� ZDV� SUHGLFWHG� XVLQJ� WKH� SUREDELOLW\� WKDW� SLJ� KHUGVEHFRPH�LQIHFWHG�ZLWK�&6)�ZKHQ�ORFDWHG�LQ�DQ�DUHD�ZLWK�D�RQH�NLORPHWUH�UDGLXV�VXUURXQGLQJ�DSULPDU\�&6)�LQIHFWHG�SLJ�KHUG��EDVHG�RQ�WKH�UHVXOWLQJ�PRGHO�RI�WKH�ULVN�IDFWRU�DQDO\VLV�

������0DWHULDOV�DQG�PHWKRGV
��������'HILQLWLRQV$� QHLJKERXUKRRG� ZDV� GHILQHG� DV� DQ� DUHD� ZLWK� D� UDGLXV� RI� RQH� NLORPHWUH� VXUURXQGLQJ� DSULPDU\�&6)�LQIHFWHG�SLJ�KHUG��$�SULPDU\�&6)�LQIHFWHG�SLJ�KHUG��SULPDU\�KHUG��ZDV�GHILQHGDV�WKH�ILUVW�KHUG�LQ�ZKLFK�D�&6)�LQIHFWLRQ�ZDV�FRQILUPHG�LQ�D�QHLJKERXUKRRG��$�QHLJKERXULQJKHUG�LV�D�SLJ�KHUG��RWKHU�WKDQ�WKH�SULPDU\�KHUG��ORFDWHG�LQ�D�QHLJKERXUKRRG��$�QHLJKERXULQJKHUG� ZDV� FRQVLGHUHG� LQIHFWHG� E\� WKH� SULPDU\� KHUG� ZKHQ� WKH� HVWLPDWHG� GD\� RI� YLUXVLQWURGXFWLRQ� LQ� WKH� QHLJKERXULQJ� KHUG� RFFXUUHG� GXULQJ� WKH� LQIHFWLRXV� SHULRG� RI� WKH� SULPDU\KHUG��7R�DYRLG�GHSHQGHQF\�RI�QHLJKERXULQJ�KHUGV��QR�SULPDU\�KHUGV�VLWXDWHG�MXVW�RXWVLGH�DQHDUOLHU� GHILQHG�QHLJKERXUKRRG�ZHUH� LQFOXGHG� LQ� WKH� DQDO\VLV��7KHUHIRUH� QHLJKERXULQJ�KHUGVFRXOG�RQO\�EH�DOORFDWHG�WR�RQH�QHLJKERXUKRRG��7KH�LQIHFWLRXV�SHULRG�RI�WKH�SULPDU\�KHUG�ZDVGHILQHG�DV�WKH�SHULRG�IURP�WKH�HVWLPDWHG�GD\�RI�YLUXV�LQWURGXFWLRQ�LQ�WKH�SULPDU\�KHUG�WR�WKHGD\�ZKHQ� WKH�SULPDU\�KHUG�ZDV� HPSWLHG�� ,Q� FDVHV�ZKHUH� WKH� YLUXV�ZDV� LQWURGXFHG� LQWR� WKHSULPDU\� KHUG� LQ� SLJV� KRXVHG� LQ� D� SHQ� KRXVLQJ� V\VWHP�� WKH� GDWH� RI� YLUXV� LQWURGXFWLRQ� ZDVHVWLPDWHG�XVLQJ�ERWK�WKH�FOLQLFDO�KLVWRU\�RI�WKH�GLVHDVH�RQ�WKH�IDUP�DQG�WKH�ORJLVWLF�UHJUHVVLRQPRGHOV�IURP�H[SHULPHQWDO�LQIHFWLRQV��DV�SUHYLRXVO\�UHSRUWHG��/DHYHQV�HW�DO���������/DHYHQV�HWDO����������:KHQ�WKH�YLUXV�ZDV�LQWURGXFHG�LQ�SLJV�KRXVHG�LQ�D�VRZ�ER[�KRXVLQJ�V\VWHP�RU�LQ�DIDUURZLQJ�XQLW��WKH�GDWH�RI�YLUXV�LQWURGXFWLRQ�ZDV�HVWLPDWHG�EDVHG�RQ�ERWK�WKH�FOLQLFDO�KLVWRU\RI�WKH�LQIHFWLRQ�DQG�WKH�UHVXOWV�RI�WKH�YLURORJLFDO�DQG�VHURORJLFDO�H[DPLQDWLRQ�RI�WKH�SLJV�RQWKH�IDUP�
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��������'DWD7KH�GDWD�VHW�XVHG�IRU�WKH�ULVN�IDFWRU�DQDO\VLV�FRQVLVWHG�SDUWLDOO\�RI�YDULDEOHV�REWDLQHG�E\�WKH%HOJLDQ�9HWHULQDU\�6HUYLFHV�DV�ZDV�XVHG�LQ�WKH�FRQWURO�RI�D�&6)�HSLGHPLF�WKDW�RFFXUUHG�LQ�WKH(DVW� )ODQGHUV� 3URYLQFH� RI� %HOJLXP� LQ� ������ �.RHQHQ� HW� DO��� ������� 1LQHWHHQ� SUHGLFWRUYDULDEOHV� �7DEOH� ����� ZHUH� FRQVLGHUHG� LQ� WKH� DQDO\VLV�� ZKLFK� FRXOG� EH� GLYLGHG� LQWR� WZRJURXSV�� EDVHG� RQ� ZKHWKHU� WKH\� ZHUH� UHODWHG� WR� WKH� SULPDU\� LQIHFWHG� KHUG� RU� WR� WKHQHLJKERXUKRRG�UHVSHFWLYHO\��$GGLWLRQDO�µVSDWLDO�SDUDPHWHUV¶��L�H��D�ELYDULDWH�NHUQHO�HVWLPDWLRQRI� WKH� LQWHQVLW\� �%DLOH\� DQG�*DWUHOO�� ������� D� 1HDUHVW� 1HLJKERXU� ,QGH[� �&ODUN� DQG� (YDQV������ DQG� D� 3LHORX� LQGH[� RQ� QRQ�UDQGRPQHVV �3LHORX�� ����� ZHUH� FDOFXODWHG� LQ� RUGHU� WRHVWLPDWH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�KHUGV�LQ�D�QHLJKERXUKRRG��$�JLQL�LQGH[��3\DWW�HW�DO��������ZDV�FDOFXODWHG�WR�HVWLPDWH�WKH�GLVWULEXWLRQ�RI�WKH�SLJV�LQ�WKH�QHLJKERXULQJ�KHUGV��&DWHJRULFDOYDULDEOHV� ZLWK� Q� FODVVHV� ZHUH� WUDQVIRUPHG� LQWR� Q��� GXPP\� YDULDEOHV�� 7KH� &6)� LQIHFWLRQVWDWXV�RI� WKH�QHLJKERXULQJ�KHUGV�VHUYHG�DV�D�GHSHQGHQW�YDULDEOH��7KH� LQIHFWLRQ�VWDWXV�RI� WKHSLJ� KHUGV�ZDV� GHWHUPLQHG� E\� D� YLURORJLFDO� DQG� VHURORJLFDO� GLDJQRVLV� FDUULHG� RXW� ZKHQ� WKHKHUGV�ZHUH�GHSRSXODWHG�
��������6WDWLVWLFDO�PHWKRGV7KH� ULVN� IDFWRUV� IRU� WKH� RFFXUUHQFH� RI� QHLJKERXUKRRG� LQIHFWLRQV�ZHUH� LQYHVWLJDWHG� WKURXJKORJLVWLF� UHJUHVVLRQ�PRGHOOLQJ� �1HWHU� HW� DO��� ����� XVLQJ� WKH� µORJLVWLF¶� SURFHGXUH� LQ� WKH�6$6V\VWHP� YHUVLRQ� �� �6$6� ,QVWLWXWH� ,QF��� ������� 7KH� RXWFRPH� YDULDEOH� ZDV� GHILQHG� DV� WKHSURSRUWLRQ� RI� LQIHFWHG� QHLJKERXULQJ� KHUGV� DQG� WKH� WRWDO� QXPEHU� RI� SLJ� IDUPV� LQ� WKHQHLJKERXUKRRG� ZDV� XVHG� DV� D� ZHLJKWLQJ� YDULDEOH�� 7KH� PRGHO� ZDV� EXLOW� XVLQJ� WKH� IRUZDUGVWHS�E\�VWHS�VHOHFWLRQ�SURFHGXUH�ZLWK�D�VLJQLILFDQFH� OHYHO�RI�S������RI� WKH�VFRUH�FKL�VTXDUHIRU�DOORZLQJ�D�SUHGLFWRU�YDULDEOH�WR�HQWHU�WKH�PRGHO�DQG�D�VLJQLILFDQFH�OHYHO�RI�S������RI�WKH:DOG�FKL�VTXDUH�IRU�DOORZLQJ�D�SUHGLFWRU�YDULDEOH�WR�VWD\�LQ�WKH�PRGHO�7KH� HIIHFWLYHQHVV� RI� WKH� UHVXOWLQJ�PRGHO� LQ� GHVFULELQJ� WKH� RXWFRPH�YDULDEOH�ZDV� H[DPLQHGXVLQJ� WKH� +RVPHU�/HPHVKRZ� JRRGQHVV�RI�ILW� WHVW� �+RVPHU� DQG� /HPHVKRZ�� ������$GGLWLRQDOO\�� LQ�D�FURVV�YDOLGDWLRQ�SURFHGXUH�� WKH�PRGHO�SDUDPHWHUV�ZHUH� UH�HVWLPDWHG�DIWHUGHOHWLQJ� RQH� RI� WKH� REVHUYDWLRQV� �QHLJKERXUKRRGV�� IURP� WKH� GDWDVHW�� 7KH� QHZO\� REWDLQHGPRGHO�ZDV�WKHQ�XVHG�WR�SUHGLFW� WKH�ULVN�RI�QHLJKERXUKRRG�LQIHFWLRQV�LQ�DOO�QHLJKERXUKRRGV�LQFOXGLQJ� WKH�RQH� WKDW�ZDV�GHOHWHG�IURP�WKH�GDWDVHW��7KLV�SURFHGXUH�ZDV� UHSHDWHG� IRU�HYHU\QHLJKERXUKRRG�LQ�WKH�GDWDVHW��7KH�+RVPHU�/HPHVKRZ�JRRGQHVV�RI�ILW� WHVW�ZDV�WKHQ�XVHG�WRHYDOXDWH� WKH� DELOLW\�RI� WKH�QHZO\�REWDLQHG�PRGHOV� RI� SUHGLFWLQJ� WKH� ULVN� IRU� QHLJKERXUKRRGLQIHFWLRQV�IRU�DOO�REVHUYDWLRQV�LQFOXGHG�LQ�WKH�GDWDVHW�
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7DEOH���� /LVW�RI�ULVN�IDFWRUV�DQG�UHVXOWV�RI�WKH�GHVFULSWLYH�DQDO\VLV9DULDEOHV,QGHSHQGHQW�FDWHJRULFDO�YDULDEOHV�UHODWHG�WR�WKH�SULPDU\�KHUG�D�� 7\SH�RI�SLJ�KHUG� )DWWHQLQJ�KHUG��Q� ����F��EUHHGLQJ�KHUG��Q� �����IDUURZ�WR�ILQLVKLQJ�KHUG�Q� �����IDUURZ�WR�ILQLVKLQJ�KHUG���SXUFKDVLQJ�ZHDQHU�SLJV��Q� ����IDUURZ�WR�ILQLVKLQJ�KHUG���VXSSO\�RI�ZHDQHU�SLJV��Q� ����� 7\SH�RI�KHUG� 3LJV�RQO\��Q� �����YHUVXV�RWKHU�IDUP�DQLPDOV��FRZV��SUHVHQW��Q� ����� (PSOR\HHV� <HV��Q� ����YV��QR��Q� ������ 9LUXV�LQWURGXFHG�LQ�IDWWHQLQJ�XQLW��Q� �����YV��VRZ�ER[�RU�WKH�IDUURZLQJ�XQLW��Q� ���,QGHSHQGHQW�FRQWLQXRXV�YDULDEOHV�UHODWHG�WR�WKH�SULPDU\�KHUG�D�� 7LPH�IURP�YLUXV�LQWURGXFWLRQ�WR�VWDPSLQJ�RXW��LQIHFWLRXV�SHULRG��,3����� �����GD\V����������G�� 1XPEHU�RI�SLJV�RQ�WKH�GD\�RI�VWDPSLQJ�RXW�� �����SLJV������±�������� 1XPEHU�RI�VHURSRVLWLYH�SLJV�RQ�WKH�GD\�RI�VWDPSLQJ�RXW�������VHURSRVLWLYH�SLJV������������ 0HDQ�QXPEHU�RI�YLVLWV�SHU�ZHHN�E\�YHKLFOHV�RI�WKH�UHQGHULQJ�SODQW�GXULQJ�WKH�,3��������YLVLWV������������ 0HDQ�QXPEHU�RI�YLVLWV�SHU�ZHHN�E\�YHKLFOHV�RI�WKH�IHHG�VWXII�FRPSDQLHV�GXULQJ�WKH�,3���������YLVLWV����������������� 0HDQ�QXPEHU�RI�YLVLWV�SHU�ZHHN�E\�WKH�KHUG�YHWHULQDULDQ�GXULQJ�WKH�,3��������YLVLWV����������������� 0HDQ�QXPEHU�RI�SLJV�SXUFKDVHG�SHU�ZHHN��PDUNHW�VXSSRUW��GXULQJ�WKH�,3��������SLJV��������������� 0HDQ�QXPEHU�RI�WLPHV�SHU�ZHHN�WKDW�SLJV�ZHUH�SXUFKDVHG��PDUNHW�VXSSRUW��GXULQJ�WKH�,3������WLPHV�������������� 0HDQ�QXPEHU�RI�YLVLWV�SHU�ZHHN�GXULQJ�WKH�,3��� �������������������������YLVLWV��������������,QGHSHQGHQW�FRQWLQXRXV�YDULDEOHV�UHODWHG�WR�WKH�QHLJKERXUKRRG�D��� 3LJ�IDUP�GHQVLW\����������IDUPV���NP� ���������������� 3LJ�GHQVLW\��� �����SLJV���NP� ��������������� 1HDUHVW�QHLJKERXU�LQGH[���� ������������������������ 3LHORX�LQGH[�RI�QRQ�UDQGRPQHVV����������������������������� *LQL�LQGH[��� ������������������������ .HUQHO�HVWLPDWH�RI�LQWHQVLW\��������������������������D� 'HVFULSWLYH�DQDO\VLV�IRU����SULPDU\�KHUGV�DQG�QHLJKERXUKRRGV�E� 'HVFULSWLYH�DQDO\VLV�IRU�WKH�����QHLJKERXULQJ�KHUGV�F� 1XPEHU�RI�REVHUYDWLRQV�G� 0HDQ��PLQ���PD[�
������5LVN�SUHGLFWLRQ'LIIHUHQW� UHJLRQV� RI� %HOJLXP�ZHUH� FODVVLILHG� DFFRUGLQJ� WR� WKHLU� ULVN� IRU� WKH� RFFXUUHQFH� RIµQHLJKERXUKRRG� LQIHFWLRQV¶�� SUHGLFWHG� WKURXJK� WKH� REWDLQHG� PRGHO�� )LUVWO\�� WKH� ULVN� ZDVSUHGLFWHG� IRU� HYHU\�SLJ�KHUG� LQ�%HOJLXP�XVLQJ� LGHQWLILFDWLRQ�	� UHJLVWUDWLRQ�GDWD� IURP������6$1,7(/�9��DQG�SORWWHG�RQ�D�YHFWRU�PDS�GLVSOD\LQJ� WKH�%HOJLDQ�PXQLFLSDOLWLHV�XVLQJ� WKH$UF9LHZ�YHUVLRQ�����JHRJUDSKLFDO� LQIRUPDWLRQ�V\VWHP��7KH�SRLQW�HVWLPDWHV�RI� WKH�SUHGLFWHGULVN�ZHUH�WUDQVIHUUHG�LQWR�D�FRQWLQXRXV�VXUIDFH�YDULDEOH�XVLQJ�DQ�,QYHUVH�'LVWDQFH�:HLJKWHG�,':��LQWHUSRODWRU��(65,��������
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������5HVXOWV
��������5LVN�DVVHVVPHQW���&6)�KHUGV�ZHUH� LGHQWLILHG� GXULQJ� WKH� HSL]RRWLF� LQ�(DVW�)ODQGHUV� LQ� ������$� WRWDO� RI� ��SULPDU\�KHUGV�DQG�WKHLU�QHLJKERXUKRRGV��LQFOXGLQJ�����QHLJKERXULQJ�KHUGV��PHW�WKH�LQFOXVLRQFULWHULD��7ZHOYH�QHLJKERXUKRRG�LQIHFWLRQV�ZHUH�GHWHFWHG�LQ���QHLJKERXUKRRGV��7KH�RWKHU���QHLJKERXULQJ� KHUGV� ZHUH� FODVVLILHG� DV� XQLQIHFWHG�� 6HYHQW\�VHYHQ� RI� WKHVH� XQLQIHFWHGQHLJKERXULQJ�KHUGV�ZHUH�SUHYHQWLYHO\�GHSRSXODWHG��7KH����QHLJKERXULQJ�KHUGV�WKDW�ZHUH�QRWGHSRSXODWHG� UHPDLQHG� IUHH� IURP� &6)� XQWLO� WKH� HQG� RI� WKH� HSLGHPLF�� 7KH� UHVXOWV� RI� WKHGHVFULSWLYH�DQDO\VLV�RI�WKH�ULVN�IDFWRUV�DUH�SUHVHQWHG�LQ�7DEOH�����7KH�ELYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�SURYHG�WR�EH�WKH�EHVW�H[SODLQLQJ�SUHGLFWRU�YDULDEOHRI� WKH� YDULDWLRQ� LQ� WKH� GDWD� DQG�ZDV� SRVLWLYHO\� DVVRFLDWHG�ZLWK� WKH� ULVN� IRU� QHLJKERXUKRRGLQIHFWLRQV��7DEOH�������1R�VLJQLILFDQW� ODFNV�RI� ILW�ZHUH�REVHUYHG� IRU� WKH�PRGHO�EDVHG�RQ�DOOREVHUYDWLRQV�RU�IRU�WKH�PRGHOV�UHVXOWLQJ�IURP�WKH�FURVV�YDOLGDWLRQ�SURFHGXUH��7DEOH�������7KHSDUDPHWHU� ZDV� KLJKO\� FRUUHODWHG� �U  � ������ 3 �� ������� ZLWK� WKH� SLJ� GHQVLW\� RI� WKHQHLJKERXUKRRG��WKH�VHFRQG�EHVW�H[SODLQLQJ�SUHGLFWRU�YDULDEOH�IRU�WKH�DYDLODEOH�GDWD�
7DEOH���� 3DUDPHWHU�HVWLPDWHV�IRU�WKH�ORJLVWLF�UHJUHVVLRQ�PRGHO3UHGLFWRU�YDULDEOH 3DUDPHWHU�HVWLPDWH,QWHUFHSW �������%LYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\ ������
��������5LVN�SUHGLFWLRQ)RU����������������RXW�RI��������SLJ�KHUGV��ZKLFK�ZHUH�LQ�UHJLVWHUHG�LQ�%HOJLXP�LQ�������WKHNHUQHO� HVWLPDWH� RI� LQWHQVLW\� RI� QHLJKERXULQJ� KHUGV� ZLWKLQ� D� RQH� NLORPHWUH� UDGLXV� ZDVHVWLPDWHG�XVLQJ�JHRJUDSKLFDO�FRRUGLQDWHV��2I�WKH�UHPDLQLQJ�SLJ�KHUGV���������������GLG�QRWKDYH� RWKHU� SLJ� KHUGV� LQ� WKHLU� QHLJKERXUKRRG� DQG� IRU� ��� ������� KHUGV� QR� JHRJUDSKLFDOFRRUGLQDWHV�ZHUH�DYDLODEOH��)RU�WKH�SLJ�KHUGV�ZLWK�QHLJKERXULQJ�KHUGV�ZLWKLQ�D�RQH�NLORPHWUHUDGLXV��WKH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�YDULHG�IURP����[���� WR���������PHDQ���������PHGLDQ��������)RU� WKH� SLJ� KHUGV� ZLWK� QR� QHLJKERXULQJ� KHUGV� ZLWKLQ� D� RQH� NLORPHWUH� UDGLXV�� WKH� ULVN� IRUµQHLJKERXUKRRG� LQIHFWLRQV¶�ZDV� VHW� WR� ]HUR�� )RU� WKH� SLJ� KHUGV�ZLWK� QHLJKERXULQJ� KHUGV� WKHSUHGLFWHG� ULVN� YDULHG� IURP� ����� WR� ����� �PHDQ�� ������ PHGLDQ�� ������� 7KH� VPRRWKHQHGSUHGLFWHG�ULVN�LV�PDSSHG�LQ�)LJXUH������(YHQ�DIWHU�VPRRWKHQLQJ��DUHDV�ZLWK�D�SRWHQWLDO�KLJKHUULVN��H�J��7LHOW�:LQJHQH¶��µ.DSULMNH�(HNOR¶��FDQ�EH�REVHUYHG�IURP�WKH�PDS�
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7DEOH���� $VVHVVPHQW�RI�WKH�JRRGQHVV�RI�ILW�RI�WKH�PRGHO�EDVHG�RQ�DOO�REVHUYDWLRQV�DQGWKH�PRGHOV�UHVXOWLQJ�IURP�WKH�FURVV�YDOLGDWLRQ�SURFHGXUH��+RVPHU�/HPHVKRZJRRGQHVV�RI�ILW�WHVW�'HOHWHG�2EVHUYDWLRQ &KL�VTXDUH 'HJUHHV�RI�IUHHGRP 3�YDOXH���0RGHO�EDVHG�RQ�DOO�REVHUYDWLRQV1RQH ������ � ���������0RGHOV�UHVXOWLQJ�IURP�WKH�FURVV�YDOLGDWLRQ�SURFHGXUH� ������ � ������� ������ � ������� ������ � ������� ������ � ������� ������ � ������� ������ � ������� ������ � ������� ������ � ������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � �������� ������ � ������

������'LVFXVVLRQ
7KH�ELYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�LV�D�VSDWLDO�SDUDPHWHU��ZKLFK�FRPELQHV�WKH�QXPEHURI� KHUGV� WKDW� DUH� VLWXDWHG� ZLWKLQ� WKH� VHOHFWHG� DUHD� �RQH� NLORPHWUH� UDGLXV�� DQG� WKH� UHODWLYHGLVWDQFH� RI� WKHVH� KHUGV� WR� WKH� UHIHUHQFH� KHUG� �&6)� LQIHFWHG� KHUG��� 7KH� SLJ� GHQVLW\�� DSDUDPHWHU� DVVXPHG� WR� EH� DVVRFLDWHG� ZLWK� KLJK� ULVN� IRU� WKH� LQWURGXFWLRQ� DQG� VSUHDG� RIFRQWDJLRXV� GLVHDVHV�� GLG� QRW� H[SODLQ� DV� PXFK� YDULDWLRQ� DV� WKH� ELYDULDWH� NHUQHO� HVWLPDWH� RILQWHQVLW\�GLG�LQ�WKH�ILQDO�PRGHO�
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7KH�LPSRUWDQFH�RI�QHLJKERXUKRRG�LQIHFWLRQV�SURSRUWLRQDOO\�WR�WKH�WRWDO�QXPEHU�RI�RXWEUHDNVZDV�UHSRUWHG�E\��5REHUWV������� DQG��6WHJHPDQ�HW�DO�������� DQG�UDLVHG�WKH�TXHVWLRQ�ZKHWKHUGLVWDQFH� GHSHQGHQW� ULVN� IDFWRUV� FRXOG� EH� WKH� FDXVH� RI� WKHVH� QHLJKERXUKRRG� LQIHFWLRQV�� 7KHLGHQWLILFDWLRQ�RI�WKH�ELYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�LQ�RXU�VWXG\�DV�D�SRVVLEOH�ULVN�IDFWRUPD\�SURYLGH�HYLGHQFH�IRU�WKH�LPSRUWDQFH�RI�WKHVH�GLVWDQFH�GHSHQGHQW�ULVN�IDFWRUV��+RZHYHU�WKLV�YDULDEOH�GRHV�QRW�H[SODLQ�WKH�QDWXUH�RI�&6)�YLUXV�WUDQVPLVVLRQ�LQ�WKH�QHLJKERXUKRRG�,Q� WKH� PRGHO�EXLOGLQJ� GDWDVHW� FROOHFWHG� GXULQJ� D� UHDO� &6)� RXWEUHDN� LQ� ����� WKH� ELYDULDWHNHUQHO� HVWLPDWH� RI� LQWHQVLW\� YDULHG� IURP� ������ WR� ������� :KHQ� SUHGLFWLQJ� WKH� ULVN� IRUQHLJKERXUKRRG� LQIHFWLRQV� IRU� WKH� GLIIHUHQW� UHJLRQV� RI� %HOJLXP�� WKH� NHUQHO� HVWLPDWH� RILQWHQVLW\� YDULHG� IURP� ���[���� WR� �������� 7KLV� PHDQV� WKDW� WKH� ULVN� SUHGLFWLRQV� IRU� NHUQHOHVWLPDWHV� EHORZ������� DQG� DERYH� ������ZLOO� QRW� QHFHVVDULO\� EH� FRUUHFW�� 7KHUHIRUH� WKH�PDSSUHVHQWHG�VKRXOG�EH�VHHQ�DV�DQ�LOOXVWUDWLRQ�RI�D�SRVVLEOH�PHWKRGRORJ\�IRU�SUHGLFWLQJ�WKH�ULVNIRU�&6)�VSUHDG�LQVWHDG�RI�DQ�DFFXUDWH�HVWLPDWH�RI�WKH�ULVN��1HYHUWKHOHVV��LQ�D�QXPEHU�RI�WKHGLVSOD\HG� DUHDV� RI� KLJKHU� ULVN�� &6)� RXWEUHDNV� LQFOXGLQJ� µQHLJKERXUKRRG� LQIHFWLRQV¶� KDYHRFFXUUHG� LQ� WKH� SDVW�� H�J�� :XXVWZH]HO� ����������� 7LHOW�:LQJHQH� ���������� ������µ=RPHUJHP�1HYHOH�.DSULMNH�(HNOR��������DQG�%RFKROW�%UHH��������2QH� RI� WKH� UHFHQW� GHYHORSPHQWV� LQ� WKH� FRQWURO� DQG� HUDGLFDWLRQ� RI� HSL]RRWLF� GLVHDVHV� LV� WKHLPSOHPHQWDWLRQ�RI�GHFLVLRQ�VXSSRUW�V\VWHPV��'66���7KH�'66�DOORZ�WKH�SUHGLFWLRQ��EDVHG�RQHSLGHPLRORJLFDO�PRGHOV�FRQWDLQLQJ�ULVN�IDFWRUV�IRU�WKH�VSUHDG�RI�WKH�GLVHDVH��RI�WKH�HYROXWLRQRI� D� GLVHDVH� RXWEUHDN� RYHU� VKRUWHU� RU� ORQJHU� WHUPV�� 7KH� SUHVHQWHG� PDS� ZLWK� XQGHUO\LQJPHWKRGRORJ\� FDQ� EH� XVHG� DV� D�'66� DV� WKH�PDS� FDQ� EH� FRQVXOWHG�ZKHQ� D�&6)�LQIHFWLRQ� LVGLDJQRVHG�DQG�VSHFLILF� VDQLWDU\�PHDVXUHV�FDQ�EH� WDNHQ�GHSHQGLQJ�RQ� WKH�GLVSOD\HG� ULVN� IRUQHLJKERXUKRRG�LQIHFWLRQV��7KH�PDS�FDQ�DOVR�EH�XVHG�ZKHQ�FRQFHVVLRQV�DUH�WR�EH�DVVLJQHG�WRQHZ�SLJ� IDUPV��7KH�DVVLJQPHQW� FDQ� WKHQ�EH�EDVHG�RQ� WKH�SUHGLFWHG� ULVN� IRU�QHLJKERXUKRRGLQIHFWLRQV�RU�WKH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�

$FNQRZOHGJHPHQWV
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�%HOJLDQ�9HWHULQDU\�6HUYLFHV�IRU�SURYLGLQJ�WKH�LQIRUPDWLRQ�RQ�WKH����������%HOJLDQ�HSLGHPLF�DQG�WKH�&HQWUDO�$QLPDO�+HDOWK�2UJDQLVDWLRQ�RI�%HOJLXP�IRU�SURYLGLQJWKH�LGHQWLILFDWLRQ�	�UHJLVWUDWLRQ�GDWDEDVH��6$1,7(/�9��7KLV�VWXG\�KDV�EHHQ�FDUULHG�RXW�ZLWK�ILQDQFLDO�VXSSRUW�IURP�WKH�%HOJLDQ�0LQLVWU\�RI�$JULFXOWXUH��'*9,�DQG�IURP�WKH�&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLW\��$JULFXOWXUH�DQG�)LVKHULHV��)$,5��VSHFLILF57'�SURJUDPPH�&7���������³'HYHORSPHQW�RI�3UHYHQWLRQ�DQG�&RQWURO�6WUDWHJLHV�WR�$GGUHVV�$QLPDO



���

+HDOWK� DQG� 5HODWHG� 3UREOHPV� LQ� 'HQVHO\� 3RSXODWHG� /LYHVWRFN� $UHDV� RI� WKH� &RPPXQLW\´�� 7KHSDUWLFLSDQWV� LQ� WKLV� SURMHFW� DUH� WKH� :DJHQLQJHQ� $JULFXOWXUDO� 8QLYHUVLW\� �7KH� 1HWKHUODQGV��� WKH8QLYHUVLW\� RI� 9HFKWD�� �*HUPDQ\��� WKH� 5HJLRQDO� &HQWUH� IRU� 9HWHULQDU\� (SLGHPLRORJ\� LQ� /HJQDUR�,WDO\��� WKH� 0LQLVWU\� RI� $JULFXOWXUH� �%HOJLXP��� WKH� *KHQW� 8QLYHUVLW\� �%HOJLXP��� WKH� &DWKROLF8QLYHUVLW\�RI�/HXYHQ��%HOJLXP���DQG�$)66$�$OIRUW��)UDQFH��

5HIHUHQFHV
%DLOH\�7&�� $� &� *DWUHOO�� ������ ,QWHUDFWLYH� VSDWLDO� GDWD� DQDO\VLV�� +DUORZ�� (VVH[�� 8.�� 3HDUVRQ(GXFDWLRQ�/LPLWHG�&ODUN�3-�� )� &� (YDQV�� ������ 'LVWDQFH� WR� QHDUHVW� QHLJKERU� DV� D� PHDVXUH� RI� VSDWLDO� UHODWLRQVKLS� LQSRSXODWLRQV��(FRORJ\��������������(65,�� ,QF�� ������$UF9LHZ� VSDWLDO� DQDO\VW�� DGYDQFHG� VSDWLDO� DQDO\VLV� XVLQJ� UDVWHU� DQG� YHFWRU� GDWD�5HGODQGV�&$��86$�+RVPHU�� ':�� DQG� /HPHVKRZ�� 6��� ������ $SSOLHG� ORJLVWLF� UHJUHVVLRQ�� 1HZ� <RUN�� 1<�� 86�� :LOH\,QWHUVFLHQFH�.RHQHQ�)��*�9DQ�&DHQHJHP�� -�3�9HUPHHUVFK�� -�9DQGHQKHHGH��+�'HOX\NHU��������(SLGHPLRORJLFDOFKDUDFWHULVWLFV�RI�DQ�RXWEUHDN�RI�FODVVLFDO�VZLQH�IHYHU�LQ�DQ�DUHD�RI�KLJK�SLJ�GHQVLW\� 7KH�9HWHULQDU\5HFRUG���������������/DHYHQV�+��)�.RHQHQ��+�'HOX\NHU��'�%HUNYHQV��������$Q�H[SHULPHQWDO�LQIHFWLRQ�ZLWK�FODVVLFDO�VZLQHIHYHU�YLUXV�LQ�ZHDQHU�SLJV��,��7UDQVPLVVLRQ�RI�WKH�YLUXV��FRXUVH�RI�WKH�GLVHDVH��DQG�DQWLERG\�UHVSRQVH�9HWHULQDU\�4XDUWHUO\������������/DHYHQV�+��)�.RHQHQ��+�'HOX\NHU��$�GH�.UXLI��������([SHULPHQWDO�LQIHFWLRQ�RI�VODXJKWHU�SLJV�ZLWKFODVVLFDO� VZLQH� IHYHU� YLUXV�� WUDQVPLVVLRQ� RI� WKH� YLUXV�� FRXUVH� RI� WKH� GLVHDVH� DQG� DQWLERG\� UHVSRQVH�9HWHULQDU\�5HFRUG���������������1HWHU��-���.XWQHU��0��+���1DFKWVKHLP��&��-���:DVVHUPDQ��:���������$SSOLHG�OLQHDU�VWDWLVWLFDO�PRGHOV�&KLFDJR��86��,UZLQ�3LHORX��(&��������7KH�XVH�RI�SRLQW�WR�SODQW�GLVWDQFHV�LQ�WKH�VWXG\�RI�WKH�SDWWHUQ�RI�SODQW�SRSXODWLRQV�-RXUQDO�RI�(FRORJ\��������������3\DWW�*��&KHQ��&�1�)HL��-���������7KH�GLVWULEXWLRQ�RI�LQFRPH�E\�IDFWRU�FRPSRQHQWV��4XDUWHUO\�-RXUQDORI�(FRQRPLFV����������5REHUWV��0���������(YDOXDWLRQ�RI�RSWLPDO�VL]H�RI� UHVWULFWLRQ�]RQHV� LQ�GLVHDVH�FRQWURO�ZLWK�SDUWLFXODUUHIHUHQFHV� WR� FODVVLFDO� VZLQH� IHYHU�� ,Q� *RRGDOO�� (�� $�� �HG��� $QQXDO� PHHWLQJ� RI� WKH� VRFLHW\� IRUYHWHULQDU\�HSLGHPLRORJ\�DQG�SUHYHQWLYH�PHGLFLQH��5HDGLQJ��8.����������



���

6$6�,QVWLWXWH�,QF���������6$6�2QOLQH'RF�� 9HUVLRQ����&DU\��1&��86$�6WHJHPDQ�-$��$�5�(OEHUV��$�-�GH�6PLW��+�0RVHU��0�&�GH�-RQJ��������%HWZHHQ�KHUG�WUDQVPLVVLRQ�RIFODVVLFDO�VZLQH�IHYHU�YLUXV�GXULQJ�WKH������HSLGHPLF�LQ�WKH�1HWKHUODQGV��,Q��(OEHUV��$��5���HG��� ��WKDQQXDO� PHHWLQJ� RI� WKH� GXWFK� VRFLHW\� IRU� YHWHULQDU\� HSLGHPLRORJ\� DQG� HFRQRPLFV�� %R[WHO�� 7KH1HWKHUODQGV��������:HVWHUJDDUG�� -�0��� ������ (SLGHPLRORJ\� RI� FODVVLFDO� VZLQH� IHYHU�� ,Q�� 7UXV]F]\QVNL�� 0�� �HG���:RUNVKRS�RQ�GLDJQRVWLF�SURFHGXUHV�DQG�PHDVXUHV� WR�FRQWURO�FODVVLFDO� VZLQH� IHYHU� LQ�GRPHVWLF�SLJVDQG� WKH�(XURSHDQ�ZLOG�ERDU�DW�3XODZD\��3RODQG��1DWLRQDO�9HWHULQDU\�5HVHDUFK� ,QVWLWXWH��3XODZD\�3RODQG���������������������



���

$JUHHPHQWV�RI�FRPPXQLWLHV�ZLWK�GHQVH�SLJSRSXODWLRQV�DQG�FRPPXQLWLHV�ZLWK�KLJK�ULVN�IRU�WKHQHLJKERXUKRRG�VSUHDG�RI�&ODVVLFDO�6ZLQH�)HYHU�LQ%HOJLXP
+��/DHYHQV��.��0LQWLHQV��-��'HZXOI��)��.RHQHQ�DQG�$��GH�.UXLI
$EVWUDFW7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�HVWLPDWH�WKH�FRUUHODWLRQ�EHWZHHQ�FRPPXQLWLHV�ZLWK�D�KLJKULVN�RI�QHLJKERXUKRRG�VSUHDG�RI�&ODVVLFDO�6ZLQH�)HYHU� �&6)��DQG�FRPPXQLWLHV�ZLWK�GHQVHSLJ�SRSXODWLRQV�&RPPXQLWLHV�ZHUH�LGHQWLILHG�DV�EHLQJ�FRPPXQLWLHV�ZLWK�D�KLJK�ULVN�RI�QHLJKERXUKRRG�VSUHDGRI�&6)�ZKHQ� WKH� ULVN� IRU� µQHLJKERXUKRRG� LQIHFWLRQV¶� �:HVWHUJDDUG�� ������� DV�GHVFULEHG�E\0LQWLHQV�HW�DO���WKLV�SXEOLFDWLRQ���RI�DW�OHDVW�RQH�QHLJKERXUKRRG�LQ�WKH�FRPPXQLW\�ZDV�DERYHD� SUHVHW� FXW�RII� YDOXH�� 6LPLODUO\�� FRPPXQLWLHV� ZHUH� FODVVLILHG� DV� EHLQJ� FRPPXQLWLHV� ZLWKGHQVH�SLJ�SRSXODWLRQV�ZKHQ�WKH�SLJ�GHQVLW\�RI�WKH�FRPPXQLW\�ZDV�ODUJHU�WKDQ�D�PLQLPDO�SLJGHQVLW\�7KH� KLJKHVW� DJUHHPHQW� �NDSSD� VWDWLVWLF�  � ������ EHWZHHQ� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV�ZLWKKLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG�� DQG� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� GHQVH� SLJSRSXODWLRQV��ZDV�REVHUYHG�ZKHQ�WKH�FXW�RII�YDOXH�IRU�WKH�ULVN�RI�µQHLJKERXUKRRG�LQIHFWLRQV¶ZDV�����DQG�WKH�PLQLPXP�SLJ�GHQVLW\�ZDV�����SLJV���NP���:KHQ�WKH�FXW�RII�YDOXH�ZDV����RU�KLJKHU��WKH�NDSSD�DJUHHPHQW�ZDV�RQO\�PRGHUDWH�RU�OHVV�WKDQ�PRGHUDWH�)RU�RWKHU�FXW�RII�YDOXHV��WKH�FKRLFH�RI�WKH�PLQLPXP�SLJ�GHQVLW\�LQ�D�FRPPXQLW\�WR�RSWLPLVHWKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� RI� &6)� ZDV� QRWVWUDLJKWIRUZDUG��7KH�FKRLFH�ZLOO�GHSHQG�RQ�WKH�ULVN�GHFLVLRQ�PDNHUV�ZDQW�WR�WDNH�

�������,QWURGXFWLRQ
2XWEUHDNV� RI� &ODVVLFDO� 6ZLQH� )HYHU� �&6)�� ZLWKLQ� WKH� (XURSHDQ� 8QLRQ� �(8�� KDYH� EHHQDVVRFLDWHG�ZLWK�DUHDV�RI�GHQVH�SLJ�SRSXODWLRQV��D�KLJK�KHUG�GHQVLW\�DQG�D�KLJK�DYHUDJH�KHUGVL]H� �%HQGL[HQ�� ������(OOLV� HW� DO�� ������:LQGKRUVW� DQG�'LMNKXL]HQ�� �������7KHVH� KLJK� ULVNDUHDV�LQ�WKH�(8�DUH�:HVW�DQG�(DVW�)ODQGHUV�LQ�%HOJLXP��%ULWWDQ\�LQ�)UDQFH��WKH�1RUWKZHVWHUQ



���

SDUW� RI� *HUPDQ\�� 'HQPDUN�� DQG� WKH� 6RXWKHUQ� DQG� (DVWHUQ� SDUWV� RI� 7KH� 1HWKHUODQGV�:HVWHUJDDUG��������:LQGKRUVW�DQG�'LMNKXL]HQ��������8VLQJ� WKH� )$,5�SURMHFW� µ'HYHORSPHQW� RI� 3UHYHQWLRQ� DQG� &RQWURO� 6WUDWHJLHV� LQ� RUGHU� WR$GGUHVV�$QLPDO�+HDOWK�DQG�5HODWHG�3UREOHPV�LQ�'HQVHO\�3RSXODWHG�/LYHVWRFN�$UHDV�RI�WKH&RPPXQLW\¶�� GHQVHO\� SRSXODWHG� SLJ� DUHDV� LQ� WKH� ILYH� SDUWLFLSDWLQJ�(8� FRXQWULHV� �%HOJLXP�)UDQFH�� *HUPDQ\�� ,WDO\�� DQG� 7KH� 1HWKHUODQGV�� ZHUH� LGHQWLILHG� DV� EHLQJ� WKH� WRS� ��� RIFRPPXQLWLHV�ZLWK� WKH�PRVW�GHQVH�SLJ�SRSXODWLRQV� �0LFKHO�DQG�GH�9RV�� WKLV�SXEOLFDWLRQ���$FRPPXQLW\�ZLWK�D�GHQVH�SLJ�SRSXODWLRQ�FRQWDLQHG�DW�OHDVW�����SLJV���NP���7KHVH�FRPPXQLWLHVDUH�DVVXPHG�WR�FRQWDLQ�D�KLJK�ULVN�IRU�WKH�LQWURGXFWLRQ�DQG�VSUHDG�RI�&6)�0LQWLHQV�HW�DO���WKLV�SXEOLFDWLRQ��H[DPLQHG�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�QHLJKERXUKRRGVSUHDG�RI�&6)��7KH�RQO\�ULVN�IDFWRU�WKDW�ZDV�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�QHLJKERXUKRRG�VSUHDGRI�&6)�ZDV� WKH�ELYDULDWH�NHUQHO� HVWLPDWH�RI� LQWHQVLW\�RI�QHLJKERXULQJ�KHUGV�ZLWKLQ� D���NPUDGLXV� RI� D� SULPDU\� LQIHFWHG� KHUG��7KLV� ULVN� IDFWRU�ZDV� XVHG� WR� FDOFXODWH� WKH� OLNHOLKRRG� IRUµQHLJKERXUKRRG�LQIHFWLRQV¶�LQ�WKH�QHLJKERXUKRRG�RI�HDFK�SLJ�KHUG�LQ�%HOJLXP�7KH� SXUSRVH� RI� WKLV� VWXG\� ZDV� WR� ORRN� DW� ZKHWKHU� RU� QRW� D� DJUHHPHQW� H[LVWHG� EHWZHHQFRPPXQLWLHV�ZLWK�KLJK� ULVN� IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)�DQG�FRPPXQLWLHV�ZLWK�GHQVHSLJ�SRSXODWLRQV�

�������0DWHULDOV�DQG�PHWKRGV
��������'DWD7KH� LQLWLDO� GDWDVHW�ZDV�PDGH� DYDLODEOH�E\�0LQWLHQV�HW� DO�� �WKLV� SXEOLFDWLRQ��� ,Q� WKLV� GDWDVHW�JHRJUDSKLFDO�FRRUGLQDWHV�IRU�HDFK�SLJ�KHUG� LQ�%HOJLXP�LQ������ZHUH�DYDLODEOH��'DWD�RQ� WKHSRVWDO�FRGHV�DQG�RQ�WKH�QXPEHU�RI�VRZ�DQG�SLJ�SODFHV�SHU�SLJ�KHUG�LQ�%HOJLXP�ZDV�REWDLQHGIURP�WKH� LGHQWLILFDWLRQ�	�UHJLVWUDWLRQ�GDWDEDVH��6$1,7(/�9��RI� WKH�&HQWUDO�$QLPDO�+HDOWK2UJDQLVDWLRQ� LQ� %HOJLXP�� $IWHU� PHUJLQJ� WKHVH� WZR� GDWDVHWV� ������ UHFRUGV� ZHUH� GHOHWHGEHFDXVH�QR�GDWD�ZDV�DYDLODEOH�RQ�WKH�QXPEHU�RI�VRZ�DQG�SLJ�SODFHV��7R�FDOFXODWH�WKH�DFWXDOQXPEHU�RI�SLJV�LQ�WKH�KHUGV��D�FRQYHUVLRQ�ZDV�XVHG��7DEOH�������:LWK�WKLV�UHGXFHG�GDWDVHW��QXPEHU�RI�UHFRUGV� ���������WKH�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI&6)�ZDV�UHFDOFXODWHG�IRU�HDFK�SLJ�KHUG�DV�GHVFULEHG�E\�0LQWLHQV�HW�DO���WKLV�SXEOLFDWLRQ��DQGWKH�SLJ�GHQVLW\�SHU�FRPPXQLW\�ZDV�FDOFXODWHG�DV�WKH�QXPEHU�RI�SLJV���NP� WRWDO�ODQG�DUHD�



���

7DEOH����� &RQYHUVLRQ�IURP�WKH�QXPEHU�RI� VRZ��DQG�SLJ�SODFHV� WR� WKH�DFWXDO�QXPEHU�RISLJV�SHU�KHUG3LJ�FDWHJRU\ $FWXDO�QXPEHU6RZV ��VRZ�SODFHV�[�����D3LJOHWV ��VRZ�SODFHV�[�����[�����E3LJV ��SLJ�SODFHV7RWDO ���VRZ�SODFHV�[�����������VRZ�SODFHV�[�����[����������SLJ�SODFHVD� �����QXPEHU�RI�VRZV�DFWXDOO\�SUHVHQW�E� �����QXPEHU�RI�SLJOHWV�ZLWK�WKH�VRZ�GXULQJ�WKH�ZKROH�\HDU��-�0��5RELMQV��&HQWUDO�$QLPDO�+HDOWK2UJDQLVDWLRQ��%HOJLXP�
���������'DWD�DQDO\VHV)RU�YDU\LQJ�FXW�RII�YDOXHV�RI�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)��UDQJLQJ�IURP�����������«� WR� ������ FRPPXQLWLHV� ZHUH� LGHQWLILHG� DV� EHLQJ� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRUQHLJKERXUKRRG�VSUHDG�RI�&6)�ZKHQ�WKH�ULVN�RI�DW�OHDVW�RQH�QHLJKERXUKRRG�LQ�WKH�FRPPXQLW\ZDV�DERYH�WKH�FXW�RII�YDOXH�6LPLODUO\�� FRPPXQLWLHV� ZLWK� GHQVH� SLJ� SRSXODWLRQV� ZHUH� LGHQWLILHG�� $� FRPPXQLW\� ZDVFODVVLILHG� DV� EHLQJ� D� FRPPXQLW\� ZLWK� D� GHQVH� SLJ� SRSXODWLRQ� ZKHQ� WKH� SLJ� GHQVLW\� LQ� WKHFRPPXQLW\�ZDV�ODUJHU�WKDQ�WKH�PLQLPDO�SLJ�GHQVLW\�)RU�HDFK�FXW�RII�YDOXH�� WKH�PLQLPXP�SLJ�GHQVLW\�RI�D�FRPPXQLW\�ZDV�FDOFXODWHG� IRU�ZKLFKWKH� DJUHHPHQW� �NDSSD� VWDWLVWLF�� RI� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� KLJK� ULVN� IRUQHLJKERXUKRRG� VSUHDG�� RQ� WKH� RQH� KDQG�� DQG� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� GHQVH� SLJSRSXODWLRQV��RQ�WKH�RWKHU�KDQG��ZDV�PD[LPDO��*LYHQ�WKH�FXW�RII�YDOXH�DQG�WKH�PLQLPXP�SLJGHQVLW\� FRUUHVSRQGLQJ� ZLWK� WKH� PD[LPXP� NDSSD� FRHIILFLHQW�� WKH� REVHUYHG� SURSRUWLRQ� RIRYHUDOO�DJUHHPHQW�ZDV�FDOFXODWHG�7KH�NDSSD�VWDWLVWLF�FDOFXODWHV�D�FKDQFH�FRUUHFWHG�PHDVXUH�RI�DJUHHPHQW�RI�WZR�UDWHUV��L�H��WKHSURSRUWLRQ� RI� FRPPXQLWLHV�ZLWK� KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� DQG� WKH� SURSRUWLRQ� RIFRPPXQLWLHV�ZLWK�GHQVH�SLJ�SRSXODWLRQV��7KH�LQWHUSUHWDWLRQ�RI�WKH�NDSSD�VWDWLVWLF�LV�JLYHQ�LQ7DEOH������7KH� REVHUYHG� SURSRUWLRQ� RI� RYHUDOO� DJUHHPHQW� FDOFXODWHV� WKH� IUDFWLRQ� RI� FRPPXQLWLHV� ERWKIXOILOOLQJ� DQG� QRW� IXOILOOLQJ� ERWK� LQFOXVLRQ� FULWHULD�� L�H�� WKH� SUHVHW� FXW�RII� YDOXH� DQG� WKHPLQLPXP�SLJ�GHQVLW\�$GGLWLRQDOO\��IRU�HDFK�FXW�RII�YDOXH��D�5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF��52&��FXUYH�IRU�SLJGHQVLW\�ZDV� FDOFXODWHG��7KH�52&�FXUYH�GLVSOD\V�� IRU� DOO� SRVVLEOH�SLJ�GHQVLWLHV� DQG� D�JLYHQFXW�RII�YDOXH� IRU�QHLJKERXUKRRG� VSUHDG�� WKH�FRUUHVSRQGLQJ�VHQVLWLYLW\� DQG� µ��VSHFLILFLW\¶�RIWKH�LGHQWLILFDWLRQ�RI�FRPPXQLWLHV�ZLWK�KLJK�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)�EDVHG�RQWKH�SLJ�GHQVLW\�RI�WKH�FRPPXQLW\�



���

7DEOH����� 6WUHQJWK�RI�DJUHHPHQW�RI�NDSSD�VWDWLVWLF.DSSD�YDOXH 6WUHQJWK�RI�DJUHHPHQW���� 3RRU��������� 6OLJKW��������� )DLU��������� 0RGHUDWH��������� 6XEVWDQWLDO��������� $OPRVW�SHUIHFW

�������5HVXOWV
)RU�WKH�UHGXFHG�GDWDVHW��WKH�ULVN�IRU�WKH�QHLJKERXUKRRG�VSUHDG�RI�&6)�YDULHG�IURP���WR�������PHGLDQ� ��������2I�WKH�����FRPPXQLWLHV�LQ�%HOJLXP�����KDG�QR�SLJ�KHUGV��7KH�SLJ�GHQVLW\LQ� WKH� UHPDLQLQJ�FRPPXQLWLHV�YDULHG� IURP����� WR���������SLJV� ��NP� �PHGLDQ� ������SLJV� �NP����7KH�UHPDLQGHU�RI� WKH�DQDO\VHV�ZDV�SHUIRUPHG�RQO\�RQ� WKH�����FRPPXQLWLHV�ZLWK�SLJKHUGV�7KH� QXPEHU� RI� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� RI� &6)� DQG� WKHGHVFULSWLRQ�RI�WKH�VHOHFWHG�FRPPXQLWLHV��JLYHQ�WKH�FXW�RII�YDOXH��LV�VKRZQ�LQ�7DEOH�������%\LQFUHDVLQJ� WKH� FXW�RII� YDOXH�� WKH� QXPEHU� RI� FRPPXQLWLHV� WKDW� IXOILOO� WKH� LQFOXVLRQ� FULWHULRQGHFUHDVHG��:LWKLQ�WKHVH�VHOHFWHG�FRPPXQLWLHV�WKH�QXPEHU�RI�QHLJKERXUKRRGV�LQFUHDVHG�ZKHQWKH�FXW�RII�YDOXH�LQFUHDVHG�ZKHUHDV�WKH�WRWDO�DUHD�RI�ODQG�UHPDLQHG�FRQVWDQW��7KLV�UHVXOWHG�LQDQ�LQFUHDVH�RI�WKH�PHGLDQ�SUHGLFWHG�ULVN�LQ�WKH�VHOHFWHG�FRPPXQLWLHV��$OWKRXJK�WKH�PHDQ�RIWKH� PHGLDQ� SUHGLFWHG� ULVN� LQFUHDVHG�� WKH� SURSRUWLRQ� RI� QHLJKERXUKRRGV� ZLWK� D� ULVN� IRUQHLJKERXUKRRG�VSUHDG�RI�&6)�ODUJHU�WKDQ�WKH�FXW�RII�YDOXH��GHFUHDVHG�7DEOH� ����� VKRZV� WKH� PLQLPXP� SLJ� GHQVLW\� IRU� YDU\LQJ� FXW�RII� YDOXHV� IRU� ZKLFK� WKHDJUHHPHQW� �NDSSD� VWDWLVWLF�� RI� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRUQHLJKERXUKRRG�VSUHDG�RI�&6)��DQG�WKH�VHOHFWLRQ�RI�FRPPXQLWLHV�ZLWK�GHQVH�SLJ�SRSXODWLRQV�ZDV� PD[LPDO�� 7KH� DJUHHPHQW� ZDV� KLJKHVW� ������� ZKHQ� WKH� FXW�RII� YDOXH� ZDV� ����� 7KHFRUUHVSRQGLQJ� PLQLPXP� SLJ� GHQVLW\� DERYH� ZKLFK� D� FRPPXQLW\� ZDV� FODVVLILHG� DV� DFRPPXQLW\�ZLWK�D�GHQVH�SLJ�SRSXODWLRQ��ZDV�����SLJV���NP���:KHQ�WKH�FXW�RII�YDOXH�ZDV�VHWDW� ����� ���� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� RI� &6)� DQG� ���FRPPXQLWLHV�ZLWK� D� GHQVH� SLJ� SRSXODWLRQ�ZHUH� VHOHFWHG� DQG� ��� FRPPXQLWLHV� IXOILOOHG� ERWKFULWHULD��:KHQ�WKH�FXW�RII�YDOXH�ZDV�����RU�KLJKHU�WKH�NDSSD�DJUHHPHQW�ZDV�RQO\�PRGHUDWHRU�OHVV�WKDQ�PRGHUDWH�



���

7DEOH����� 1XPEHU�RI� FRPPXQLWLHV�ZLWK� D�KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG�RI�&6)DDQG�GHVFULSWLRQ�RI�WKH�VHOHFWHG�FRPPXQLWLHV&XW�RIIYDOXH���
1XPEHU�RIFRPPXQLWLHV 0HDQ�QXPEHU�RIQHLJKERXUKRRGVZLWKLQ�WKHFRPPXQLWLHV�UDQJH�

0HDQWRWDO�DUHD�NP��
0HDQ�RI�PHGLDQULVN�IRUQHLJKERXUKRRGVSUHDG�RI�&6)����

0HDQ�SHUFHQWDJH�RIQHLJKERXUKRRGVDERYH�WKH�FXW�RIIYDOXH�LQ�WKHFRPPXQLWLHV��UDQJH������������������������

���������������������

��� ���±�������� ���±�������� ����±��������� ����±�������� ����±��������� ����±��������� ����±��������� ����±��������� ����±��������� ����±��������������±��������������±�����
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���� �������������� ���������������� ����������������� ����������������� ����������������� ����������������� ����������������� ����������������� ��������������������������������������

�����������±����������� �����±����������� �����±����������� �����±����������� �����±���������� �����±���������� �����±���������� �����±���������� �����±����������� �����±����������� �����±����������� �����±�������D� $�FRPPXQLW\�ZDV�FODVVLILHG�DV�D�FRPPXQLW\�ZLWK�D�KLJK�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)ZKHQ� WKH�SUHGLFWHG� ULVN� IRU�QHLJKERXUKRRG� VSUHDG�RI�&6)�RI� DW� OHDVW�RQH�QHLJKERXUKRRG� LQ� WKHFRPPXQLW\�ZDV�DERYH�WKH�FXW�RII�YDOXH
7DEOH����� 0LQLPXP� SLJ� GHQVLW\� IRU� YDU\LQJ� FXW�RII� YDOXHV� IRU� ZKLFK� WKH� DJUHHPHQW�NDSSD� VWDWLVWLF�� RI� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� KLJK� ULVN� IRUQHLJKERXUKRRG� VSUHDG� RI� &6)�� RQ� WKH� RQH� KDQG�� DQG� WKH� VHOHFWLRQ� RIFRPPXQLWLHV�ZLWK�GHQVH�SLJ�SRSXODWLRQV��RQ�WKH�RWKHU�KDQG��ZDV�PD[LPDO&RPPXQLWLHV�ZLWK�KLJKULVN�IRU�QHLJKERXUKRRGVSUHDG�RI�&6)

&RPPXQLWLHV�ZLWK�GHQVH�SLJSRSXODWLRQV
&XW�RIIYDOXH���

1XPEHU�RIFRPPXQLWLHV 0LQLPXP�SLJ�GHQVLW\���SLJV���NP�� 1XPEHU�RIFRPPXQLWLHV

.DSSD�DJUHHPHQW�����&,� 2EVHUYHGSURSRUWLRQRI�RYHUDOODJUHHPHQW
�����������������������

���������������������

��������������������������������������������

����������������������

�����������±�����������������±�����������������±�����������������±�����������������±�����������������±�����������������±�����������������±������������������±������������������±������������������±������������������±������

������������������������������������������������
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7KH�52&�FXUYHV�IRU�SLJ�GHQVLW\�DQG�IRU�FXW�RII�YDOXHV�UDQJLQJ�IURP��� WR�����DUH�JLYHQ�LQ)LJXUH� ������ $GGLWLRQDOO\� IRU� HDFK� FXW�RII� YDOXH�� WKH� VHQVLWLYLW\� DQG� VSHFLILFLW\� DVVRFLDWHGZLWK�WKH�LGHQWLILFDWLRQ�RI�FRPPXQLWLHV�ZLWK�KLJK�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�LV�JLYHQ�IRUYDU\LQJ�PLQLPXP�SLJ�GHQVLWLHV�
)LJXUH����� 52&� FXUYHV� IRU� SLJ� GHQVLW\� DQG� IRU� YDU\LQJ� FXW�RII� YDOXHV� RI� ULVN� IRUQHLJKERXUKRRG�VSUHDG�RI�&6)

3LJ�GHQVLW\��SLJV���NP�� 6HQVLWLYLW\���� 6SHFLILFLW\���� 3LJ�GHQVLW\��SLJV���NP�� 6HQVLWLYLW\���� 6SHFLILFLW\������� ���� ���� ��� ���� ������� ���� ��� ��� ���� ������� ���� ��� ��� ���� �������� ���� ��� ���� ���� �������� ��� ��� ���� ���� ������� ��� ��� ���� ���� ������� ��� ��� ���� ��� ������� ��� ��� ���� ��� ������� ��� ��� ���� ��� ���

3LJ�GHQVLW\��SLJV���NP�� 6HQVLWLYLW\���� 6SHFLILFLW\���� 3LJ�GHQVLW\��SLJV���NP�� 6HQVLWLYLW\���� 6SHFLILFLW\������� ��� ���� ��� ��� ������� ���� ���� ��� ���� ������� ���� ���� ��� ���� �������� ���� ���� ���� ���� �������� ���� ���� ���� ���� �������� ���� ���� ���� ���� �������� ���� ��� ���� ���� ������� ��� ��� ���� ���� ������� ��� ��� ���� ��� ���

FXW�RII�YDOXH� ����

������������������

�� ��� ��� ��� ��� ������VSHFLILFLW\
6HQVLW

LYLW\

FXW�RII�YDOXH� ����

������������������

�� ��� ��� ��� ��� ������VSHFLILFLW\

6HQVLW
LYLW\

FXW�RII�YDOXH� ���

������������������

�� ��� ��� ��� ��� ������VSHFLILFLW\

6HQVLW
LYLW\

FXW�RII�YDOXH� ����

������������������

�� ��� ��� ��� ��� ������VSHFLILFLW\

6HQVLW
LYLW\
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�������'LVFXVVLRQ
7KLV� SDSHU� RQO\� GHDOV� ZLWK� WKH� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� RI� &6)�� ZKLFK� LV� RQO\� RQHDVSHFW�RI�GLVHDVH�VSUHDG�GXULQJ�&6)�HSLGHPLFV��+RZHYHU��WKH�LPSRUWDQFH�RI�µQHLJKERXUKRRGLQIHFWLRQV¶� GXULQJ� D�&6)� RXWEUHDN� �0LU\� HW� DO��� ������ 3LWWOHU� HW� DO��� ������ 6WHJHPDQ� HW� DO�������� UHVXOWHG� LQ� WKH�DGDSWDWLRQ�RI� FRQWURO� VWUDWHJLHV� �SUH�HPSWLYH� VODXJKWHULQJ�� LQ�RUGHU� WROLPLW� LWV�FRQVHTXHQFHV��7KH�ULVN�DVVHVVPHQW�IRU� µQHLJKERXUKRRG�LQIHFWLRQV¶��DV�GHVFULEHG�E\0LQWLHQV� HW� DO�� �WKLV� SXEOLFDWLRQ��� PD\� EH� XVHG� E\� GHFLVLRQ�PDNHUV� DV� D� 'HFLVLRQ� 6XSSRUW6\VWHP� �'66�� WR� VHW� SULRULWLHV� GXULQJ� WKH� FRQWURO� RI� D� &6)� RXWEUHDN�� +RZHYHU�� WKHLPSOHPHQWDWLRQ�RI�VXFK�D�'66�UHTXLUHV�GHWDLOHG�JHRJUDSKLFDO�FRRUGLQDWHV�RI�HYHU\�SLJ�KHUG�LQWKH�DIIHFWHG�UHJLRQ��FRXQWU\��DQG�WKHVH�DUH�QRW�DOZD\V�DYDLODEOH��7KHUHIRUH��WKH�SLJ�GHQVLW\�RID�FRPPXQLW\�PD\�EH�DQ�DOWHUQDWLYH�WRRO�IRU�DVVHVVLQJ�WKH�ULVN�RI�µQHLJKERXUKRRG�LQIHFWLRQV¶LQ�D�FRPPXQLW\�,Q� WKLV� VWXG\�� D� FRPPXQLW\� ZDV� FRQVLGHUHG� WR� LQFRUSRUDWH� D� KLJK� ULVN� IRU� QHLJKERXUKRRGVSUHDG�RI�&6)�ZKHQ�WKH�ULVN�RI�µQHLJKERXUKRRG�LQIHFWLRQV¶�RI�DW�OHDVW�RQH�QHLJKERXUKRRG�ZDVKLJKHU� WKDQ� D� SUHVHW� FXW�RII� YDOXH�� 7KLV� FULWHULRQ� LPSOLHV� WKDW� QRW� DOO� QHLJKERXUKRRGV� LQ� DFRPPXQLW\� KDYH� D� ULVN� WKDW� LV� KLJKHU� WKDQ� WKH� FXW�RII� YDOXH��0RUHRYHU�� WKH� SURSRUWLRQ� RIQHLJKERXUKRRGV� KDYLQJ� D� ULVN� IRU� µQHLJKERXUKRRG� LQIHFWLRQV¶� KLJKHU� WKDQ� WKH� FXW�RII� YDOXHGHFUHDVHV�ZKHQ�WKH�FXW�RII�YDOXH�LQFUHDVHV�:KHQ�WKH�FXW�RII�YDOXH�LV�����RU�KLJKHU��WKH�.DSSD�DJUHHPHQW�LV�RQO\�PRGHUDWH�RU�OHVV�WKDQPRGHUDWH� �7DEOH� ������� 7KHUHIRUH�� WKH� XVH� RI� WKH� SLJ� GHQVLW\� RI� D� FRPPXQLW\� WR� VHOHFWFRPPXQLWLHV� IRU� ZKLFK� DW� OHDVW� RQH� QHLJKERXUKRRG� LQ� WKH� FRPPXQLW\� KDV� D� ULVN� RIQHLJKERXUKRRG�VSUHDG�RI�&6)�RI�����RU�KLJKHU�ZLOO�QRW�EH�DSSURSULDWH��7KH�KLJK�SURSRUWLRQRI�RYHUDOO�DJUHHPHQW�REVHUYHG�LQ�WKHVH�FODVVHV��!������7DEOH�������FRXOG�EH�REWDLQHG�EHFDXVHRI� WKH� KLJK� QXPEHU� RI� FRPPXQLWLHV� WKDW� GLG� QRW� VDWLVI\� ERWK� WKH� LQFOXVLRQ� FULWHULD� �FXW�RIIYDOXH�DQG�PLQLPXP�SLJ�GHQVLW\��)RU�WKH�RWKHU�FXW�RII�YDOXHV����WR�������D�VXEVWDQWLDO�.DSSD�DJUHHPHQW�ZDV�IRXQG��+RZHYHU�WKH�LGHQWLILFDWLRQ�RI�FRPPXQLWLHV�ZLWK�KLJK�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)�EDVHG�RQWKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� GHQVH� SLJ� SRSXODWLRQV�� UHVXOWV� LQ� D� QXPEHU� RIPLVFODVVLILFDWLRQV��:KHQ��LQ�%HOJLXP��D�PLQLPXP�SLJ�GHQVLW\�RI�����SLJV���NP� LV�XVHG�IRUWKH� LGHQWLILFDWLRQ� RI� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� RI� &6)�� WKHSRVLWLYH�SUHGLFWLYH�YDOXH� LV������������������DQG�������ZKHQ� WKH�FXW�RII�YDOXH� LV�����������DQG������UHVSHFWLYHO\��0RUHRYHU��WKH�SRVLWLYH�SUHGLFWLYH�YDOXH�IRU�D�JLYHQ�FXW�RII�YDOXH�ZLOOGLIIHU� IURP� FRXQWU\� WR� FRXQWU\� EHFDXVH� LWV� YDOXH� ZLOO� FKDQJH� ZKHQ� WKH� SUHYDOHQFH� RIFRPPXQLWLHV�ZLWK�D�KLJK�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)�FKDQJHV��L�H��WKH�VPDOOHU�WKLVSUHYDOHQFH� WKH� VPDOOHU� WKH� SRVLWLYH� SUHGLFWLYH� YDOXH�� 2Q� WKH� RWKHU� KDQG�&RQYHUVHO\�� ZKHQ



���

GHFLVLRQ�PDNHUV� DUH� ULVN�DYHUVH� DQG�ZDQW� WR� LGHQWLI\� DOO� FRPPXQLWLHV� LQ�ZKLFK� DW� OHDVW� RQHQHLJKERXUKRRG�KDV�D�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)�RI�DW�OHDVW�����WKH�PLQLPXP�SLJGHQVLW\�KDV�WR�EH�HYHQ�VPDOOHU�WKDQ�����SLJV���NP� EHFDXVH�DW�WKLV�GHQVLW\�WKH�VHQVLWLYLW\�LV�QRW\HW� ����� �)LJXUH� ������� 7KLV� DOVR�PHDQV� WKDW� FRPPXQLWLHV�ZLOO� EH� VHOHFWHG� WKDW� IXOILOO� WKHPLQLPXP�SLJ�GHQVLW\� EXW�ZKLFK� LQFOXGH�QR�QHLJKERXUKRRGV�ZLWK� D� ULVN� IRU� QHLJKERXUKRRGVSUHDG�RI�&6)�RI�DW�OHDVW�����VSHFLILFLW\�OHVV�WKDQ�������,Q�FRQFOXVLRQ��WKH�FKRLFH�RI�WKH�PLQLPXP�SLJ�GHQVLW\�RI�D�FRPPXQLW\�LQ�RUGHU�WR�RSWLPLVH�WKHVHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� D� KLJK� ULVN� IRU� QHLJKERXUKRRG� VSUHDG� RI� &6)� LV� QRWVWUDLJKWIRUZDUG��7KH�FKRLFH�GHSHQGV�RQ�WKH�DJUHHPHQW�RI�WKH�VHOHFWLRQ�RI�FRPPXQLWLHV�ZLWKGHQVH�SLJ�SRSXODWLRQV�DQG�ZLWK�D�KLJK�ULVN�IRU�QHLJKERXUKRRG�VSUHDG�RI�&6)��DV�ZHOO�DV�RQWKH�ULVNV�GHFLVLRQ�PDNHUV�DUH�SUHSDUHG�WR�WDNH�

$FNQRZOHGJHPHQWV
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�&HQWUDO�$QLPDO�+HDOWK�2UJDQLVDWLRQ�LQ�%HOJLXP�IRU�SURYLGLQJ�WKHLGHQWLILFDWLRQ�	�UHJLVWUDWLRQ�GDWDEDVH��6$1,7(/�9��7KLV� VWXG\� KDV� EHHQ� FDUULHG� RXW� ZLWK� WKH� ILQDQFLDO� VXSSRUW� RI� WKH� FRPPLVVLRQ� RI� WKH� (XURSHDQ&RPPXQLW\��$JULFXOWXUH�DQG�)LVKHULHV��)$,5��VSHFLILF�57'�SURJUDPPH�&7���������³'HYHORSPHQWRI�3UHYHQWLRQ�DQG�&RQWURO�6WUDWHJLHV�WR�$GGUHVV�$QLPDO�DQG�5HODWHG�3UREOHPV�LQ�'HQVHO\�3RSXODWHG/LYHVWRFN�$UHDV�RI�WKH�&RPPXQLW\´��7KH�SDUWLFLSDQWV�LQ�WKLV�SURMHFW�DUH�WKH�:DJHQLQJHQ�$JULFXOWXUDO8QLYHUVLW\� �7KH� 1HWKHUODQGV��� WKH� 8QLYHUVLW\� RI� 9HFKWD� �*HUPDQ\��� WKH� 5HJLRQDO� &HQWUH� IRU9HWHULQDU\� (SLGHPLRORJ\� LQ� /HJQDUR� �,WDO\��� WKH� 0LQLVWU\� RI� $JULFXOWXUH� �%HOJLXP��� WKH� *KHQW8QLYHUVLW\��%HOJLXP���WKH�&DWKROLF�8QLYHUVLW\�RI�/HXYHQ��%HOJLXP���DQG�$))6$�$OIRUW��)UDQFH��

5HIHUHQFHV
%HQGL[HQ�+�-���������9HWHULQDU\�DFWLYLWLHV�LQ�(XURSH��3UHVHQW�DQG�IXWXUH��7KH�9HWHULQDU\�5HFRUG�������������(OOLV�3�5��� -DPHV�$�'�� DQG�6KDZ�$�3��� ������6WXGLHV� RQ� WKH� HSLGHPLRORJ\� DQG� HFRQRPLFV� RI� VZLQHIHYHU� HUDGLFDWLRQ� LQ� WKH� ((&�� &RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV�� ((&� 3XEOLFDWLRQ�� (85����H�



���

0LFKHO�� ,�� DQG�:LQGKRUVW�� +��:��� ������ 'HQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV �� GHILQLWLRQ� DQG� VSDWLDOGLVWULEXWLRQ�LQ�WKH�(XURSHDQ�8QLRQ�±�D�FDVH�VWXG\�IRU�ILYH�PHPEHU�VWDWHV��7KLV�SXEOLFDWLRQ��������0LQWLHQV��.��� /DHYHQV��+���'HZXOI�� -���.RHQHQ�� )��� ������ 3UHGLFWLRQ� RI� WKH� OLNHOLKRRG� RI� VSUHDG� RI&ODVVLFDO�6ZLQH�)HYHU�YLUXV�WKURXJK�µQHLJKERXUKRRG�LQIHFWLRQV¶�IRU�GLIIHUHQW�UHJLRQV�LQ�%HOJLXP��7KLVSXEOLFDWLRQ����������0LU\�&���&DVWU\FN�)���.RHQHQ�)���%URHV�$��DQG�6HJHUV�(���������4XHOTXHV�DVSHFWV�GH� O¶pSL]RRWLH�GHSHVWH�SRUFLQH�FODVVLTXH�HQ�%HOJLTXH�HQ�������(SLGpPLRORJLH�HW�VDQWp�DQLPDOH�����������3LWWOHU�+���)LHGOHU�-���DQG�3ROWHQ�%���������6ZLQH�IHYHU�HSLGHPLF�LQ�*HUPDQ\������������SUREOHPV�DQGFRQVHTXHQFHV��,Q��3URFHHGLQJV�RI�WKH���WK ,396�&RQJUHVV��%RORJQD��,WDO\��-XO\������������6WHJHPDQ� -�$��� (OEHUV�$�5�:��� GH� 6PLW�$�-���0RVHU�+�� DQG� GH� -RQJ�0�&�0��� ������ %HWZHHQ�KHUGWUDQVPLVVLRQ� RI� &ODVVLFDO� 6ZLQH� )HYHU� YLUXV� GXULQJ� WKH� ����� HSLGHPLF� LQ� 7KH� 1HWKHUODQGV�DSUHOLPLQDU\� UHSRUW�� ,Q�� (OEHUV� $�5�:�� �HG����3URFHHGLQJV� RI� WKH� ��WK DQQXDO� PHHWLQJ� RI� WKH� 'XWFK6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG� (FRQRPLFV� DQG� WKH� �WK DQQXDO� PHHWLQJ� RI� WKH� )OHPLVK6RFLHW\�RI�9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV��1RYHPEHU�������%R[WHO��7KH�1HWKHUODQGV��������:HVWHUJDDUG� -�0��� ������ +HDOWK� VWUDWHJLHV� WR� FRQWURO� VZLQH� LQIHFWLRXV� GLVHDVHV�� ,Q�� 'LDJQRVWLF3URFHGXUHV�DQG�0HDVXUHV�WR�&RQWURO�&ODVVLFDO�6ZLQH�)HYHU�LQ�'RPHVWLF�3LJV�DQG�WKH�(XURSHDQ�:LOG%RDU��3XODZ\��3RODQG��6HSWHPEHU������������:LQGKRUVW�+��:�� DQG�'LMNKXL]HQ�$�$��� ������7KH� LPSOLFDWLRQV� RI� KLJK� GHQVLW\�SLJ� SRSXODWLRQV� IRUGLVHDVH� FRQWURO�� ,Q�� 3URFHHGLQJV� RI� WKH� 2,(� V\PSRVLXP� RQ� FODVVLFDO� VZLQH� IHYHU� �+RJ� &KROHUD��%LUPLQJKDP��8QLWHG�.LQJGRP��-XO\������



���

0RGHOOLQJ�WKH�HIIHFW�RI�KHUG�VL]H�RQ�WKH�SUREDELOLW\RI�KHUG�LQIHFWLRQ��$SSOLFDWLRQ�WR�WKH�LQIHFWLRQ�E\DLUERUQH�)0'
*��*HUELHU��9��&KHYDOLHU��5��3RXLOORW��%��'XUDQG�DQG�)��0RXWRX
�������,QWURGXFWLRQ
&DOFXODWLRQ� RI� WKH� SUREDELOLW\� RI� LQIHFWLRQ� LV� WKH� XOWLPDWH� JRDO� IRU� WKH� ULVN� DVVHVVPHQW� RILQIHFWLRXV�GLVHDVHV��6HYHUDO�VWXGLHV�GHGLFDWHG�WR�WKH�VWXG\�RI�WKH�VSUHDG�RI�DLUERUQH�)RRW�DQG0RXWK�'LVHDVH� �)0'��DUH� LQ� IDFW� VWRSSHG� WR� WKH�HYDOXDWLRQ�RI� H[SRVLWLRQ� �L�H��&DVDO HW� DO��������� 8S� XQWLO� QRZ� WKH� RQO\� VROXWLRQ� IRU� TXDQWLI\LQJ� WKH� SUREDELOLW\� RI� LQIHFWLRQ� LV� WRFRPSDUH� WKH� YDOXH� REWDLQHG� IURP� D�PDWKHPDWLFDO�PRGHO� RI� DLUERUQH� VSUHDG� WR� WKH�PLQLPDOGRVHV� UHTXLUHG� WR� VHW� XS� WKH� LQIHFWLRQ� H[SHULPHQWDOO\�� 'XULQJ� DQ� HSLGHPLF�� HDFK� KHUGEHORQJLQJ� WR� DQ� DUHD� ZKHUH� WKH� DPRXQW� RI� YLUXV� UHFHLYHG� LV� JUHDWHU� WKDQ� WKLV� WKUHVKROG� LVFRQVLGHUHG� DW� ULVN�� 1HYHUWKHOHVV�� LQ� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� �'3/$��� WKH� DW�ULVNDUHD�FDQ�FRQWDLQ�D�ORW�RI�KHUGV��LQ�SDUWLFXODU�ZKHQ�WKH�VL]H�RI�WKH�HPLWWHU�KHUG�LV��ODUJH�KLJK�+HUGV�PD\� KDYH� GLIIHUHQW� VL]HV� DQG� FDQ� WKHQ� UHSUHVHQW� D� YDULDEOH� VRXUFH� RI� ULVN�� ,W� LV� WKHQLPSRUWDQW�WR�EH�DEOH�WR�FDWHJRULVH�WKHVH�W\SHV�NLQGV�RI�KHUGV�7KH� LQIHFWLRQ� LV� VHW� XS� DV� WKH� UHVXOW� RI� LQWHUDFWLRQ�EHWZHHQ� WKH� YLUXV� DQG� WKH� DQLPDO��)RU� DJLYHQ�VWUDLQ��YLUXOHQFH�LV�TXLWH�FRQVWDQW�GXULQJ�DQ�HSLGHPLF�ZKHUHDV�WKH�VXVFHSWLELOLW\�RI�WKHDQLPDOV�PD\�YDU\� DFFRUGLQJ� WR� WKH� VSHFLHV�� WKH� DJH� DQG� WKH� LPPXQH� VWDWXV� RI� WKH� DQLPDOV�'XULQJ�DQ�H[SHULPHQWDO�LQIHFWLRQ��KLJK�GRVHV�KDYH�XVXDOO\�EHHQ�XVHG�DQG�WKHQ�DOO�WKH�DQLPDOVDUH� LQIHFWHG� �6HOOHUV�� ������� %XW�� LI� WKH� GRVH� LV� ORZ�� YDULDEOH� UHDFWLRQV� DUH� REVHUYHG�'RQDOGVRQ�� ������� 'XULQJ� DQ� HSLGHPLF�� WKH� GRVHV� UHFHLYHG� DUH� QRW� KLJK� IURP� WKH� RXWVHW�7KHQ��WKH�ULVN�RI�LQIHFWLRQ�WR�D�KHUG�LV�PRUH�GLIILFXOW�WR�SUHGLFW��:H�SURSRVH�WR�GHULYH�WKLV�DOHDDW�WKH�KHUG�OHYHO�IURP�D�PRGHO�RI�WKH�UHDFWLRQ�DW�WKH�KHUG�OHYHO�

�������0RGHO
$W� WKH� LQGLYLGXDO� OHYHO�� UHDFWLRQ� YDULDELOLW\� FDQ� VLPSO\� EH� PRGHOOHG� XVLQJ� D� GRVH�HIIHFWIXQFWLRQ��8VXDOO\��WKH�UHODWLRQ�LV�PRGHOOHG�XVLQJ�D�ORJLVWLF�IXQFWLRQ�



���

/RJLW�S�� �D ��E �GRVH� �K ���K LV� D� OLQHDU� SUHGLFWRU� ZLWK� VRPH� YDULDEOHV� PHDVXUHG� DW� WKH� LQGLYLGXDO� OHYHO� VXFK� DV� WKHLQGLYLGXDO�LQKDOHG�GRVH�$� KHUG� LV� LQIHFWHG� ZKHQ� RQO\� RQH� DQLPDO� LV� LQIHFWHG�� $OO� WKH� DQLPDOV� EHLQJ� DVVXPHGLQGHSHQGHQW��WKH�KHUG�SUREDELOLW\�RI�LQIHFWLRQ�HTXDOV�WKH�SUREDELOLW\�WKDW�DW�OHDVW�RQH�DQLPDO�LVLQIHFWHG��7KHQ�IRU�D�KHUG�RI�VL]H�1 UHFHLYLQJ�D�JLYHQ�GRVH�� �� �13 LQIHFWHGDQLPDO3����LQIHFWHG�KHUG�  ���
/HW�XV�GHILQH�WKH�IROORZLQJ�QRWDWLRQV�� 3 SUREDELOLW\�RI�KHUG�LQIHFWLRQ�� S SUREDELOLW\�RI�LQGLYLGXDO�LQIHFWLRQ�� 1 KHUG�VL]H�
(TXDWLRQ�����FDQ�EH�ZULWWHQ�

13 ¸̧¹·¨̈©§ �� �H[S�� �� K ���
7KH� FKRLFH� RI� WKH� ORJLVWLF� IXQFWLRQ� LV� DUELWUDU\� DQG� LV� RIWHQ� MXVWLILHG� E\� WKH� IDFW� WKDW� WKHORJLVWLF�IXQFWLRQ�LV�WKH�QDWXUDO�OLQN�IXQFWLRQ�IRU�ELQRPLDO�GDWD��1HYHUWKHOHVV��DQRWKHU�IXQFWLRQIURP� WKH� H[SRQHQWLDO� IDPLO\�� WKH� FRPSOHPHQWDU\� ORJ�ORJ� IXQFWLRQ� �FORJORJ�� OHDGV� WR� PRUHWUDFWDEOH� UHVXOWV�� )LJXUH� ����� VKRZV� WKH� FRPSDULVRQ� EHWZHHQ� FORJORJ�DQG� ORJLVWLF� IXQFWLRQ�&ROOHW��������
:LWK�D�FORJORJ IXQFWLRQ��WKH�GRVH�HIIHFW�LQGLYLGXDO�FXUYH�LV�ZULWWHQ�FORJORJ�S�� �ORJ��ORJ���±�S�� �D ��E �GRVH� �K ���WKHQ�S  ����H[S>�H[S�K�@
(TXDWLRQ�����EHFRPHV� � �� �� �> @13 KH[SH[S��� ���� � �� �> @13 KH[SH[S� �� 
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)LJXUH�������&RPSDULVRQ�RI�ORJLVWLF�DQG�FRPSOHPHQWDU\�ORJ�ORJ�IXQFWLRQ�
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/RJLW&ORJORJ

� �� �KH[SH[S� 13 �� 
FORJORJ�3��LV�REWDLQHG�DV�IROORZV�/RJ���±�3�� ��1 H[S���/RJ��/RJ�����3�� �/RJ�1 H[S����7KHQ � FORJORJ�3�� �ORJ�1����FORJORJ�S� ���5HODWLRQ�����HQDEOHV�XV�WR�OLQN�LQ�D�VLPSOH�ZD\�WKH�KHUG�DQG�LQGLYLGXDO�SUREDELOLW\�RI�LQIHFWLRQZLWK�KHUG�VL]H�x $W� WKH� ORJDULWKP� FRPSOHPHQWDU\� ORJ�ORJ� VFDOH�� KHUG� SUREDELOLW\� RI� LQIHFWLRQ� LV� OLQHDUO\OLQNHG�WR�WKH�ORJDULWKP�RI�KHUG�VL]H�x $W� WKH� ORJDULWKP� FRPSOHPHQWDU\� ORJ�ORJ� VFDOH�� KHUG� VL]H� PRGLILHV� WKH� LQWHUFHSW� RIHTXDWLRQ�����x ,Q�HTXDWLRQ�����ORJ��1��LV�DQ�RIIVHW�YDULDEOH��YDULDEOH�ZLWKRXW�SDUDPHWHU��x 6HYHUDO�FRPELQDWLRQV��GRVH��KHUG�VL]H��OHDG�WR�WKH�VDPH�YDOXH�IRU�WKH�KHUG�SUREDELOLW\�RILQIHFWLRQ�3��$V�WKH�SDUDPHWHU�IRU�WKH�GRVH�LV�E\�GHILQLWLRQ�SRVLWLYH��DQG�DV�LV�D�SULRUL WKHVL]H� SDUDPHWHU�� IRU� D� JLYHQ� 3�� ZKHQ� WKH� VL]H� LQFUHDVHV� WKH� GRVH� QHHGHG� WR� VHW� XS� DQLQIHFWLRQ�GHFUHDVHV�



���

������9DOLGDWLRQ
'DWD� RQ� KHUG� DWWDFN� UDWHV� REVHUYHG� GXULQJ� WKH� �������� HSLGHPLF� �+XJK�-RQHV�� ������ZHUHXVHG� WR�YDOLGDWH� WKH�PRGHO��1XPEHU�RI�RXWEUHDNV�SHU�KHUG�VL]H�FODVV�ZHUH�H[WUDFWHG� IURP�DGDWDEDVH�NLQGO\�SURYLGHG�E\�0(�+XJK�-RQHV�DIWHU�VHOHFWLQJ�RQO\�WKH�GDLU\�KHUGV�LQIHFWHG�LQ&KHVKLUH�DQG�6KURSVKLUH��)LJXUH��������1XPEHU�RI�RXWEUHDNV�GLYLGHG�E\�WKH�DWWDFN�UDWHV�JLYHWKH� QXPEHU� RI� KHUGV� LQ� WKH� DUHD�� )RU� 6KURSVKLUH� GDWD�� RQH� FODVV� ������� GDLU\� FDWWOH�� ZDVH[FOXGHG�DV�RQO\����KHUGV�EHORQJ�WR�WKLV�FODVV��7KH�ODVW�FODVV��PRUH�WKDQ����DQLPDOV��ZDV�DOVRH[FOXGHG�DV�QR�PHGLDQ�VL]H�FRXOG�EH�REWDLQHG�,QGLYLGXDO�SUREDELOLW\�ZDV�HVWLPDWHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��FORJORJ�S�� �FORJORJ�3��±ORJ�1��� 9DULDQFH� RI� S� LV� FDOFXODWHG� IURP� WKH� GHULYDWLYH� RI� HTXDWLRQ� ���� DFFRUGLQJ� WR� 3�'DFXQKD�&DVWHOOH�DQG�'XIOR��������
/HW� 13S ����� �� ZLWK� 0P3  Ö P ��QXPEHU�RI�RXWEUHDNV�RI�VL]H�10 ��QXPEHU�RI�KHUGV�DW�ULVN�RI�VL]H�1
'HULYDWLYH�RI��S�LV� ������ �� ww 1313S
$V 33 0 fooÖ DQG� � � � ������Ö� 331330 �o�

7KHQ� � �°̄°®
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7DEOH����� +HUG�DWWDFN�UDWHV�LQ�&KHVKLUH�DQG�6KURSVKLUH�LQ���������IURP�+XJK�-RQHV�������
&KHVKLUH 6KURSVKLUH+HUG�VL]HFODVV 0LGGOH�RIWKH�FODVV $WWDFN5DWH 1XPEHU�RIRXWEUHDNV $W�ULVNKHUGV�HVWLPDWHG� $WWDFNUDWH 1XPEHU�RIRXWEUHDNV $W�ULVNKHUGV�HVWLPDWHG���� � ���� �� ��� ���� �� ���

����� �� ���� �� ��� ���� �� ���
����� �� ���� �� ��� ���� �� ���
����� �� ��� �� ��� ���� �� ���
����� �� ����� �� ��� ����� �� ���
����� �� ����� �� ��� ����� �� ���
����� �� ����� �� ��� ����� �� ���
����� �� ����� �� ��� ����� D �� D �� D
!�� � ����� D ��� D ��� D ����� D �� D ��� D
D� 'DWD�QRW�XVHG�LQ�WKH�DQDO\VLV

7DEOH ���� ,QGLYLGXDO�SUREDELOLW\�RI�LQIHFWLRQ�DIWHU�WUDQVIRUPDWLRQ
&KHVKLUH 6KURSVKLUH+HUG�VL]H�FODVV 0LGGOH� RIWKH�FODVV SÖ �ÖYDU�S SÖ �ÖYDU�S

��� � ������ ���������� ������ ����������
����� �� ������ ���������� ������ ����������
����� �� ������ ���������� ������ ����������
����� �� ������ ���������� ������ ����������
����� �� ������ ���������� ������ ����������
����� �� ������ ���������� ������ ����������
����� �� ������ ���������� ������ ����������
����� �� ������ ���������� � �
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)LJXUH����� 'DLU\�KHUG�DWWDFN�UDWHV�LQ�&KHVKLUH�DQG�6KURSVKLUH�DFFRUGLQJ�WR�KHUG�VL]H
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� �� �� �� �� �� �� �� ��+HUG�VL]H

$WWFN
�UDWH &KHVKLUH6KURSVKLUH

)LJXUH�������,QGLYLGXDO�SUREDELOLW\�RI�LQIHFWLRQ�DIWHU�WUDQVIRUPDWLRQ
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� �� �� �� �� �� �� �� ��(IIHFWLIV
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DELOLW

p�LQG
LYLGX

HOOH

&KHVKLUH6KURSVKLUH

,QGLYLGXDO�SUREDELOLW\�RI� LQIHFWLRQ� IOXFWXDWHV�DURXQG�������PLQLPXP������PD[LPXP������)LJXUH��������(YHQ�LI�H[WUDSRODWLRQ�LV�SUREOHPDWLF��WKLV�ILJXUH�LV�LQWHUHVWLQJ�DV�D�PDJQLWXGH�*HQHUDOO\��SHRSOH�XVH�WKH�DYHUDJH�YDOXHV�WR�EXLOG�D�PRGHO��7KLV�TXLWH�ORZ�YDOXH�VKRZV�WKDW
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IRU� LQIHFWLRXV� GLVHDVHV� WKLV� LV� SUREDEO\�PLVOHDGLQJ��5HDVRQLQJ�PD\� UHO\�PRUH� RQ� WKH�PRUHVXVFHSWLEOH�DQLPDO�WKDQ�RQ�WKH�DYHUDJH�RQH�
)LJXUH����� +HUG� SUREDELOLW\� RI� LQIHFWLRQ� DFFRUGLQJ� WR� KHUG� VL]H� IRU� GLIIHUHQW� LQGLYLGXDOSUREDELOLWLHV�RI�LQIHFWLRQ�
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� ��� ��� ��� ��� ��� ��� ���(IIHFWLI
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�������'LVFXVVLRQ
+HUG�VL]H�LV�GHVFULEHG�DV�D�ULVN�IDFWRU� LQFUHDVLQJ�WKH�KHUG�SUREDELOLW\�RI� LQIHFWLRQ�IRU�PDQ\UHVSLUDWRU\� GLVHDVHV� �6WlUN�� ������� 8VXDOO\�� SDUDPHWHUV� UHODWHG� WR� KHUG� VL]H� DUH� WUHDWHG� DVQXLVDQFH�SDUDPHWHUV��6R��PRUH�RIWHQ��KHUG�VL]H�LV�LQWURGXFHG�DV�D�UDQGRP�IDFWRU�LQ�UHJUHVVLRQPRGHOV� WKDW�GHDO�ZLWK� LQGLYLGXDO�SUREDELOLW\�RI� LQIHFWLRQ�� ,Q�WKH�FDVH�RI�UHVSLUDWRU\�GLVHDVHVVXFK� DV� )0'� RU� SVHXGRUDELHV�� WKH� KHUG� LV� WKH� OHYHO� RI� LQWHUHVW�� $W� WKLV� OHYHO�� +XJK�-RQHV�+XJK�-RQHV��������GHPRQVWUDWHG�WKDW�DWWDFN�UDWHV�DUH�OLQNHG�WR�KHUG�VL]H��2XU�PRGHO�JLYHV�DQDQDO\WLFDO�H[SODQDWLRQ�RI�WKLV�UHVXOW�$VVXPLQJ�WKDW�)0'�LV�KHWHURJHQHRXVO\�GLVWULEXWHG�LQ�WKH�DLU��&DVDO��������VXJJHVWV�DQRWKHUH[SODQDWLRQ��,I�D�3RLVVRQ�GLVWULEXWLRQ�FRXOG�EH�XVHG�WR�GHVFULEH�WKH�TXDQWLW\�RI�YLUXV�LQKDOHGE\�RQH�DQLPDO��VRPH�DQLPDOV�PD\�KDYH�UHFHLYHG�D�ODUJH�DPRXQW�RI�YLUXV�HYHQ�LI�WKH�DYHUDJH



���

DPRXQW�RI�WKH�YLUXV�LV�ORZ��7KHUHIRUH��KHUG�VL]H�ZLOO�LQFUHDVH�WKH�SUREDELOLW\�WKDW�DW�OHDVW�RQHDQLPDO�UHFHLYHG�D�ODUJH�DPRXQW�RI�YLUXV��:H�DVVXPHG�WKDW�WKH�DQLPDOV�UHFHLYHG�WKH�VDPH�GRVHEXW� WKDW� WKH� VXVFHSWLELOLW\� RI� WKH� DQLPDOV� YDULHV�� $VVXPLQJ� WKLV�� KHUG� VL]H� LQFUHDVHV� WKHSUREDELOLW\�WKDW�DQ�DQLPDO�VXVFHSWLEOH�WR�ORZ�GRVHV�RI�WKH�YLUXV�LV�SUHVHQW�LQ�WKH�KHUG��7KH�WZRDSSURDFKHV�OHDG�WR�WKH�VDPH�FRQFOXVLRQV�EXW�WKHUH�LV�QR�GDWD�WR�GLVWLQJXLVK�EHWZHHQ�WKHP�$IWHU� WKH� DLUERUQH� VSUHDG� RI� SVHXGRUDELHV� KDG� EHHQ� GHPRQVWUDWHG� �*ORVWHU� HW� DO��� ������'DQLVK� DQG�$PHULFDQ� JURXSV� VWXGLHG� WKH� HIIHFW� RI� QHLJKERXUKRRG� DQG� WKH� VSDWLR�WHPSRUDOGLVWULEXWLRQ�RI�RXWEUHDNV� UHVSHFWLYHO\� �0RUWHQVHQ�HW� DO��� ������1RUPDQ�HW� DO��� ������� ,Q� WKH'DQLVK� VWXGLHV�� WKH� HIIHFW� RI� KHUG� VL]H� �� GLUHFWO\� LQWURGXFHG� LQ� D� &R[�PRGHO� ±� ZDV� IRXQGVLJQLILFDQW��)ROORZLQJ�WKLV��:LOOHEHUJ��������SURSRVHG�D�VLPSOH�PRGHO�WR�GHVFULEH�WKH�HIIHFWRI�KHUG�VL]H�LQ�SLJ�GLVHDVHV��,I�DOO�WKH�DQLPDOV�DUH�IUHH�IURP�WKH�GLVHDVH�DQG�ZLWK�DQ�LQGLYLGXDOSUREDELOLW\�RI�LQIHFWLRQ�S��WKH�KHUG�SUREDELOLW\�RI�LQIHFWLRQ�3 LV��IRU�D�KHUG�RI�VL]H�1�� �1S3 �� ��
)RU� ORZ�YDOXHV�RI�S��3� LV�DSSUR[LPDWHO\ 1S��7KHQ�� UHODWLYH� ULVN�DQG�RGGV�UDWLR�DUH�HTXDO� WR

�
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$V�D�FRQVHTXHQFH��WKH�ORJDULWKP�RI�WKH�VL]H�VKRXOG�EH�LQFOXGHG�LQ�ORJLVWLF�UHJUHVVLRQ�PRGHOV�,W�FDQ�EH�VKRZQ� WKDW� LQ� WKLV�FDVH�� WKH�HIIHFWV�RI� WKH��VL]H��YDULDEOH�DQG� WKH�RWKHU� LQGLYLGXDOYDULDEOHV�DUH�PL[HG�XS�EHFDXVH�RI� WKH�DSSUR[LPDWLRQ��7UDQVIRUPDWLRQ�XVLQJ�FRPSOHPHQWDU\ORJ�ORJ� IXQFWLRQ� �FORJORJ��GRHV�QRW� UHTXLUH� VXFK�DQ�DSSUR[LPDWLRQ�DQG�VKRXOG� WKHQ�DOORZ�DEHWWHU�HVWLPDWLRQ�7KH�SULQFLSDO�SRLQW�IRU�GLVFXVVLRQ�LV�WKHQ�WKH�FKRLFH�RI�WKH�FORJORJ IXQFWLRQ�IRU�WKH�LQGLYLGXDOGRVH�HIIHFW� FXUYH�� 7KLV� IXQFWLRQ� LV� LPSOHPHQWHG� LQ� DOPRVW� DOO� WKH� VWDWLVWLFDO� SDFNDJHVLQFOXGLQJ�*HQHUDOLVHG�/LQHDU�0RGHOV��&RPSDULVRQ�RI�WKH�UHVXOWV�XVLQJ�WKH�ORJLVWLF�RU�FORJORJOLQN� VKRXOG� WKHQ� EH� HDV\�� 8QIRUWXQDWHO\�� DYDLODEOH� GDWD� RQ� )0'� H[SHULPHQWDO� LQIHFWLRQ� LVVSDUVH�DQG�GRHV�QRW�FRYHU�DOO�WKH�UDQJH�RI�YDULDWLRQ�RI�WKH�GRVH��FI��'RQDOGVRQ HW�DO���������7KH�ILW�RI�D�ORJLVWLF�RU�FORJORJ�IXQFWLRQ�FDQQRW�WKHQ�EH�XVHG�

������&RQFOXVLRQV
$OWKRXJK�WKHRUHWLFDO��WKLV�PRGHO�LV�XVHIXO�LQ�RUGHU�WR�GHULYH�FRQFOXVLRQV�DERXW�WKH�EHKDYLRXURI�)0'��,W�FDQ�IRU�H[DPSOH�SDUWLDOO\�H[SODLQ�ZK\�DOO� WKH�KHUGV�UHFHLYLQJ� WKH�DLUERUQH�YLUXVDUH�QRW�LQIHFWHG��6HYHUDO�FRPELQDWLRQV�RI�GRVHV�DQG�KHUG�VL]H�JLYH�WKH�VDPH�ULVN�RI�LQIHFWLRQ�



���

$V�WKH�LQKDOHG�GRVH�LV�OLQNHG�WR�WKH�GLVWDQFH�WR�DQ�LQIHFWHG�VRXUFH��WKH�IRUPHU�UHODWLRQ�LPSOLHVWKDW�D�ELJ�KHUG�ORFDWHG�IDU�IURP�DQ�RXWEUHDN�FRXOG�KDYH�WKH�VDPH�SUREDELOLW\�RI�LQIHFWLRQ�DV�DVPDOO�KHUG�ORFDWHG�FORVH�WR�WKH�VRXUFH��0RUHRYHU��D�YHU\�ORZ�GRVH�FRXOG�EH�VXIILFLHQW�WR�VHW�XSWKH� LQIHFWLRQ� LI� D� ORW� RI� DQLPDOV� KDYH� EHHQ� H[SRVHG�� &RQYHUVHO\�� WKLV� LPSOLHV� WKDW� PDQ\DQLPDOV�DUH�UHTXLUHG�WR�HYDOXDWH�WKH�PLQLPDO�GRVH�WR�VHW�XS�WKH�LQIHFWLRQ��$V�WKH�H[SHULPHQWDOLQIHFWLRQV�RIWHQ�LQYROYHG�IHZ�DQLPDOV��FXUUHQW�PLQLPDO�GRVHV�DUH�SUREDEO\�RYHUHVWLPDWHG�,I�WKH�SDUDPHWHU�RI�WKH�LQGLYLGXDO�GRVH�HIIHFW�FXUYH�ZHUH�NQRZQ��KHUG�SUREDELOLW\�RI�LQIHFWLRQFRXOG�EH�GLUHFWO\� HVWLPDWHG��$V� WKHVH�SDUDPHWHUV�DUH�XQNQRZQ�� HTXDWLRQ� ���� VXJJHVWV�XVLQJWKH� ORJDULWKP� RI� WKH� SURGXFW� RI� WKH� LQGLYLGXDO� GRVH� DQG� WKH� KHUG� VL]H� �ORJVL]HLQGLYLGXDO GRVH���� 7KLV� FRXOG� EH� D� ZD\� RI� UDQNLQJ� WKH� KHUGV� DFFRUGLQJ� WR� WKH� ULVN� RIDLUERUQH�FRQWDPLQDWLRQ�

5HIHUHQFHV
&DVDO� -��� 0RUHVR� 0��� 3ODQDV�&XFKL� (�� DQG� &DVDO� -��� ������ 6LPXODWHG� DLUERUQH� VSUHDG� RI$XMHV]N\
V�GLVHDVH�DQG�)RRW�DQG�0RXWK�GLVHDVH��9HWHULQDU\�UHFRUG���������������&ROOHW�'���������0RGHOOLQJ�ELQDU\�GDWD�&KDSPDQ�	�+DOO�'DFXQKD�&DVWHOOH�'�� DQG�'XIOR�0��� ������3UREDELOLWpV� HW� VWDWLVWLTXHV� ��3UREOqPHV� j� WHPSVPRELOHV� 3DULV��0DVVRQ�'RQDOGVRQ�$���*LEVRQ�&���2OLYHU�5���+DPEOLQ�&���.LWFKLQJ�5��������� ,QIHFWLRQ�RI� FDWWOH�E\DLUERUQH�)RRW�DQG�0RXWK�GLVHDVH�YLUXV��PLQLPDO�GRVHV�ZLWK�2��DQG�6$7��VWUDLQV��5HVHDUFKLQ�YHWHULQDU\�VFLHQFH��������������*ORVWHU� -��� 'RQDOGVRQ� $�� DQG� +RXJK� 0��� ������ $QDO\VLV� RI� D� VHULHV� RI� RXWEUHDNV� RI$XMHV]N\
V� GLVHDVH� LQ� <RUNVKLUH� LQ� ��������� WKH� SRVVLELOLW\� RI� DLUERUQH� GLVHDVH� VSUHDG�9HWHULQDU\�UHFRUG���������������+XJK�-RQHV� 0��� ������ (SLGHPLRORJLFDO� VWXGLHV� RQ� WKH� �������� )RRW�DQG�0RXWK� GLVHDVHHSLGHPLF��$WWDFN�UDWHV�DQG�FDWWOH�GHQVLW\��5HVHDUFK�LQ�YHWHULQDU\�VFLHQFH��������������0RUWHQVHQ�6���0LNNHOVHQ�7���7K\NLHU�1LHOVHQ�6��DQG�:LOOHEHUJ�3���������0RGHOOLQJ�WKH�HIIHFWRI� H[SRVXUH� IURP� QHLJKERXULQJ� KHUGV� RQ� WKH� KD]DUG� RI� DLUERUQH� LQIHFWLRQ� ZLWK� $XMHV]N\
VGLVHDVH�YLUXV�ZLWK�D�PHWHRURORJLFDO�GLVSHUVLRQ�PRGHO��.HQ\D�YHWHULQDULDQ��������������
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1RUPDQ��+���:��6LVFKR��3��3LWFKHU��$��1HVVHOURGW�DQG�5/�'D\��������6SDWLDO�DQG� WHPSRUDOHSLGHPLRORJ\�RI�SVHXGRUDELHV�YLUXV� LQIHFWLRQ��$PHULFDQ� MRXUQDO�RI�YHWHULQDU\� UHVHDUFK���������������6HOOHUV��5���������4XDQWLWDWLYH�DVSHFWV�RI� WKH�VSUHDG�RI�)RRW�DQG�0RXWK�GLVHDVH��9HWHULQDU\%XOOHWLQ��������������6WlUN�.���������6\VWHPV� IRU� WKH�SUHYHQWLRQ�DQG�FRQWURO�RI� LQIHFWLRXV�GLVHDVHV� LQ�SLJV��3K'�WKHVLV��0DVVH\�8QLYHUVLW\�:LOOHEHUJ�3���*DUGQHU�,���0RUWHQVHQ�6��DQG�0RXVLQJ�-���������0RGHOV�RI�KHUG�VL]H�HIIHFWV�LQVZLQH�GLVHDVHV��.HQ\D�YHWHULQDULDQ��������������
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7DVN�'
&RVW�EHQHILW�DQDO\VLV�RI�GLVHDVH�SUHYHQWLRQ�DQGFRQWURO�VWUDWHJLHV�LQ�VXFK�DUHDV

$�GHFLVLRQ�WUHH�IRU�RSWLPLVLQJ�FRQWURO�PHDVXUHV�GXULQJ�WKH�HDUO\�VWDJHV�RI�D)RRW�DQG�0RXWK�'LVHDVH�HSLGHPLF
)��7RPDVVHQ��$��GH�.RHLMHU��0��0RXULWV��$��'HNNHU�DQG�5��+XLUQH��7KH�1HWKHUODQGV

3UREDELOLW\�RI�&ODVVLFDO�6ZLQH�)HYHU�YLUXV�LQWURGXFWLRQ�LQ�WKH�(XURSHDQ8QLRQ��DQDO\VLV�DQG�PRGHOOLQJ
&��GH�9RV��+��6DDWNDPS�DQG�5��+XLUQH��7KH�1HWKHUODQGV

6SDWLDO�DQG�VWRFKDVWLF�VLPXODWLRQ�WR�FRPSDUH�WZR�HPHUJHQF\�YDFFLQDWLRQVWUDWHJLHV�ZLWK�D�PDUNHU�YDFFLQH�LQ�WKH���������'XWFK�&ODVVLFDO�6ZLQH)HYHU�HSLGHPLF
0��-��0DQJHQ��$��-DOYLQJK��0��1LHOHQ��0��0RXULWV��'��.OLQNHUEHUJ�DQG�$��'LMNKXL]HQ��7KH1HWKHUODQGV
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$� GHFLVLRQ� WUHH� IRU� RSWLPLVLQJ� FRQWURO� PHDVXUHVGXULQJ�WKH�HDUO\�VWDJHV�RI�D�)RRW�DQG�0RXWK�'LVHDVHHSLGHPLF
)�+�0��7RPDVVHQ��$��GH�.RHLMHU��0�&�0��0RXULWV��$��'HNNHU��$��%RXPD��5�%�0��+XLUQH

$EVWUDFW$� GHFLVLRQ� WUHH� ZDV� GHYHORSHG� DV� D� WRRO� WR� VXSSRUW� GHFLVLRQ�PDNLQJ� FRQFHUQLQJ� FRQWUROPHDVXUHV� LQ� WKH� ILUVW� IHZ�GD\V� IROORZLQJ� WKH�GHFODUDWLRQ�RI�DQ�RXWEUHDN�RI�)RRW�DQG�0RXWK'LVHDVH��)0'���7KH�REMHFWLYH�RI� WKH�WUHH�ZDV�WR�PLQLPLVH�GLUHFW�FRVWV�DQG�H[SRUW� ORVVHV�RI)0'�HSLGHPLFV�LQ�VHYHUDO�VFHQDULRV��7KHVH�VFHQDULRV�ZHUH�EDVHG�RQ�LPSRUWDQW�GHWHUPLQDQWVLQ�WKH�GHYHORSPHQW�RI�HSLGHPLFV�DQG�WKHUHIRUH�GHILQHG�E\� OLYHVWRFN�DQG�KHUG�GHQVLW\� LQ� WKHRXWEUHDN�UHJLRQ�� WKH�SRVVLELOLW\�RI�DLUERUQH�VSUHDG��DQG� WKH� WLPH�EHWZHHQ�ILUVW� LQIHFWLRQ�DQGILUVW�GHWHFWLRQ�7KH� VWDUWLQJ� SRLQW� RI� WKH� WUHH� ZDV� DQ� HSLGHPLRORJLFDO� PRGHO� EDVHG� RQ� D� GHWHUPLQLVWLF6XVFHSWLEOH�,QIHFWLRXV�5HFRYHUHG� DSSURDFK�� 7KH� HIIHFW� RI� IRXU� FRQWURO� VWUDWHJLHV� RQ� )0'G\QDPLFV� ZDV� PRGHOOHG�� ,Q� DGGLWLRQ� WR� WKH� VWDQGDUG� FRQWURO� VWUDWHJ\� RI� VWDPSLQJ�RXW� DQGFXOOLQJ�KLJK�ULVN�FRQWDFW�KHUGV��VWUDWHJLHV�ZHUH�DVVHVVHG�LQYROYLQJ�ULQJ�FXOOLQJ�ZLWKLQ���NP�RIDQ� LQIHFWHG� KHUG�� ULQJ� YDFFLQDWLRQ� ZLWKLQ� �� NP� RI� DQ� LQIHFWHG� KHUG�� DQG� ULQJ� YDFFLQDWLRQZLWKLQ���NP�RI�DQ�LQIHFWHG�KHUG��$Q�HFRQRPLF�PRGHO�FRQYHUWHG�RXWEUHDN�DQG�FRQWURO�HIIHFWVRI�IDUPLQJ�DQG�SURFHVVLQJ�RSHUDWLRQV�LQWR�HVWLPDWHV�RI�GLUHFW�FRVWV�DQG�FRQVHTXHQWLDO�H[SRUWORVVHV�5HVXOWV� VKRZHG� WKDW� DQLPDO� GHQVLW\� ZLWKLQ� WKH� RXWEUHDN� UHJLRQ� LV� D� YHU\� LPSRUWDQWGHWHUPLQDQW�LQ�GHFLGLQJ�XSRQ�WKH�HFRQRPLFDOO\�RSWLPDO�FRQWURO�VWUDWHJ\��5LQJ�YDFFLQDWLRQ�LVWKH�HFRQRPLFDOO\�RSWLPDO�FRQWURO�VWUDWHJ\�IRU�GHQVHO\ SRSXODWHG�OLYHVWRFN�DUHDV�ZKHUHDV�ULQJFXOOLQJ�LV�WKH�HFRQRPLFDOO\�RSWLPDO�FRQWURO�VWUDWHJ\�IRU�VSDUVHO\ SRSXODWHG�OLYHVWRFN�DUHDV�

�������,QWURGXFWLRQ
)RRW� DQG�0RXWK� 'LVHDVH� �)0'�� LV� D� KLJKO\� FRQWDJLRXV� GLVHDVH� WKDW� LQIHFWV� PDQ\� FORYHQ�IRRWHG�PDPPDOV��LQFOXGLQJ�FDWWOH��SLJV��VKHHS��JRDWV�DQG�GHHU��7KH�YLUXV�KDV�WKH�SRWHQWLDO�WR



���

VSUHDG� UDSLGO\� LQ� VXVFHSWLEOH� SRSXODWLRQV�� )URP� SUHYLRXV� HFRQRPLF� VWXGLHV� LW� LV� FOHDU� WKDW)0'�RXWEUHDNV�JHQHUDWH�FRQVLGHUDEOH�ORVVHV�GXH�WR�FRVWV�RI�GLVHDVH�FRQWURO�DQG�SURGXFWLYLW\ORVVHV� DV� ZHOO� DV� WR� FRQVWUDLQWV� RQ� WKH� LQWHUQDWLRQDO� PHDW� DQG� OLYHVWRFN� WUDGH� �3RZHU� DQG+DUULV�� ������ .U\VW\QDN� DQG� &KDUOHERLV�� ������ %HUHQWVHQ� HW� DO��� ����E�� *DUQHU� DQG� /DFN������� 0DKXO� DQG� *RKLQ�� ������ 0DKXO� DQG� 'XUDQG�� ������� 5HFHQW� H[DPSOHV� RI� WKHGHYDVWDWLQJ�FRQVHTXHQFHV�RI�)0'�DUH�WKH�HSLGHPLFV�LQ�*UHDW�%ULWDLQ�DQG�7KH�1HWKHUODQGV�LQ������,Q�*UHDW�%ULWDLQ�QHDUO\�IRXU�PLOOLRQ�DQLPDOV�ZHUH�VODXJKWHUHG�DQG�WKH�GLVHDVH�VSUHDG�WRRYHU� ����� OLYHVWRFN� IDUPV� �'HSDUWPHQW� IRU� (QYLURQPHQW�� )RRG� DQG� 5XUDO� $IIDLUV�� ������'XULQJ�WKH�'XWFK�HSLGHPLF�DERXW���������DQLPDOV�KDG�WR�EH�VODXJKWHUHG�DQG����IDUPV�ZHUHDFWXDOO\�LQIHFWHG��0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�0DQDJHPHQW�DQG�)LVKHULHV���������$QRWKHUH[DPSOH�LV�WKH�HSLGHPLF�ZKLFK�RFFXUUHG�LQ������LQ�7DLZDQ��LQ�ZKLFK�PRUH�WKDQ�IRXU�PLOOLRQSLJV�KDG�WR�EH�VODXJKWHUHG��<DQJ�HW�DO���������)0'� LV� D� GLIILFXOW� GLVHDVH� WR� FRQWURO� DQG� HUDGLFDWH� EHFDXVH� RI� WKH� YDULRXV�PHFKDQLVPV� E\ZKLFK� WKH� YLUXV� FDQ� EH� WUDQVPLWWHG� �6HOOHUV�� ������� 7KH� PRVW� FRPPRQ� PHFKDQLVP� LV� WKHPRYHPHQW� RI� LQIHFWHG� DQLPDOV� WR� VXVFHSWLEOH� DQLPDOV� �'RQDOGVRQ� HW� DO��� ������� 2WKHUPHFKDQLVPV�RI�VSUHDG�LQFOXGH�WKH�PRYHPHQW�RI�FRQWDPLQDWHG�DQLPDO�SURGXFWV�VXFK�DV�PHDW�RIIDO� DQG� PLON�� 7KH� )0'� YLUXV� FDQ� DOVR� EH� WUDQVPLWWHG� PHFKDQLFDOO\�� IRU� H[DPSOH�� E\FRQWDPLQDWHG�PLONLQJ�PDFKLQHV��E\�YHKLFOHV��HVSHFLDOO\�WKRVH�XVHG�IRU�WUDQVSRUWLQJ�DQLPDOV�DQG� E\� SHRSOH�� $QRWKHU�PHFKDQLVP� LV� DLUERUQH� VSUHDG�� 8QGHU� FHUWDLQ� HSLGHPLRORJLFDO� DQGFOLPDWLF�FRQGLWLRQV�WKH�)0'�YLUXV�FDQ�EH�VSUHDG�E\�WKH�ZLQG��2I�DOO�PHFKDQLVPV��VSUHDG�E\DLU�LV�OHDVW�FRQWUROODEOH��'RQDOGVRQ�HW�DO���������)HUJXVRQ�HW�DO�������D��6¡UHQVHQ�HW�DO�������DQG�������7KH� REMHFWLYH� RI� WKLV� VWXG\� ZDV� WR� GHYHORS� D� WRRO� WR� VXSSRUW� GHFLVLRQ�PDNLQJ� RQ� FRQWUROVWUDWHJLHV�GXULQJ� WKH�HDUO\�VWDJHV�RI�DQ�)0'�HSLGHPLF��7KH�HDUO\�VWDJH�PHDQV� WKH� ILUVW� IHZGD\V� DIWHU� WKH� GHFODUDWLRQ� RI� DQ� RXWEUHDN�� 6XFFHVVIXO� HUDGLFDWLRQ� RI� DQ� HSLGHPLF� PDLQO\GHSHQGV�RQ�WKH�VHOHFWHG�FRQWURO�VWUDWHJ\�DQG�RQ�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�GLDJQRVLV�DQGLPSOHPHQWDWLRQ� RI� WKH� FRQWURO� VWUDWHJ\�� 6HOHFWLQJ� DQ� LQDGHTXDWH� VWUDWHJ\� PD\� FDXVH� ODUJHDGGLWLRQDO� HFRQRPLF� ORVVHV� �0DKXO� DQG�'XUDQG�� �������'HOD\HG� LPSOHPHQWDWLRQ� RI� FRQWUROPHDVXUHV�PD\� FDXVH� H[WHQVLYH� VSUHDG�RI� WKH� GLVHDVH� �*DUQHU� DQG�/DFN�� ������+RZDUG� DQG'RQQHOO\�� ������ )HUJXVRQ� HW� DO��� ����E��� 7KLV� PHDQV� WKDW� LW� LV� YHU\� LPSRUWDQW� IRU� DQLPDOKHDOWK� DXWKRULWLHV� WR� PDNH� WKH� ULJKW� GHFLVLRQ� LPPHGLDWHO\� IROORZLQJ� WKH� LQLWLDO� GLDJQRVLV�8VXDOO\� WKHUH� LV� QR� WLPH� WR� JDWKHU� DGGLWLRQDO� GDWD� LQ� RUGHU� WR� VXSSRUW� GHFLVLRQ�PDNLQJ�7KHUHIRUH��LW�LV�DEVROXWHO\�HVVHQWLDO�WR�KDYH�DQ�RYHUDOO�DQDO\WLFDO�VWUXFWXUH�IRU�WKHVH�NLQGV�RIVLWXDWLRQV�EHIRUHKDQG��7KLV�SDSHU�SUHVHQWV�VXFK�DQ�DQDO\WLFDO�VWUXFWXUH��FRPSULVLQJ�D�GHFLVLRQWUHH�PRGHOOLQJ�DSSURDFK�XVLQJ�DOO� LQIRUPDWLRQ�DYDLODEOH�LQ�WKH�ILUVW�WKUHH�GD\V�IROORZLQJ�WKHGHFODUDWLRQ�RI�DQ�RXWEUHDN��8VLQJ�WKLV�DSSURDFK�WKH�HIILFDF\�RI�GLVHDVH�FRQWURO�PHDVXUHV�ZDVHYDOXDWHG� LQ� DOO� NLQGV�W\SHV� RI� VFHQDULRV�� 7KH� HIILFDF\� ZDV� GHWHUPLQHG� E\� PRGHOOLQJ� WKH
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HSLGHPLRORJLFDO� FRQVHTXHQFHV� DQG� FDOFXODWLQJ� WKH� UHVXOWLQJ� GLUHFW� FRVWV� DQG� H[SRUW� ORVVHV�6FHQDULRV�ZHUH�GHILQHG�E\�LPSRUWDQW�GHWHUPLQDQWV�LQ�WKH�GHYHORSPHQW�RI�HSLGHPLFV�WKDW�ZHUHIRXQG�LQ�WKH�OLWHUDWXUH�7KH� REMHFWLYH� RI� WKH� GHFLVLRQ� WUHH� ZDV� WR� EH� DEOH� WR� FDOFXODWH� WKH� HFRQRPLFDOO\� RSWLPDOFRQWURO�VWUDWHJ\�IRU�HDFK�VFHQDULR��(FRQRPLFDOO\�RSWLPDO�PHDQW� WKDW�GLUHFW�FRVWV�DQG�H[SRUWORVVHV� ZHUH� PLQLPLVHG�� 7KH� UHVXOWV� IURP� WKH� GHFLVLRQ� WUHH� PD\� EH� XVHG� DV� \DUGVWLFNV� IRUGHFLGLQJ�RQ�FRQWURO�PHDVXUHV�GXULQJ�SRVVLEOH�)0'�HSLGHPLFV�LQ�WKH�IXWXUH�

�������0DWHULDOV�DQG�PHWKRGV
7KH� PRGHOOLQJ� DSSURDFK� FRQVLVWV� RI� WKUHH� PRGXOHV� �VHH� )LJXUH� ������� DQ� HSLGHPLRORJLFDOPRGXOH� WR� VLPXODWH� WKH� GLVHDVH� G\QDPLFV�� DQ� HFRQRPLF� PRGXOH� WR� FRQYHUW� RXWEUHDN� DQGFRQWURO�HIIHFWV�LQWR�HVWLPDWHV�RI�GLUHFW�FRVWV�DQG�H[SRUW�ORVVHV��DQG�D�GHFLVLRQ�WUHH�PRGXOH�WRRSWLPLVH�GHFLVLRQV�RQ� FRQWURO� VWUDWHJLHV��7KHVH�PRGXOHV� DUH� GHVFULEHG� LQ� VHFWLRQV� ������� WR��������)LUVWO\�WKH�FKRLFH�RI�YLUXV�VWUDLQ��FRQWURO�VWUDWHJLHV��UHJLRQV�DQG�VFHQDULRV�DUH�RXWOLQHGLQ�VHFWLRQV��������WR��������
)LJXUH�������$Q�RYHUYLHZ�RI�WKH�PRGHOOLQJ�DSSURDFK

(SLGHPLRORJLFDOPRGXOH
(FRQRPLF�PRGXOH

'HFLVLRQ�WUHHPRGXOH

� 1XPEHU�RI�KHUGV�DIIHFWHG� 'XUDWLRQ�RI�HSLGHPLF� 6L]H�RI�PRYHPHQW�VWDQGVWLOO�DUHDV
x 'LUHFW�FRVWVx ([SRUW�ORVVHV
x 2SWLPDO�FRQWURO�VWUDWHJ\

7KUHH�PRGXOHV
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��������&KRLFH�RI�YLUXV�VWUDLQ7KHUH�DUH�VHYHQ�LPPXQRORJLFDOO\�DQG�VHURORJLFDOO\�GLVWLQFW�W\SHV�RI�)0'9��$��2��&��6$7��6$7���6$7��DQG�$VLD����:LWKLQ�HDFK�VHURW\SH�WKHUH�DUH�VHYHUDO�VXEW\SHV��7KH�GLVHDVH�FDXVHGE\� GLIIHUHQW� VHURW\SHV� LV� FOLQLFDOO\� LQGLVWLQJXLVKDEOH�� DOWKRXJK� WKH\� YDU\� VRPHZKDW� LQ� WKHLUHSLGHPLRORJLFDO� SDWWHUQV� �6DQVRQ�� �������6RPH� VWUDLQV� RI�)0'9�VKRZ�D� GHJUHH� RI� QDWXUDODGDSWDWLRQ�WR�DQ�DQLPDO�VSHFLHV��ZLWK�WKH�UHVXOW�WKDW�WKH�RWKHU�VSHFLHV�RI�DQLPDOV�DSSHDU�WR�EHPRUH�GLIILFXOW�WR�LQIHFW��$Q�H[DPSOH�RI�D�SLJ�DGDSWHG�YLUXV�VWUDLQ�ZDV�WKH�VWUDLQ�WKDW�FDXVHGWKH�7DLSHL�&KLQD� HSLGHPLF� LQ� ������1R� RXWEUHDNV�ZHUH� GHWHFWHG� LQ� FORYHQ�KRRIHG� DQLPDOVRWKHU�WKDQ�SLJV��&KHQ�HW�DO���������7KLV�VWXG\�DOVR�FRQILQHG�DWWHQWLRQ�WR�)0'9�RXWEUHDNV�LQ�SLJV��ZKLFK�LV�WKH�VRXUFH�RI�PRVWDYDLODEOH�GDWD��6HOOHUV��������6DOW�HW�DO���������<DQJ�HW�DO����������7KLV�GDWD�PDGH�LW�SRVVLEOHWR�TXDQWLI\�WKH�)0'�WUDQVPLVVLRQ�EHWZHHQ�SLJV�DQG�WR�HVWLPDWH�WKH�HIILFDF\�RI�YDFFLQDWLRQ�
��������&RQWURO�VWUDWHJLHV7KH�VL]H�DQG�GXUDWLRQ�RI�DQ�HSLGHPLF�GHSHQG�ODUJHO\�RQ�WKH�FRQWURO�VWUDWHJ\�LPSOHPHQWHG�DQGRQ� LWV� HIIHFWLYHQHVV�� ,Q� �������� WKH� (8� GHFLGHG� WR� FHDVH� URXWLQH� SURSK\ODFWLF� YDFFLQDWLRQ�7KH� FRQWURO� SURFHGXUHV� DUH� QRZ� WRWDO� VWDPSLQJ� RXW� RI� WKH� GLVHDVH� LQ� DIIHFWHG� KHUGV� DQGPRYHPHQW� FRQWURO� LQ� WKH� VXUURXQGLQJ� DUHD�� 7KHVH� PHDVXUHV� DUH� ODLG� GRZQ� LQ� &RXQFLOGLUHFWLYH� �������((&�� +RZHYHU�� LQ� FHUWDLQ� FLUFXPVWDQFHV� WKHVH� PHDVXUHV� PD\� QHHG� WR� EHVXSSOHPHQWHG�E\�RWKHU�LQWHUYHQWLRQV�VXFK�DV�ULQJ�FXOOLQJ� RU�ULQJ�YDFFLQDWLRQ���,Q�SDUWLFXODU�RXWEUHDNV�LQ�DUHDV�FRQWDLQLQJ�KLJK�GHQVLWLHV�RI�VXVFHSWLEOH�DQLPDOV�DQG�LQDGHTXDWH�UHVRXUFHVRI�PDQSRZHU�RU�SODQWV� IRU� WKH�VODXJKWHU�DQG�GLVSRVDO�RI�DQLPDOV�PD\�VSUHDG�RXW�RI�FRQWUROZLWKRXW� DGGLWLRQDO� FRQWURO� PHDVXUHV�� ,Q� WKLV� FRQWH[W�� ULQJ� FXOOLQJ� DQG� ULQJ� YDFFLQDWLRQVWUDWHJLHV�WDUJHW�LQIHFWLRQ�KRWVSRWV�E\�UHGXFLQJ�WKH�GHQVLW\�RI�VXVFHSWLEOH�KHUGV�LQ�WKH�YLFLQLW\RI� GLDJQRVHG� LQIHFWLRQV�� WKHUHE\� UHPRYLQJ� WKH� ³IXHO´� HVVHQWLDO� WR�PDLQWDLQLQJ� WKH� HSLGHPLF�6FLHQWLILF�&RPPLWWHH�RQ�$QLPDO�+HDOWK�DQG�$QLPDO�:HOIDUH��������)HUJXVRQ�HW�DO�������D��)LQGLQJV� IURP� VLPXODWHG� )0'� RXWEUHDNV� LQ� 7KH� 1HWKHUODQGV�� $XVWUDOLD� DQG� )UDQFHGHPRQVWUDWHG�WKDW�WKH�VWUDWHJ\�RI�VWDPSLQJ�RXW�DQG�PRYHPHQW�FRQWURO�DORQH��DV�ODLG�GRZQ�LQ�������((&�� LV� UDUHO\�DOPRVW� QHYHU� WKH� HFRQRPLFDOO\� RSWLPDO� VWUDWHJ\�� ([WHQVLRQ� RI� WKLVVWUDWHJ\�ZLWK�FXOOLQJ�RI�GDQJHURXV�FRQWDFW�KHUGV� JHQHUDOO\�UHGXFHG�WKH�HSLGHPLRORJLFDO�DQG
� VODXJKWHULQJ�RI�DOO�WKH�DIIHFWHG�DQG�LQ�FRQWDFW�VXVFHSWLEOH�DQLPDOV�RI�WKH�LQIHFWHG�KHUG� SURKLELWLRQ�RI�PRYHPHQW�RI�DQLPDOV�DQG�PDQXUH�ZLWKLQ�D�UDGLXV�RI����NP�RI�DQ�LQIHFWHG�KHUG� VODXJKWHULQJ�DOO�VXVFHSWLEOH�DQLPDOV�ZLWKLQ�D�FHUWDLQ�UDGLXV�RI�HYHU\�QHZO\�GLDJQRVHG�FDVH�RI�LQIHFWLRQ� YDFFLQDWLQJ�DOO�VXVFHSWLEOH�DQLPDOV�ZLWKLQ�D�FHUWDLQ�UDGLXV�RI�HYHU\�QHZO\�GLDJQRVHG�FDVH�RI�LQIHFWLRQ� VODXJKWHULQJ�RI�KHUGV�WKDW��DOWKRXJK�QRW�VKRZLQJ�)0'�V\PSWRPV��DUH�FRQVLGHUHG�WR�EH�DW�KLJK�ULVN�RIVSUHDGLQJ�WKH�GLVHDVH�EHFDXVH�RI�SUR[LPLW\�RU�FRQWDFW�ZLWK�LQIHFWHG�KHUGV�



���

HFRQRPLF�FRQVHTXHQFHV��%HUHQWVHQ�HW�DO�������E��*DUQHU�DQG�/DFN��������0DKXO�DQG�'XUDQG�������3UHYLRXV�UHVHDUFK��EDVHG�RQ�WKH�'XWFK�&ODVVLFDO�6ZLQH�)HYHU��&6)��HSLGHPLF�RI�����������VKRZHG� WKDW� ULQJ� FXOOLQJ� FDQ� DOVR� EH� DQ� HIIHFWLYH� VWUDWHJ\� IRU� UHGXFLQJ� WKH� VL]H� RI� D� &6)HSLGHPLF��LI�EHJXQ�DW�DQ�HDUO\�VWDJH��(OEHUV�HW�DO���������1LHOHQ�HW�DO���������6WHJHPDQ�HW�DO��������� 7KHVH� VWXGLHV� VXJJHVWHG� WKDW� �� NLORPHWUH� ZDV� DQ� RSWLPDO� UDGLXV� IURP� DQHSLGHPLRORJLFDO�DV�ZHOO�DV�IURP�DQ�HFRQRPLF�SRLQW�RI�YLHZ��$�PRGHO�DQDO\VLV�RI�WKH�UHFHQW)0'�HSLGHPLF�LQ�*UHDW�%ULWDLQ��*%��VKRZHG�WKDW�ERWK�ULQJ�FXOOLQJ�DQG�ULQJ�YDFFLQDWLRQ�DUHSRWHQWLDOO\�KLJKO\�HIIHFWLYH�VWUDWHJLHV�LI�LPSOHPHQWHG�VXIILFLHQWO\�ULJRURXVO\��)HUJXVRQ�HW�DO������D���,W�ZDV�DOVR�FRQFOXGHG�WKDW�ULQJ�YDFFLQDWLRQ�SROLFLHV�QHHG�WR�EH�PRUH�H[WHQVLYH�WKDQFRPSDUDEOH� FXOOLQJ� SROLFLHV�� ,Q� WKH� FDVH� RI� LQIHFWHG� EXW� XQGLDJQRVHG� DQLPDOV�� FXOOLQJHOLPLQDWHV�YLUXV� UHSOLFDWLRQ�E\� UHPRYLQJ� WKHVH� DQLPDOV��9DFFLQDWLRQ�RQO\� UHGXFHV� WKH� YLUXVUHSOLFDWLRQ�WKHUHE\�OLPLWLQJ�WKH�WUDQVPLVVLRQ�RI�WKH�YLUXV�OHVV�HIIHFWLYHO\�WKDQ�FXOOLQJ��6REULQRHW�DO����������$QRWKHU�DQDO\VLV�RI�WKH�%ULWLVK�HSLGHPLF��'RQDOGVRQ�HW�DO���������FRQFOXGHG�WKDWULQJ� FXOOLQJ� LV� QRW� DOZD\V� HIIHFWLYH� EHFDXVH� RI� WKH� YHU\� ZLGH� YDULDWLRQ� EHWZHHQ� GLIIHUHQWVSHFLHV�LQ�WHUPV�RI�WKH�TXDQWLWLHV�RI�YLUXV�H[FUHWHG��WKHLU�VXVFHSWLELOLW\�WR�LQIHFWLRQV��DQG�WKHURXWHV�E\�ZKLFK�WKH\�DUH�OLNHO\�WR�EH�LQIHFWHG�%DVHG� RQ� WKH� FXUUHQW�(8� OHJLVODWLRQ� DQG� SUHYLRXVO\� GLVFXVVHG� H[SHULPHQWV� DQG� DQDO\VHV� RIUHFHQW�HSLGHPLFV��WKH�IROORZLQJ�LQWHUHVWLQJ�FRQWURO�VWUDWHJLHV�ZHUH�FRQVLGHUHG�LQ�WKLV�VWXG\���� 6WDPSLQJ�RXW�LQIHFWHG�KHUGV���������((&��DQG�FXOOLQJ�RI�KLJK�ULVN�FRQWDFW�KHUGV��62����� 62�H[WHQGHG�ZLWK� ULQJ�FXOOLQJ�RI� DOO� VXVFHSWLEOH� DQLPDOV�ZLWKLQ�D� UDGLXV�RI���NP�RI� DQLQIHFWHG�KHUG��5&������ 62�H[WHQGHG�ZLWK�ULQJ�YDFFLQDWLRQ�RI�DOO�VXVFHSWLEOH�DQLPDOV�ZLWKLQ�D�UDGLXV�RI���NP�RI�DQLQIHFWHG�KHUG��59������ 62� H[WHQGHG�ZLWK� ULQJ� YDFFLQDWLRQ� RI� DOO� VXVFHSWLEOH� DQLPDOV� ZLWKLQ� D� UDGLXV� RI� �� NP�59���$OO�IRXU�VWUDWHJLHV�LQFOXGH�PRYHPHQW�FRQWURO��7KH�ODVW�WKUHH�VWUDWHJLHV�DOVR�WRRN�LQWR�DFFRXQWWKH�SRVVLELOLW\�RI� DLUERUQH� VSUHDG�RXWVLGH� LPSOHPHQWHG� ULQJV��6XVFHSWLEOH� DQLPDOV�RXWVLGH� DULQJ� EXW� GRZQZLQG� RI� D� YLUXV� SOXPH� ZHUH� FXOOHG� RU� YDFFLQDWHG� UHVSHFWLYHO\�� 9DFFLQDWHGDQLPDOV� ZHUH� FXOOHG� DV� TXLFNO\� DV� SRVVLEOH� WR� NHHS� WKH� QHFHVVDU\� SHULRG� IRU� UHJDLQLQJ� WKHVWDWXV� RI� DQ� )0'�IUHH� FRXQWU\� ZLWKRXW� YDFFLQDWLRQ� DV� VKRUW� DV� SRVVLEOH� �VHH� ������ +HUH�FXOOLQJ�DQG�GHVWUXFWLRQ�FDSDFLWLHV�ZHUH�WKH�UHVWULFWLQJ�IDFWRUV�
���������5HJLRQV6WXGLHV�KDYH�VKRZQ�WKDW�D�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHD��'3/$��FDQ�JLYH�ULVH�WR�WKH�ULVNRI�PDMRU�GLVHDVH�HSLGHPLFV� �'LMNKXL]HQ�DQG�'DYLHV���������)RU� WKLV� VWXG\�7KH�1HWKHUODQGV



���

KDV�EHHQ�GLYLGHG� LQWR�VHYHQ� UHJLRQV�DFFRUGLQJ� WR�6WHJHPDQ�HW�DO�¶V� �������GLYLVLRQ�PHWKRGEDVHG� RQ� SLJ� GHQVLW\� SHU� PXQLFLSDOLW\�� 7KLV� PHWKRG� ZDV� XVHIXO� IRU� WKH� HSLGHPLRORJLFDOPRGXOH�� ZKLFK� FDOFXODWHG� WKH� WUDQVPLVVLRQ� RI� D� SLJ�DGDSWHG� )0'9� VWUDLQ� �VHH� ��������6WDWLVWLFV�ZHUH�XVHG�IURP�WKH�\HDU������DQG�SLJ�GHQVLWLHV�ZHUH�EDVHG�RQ�DJULFXOWXUDO�ODQG�DUHD�6WDWLVWLFV�1HWKHUODQGV���������$FFRUGLQJ�WR�WKLV�PHWKRG��PXQLFLSDOLWLHV�ZLWK�PRUH�WKDQ�����SLJV�SHU�NP� ZHUH�FRPELQHG�WR�IRUP�D�SLJ�GHQVH�UHJLRQ��0XQLFLSDOLWLHV�WKDW�KDYH�IHZHU�WKDQ�����SLJV�SHU�NP���EXW�WKDW�DUH�VXUURXQGHG�E\�GHQVHO\�SRSXODWHG�PXQLFLSDOLWLHV�ZHUH�LQFOXGHGLQ� WKH� SLJ�GHQVH� UHJLRQV�� )LJXUH� ����� VKRZV� WKH� VHYHQ� UHJLRQV� WKDW� FRXOG� EH� GLVWLQJXLVKHG�7KH�YHU\�GDUN�FRORXUHG�UHJLRQV��UHJLRQV������DQG����KDYH�PRUH�WKDQ������SLJV�SHU�NP���7KHRWKHU�IRXU�DUHDV�DUH�OHVV�GHQVHO\�SRSXODWHG�
)LJXUH����� 6XEGLYLVLRQ� RI� 7KH� 1HWKHUODQGV� LQWR� VHYHQ� UHJLRQV�� VKRZLQJ� GHQVLW\� RI� SLJSRSXODWLRQ

7DEOH������OLVWV�WKH�GHQVLWLHV�RI�VXVFHSWLEOH�OLYHVWRFN�VSHFLHV��KHUGV�DQG�IORFNV�SHU�UHJLRQ�DQGWKH�PHDQ�VL]HV�RI�KHUGV�DQG�IORFNV�SHU�UHJLRQ��$FFRUGLQJ�WR�0LFKHO�HW�DO�¶V�GHILQLWLRQ��������WKH�UHJLRQV���WKURXJK���DUH�FODVVLILHG�DV�'3/$V�
� $�'3/$�IRU�)0'�FRQWDLQV�!����SLJV�SHU�NP� RU�!����VXVFHSWLEOH�DQLPDOV�SHU�NP� �WRWDO�ODQG�DUHD��



���

1RW�RQO\�GR�DQLPDO�GHQVLWLHV�YDU\�EHWZHHQ�UHJLRQV�EXW�WKH�QXPEHU�RI�SLJ�DQG�FDWWOH�KHUGV�SHUVTXDUH�NP�DOVR�YDU\�VWURQJO\��5HJLRQ���KDV�E\�IDU� WKH�PRVW�SLJ�DQG�FDWWOH�KHUGV�SHU�VTXDUHNP��,Q�WKLV�UHJLRQ�WKH�PHDQ�VL]H�RI�SLJ�KHUGV�LV�VPDOO�EXW�WKH�PHDQ�VL]H�RI�FDWWOH�KHUGV�LV�ODUJHEHFDXVH�RI�D�KLJK�FRQFHQWUDWLRQ�RI�YHDO�FDOYHV�LQ�WKLV�DUHD�
7DEOH����� 'HVFULSWLYH�VWDWLVWLFV�IRU�WKH�UHJLRQV5HJLRQ � � � � � � �7RWDO��OLYHVWRFN�SHU�NP� DJULFXOWXUDO�ODQGNP� WRWDO�ODQG3LJV�3LJV�NP��D+HUGV�NP��D+HUG�VL]H&DWWOH&DWWOH�NP��D+HUGV�NP��D+HUG�VL]H6KHHS6KHHS�NP��D)ORFNV�NP��D)ORFN�VL]H*RDWV*RDWV�NP��D)ORFNV�NP� D)ORFN�VL]H
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�������D� SHU�NP� DJULFXOWXUDO�ODQG

��������6FHQDULRV6FHQDULRV�ZHUH�GHILQHG�XVLQJ� LPSRUWDQW�GHWHUPLQDQWV� LQ� WKH�GHYHORSPHQW�RI� HSLGHPLFV� WKDWZHUH� IRXQG� LQ� OLWHUDWXUH�� 7KHVH� GHWHUPLQDQWV� ZHUH�� �D�� OLYHVWRFN� DQG� KHUG� GHQVLW\� LQ� WKHRXWEUHDN�UHJLRQ��'H�9RV�HW�DO���������*HUELHU��������� �E�� WKH�SRVVLELOLW\�RI�DLUERUQH� VSUHDG�'RQDOGVRQ� HW� DO��� ������� DQG� �F�� WKH� KLJK�ULVN� SHULRG� �+53��ZKLFK� LV� GHILQHG� DV� WKH� WLPHLQWHUYDO�EHWZHHQ�ILUVW�LQIHFWLRQ�DQG�ILUVW�GHWHFWLRQ��+RUVW���������,Q�)LJXUH������HDFK�VFHQDULRLV� GHVFULEHG� E\� D� UHJLRQ� �ZKLFK�ZDV� GHVFULEHG� E\� OLYHVWRFN� GHQVLW\� DQG� KHUG� GHQVLW\��� WKHSRVVLELOLW\�RI�DLUERUQH�VSUHDG�DQG�WKH�+53�



���

)LJXUH����� 6FHQDULRV�LQ�WKH�PRGXOH

��������(SLGHPLRORJLFDO�PRGXOH$� PDWKHPDWLFDO� PRGHO� ZDV� FRQVWUXFWHG� WR� HVWLPDWH� WKH� HIIHFW� RI� FRQWURO� VWUDWHJLHV� LQ� WKHVHSDUDWH� UHJLRQV�� $� SUHYLRXVO\� GHVFULEHG� GHWHUPLQLVWLF� 6XVFHSWLEOH�,QIHFWLRXV�5HFRYHUHG�6,5��PRGHO��'H�-RQJ��������6WHJHPDQ�HW�DO���������ZDV�DSSOLHG�WR�GHVFULEH�WKH�WUDQVPLVVLRQRI�)0'9�EHWZHHQ�KHUGV��,Q�WKLV�PRGHO��6�LV�WKH�QXPEHU�RI�VXVFHSWLEOH�KHUGV��,�WKH�QXPEHU�RILQIHFWLRXV�KHUGV�DQG�5�WKH�QXPEHU�RI�UHFRYHUHG�KHUGV��%HFDXVH�KHUGV�DUH�GHSRSXODWHG�XSRQGHWHFWLRQ��5� ���DW�DOO� WLPHV�LQ� WKLV�VWXG\��,Q�WKH�PRGHO�� WKH�UDWH�DW�ZKLFK�VXVFHSWLEOH�KHUGVEHFRPH�LQIHFWHG�FDQ�EH�GHVFULEHG�DV��&� �� �6,�1��LQ�ZKLFK�&�LV�GHILQHG�DV�WKH�QXPEHU�RIYLUXV�LQWURGXFWLRQV�SHU�XQLW�RI�WLPH�LQWR�D�VXVFHSWLEOH�KHUG��� DV�WKH�LQIHFWLRQ�UDWH�SDUDPHWHUDQG�1�DV�WKH�WRWDO�QXPEHU�RI�KHUGV��)XUWKHUPRUH��LQIHFWHG�KHUGV�DUH�GHSRSXODWHG�DW�WKH�UDWH�' �. �,��LQ�ZKLFK�'�LV�GHILQHG�DV�WKH�QXPEHU�RI�LQIHFWHG�KHUGV�GHSRSXODWHG�SHU�XQLW�RI�WLPHDQG�. DV� WKH�GHSRSXODWLRQ� UDWH�SDUDPHWHU��7KH�SDUDPHWHU�. LV� WKH� LQYHUVH�RI�7�� WKH�DYHUDJHSHULRG�WKDW�D�KHUG�LV�LQIHFWLRXV���7KH�WUDQVPLVVLRQ�RI�)0'9�EHWZHHQ�KHUGV�FDQ�EH�H[SUHVVHGDV�WKH�KHUG�UHSURGXFWLRQ�UDWLR�5K��ZKLFK�LV�GHILQHG�DV�WKH�DYHUDJH�QXPEHU�RI�RXWEUHDNV�FDXVHGE\�RQH�LQLWLDO�LQIHFWHG�KHUG��7KH�5K FDQ�EH�HVWLPDWHG�IURP�5K  �� ��. �6WHJHPDQ�HW�DO���������)URP�WKH�GHILQLWLRQ�RI�5K LW�IROORZV�WKDW�LI�5K LV�����WKH�HSLGHPLF�ZLOO�IDGH�RXW�DXWRPDWLFDOO\�2Q�WKH�RWKHU�KDQG��LI�5K LV�!���WKH�YLUXV�ZLOO�FRQWLQXH�WR�VSUHDG��'H�-RQJ��������'LHNPDQQDQG�2RVWHUEHHN��������.QRZOHGJH�DQG�IDFWXDO�LQIRUPDWLRQ�DERXW�WKH�SUHFLVH�WUDQVPLVVLRQ�URXWHV�RI�)0'�DUH�VFDUFH�7KLV� LV� LQ� FRQWUDVW� WR�&6)� �IRU� H[DPSOH�� VHH� 6WHJHPDQ� HW� DO�� ������� DQG�'H�9RV� HW� DO�� �LQSUHVV����%RWK�GLVHDVHV�DUH�OLVW�$�GLVHDVHV�DQG�VSUHDG�YLD�DSSUR[LPDWHO\�WKH�VDPH�WUDQVPLVVLRQURXWHV� �(OEHUV� HW� DO��� ������'RQDOGVRQ� HW� DO��� ������'H�9RV� HW� DO��� LQ� SUHVV��� 7KHUHIRUH�� WR



���

HVWLPDWH� WKH� 5K�� GDWD� FROOHFWHG� GXULQJ� WKH� 'XWFK� &6)� HSLGHPLF� LQ� ���������� ZDV� XVHG�6WHJHPDQ�HW�DO����������)LYH�WUDQVPLVVLRQ�URXWHV�ZHUH�GLVWLQJXLVKHG�E\�ZKLFK�WKH�YLUXV�FRXOGEH�WUDQVPLWWHG�IURP�RQH�KHUG�WR�DQRWKHU��DQLPDO�WUDQVSRUW��SHUVRQV��QHLJKERXUKRRG� DUWLILFLDOLQVHPLQDWLRQ��$,���DQG�UHQGHULQJ��(OEHUV�HW�DO���������6WHJHPDQ�HW�DO����������7KUHH�W\SHV�RIKHUGV� ZHUH� GHILQHG�� EUHHGLQJ� KHUGV�� IDUURZ�WR�ILQLVK� KHUGV� DQG� ILQLVKLQJ� KHUGV�� 7KHLQIHFWLRXVQHVV�RI�D�KHUG�ZDV�GHWHUPLQHG�E\�WKH�YLUXV�WUDQVPLVVLRQ�ZLWKLQ�WKH�KHUG��9DQ�1HVHW�DO����������7KH�SDUDPHWHUV�ZHUH�DGMXVWHG� WR�)0'�XVLQJ�GDWD�FROOHFWHG� IURP�UHFHQW�)0'RXWEUHDNV� DV� ZHOO� DV� GDWD� IURP� WUDQVPLVVLRQ� H[SHULPHQWV� �6HOOHUV�� ������ 6DOW� HW� DO��� �����<DQJ�HW�DO���������)RU� HDFK� WUDQVPLVVLRQ� URXWH� D� WUDQVPLVVLRQ� PDWUL[� ZDV� FRPSLOHG� LQ� RUGHU� WR� PRGHO� WKHWUDQVPLVVLRQ�IURP�RQH�KHUG�W\SH�WR�DQRWKHU��6WHJHPDQ�HW�DO����������7KHVH�PDWULFHV�FRPELQHGWKH�QXPEHU�RI�FRQWDFWV�ZLWK�WKH�HVWLPDWHG�FKDQFH�RI�WUDQVPLVVLRQ�E\�D�FRQWDFW��7KH�YDOXHV�LQWKH� WUDQVPLVVLRQ�PDWULFHV�ZHUH�PDGH�GHSHQGHQW�RQ�KHUG�GHQVLW\� DQG�PHDQ�KHUG� VL]H� LQ� WKHRXWEUHDN�UHJLRQ�FRQFHUQHG��DV�SUHYLRXVO\�DSSOLHG� LQ�$XMHV]N\�DQG�&6)�FRQWURO� VWXGLHV� �'H.RHLMHU�DQG�6WHJHPDQ��������6WHJHPDQ�HW�DO���������%HFDXVH�WKH�WUDQVPLVVLRQ�URXWHV�ZHUH�LQGHSHQGHQW�IURP�HDFK�RWKHU��WKH�ILYH�PDWULFHV�FRXOG�EHDGGHG� WR�RQH� WRWDO� WUDQVPLVVLRQ�PDWUL[��6XEVHTXHQWO\� WKH�5K ZDV�GHWHUPLQHG�E\�FDOFXODWLQJWKH�GRPLQDQW�HLJHQYDOXH�RI� WKH�PDWUL[��7KH�PDWFKLQJ�HLJHQYHFWRU�UHIOHFWV� WKH�SURSRUWLRQ�RIHDFK� KHUG� W\SH� WKDW� EHFDPH� LQIHFWHG� �'LHNPDQQ� DQG� +HHVWHUEHHN�� ������� 7KH� 5K ZDVGHWHUPLQHG� IRU� HDFK� FRQWURO� VWUDWHJ\� DQG� HDFK� UHJLRQ�� ,Q� WKH� FDVH� RI� ULQJ� YDFFLQDWLRQ� WKHDVVXPSWLRQ�ZDV�PDGH� WKDW� WUDQVPLVVLRQ� FRQWLQXHG� IRU� RQH�ZHHN� IROORZLQJ� YDFFLQDWLRQ� DQGWKDW� VXEVHTXHQWO\� WUDQVPLVVLRQ� FHDVHG� LQ� YDFFLQDWHG� KHUGV�� 7KH�PRGHO�ZDV� SURJUDPPHG� LQ0DWKHPDWLFD������:ROIUDP�5HVHDUFK��7KH�PDLQ� GLIIHUHQFH� EHWZHHQ� WUDQVPLVVLRQ� URXWHV� RI� )0'�DQG�&6)� LV� WKDW� WKH� )0'�YLUXVFRXOG�EH�VSUHDG�E\�ZLQG�RYHU� ORQJ�GLVWDQFHV�XQGHU�FHUWDLQ�ZHDWKHU�FRQGLWLRQV�� �*ORVWHU�HWDO��� ������ 'RQDOGVRQ� HW� DO��� ������� DOWKRXJK� RSLQLRQV� GLIIHU� DERXW� WKH� UDQJH� RI� DLUERUQHVSUHDG��$LU�FXUUHQWV�SOD\�D�PLQRU�UROH�DV�D�WUDQVPLVVLRQ�URXWH�EHWZHHQ�KHUGV�IRU�&6)��(OEHUVHW� DO��� ������ 'H� 9RV� HW� DO�� LQ� SUHVV��� 7KHUHIRUH�� DLUERUQH� WUDQVPLVVLRQ� ZDV� FDOFXODWHGVHSDUDWHO\�� DQG� ZDV� VXEVHTXHQWO\� DGGHG� WR� WKH� 5K IRU� WKH� VFHQDULRV� ZLWK� DLUERUQH� VSUHDG��*ORVWHU� HW� DO��� ������ )RU� HDFK� FRPELQDWLRQ� RI� FRQWURO� VWUDWHJ\� DQG� UHJLRQ� D� ZRUVW� FDVHVFHQDULR�RI�DLUERUQH�VSUHDG�ZDV�PRGHOOHG��*ORVWHU�HW�DO���������7KH�FDOFXODWHG�KHUG�UHSURGXFWLRQ�UDWLRV�ZHUH�XVHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�QXPEHU�RI�KHUGVDIIHFWHG�� WKH� GXUDWLRQ� RI� HSLGHPLFV� DQG� DUHDV� VXEMHFWHG� WR� PRYHPHQW� UHVWULFWLRQV� IRU� WKH
�� 0RVW�IDYRXUDEOH�FRQGLWLRQV�IRU�DLUERUQH�VSUHDG�DUH�D�FRQVWDQW�ZLQG�GLUHFWLRQ��D�ZLQG�VSHHG�RI���P�VHFRQG��DKLJK�DWPRVSKHULF�VWDELOLW\��QR�SUHFLSLWDWLRQ��DQG�D�UHODWLYH�KXPLGLW\�DERYH�������'RQDOGVRQ�HW�DO��������



���

GHILQHG�VFHQDULRV��VHH�VHFWLRQ����������7KHVH�RXWSXWV�ZHUH�WKHQ�XVHG�DV�LQSXWV�WR�WKH�HFRQRPLFPRGXOH��VHH�)LJXUH�������
��������(FRQRPLF�PRGXOH7KH�SXUSRVH�RI�WKH�HFRQRPLF�PRGXOH�ZDV�WR�TXDQWLI\�SD\RIIV�WKDW�FRXOG�WKHQ�EH�XVHG�LQ�WKHGHFLVLRQ�WUHH�PRGXOH�DV�WKH�HFRQRPLF�FRQVHTXHQFHV�RI�FRQWURO�VWUDWHJLHV��VHH����������3D\RIIVZHUH�GHILQHG�DV�WKH�GLUHFW�FRVWV�DQG�FRQVHTXHQWLDO�H[SRUW�ORVVHV�RI�WKH�VSUHDG�DQG�FRQWURO�RIDQ� )0'� HSLGHPLF�� 7KH� GLUHFW� FRVWV� ZHUH� GHILQHG� DV� WKH� HFRQRPLF� LPSOLFDWLRQV� IRU� ���SURGXFHUV�LQ� WKH�HQWLUH�OLYHVWRFN�YDOXH�FKDLQ�ZKRVH�LQFRPH�GHSHQGV�RQ� WKH� OLYHVWRFN�VHFWRU�H�J�� IDUPHUV�� DEDWWRLUV�� KDXOLHUV� DQG� PHDW� SURFHVVRUV�� DQG� IRU� ���� WKH� JRYHUQPHQW� WKDW� LVRUJDQLVLQJ� WKH�GLVHDVH� FRQWURO��'LUHFW� FRVWV� DUH�JHQHUDWHG�E\� WKH� LPSOHPHQWDWLRQ�RI� FRQWUROPHDVXUHV�� VXFK� DV� FRVWV� RI� DQLPDO� VODXJKWHU� DQG� YDFFLQDWLRQ�� FRPSHQVDWLRQ� SD\PHQWV� DQGFRVWV� GXH� WR� PRYHPHQW� UHVWULFWLRQV� DV� ZHOO� DV� LGOH� SURGXFWLRQ� IDFWRUV� �%HUHQWVHQ� HW� DO������E���$Q�HSLGHPLF�FRXOG� DOVR�KDYH� FRQVHTXHQWLDO� H[SRUW� ORVVHV� �%HUHQWVHQ�HW� DO��� ����E�*DUQHU�DQG�/DFN��������0DKXO�DQG�'XUDQG���������7KHVH�ORVVHV�ZHUH�GHILQHG�DV�WKH�YDOXH�RIOLYHVWRFN�DQG�OLYHVWRFN�SURGXFWV�WKDW�FRXOG�QRW�EH�H[SRUWHG�EHFDXVH�RI�WUDGH�UHVWULFWLRQV�GXHWR�WKH�)0'�HSLGHPLF�,Q� WKLV�PRGXOH�� WKH�GLUHFW� FRVWV� DQG�FRQVHTXHQWLDO� H[SRUW� ORVVHV�ZHUH�FDOFXODWHG� LQ� D� UDWKHUREMHFWLYH� ZD\� XVLQJ� VHYHUDO� VWDWLVWLFDO� GDWDEDVHV� �6WDWLVWLFV� 1HWKHUODQGV�� ������ 3URGXFW%RDUGV� IRU�/LYHVWRFN��0HDW� DQG�(JJV�� ������ 3URGXFW�%RDUG� IRU�'DLU\�� ������� 7KH�PRGXOHZDV�SURJUDPPHG�LQ�([FHO�����0LFURVRIW�&RUSRUDWLRQ��
���������,QSXW�GDWD�IRU�GLUHFW�FRVWV7KH�HFRQRPLF�PRGXOH�XVHG�WKH�RXWSXWV�IURP�WKH�HSLGHPLRORJLFDO�PRGXOH��VHH�)LJXUH�������7R�FDOFXODWH�WKH�GLUHFW�FRVWV�LW�XVHG�WKH�QXPEHU�RI�DIIHFWHG�KHUGV��WKH�GXUDWLRQ�RI�HSLGHPLFVDQG�WKH�VL]H�RI�DUHDV�VXEMHFWHG�WR�PRYHPHQW�UHVWULFWLRQV��7KH�QXPEHU�RI�FXOOHG�RU�YDFFLQDWHGDQLPDOV�ZDV�DOVR�FDOFXODWHG��7KHVH�FDOFXODWLRQV�ZHUH�EDVHG�RQ�OLYHVWRFN�DQG�KHUG�GHQVLWLHV�LQWKH�RXWEUHDN�UHJLRQ�DQG�WKH�HVWLPDWHG�QXPEHU�RI�FRQWDFW�KHUGV��EDVHG�RQ� WKH�FDOFXODWHG�5K�GXULQJ�WKH�SHULRG�EHWZHHQ�ILUVW� LQIHFWLRQ�DQG�ILUVW�GHWHFWLRQ��7KH�GXUDWLRQ�RI�HSLGHPLFV�ZDVORQJHU�ZKHQ�WKH�FXOOLQJ�DQG�UHQGHULQJ�FDSDFLW\�ZDV�QRW�VXIILFLHQW��7KH�FXOOLQJ�DQG�UHQGHULQJFDSDFLW\�ZDV�VHW�DW����IDUPV�SHU�GD\�IRU�WKH�62�DQG�5&��VWUDWHJLHV�DQG�DW����IDUPV�SHU�GD\IRU�WKH�59��DQG�59��VWUDWHJLHV�)RU�HDFK�VFHQDULR�� WKH�GLUHFW�FRVWV�ZHUH�FDOFXODWHG�DV�FRVWV�SHU�GDLU\�FRZ��VRZ�RU� IDWWHQLQJSLJ�WKDW�ZDV�HLWKHU�FXOOHG�RU�SXW�XQGHU�PRYHPHQW�UHVWULFWLRQV��,QSXW�YDOXHV�IRU�FDOFXODWLQJ�WKHGLUHFW� FRVWV� DUH� UHSUHVHQWHG� LQ�7DEOH�������7KHVH�YDOXHV�ZHUH� FDOFXODWHG�EDVHG�RQ� VWDWLVWLFV



���

IURP� WKH�$JULFXOWXUDO� ,QIRUPDWLRQ�DQG�.QRZOHGJH�&HQWUH�DQG�5HVHDUFK�6WDWLRQ� IRU�$QLPDO+XVEDQGU\ �������DQG�HVWLPDWHV�RI� WKH�1DWLRQDO� ,QVSHFWLRQ�6HUYLFH�IRU�/LYHVWRFN�DQG�0HDW�0HXZLVVHQ� HW� DO��� ������� 2UJDQLVDWLRQ� FRVWV� UHIHU� WR� FRVWV� RI� GLDJQRVLV�� YDOXDWLRQ� RI� WKHDQLPDOV��NLOOLQJ��FOHDQVLQJ�DQG�GLVLQIHFWLQJ�RI�VWDEOHV�DQG�HTXLSPHQW�DQG�VXUYHLOODQFH�LQ�WKHSURWHFWLRQ� DQG� VXUYHLOODQFH� ]RQHV�� &RPSHQVDWLRQ� SD\PHQWV� DUH� JRYHUQPHQWDO� SD\PHQWV� WRIDUPHUV� ZKRVH� DQLPDOV� ZHUH� FXOOHG�� 7KHVH� SD\PHQWV� ZHUH� FDOFXODWHG� DV� WKH� UHSODFHPHQWYDOXHV�RI�WKH�DQLPDOV�DQG�IHHG�VXSSOLHV��&RVWV�IURP�LGOH�SURGXFWLRQ�IDFWRUV�ZHUH�FDOFXODWHG�DVWKH� IL[HG�FRVWV�GHFUHDVHG�E\� UHOHDVHG� ODERXU� WKDW�FRXOG�KDYH�EHHQ�GHSOR\HG�HOVHZKHUH��7KHFRVWV� RI� PRYHPHQW� UHVWULFWLRQV� ZHUH� FDOFXODWHG� DV� WKH� FRVWV� IRU� DGGLWLRQDO� IHHG� IRUPDLQWHQDQFH�DQG�RWKHU�VXSSO\�DQG�GHOLYHU\�SUREOHPV�EHFDXVH�RI�WKH�UHVWULFWLRQV��9DFFLQDWLRQFRVWV� LQFOXGH�ODERXU�DQG�PDWHULDO�FRVWV�RI� WKH�YDFFLQDWLRQ� WHDPV��0DQJHQ�HW�DO����������)RUVKHHS�DQG�JRDWV�RQO\�WKH�UHSODFHPHQW�YDOXHV�ZHUH�LQFOXGHG�EHFDXVH�D�ODUJH�QXPEHU�RI�WKHVHDQLPDOV�DUH�NHSW�DV�SHWV�7KH�ORVVHV�IRU�VXSSO\LQJ��SURFHVVLQJ�DQG�GLVWULEXWLRQ�FRPSDQLHV�ZHUH�FDOFXODWHG�DV�KDOI�RI�WKHJURVV�YDOXH�DGGHG�RI�DJULFXOWXUDO�SURGXFWLRQ�WKDW�GLG�QRW�WDNH�SODFH�GXH�WR�WKH�LPSOHPHQWHGFRQWURO�VWUDWHJLHV��7KH�GLVWULEXWLRQ�RI� WKH�JURVV�YDOXH�DGGHG�ZLWKLQ�WKH� OLYHVWRFN�SURGXFWLRQFKDLQ�LV�VKRZQ�LQ�DSSHQGL[�,,,��.RROH�DQG�9DQ�/HHXZHQ��������
7DEOH������ ,QSXW�YDOXHV�IRU�FDOFXODWLQJ�WKH�GLUHFW�FRVWV�SHU�GDLU\�FRZ��VRZ�DQG�IDWWHQLQJSLJ��LQ�¼� 'DLU\�FRZ��LQFO�\RXQJ�VWRFN� 6RZ��LQFO��SLJOHWV� )DWWHQLQJ�SLJ
2UJDQLVDWLRQ�FRVWV&RPSHQVDWLRQ�SD\PHQWV,GOH�SURGXFWLRQ�IDFWRUV0RYHPHQW�UHVWULFWLRQV9DFFLQDWLRQ�FRVWV

������������GD\�����GD\�
����������GD\�����GD\�

���������GD\�����GD\�
���������,QSXW�GDWD�IRU�FRQVHTXHQWLDO�H[SRUW�ORVVHV7KH� H[WHQW� RI� WKH� FRQVHTXHQWLDO� H[SRUW� ORVVHV� GHSHQGV� RQ� WKH� GXUDWLRQ� DQG� VL]H� RI� WKHHSLGHPLF�DQG�WKH�UHDFWLRQV�E\�LPSRUWLQJ�FRXQWULHV�GXULQJ�DQG�DIWHU�WKH�HSLGHPLF��7KH�VWXGLHVRI�0DKXO�HW�DO���������DQG�%HUHQWVHQ�HW�DO���������VKRZHG�WKDW�LPSRUW�EDQV�LPSOHPHQWHG�E\WKH� LPSRUWLQJ� FRXQWULHV� SOD\� D� NH\� UROH� LQ� WKH� HYDOXDWLRQ� RI� HFRQRPLF� FRQVHTXHQFHV� RI� DQ)0'�HSLGHPLF�7KH� GXUDWLRQ� DQG� VL]H� RI� WKH� HSLGHPLF� UHVXOWHG� IURP� WKH� HSLGHPLRORJLFDO� PRGXOH�� )RU� WKHSRVVLEOH�UHDFWLRQV�RI�LPSRUWLQJ�FRXQWULHV�WZR�VFULSWV�ZHUH�IRUPXODWHG��2QH�VFULSW�ZDV�EDVHGRQ�2,(�JXLGHOLQHV��VHH�7DEOH�����D��



���

$FFRUGLQJ� WR� WKH� 2,(� ,QWHUQDWLRQDO� $QLPDO� +HDOWK� &RGH�� FRXQWULHV� UHFRYHU� WKHLU� VWDWXV� RI)0'�IUHH�]RQH�ZLWKRXW�YDFFLQDWLRQ�DIWHU���L����PRQWKV�DIWHU�VODXJKWHULQJ�RI�WKH�ODVW�LQIHFWHGKHUG�ZKHQ�WKHUH�LV�QR�YDFFLQDWLRQ�VWUDWHJ\�LPSOHPHQWHG�EXW�RQO\�VWDPSLQJ�RXW�DQG�SUHYHQWLYHVODXJKWHU� RU� �LL�� ��PRQWKV� DIWHU� VODXJKWHULQJ� RI� WKH� ODVW� YDFFLQDWHG� KHUG� LI� D� FDPSDLJQ� RIHPHUJHQF\�YDFFLQDWLRQ�LV�DSSOLHG��2IILFH�,QWHUQDWLRQDO�GHV�(SL]RRWLHV��������+RZHYHU�� UHDFWLRQV� RI� LPSRUWLQJ� FRXQWULHV� GXULQJ� DQG� DIWHU� HSLGHPLFV� LQ� WKH� SDVW� KDYHLQGLFDWHG� WKDW� WKHVH� FRXQWULHV� GLG� QRW� UHVSHFW� WKH� 2,(� JXLGHOLQHV�� )RU� WKLV� UHDVRQ�� D� PRUHUHDOLVWLF� VFULSW� �5($��ZDV� GHILQHG�� EDVHG RQ� LQWHUQDWLRQDO� WUDGH� UHVWULFWLRQV� DSSOLHG� GXULQJHSLGHPLFV� LQ� WKH� SDVW� �H�J�� ,WDO\�� ������ *UHHFH�� ������ *UHDW� %ULWDLQ� DQG� 7KH� 1HWKHUODQGV������� 7KH�DVVXPHG�LPSRUW�EDQV�DUH�PHQWLRQHG�LQ�7DEOH�����E��$VVXPSWLRQV�RQ�WKH�GXUDWLRQRI�LPSRUW�EDQV�ZHUH�EDVHG�RQ�UHVXOWV�RI�SUHYLRXV�VWXGLHV�RI�%HUHQWVHQ�HW�DO���������DQG�0DKXOHW�DO�� �������DQG�H[SHULHQFHV�RI�UHFHQW�RXWEUHDNV� �&RPPLVVLRQ�'HFLVLRQV����������(&�DQG���������(&��,Q� ERWK� VFULSWV� WKUHH� H[SRUW� SURGXFW� JURXSV� ZHUH� GLVWLQJXLVKHG�� ���� OLYHVWRFN�� ���� PHDWSURGXFWV�DQG�����GDLU\�SURGXFWV��7KH� LPSRUWLQJ�FRXQWULHV�ZHUH�GLYLGHG� LQWR�D�JURXS�RI�(8�FRXQWULHV� DQG�QRQ�(8�FRXQWULHV��1H[W�� IRU� HDFK� FRPELQDWLRQ�RI� SURGXFW� JURXS� DQG� FRXQWU\JURXS� LW�ZDV� GHWHUPLQHG� KRZ� ORQJ� DQ� LPSRUW� EDQ�ZRXOG� EH� HIIHFWLYH� DQG�ZKHWKHU� WKH� EDQZRXOG� EH� DW� D� QDWLRQDO� RU� UHJLRQDO� OHYHO�� $� UHJLRQDO� LPSRUW� EDQ�PHDQV� DQ� LPSRUW� EDQ� IRUSURGXFWV� FRPLQJ� IURP� UHJLRQV� DURXQG� LQIHFWHG� IDUPV� LQ� UDGLL� RI� ��� NP�� %HFDXVH� UHJLRQDOH[SRUW�GDWD�ZDV�XQDYDLODEOH��WKH�DVVXPSWLRQ�ZDV�PDGH�WKDW�H[SRUWV�ZHUH�SURSRUWLRQDO�WR�WKHUHJLRQDO�SURGXFWLRQ��0DKXO�DQG�'XUDQG��������

7DEOH�����D� ,PSRUW�EDQV�GXULQJ�DQG�DIWHU�DQ�)0'�HSLGHPLF�LQ�WKH�2,(�VFULSW��2,(�'XULQJ�HSLGHPLF $IWHU�HSLGHPLF��GD\V�5HJLRQDO�������� 1DWLRQDO(8�� /LYHVWRFN0HDW'DLU\�SURGXFWV
QDWLRQDOUHJLRQDOUHJLRQDO

�����
Q�D�DQ�D�Q�D�1RQ�(8 /LYHVWRFN0HDW'DLU\�SURGXFWV

QDWLRQDOUHJLRQDOUHJLRQDO
�����

Q�D�Q�D�Q�D�D� 1RW�DSSOLFDEOH



���

7DEOH�����E� ,PSRUW� EDQV� GXULQJ� DQG� DIWHU� DQ� )0'� HSLGHPLF� LQ� WKH�PRUH� UHDOLVWLF� VFULSW�5($� 'XULQJ�HSLGHPLF $IWHU�HSLGHPLF��GD\V�5HJLRQDO�������� 1DWLRQDO(8������� /LYHVWRFN0HDW'DLU\�SURGXFWV
QDWLRQDOUHJLRQDOUHJLRQDO

�������
Q�D�DQ�D�Q�D�1RQ�(8 /LYHVWRFN0HDW'DLU\�SURGXFWV

QDWLRQDOQDWLRQDOUHJLRQDO
Q�D�Q�D���

������Q�D�D� 1RW�DSSOLFDEOH
�������'HFLVLRQ�WUHH�PRGXOH5DWLRQDO�HFRQRPLF�GHFLVLRQ�PDNLQJ�PRGHOV�DVVXPH�SHUIHFW�PDUNHWV�DQG�SHUIHFW�LQIRUPDWLRQ�0LOHWL�� ������� +RZHYHU�� LQ� UHDOLW\� DQLPDO� KHDOWK� DXWKRULWLHV� DUH� IDFHG� ZLWK� VSDUVHLQIRUPDWLRQ� DERXW� WKH� SUREDEOH� HIILFDF\� RI� SURSRVHG� FRQWURO� VWUDWHJLHV�� $� GHFLVLRQ� WUHHDQDO\VLV� RIIHUV� D� IRUPDO�� VWUXFWXUHG� DSSURDFK� WR� GHFLVLRQ�PDNLQJ�� WDNLQJ� LQWR� DFFRXQWHOHPHQWV�RI�XQFHUWDLQW\��0DUVK���������7KH�DLP�LV�WR�PDNH�WKH�FKURQRORJLFDO�GHFLVLRQ�SURFHVVH[SOLFLW�DQG�WR�DUULYH�DW�WKH�EHVW�GHFLVLRQ�JLYHQ�WKH�DYDLODEOH�LQIRUPDWLRQ�,Q�WKLV�VWXG\�WKH�REMHFWLYH�RI�WKH�GHFLVLRQ�WUHH�ZDV�WR�RSWLPLVH�HDUO\�GHFLVLRQV�IRU�FRQWUROOLQJ)0'�HSLGHPLFV�E\�FDOFXODWLQJ� WKH�HFRQRPLFDOO\�RSWLPDO�FRQWURO� VWUDWHJ\��$�PXOWL�DWWULEXWHGHFLVLRQ� WUHH�ZDV�EXLOW�XVLQJ� WKH�H[SHFWHG�YDOXH�FULWHULRQ��:LQWHUIHOGW�DQG�(GZDUGV��������7KH� WZR� DWWULEXWHV� ZHUH� WKH� GLUHFW� FRVWV� DQG� WKH� FRQVHTXHQWLDO� H[SRUW� ORVVHV� DQG� ZHUHZHLJKWHG� HTXDOO\�� )RU� HDFK� VFHQDULR� �VHH� )LJXUH� ������ WKHVH� DWWULEXWHV� ZHUH� FDOFXODWHG� E\PHDQV�RI�WKH�HSLGHPLRORJLFDO�DQG�HFRQRPLF�PRGXOH�,Q� WKH� HDUO\� VWDJHV� RI� D� SRVVLEOH� HSLGHPLF� LQIRUPDWLRQ� LV� DYDLODEOH� RQ� WKH� RXWEUHDN� UHJLRQ�OLYHVWRFN� GHQVLW\� DQG� KHUG� GHQVLW\�� DQG� WKH� SRVVLELOLW\� RI� DLUERUQH� VSUHDG� �ZHDWKHUFRQGLWLRQV���,QIRUPDWLRQ�RQ�WKH�KLJK�ULVN�SHULRG��+53��LV�RIWHQ�VSDUVH��EHFDXVH�WKH�VRXUFH�RILQWURGXFWLRQ� RI� )0'9� LQ� WKH� SULPDU\�RXWEUHDN� KHUG� LV� RIWHQ� XQNQRZQ� DQG� WKH� DQDO\VLV� RIYLURORJLFDO� DQG� VHURORJLFDO� VDPSOHV� WDNHV� WLPH� �+RUVW�� ������� 7KH� GHFLVLRQ� WUHH� PHWKRG� LVXVHG� LQ� WZR�GLIIHUHQW� VLWXDWLRQV�� ���� LI� WKH�+53� LV�NQRZQ� �VHH�)LJXUH�����D��� DQG� ���� LI� WKH+53�LV�XQNQRZQ��VHH�)LJXUH�����E���,Q�WKLV�ODVW�VLWXDWLRQ�WKH�SUREDELOLWLHV�RI�WKH�+53V�ZHUHZHLJKWHG�HTXDOO\��7KH�WUHHV�ZHUH�EXLOW�LQ�'DWD������7UHH$JH�6RIWZDUH��,QF��



���

)LJXUH�����D 'HFLVLRQ�WUHH�LI�WKH�+53�LV�NQRZQ

)LJXUH�����E�'HFLVLRQ�WUHH�LI�WKH�+53�LV�XQNQRZQ

�������5HVXOWV
7KH� HSLGHPLRORJLFDO� PRGXOH� VLPXODWHG� WKH� GLVHDVH� G\QDPLFV�� WKH� HFRQRPLF� PRGXOHFRQYHUWHG�RXWEUHDN�DQG�FRQWURO� HIIHFWV� LQWR�HVWLPDWHV�RI�GLUHFW� FRVWV� DQG� H[SRUW� ORVVHV�� DQGILQDOO\�D�GHFLVLRQ�WUHH�PRGXOH�RSWLPLVHG�GHFLVLRQV�RQ�FRQWURO�VWUDWHJLHV�



���

��������(SLGHPLRORJLFDO�UHVXOWV7KH� HSLGHPLRORJLFDO� PRGXOH� JHQHUDWHG� WKH� KHUG� UHSURGXFWLRQ� UDWLRV� �5K�� IRU� HDFKFRPELQDWLRQ� RI� UHJLRQ�� FRQWURO� VWUDWHJ\� DQG� WKH� SRVVLELOLW\� RI� DLUERUQH� VSUHDG� �VHH� 7DEOH�������:KHQ� WKH� 5K ���� H[DFW� QXPEHUV� DUH� QRW� VKRZQ� EHFDXVH� WKH� HSLGHPLF�ZLOO� IDGH� RXWDXWRPDWLFDOO\�� 7KH� UHVXOWV� LQGLFDWH� WKDW� WKH� 62�VWUDWHJ\� LV� QRW� DGHTXDWH� IRU� VWRSSLQJ� WKHHSLGHPLF�LQ�WKH�UHJLRQV���������DQG���LQ�WKH�VFHQDULRV�ZLWK�DLUERUQH�VSUHDG�EHFDXVH�WKH�5K LV!���$GGLWLRQDO�PHDVXUHV�DUH�QHFHVVDU\��,Q�WKH�RWKHU�WKUHH�UHJLRQV�WKH�62�VWUDWHJ\�HUDGLFDWHVWKH�YLUXV�EHFDXVH�5K LV�����:LWK�DGGLWLRQDO�PHDVXUHV�WKH�5K�FRXOG�EH�UHGXFHG�DQG�OLNHZLVH�WKHQXPEHU�RI�LQIHFWHG�IDUPV�DQG�WKH�GXUDWLRQ�RI�WKH�HSLGHPLF��,Q�WKH�FDVH�RI�DLUERUQH�VSUHDG��WKH5&��VWUDWHJ\�LV�QRW�YHU\�HIIHFWLYH�LQ�UHJLRQ���HLWKHU�EHFDXVH�RI� WKH�KLJK� OLYHVWRFN�DQG�KHUGGHQVLWLHV�DV�ZHOO�DV�WKH�OLPLWHG�FXOOLQJ�FDSDFLW\��5LQJ�YDFFLQDWLRQ�LV�WKHQ�WKH�RQO\�RSWLRQ�LQWKLV�UHJLRQ�IRU�HUDGLFDWLQJ�WKH�YLUXV�
7DEOH����� 5K IRU�HDFK�UHJLRQ��FRQWURO�VWUDWHJ\�DQG�WKH�SRVVLELOLW\�RI�DLUERUQH�VSUHDG5HJLRQ � � � � � � �:LWKRXW�FRQWURO ��� ��� ��� ��� ��� ��� ���62 DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ������ ������ ����� ����� ���� ���� ����5&� DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ���� ����� ���� ���� ���� ���� ����59� DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ���� ���� ���� ���� ���� ���� ����59� DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ���� ���� ���� ���� ���� ���� ����
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$JULFXOWXUDO�,QIRUPDWLRQ�DQG�.QRZOHGJH�&HQWUH�DQG�5HVHDUFK�6WDWLRQ�IRU�$QLPDO�+XVEDQGU\�������4XDQWLWDWLYH� LQIRUPDWLRQ�RQ� OLYHVWRFN� LQGXVWU\������������5HVHDUFK�6WDWLRQ� IRU�$QLPDO�+XVEDQGU\�/HO\VWDG��7KH�1HWKHUODQGV��,Q�'XWFK��%HUHQWVHQ�� 3�%�0��� 'LMNKXL]HQ�� $�$��� 2VNDP� $�-��� ����D�� $� FULWLTXH� RI� SXEOLVKHG� FRVW�EHQHILWDQDO\VHV�RI�IRRW�DQG�PRXWK�GLVHDVH��3UHY��9HW��0HG���������������%HUHQWVHQ��3�%�0���'LMNKXL]HQ��$�$���2VNDP�$�-�������E��$�G\QDPLF�PRGHO�IRU�FRVW�EHQHILW�DQDO\VHVRI�IRRW�DQG�PRXWK�GLVHDVH�FRQWURO�VWUDWHJLHV��3UHY��9HW��0HG���������������&KHQ�� %��-��� 6XQJ�� :�+�7��� 6KLHK�� +�.��� ������ 0DQDJLQJ� DQ� DQLPDO� KHDOWK� HPHUJHQF\� LQ� 7DLSHL&KLQD��IRRW�DQG�PRXWK�GLVHDVH��5HY��VFL��WHFKQ��2II��LQW��(SL]������������������&OHPHQ��5�7���5HLOO\��7���������0DNLQJ�+DUG�'HFLVLRQV�ZLWK�'HFLVLRQ7RROV� 'X[EXU\�3UHVV��%HOPRQW�&DOLIRUQLD�&RPPLVVLRQ�'HFLVLRQ����������(&��������&RPPLVVLRQ�'HFLVLRQ�RI���0DUFK������FRQFHUQLQJ�FHUWDLQSURWHFWLRQ� PHDVXUHV� ZLWK� UHJDUG� WR� IRRW�DQG�PRXWK� GLVHDVH� LQ� WKH� 8QLWHG� .LQJGRP� DQG� UHSHDOLQJ'HFLVLRQ����������(&��2IILFLDO�-RXUQDO�RI�WKH�(XURSHDQ�&RPPXQLWLHV��/������
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&RPPLVVLRQ� 'HFLVLRQ� ���������(&�� ������ &RPPLVVLRQ� 'HFLVLRQ� RI� ��� 0DUFK� ����� FRQFHUQLQJFHUWDLQ�SURWHFWLRQ�PHDVXUHV�ZLWK�UHJDUG�WR�IRRW�DQG�PRXWK�GLVHDVH�LQ�WKH�1HWKHUODQGV��2IILFLDO�-RXUQDORI�WKH�(XURSHDQ�&RPPXQLWLHV��/������'H�-RQJ��0�&�0���������0DWKHPDWLFDO�PRGHOOLQJ�LQ�YHWHULQDU\�HSLGHPLRORJ\��ZK\�PRGHO�EXLOGLQJ�LVLPSRUWDQW��3UHY��9HW��0HG���������������'H�.RHLMHU��$�$���6WHJHPDQ��-�$���������7HUPLQDWLQJ�$XMHV]N\�YDFFLQDWLRQ�LQ�WKH�1HWKHUODQGV"�9HW�5HV�������������������'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�	�5XUDO�$IIDLUV��������+WWS���ZZZ�GHIUD�JRY�XN�'H�9RV��&���+RUVW��+�6���'LMNKXL]HQ��$�$���������5LVN�RI�DQLPDO�PRYHPHQWV�IRU� WKH� LQWURGXFWLRQ�RIFRQWDJLRXV� DQLPDO� GLVHDVHV� LQWR� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� RI� WKH� (XURSHDQ� 8QLRQ�� ,Q�7KUXVILHOG�� 0�9��� *RRGDOO�� (�$�� �(GV���� 3URF�� DQQXDO� FRQIHUHQFH� RI� WKH� 6RFLHW\� IRU� 9HWHULQDU\(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH��(GLQEXUJK��������0DUFK���������������'H�9RV��&�-��� 6DDWNDPS��+�:���+XLUQH��5�%�0���'LMNKXL]HQ��$�$��� ������&RQFHSWXDO� IUDPHZRUN� WRH[SORUH�WKH�ULVN�RI�UHJLRQDO�FODVVLFDO�VZLQH�IHYHU�LQWURGXFWLRQ�LQ�WKH�(XURSHDQ�8QLRQ��5HY��VFL��WHFKQ�2II��LQW��(SL]����LQ�SUHVV��'LHNPDQQ�� 2�� DQG� +HHVWHUEHHN�� -�$�3��� ������0DWKHPDWLFDO� (SLGHPLRORJ\� RI� ,QIHFWLRXV� GLVHDVHV�0RGHO�%XLOGLQJ��$QDO\VLV�DQG�,QWHUSUHWDWLRQ��-RKQ�:LOH\�	�6RQV��&KLFKHVWHU�'LMNKXL]HQ�� $�$��� 'DYLHV�� *��� ������ $QLPDO� KHDOWK� DQG� UHODWHG� SUREOHPV� LQ� GHQVHO\� SRSXODWHGOLYHVWRFN�DUHDV�RI�WKH�&RPPXQLW\� 3URFHHGLQJV�RI�D�ZRUNVKRS�KHOG�LQ�%UXVVHOV�������1RYHPEHU������2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��/X[HPERXUJ��UHSRUW�(85�������(1�'RQDOGVRQ�� $�,��� $OH[DQGHUVHQ�� 6��� 6¡UHQVHQ�� -�+��� 0LNNHOVHQ�� 7��� ������ 5HODWLYH� ULVN� RI� WKHXQFRQWUROODEOH��DLUERUQH��VSUHDG�RI�)0'�E\�GLIIHUHQW�VSHFLHV��9HW��5HF���������������������(OEHUV��$�5�:���6WHJHPDQ��-�$���0RVHU��+���'H�-RQJ��0�&�0���(NNHU��+�0���6PDN��-�$���'H�/HHXZ�3�:���������(IIHFWLYHQHVV�RI�SUHYHQWLYH�FXOOLQJ�RI�SLJ�KHUGV�GXULQJ�WKH�'XWFK�&6)�HSLGHPLF�LQ������,Q��3URFHHGLQJV�RI�WKH���WK ,396�&RQJUHVV��%LUPLQJKDP��(QJODQG������-XO\������������(OEHUV�� $�5�:��� 6WHJHPDQ�� -�$��� 0RVHU�� +��� (NNHU�� +�0��� 6PDN�� -�$��� 3OXLPHUV�� )�+��� ������ 7KHFODVVLFDO� VZLQH� IHYHU� HSLGHPLF� ���������� LQ� WKH�1HWKHUODQGV�� GHVFULSWLYH� HSLGHPLRORJ\��3UHY�� 9HW�0HG���������������)HUJXVRQ�� 1�0��� 'RQQHOO\�� &�$��� $QGHUVRQ�� 5�0��� ����D�� 7KH� IRRW�DQG�PRXWK� HSLGHPLF� LQ� *UHDW%ULWDLQ��SDWWHUQ�RI�VSUHDG�DQG�LPSDFW�RI�LQWHUYHQWLRQV��6FLHQFH�����������������)HUJXVRQ�� 1�0��� 'RQQHOO\�� &�$��� $QGHUVRQ�� 5�0��� ����E�� 7UDQVPLVVLRQ� LQWHQVLW\� DQG� LPSDFW� RIFRQWURO�SROLFLHV�RQ�WKH�IRRW�DQG�PRXWK�HSLGHPLF�LQ�*UHDW�%ULWDLQ��1DWXUH���������������*DUQHU�� 0�*��� /DFN��0�%��� ������ $Q� HYDOXDWLRQ� RI� DOWHUQDWH� FRQWURO� VWUDWHJLHV� IRU� IRRW�DQG�PRXWKGLVHDVH�LQ�$XVWUDOLD��D�UHJLRQDO�DSSURDFK��3UHY��9HW��0HG������������
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*HUELHU��*���������(IIHFW�RI�DQLPDO�GHQVLW\�RQ�)0'�VSUHDG��,Q��5HSRUW�RI�WKH�VHVVLRQ�RI�WKH�UHVHDUFKJURXS�RI�WKH�6WDQGLQJ�7HFKQLFDO�&RPPLWWHH�RI�WKH�(XURSHDQ�&RPPLVVLRQ�IRU�WKH�FRQWURO�RI�IRRW�DQG�PRXWK�GLVHDVH�KHOG�DW�0DLVRQV�$OIRUW��)UDQFH�����6HSWHPEHU�����2FWREHU��������������*HUELHU��*���3RXLOORW��5���'XUDQG��%���0RXWRX��)���������0RGHOOLQJ�WKH�HIIHFW�RI�KHUG�VL]H�RQ�WKH�KHUGSUREDELOLW\�RI�LQIHFWLRQ��DSSOLFDWLRQ�RI�WKH�LQIHFWLRQ�E\�DLUERUQH�IRRW�DQG�PRXWK�GLVHDVH��,Q��6DOPDQ�0�'���0RUOH\�� 3�6���5XFK�*DOOLH��5�5�� �(GV����3URF�� �WK V\PSRVLXP� RI� WKH� ,QWHUQDWLRQDO� 6RFLHW\� IRU9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV��%UHFNHQULGJH��&RORUDGR��������$XJXVW������*ORVWHU�� -���%ODFNDOO��5�0���6HOOHUV��5�)���'RQDOGVRQ��$�,�� �������)RUHFDVWLQJ� WKH�DLUERUQH� VSUHDG�RIIRRW�DQG�PRXWK�GLVHDVH��9HW��5HF���������������������*ORVWHU�� -�� 6HOOHUV��5�)���'RQDOGVRQ��$�,�� �������/RQJ�GLVWDQFH� WUDQVSRUW� RI� IRRW�DQG�PRXWK� GLVHDVHYLUXV�RYHU�WKH�VHD��9HW��5HF������������������+DUGDNHU�� -�%��� +XLUQH�� 5�%�0�� $QGHUVRQ�� -�5��� ������ &RSLQJ� ZLWK� ULVN� LQ� DJULFXOWXUH�� &$%,QWHUQDWLRQDO��:DOOLQJIRUG�+RUVW�� +�6��� ������ 5LVN� DQG� HFRQRPLF� FRQVHTXHQFHV� RI� FRQWDJLRXV� DQLPDO� GLVHDVH� LQWURGXFWLRQ�:DJHQLQJHQ�$JULFXOWXUDO�8QLYHUVLW\��3K'�WKHVLV�+RUVW�� +�6��� 'H� 9RV�� &�-��� 7RPDVVHQ�� )�+�0��� 6WHOZDJHQ�� -��� ������ 7KH� HFRQRPLF� HYDOXDWLRQ� RIFRQWURO�DQG�HUDGLFDWLRQ�RI�HSLGHPLF�OLYHVWRFN�GLVHDVHV��5HY��VFL��WHFK��2II��LQW��(SL]�������������������+RZDUG��6�&���'RQQHOO\��&�$���������7KH�LPSRUWDQFH�RI�LPPHGLDWH�GHVWUXFWLRQ�LQ�HSLGHPLFV�RI�IRRW�DQG�PRXWK�GLVHDVH��5HV��9HW��6FL���������������.RROH��%���/HHXZHQ��0�*�$��YDQ��������+HW�1HGHUODQGVH�DJURFRPSOH[�������$JULFXOWXUDO�(FRQRPLFV5HVHDUFK�,QVWLWXWH��7KH�+DJXH��5HSRUW�QR�����������,Q�'XWFK��.U\VW\QDN��5�+�(���&KDUOHERLV�� 3�$�� �������7KH� SRWHQWLDO� HFRQRPLF� LPSDFW� RI� DQ� RXWEUHDN�RI� IRRW�DQG�PRXWK�GLVHDVH�LQ�&DQDGD��&DQ��9HW��-�������������������0DKXO��2���'XUDQG��%���������6LPXODWHG�HFRQRPLF�FRQVHTXHQFHV�RI�IRRW�DQG�PRXWK�GLVHDVH�HSLGHPLFVDQG�WKHLU�SXEOLF�FRQWURO�LQ�)UDQFH��3UHY��9HW��0HG�������������0DKXO��2���*RKLQ��$���������,UUHYHUVLEOH�GHFLVLRQ�PDNLQJ�LQ�FRQWDJLRXV�DQLPDO�GLVHDVH�FRQWURO�XQGHUXQFHUWDLQW\��DQ�LOOXVWUDWLRQ�XVLQJ�)0'�LQ�%ULWWDQ\��(XU��5HY��$JULF��(FRQ�����������������0DQJHQ��0��-�-��� -DOYLQJK��$�:���1LHOHQ��0���0RXULWV��0�&�0���.OLQNHQEHUJ��'���'LMNKXL]HQ��$�$�������� 6SDWLDO� DQG� VWRFKDVWLF� VLPXODWLRQ� WR� FRPSDUH� WZR� HPHUJHQF\�YDFFLQDWLRQ� VWUDWHJLHV� ZLWK� DPDUNHU�YDFFLQH�LQ�WKH�����������'XWFK�&ODVVLFDO�6ZLQH�)HYHU�HSLGHPLF��3UHY��9HW��0HG���������������0DUVK��:���������7KH�HFRQRPLFV�RI�DQLPDO�KHDOWK�LQ�IDUPHG�OLYHVWRFN�DW�WKH�KHUG�OHYHO��5HY��VFL��WHFK�2II��,QW��(SL]�������������������0HXZLVVHQ��0�3�0���+RUVW��+�6���+XLUQH��5�%�0���'LMNKXL]HQ��$�$���������$�PRGHO� WR�HVWLPDWH� WKHILQDQFLDO�FRQVHTXHQFHV�RI�FODVVLFDO�VZLQH�IHYHU�RXWEUHDNV��SULQFLSOHV�DQG�RXWFRPHV��3UHY��9HW�0HG��������������
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0LFKHO��,���'H�9RV��&���������'HQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�LQ�WKH�(XURSHDQ�8QLRQ��GHILQLWLRQ�DQGORFDWLRQ�� ,Q�� 7LHOHQ�� 0�-�0��� 9RHWV�� 0�7K�� �HGV���� 3URF�� ;WK� ,QWHUQDWLRQDO� &RQJUHVV� RQ� $QLPDO+\JLHQH��0DDVWULFKW��7KH�1HWKHUODQGV������-XO\���������������0LOHWL�� '�6��� ������'LVDVWHUV� E\� GHVLJQ�� $� UHDVVHVVPHQW� RI� QDWXUDO� KD]DUGV� LQ� WKH� 8QLWHG� 6WDWHV�-RVHSK�+HQU\�3UHVV��:DVKLQJWRQ��'�&�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�0DQDJHPHQW�DQG�)LVKHULHV�������KWWS���ZZZ�PLQOQY�QO�LQIRPDUNW�SDUOHPQW�������SDU������KWP1LHOHQ��0��� -DOYLQJK�� $�:���0HXZLVVHQ��0�3�0�� +RUVW�� +�6��� 'LMNKXL]HQ�� $�$��� ������ 6SDWLDO� DQGVWRFKDVWLF� VLPXODWLRQ� WR� HYDOXDWH� WKH� LPSDFW� RI� HYHQWV� DQG� FRQWURO� PHDVXUHV� RQ� WKH� ���������FODVVLFDO� VZLQH� IHYHU� HSLGHPLF� LQ�7KH�1HWKHUODQGV�� ,,��&RPSDULVRQ� RI� FRQWURO� VWUDWHJLHV��3UHY�� 9HW�0HG���������������2IILFH�,QWHUQDWLRQDO�GHV�(SL]RRWLHV��������,QWHUQDWLRQDO�$QLPDO�+HDOWK�&RGH� 2IILFH�,QWHUQDWLRQDO�GHV(SL]RRWLHV��3DULV���WK HGLWLRQ��+WWS���ZZZ�RLH�LQW�3RZHU��$�3���+DUULV��6�3���������$�FRVW�EHQHILW�HYDOXDWLRQ�RI�DOWHUQDWLYH�FRQWURO�SROLFLHV�IRU�IRRW�DQG�PRXWK�GLVHDVH�LQ�*UHDW�%ULWDLQ��-��$JU��(FRQ���������������3URGXFW�%RDUG�IRU�'DLU\��������6WDWLVWLVFK�-DDURYHU]LFKW�������5LMVZLMN��LQ�'XWFK��3URGXFW� %RDUGV� IRU� /LYHVWRFN�� 0HDW� DQG� (JJV�� ������ 9HH�� YOHHV� HQ� HLHUHQ� LQ� FLMIHUV�� 6WDWLVWLVFKMDDUUDSSRUW��XLWJDYH�������5LMVZLMN��UDSSRUW�������LQ�'XWFK��5DPVD\��*�&���3KLOLS��3���5LHWKPXOOHU��3��� ������7KH�HFRQRPLF� LPSOLFDWLRQV�RI� DQLPDO�GLVHDVHV� DQGGLVHDVH�FRQWURO�DW�WKH�QDWLRQDO�OHYHO��5HY��VFL��WHFK��2II��LQW��(SL]�������������������6DOW��-�6���%DUQHWW��3�9���'DQL��3���:LOOLDPV��/���������(PHUJHQF\�YDFFLQDWLRQ�RI�SLJV�DJDLQVW�IRRW�DQG�PRXWK�GLVHDVH��SURWHFWLRQ�DJDLQVW�GLVHDVH�DQG�UHGXFWLRQ�LQ�FRQWDFW�WUDQVPLVVLRQ��9DFFLQH��������������6DQVRQ��5�/���������7KH�GHYHORSPHQW�RI�D�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�DQ�DQLPDO�GLVHDVH�HPHUJHQF\�0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��3K'�WKHVLV�6FLHQWLILF� &RPPLWWHH� RQ� $QLPDO� +HDOWK� DQG� $QLPDO� :HOIDUH�� ������ 6WUDWHJ\� IRU� HPHUJHQF\YDFFLQDWLRQ�DJDLQVW�IRRW�DQG�PRXWK�GLVHDVH� +WWS���HXURSD�HX�LQW�FRPP�IRRG�IV�VF�VFDK�RXW��BHQ�SGI�6HOOHUV��5�)���������4XDQWLWDWLYH�DVSHFWV�RI�WKH�VSUHDG�RI�IRRW�DQG�PRXWK�GLVHDVH��9HW��%XOO���������������6REULQR�� )��� 6iL]��0��� -LPpQH]�&ODYHUR��0�$��� 1~QH]�� -�,��� 5RVDV�� 0�)��� %DUDQRZVNL�� (��� /H\�� 9��������)RRW�DQG�PRXWK�GLVHDVH�YLUXV��D�ORQJ�NQRZQ�YLUXV��EXW�D�FXUUHQW�WKUHDW��9HW��5HV������������6¡UHQVHQ�� -�+��� -HQVHQ��&�����0LNNHOVHQ��7���0DFND\��'�.�-���'RQDOGVRQ��$�,���������0RGHOOLQJ� WKHDWPRVSKHULF� GLVSHUVLRQ� RI� IRRW�DQG�PRXWK� GLVHDVH� YLUXV� IRU� HPHUJHQF\� SUHSDUHGQHVV��3K\V�� &KHP�(DUWK��%�����������������6¡UHQVHQ��-�+���0DFND\��'�.�-���-HQVHQ��&�����'RQDOGVRQ��$�,���������$Q�LQWHJUDWHG�PRGHO�WR�SUHGLFWWKH�DWPRVSKHULF�VSUHDG�RI�IRRW�DQG�PRXWK�YLUXV��(SLG��DQG�,QIHFW����������������6WDWLVWLFV�1HWKHUODQGV��������6WDWOLQH� +WWS���ZZZ�FEV�QO�
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6WHJHPDQ��$���(OEHUV��$�5�:���'H�-RQJ��0�&�0���2RVWHUODDN��%���'LMNKXL]HQ��$�$���������(VWLPDWLQJWKH� UDWH� RI� SVHXGRUDELHV� YLUXV� LQWURGXFWLRQ� LQWR� SLJ�ILQLVKLQJ� KHUGV� DW� UHJLRQDO� OHYHO�� 9HWHULQDU\4XDUWHUO\����������6WHJHPDQ��$���(OEHUV��$�5�:���6PDN��-���'H�-RQJ��0�&�0���������4XDQWLILFDWLRQ�RI�WKH�WUDQVPLVVLRQRI�FODVVLFDO�VZLQH�IHYHU�YLUXV�EHWZHHQ�KHUGV�GXULQJ�WKH�����������HSLGHPLF�LQ�7KH�1HWKHUODQGV��3UHY�9HW��0HG���������������6WHJHPDQ��-�$���(OEHUV��$�5�:���%RXPD��$��DQG�'H�-RQJ��0�&�0���������&ODVVLFDO�VZLQH�IHYHU�LQ�WKH1HWKHUODQGV������������(SLGHPLRORJLFDO�DQDO\VLV� ,'�/HO\VWDG��5HSRUW�QR��������LQ�'XWFK��9DQ�1HV��$��� GH� -RQJ��0�&�0���%XLMWHOV�� -�$�$�0���9HUKHLMGHQ�� -�+�0��� ������ ,PSOLFDWLRQV� GHULYHGIURP�D�PDWKHPDWLFDO�PRGHO�IRU�HUDGLFDWLRQ�RI�SVHXGRUDELHV�YLUXV��3UHY��9HW��0HG�������������:LQWHUIHOGW�� '�� YRQ�� (GZDUGV��:��� ������'HFLVLRQ� DQDO\VLV� DQG� EHKDYLRXULDO� UHVHDUFK�� &DPEULGJH8QLYHUVLW\�3UHVV��&DPEULGJH�<DQJ��3�&���&KX��5�0���&KXQJ��:�%���6XQJ��+�7���������(SLGHPLRORJLFDO�FKDUDFWHULVWLFV�DQG�ILQDQFLDOFRVWV�RI�WKH������IRRW�DQG�PRXWK�GLVHDVH�HSLGHPLF�LQ�7DLZDQ��9HW��5HF����������������

$SSHQGL[�,,,
7DEOH�,,,��� 'LVWULEXWLRQ RI� WKH� JURVV� YDOXH� DGGHG� �LQ� ELOOLRQ� ¼�� ZLWKLQ� WKH� OLYHVWRFNSURGXFWLRQ�FKDLQ��PHDQ�YDOXH�RI������DQG������

*UDVVODQG�EDVHGOLYHVWRFN�IDUPLQJ ,QWHQVLYH�OLYHVWRFNIDUPLQJ 7RWDO
%LOOLRQ�¼ � ELOOLRQ�¼ � ELOOLRQ�¼ �/LYHVWRFN�IDUPV6XSSO\�LQGXVWU\3URFHVVLQJ�LQGXVWU\'LVWULEXWLRQ�LQGXVWU\
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3UREDELOLW\�RI�&ODVVLFDO�6ZLQH�)HYHU�YLUXVLQWURGXFWLRQ�LQ�WKH�(XURSHDQ�8QLRQ��DQDO\VLV�DQGPRGHOOLQJ
&�-��GH�9RV��+�:��6DDWNDPS�DQG�5�%�0��+XLUQH

�������,QWURGXFWLRQ
5HFHQW�&ODVVLFDO�6ZLQH�)HYHU� �&6)�� HSLGHPLFV� LQ� WKH�(XURSHDQ�8QLRQ� �(8�� LQFXUUHG� KLJKHFRQRPLF� ORVVHV�� ,Q� ��������*HUPDQ\� DQG�%HOJLXP�ZHUH� VHYHUHO\� KLW� E\� D�&6)� HSLGHPLF����� IDUPV� EHLQJ� DIIHFWHG� LQ�*HUPDQ\� �.UDPHU� HW� DO��� ������ 3LWWOHU� HW� DO��� ������ DQG� ��� LQ%HOJLXP� �/DHYHQV� HW� DO��� ������ .RHQHQ� HW� DO��� ������ 9DQWKHPVFKH�� ������� (YHQ� PRUHGLVDVWURXV� ZDV� WKH� �������� &6)� HSLGHPLF� LQ� WKH� 1HWKHUODQGV�� ZKLFK� DIIHFWHG� ���� IDUPV�ZKLOH� PRUH� WKDQ� ��� PLOOLRQ� SLJV� ZHUH� GHVWUR\HG� SUHYHQWLYHO\� DQG� IRU� ZHOIDUH� UHDVRQV�$QRQ\PRXV���������7KH�FRVWV�RI�WKLV�HSLGHPLF��L�H��GLUHFW�FRVWV�DQG�FRQVHTXHQWLDO�ORVVHV�WRIDUPV�DQG�UHODWHG�LQGXVWULHV��ZHUH�HVWLPDWHG�DW�86������ELOOLRQ��0HXZLVVHQ�HW�DO����������7KHLPSRUW�RI� LQIHFWHG�SLJOHWV�IURP�7KH�1HWKHUODQGV�DOVR�OHDG�WR�D�PDMRU�HSLGHPLF�LQ�6SDLQ����IDUPV�EHLQJ�LQIHFWHG�LQ����������(GZDUGV�HW�DO���������*UHLVHU�:LONH�HW�DO���������7KH� LQWURGXFWLRQ�RI�&6)� LV�D�FRQWLQXLQJ� WKUHDW� WR� WKH�SLJ�SURGXFWLRQ� VHFWRU�RI� WKH�(8��7KHGLVHDVH�LV�VWLOO�SUHVHQW�LQ�VRPH�FHQWUDO�DQG�HDVWHUQ�(XURSHDQ�FRXQWULHV��(GZDUGV�HW�DO���������%HVLGHV��&6)�RFFXUV�LQ�DQ�HQGHPLF�IRUP�LQ�ZLOG�ERDU�SRSXODWLRQV�LQ�VRPH�DUHDV�RI�*HUPDQ\�)UDQFH�DQG�,WDO\��/DGGRPDGD���������UHSUHVHQWLQJ�D�SHUPDQHQW�&6)�YLUXV��&6)9��UHVHUYRLU�7KH�GLVHDVH�FDQ�WKXV�HDVLO\�EH�UHLQWURGXFHG�LQWR�IUHH�UHJLRQV�LI�QR�SURSHU�PHDVXUHV�DUH�WDNHQ�3UHYHQWLRQ�RI�&6)9�LQWURGXFWLRQ�VKRXOG�WKHUHIRUH�EH�JLYHQ�WKH�KLJKHVW�SRVVLEOH�SULRULW\�0RVW� RXWEUHDNV� LQ� WKH� PDMRU� &6)� HSLGHPLFV� PHQWLRQHG� DERYH� RFFXUUHG� LQ� WKH� VR�FDOOHGGHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��'3/$V��WKDW�KDYH�DQ�DYHUDJH�SLJ�GHQVLW\�RI�PRUH�WKDQ����SLJV�NP� �0LFKHO�DQG�'H�9RV���������7KHVH�DUHDV�FDPH�LQWR�EHLQJ�GXH�WR�HFRQRPLF�IDFWRUV�VXFK�DV�WKH�DYDLODELOLW\�RI�FKHDS�IHHG�DQG�UHDVRQDEO\�SULFHG�ODQG�DV�ZHOO�DV�WKH�SUR[LPLW\�RIXUEDQ�PDUNHWV��'LMNKXL]HQ�DQG�'DYLHV��������+XLUQH�HW�DO����������7KH�FRQFHQWUDWLRQ�RI�SLJSURGXFWLRQ�LQ�WKHVH�DUHDV�LV�VXSSRVHG�WR�EH�FRUUHODWHG�ZLWK�WKH�ULVN�RI�LQWURGXFWLRQ�DQG�VSUHDGRI�HSLGHPLF�GLVHDVHV��'LMNKXL]HQ�DQG�'DYLHV���������3LJ�DQG�SLJ�IDUP�GHQVLWLHV�DUH��KRZHYHU�QRW�WKH�RQO\�GHWHUPLQDQWV�LQ�WKH�ULVN�RI�YLUXV�LQWURGXFWLRQ��,QVLJKW�LQWR�DOO�IDFWRUV�FRQWULEXWLQJWR� WKH� ULVN�RI�YLUXV� LQWURGXFWLRQ� LV�D�SUHUHTXLVLWH� IRU� WDNLQJ�SUHYHQWLYH�DFWLRQV� WKDW�DUH�ERWK



���

HSLGHPLRORJLFDOO\�HIIHFWLYH�DQG�HFRQRPLFDOO\�VHQVLEOH��DQG�LV�WKHUHIRUH�RI�XWPRVW�LPSRUWDQFHLQ�VXSSRUWLQJ�SROLF\�PDNLQJ�7KLV�VWXG\�IRFXVHV�RQ�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�IRU�VHYHUDO�UHJLRQV�LQ�WKH�(8��7KHPDLQ�REMHFWLYH�ZDV�WR�JDLQ�PRUH�LQVLJKW�LQWR�WKH�PDMRU�IDFWRUV�FRQWULEXWLQJ�WR�WKLV�SUREDELOLW\�7ZR� DSSURDFKHV� ZHUH� XVHG�� �L�� D� TXDOLWDWLYH� DVVHVVPHQW� WKDW� SURYLGHV� D� WRRO� IRU� D� TXLFNDQDO\VLV� WKDW� FDQ� EH� SHUIRUPHG� ZLWK� UHODWLYHO\� OLWWOH� LQIRUPDWLRQ� DQG� �LL�� D� TXDQWLWDWLYHDSSURDFK�XVLQJ� D� FRPSXWHU�PRGHO�� WKDW� SURYLGHV�PRUH� GHWDLOHG� LQVLJKW� LQWR� WKH� IDFWRUV� WKDWFRQWULEXWH�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ��EXW�IRU�ZKLFK�D�ORW�RI�TXDQWLWDWLYH�GDWD�LVQHHGHG�7KH� SDSHU� VWDUWV� ZLWK� DQ� RYHUYLHZ� RI� VRPH� UHOHYDQW� GHILQLWLRQV�� 7KHQ� D� SDWKZD\� GLDJUDPJLYLQJ� DQ� RYHUYLHZ� RI� DOO� SDWKZD\V� SRVVLEO\� FRQWULEXWLQJ� WR� WKH� SUREDELOLW\� RI� &6)9LQWURGXFWLRQ�LV�SUHVHQWHG��7KLV�ZDV�XVHG�DV�WKH�EDVLV�IRU�ERWK�WKH�TXDOLWDWLYH�DVVHVVPHQW�DQGWKH�FRPSXWHU�PRGHO��5HVXOWV�RI�WKH�TXDOLWDWLYH�DVVHVVPHQW�DUH�JLYHQ�IRU�ILYH�GHQVHO\�DQG�ILYHVSDUVHO\�SRSXODWHG� OLYHVWRFN�DUHDV� �63/$V�� LQ� WKH�(8��0RGHO� UHVXOWV�DUH�SUHVHQWHG� IRU� ILYH(8� PHPEHU� VWDWHV�� 7KH� SDSHU� FRQFOXGHV� ZLWK� GLVFXVVLRQ� RI� WKH� DSSURDFKHV� XVHG� DQG� WKHUHVXOWV�REWDLQHG�

�������'HILQLWLRQV
$V�QRW�DOO�GHILQLWLRQV�LQ�WKH�ILHOG�RI�DQLPDO�KHDOWK�ULVN�DQDO\VLV�DUH�\HW�VWDQGDUGLVHG��D�EULHIRYHUYLHZ�RI�NH\�WHUPV�XVHG�WKURXJKRXW�WKLV�SDSHU�LV�JLYHQ�ILUVW�RI�DOO�9LUXV�LQWURGXFWLRQ�LV�GHILQHG�DV�WKH�HQWUDQFH�RI�D�YLUXV�LQWR�WKH�OLYHVWRFN�SURGXFWLRQ�VHFWRU�RID� UHJLRQ� IUHH� RI� WKH� GLVHDVH�� FDXVLQJ� D� SULPDU\� RXWEUHDN���� 7KH� GHILQLWLRQ� RI� D� SULPDU\RXWEUHDN� ZDV� GHULYHG� IURP� WKH� (8� &RXQFLO� 'LUHFWLYH� �������((&�� µDQ� RXWEUHDN� QRWHSL]RRWLRORJLFDOO\�OLQNHG�ZLWK�D�SUHYLRXV�RXWEUHDN�LQ�WKH�VDPH�UHJLRQ�RI�D�PHPEHU�VWDWH��RUWKH�ILUVW�RXWEUHDN�LQ�D�GLIIHUHQW�UHJLRQ�RI�WKH�VDPH�PHPEHU�VWDWH¶��&(&���������7KH�UHJLRQVXVHG�IRU�WKLV�GHILQLWLRQ�DUH�DUHDV�ZLWK�D�VXUIDFH�RI�DW�OHDVW������NP���WKDW�PXVW�EH�FRQWUROOHGE\� FRPSHWHQW� DXWKRULWLHV� DQG� DW� OHDVW� FRPSULVH� RQH� RI� D� FHUWDLQ�� PHPEHU� VWDWH�GHSHQGHQW�DGPLQLVWUDWLYH� DUHD�� H�J��� SURYLQFHV� LQ� %HOJLXP�� ,WDO\� DQG� 6SDLQ�� FRXQWLHV� LQ� WKH� 8QLWHG.LQJGRP�DQG� ,UHODQG�DQG�GHSDUWPHQWV� LQ�)UDQFH� �&RXQFLO�'LUHFWLYH��������((&��$UWLFOH���&(&����������8VLQJ� WKH�(8�GHILQLWLRQ�RI�D�SULPDU\�RXWEUHDN��PRUH�SULPDU\�RXWEUHDNV�FDQ
�� 7KH�IRFXV�LQ�WKLV�DUWLFOH�LV�RQ�&6)9�LQWURGXFWLRQ�LQWR�WKH�GRPHVWLF�SLJ�SRSXODWLRQ�RI�D�UHJLRQ��9LUXVLQWURGXFWLRQ�LQWR�WKH�ZLOG�ERDU�SRSXODWLRQ�KDV�QRW�EHHQ�FRQVLGHUHG��EHFDXVH�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHVXVHG�DUH�GLIIHUHQW��&(&���������DV�ZHOO�DV�WKH�HFRQRPLF�FRQVHTXHQFHV�RI�VXFK�DQ�LQWURGXFWLRQ�



���

RFFXU�ZLWKLQ� RQH� HSLGHPLF� LI� WKH� YLUXV� LV� VSUHDG� IURP�RQH� UHJLRQ� WR� DQRWKHU�� 7KLV�ZDV� WKHFDVH�� IRU� H[DPSOH�� GXULQJ� WKH� �������� &6)� HSLGHPLF� LQ� 7KH� 1HWKHUODQGV�� LQ� ZKLFK� IRXUSULPDU\�RXWEUHDNV�ZHUH�UHFRUGHG�,QWURGXFWLRQ� RI� WKH� YLUXV� LV� LQGXFHG� E\� VR�FDOOHG� SDWKZD\V�� 7KHVH� DUH� WKH� FDUULHUV� DQGPHFKDQLVPV�WKDW�FDQ�WUDQVPLW�D�YLUXV�IURP�DQ�LQIHFWHG�WR�D�VXVFHSWLEOH�DQLPDO��3DWKZD\V�FDQHLWKHU� EH� H[RJHQRXV� RU� HQGRJHQRXV�� ([RJHQRXV� SDWKZD\V� DUH� OLQNHG� ZLWK� YLUXV� VRXUFHVRXWVLGH�WKH�UHJLRQ�ZKHUH�WKH\�PLJKW�FDXVH�D�SULPDU\�RXWEUHDN��ZKHUHDV�HQGRJHQRXV�SDWKZD\VUHVLGH�ZLWKLQ�WKH�UHJLRQ�DIIHFWHG��7KH�UHJLRQV�ZKHUH�H[RJHQRXV�SDWKZD\V�PD\�FRPH�IURP�DUHFDOOHG�UHJLRQV�RI�RULJLQ��ZKHUHDV�WKH�UHJLRQ�DIIHFWHG�LV�FDOOHG�WKH�WDUJHW�DUHD�

���� 3DWKZD\�GLDJUDP
7R� REWDLQ� PRUH� LQVLJKW� LQWR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ�� D� VR�FDOOHG� SDWKZD\GLDJUDP�ZDV� FRQVWUXFWHG� WR� VKRZ� DOO� SRVVLEOH� SDWKZD\V� IRU� &6)9� LQWURGXFWLRQ�� LQFOXGLQJWKHLU�PDLQ�HYHQWV�DQG�LQWHUUHODWLRQV��)LJXUH��������$�SDWKZD\�GLDJUDP�LV�D�WUHH�OLNH�DSSURDFKWKDW� SURYLGHV� LQVLJKW� LQWR� DOO� SRVVLEOH� FDXVHV� RI� DQ� DGYHUVH� HYHQW� �'H�9RV� HW� DO��� ������� ,QRUGHU�IRU�WKH�DGYHUVH�HYHQW�WR�RFFXU��DOO�FRQWULEXWLQJ�HYHQWV�RI�D�FHUWDLQ�SDWKZD\�KDYH�WR�EHWUXH��$VVLJQLQJ� SUREDELOLWLHV� WR� DOO� HYHQWV� LQ� WKH� GLDJUDP�PDNHV� LW� SRVVLEOH� WR� HVWLPDWH� WKHSUREDELOLW\�RI�RFFXUUHQFH�RI�WKH�DGYHUVH�HYHQW�7KH�SDWKZD\�GLDJUDP�FRQVLVWV�RI�IRXU�OHYHOV��6WDUWLQJ�DW�WKH�WRS�RI�WKH�GLDJUDP��WKH�ILUVW�OHYHOFRPSULVHV� WKH�SDWKZD\V� IRU�YLUXV� LQWURGXFWLRQ� LQWR� D� UHJLRQ�� LQFOXGLQJ�ERWK� H[RJHQRXV� DQGHQGRJHQRXV�SDWKZD\V��$�SDWKZD\�FDQ�RQO\�FRQWULEXWH�WR�WKH�SUREDELOLW\�RI�YLUXV�LQWURGXFWLRQLI�LW� LV�SUHVHQW��7KH�H[WHQW�RI�SUHVHQFH�LV�H[SUHVVHG�LQ�SDWKZD\�XQLWV��ZKLFK�DUH� WKH�XQLWV�LQZKLFK�D�SDWKZD\�LV�PHDVXUHG��H�J���DQ�DQLPDO��D�PHWULF�WRQ�RI�DQLPDO�SURGXFWV�RU�D�UHWXUQLQJOLYHVWRFN�WUXFN�:KHWKHU�RU�QRW�DQ\�SDWKZD\�XQLWV�DUH�SUHVHQW�WKDW�DUH�LQIHFWHG�RU�FRQWDPLQDWHG�ZLWK�D�YLUXV�LVGHWHUPLQHG�DW�WKH�VHFRQG�OHYHO��2EYLRXVO\��H[RJHQRXV�SDWKZD\V�RQO\�FRQVWLWXWH�D�ULVN�LI�WKH\RULJLQDWH�IURP�DQ�DUHD�ZKHUH�WKH�GLVHDVH�LV�SUHYDOHQW��(QGRJHQRXV�SDWKZD\V�RQO\�SRVH�D�ULVNLI� WKH\� FRQWDLQ� D� YLUXV� UHVHUYRLU�� 6RPH� H[RJHQRXV� SDWKZD\V� FDQ� RQO\� FRQWULEXWH� WR� WKHSUREDELOLW\�RI�YLUXV�LQWURGXFWLRQ�LI�WKH\�RULJLQDWH�IURP�D�QHLJKERXULQJ�DUHD��H�J���DLU�FXUUHQWVDQG� ELUGV�� SHWV�� DUWKURSRGV� DQG� URGHQWV�� 7KHVH� SDWKZD\V� SOD\� D� PLQRU� UROH� LQ� YLUXVLQWURGXFWLRQ�EHFDXVH�WKH\�RQO\�WUDQVSRUW�WKH�YLUXV�RYHU�VKRUW�GLVWDQFHV�
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:KHWKHU� RU� QRW� SUHYHQWLYH� DFWLRQV� VXFFHHG� LQ� GHWHFWLQJ� DQG�RU� LQDFWLYDWLQJ� WKH� YLUXV� LVHYDOXDWHG�DW�WKH�WKLUG�OHYHO��2QO\�D�VHOHFWLRQ�RI�SUHYHQWLYH�PHDVXUHV�LV�JLYHQ�LQ�WKH�GLDJUDP�0RVW�DGGLWLRQDO�SUHYHQWLYH�PHDVXUHV�WKDW�FDQ�EH�WDNHQ�E\�D�UHJLRQ��H�J���WHVWLQJ�RU�TXDUDQWLQH�FDQ�EH�DGGHG�WR�WKH�SDWKZD\�GLDJUDP�DW�WKLV�OHYHO�,I� WKH�YLUXV� LV� VWLOO�SUHVHQW�DIWHU�SDVVLQJ� WKH� WKLUG� OHYHO��YLUXV� WUDQVIHU� WR� VXVFHSWLEOH�GRPHVWLFDQLPDOV� FDQ�RFFXU�E\� WZR�PDLQ� URXWHV�� VZLOO� IHHGLQJ� WR� ��RU� GLUHFW� RU� LQGLUHFW� FRQWDFW�ZLWK� �VXVFHSWLEOH� DQLPDOV��:KLFK� URXWH� LV� UHOHYDQW� GHSHQGV� RQ� WKH� SDWKZD\� IRU� YLUXV� LQWURGXFWLRQ�9LUXV�WUDQVIHU�ZLOO�RQO\�UHVXOW�LQ�DQ�RXWEUHDN�LI�WKH�YLUXV�FRQYH\HG�FRQVWLWXWHV�DQ�LQIHFWLYH�GRVH�7KHUH� LV�� KRZHYHU�� RQH� H[FHSWLRQ� WR� WKLV� JHQHUDO� SDWWHUQ�� LPSRUW� RI� DQ� LQIHFWHG� OLYH� DQLPDO�OHJDOO\�RU�LOOHJDOO\��ZLOO�DOZD\V�OHDG�WR�DQ�RXWEUHDN�LI�WKH�DQLPDO�VXUYLYHV�DQG�LQIHFWLRQ�LV�QRWGHWHFWHG�LQ�WLPH��,Q�VXFK�FDVHV��VZLOO�IHHGLQJ�RU�FRQWDFW�ZLWK�VXVFHSWLEOH�DQLPDOV�LV�QRW�UHTXLUHGLQ�RUGHU�WR�FDXVH�D�SULPDU\�RXWEUHDN��VLQFH�WKH�LPSRUWHG�DQLPDO�EHFRPHV�SDUW�RI�WKH�OLYHVWRFNSRSXODWLRQ�)RU� HDFK� SDWKZD\�� WKH� PDLQ� HYHQWV� OHDGLQJ� WR� D� SULPDU\� &6)� RXWEUHDN� DUH� VKRZQ� LQ� WKHSDWKZD\� GLDJUDP�� 7KHRUHWLFDOO\�� HDFK� HYHQW� LQ� WKH� SDWKZD\� GLDJUDP� FDQ� EH� DVVLJQHG� DSUREDELOLW\� WKDW� LW�ZLOO� RFFXU��7KHVH� DUH� DOO� FRQGLWLRQDO� SUREDELOLWLHV�� L�H��� WKH� SUREDELOLW\� RIRFFXUUHQFH�RI�D�FHUWDLQ�HYHQW�JLYHQ�WKDW�DOO�SUHYLRXV�HYHQWV�KDYH�RFFXUUHG��7R�JLYH�DQ�H[DPSOH�YLUXV� LQWURGXFWLRQ�E\�WKH�SDWKZD\�µUHWXUQLQJ� OLYHVWRFN� WUXFNV¶�ZLOO�RQO\�RFFXU� LI�D� OLYHVWRFNWUXFN�UHWXUQV�WR�WKH�UHJLRQ�DIWHU�YLVLWLQJ�DQ�LQIHFWHG�UHJLRQ��LI�WKLV�WUXFN�LV�FRQWDPLQDWHG�ZLWKYLUXV��LI�LW�LV�QRW�GLVLQIHFWHG�SURSHUO\��LI�LW�FRPHV�LQWR�FRQWDFW�ZLWK�VXVFHSWLEOH�DQLPDOV�DQG�LIWKH�YLUXV�GRVH�FRQYH\HG�LV�DW�OHDVW�WKH�PLQLPXP�LQIHFWLYH�GRVH�

���� 4XDOLWDWLYH�DVVHVVPHQW�RI� WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ� LQWR�GHQVHO\�DQGVSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV
7KH�SDWKZD\�GLDJUDP�LQ�)LJXUH������ZDV�XVHG�WR�TXDOLWDWLYHO\�DVVHVV�WKH�SUREDELOLW\�RI�&6)9LQWURGXFWLRQ� IRU� ILYH� GHQVHO\� DQG� ILYH� VSDUVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� LQ� WKH� (8�,QIRUPDWLRQ� DERXW� WKH� SUHVHQFH� RI� SDWKZD\V� �OHYHO� �� RI� WKH� SDWKZD\� GLDJUDP�� DQG� WKHSRVVLELOLW\�RI�SDWKZD\V�SDVVLQJ� WKH�YLUXV� WR�VXVFHSWLEOH�GRPHVWLF�SLJV��OHYHO����ZDV�XVHG� WRFODVVLI\�WKH�UHJLRQV�DFFRUGLQJ�WR�WKHLU�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�%DVLF� LQIRUPDWLRQ�DYDLODEOH�IRU�HDFK�UHJLRQ�LV�SUHVHQWHG� LQ�7DEOH������$��7KLV� LQIRUPDWLRQZDV�XVHG�WR�FDOFXODWH�SLJ�DQG�IDUP�GHQVLW\�DQG�WR�GHULYH�DQ�HVWLPDWH�RI� WKH�QXPEHU�RI�SLJVH[SRUWHG�RU�LPSRUWHG�E\�WKH�UHJLRQ��7DEOH������%���7KH�HVWLPDWHV�GHULYHG�DUH�WKH�PLQLPXP
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����� � � &RPSXWHU� PRGHO� IRU� DVVHVVLQJ� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQTXDQWLWDWLYHO\
$� FRPSXWHU� PRGHO� ZDV� GHYHORSHG� WR� FDOFXODWH� WKH� SUREDELOLWLHV� RI� &6)9� LQWURGXFWLRQ� IRULQGLYLGXDO�UHJLRQV�LQ�WKH�(8�TXDQWLWDWLYHO\�DQG�LQ�PRUH�GHWDLO��7KH�PDLQ�DLP�RI�WKLV�PRGHO�LVWR�DQDO\VH�ZKLFK�SDWKZD\V�FRQWULEXWH�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�IRU�D�SDUWLFXODUUHJLRQ��WKH�VR�FDOOHG�WDUJHW�DUHD��DQG�IURP�ZKHUH��L�H���ZKLFK�UHJLRQV�RI�RULJLQ��WKHVH�SDWKZD\VRULJLQDWH��)XUWKHUPRUH��WKH�PRGHO�SURYLGHV�LQVLJKW�LQWR�GLIIHUHQFHV�EHWZHHQ�WDUJHW�DUHDV�ZLWKUHJDUG�WR�WKH�UDQNLQJ�RI�FDXVDWLYH�SDWKZD\V�DQG�UHJLRQV��DQG�WKHLU�LQWHUDFWLRQV��DQG�KHQFH�WKHQHHG�IRU�GLYHUVLILFDWLRQ�RI�SUHYHQWLYH�PHDVXUHV�
��������0RGHOOLQJ�DSSURDFK7KH�PRGHO�FDOFXODWHV�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�LQWR�WKH�GRPHVWLF�SLJ�SRSXODWLRQRI�D�WDUJHW�DUHD�E\�GLIIHUHQW�SDWKZD\V��VHH�)LJXUH��������7KH�SUREDELOLW\�RI�YLUXV�LQWURGXFWLRQE\� HQGRJHQRXV� SDWKZD\V� GHSHQGV� RQO\� RQ� WKH� VLWXDWLRQ� LQ� WKH� WDUJHW� DUHD�� ZKHUHDV� WKHSUREDELOLW\� RI� YLUXV� LQWURGXFWLRQ� E\� H[RJHQRXV� SDWKZD\V� GHSHQGV� RQ� FRQGLWLRQV� LQ� WKHLUUHJLRQ�RI�RULJLQ�DV�ZHOO�DV�LQ� WKH�WDUJHW�DUHD��0RVW�SUREDELOLWLHV�FDOFXODWHG�LQ�WKH�PRGHO�DUHYHU\�ORZ��DV�WKH\�DUH�FDOFXODWHG�SHU�HSLGHPLF�LQ�HDFK�UHJLRQ�RI�RULJLQ�DV�ZHOO�DV�VHSDUDWHO\�IRUHDFK�H[RJHQRXV�SDWKZD\��7KHUHIRUH��WKH�VFHQDULR�SDWKZD\�DSSURDFK�ZDV�XVHG�DV�D�PRGHOOLQJWHFKQLTXH�� DQG� QRW� VLPXODWLRQ�� EHFDXVH� LW� UHTXLUHV� UHODWLYHO\� OLWWOH� FRPSXWLQJ� WLPH� DQG� FDQHDVLO\� FDOFXODWH� H[WUHPHO\� ORZ� SUREDELOLWLHV� �9RVH�� ������� 7KH� PRGHO� ZDV� FRQVWUXFWHG� LQ0LFURVRIW�([FHO����ZLWK�WKH�DGG�LQ�SURJUDP�#5LVN��������3DOLVDGH�&RUSRUDWLRQ��)RU� HDFK� SDWKZD\� LQ� WKH�PRGHO�� D� VFHQDULR� WUHH�ZDV� FRQVWUXFWHG� LQ�ZKLFK� WKH� VHTXHQFH� RIHYHQWV�WKDW�XOWLPDWHO\�OHDGV�WR�WKH�LQWURGXFWLRQ�RI�&6)9�LQWR�WKH�GRPHVWLF�SLJ�SRSXODWLRQ�RIWKH� WDUJHW� DUHD� LV� GHWHUPLQHG� �0LOOHU� HW� DO��� ������� 2QO\� WKRVH� HYHQWV� WKDW� DUH� GHFLVLYH� LQGHWHUPLQLQJ�ZKHWKHU�DQ�LQIHFWHG�SDWKZD\�XQLW�ZLOO�WUDQVPLW�YLUXV�WR�VXVFHSWLEOH�DQLPDOV�ZHUHLQFOXGHG�LQ�WKH�VFHQDULR�WUHHV��(DFK�HYHQW�LQ�WKH�VFHQDULR�WUHHV�ZDV�DVVLJQHG�D�SUREDELOLW\�WKDWLW� ZRXOG� RFFXU�� 7KHVH� ZHUH� DOO� FRQGLWLRQDO� SUREDELOLWLHV�� 7R� JHW� WKH� SUREDELOLW\� RI� &6)9LQWURGXFWLRQ� E\� D� FHUWDLQ� SDWKZD\�� DOO� SUREDELOLWLHV� DORQJ� LWV� VFHQDULR� WUHH�ZHUH�PXOWLSOLHG�7KH�VFHQDULR�WUHHV�IRU�WKH�H[RJHQRXV�SDWKZD\V�ZHUH�FDOFXODWHG�VHSDUDWHO\�IRU�HDFK�UHJLRQ�RIRULJLQ��&RPELQLQJ�WKH�RXWFRPH�RI�DOO�VFHQDULR�WUHH�FDOFXODWLRQV�JDYH�LQVLJKW�LQWR�WKH�UHODWLYHFRQWULEXWLRQ�RI�UHJLRQV�DQG�SDWKZD\V�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�IRU�WKH�WDUJHW�DUHD�&DOFXODWLRQV�ZHUH� SHUIRUPHG� IRU� ILYH� (8�PHPEHU� VWDWHV�� L�H�� *HUPDQ\�� )UDQFH�� ,WDO\�� 7KH1HWKHUODQGV�DQG�%HOJLXP��7KHVH�DUH� WKH�VR�FDOOHG� WDUJHW�DUHDV��$OO�(8�PHPEHU�VWDWHV�ZHUHLQFOXGHG�LQ�WKH�PRGHO�DV�SRVVLEOH�UHJLRQV�RI�RULJLQ��1R�WKLUG�FRXQWULHV�ZHUH�LQFOXGHG�
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(SLGHPLFV\HDU  ���±�H[S���[�E � ���
:LWK� [�  � WLPH� LQWHUYDO� XVHG� IRU� WKH� FDOFXODWLRQV� �L�H��� \HDU�� DQG� E  � PLQLPXP� LQWHUYDOEHWZHHQ�WZR�HSLGHPLFV��L�H�����\HDU���7KLV�LV�WKH�KLJKHVW�SRVVLEOH�YDOXH�VLQFH�LW�DVVXPHV�WKDW�L�� WKH�HYHQW� LV�SRVVLEOH�DQG� �LL�� LW�RFFXUHG�EHIRUH� WKH� ILUVW�PRPHQW�RI�REVHUYDWLRQ�DQG�ZLOORFFXU� DJDLQ� LPPHGLDWHO\� DIWHU� WKH� ODVW� PRPHQW� RI� REVHUYDWLRQ�� L�H��� LQ� WKH� HOHYHQWK� \HDU�ZKLFK�LV�������)XUWKHUPRUH�� WKH� GLVHDVH� VLWXDWLRQ� LQ� WKH� ZLOG� ERDU� SRSXODWLRQV� RI� WKH� WDUJHW� DUHDV� ZDVFRQVLGHUHG��&6)� LV� HQGHPLF� LQ� SDUWV� RI� WKH�ZLOG� ERDU� SRSXODWLRQV� LQ�*HUPDQ\�� )UDQFH� DQG,WDO\��/DGGRPDGD���������7KH�SUHYDOHQFH�RI�LQIHFWLRQ�YDULHV�SHU�PHWDSRSXODWLRQ RI�ZLOG�ERDUDQG�LV�PRQLWRUHG�XVLQJ�VDPSOLQJ�SURJUDPPHV��H�J��(OEHUV�DQG�'HNNHUV��������&UXFLqUH�HW�DO��������.HUQ�� �������7KH� UHJLRQV� LQ�ZKLFK� LQIHFWHG�ZLOG�ERDU� URDP�DUH� WKH�%XQGHVOlQGHU�RI/RZHU�6D[RQ\��0HFNOHQEXUJ�9RUSRPPHUQ�DQG�%UDQGHQEXUJ�LQ�*HUPDQ\��WKH�GHSDUWPHQWV�RI0RVHOOH�DQG�%DV�5KLQ�LQ�)UDQFH��DQG�WKH�SURYLQFHV�RI�1XRUR��6DVVDUL�DQG�2ULVWDQR��DOO�RQ�WKHLVODQG�RI�6DUGLQLD��DQG�9DUHVH�LQ�,WDO\��/DGGRPDGD��������



���

7DEOH����� 7KH�PLQLPXP��DYHUDJH�DQG�PD[LPXP�QXPEHU�RI�UHJLRQV�SHU�\HDU�LQ�HDFKFRXQWU\�WKDW�H[SHULHQFHG�SULPDU\�&6)�RXWEUHDNV�IRU�WKH�SHULRG�����������VRXUFH��$'16�&RXQWULHV 0LQLPXP $YHUDJH 0D[LPXP*HUPDQ\ � ���� ��)UDQFH � ��� �,WDO\ � ��� �7KH�1HWKHUODQGV � ��� �%HOJLXP � ��� �/X[HPERXUJ � � �8QLWHG�.LQJGRP � � �,UHODQG � � �'HQPDUN � � �*UHHFH � � �6SDLQ � ��� �3RUWXJDO � � �$XVWULD � ��� �)LQODQG � � �6ZHGHQ � � �
����������3DWKZD\V�LQ�WKH�PRGHO$OO�SDWKZD\V�WKDW�SRVVLEO\�FRQWULEXWH�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�ZHUH�LQFOXGHGLQ�WKH�SDWKZD\�GLDJUDP�LQ�)LJXUH�������$�VHOHFWLRQ�RI�WKHVH�SDWKZD\V�ZDV�PDGH�IRU�LQFOXVLRQLQ� WKH� FRPSXWHU� PRGHO� IRU� YLUXV� LQWURGXFWLRQ� RQ� WKH� EDVLV� RI� WZR� FULWHULD�� �L�� H[SHFWHGLPSRUWDQFH�IRU�&6)9�LQWURGXFWLRQ�RQ�WKH�EDVLV�RI�KLVWRULFDO�GDWD�DQG�VFLHQWLILF�OLWHUDWXUH�DQG�LL��DYDLODELOLW\�RI�NQRZOHGJH�DQG�GDWD�WR�TXDQWLI\�WKH�XQGHUO\LQJ�SUREDELOLWLHV�7KH�PDMRU�URXWHV�IRU�&6)9�LQWURGXFWLRQ�LQ�WKH�(8�VLQFH�WKH�SURKLELWLRQ�RI�PDVV�YDFFLQDWLRQZHUH�IHHGLQJ�RI�LPSURSHUO\�KHDWHG�VZLOO��GLUHFW�RU�LQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�DQG�DQLPDOPRYHPHQWV� �'H�9RV� HW� DO��� ������ )ULW]HPHLHU� HW� DO��� ������� ,QIRUPDWLRQ� IURP�$'16� JDYHVLPLODU� UHVXOWV�� LQGLFDWLQJ� WKDW� SXUFKDVH� RI� DQLPDOV�� ZDVWH� IRRG� IHHGLQJ�� DQG� VSUHDG� E\IRPLWHV�� FDXVHG�WKH�PDMRULW\�RI�SULPDU\�&6)�RXWEUHDNV�IRU�ZKLFK�WKH�RULJLQ�RI�GLVHDVH�ZDVJLYHQ�LQ�$'16��'H�9RV�HW�DO���������7KHUHIRUH��WKH�H[RJHQRXV�SDWKZD\�LPSRUW�RI�D�EDWFK�RI�GRPHVWLF�DQLPDOV�DQG�WKH�HQGRJHQRXVSDWKZD\� RI� ZLOGOLIH� ZHUH� LQFOXGHG� LQ� WKH� PRGHO� IRU� YLUXV� LQWURGXFWLRQ�� )XUWKHUPRUH�� WKHSDWKZD\�RI�LPSRUW�RI�DQLPDO�SURGXFWV�IRU�KXPDQ�FRQVXPSWLRQ�ZDV�LQFOXGHG��DV� LW� LV�RQH�RIWKH�PDMRU�URXWHV�WKDW�FRXOG�FRQWULEXWH�WR��LOOHJDO��VZLOO�IHHGLQJ��,OOHJDO�LPSRUWV�RI�DQLPDOV�DQGDQLPDO� SURGXFWV� FRXOG� EH� HYHQ� PRUH� GDQJHURXV� ZLWK� UHJDUG� WR� WKH� SUREDELOLW\� RI� &6)9
�� 6SUHDG�E\�IRPLWHV�LV�DOO�YLUXV�VSUHDG�FDXVHG�E\�REMHFWV�WKDW�DUH�FRQWDPLQDWHG�ZLWK�WKH�GLVHDVH�DJHQW�DQG�KHQFHFRYHUV�WKRVH�LQGLUHFW�FRQWDFWV�EHWZHHQ�DQLPDOV�WKDW�DUH�QRW�LQFOXGHG�LQ�RWKHU�WUDQVPLVVLRQ�URXWHV�GLVWLQJXLVKHG�LQ$'16��/DGGRPDGD��SHUVRQDO�FRPPXQLFDWLRQ���,W�DOVR�LQFOXGHV�VSUHDG�E\�ZLOG�ERDU��3LWWOHU�HW�DO���������



���

LQWURGXFWLRQ��EHFDXVH�WKHUH�DUH�QR�FKHFNV�RQ�HLWKHU�ZKHUH�WKHVH�LPSRUWV�FRPH�IURP�RU� WKHLUGLVHDVH� VWDWXV�� 7KHVH� SDWKZD\V�ZHUH�� KRZHYHU�� QRW� LQFOXGHG� LQ� WKH�PRGHO�� DV� QR� GDWD�ZDVDYDLODEOH� RQ� WKHLU� QXPEHUV��7KH� SDWKZD\� RI� UHWXUQLQJ� OLYHVWRFN� WUXFNV�ZDV� LQFOXGHG� LQ� WKHPRGHO��EHFDXVH�GDWD�FRXOG�EH�GHULYHG�IURP�WKH�WRWDO�QXPEHU�RI�DQLPDOV�H[SRUWHG�DQG�H[SHUWVFRQVLGHUHG�LW�WR�EH�DQ�LPSRUWDQW�ULVN�IDFWRU�IRU�WKH�LQWURGXFWLRQ�RI�&6)9�LQWR�7KH�1HWKHUODQGV�+RUVW�HW�DO����������$OWKRXJK�&6)9�FDQ�SRWHQWLDOO\�EH�WUDQVPLWWHG�RYHU�ORQJ�GLVWDQFHV�E\�WKHGLVWULEXWLRQ�RI�YLUXV�FRQWDPLQDWHG� VHPHQ� �'H�6PLW�� ������� WKH�SDWKZD\�RI�JHQHWLF�PDWHULDOZDV� QRW� LQFOXGHG� LQ� WKH� PRGHO� GXH� WR� ODFN� RI� GDWD�� $OO� RWKHU� SDWKZD\V� GLVSOD\HG� LQ� WKHSDWKZD\�GLDJUDP�ZHUH�QRW�LQFOXGHG�LQ�WKH�PRGHO�DV�WKH\�ZHUH�FRQVLGHUHG�WR�FRQWULEXWH�RQO\PDUJLQDOO\�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�DQG�GDWD�DYDLODEOH�IRU�TXDQWLILFDWLRQ�ZDVH[WUHPHO\�OLPLWHG�����������2FFXUUHQFH�RI�SDWKZD\V,Q�7DEOH�������GDWD�RQ�WKH�RFFXUUHQFH�RI�SDWKZD\V�LQFOXGHG�LQ�WKH�PRGHO�LV�JLYHQ�IRU�WKH�ILYHWDUJHW�DUHDV��,PSRUWV�IURP�DQG�H[SRUWV�WR�DOO�(8�PHPEHU�VWDWHV�DUH�VKRZQ��,Q�WKH�PRGHO��WKHVHQXPEHUV�ZHUH�VXEGLYLGHG�DFFRUGLQJ�WR�WKHLU�UHJLRQV�RI�RULJLQ��7KH�QXPEHUV�RI�SLJV�LPSRUWHGDQG� H[SRUWHG� ZHUH� GLYLGHG� E\� WKH� DYHUDJH� EDWFK� VL]H� WR� JLYH� HVWLPDWHV� RI� WKH� QXPEHU� RIEDWFKHV�RI�GRPHVWLF�DQLPDOV�LPSRUWHG�DQG�UHWXUQLQJ�OLYHVWRFN�WUXFNV��UHVSHFWLYHO\�*HUPDQ\� LV� D� PDMRU� LPSRUWHU� RI� SLJV�� ZKHUHDV� 7KH� 1HWKHUODQGV� LV� D�PDMRU� H[SRUWHU�� ,WDO\H[SRUWV� KDUGO\�DQ\�SLJV��:LWK� UHJDUG� WR�SRUN�SURGXFWV�� LW� FDQ�EH� VHHQ� WKDW�PRVW� WUDGH� LV� LQIUHVK� DQG� FKLOOHG� SURGXFWV�� 7KH� ZLOG� ERDU� SRSXODWLRQV� RI� *HUPDQ\� DQG� )UDQFH� DUH� PXFKELJJHU�WKDQ�WKH�SRSXODWLRQV�LQ�7KH�1HWKHUODQGV�DQG�%HOJLXP��1R�GDWD�RQ�WKH�QXPEHU�RI�ZLOGERDU� LQ� WKH� FRXQWU\�ZDV� DYDLODEOH� IRU� ,WDO\�� ,Q�*HUPDQ\��ZLOG� ERDU� DUH� VSUHDG� DOO� RYHU� WKHFRXQWU\��ZKHUHDV�LQ�WKH�RWKHU�FRXQWULHV�WKH\�DUH�PRUH�UHJLRQDOO\�GLVWULEXWHG��$QRQ\PRXV��������7KH�SDWKZD\V�ZHUH�GLYLGHG�LQWR�VXEJURXSV�WR�SHUIRUP�WKH�PRGHO�FDOFXODWLRQV��7KH�LPSRUWV�DQGH[SRUWV�RI�SLJV�ZHUH�VXEGLYLGHG�LQWR�WKUHH�FDWHJRULHV��L�H���SLJOHWV��EUHHGLQJ�SLJV�DQG�IDWWHQLQJSLJV��,W�ZDV�DVVXPHG�WKDW�WKH�ULVNV�RI�&6)9�LQWURGXFWLRQ�PLJKW�GLIIHU�EHWZHHQ�WKHVH�FDWHJRULHV�)DWWHQLQJ�SLJV�DUH�EURXJKW�WR�VODXJKWHUKRXVHV��ZKHUHDV�SLJOHWV�DQG�EUHHGLQJ�SLJV�EHFRPH�SDUWRI� WKH� SLJ� SRSXODWLRQ� LQ� WKH� WDUJHW� DUHD�� )XUWKHUPRUH�� LW� ZDV� DVVXPHG� WKDW� PRUH� SUHYHQWLYHPHDVXUHV�ZRXOG� EH� LQ� XVH� IRU� WKH� LPSRUW� RI� EUHHGLQJ� SLJV� WKDQ� SLJOHWV�� 7KH� LPSRUW� RI� SRUNSURGXFWV�ZDV�VXEGLYLGHG�LQWR�IRXU�FDWHJRULHV��L�H���IUHVK�RU�FKLOOHG��IUR]HQ��QRQ�KHDW�WUHDWHG��DQGKHDW�WUHDWHG� SRUN� SURGXFWV�� EHFDXVH� WKH� SUREDELOLW\� WKDW� &6)9� ZLOO� VXUYLYH� PDWXULQJ� DQGSURFHVVLQJ�GLIIHUV�EHWZHHQ�WKRVH�FDWHJRULHV��&6)9�FDQ�VXUYLYH�XS�WR�����\HDUV�LQ�IUR]HQ�SRUNSURGXFWV��)DUH]�DQG�0RUOH\��������DQG�XS�WR�VHYHUDO�PRQWKV�LQ�IUHVK�RU�FKLOOHG�SRUN�SURGXFWV�7HUSVWUD���������������,Q�QRQ�KHDW�WUHDWHG�SRUN�SURGXFWV��L�H���VDOWHG��LQ�EULQH��VPRNHG�RU�GULHG�&6)9�FDQ�VXUYLYH�XS�WR�WKUHH�PRQWKV��7HUSVWUD���������,Q�KHDW�WUHDWHG�SURGXFWV��&6)9�ZLOO�QRWVXUYLYH�LI�WKH�FRPELQDWLRQ�RI�WHPSHUDWXUH�DQG�GXUDWLRQ�RI�KHDW�WUHDWPHQW�LV�VXIILFLHQW�
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7DEOH����� 4XDQWLILFDWLRQ�RI�SDWKZD\V�LQFOXGHG�LQ�WKH�PRGHO�IRU�YLUXV�LQWURGXFWLRQ
*HUPDQ\ )UDQFH ,WDO\ 7KH1HWKHUODQGV %HOJLXP,PSRUW�RI�SLJV��QXPEHUV�D3LJOHWV ��������� ������� ������� ������ �������%UHHGLQJ�SLJV ������� ������ ������ ������ ������)DWWHQLQJ�SLJV ��������� ������� ������� ������� ������([SRUW�RI�SLJV��QXPEHUV�D3LJOHWV ������� ������� ����� ��������� ������%UHHGLQJ�SLJV ����� ������ ������ ������� ������)DWWHQLQJ�SLJV ������� ������ ����� ��������� ���������,PSRUW�RI�SRUN�SURGXFWV��PHWULF�WRQV� D)UHVK�FKLOOHG ������� ������� ������� ������ ������)UR]HQ ������� ������ ������ ������ ������1RQ�KHDW�WUHDWHG ������ ������ ����� ������ ������+HDW�WUHDWHG ������ ������ ������ ������ ������:LOG�ERDU��KHDG�E ������� ������� Q�D�F ����� ������D� ,PSRUWV�IURP�DQG�H[SRUWV�WR�DOO�(8�PHPEHU�VWDWHV�LQ�������6RXUFH��(85267$7�&20(;7GDWDEDVHE� 6RXUFHV��(OEHUV�DQG�'HNNHUV���������$QRQ\PRXV���������DQG�$QRQ\PRXV�������F� 1R�GDWD�DYDLODEOH

��������&DOFXODWLRQV7KH� PRGHO� FDOFXODWLRQV� ZHUH� VXEGLYLGHG� LQWR� WKUHH� PDLQ� JURXSV�� L�H��� UHJLRQ� RI� RULJLQ�H[RJHQRXV�SDWKZD\V��DQG�HQGRJHQRXV�SDWKZD\V�����������5HJLRQ�RI�RULJLQ7KLV�JURXS�FRQWDLQV�DOO�FDOFXODWLRQV�RI�SDUDPHWHUV�UHODWHG�WR�WKH�&6)�VLWXDWLRQ�LQ�WKH�UHJLRQ�RIRULJLQ��H�J���WKH�DQQXDO�QXPEHU�RI�&6)�HSLGHPLFV��WKH�OHQJWK�RI�WKHVH�HSLGHPLFV��WKH�OHQJWK�RIWKHLU� KLJK� ULVN� SHULRG� �+53��� L�H��� WKH� SHULRG� IURP� ILUVW� LQIHFWLRQ� ZLWK� WKH� YLUXV� WR� ILUVWGHWHFWLRQ� �+RUVW� HW� DO��� ������� WKH� FXPXODWLYH� LQFLGHQFH� RI� GLVHDVH� LQ� WKH� UHJLRQ�� HWF�� 7KHYDOXHV� RI� WKHVH� SDUDPHWHUV� ZLOO� YDU\� IURP� \HDU� WR� \HDU� DQG� HSLGHPLF� WR� HSLGHPLF� GXH� WRLQKHUHQW�UDQGRPQHVV��$YHUDJH�YDOXHV�ZHUH�XVHG�LQ�WKH�FXUUHQW�PRGHO�FDOFXODWLRQV�����������([RJHQRXV�SDWKZD\V7KLV�JURXS�FRQWDLQV�DOO�FDOFXODWLRQV�IRU�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�H[RJHQRXVSDWKZD\V��7KH�FDOFXODWLRQ�RI�WKLV�SUREDELOLW\�LV�SHUIRUPHG�LQ�IRXU�VWHSV��,Q�WKH�ILUVW�VWHS��WKHSUREDELOLW\� WKDW� D� VLQJOH� SDWKZD\�XQLW�ZLOO� FDXVH�&6)9� LQWURGXFWLRQ� LQWR� WKH� WDUJHW� DUHD� LVFDOFXODWHG��JLYHQ�WKDW�&6)9�LV�SUHVHQW�LQ�WKH�UHJLRQ�RI�RULJLQ��7KH�VFHQDULR�WUHHV�GHVFULEHG�LQVHFWLRQ���������DUH�XVHG�LQ�WKLV�VWHS��7KH�3RLQW�RI�'HSDUWXUH�LQ�WKH�VFHQDULR�WUHHV�LV�WKDW�&6)9LV� SUHVHQW� LQ� WKH� UHJLRQ� RI� RULJLQ�� 7KH� WKUHH� PDLQ� HYHQWV� WKDW� FDQ� EH� GLVWLQJXLVKHG� LQ� DOOVFHQDULR�WUHHV�DUH�



���

� LV�WKH�SDWKZD\�XQLW�LQIHFWHG�RU�FRQWDPLQDWHG�ZLWK�&6)9"� LV�WKH�LQIHFWLRQ�RU�FRQWDPLQDWLRQ�GHWHFWHG�RU�HOLPLQDWHG�E\�SUHYHQWLYH�PHDVXUHV"� GRHV�WKH�LQIHFWHG�RU�FRQWDPLQDWHG�SDWKZD\�XQLW�FRPH�LQWR�FRQWDFW�ZLWK�VXVFHSWLEOH�SLJVLQ�WKH�WDUJHW�DUHD�DQG�WUDQVPLW�DQ�LQIHFWLYH�YLUDO�GRVH"
,Q� WKH� VHFRQG� VWHS�� WKH� SUREDELOLW\� WKDW� &6)9� LV� LQWURGXFHG� E\� D� SDUWLFXODU� SDWKZD\� LVFDOFXODWHG��FRPELQLQJ�WKH�SUREDELOLW\�RI�VWHS���ZLWK�WKH�WRWDO�QXPEHU�RI�SDWKZD\�XQLWV�JRLQJIURP� WKH� UHJLRQ� RI� RULJLQ� WR� WKH� WDUJHW� DUHD�� GXULQJ� WKH� SHULRG� WKDW�&6)9� LV� SUHVHQW� LQ� WKHUHJLRQ�RI�RULJLQ� LQ� D�ELQRPLDO�GLVWULEXWLRQ� �9RVH���������6WHSV���DQG���DUH� UHSHDWHG� IRU� DOOH[RJHQRXV� SDWKZD\V� LQ� WKH�PRGHO�� ,Q� WKH� WKLUG� VWHS�� WKH� SUREDELOLWLHV� RI� VWHS� �� DUH� DGGHGWRJHWKHU WR�REWDLQ�WKH�RYHUDOO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�LQWR�WKH�WDUJHW�DUHD�GXULQJ�DQHSLGHPLF�LQ�WKH�UHJLRQ�RI�RULJLQ��,Q�WKH�IRXUWK�VWHS��WKH�SUREDELOLW\�RI�VWHS���LV�PXOWLSOLHG�ZLWKWKH�H[SHFWHG�QXPEHU�RI�&6)�HSLGHPLFV�LQ�WKH�UHJLRQ�RI�RULJLQ�WR�REWDLQ�WKH�DQQXDO�SUREDELOLW\RI�&6)9� LQWURGXFWLRQ� LQWR� WKH� WDUJHW� DUHD� IURP� WKLV�SDUWLFXODU� UHJLRQ�RI� RULJLQ��7KLV�ZKROHSURFHGXUH�LV�UHSHDWHG�IRU�DOO�UHJLRQV�RI�RULJLQ�LQ�WKH�PRGHO��$�VFKHPDWLF�UHSUHVHQWDWLRQ�RI�WKHVWHSV�FDQ�EH�IRXQG�LQ�)LJXUH������7KH�FDOFXODWLRQV�IRU�WKH�SDWKZD\�µLPSRUW�RI�EDWFK�RI�SLJOHWV¶�DUH�GHVFULEHG�LQ�PRUH�GHWDLO�WRLOOXVWUDWH�WKH�PRGHO�FDOFXODWLRQV�LQ�WKH�ILUVW�WZR�VWHSV��7KH�VFHQDULR�WUHH�XVHG�LQ�VWHS���LV�JLYHQLQ�)LJXUH� ������7KH� ILUVW� HYHQW� LQ� WKLV� VFHQDULR� WUHH� LV�ZKHWKHU� RU� QRW� WKH� EDWFK� RI� DQLPDOVWUDQVSRUWHG� IURP� WKH� UHJLRQ� RI� RULJLQ� WR� WKH� WDUJHW� DUHD� FRQWDLQV� LQIHFWHG� SLJOHWV�� 7KLVSUREDELOLW\�ZDV�VHW�DV�EHLQJ�HTXDO�WR�WKH�FXPXODWLYH�LQFLGHQFH��&,��RI�GLVHDVH�LQ�WKH�UHJLRQ�RIRULJLQ��7KH�VHFRQG�HYHQW�LV�ZKHWKHU�RU�QRW�WKH�LQIHFWHG�DQLPDOV�ZLOO�EH�GHWHFWHG�E\�SUHYHQWLYHPHDVXUHV� WDNHQ� LQ� WKH� UHJLRQ�RI� RULJLQ�� VXFK� DV� FOLQLFDO� LQVSHFWLRQ�RI� SLJV� EHIRUH� LVVXLQJ� DKHDOWK� FHUWLILFDWH�� 7KLV� SUREDELOLW\� ZDV� VHW� DV� EHLQJ� HTXDO� WR� WKH� VHQVLWLYLW\� RI� SUHYHQWLYHPHDVXUHV��6HUHJ���7KH�WKLUG�HYHQW� LV�ZKHWKHU�RU�QRW� WKH� LQIHFWHG�DQLPDOV�ZLOO�EH�GHWHFWHG�E\SUHYHQWLYH�PHDVXUHV�WDNHQ�LQ�WKH�WDUJHW�DUHD��7KLV�SUREDELOLW\�ZDV�DOVR�VHW�DV�EHLQJ�HTXDO�WRWKH� VHQVLWLYLW\� RI� SUHYHQWLYH� PHDVXUHV� �6HWD��� 7KHVH� VHQVLWLYLWLHV� GHSHQG� RQ� WKH� NLQG� RISUHYHQWLYH�PHDVXUHV�WDNHQ�DV�ZHOO�DV�WKH�TXDOLW\�RI�YHWHULQDU\�VHUYLFHV��7KHLU�YDOXHV�FDQ�EHFKDQJHG� LQ� RUGHU� WR� FDOFXODWH� WKH� HIIHFW� RI� PRUH� RU� GLIIHUHQW� SUHYHQWLYH� PHDVXUHV�� ,Q� WKLVVFHQDULR�WUHH��QR�HYHQW�ZDV�LQFOXGHG�IRU�WKH�SUREDELOLW\�RI�FRQWDFW�ZLWK�VXVFHSWLEOH�SLJV�DQGWUDQVPLVVLRQ�RI�DQ�LQIHFWLYH�YLUDO�GRVH��7KLV�LV�EHFDXVH�WKH�LPSRUW�RI�DQ�LQIHFWHG�SLJOHW�ZLOODOZD\V� OHDG� WR� D� SULPDU\� RXWEUHDN� LI� WKH� LQIHFWLRQ� LV� QRW� GHWHFWHG� LQ� WLPH� DQG� WKH� SLJOHW� LVEURXJKW�RQWR�D�IDUP�LQ� WKH� WDUJHW�DUHD��7KH�SUREDELOLW\� WKDW�D�EDWFK�RI�SLJOHWV�FDXVHV�&6)9LQWURGXFWLRQ� LI� FRPLQJ� IURP� D� UHJLRQ� ZKHUH� &6)9� LV� SUHVHQW� LV� KHQFH� FDOFXODWHG� E\� WKHIROORZLQJ�HTXDWLRQ�3EDWFK�RI�SLJOHWV  �&,������±�6HUHJ �������±�6HWD � ���
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)LJXUH����� 6FKHPDWLF UHSUHVHQWDWLRQ�RI�PRGHO�FDOFXODWLRQV�IRU�H[RJHQRXV�SDWKZD\V
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,Q� WKH�VHFRQG�VWHS� WKH�SUREDELOLW\� WKDW� WKH�SDWKZD\�LPSRUW�RI�EDWFK�RI�SLJOHWV�FDXVHV�&6)9LQWURGXFWLRQ�LV�FDOFXODWHG�DV�VKRZQ�
3SDWKZD\�EDWFK�RI�SLJOHWV  ���±�����±�3EDWFK�RI�SLJOHWV �Q ���
ZLWK�Q� �QXPEHU�RI�EDWFKHV�WUDQVSRUWHG�GXULQJ�WKH�SHULRG�WKDW�&6)9�LV�SUHVHQW�
7KH�SUREDELOLWLHV�XVHG�LQ�WKH�VFHQDULR�WUHH�PD\�EH�GLIIHUHQW�IRU�WKH�+53�DQG�WKH�UHPDLQGHU�RIWKH�HSLGHPLF��3RVW+53���7KHUHIRUH�3EDWFK� RI� SLJOHWV ZLOO�KDYH�GLIIHUHQW�YDOXHV�IRU� WKH�+53�DQG3RVW+53� DQG� WKH� FDOFXODWLRQV� KDYH� WR� EH� SHUIRUPHG� VHSDUDWHO\� IRU� HDFK� SHULRG� DQG� WKHQDGGHG�
����������(QGRJHQRXV�SDWKZD\V7KLV�JURXS�FRQWDLQV�DOO�FDOFXODWLRQV�IRU�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�HQGRJHQRXVSDWKZD\V��2QO\�WKH�SDWKZD\V�RI�GLUHFW�DQG�LQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�ZHUH�LQFOXGHG�LQWKH�PRGHO� �DV� H[SODLQHG� SUHYLRXVO\��� 7KH� WKUHH�PDLQ� HYHQWV� LQ� WKH� VFHQDULR� WUHHV� IRU� WKHVHSDWKZD\V�DUH�� LV�DQ�LQGLYLGXDO�ZLOG�ERDU�LQIHFWHG�ZLWK�&6)9"� GRHV�WKLV�ZLOG�ERDU�FRPH�LQWR�FRQWDFW�ZLWK�VXVFHSWLEOH�GRPHVWLF�SLJV"� KDV�DQ�LQIHFWLYH�YLUDO�GRVH�EHHQ�WUDQVPLWWHG�WR�WKRVH�SLJV"7R� LOOXVWUDWH� WKH� PRGHO� FDOFXODWLRQV� IRU� HQGRJHQRXV� SDWKZD\V�� WKH� VFHQDULR� WUHH� IRU� WKHSDWKZD\�GLUHFW� FRQWDFW�ZLWK�ZLOG�ERDU� LV�JLYHQ� LQ�)LJXUH�������7KH�SUREDELOLW\�RI� LQIHFWLRQ�,1)��ZDV�HVWLPDWHG�XVLQJ�UHVXOWV� IURP�VHURORJLFDO�VXUYH\V��H�J��(OEHUV�DQG�'HNNHUV�������.HUQ���������7KH�SUREDELOLW\�RI�GLUHFW�FRQWDFW�ZLWK�VXVFHSWLEOH�SLJV��&6$GLUHFW��ZDV�HVWLPDWHGXVLQJ� LQIRUPDWLRQ� DERXW� WKH� JHRJUDSKLFDO� GLVWULEXWLRQ� RI� ZLOG� ERDU� DQG� GRPHVWLF� SLJSURGXFWLRQ��ZKHWKHU�ZLOG�ERDU�DUH�UHVWULFWHG�LQ�WKHLU�PRYHPHQWV�E\��IRU�H[DPSOH��IHQFHV��DQGWKH� SURSRUWLRQ� RI� SLJ� IDUPV� ZLWK� RXWGRRU� IDFLOLWLHV�� 7KH� SUREDELOLW\� RI� WUDQVPLWWLQJ� DQLQIHFWLYH�GRVH�LI�GLUHFW�FRQWDFW�RFFXUV��,'GLUHFW��ZDV�DVVXPHG�WR�EH�UDWKHU�KLJK�DQG� WKHUHIRUHVHW�DW������7KH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�GLUHFW�FRQWDFW�ZLWK�D�VLQJOH�ZLOGERDU�LV�KHQFH�FDOFXODWHG�E\�
3ERDU  �,1)��&6$GLUHFW �,'GLUHFW ���
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7R�GHWHUPLQH�WKH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�WKLV�SDWKZD\��WKLV�SUREDELOLW\�LVWKHQ� FRPELQHG� ZLWK� WKH� WRWDO� QXPEHU� RI� ZLOG� ERDU� LQ� WKH� WDUJHW� DUHD� XVLQJ� D� ELQRPLDOGLVWULEXWLRQ��9RVH��������
3SDWKZD\�ERDU  ���±�����±�3ERDU �Q ���
ZLWK�Q� �WRWDO�QXPEHU�RI�ZLOG�ERDU�LQ�WKH�WDUJHW�DUHD�
)LJXUH����� 6FHQDULR�WUHH�IRU�WKH�HQGRJHQRXV�SDWKZD\�µGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU¶

��������5HVXOWV7KH�DQQXDO�SUREDELOLWLHV�RI�&6)9�LQWURGXFWLRQ� IRU� WKH� WDUJHW�DUHDV�DUH�JLYHQ� LQ�7DEOH������5HVXOWV�DUH�JLYHQ� IRU� WKH�H[RJHQRXV�SDWKZD\V�DQG�VHSDUDWHO\� IRU� WKH�HQGRJHQRXV�SDWKZD\VIRU�GLUHFW�DQG�LQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU��7KH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQE\� H[RJHQRXV� SDWKZD\V� LV� KLJKHVW� IRU�*HUPDQ\�ZLWK� �����*HUPDQ\� FDQ� WKXV� H[SHFW�&6)9LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V�RQ�DYHUDJH�RQFH�HYHU\� ILYH�\HDUV��)RU� WKH�RWKHU� WDUJHWDUHDV� WKH� DQQXDO� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� H[RJHQRXV� SDWKZD\V� LV� DERXW� �����7KH\� FDQ� WKXV� H[SHFW� &6)9� LQWURGXFWLRQ� E\� H[RJHQRXV� SDWKZD\V� RQ� DYHUDJH� RQFH� HYHU\WZHQW\�\HDUV��7KH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�GXH�WR�GLUHFW�RU� LQGLUHFW�FRQWDFWZLWK�ZLOG�ERDU�LV�]HUR�IRU�7KH�1HWKHUODQGV�DQG�%HOJLXP��DV�QR�LQIHFWHG�ZLOG�ERDU�SRSXODWLRQVDUH�SUHVHQW��7KH�SUREDELOLW\�WKDW�*HUPDQ\�DQG�,WDO\�ZLOO�H[SHULHQFH�&6)9�LQWURGXFWLRQ�GXH�WRHLWKHU�GLUHFW�RU�LQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�LV�YHU\�KLJK��7KLV�LQGLFDWHV�WKDW�LW�PD\�KDSSHQDOPRVW�HYHU\�\HDU�RU�HYHQ�VHYHUDO�WLPHV�SHU�\HDU�

:LOG�ERDU�LQIHFWHGZLWK�&6)9" 'RHV�ZLOG�ERDU�KDYHGLUHFW�FRQWDFWZLWK�VXVFHSWLEOH�SLJV"
,V�DQ�LQIHFWLYH�GRVHWUDQVPLWWHG�WRVXVFHSWLEOH�SLJV"

:LOG�ERDUSUHVHQW�LQ�WKHWDUJHW�DUHD
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7DEOH����� $QQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�IRU�ILYH�PHPEHU�VWDWHV�E\�WKUHHJURXSV�RI�FDXVHV��H[RJHQRXV�SDWKZD\V��GLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU��DQGLQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU*HUPDQ\ )UDQFH ,WDO\ 7KH�1HWKHUODQGV %HOJLXP([RJHQRXV�SDWKZD\V ���� ���� ���� ���� ����'LUHFW�FRQWDFW�ZLWK�ZLOG�ERDU ���� ���� ���� � �,QGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU ���� ���� ���� � �
����������0RUH�GHWDLOHG�UHVXOWV�IRU�H[RJHQRXV�SDWKZD\V7KH� UHJLRQV� RI� RULJLQ� �DOO� (8�PHPEHU� VWDWHV� H[FHSW� WKH� WDUJHW� DUHD�� GHWHUPLQH� WKH� DQQXDOSUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V�DV�ZHOO�DV�WKH�H[RJHQRXV�SDWKZD\VLQFOXGHG�LQ�WKH�PRGHO��)LJXUH������JLYHV�LQVLJKW�LQWR�WKH�PDLQ�UHJLRQV�RI�RULJLQ�FRQWULEXWLQJWR�WKLV�SUREDELOLW\�IRU�WKH�WDUJHW�DUHDV��,Q�WKH�OHIW�KDQG�FROXPQ�D�JUDSK�LV�GLVSOD\HG�IRU�HDFKWDUJHW� DUHD� LQ� ZKLFK� WKH� DQQXDO� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� LV� VKRZQ� SHU� UHJLRQ� RIRULJLQ�� ,Q� WKH�ULJKW�KDQG�FROXPQ�D�JUDSK� LV�DOVR�GLVSOD\HG�IRU�HDFK� WDUJHW�DUHD��EXW� LQ� WKHVHJUDSKV�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�GXULQJ�D�&6)�HSLGHPLF�LQ�WKH�UHJLRQ�RI�RULJLQ�LVVKRZQ�� 7R� JLYH� DQ� H[DPSOH�� WKH� DQQXDO� SUREDELOLW\� WKDW� &6)9� LV� LQWURGXFHG� IURP� 7KH1HWKHUODQGV� LQWR� *HUPDQ\� LV� DOPRVW� ���� �OHIW� XSSHU� JUDSK��� ZKHUHDV� WKH� SUREDELOLW\� WKDW&6)9�LV�LQWURGXFHG�LQWR�*HUPDQ\�GXULQJ�DQ�HSLGHPLF�LQ�7KH�1HWKHUODQGV�LV�������ULJKW�XSSHUJUDSK���7KH�SUREDELOLW\�SHU�HSLGHPLF�LV�KLJKHU�WKDQ�WKH�SUREDELOLW\�SHU�\HDU��DV�WKH�H[SHFWHGQXPEHU�RI�HSLGHPLFV�LQ�7KH�1HWKHUODQGV�LV�OHVV�WKDQ����7DEOH�������,Q�JHQHUDO��7KH�1HWKHUODQGV��%HOJLXP�DQG�*HUPDQ\�FRQWULEXWH�PRVW�WR�WKH�DQQXDO�SUREDELOLW\RI�&6)9�LQWURGXFWLRQ�LQWR�WKH�WDUJHW�DUHDV��OHIW�FROXPQ�RI�JUDSKV���7KH�SUREDELOLW\�WKDW�&6)9ZLOO� EH� LQWURGXFHG� LQWR� RQH� RI� WKH� WDUJHW� DUHDV� GXULQJ� D� VLQJOH� HSLGHPLF� LQ� *HUPDQ\� LV�KRZHYHU��ORZ�ZKHQ�FRPSDUHG�WR�HSLGHPLFV�LQ�7KH�1HWKHUODQGV�DQG�%HOJLXP��ULJKW�FROXPQ�RIJUDSKV���7KH�UHODWLYHO\�KLJK�DQQXDO�SUREDELOLW\�RI�&6)9�EHLQJ�LQWURGXFHG�IURP�*HUPDQ\�LVWKXV�PDLQO\�GXH� WR� WKH�KLJK�DYHUDJH�QXPEHU�RI�HSLGHPLFV�SHU�\HDU� LQ� WKLV� UHJLRQ�RI�RULJLQ�)XUWKHUPRUH�� LW� FDQ� EH� FRQFOXGHG� WKDW� D� &6)� HSLGHPLF� LQ� /X[HPERXUJ� FRQVWLWXWHV� DFRQVLGHUDEOH� ULVN� RI� &6)9� LQWURGXFWLRQ� IRU� %HOJLXP� DQG� )UDQFH�� ZKHUHDV� DQ� HSLGHPLF� LQ'HQPDUN�FRQVWLWXWHV�D�FRQVLGHUDEOH�ULVN�RI�&6)9�LQWURGXFWLRQ�IRU�*HUPDQ\��)UDQFH�DQG�,WDO\�)LJXUH� ����� JLYHV� DQ� RYHUYLHZ� RI� WKH� UHODWLYH� FRQWULEXWLRQ� RI� H[RJHQRXV� SDWKZD\V� WR� WKHDQQXDO� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� H[RJHQRXV� SDWKZD\V� LQWR� WKH� WDUJHW� DUHDV�� ,QJHQHUDO��WKH�SDWKZD\V�FRQWULEXWLQJ�PRVW�DUH�WKH�LPSRUW�RI�SLJOHWV��UHWXUQLQJ�OLYHVWRFN�WUXFNVDQG�WKH�LPSRUW�RI�IUHVK�RU�FKLOOHG�SRUN�SURGXFWV��7KHLU�UHODWLYH�FRQWULEXWLRQ�GLIIHUV�SHU�WDUJHWDUHD� DQG� GHSHQGV� ERWK� RQ� WKH� QXPEHU� RI� SDWKZD\�XQLWV� SUHVHQW� �VHH� 7DEOH� ������ DQG� WKHSUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�SHU�SDWKZD\�XQLW��7KH�ODWWHU�LV��IRU�H[DPSOH��TXLWH�KLJK�IRU



���

)LJXUH����� &RQWULEXWLRQ�RI�UHJLRQV�RI�RULJLQ�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�LQWRWKH�WDUJHW�DUHDV
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SRUN�SURGXFWV� LPSRUWHG� LQWR�*HUPDQ\�LQ�FRPSDULVRQ� WR� WKH�RWKHU� WDUJHW�DUHDV��DV� WKLV� LV� WKHRQO\� WDUJHW� DUHD�ZKHUH� VZLOO� IHHGLQJ� LV� VWLOO� DOORZHG� �VHH� 7DEOH� �����$��� 7KLV� H[SODLQV� WKHUHODWLYHO\�KLJK�FRQWULEXWLRQ�RI� WKLV�SDWKZD\� WR� WKH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQLQWR�*HUPDQ\��2Q�WKH�EDVLV�RI�WKH�QXPEHU�RI�SDWKZD\�XQLWV�SUHVHQW�RQO\��RQH�ZRXOG�H[SHFW�DPXFK�ELJJHU�FRQWULEXWLRQ�IURP�WKH�LPSRUW�RI�SLJOHWV�DQG�IDWWHQLQJ�SLJV��)RU�,WDO\��WKH�UHODWLYHFRQWULEXWLRQ�RI�LPSRUWHG�SRUN�SURGXFWV�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�LV�DOVR�KLJK�ZKLFK�LV�PDLQO\�GXH�WR�WKH�ODUJH�DPRXQW�RI�IUHVK�DQG�FKLOOHG�SRUN�SURGXFWV�LPSRUWHG��)RU�7KH1HWKHUODQGV�� UHWXUQLQJ� OLYHVWRFN� WUXFNV� FRQWULEXWH�PRVW� WR� WKH� DQQXDO� SUREDELOLW\� RI� &6)9LQWURGXFWLRQ��7KLV�LV�GXH�WR�WKH�KXJH�QXPEHU�RI�SLJV�H[SRUWHG��%HOJLXP�DOVR�H[SRUWV�TXLWH�DORW� RI� SLJV�� 5HWXUQLQJ� OLYHVWRFN� WUXFNV� GR� QRW�� KRZHYHU�� FRQWULEXWH� PXFK� WR� WKH� DQQXDOSUREDELOLW\�RI�&6)9�LQWURGXFWLRQ��DV�LQ�%HOJLXP�DOPRVW�����RI�IDUPHUV�GLVLQIHFW� LQFRPLQJYHKLFOHV��7KLV�UHGXFHV�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�SHU�SDWKZD\�XQLW��ZKHUHDV�LQ�DOORWKHU� PHPEHU� VWDWHV�� WKLV� SHUFHQWDJH� YDULHG� EHWZHHQ� �� DQG� ������ �GDWD� REWDLQHG� IURP� DTXHVWLRQQDLUH� FRQGXFWHG� GXULQJ� WKH� (8� 5HVHDUFK� 3URMHFW� )$,5��3/��������� �%HWWLR� HW� DO����������)RU�%HOJLXP�WKH�LPSRUW�RI�SLJOHWV�LV�WKH�PRVW�LPSRUWDQW�SDWKZD\�ZKLFK�LV�H[SODLQHGE\�WKH�ODUJH�QXPEHU�RI�SLJOHWV�LPSRUWHG��)RU�)UDQFH��ERWK�WKH�LPSRUWLQJ�RI�SLJOHWV�DV�ZHOO�DVSRUN�SURGXFWV�FRQWULEXWHG�VXEVWDQWLDOO\�WR�WKH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�
)LJXUH����� 5HODWLYH�FRQWULEXWLRQ�RI�HDFK�H[RJHQRXV�SDWKZD\�WR�WKH�DQQXDO�SUREDELOLW\�RI&6)9�LQWURGXFWLRQ�LQWR�WKH�WDUJHW�DUHDV�E\�H[RJHQRXV�SDWKZD\V
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��������6HQVLWLYLW\�DQDO\VLV6HQVLWLYLW\�DQDO\VLV�FDQ� LQGLFDWH� WKH� LPSDFW�RI� LQSXW�SDUDPHWHUV�RQ�D�PRGHO¶V�RXWFRPH��)RUWKLV� SXUSRVH�� LQFUHDVLQJ� DQG� UHGXFLQJ� WKHP�ZLWK� D� IDFWRU� RI� �� FKDQJHG� WKH� YDOXHV� RI� VRPHLPSRUWDQW�LQSXW�SDUDPHWHUV��7KH�SDUDPHWHUV�FKDQJHG�ZHUH������WKH�DYHUDJH�OHQJWK�RI�WKH�+53SHU�HSLGHPLF�LQ�WKH�UHJLRQV�RI�RULJLQ������WKH�QXPEHU�RI�OLYH SLJV�LPSRUWHG������WKH�QXPEHU�RIOLYH�SLJV�H[SRUWHG�DQG�KHQFH�WKH�QXPEHU�RI�UHWXUQLQJ�OLYHVWRFN�WUXFNV��DQG�����WKH�SUREDELOLW\WKDW� VZLOO� IHHGLQJ� LV� SUDFWLVHG��ZKLFK� DIIHFWV� ERWK� WKH� SUREDELOLW\� RI�&6)9� LQWURGXFWLRQ� E\LPSRUW�RI�SRUN�SURGXFWV�DQG�E\�LQGLUHFW�FRQWDFWV�ZLWK�ZLOG�ERDU��)XUWKHUPRUH��WKH�SUREDELOLW\RI�&6)9�LQWURGXFWLRQ�ZDV�FDOFXODWHG�IRU�WKH�K\SRWKHWLFDO�VLWXDWLRQ�WKDW�QR�VZLOO�LV�IHG�DW�DOO�5HVXOWV� RI� WKH� VHQVLWLYLW\� DQDO\VLV� IRU� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� H[RJHQRXVSDWKZD\V�DUH�SUHVHQWHG�LQ�7DEOH������DQG�IRU�WKH�HQGRJHQRXV�SDWKZD\�LQGLUHFW�FRQWDFW�ZLWKZLOG�ERDU�LQ�7DEOH�������7KH�VHQVLWLYLW\�DQDO\VLV�SHUIRUPHG�GLG�QRW�FKDQJH�WKH�SUREDELOLW\�RI&6)9�LQWURGXFWLRQ�E\�GLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�
7DEOH����� 5HODWLYH�FKDQJH��LQ�SHUFHQWDJHV��RI�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\H[RJHQRXV�SDWKZD\V��VHQVLWLYLW\�DQDO\VLV� 7DUJHW�DUHD,QSXW�SDUDPHWHU &KDQJH *HUPDQ\ )UDQFH ,WDO\ 7KH1HWKHUODQGV %HOJLXP
/HQJWK�RI�+53 �� ��� ��� ��� ��� ������� �� �� �� ��� ���1XPEHU�RI�OLIH�SLJV�LPSRUWHG �� ��� ��� ��� �� ������� ��� ��� ��� �� ���1XPEHU�RI�OLIH�SLJV�H[SRUWHG �� �� ��� �� ��� ������ �� �� �� ��� ���� ��� ��� ��� ��� ������� ��� ��� ��� ��� ��3UREDELOLW\�WKDW�VZLOO�IHHGLQJLV�SUDFWLVHG  ��D ��� ��� ��� ��� ���D� 7R�PLPLF�WKH�K\SRWKHWLFDO�VLWXDWLRQ�WKDW�QR�VZLOO�LV�IHG�DW�DOO��WKH�SUREDELOLW\�WKDW�VZLOO�IHHGLQJ�LVSUDFWLVHG�ZDV�VHW�WR�]HUR

7DEOH������JLYHV� WKH�UHODWLYH�FKDQJH�RI� WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�H[RJHQRXVSDWKZD\V��7KH�HIIHFWV�RI�FKDQJLQJ�WKH�DERYH�PHQWLRQHG�SDUDPHWHUV�GLIIHU�ODUJHO\�EHWZHHQ�WKHWDUJHW�DUHDV��7KH�LPSDFW�RI�FKDQJLQJ�WKH�DYHUDJH�OHQJWK�RI�WKH�+53�LQ�WKH�UHJLRQV�RI�RULJLQZDV� ELJJHVW� IRU� 7KH� 1HWKHUODQGV� DQG� %HOJLXP�� 7KH� LPSDFW� RI� FKDQJLQJ� WKH� QXPEHU� RILPSRUWHG�OLYH�SLJV�ZDV�ELJJHVW�IRU�%HOJLXP��ZKHUHDV�WKH�LPSDFW�RI�FKDQJLQJ�WKH�QXPEHU�RIH[SRUWHG� OLYH� SLJV�ZDV� ELJJHVW� IRU�7KH�1HWKHUODQGV�� 7KLV� LV� LQ� DFFRUGDQFH�ZLWK� WKH� UHVXOWVSUHVHQWHG�LQ�)LJXUH�������VKRZLQJ�WKDW�WKH�LPSRUW�RI�SLJV�FRQWULEXWHV�PRVW�WR�WKH�SUREDELOLW\RI�&6)9�LQWURGXFWLRQ�LQWR�%HOJLXP�DQG�UHWXUQLQJ�OLYHVWRFN�WUXFNV�WR�WKH�SUREDELOLW\�RI�&6)9
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LQWURGXFWLRQ� LQWR�7KH�1HWKHUODQGV��7KH� LPSDFW�RI� FKDQJLQJ� WKH�SUREDELOLW\�RI� VZLOO� IHHGLQJZDV�KLJK�IRU�*HUPDQ\��)UDQFH�DQG�,WDO\�,Q�JHQHUDO��WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V�LQFUHDVHG�ZKHQ�WKHYDOXHV�RI�WKH�LQSXW�SDUDPHWHUV�ZHUH�PXOWLSOLHG�E\����DQG�GLPLQLVKHG�ZKHQ�WKHVH�YDOXHV�ZHUHPXOWLSOLHG�E\������7KH�RQO\�H[FHSWLRQV�DUH�WKH�FKDQJHV�LQ�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQIRU�*HUPDQ\�DQG�,WDO\�ZKHQ�UHGXFLQJ�WKH�DYHUDJH�OHQJWK�RI�WKH�+53�LQ�WKH�UHJLRQV�RI�RULJLQ�7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�WRWDO�OHQJWK�RI�WKH�HSLGHPLF�ZDV�QRW�FKDQJHG�LQ�WKLV�FDOFXODWLRQDQG�WKDW�WKHUHIRUH�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�WKH�LPSRUW�RI�SRUN�SURGXFWV�GXULQJWKH�3RVW+53�ZDV� LQFUHDVHG�DV� WKH�3RVW+53�ODVWHG� ORQJHU�� ,PSRUW�RI�SRUN�SURGXFWV�ZDV� WKHPDMRU� SDWKZD\� FRQWULEXWLQJ� WR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� IRU� WKHVH� WDUJHW� DUHDV�)LJXUH�������
7DEOH����� 5HODWLYH�FKDQJH��LQ�SHUFHQWDJHV��RI�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\LQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�ZKHQ�FKDQJLQJ�WKH�SUREDELOLW\�WKDW�VZLOOIHHGLQJ�LV�SUDFWLVHG 7DUJHW�DUHD&KDQJH *HUPDQ\ )UDQFH ,WDO\ 7KH1HWKHUODQGV %HOJLXP

�� ��� ��� ��� Q�D�E Q�D����� ��� ��� ��� Q�D� Q�D� ��D ��� ��� ��� Q�D� Q�D�D� 7R�PLPLF�WKH�K\SRWKHWLFDO�VLWXDWLRQ�WKDW�QR�VZLOO�LV�IHG�DW�DOO��WKH�SUREDELOLW\�WKDW�VZLOO�IHHGLQJ�LVSUDFWLVHG�ZDV�VHW�WR�]HURE� 1RW�DSSOLFDEOH

7DEOH� ����� JLYHV� WKH� UHODWLYH� FKDQJH� RI� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� LQGLUHFWFRQWDFW�ZLWK�ZLOG� ERDU�ZKHQ� FKDQJLQJ� WKH� SUREDELOLW\� WKDW� VZLOO� IHHGLQJ� LV� SUDFWLVHG�� 7KLVLQFUHDVHV�RU�UHGXFHV�WKH�SUREDELOLW\�RI�LQGLUHFW�FRQWDFW�SHU�LQGLYLGXDO�ZLOG�ERDU��7KH�LPSDFWRI�FKDQJLQJ�WKLV�LQSXW�SDUDPHWHU�ZDV�ODUJHVW�IRU�)UDQFH�DQG�,WDO\��)RU�*HUPDQ\�LW�DOVR�KDG�DQLPSDFW�� EXW� GXH� WR� WKH� ODUJH� ZLOG� ERDU� SRSXODWLRQ� SUHVHQW� LQ� WKLV� FRXQWU\�� WKH� DQQXDOSUREDELOLW\� RI�&6)9� LQWURGXFWLRQ� GXH� WR� LQGLUHFW� FRQWDFW�ZLWK�ZLOG� ERDU�ZDV� FKDQJHG� WR� DOHVVHU�H[WHQW��,QGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�GLG�QRW�FRQVWLWXWH�D�ULVN�RI�&6)9�LQWURGXFWLRQIRU� WKH� GRPHVWLF� SLJ� SRSXODWLRQ� LQ� 7KH� 1HWKHUODQGV� DQG� %HOJLXP� DQG� KHQFH� FKDQJLQJ� WKHSUREDELOLW\�RI�VZLOO�IHHGLQJ�KDG�QR�LPSDFW�RQ�WKH�PRGHO¶V�RXWFRPH�IRU�WKHVH�WDUJHW�DUHDV�
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�������'LVFXVVLRQ�DQG�FRQFOXVLRQV
��������3DWKZD\�GLDJUDP,QVLJKW� LQWR� DOO� IDFWRUV� FRQWULEXWLQJ� WR� WKH� ULVN� RI�&6)9� LQWURGXFWLRQ� LV� QHHGHG� LQ� RUGHU� WRGHFLGH� XSRQ� SUHYHQWLYH� DFWLRQV� WKDW� DUH� FRVW�HIIHFWLYH�� L�H��� DFKLHYH� FRQVLGHUDEOH� ULVNUHGXFWLRQ�DW�UHDVRQDEOH�FRVWV��,Q�WKLV�VWXG\�ERWK�D�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DSSURDFK�ZHUHXVHG� WR�HVWLPDWH� WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ� IRU� VHYHUDO� UHJLRQV� LQ� WKH�(8�DQG� WRHYDOXDWH� ZKLFK� IDFWRUV� FRQWULEXWH� PRVW� WR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ�� %RWKDSSURDFKHV�ZHUH�EDVHG�RQ�D�SDWKZD\�GLDJUDP�HVSHFLDOO\�FRQVWUXFWHG�IRU�&6)9�LQWURGXFWLRQLQWR�UHJLRQV�RI�WKH�(8�XQGHU�D�QRQ�YDFFLQDWLRQ�SROLF\�&RQVWUXFWLQJ�VXFK�D�SDWKZD\�GLDJUDP�SURYLGHV�PRUH� LQVLJKW� LQWR�DOO�SRVVLEOH�SDWKZD\V�DQGHYHQWV�FRQWULEXWLQJ�WR�WKH�RFFXUUHQFH�RI�DQ�DGYHUVH�HYHQW��,W�LV�WKHUHIRUH�UHFRPPHQGHG�DV�SDUWRI�KD]DUG�LGHQWLILFDWLRQ��ZKLFK�LV�WKH�ILUVW�VWHS�LQ�ULVN�DQDO\VLV��:RROGULGJH�HW�DO����������7KHPRUH�SDWKZD\V�LQYROYHG�� WKH�PRUH�FRPSOH[� WKH�GLDJUDP�EHFRPHV��7KHUHIRUH�RQO\� WKH�PDLQHYHQWV� OHDGLQJ� WR� WKH�RFFXUUHQFH�RI� D� SULPDU\�&6)�RXWEUHDN�ZHUH� LQFOXGHG� LQ� WKH�SDWKZD\GLDJUDP�LQ�)LJXUH�������6FHQDULR�WUHHV�ZHUH�XVHG�WR�GHVFULEH�HDFK�SDWKZD\�LQ�PRUH�GHWDLO�
������ 4XDOLWDWLYH� DVVHVVPHQW� RI� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� LQWR� GHQVHO\� DQGVSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV7KH�TXDOLWDWLYH�DVVHVVPHQW�RI�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�LQWR�'3/$V�DQG�63/$VGHPRQVWUDWHG� WKDW� '3/$V� JHQHUDOO\� KDG� D� KLJKHU� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� WKDQ63/$V�� DOWKRXJK� WKLV� FRXOG� QRW� EH� DWWULEXWHG� WR� SLJ� GHQVLW\� RQO\�� 7KH� UHVXOWV� VKRXOG� EHLQWHUSUHWHG� ZLWK� FDUH�� EHFDXVH� LQIRUPDWLRQ� RQ� WKHLU� SUHVHQFH� ZDV� QRW� DYDLODEOH� IRU� DOOSDWKZD\V�LQ�WKH�GLDJUDP��)XUWKHUPRUH��WKH�FRQWULEXWLRQ�RI�SDWKZD\V�WR�WKH�RYHUDOO�SUREDELOLW\RI�&6)9�LQWURGXFWLRQ�ZLOO�GLIIHU��EXW�LW�ZDV�QRW�NQRZQ�WR�ZKDW�H[WHQW��6RPH�SDWKZD\V�SOD\�DPRUH�LPSRUWDQW�UROH�LQ�LQWURGXFLQJ�&6)9�WR�D�UHJLRQ�WKDQ�RWKHUV��7KH�FULWHULD�RI�7DEOH�����ZHUH��KRZHYHU��JLYHQ�HTXDO�ZHLJKW�LQ�WKH�TXDOLWDWLYH�DVVHVVPHQW��7KH�UHODWLYH�FRQWULEXWLRQ�RIWKH�SDWKZD\V�ZLOO�DOVR�GLIIHU�SHU�UHJLRQ��EHFDXVH�LW�GHSHQGV�RQ�WKH�QXPEHU�RI�SDWKZD\�XQLWVSUHVHQW��WKH�UHJLRQ�RI�RULJLQ�RI�WKH�SDWKZD\�XQLWV�DQG�WKHLU�XVH��+RUVW�HW�DO���������REWDLQHGH[SHUW�HVWLPDWHV�RI�WKH�UHODWLYH�LPSRUWDQFH�RI�SDWKZD\V�IRU�&6)9�LQWURGXFWLRQ��7KHVH�ZHUH�KRZHYHU��VSHFLILFDOO\�IRU�&6)9�LQWURGXFWLRQ�LQWR�7KH�1HWKHUODQGV�DQG�FRXOG�WKHUHIRUH�QRW�EHXVHG� IRU� GLIIHUHQW� (XURSHDQ� UHJLRQV�� 7R� HVWLPDWH� WKH� SUREDELOLW\� RI�&6)9� LQWURGXFWLRQ� IRUUHJLRQV�LQ�WKH�(8�PRUH�DGHTXDWHO\��TXDQWLWDWLYH�LQIRUPDWLRQ�RQ�WKH�SUHVHQFH�RI�SDWKZD\V�DQGWKHLU�PDLQ�HYHQWV�LV�WKXV�QHFHVVDU\�



���

��������&RPSXWHU�PRGHO�WR�DVVHVV�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�TXDQWLWDWLYHO\7KH� FRPSXWHU�PRGHO� XVHG� WR� HVWLPDWH� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� TXDQWLWDWLYHO\JDYH�D�PXFK�PRUH�GHWDLOHG� LQVLJKW� LQWR� WKH� IDFWRUV�GHWHUPLQLQJ� WKLV�SUREDELOLW\� IRU� D� WDUJHWDUHD��,W�VKRZV�ZKLFK�UHJLRQV�RI�RULJLQ�DQG�ZKLFK�H[RJHQRXV�SDWKZD\V�FRQWULEXWH�PRVW�WR�WKHDQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V�DV�ZHOO�DV�JLYLQJ�VHSDUDWHHVWLPDWHV�IRU� WKH�SUREDELOLWLHV�RI�&6)9�LQWURGXFWLRQ�E\�ZLOG�ERDU��7KLV� LQIRUPDWLRQ� LV�YHU\XVHIXO� IRU�SROLF\�PDNHUV�DV� LW�KHOSV� WR�VHW�SULRULWLHV� IRU�SUHYHQWLYH�PHDVXUHV��7KH�FRPSXWHUPRGHO� FDQ� HVWLPDWH� WKH� LPSDFW� RI� SUHYHQWLYH�PHDVXUHV� DV�ZHOO� E\� FKDQJLQJ� UHOHYDQW� LQSXWSDUDPHWHUV�����������0RGHOOLQJ�DSSURDFK7KH�FRPSXWHU�PRGHO�GHYHORSHG�KDV�D�FOHDU�VWUXFWXUH��&DOFXODWLRQV�ZHUH�VXEGLYLGHG�LQWR�WKUHHPDLQ�JURXSV��ZKLFK�PDNHV� LW� HDV\� WR� DGG�RU� FKDQJH� LQSXW�SDUDPHWHUV��)RU� HDFK� WDUJHW� DUHDUHVXOWV�FDQ�EH�REWDLQHG�DV�DJJUHJDWHV��SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�SHU�\HDU���DV�ZHOO�DVVHSDUDWHO\�IRU�HDFK�FRPELQDWLRQ�RI�H[RJHQRXV�SDWKZD\V�DQG�UHJLRQV�RI�RULJLQ�1RW� DOO� SDWKZD\V� WKDW� PD\� FRQWULEXWH� WR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� FRXOG� EHLQFOXGHG� LQ� WKH�PRGHO��7KH�PRGHO� VWUXFWXUH� LV��KRZHYHU�� VXFK� WKDW� DGGLWLRQDO�SDWKZD\V� FDQHDVLO\� EH� LQFOXGHG� LI� QHZ� LQIRUPDWLRQ� DQG� GDWD� VKRXOG� EHFRPH� DYDLODEOH�� 6RPH� RI� WKHSDWKZD\V� WKDW� ZHUH� QRW� LQFOXGHG� DUH� FRQVLGHUHG� WR� FRQWULEXWH� RQO\� PDUJLQDOO\� WR� WKHSUREDELOLW\�RI�&6)9�LQWURGXFWLRQ��H�J���LPSRUW�RI�PDQXUH��ELUGV��SHWV��DUWKURSRGV�DQG�URGHQWV�DLU�FXUUHQWV�DQG�ODERUDWRULHV��2WKHUV�PLJKW�FRQWULEXWH�FRQVLGHUDEO\�WR�WKH�SUREDELOLW\�RI�&6)9LQWURGXFWLRQ��EXW�QR�TXDQWLILFDWLRQ�ZDV�SRVVLEOH��7KLV�ZDV�WKH�FDVH�IRU��H�J���LPSRUW�RI�JHQHWLFPDWHULDO�� LOOHJDO� LPSRUWV�� WRXULVWV�DQG�SURIHVVLRQDO�SHRSOH��7R�REWDLQ�D�PRUH�FRPSUHKHQVLYHRYHUYLHZ� RI� WKH�PDMRU� FDXVLQJ� SDWKZD\V RI� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� LQWR� WKHWDUJHW� DUHDV�� WKHLU� FRQWULEXWLRQ� WR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� PD\� EH� HVWLPDWHGTXDOLWDWLYHO\�1R� WKLUG� FRXQWULHV� ZHUH� LQFOXGHG� LQ� WKH� PRGHO� DV� UHJLRQV� RI� RULJLQ�� 7KHUHIRUH� WKHLUFRQWULEXWLRQ� WR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� IRU� WKH� WDUJHW� DUHDV� FRXOG� QRW� EHFDOFXODWHG��,Q�RUGHU�WR�LQFOXGH�WKLUG�FRXQWULHV�LQWR�WKH�PRGHO�ZLWKRXW�DQ�H[SRQHQWLDO�LQFUHDVHLQ� WKH� QXPEHU� RI� FDOFXODWLRQV�� WKLUG� FRXQWULHV� FRXOG� EHVW� EH� JURXSHG�FOXVWHUHG WDNLQJ� LQWRDFFRXQW�WKHLU�JHRJUDSKLFDO�VLWXDWLRQ�DQG�GLVHDVH�VWDWXV�ZLWK�UHJDUG�WR�&6)��H�J��HQGHPLF��IUHHZLWK�YDFFLQDWLRQ��IUHH�ZLWKRXW�YDFFLQDWLRQ��)RU�PRVW�UHJLRQV�RI�RULJLQ�� L�H���(8�PHPEHU�VWDWHV�� WKH�H[SHFWHG�QXPEHU�RI�&6)�HSLGHPLFVSHU�\HDU�LV�OHVV�WKDQ�RQH��)RU�*HUPDQ\�DQG�,WDO\��KRZHYHU��WKH�DYHUDJH�QXPEHU�RI�HSLGHPLFVSHU�\HDU�RYHU�WKH�ODVW�WHQ�\HDUV�H[FHHGV�RQH��7DEOH��������6LPSO\�PXOWLSO\LQJ�WKH�SUREDELOLW\SHU� HSLGHPLF� ZLWK� WKH� H[SHFWHG� QXPEHU� RI� HSLGHPLFV� LQ� VWHS� �� RI� WKH� FDOFXODWLRQV� IRU



���
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/DGGRPDGD��$���������,QFLGHQFH�DQG�FRQWURO�RI�&6)�LQ�ZLOG�ERDU�LQ�(XURSH��9HW��PLFURELRO���������������/DHYHQV��+���'HOX\NHU��+���.RHQHQ��)���9DQ�&DHQHJHP��*���9HUPHHUVFK��-�3���'H�.UXLI��$���������$QH[SHULPHQWDO� LQIHFWLRQ�ZLWK� D� FODVVLFDO� VZLQH� IHYHU� YLUXV� LQ�ZHDQHU� SLJV�� ,,�� 7KH� XVH� RI� VHURORJLFDOGDWD�WR�HVWLPDWH�WKH�GD\�RI�YLUXV�LQWURGXFWLRQ�LQ�QDWXUDO�RXWEUHDNV��9HW��4�������������0HXZLVVHQ��0�3�0���+RUVW��+�6���+XLUQH��5�%�0���'LMNKXL]HQ��$�$���������$�PRGHO� WR�HVWLPDWH� WKHILQDQFLDO�FRQVHTXHQFHV�RI�FODVVLFDO�VZLQH�IHYHU�RXWEUHDNV��SULQFLSOHV�DQG�RXWFRPHV��3UHY��YHW��0HG��������������0LFKHO�� ,�� DQG� 'H� 9RV�� &�-��� ������ 'HQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� LQ� WKH� (XURSHDQ� 8QLRQ�GHILQLWLRQ�DQG�ORFDWLRQ��,Q� 0�-�0��7LHOHQ�DQG�0�7K�9RHWV��HGV�� 3URFHHGLQJV�RI�WKH�;WK ,QWHUQDWLRQDO&RQJUHVV�RQ�$QLPDO�+\JLHQH���0DDVWULFKW������-XO\���������������0LOOHU�� /��� 0F(OYDLQH�� 0�'��� 0F'RZHOO�� 5�0��� $KO�� $�6��� ������ 'HYHORSLQJ� D� TXDQWLWDWLYH� ULVNDVVHVVPHQW�SURFHVV� 5HY��VFL��WHFK��2II��LQW��(SL]���������������������3LWWOHU��+���)LHGOHU��-���-HQWVFK��'���+DVVHOEDFK��3���.UDPHU��0���������7KH�SUREOHPV�DQG�FRQVHTXHQFHVRI� WKH� VZLQH� IHYHU� HSLGHPLF� GXULQJ� �������� LQ� *HUPDQ\� �'HU� 6FKZHLQHSHVW�6HXFKHQ]XJ� ��������3UREOHPH�XQG�.RQVHTXHQ]HQ���7LHUlU]WO��8PVFKDX����������������LQ�*HUPDQ�6DDWNDPS��+�:���+XLUQH��5�%�0���*HHUV��5���'LMNKXL]HQ��$�$���1RRUGKXL]HQ��-�3�7�0���*RHGVHHOV��9�������� 6WDWH�WUDQVLWLRQ� PRGHOOLQJ� RI� FODVVLFDO� VZLQH� IHYHU� WR� HYDOXDWH� QDWLRQDO� LGHQWLILFDWLRQ� DQGUHFRUGLQJ�V\VWHPV�±�JHQHUDO�DVSHFWV�DQG�PRGHO�GHVFULSWLRQ� $JULF��6\VW���������������6KDUSH��.���*LEEHQV��-���0RUULV��+��DQG�'UHZ��7���������(SLGHPLRORJ\�RI�WKH������&6)�RXWEUHDN�LQ(DVW�$QJOLD��SUHOLPLQDU\�ILQGLQJV��9HW��5HF�����������7HUSVWUD�� &��� ������ +HW� YRHUHQ� YDQ� NHXNHQDIYDOOHQ� DOV� RRU]DDN� YDQ� YDUNHQVSHVW�� 7LMGVFKU�'LHUJHQHHVNG��������������LQ�'XWFK�7HUSVWUD��&���������+RJ�FKROHUD��DQ�XSGDWH�RI�SUHVHQW�NQRZOHGJH��%U��9HW��-����������������7HUSVWUD��&��DQG�'H�6PLW��$�-���������7KH���������HSL]RRWLF�RI�VZLQH�IHYHU�LQ�WKH�1HWKHUODQGV��FRQWUROVWUDWHJLHV�XQGHU�D�QRQ�YDFFLQDWLRQ�SROLF\� 9HW��PLFURELRO������������9DQWKHPVFKH��3���������&ODVVLFDO�6ZLQH�)HYHU�����������%HOJLXP��3LJ�-RXUQDO������������9RVH��'�-���������5LVN�DQDO\VLV�LQ�UHODWLRQ�WR�WKH�LPSRUWDWLRQ�DQG�H[SRUWDWLRQ�RI�DQLPDO�SURGXFWV��5HY�VFL��WHFK��2II��,QW��(SL]�������������9RVH��'���������5LVN�DQDO\VLV��$�TXDQWLWDWLYH�JXLGH ��6HFRQG�HGLWLRQ��-RKQ�:LOH\�	�6RQV��/WG���&KLFKHVWHU�:LOOLDPV��'�5��DQG�0DWWKHZV��'���������2XWEUHDNV�RI�FODVVLFDO�VZLQH�IHYHU�LQ�*UHDW�%ULWDLQ�LQ������9HW��5HF����������������:RROGULGJH��0���&OLIWRQ�+DGOH\��5��DQG�5LFKDUGV��0���������,�GRQ¶W�ZDQW�WR�EH�WROG�ZKDW�WR�GR E\�DPDWKHPDWLFDO� IRUPXOD�� 2YHUFRPLQJ� DGYHUVH� SHUFHSWLRQV� RI� ULVN� DQDO\VLV�� ,Q�� 7KUXVILHOG��0�9�� DQG*RRGDOO�� (�$�� �HGV�� 3URFHHGLQJV� RI� D� PHHWLQJ� RI� WKH� 6RFLHW\� IRU� 9HWHULQDU\� (SLGHPLRORJ\� DQG3UHYHQWLYH�0HGLFLQH�KHOG�LQ *ODVJRZ��������0DUFK������� �



���

6SDWLDO�DQG�VWRFKDVWLF�VLPXODWLRQ�WR�FRPSDUH�WZRHPHUJHQF\�YDFFLQDWLRQ�VWUDWHJLHV�ZLWK�D�PDUNHUYDFFLQH�LQ�WKH���������'XWFK�&ODVVLFDO�6ZLQH�)HYHUHSLGHPLF
0��-�-��0DQJHQ��$�:��-DOYLQJK��0��1LHOHQ��0�&�0��0RXULWV��'��.OLQNHQEHUJ�DQG�$�$�'LMNKXL]HQ

$EVWUDFW7ZR�DOWHUQDWLYH�HPHUJHQF\�YDFFLQDWLRQ�VWUDWHJLHV�ZLWK�D�PDUNHU�YDFFLQH�WKDW�FRXOG�KDYH�EHHQDSSOLHG� LQ� WKH� �������� 'XWFK� &ODVVLFDO� 6ZLQH� )HYHU� �&6)�� HSLGHPLF� ZHUH� HYDOXDWHG� LQ� DPRGLILHG� VSDWLDO�� WHPSRUDO� DQG� VWRFKDVWLF� VLPXODWLRQ� PRGHO�� ,QWHU&6)�� ,Q� VWUDWHJ\� ��YDFFLQDWLRQ�ZRXOG�RQO\�EH�DSSOLHG�WR�RYHUFRPH�D�VKRUWDJH� LQ�GHVWUXFWLRQ�FDSDFLWLHV� �NLOOLQJDQG� UHQGHULQJ���'HVWUXFWLRQ�RI�DOO�SLJV�RQ�YDFFLQDWHG� IDUPV�GLVWLQJXLVKHV� WKLV� VWUDWHJ\� IURPVWUDWHJ\����ZKLFK�DVVXPHV�LQWUDFRPPXQLW\�WUDGH�RI�YDFFLQDWHG�SLJ�PHDW�,QWHU&6)� VLPXODWHV� WKH� VSUHDG� RI� &6)� EHWZHHQ� IDUPV� WKURXJK� ORFDO� VSUHDG� DQG� �� FRQWDFWW\SHV�� 'LVHDVH� VSUHDG� LV� DIIHFWHG� E\� FRQWURO� PHDVXUHV� LPSOHPHQWHG� WKURXJK� GLIIHUHQWPHFKDQLVPV��(FRQRPLF�UHVXOWV�ZHUH�JHQHUDWHG�E\�D�VHSDUDWH�PRGHO�WKDW�FDOFXODWHG�WKH�GLUHFWFRVWV� �LQFOXGLQJ� WKH� YDFFLQDWLRQ� FRVWV�� DQG� FRQVHTXHQWLDO� ORVVHV� IRU� IDUPHUV� DQG� UHODWHGLQGXVWULHV� VXEMHFWHG� WR� FRQWURO� PHDVXUHV�� 7KH� FRPSDULVRQ� �XVLQJ� HSLGHPLRORJLFDO� DQGHFRQRPLF� UHVXOWV�� EHWZHHQ� WKH� GLIIHUHQW� HPHUJHQF\� YDFFLQDWLRQ� VWUDWHJLHV� ZLWK� DQ� HDUOLHUVLPXODWHG�SUHYHQWLYH�VODXJKWHU�VFHQDULR�OHG�WR�VRPH�JHQHUDO�FRQFOXVLRQV�DERXW�WKH�'XWFK�&6)HSLGHPLF�� %RWK� HPHUJHQF\� YDFFLQDWLRQ� VWUDWHJLHV�ZHUH� EDUHO\�PRUH� HIILFLHQW� WKDQ� WKH� QRQ�YDFFLQDWLRQ�VFHQDULR��7KH�LQWUDFRPPXQLW\�WUDGH�VWUDWHJ\��YDFFLQDWLRQ�VWUDWHJ\����ZDV�WKH�OHDVWFRVWO\�RI�DOO�WKUHH�VFHQDULRV�

�������,QWURGXFWLRQ
:KHQ� DOO� UHJXODU� PHDVXUHV� WR� HUDGLFDWH� DQ� &6)� HSLGHPLF� IDLO�� SDUDJUDSK� ��� RI� WKH� GLUHFWLYH�������((&�RI�WKH�(8�OHJLVODWLRQ�IRUHVHHV�DQ�HPHUJHQF\�YDFFLQDWLRQ��&(&���������,Q�WKH�FDVH�RI
 -RXUQDO�RI�3UHYHQWLYH�9HWHULQDU\�0HGLFLQH�������������



���

DQ� HPHUJHQF\� YDFFLQDWLRQ�� WKH� VDPH� GLUHFWLYH� IRUFHV� WKH� PHPEHU� VWDWH� WR� H[FOXGH� DOO� PHDWRULJLQDWLQJ�IURP�YDFFLQDWHG�SLJV��H[FHSW�ZKHQ�KHDW�WUHDWHG��IURP�WKH�UHJXODU�SRUN�PDUNHW��:LWKLQWKH�ODVW�GHFDGH��VRPH�VHYHUH�&6)�HSLGHPLFV�RFFXUUHG�LQ�WKH�(8��EXW�QR�HPHUJHQF\�YDFFLQDWLRQSURJUDPPH�ZDV�DSSOLHG��,Q�������WKH�*HUPDQ�SURSRVDO�IRU�DQ�HPHUJHQF\�YDFFLQDWLRQ�SURJUDPPHZDV� UHIXVHG� E\� WKH� (XURSHDQ� &RPPLVVLRQ� �%ODKD�� ������� 'XULQJ� WKH� �������� 'XWFK� &6)HSLGHPLF� �KHUHDIWHU� UHIHUUHG� WR� DV� WKH� 'XWFK� &6)� HSLGHPLF�� LQ� 7KH� 1HWKHUODQGV�� HPHUJHQF\YDFFLQDWLRQ�ZDV�RQO\�SURSRVHG�DW�QDWLRQDO�OHYHO��-RUQD��������PDLQO\�RQ�HWKLFDO�JURXQGV�7KH�XVH�RI�D�PDUNHU�YDFFLQH�WR�KHOS�FRQWURO�D�&6)�RXWEUHDN�VHHPV�WR�EH�WHFKQLFDOO\�IHDVLEOH�9DQ� 2LUVFKRW�� ������ /HRSROG�7HPPOHU�� ������ 9nJVKROP�� ������ -RUQD�� ������� LQFOXGLQJVHURORJLFDO� WHVWLQJ� WR� GLVWLQJXLVK� LQIHFWHG� SLJV� IURP�YDFFLQDWHG� SLJV��&KDQJHV� LQ� WKH� VZLQHKHUG�VWUXFWXUH�FRPELQHG�ZLWK�KLJK�GHQVLW\�SLJ�SRSXODWLRQV� LQFXU� ORJLVWLF�DQG�RUJDQLVDWLRQDOSUREOHPV�� DV� ZHOO� DV� KLJK� FRVWV�� ZKHQ� DGRSWLQJ� D� UHJXODU� VWDPSLQJ�RXW� SROLF\� LQ� RUGHU� WRHUDGLFDWH�DQ�HSLGHPLF��3XEOLF�REMHFWLRQV�WR�WKH�GHVWUXFWLRQ��NLOOLQJ�DQG�UHQGHULQJ��RI�KHDOWK\DQLPDOV� DOVR� LQFUHDVH�� 7KHVH� IDFWRUV� DUH� LQ� IDYRXU� RI� HPHUJHQF\� YDFFLQDWLRQ��2Q� WKH� RWKHUKDQG��(8�SROLF\�DLPV�WRZDUGV�D�KLJK�DQLPDO�KHDOWK�VWDWXV�DQG�WKHUHIRUH�KDV�DGDSWHG�D�QRQ�YDFFLQDWLRQ�SROLF\�IRU�WKH�FRQWURO�DQG�HUDGLFDWLRQ�RI�DQLPDO�GLVHDVHV�RI�PDMRU�LPSRUWDQFH�IRULQWHUQDWLRQDO�WUDGH��,Q�EULHI��WKH�XVH�RI�YDFFLQH�³PHDQV´�WKH�SUHVHQFH�RI�GLVHDVH��:HVWHUJDDUG��������(SLGHPLRORJLFDO��SROLWLFDO�DQG�HFRQRPLF�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�QHHG� WR�EH�DQDO\VHGDQG� FODULILHG� EHIRUH� LW� LV� SRVVLEOH�EHLQJ� DEOH� WR� GHFLGH�ZKHWKHU� RU� QRW� WKH� XVH� RI� D�PDUNHUYDFFLQH� LV� D� UHDOLVWLF� DQG� DWWUDFWLYH� RSWLRQ��:H� LPSURYHG� WKH� VLPXODWLRQ� PRGHO� ,QWHU&6)�ZKLFK�ZDV�GHYHORSHG�WR�VLPXODWH�WKH�'XWFK�&6)�HSLGHPLF���-DOYLQJK�HW�DO���������E\�DGGLQJHPHUJHQF\�YDFFLQDWLRQ�DV�D�GLVHDVH�FRQWURO�PHFKDQLVP��,QWHU&6)�ZDV�VSHFLILFDOO\�GHYHORSHGWR�DQVZHU�³ZKDW�LI´�TXHVWLRQV� �1LHOHQ�HW�DO����������9DFFLQDWLRQ�FRVWV�ZHUH� LQFRUSRUDWHG� LQ(SL/RVV��0HXZLVVHQ�HW�DO���������IRU�WKH�SUHVHQW�VWXG\��LQ�RUGHU�WR�EH�DEOH�WR�FDOFXODWH�WKH�GLUHFWFRVWV�DQG�FRQVHTXHQWLDO�ORVVHV�IRU�IDUPHUV�DQG�UHODWHG�LQGXVWULHV�VXEMHFWHG�WR�FRQWURO�PHDVXUHV�7KH�PDLQ�JRDO�RI�WKLV�SDSHU�LV�WR�DQDO\VH�WKH�HSLGHPLRORJLFDO�DQG�HFRQRPLF�FRQVHTXHQFHV�RIWZR�SRVVLEOH�HPHUJHQF\�YDFFLQDWLRQ�FDPSDLJQV�WKDW�FRXOG�KDYH�EHHQ�XVHG�LQ�WKH�'XWFK�&6)HSLGHPLF��7KH\�DUH�FRPSDUHG�ZLWK�DQ�HDUOLHU�VLPXODWHG�SUHYHQWLYH�VODXJKWHU�VWUDWHJ\��1LHOHQHW�DO���������ZKLFK�ZH�ZLOO�FDOO��LQ�WKLV�SDSHU��WKH�³QRQ�YDFFLQDWLRQ´��19��VFHQDULR�
�������0DWHULDOV�DQG�PHWKRGV
���������*HQHUDO�RXWOLQH,QWHU&6)� LV� D� VSDWLDO�� WHPSRUDO� DQG� VWRFKDVWLF� VLPXODWLRQ� PRGHO� �-DOYLQJK� HW� DO��� ������,QWHU&6)� VLPXODWHV� GD\� WR� GD\� GLVHDVH� VSUHDG� IURP� LQIHFWHG� IDUPV� WKURXJK� �� FRQWDFW� W\SHV



���

�DQLPDOV��YHKLFOHV��SHUVRQV��DQG�WKURXJK�ORFDO�VSUHDG�XS�WR������P��$OO�'XWFK�SLJ�IDUPV�DUHNQRZQ� E\� WKHLU� JHRJUDSKLFDO� FRRUGLQDWHV�� 7KH� PDLQ� GLVHDVH� FRQWURO� PHFKDQLVPV� WKDWLQIOXHQFH�WKH�GLVHDVH�VSUHDG�LQ�,QWHU&6)�DUH��GLDJQRVLV�RI�WKH�LQIHFWHG�IDUPV��GHSRSXODWLRQ�RILQIHFWHG� IDUPV�� TXDUDQWLQH� ]RQHV���� WUDFLQJ� DQG� SUHYHQWLYH� VODXJKWHU� �VHH� $SSHQGL[� ,9� IRUPRUH�GHWDLOV��(PHUJHQF\� YDFFLQDWLRQ� ZDV� LQFRUSRUDWHG� LQWR� WKH� EDVH� VFHQDULR� VXFK� WKDW� LW� UHIOHFWHG� WKHVWDUWLQJ� VLWXDWLRQ� RI� WKH� UHDO� HSLGHPLF� DV� FORVHO\� DV� SRVVLEOH�� 7KLV� LQYROYHG� LQFRUSRUDWLQJKLVWRULFDO�GDWD�IURP����IDUPV�ZLWK�DQ�LQIHFWLRQ�GDWH�EHIRUH�)HEUXDU\���������GHWHFWLRQ�GDWH�RIILUVW� IDUP�� DQG� IL[HG� GHWHFWLRQ� DQG� KHUG� GHVWUXFWLRQ� GDWHV� ODWHU�� 1HZ� LQIHFWLRQV� ZHUH� RQO\VLPXODWHG� DIWHU� WKLV� GDWH�� ,Q� RXU� VLPXODWLRQV�ZH� DVVXPHG� WKDW� DIWHU� �� GHWHFWLRQV� LQ� WKH� ILUVWZHHN��HPHUJHQF\�YDFFLQDWLRQ�ZRXOG�EH�RUGHUHG��,Q�D�GHQVHO\�SRSXODWHG�DUHD�HSLGHPLRORJLVWVH[SHFW�D�ODUJH�HSLGHPLF�LI� WKHUH�DUH�DW� OHDVW���GHWHFWLRQV�LQ� WKH�ILUVW�ZHHN��,Q������� WKH�ILUVWRXWEUHDN�KDSSHQHG�LQ�D�YHU\�GHQVHO\�SRSXODWHG�SLJ�DUHD�DQG���RXWEUHDNV�ZHUH�QRWLILHG�LQ�WKHILUVW� ZHHN� IROORZLQJ� WKH� LQLWLDO� GHWHFWLRQ� �(OEHUV� HW� DO��� ������� ,Q� RXU� VLPXODWLRQ�� WKHHPHUJHQF\�YDFFLQDWLRQ�FDPSDLJQ�ZDV�LQLWLDWHG���GD\V�DIWHU�WKH�GHFLVLRQ�RQ�GD\����DVVXPLQJ��GD\V� RI� SUHSDUDWLRQ� IRU� D� YDFFLQDWLRQ� FDPSDLJQ��� :KHQ� WKH� GHFLVLRQ� WR� FRPPHQFH� WKHHPHUJHQF\� YDFFLQDWLRQ� FDPSDLJQ� ZDV� WDNHQ�� DOO� HDUOLHU�GHWHFWHG� IDUPV� IURP� WKH� SUHYLRXVZHHN�ZHUH�LGHQWLILHG��,Q�WKH�EDVH�YDFFLQDWLRQ�VFHQDULRV��D�YDFFLQDWLRQ�]RQH�ZLWK�D�UDGLXV�RI��NP� ZDV� GHILQHG� IRU� HDFK� GHWHFWHG� IDUP�� 7R� PLPLF� UHVWULFWHG� YDFFLQDWLRQ� FDSDFLWLHV�� DOOGHILQHG�YDFFLQDWLRQ�]RQHV�ZHUH�SXW�RQ�D�YDFFLQDWLRQ� OLVW�DQG�DOO� IXUWKHU�GHILQHG�YDFFLQDWLRQ]RQHV�ZHUH�DOVR�OLVWHG��,I�PRUH�WKDQ�RQH�QHZ�YDFFLQDWLRQ�]RQH�ZDV�GHILQHG�RQ�WKH�VDPH�GD\�WKH\� ZHUH� UDQNHG� GHSHQGLQJ� RQ� WKHLU� SLJ�IDUP� GHQVLW\�� VWDUWLQJ� ZLWK� WKH� KLJKHVW� SLJ�IDUPGHQVLW\�� )XUWKHUPRUH��ZH� DVVXPHG� WKDW� HPHUJHQF\� YDFFLQDWLRQ�ZRXOG� EH� VWRSSHG� EDVHG� RQFHUWDLQ�FULWHULD��GHILQHG�ODWHU�RQ�LQ�WKLV�SDSHU��9DFFLQDWLRQ� ]RQHV� DUH� YDFFLQDWHG� RQH� DIWHU� DQRWKHU� ±� L�H� QRW� VLPXOWDQHRXVO\� �� E\� ���YDFFLQDWLRQ� WHDPV�� (DFK� YDFFLQDWLRQ� WHDP� ��� YHWHULQDULDQ� DQG� �� KHOSHUV�� ZDV� VXSSRVHG� WRKDQGOH�DERXW������SLJ�SODFHV� �IDWWHQHUV�� DQG�JLOWV����RU������ IDUURZLQJ�SODFHV�SHU�GD\� �RUYDULRXV�HTXLYDOHQW�FRPELQDWLRQV��

�� +HUHDIWHU� ³TXDUDQWLQH´� ]RQHV� UHIHU� WR� DOO� UHVWULFWHG� ]RQHV�DUHDV� �SURWHFWLRQ� ]RQH� ����� NP�� DQG� VXUYHLOODQFH]RQHV�������NP��LQ�ZKLFK�PRYHPHQW�UHVWULFWLRQV�DQG�FRQWURO�PHDVXUHV�DUH�LPSRVHG��� $�IDWWHQHU�LV�D�ILQLVKLQJ�RU�IDWWHQLQJ�SLJ��DOVR�FDOOHG�KRJ��IURP����NJ�XQWLO�NLOOHG���� $�JLOW�LV�D�IHPDOH�SLJ�IURP�������NJ�OLYH�ZHLJKW�XQWLO�ILUVW�LQVHPLQDWLRQ��� $VVXPLQJ������SLJOHWV�EUHHGLQJ�VRZ�\HDU��ZKLFK�LV�HTXDO�WR�������SLJOHWV�ERUQ�EUHHGLQJ�VRZ�GD\��:H�DVVXPHWKDW�D�SLJOHW�ZLOO�VWD\�RQ�D�VRZ�IDUP�IRU����GD\V��%HFDXVH�SLJV�QHHG�WR�EH����GD\V�ROG�IRU�YDFFLQDWLRQ��ZH�ZLOOKDYH����������GD\V� �������SLJOHWV�IDUURZLQJ�SODFH�DQG���VRZ�IDUURZLQJ�SODFH�WR�YDFFLQDWH



���

���������9DFFLQDWLRQ�HIIHFWV9DFFLQDWLRQ� KDV� WZR� HIIHFWV�� UHGXFWLRQ� LQ� YLUXV� VSUHDG� RQ� DQ� LQIHFWHG� IDUP� DQG� SURWHFWLRQDJDLQVW�LQIHFWLRQ�RI�D�VXVFHSWLEOH�KHUG�)RU�YLUXV�UHGXFWLRQ�RQ�DQ�LQIHFWHG�IDUP��WZR�NLQGV�RI�LQIHFWHG�IDUPV�ZHUH�GLVWLQJXLVKHG��7KHILUVW�FDWHJRU\�FRQVLVWHG�RI�LQIHFWHG�IDUPV�WKDW�ZHUH�QHYHU�YDFFLQDWHG�DQG�RI�IDUPV�WKDW�ZHUHILUVWO\�LQIHFWHG�DQG�ODWHU�YDFFLQDWHG��7KH�VHFRQG�FDWHJRU\�ZDV�IDUPV�WKDW�ZHUH�YDFFLQDWHG�DQGEHFDPH�LQIHFWHG�ODWHU�RQ�)RU� WKH� ILUVW� FDWHJRU\� RI� LQIHFWHG� IDUPV�� ZH� DVVXPHG� QR� UHGXFWLRQ� LQ� YLUXV� VSUHDG�� $OOSDUDPHWHUV� UHPDLQHG� DV� GHVFULEHG� LQ� -DOYLQJK� HW� DO�� �������� ,Q� VKRUW�� WKH� LQIHFWLRXV� SHULRGEHJDQ�EHWZHHQ���DQG����GD\V�IROORZLQJ�LQIHFWLRQ��7KH�LQIHFWLRQ�OHYHO�RI� WKH�IDUP�UHPDLQHGWKH� VDPH� IRU� WKH� WRWDO� LQIHFWLRXV� SHULRG�� ZKLFK� HQGHG� RQ� WKH� GD\� WKDW� WKH� IDUP� ZDVGHSRSXODWHG�� 7KH� LQWHUYDO� EHWZHHQ� LQIHFWLRQ� DQG� GHWHFWLRQ� ZDV� PRGHOOHG� XVLQJ� D� VLQJOHSUREDELOLW\�GLVWULEXWLRQ��EDVHG�RQ�REVHUYDWLRQV�RI�WKH�UHDO�'XWFK�&6)�HSLGHPLF��7KH�VHOHFWHGLQWHUYDO� FRXOG� EH� LQIOXHQFHG� GRZQZDUG� E\� FHUWDLQ� HYHQWV� �VHH� 7DEOH� ������� 7KH� GHWHFWLRQSUREDELOLWLHV�RI�QRQ�YDFFLQDWHG�IDUPV�ZHUH�XVHG�DV�D�EDVH�LQ�RUGHU�WR�HVWLPDWH�WKH�GHWHFWLRQSUREDELOLWLHV�IRU�DOO�YDFFLQDWHG�IDUPV��7DEOH��������9DFFLQDWLRQ�DV�VXFK�FRXOG�DOVR�LQIOXHQFHGHWHFWLRQ�EHFDXVH� LQIHFWHG� IDUPV�FRXOG�EH�GHWHFWHG�HDUOLHU�GXH� WR� FOLQLFDO� LQVSHFWLRQ�RQ� WKHYDFFLQDWLRQ� GD\�� 7KH� GHWHFWLRQ� SUREDELOLW\� GHSHQGHG� RQ� WKH� WLPH� VLQFH� LQIHFWLRQ� DQG� WKHVRXUFH�RI�LQIHFWLRQ��7DEOH��������)RU�D�GLUHFW�DQLPDO�FRQWDFW�ZH�GHILQHG�D�KLJKHU�SUREDELOLW\RI�GHWHFWLRQ�IRU�WKH�ILUVW�ZHHNV�DIWHU�LQIHFWLRQ�WKDQ�IRU�DOO�RWKHU�FRQWDFWV��,I�DQ�LQIHFWHG�IDUPZDV�QRW�GHWHFWHG�GXULQJ�YDFFLQDWLRQ��ZH�DVVXPHG�WKDW�WKH�YLUXV�ZDV�VSUHDG�PHFKDQLFDOO\�DQGPDVVLYHO\�RYHU�WKH�IDUP�GXULQJ�YDFFLQDWLRQ��$IWHU�WKH�LQFXEDWLRQ�SHULRG�RI���ZHHN��WKH�ODUJHQXPEHU� RI� VLFN� DQLPDOV� FRXOG� DJDLQ� OHDG� WR� D� SRVVLEOH� HDUOLHU� GHWHFWLRQ� �7LHOHQ�� 3HUVRQDOFRPPXQLFDWLRQ���,Q�ERWK�FDVHV��ZH�DVVXPHG�WKDW�WKH�GLDJQRVLV�ZDV�HVWDEOLVKHG�WZR�GD\V�DIWHUVXVSLFLRQ��)RU� DOO�RWKHU� HYHQWV��PRUH� WLPH�FRQVXPLQJ� WHVWV� DUH�QHFHVVDU\�� VR��ZH�GHILQHG��GD\V�DIWHU�VXVSLFLRQ�EHIRUH�D�GLDJQRVLV�ZRXOG�EH�JLYHQ��GH�6PLW�HW�DO���������)RU�YDFFLQDWHGIDUPV� LQIHFWHG� DIWHU� YDFFLQDWLRQ� �WKH� VHFRQG� FDWHJRU\��� D� UHGXFWLRQ� LQ� YLUXV� VSUHDG� ZDVH[SUHVVHG�E\�D�UHGXFWLRQ�IDFWRU��7KLV�UHGXFWLRQ�IDFWRU�GHSHQGHG�RQ�WKH�WLPH�LQWHUYDO�EHWZHHQYDFFLQDWLRQ� DQG� LQIHFWLRQ� DQG� ZDV� PRGHOOHG� ZLWK� D� SUREDELOLW\� GLVWULEXWLRQ�� EDVHG� RQ� (8H[SHULPHQWV� �$SSHQGL[� 9��� 7KH� UHGXFWLRQ� IDFWRU� ZDV� PXOWLSOLHG� E\� WKH� SUREDELOLWLHV� RIWUDQVPLVVLRQ�IRU�D�VLPXODWHG�FRQWDFW�DQG�IRU�ORFDO�VSUHDG�)RU� WKH� IDUPV� LQ� WKH� VHFRQG� FDWHJRU\�� ZH� DVVXPHG� QR� FKDQJH� LQ� WKH� ODWHQW� SHULRG� EXW� WKHLQIHFWLRXV� SHULRG� ZDV� UHGXFHG� WR� DW� PRVW� RQH� PRQWK�� 7\SLFDOO\�� RQO\� VPDOO� RXWEUHDNV� DUHH[SHFWHG�RQ�YDFFLQDWHG�IDUPV��$VVXPLQJ�WKDW�YDFFLQDWHG�SLJV�VKRZ�QR�RU�IHZ�FOLQLFDO�VLJQVZKHQ�LQIHFWHG��GHWHFWLRQ�FRXOG�RQO\�EH�E\�VHURORJLFDO�VFUHHQLQJ��7DEOH�������
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6XVFHSWLEOH� IDUPV�ZHUH� DOVR� FODVVLILHG� LQWR� WZR� FDWHJRULHV�� QRQ�YDFFLQDWHG� DQG� YDFFLQDWHG�:H�GHILQHG�D�QRQ�YDFFLQDWHG� VXVFHSWLEOH� IDUP�DV�RQH�ZLWKRXW�SURWHFWLRQ� DJDLQVW� D�SRVVLEOHLQIHFWLRQ�� ZKHUHDV� D� YDFFLQDWHG� VXVFHSWLEOH� IDUP� ZDV� SDUWO\� SURWHFWHG�� 7KH� GHJUHH� RISURWHFWLRQ� GHSHQGHG� RQ� WKH� WLPH� LQWHUYDO� EHWZHHQ� YDFFLQDWLRQ� DQG� D� SRVVLEOH� LQIHFWLRQ� DQGZDV�H[SUHVVHG�DV�D�SURWHFWLRQ�IDFWRU��PRGHOOHG�XVLQJ�D�SUREDELOLW\�GLVWULEXWLRQ��$SSHQGL[�9��$V� IRU� WKH� UHGXFWLRQ� IDFWRU�� WKH� SURWHFWLRQ� IDFWRU� ZDV� PXOWLSOLHG� E\� WKH� SUREDELOLWLHV� RIWUDQVPLVVLRQ�IRU�D�VLPXODWHG�FRQWDFW�DQG�IRU�ORFDO�VSUHDG��+RZHYHU��LI�DQ�LQIHFWLRXV�SLJ�ZDVPRYHG� WR� D� VXVFHSWLEOH� YDFFLQDWHG� IDUP�� WKH� SURWHFWLRQ� IDFWRU� ZDV� QRW� FRQVLGHUHG�� :HDVVXPHG�WKDW�WKLV�IDUP�DOZD\V�EHFDPH�LQIHFWHG�EXW�FRXOG�UDUHO\�EHFRPH�LQIHFWLRXV�
7DEOH������ 3UREDELOLW\� RI� GHWHFWLRQ� GXH� WR� YDFFLQDWLRQ�� UHODWLYH� WR� WKH� WLPH� VLQFH� LQIHFWLRQ� RQ� DQ�XQGHWHFWHG��LQIHFWHG�IDUP�DQG�GHSHQGLQJ�RQ�WKH�VRXUFH�RI�LQIHFWLRQ3UREDELOLW\�RI�GHWHFWLRQ�UHODWHG�WR�YDFFLQDWLRQ��GLDJQRVLV�GDWH���GD\V�ODWHU�7LPH�EHWZHHQ�LQIHFWLRQHQWUDQFH�DQGYDFFLQDWLRQ�GD\V�

9DFFLQDWLRQ�GD\ D 9DFFLQDWLRQ�GD\ E ��ZHHN�DIWHUYDFFLQDWLRQ
���± �� ���� ���� ������± �� ��� ��� �������± �� ���� ��� �!��� ���� ���� �D� )DUP�LQIHFWHG�E\�GLUHFW�DQLPDO�FRQWDFW�E� )DUP�LQIHFWHG�E\�WUDQVSRUW�RU�SHUVRQ�FRQWDFW�

,Q� WKH� (8� ILHOG� H[SHULPHQWV�� KRUL]RQWDO� WUDQVPLVVLRQ� ZDV� VLJQLILFDQWO\� UHGXFHG� IRU� ERWKPDUNHU� YDFFLQHV� �� ZHHNV� DIWHU� YDFFLQDWLRQ� �$QRQ\PRXV�� ������� ,Q� RXU� EDVH� HPHUJHQF\YDFFLQDWLRQ�VFHQDULRV��ZH�DVVXPHG�WKDW�PD[LPXP�SURWHFWLRQ�DQG�UHGXFWLRQ�ZDV�UHDFKHG�DIWHU���GD\V��)RU�VHQVLWLYLW\�DQDO\VLV�� WKLV�WLPH�LQWHUYDO�ZDV�UHGXFHG�E\���GD\V�WR�����DV�ZHOO�DVLQFUHDVHG� E\� �� GD\V� WR� ��� GD\V� �$SSHQGL[�9��� ,Q� DQ� DGGLWLRQDO� DQDO\VLV�� RQO\� ��ZHHN�ZDVDVVXPHG�QHFHVVDU\�LQ�RUGHU�WR�WR�EXLOG�XS�WKH�PD[LPXP�SURWHFWLRQ�OHYHO��VLPXODWLQJ�D�OLYH�YLUXV�YDFFLQH��
���������'HOD\HG�GHVWUXFWLRQ�DOWHUQDWLYHV7KH� ILUVW� HPHUJHQF\� YDFFLQDWLRQ� VWUDWHJ\� �FDOOHG� �GHOD\HG�GHVWUXFWLRQ�� �''���� DVVXPHG� QRSROLWLFDO� DFFHSWDQFH� RI� YDFFLQDWHG� SLJ� PHDW� DV� IUHVK� PHDW� �L�H�� WKH� FXUUHQW� (8� SROLF\��9DFFLQDWLRQ� ZRXOG� RQO\� EH� DSSOLHG� WR� RYHUFRPH� D� VKRUWDJH� LQ� GHVWUXFWLRQ� �NLOOLQJ� DQGUHQGHULQJ��FDSDFLW\��FUHDWHG�E\�UHJXODUO\�DSSOLHG�FRQWURO�PHDVXUHV��%HFDXVH�YDFFLQDWLRQ�ZLOOUHGXFH�WKH�ULVN�RI�YLUXV�VSUHDG�� WKH�GHVWUXFWLRQ�RI�YDFFLQDWHG�IDUPV�PD\�EH�SRVWSRQHG�XQWLO



���

GHVWUXFWLRQ� FDSDFLW\� LV� DYDLODEOH�� $OO� SLJV� LQ� WKH� YDFFLQDWLRQ� ]RQH� QHHGHG� WR� EH� GHVWUR\HG�VODXJKWHUHG�DQG�UHQGHUHG��EHIRUH�WKH�ILQDO�VFUHHQLQJ�FRXOG�EH�DSSOLHG�LQ�RUGHU�WR�GHFODUH�WKHUHJLRQ�&6)�IUHH�RQFH�PRUH��$OO�SLJV�ROGHU�WKDQ����GD\V�ZHUH�YDFFLQDWHG�RQFH��:H�DVVXPHGWKDW� YDFFLQDWHG� SLJV� KDG� PD[LPXP� SURWHFWLRQ� IRU� DW� OHDVW� �� PRQWKV�� ,I� WKH\� ZHUH� QRWVODXJKWHUHG� ZLWKLQ� �� PRQWKV�� WKH� SLJV� ZRXOG� EH� UH�YDFFLQDWHG� WR� PDLQWDLQ� PD[LPXPSURWHFWLRQ�OHYHOV�$V�VRRQ�DV�D�YDFFLQDWLRQ�]RQH�ZDV�GHILQHG��DOO�IDUPV�ZLWKLQ�WKLV�YDFFLQDWLRQ�]RQH�ZHUH�SXW�RQWKH� SUHYHQWLYH� VODXJKWHU� OLVW�� 3ULRULWLHV� ZHUH� VHW� WR� GHDO� ZLWK� LQVXIILFLHQW� GHVWUXFWLRQFDSDFLWLHV��)LUVWO\��DOO�IDUPV�ORFDWHG�ZLWKLQ�WKH�UHJXODU�SUHYHQWLYH�VODXJKWHU�UDGLXV����NP��DVZHOO�DV�FRQWDFW�IDUPV�ZHUH�GHVWUR\HG��7KLV�JURXS�ZDV�VSOLW�IXUWKHU��)DUPV�QRW�SUHGHVWLQHG�IRUYDFFLQDWLRQ�ZHUH�JLYHQ�WKH�KLJKHVW�SULRULW\��IROORZHG�E\�IDUPV�ZKHUH�YDFFLQDWLRQ�ZDV�QRW�\HWDSSOLHG�DQG�ILQDOO\�YDFFLQDWHG�IDUPV��,Q�WKH�FDWHJRU\�RI�WKH�YDFFLQDWHG�IDUPV��KLJKHU�SULRULW\ZDV� JLYHQ� WR� IDUPV�ZLWKRXW�PD[LPXP� SURWHFWLRQ�� 7KH� VHFRQG� FDWHJRU\� FRQVLVWHG� RI� IDUPVO\LQJ�LQ�WKH�YDFFLQDWLRQ�]RQH������NP���EXW�RXWVLGH�WKH�UHJXODU�SUHYHQWLYH�VODXJKWHU�]RQH�����NP��� +HUH� DJDLQ�� WKH� KLJKHVW� SULRULW\� ZDV� JLYHQ� WR� QRQ�YDFFLQDWHG� IDUPV�� IROORZHG� E\YDFFLQDWHG�IDUPV�ZLWKRXW�PD[LPXP�SURWHFWLRQ�DQG�ILQDOO\�IDUPV�ZLWK�PD[LPXP�SURWHFWLRQ�7KRVH�SULRULWLHV�ZHUH�DSSOLHG�WR�DOO�]RQHV��ZKHUHE\�ZLWKLQ�D�VXEJURXS��WKH�IDUPV�RI�DQ�ROGHU]RQH� KDG� SULRULW\� IRU� DQLPDO� VODXJKWHULQJ�� 7KH� GHFLVLRQ� FULWHULRQ� IRU� VWRSSLQJ� HPHUJHQF\YDFFLQDWLRQ� GHSHQGHG� RQ� WKH� GHOD\� FDXVHG� E\� GHVWUXFWLRQ� FDSDFLWLHV�� 7KH� QXPEHU� RI� IDUPVQRWLILHG� IRU� SUHYHQWLYH� VODXJKWHU� �LQFOXGLQJ� YDFFLQDWHG� IDUPV�� ZDV� GLYLGHG� E\� WKH� GDLO\GHVWUXFWLRQ� FDSDFLW\� WR� REWDLQ� WKH� QXPEHU� RI� GD\V� QHHGHG� IRU� GHVWUXFWLRQ� RI� DOO� WKH� IDUPDQLPDOV� FRQFHUQHG�� :KHQ� WKH� GHOD\� ZDV� d �� GD\V� ZLWKLQ� D� SHULRG� RI� ��� GD\V�� QR� QHZYDFFLQDWLRQ�]RQHV�ZHUH�LQVWDOOHG�7KH� LQVWDOODWLRQ� RI� D� EUHHGLQJ� SURKLELWLRQ� LQ� D� GHILQHG� YDFFLQDWLRQ� ]RQH� DQG� WKH� FXOOLQJ� RIQHZERUQ�SLJOHWV�RQ�WKH�YDFFLQDWHG�IDUPV��QRW�VLPXODWHG�DV�VXFK��DOORZHG�WKH�DVVXPSWLRQ�WKDWWKH� SLJ� SRSXODWLRQ� RQ� YDFFLQDWHG� IDUPV� UHWDLQHG�PD[LPXP�SURWHFWLRQ�� 7KH� LPSOHPHQWDWLRQFRVWV�IRU�ERWK�FRQWURO�PHDVXUHV�ZHUH�FRQVLGHUHG�ZKHQ�FDOFXODWLQJ�WKH�FRVWV�DQG�ORVVHV�,Q�WKH�EDVH�VFHQDULR��''�����ZH�DVVXPHG�PD[LPXP�YDFFLQH�SURWHFWLRQ�LQ����GD\V����GD\V�RISUHSDUDWLRQ�� D� �� NP� SUHYHQWLYH� VODXJKWHU� ]RQH� DQG� D� YDFFLQDWLRQ� UDGLXV� RI� �� NP� IRU� HDFKGHWHFWHG� IDUP�� ,Q� DOWHUQDWLYH� VFHQDULRV� �7DEOH� ������� ZH� DVVXPHG� WKDW� WLPH� WR� EXLOG� XSPD[LPXP�SURWHFWLRQ�ZDV�UHDFKHG�ZLWKLQ���ZHHN�����GD\V�RU����GD\V��,Q�D�IXUWKHU�VHQVLWLYLW\DQDO\VLV��WKH�WLPH�QHHGHG�WR�SUHSDUH�WKH�HPHUJHQF\�YDFFLQDWLRQ�FDPSDLJQ�ZDV�FKDQJHG�IURP��GD\V� WR���GD\V� �DOWHUQDWLYH� ,��� WR���GD\V� �DOWHUQDWLYH� ,,�� RU� WR����GD\V� �DOWHUQDWLYH� ,,,��� ,QDOWHUQDWLYH� ,9�� WKH� YDFFLQDWLRQ� UDGLXV� ZDV� UHGXFHG� WR� �� NP� LQVWHDG� RI� WKH� �� NP�� DQGDOWHUQDWLYH�9�DVVXPHG�D�����P�UHJXODU�SUHYHQWLYH�VODXJKWHU�UDGLXV�



���

7DEOH������ $Q�RYHUYLHZ�RI� WKH�YDULRXV� DOWHUQDWLYHV� IRU� ERWK� HPHUJHQF\�YDFFLQDWLRQ� VWUDWHJLHV�� WKH'HOD\HG�'HVWUXFWLRQ�VWUDWHJ\��''��DQG�WKH�,QWUDFRPPXQLW\�7UDGH�VWUDWHJ\��,&7�$VVXPSWLRQ ''���[ D ,&7���[ D3UHSDUDWLRQ�WLPH ��GD\V ���EDVH� ���EDVH���GD\V , ,��GD\V ,, ,,���GD\V ,,, ,,,9DFFLQDWLRQ�UDGLXV ��NP ���EDVH� ���EDVH���NP ,9 ,93UHYHQWLYH�VODXJKWHU�UDGLXV �����P ���EDVH� �����P 9 �$SSO\LQJ�SUHYHQWLYH�VODXJKWHU 1R � ���EDVH�<HV � 9,ED� [�VWDQGV�IRU�����EDVH��UHVSHFWLYHO\�������RU����GD\V�QHHGHG�WR�EXLOG�XS�PD[LPDO�SURWHFWLRQ�E� 3UHYHQWLYH�VODXJKWHU�LV�RQO\�DSSOLHG�WR�QRQ�YDFFLQDWHG�IDUPV�LQ�D�UDGLXV�RI���NP�
���������,QWUDFRPPXQLW\�WUDGH�DOWHUQDWLYHV)RU�WKH�VHFRQG�HPHUJHQF\�YDFFLQDWLRQ�VWUDWHJ\��WKH�LQWUDFRPPXQLW\�WUDGH�VWUDWHJ\��,&7����ZHDVVXPHG�WKDW�DIWHU�UHPRYLQJ�WKH�TXDUDQWLQH�]RQH��SLJ�PHDW�RULJLQDWLQJ�IURP�YDFFLQDWHG�SLJVFRXOG�EH�VROG�RQ�WKH�(8�PDUNHW��+RZHYHU��ZH�DVVXPHG�WKDW�IRU�WKH�YDFFLQDWLRQ�]RQHV��D�VR�FDOOHG��³SRVW�YDFFLQDWLRQ�]RQH´�ZRXOG�EH�LQVWDOOHG�IRU���PRQWKV�DW�WKH�PRPHQW�WKH�TXDUDQWLQH]RQH�ZDV�OLIWHG��$OO�PRYHPHQWV�ZHUH�DOORZHG��H[FHSW�WKDW�OLYH�SLJV�FRXOG�OHDYH�WKLV�]RQH�RQO\GLUHFWO\� WR� VODXJKWHU� LQ� VSHFLILF� VODXJKWHUKRXVHV�� 7KLV� VXSSOHPHQWDU\� PHDVXUH� VKRXOGFRQYLQFH�DOO� WUDGLQJ�SDUWQHUV� WKDW�QR� OLYH�FDUULHU�SLJOHWV�FRXOG� OHDYH� WKH�YDFFLQDWLRQ�]RQH� WRVSUHDG�WKH�GLVHDVH��LQ�FDVH�DQ�LQIHFWHG�VRZ�ZDV�RYHUORRNHG�GXULQJ�WKH�VHURORJLFDO�VFUHHQLQJ�,Q�WKH�,&7�VWUDWHJ\��HPHUJHQF\�YDFFLQDWLRQ�ZDV�VWRSSHG�ZKHQ�WKHUH�ZHUH�OHVV�WKDQ�WZR�QHZGHWHFWLRQV�ZLWKLQ�WKH�SUHYLRXV���ZHHNV�,Q� WKH� ,&7� VWUDWHJ\�� DOO� SLJV� ROGHU� WKDQ� �� ZHHNV� LQ� D� YDFFLQDWLRQ� ]RQH� ����� NP�� ZHUHYDFFLQDWHG� RQFH� DV� IRU� WKH� ''� VWUDWHJ\�� ,Q� DGGLWLRQ�� ZH� LPSRVHG� �IRU� WKH� GXUDWLRQ� RI� WKHTXDUDQWLQH�]RQH�LQ�D�YDFFLQDWLRQ�]RQH��WKH�UH�YDFFLQDWLRQ�RI�DOO�QHZERUQ�SLJOHWV�DV�ZHOO�DV�DOOEUHHGLQJ� VRZV�� 7KHVH� PHDVXUHV� ZRXOG� DVVXUH� D� PD[LPDOO\� SURWHFWHG� SLJ� SRSXODWLRQ�� 7KHHPHUJHQF\�YDFFLQDWLRQ�FDSDFLWLHV�ZHUH�QRW�LQIOXHQFHG�E\�WKH�FRQWLQXHG�YDFFLQDWLRQ��EHFDXVHZH�DVVXPHG�WKDW�WKH�ORFDO�YHWHULQDULDQV�FDUULHG�RXW�WKH�UH�YDFFLQDWLRQV��$�IXUWKHU�DVVXPSWLRQZDV�WKDW�PD[LPXP�SURWHFWLRQ�RI�YDFFLQDWHG�IDUPV�ZRXOG�ODVW�IRU�WKH�WRWDO�GXUDWLRQ�RI�D�SRVW�YDFFLQDWLRQ� ]RQH�� 2QFH� WKH� SRVW�YDFFLQDWLRQ� ]RQH� VWUDWHJ\� ZDV� OLIWHG�� DOO� IDUPV� ORVW� WKHLUSURWHFWLRQ�



���

:LWK�WKH�,&7�VWUDWHJ\��YDFFLQDWLRQ�UHGXFHV�WKH�VXVFHSWLEOH�SLJ�SRSXODWLRQ�VR�WKDW�SUHYHQWLYHVODXJKWHU� LV� RSWLRQDO� DQG� QRW� DSSOLHG� LQ� WKH� EDVH� VFHQDULR�� ,I� SUHYHQWLYH� VODXJKWHU� ZHUHDSSOLHG��RQO\�QRQ�YDFFLQDWHG�IDUPV�ZRXOG�EH�GHVWUR\HG��DOWHUQDWLYH�9,��7DEOH�������)RU� WKH�EDVH�VFHQDULR� �,&7�����PD[LPXP�SURWHFWLRQ�ZDV�DWWDLQHG� LQ����GD\V��QR�SUHYHQWLYHVODXJKWHU�ZDV�DSSOLHG��D�YDFFLQDWLRQ�UDGLXV�RI���NP�ZDV�LQVWDOOHG�IRU�HDFK�GHWHFWHG�IDUP�DQG�� GD\V� RI� SUHSDUDWLRQ� ZHUH� QHHGHG� EHIRUH� WKH� HPHUJHQF\� YDFFLQDWLRQ� FDPSDLJQ� EHJDQ�$OWHUQDWLYH�VFHQDULRV�ZHUH�VLPXODWHG�IRU�VHQVLWLYLW\�DQDO\VLV��VLPLODU�WR�''��7DEOH�������
���������9DFFLQDWLRQ�FRVWV5HODWHG�WR�WKH�YDFFLQDWLRQ�FRVWV�ZHUH�YDULRXV�DGGLWLRQDO�FRQWURO�FRVWV��RYHU�DQG�DERYH�WKH�FRVWSHU�GRVH�RI�YDFFLQH�SHU�SLJ��7KH\�FRQVLVWHG�RI�SUHSDUDWLRQ��WUDYHO�DQG�ELRVHFXULW\�FRVWV�IRU�WKHYDFFLQDWLRQ�WHDPV��DV�ZHOO�DV�FRVWV�IRU�WKH�DSSOLFDWLRQ�RI�WKH�YDFFLQH��,Q�WKH�FDVH�RI�WKH�,&7VWUDWHJ\�� WKH� FRQWLQXHG� YDFFLQDWLRQ� DOVR� UHVXOWHG� LQ� VRPH� DGGLWLRQDO� FRVWV�� 7DEOH� ����VXPPDULVHV�DOO�YDFFLQDWLRQ�UHODWHG�FRVWV�LQ�GHWDLO�$OO� VRZV�RQ�YDFFLQDWHG� IDUPV� VKRXOG�EH� WHVWHG� WR� UHGXFH� WKH� SUREDELOLW\� RI� D� FDUULHU� SLJOHWJRLQJ�XQGHWHFWHG�EHIRUH�DQ�DUHD�PD\�EH�GHFODUHG�&6)�IUHH��'HVSLWH� WKLV��ZH�XVHG� WKH�VDPHOXPS� VXP� �IRU� FRPSDULVRQ� UHDVRQV�� IRU� VHURORJLFDO� FRVWV� DV� 0HXZLVVHQ� HW� DO�� �������)XUWKHUPRUH�ZH�DVVXPHG�WKDW�WKH�GLVFULPLQDWRU\�WHVW�ZRXOG�FRVW�WKH�VDPH�DV�WKH�FRQYHQWLRQDORQH�
���������&RPSDULVRQ�RI�DOWHUQDWLYHV7R� FRPSDUH� WKH� DOWHUQDWLYHV�� ERWK� HSLGHPLRORJLFDO� DQG� HFRQRPLF� SDUDPHWHUV� ZHUH� XVHG�,QWHU&6)� VLPXODWHG� WKH� VSUHDG� DQG� FRQWURO� RI� WKH� HSLGHPLF�� ZKHUHE\� GLIIHUHQW� HYHQWV�VXPPDULVHG�LQ�$SSHQGL[�9,��UHODWHG�WR�HFRQRPLF�FRVWV�DQG�ORVVHV�FRXOG�RFFXU��9DFFLQDWLRQZDV� DGGHG� DV� D� QHZ� HYHQW�� %UHHGLQJ� SURKLELWLRQ� DQG� WKH� NLOOLQJ� RI� QHZERUQ� SLJOHWV� ZHUHDSSOLHG�RQO\�IRU� WKH�''�VWUDWHJLHV��)RU�HDFK�LQGLYLGXDO�IDUP�VXEMHFWHG� WR�FRQWURO�PHDVXUHV�,QWHU&6)�UHFRUGHG�HYHQWV�HDFK�GD\�LQ�DQ�HYHQW�RXWSXW�ILOH��7KLV�HYHQW�ILOH�ZDV�XVHG�DV�LQSXWIRU�(SL/RVV��ZKLFK�FDOFXODWHG�WKH�WRWDO�FRVWV�DQG�ORVVHV�IRU�WKH�HSLGHPLF��0HXZLVVHQ�HW�DO��������� 9DFFLQDWLRQ� UHODWHG� FRVWV� �DFWXDOO\� GLUHFW� FRVWV�� ZHUH� FRQVLGHUHG� DV� D� VHSDUDWH� FRVWIDFWRU�IRU�UHDVRQV�RI�FRPSDULVRQ�6LPLODU� WR� 1LHOHQ� HW� DO�� �������� D� WZR�WDLOHG�� WZR�VDPSOH� 6WXGHQW¶V� W�WHVW� ZLWK� XQHTXDOYDULDQFH�ZDV�SHUIRUPHG�RQ�PHDQ�ILQDO�RXWFRPHV�RI�WKH�����UHSOLFDWLRQV�SHU�VFHQDULR��LQ�RUGHUWR�WHVW�ZKHWKHU�DOWHUQDWLYHV�YDULHG�VLJQLILFDQWO\�IURP�HDFK�RWKHU�RU�IURP�WKH�QRQ�YDFFLQDWLRQVFHQDULR� �19��� 7R� FRUUHFW� IRU� PXOWLSOH� FRPSDULVRQV�� D� %RQIHUURQL� FRUUHFWLRQ� ZDV� DSSOLHGXVLQJ� D� VLJQLILFDQFH� OHYHO� RI� ����� �-RQHV� DQG� 5XVKWRQ�� ������� )LQDO� RXWFRPHV� WKDW� ZHUHFRPSDUHG�ZHUH�WKH�PHDQ�WRWDO�ORVVHV�DQG�WKH�PHDQ�WRWDO�QXPEHU�RI�LQIHFWHG�IDUPV��GHWHFWHG



���

IDUPV�� SUHYHQWLYHO\� VODXJKWHUHG� IDUPV� DQG� YDFFLQDWHG� IDUPV�� 7HVWLQJ� ZDV� SHUIRUPHG� XVLQJ6366�VRIWZDUH��YHUVLRQ�������
7DEOH������ 7KH�YDFFLQDWLRQ�UHODWHG�FRVWV'HVFULSWLRQ�RI�WKH�FRVWV ¼��IDUP�RU�SLJ���%LRVHFXULW\�FRVW�DQG�WUDQVSRUW�GXULQJ�WKH�HPHUJHQF\�YDFFLQDWLRQ����0DWHULDO�QHHGHG�IRU�D�IDUP�YLVLW��2YHUDOOV��VWHULOH�PDWHULDOV��QR�UH�XVH��D a������¼��IDUP���3UHSDUDWLRQ�QHHGHG�IRU�D�IDUP�YLVLW������K��������¼��K�����������%�7�:��D �����¼��IDUP�����KRXU�IRU�WUDQVSRUW�DQG�K\JLHQH�PHDVXUHV�����KHOSHUV�������¼��K D�DQG���YHWHULQDULDQ�������¼��K E�� ������¼��IDUP

7RWDO� a������¼��IDUP���9DFFLQH�DQG�YDFFLQDWLRQ�DSSOLFDWLRQ�GXULQJ�WKH�HPHUJHQF\�YDFFLQDWLRQ����9DFFLQH �����¼��SLJ���$SSOLFDWLRQ�������SLJV��YDFFLQDWLRQ�JURXS����KRXUV����KHOSHUV�������¼��K D ���K�����YHW��������¼��K E ��� �����¼��SLJ
7RWDO� �����¼��SLJ F���&RVWV�IRU�FRQWLQXHG�YDFFLQDWLRQ��RQO\�IRU�,&7�G����9DFFLQH �����¼��SLJ���9DFFLQDWLRQ�DSSOLFDWLRQ �����¼��SLJ���9HWHULQDU\�YLVLW��������¼��IDUP E� �����¼��SLJ���%LRVHFXULW\�FRVW��QR�KHOSHUV��������¼��IDUP D� �����¼��SLJ7RWDO� �����¼��SLJ HD� &RQVXOWLQJ�VSHFLDOLVW�IURP�$QLPDO�+HDOWK�6HUYLFH��%R[WHO��7KH�1HWKHUODQGV��������E� 5R\DO�1HWKHUODQGV�9HWHULQDU\�$VVRFLDWLRQ��������F� ,W� ZLOO� EH� ����� ¼� �IDWWHQHU� RU� JLOW� SODFH� DQG� ������ ¼� �IDUURZLQJ� SODFH� ��� EUHHGLQJ� VRZ� �� ����SLJOHWV��G� $VVXPLQJ� DQ� DYHUDJH� VRZ� KHUG� RI� ���� EUHHGLQJ� VRZV��9DFFLQDWLRQ� RI� QHZERUQ� SLJOHWV� DQG� UH�LQVHPLQDWLRQ�RI�EUHHGLQJ�VRZV�ZLOO�SUREDEO\�RQO\�KDSSHQ�RQFH�SHU�PRQWK��,Q�WKDW�FDVH�����SLJV�SLJOHWV�DQG�EUHHGLQJ�VRZV��ZLOO�EH�UH�YDFFLQDWHG�HDFK�PRQWK�H� �����¼� �WUHDWHG�SLJ�������� WUHDWHG�SLJV�GD\� ������¼� �IDUURZLQJ�SODFH�GD\�������� WUHDWHG�SLJV� ������EUHHGLQJ�VRZ��GD\���������QHZERUQ�SLJOHWV�VRZ�GD\�

�������6LPXODWLRQ�UHVXOWV
1LHOHQ� HW� DO�� ������� FRPSDUHG� WKH� UHDO� 'XWFK� &6)� HSLGHPLF� ZLWK� YDULRXV� DOWHUQDWLYHHUDGLFDWLRQ� VWUDWHJLHV�� DOO� VLPXODWHG� ZLWK� WKH� ,QWHU&6)� PRGHO� �-DOYLQJK� HW� DO��� ������� $OOVLPXODWHG� VWUDWHJLHV�ZHUH� SHUIRUPHG� ���� WLPHV�� LQ�ZKLFK� WKH� VLPXODWLRQ� WLPH�ZDV� VHW� DW� D



���

PD[LPXP�RI� �� \HDU�� 7KH�PRVW� HIIHFWLYH� VFHQDULR� DFFRUGLQJ� WR�1LHOHQ� HW� DO�� �������ZDV� WRFRPPHQFH�SUHYHQWLYH�VODXJKWHU�ZLWKLQ�D�UDGLXV�RI���NP�IURP�WKH�GD\�RI�WKH�LQLWLDO�GHWHFWLRQ�WKH� VR�FDOOHG� ³SUHYHQWLYH� VODXJKWHU� VFHQDULR´�� UHIHUUHG� WR� LQ� WKLV� SDSHU� DV� WKH� ³QRQ�YDFFLQDWLRQ� VFHQDULR´� �19����&RPSOHWH� UHVXOWV�ZHUH� VKRZQ� LQ�1LHOHQ� HW� DO�� ������� DQG� DUHSDUWO\� VKRZQ� LQ� 7DEOHV� ����� DQG� ������ ,Q� WKH� UHDO� HSLGHPLF�� SUHYHQWLYH� VODXJKWHU� RI� WKHQHLJKERXULQJ� IDUPV�ZDV� RQO\� DSSOLHG� IRU� WKH� ILUVW� WZR� GHWHFWHG� IDUPV� DQG� VWRSSHG� DQG� UH�FRPPHQFHG�WZR�PRQWKV� ODWHU� IRU�DOO�QHZO\�GHWHFWHG�IDUPV��/19���������7DEOH������UHFDOOVWKH�PRVW�LPSRUWDQW�NH\�IHDWXUHV�RI�WKH�UHDO�HSLGHPLF��WKH�VLPXODWHG�HSLGHPLF�DQG�WKH�19��:HFKRVH� WKH� 19� DV� WKH� EDVH� VFHQDULR� ZLWK� ZKLFK� WR� FRPSDUH� DOO� HPHUJHQF\� YDFFLQDWLRQVWUDWHJLHV��,Q�WKH�IXWXUH��SUHYHQWLYH�VODXJKWHU�ZRXOG�PRVW�OLNHO\�EH�DSSOLHG�IURP�WKH�EHJLQQLQJPDNLQJ�WKLV�VFHQDULR�WKH�EHVW�FRPSDULVRQ�IRU�RXU�VLPXODWHG�HPHUJHQF\�YDFFLQDWLRQ�VFHQDULRV�,Q�7DEOH�������ZH�FRPSDUH�WKH�WZR�EDVH�HPHUJHQF\�YDFFLQDWLRQ�VWUDWHJLHV�ZLWK�ERWK�WKH�19VFHQDULR� DQG� ZLWK� HDFK� RWKHU�� )XUWKHUPRUH�� DOO� HPHUJHQF\� YDFFLQDWLRQ� DOWHUQDWLYHV� ZHUHFRPSDUHG� WR� WKH� FRUUHVSRQGLQJ� EDVH� HPHUJHQF\� YDFFLQDWLRQ� VWUDWHJLHV�� ,Q� WRWDO�� ��� W�WHVWFRPSDULVRQV� ZHUH� SHUIRUPHG�� ZKLFK� VHW� WKH� 3�OHYHO� IRU� D� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQPHDQV�WR��������������������
7DEOH����� 6RPH�NH\�IHDWXUHV�RI�WKH�UHDO�'XWFK�&6)�HSLGHPLF��WKH�PHGLDQ�RI�WKH�VLPXODWHGHSLGHPLF�DQG�WKH�PHGLDQ�RI�WKH�QRQ�YDFFLQDWLRQ�VFHQDULR D �-DOYLQJK�HW�DO���1LHOHQHW�DO�������� .H\�IHDWXUHV��PHGLDQ�IRU�VLPXODWLRQV�1XPEHU�RI�IDUPV5HDO�'XWFK�&6)�HSLGHPLFRU�VLPXODWHG�VFHQDULR GHWHFWHG LQIHFWHG 3UHYHQWLYH�VO� 'XUDWLRQ�LQ�GD\V� &RVWV���� ¼��5HDO�'XWFK�&6)�HSLGHPLF ��� " ���� !��� ����6LPXODWHG�'XWFK�HSLGHPLF ���E ��� E ��� E ��� ���� F1RQ�YDFFLQDWLRQ�VFHQDULR �� �� ��� ��� ��� FD� 7KH� SUHYHQWLYH� VODXJKWHU� VFHQDULR� IURP� 1LHOHQ� HW� DO�� ������� LV� LQ� WKLV� SDSHU� FDOOHG� WKH� ³QRQ�YDFFLQDWLRQ�VFHQDULR´��19��E� 1XPEHUV�GLIIHU�VOLJKWO\�IURP�-DOYLQJK�HW�DO����������GXH�WR�VRPH�PLQRU�DGDSWDWLRQV�RI�,QWHU&6)�F� 1XPEHUV� DUH� VOLJKWO\� KLJKHU� WKDQ� LQ� -DOYLQJK� HW� DO�� ������� DQG� 1LHOHQ� HW� DO�� �������� EHFDXVHTXDUDQWLQH�]RQHV�KDG�EHHQ�HUURQHRXVO\�OLIWHG���GD\�WRR�HDUO\�IRU�VRPH�IDUPV�LQ�WKH�LQLWLDO�(SL/RVV�
���������'HOD\HG�GHVWUXFWLRQ�DOWHUQDWLYHV&RPSDUHG�WR�WKH�19�VFHQDULR��''�VWUDWHJLHV��7DEOHV������DQG�������UHGXFHG�ERWK�WKH�QXPEHURI� LQIHFWHG� DQG� GHWHFWHG� IDUPV�� EXW� QRW� VLJQLILFDQWO\�� 7KH� GXUDWLRQ� RI� WKH� HSLGHPLF� ZDVVKDUSO\�UHGXFHG��IRU�H[DPSOH��WKH�PHGLDQ�GHFUHDVHG�IURP�����GD\V�WR�����GD\V�IRU�''�������



���

7KH� QXPEHU� RI� SUHYHQWLYHO\� VODXJKWHUHG� IDUPV� ZDV� VLJQLILFDQWO\� LQFUHDVHG� E\� D� IDFWRU� RIDOPRVW�IRXU��7KH�WRWDO�FRVWV�DQG�ORVVHV�ZHUH�FRPSDUDEOH��H[FHSW�IRU�WKH�H[WUHPH�UHSOLFDWLRQV�,Q� WKH�FDVH�RI�''�� WKH�ZRUVW�FDVHV�VKRZHG�VPDOOHU�HSLGHPLFV��7KH�FRPSRVLWLRQ�RI� WKH�FRVWIDFWRUV�YDULHG�EHWZHHQ�WKH�19�VFHQDULR�DQG�WKH�''�VFHQDULR��7KH�GLUHFW�FRVWV�IRU�SUHYHQWLYHVODXJKWHU� LQ� WKH� FDVH� RI� WKH� ''� YDFFLQDWLRQ� VFHQDULR� ZHUH� QHDUO\� WKUHH� WLPHV� KLJKHU�� 7KHFRQVHTXHQWLDO� ORVVHV� IRU� WKH� IDUPHUV� LQFUHDVHG�� EXW� WKH� GLUHFW� FRVWV� IRU� DQLPDO� ZHOIDUHVODXJKWHU�PHDVXUHV�ZHUH�VKDUSO\�UHGXFHG��&RPSHQVDWLRQ�SDLG�WR�WKH�IDUPHUV�IRU�WKH�EUHHGLQJSURKLELWLRQ��DV�ZHOO�DV�YDFFLQDWLRQ�FRVWV��ZHUH�H[WUDV�DGGLWLRQDO�FRVWV�FRPSDUHG�ZLWK�WKH�19VFHQDULR�7KH� UHVXOWV� RI� WKH� GLIIHUHQW� ''� DOWHUQDWLYHV�� LQFOXGLQJ� WKH� EDVH� YHUVLRQ� �''������� RI� WKLVVFHQDULR��DUH�VKRZQ�LQ�7DEOHV������������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�VL]H�RI�WKHHSLGHPLF��ZKHQ�PD[LPXP�SURWHFWLRQ�ZDV�FKDQJHG�IURP����GD\V�WR�������RU�����7DEOHV�����DQG��������7KH� HIIHFW� RI�SUHYHQWLYH� VODXJKWHU� DFFRUGLQJ� WR� WKH�YDFFLQDWLRQ�UHODWHG�SULRULWLHVZDV�DSSDUHQWO\�JUHDWHU�WKDQ�WKH�YDFFLQH�HIILFDF\�,Q�WKH�EDVH�''�VFHQDULR��''��������ZH�DVVXPHG���GD\V�RI�SUHSDUDWLRQ�EHIRUH�WKH�HPHUJHQF\YDFFLQDWLRQ�DFWXDOO\�EHJDQ��,Q�DOWHUQDWLYHV�,��,,�DQG�,,,��ZH�DVVXPHG�WKDW�LW�WRRN������DQG���GD\V�UHVSHFWLYHO\�WR�SUHSDUH�DQ�HPHUJHQF\�YDFFLQDWLRQ�FDPSDLJQ��IROORZLQJ�WKH�GHFLVLRQ�RQGD\� ��� $� ORQJHU� SUHSDUDWLRQ� WLPH� RQO\� VKRZHG� D� ODUJHU� HSLGHPLF� IRU� WKH� ZRUVW� LWHUDWLRQV�7DEOH� ������� 7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� QXPEHU� RI� GHWHFWHG� IDUPV�� WKHQXPEHU�RI�LQIHFWHG�IDUPV��WKH�QXPEHU�RI�SUHYHQWLYHO\�VODXJKWHUHG�IDUPV�RU�LQ�WKH�FRVWV�ZKHQFRPSDULQJ� WKH� VLPXODWHG� DOWHUQDWLYHV� ZLWK� WKH� EDVH� ''� VFHQDULR� �7DEOHV� ����� DQG� ������&RPSDULQJ� DOWHUQDWLYHV� ,�� ,,� DQG� ,,,� ZLWK� WKH� 19� VFHQDULR�� WKH� QXPEHU� RI� SUHYHQWLYHO\VODXJKWHUHG�IDUPV�ZDV�DOZD\V�VLJQLILFDQWO\�KLJKHU�%\� FKDQJLQJ� WKH� YDFFLQDWLRQ� UDGLXV� IURP� �� NP� WR� �� NP� �DOWHUQDWLYH� ,9��� WKH� QXPEHU� RIGHWHFWHG� IDUPV�ZDV� VOLJKWO\�EXW� QRW� VLJQLILFDQWO\�KLJKHU� FRPSDUHG� WR� WKH� EDVH�''� VFHQDULR�7DEOHV������������DQG��������([FHSW�IRU�WKH�ZRUVW�LWHUDWLRQV��WKH�GXUDWLRQ�RI�WKH�HSLGHPLF�ZDVWKH� VDPH� �UHVXOWV� QRW� VKRZQ��� EXW� WKH� QXPEHU� RI� SUHYHQWLYHO\� VODXJKWHUHG� DQG� YDFFLQDWHGIDUPV�ZDV�VLJQLILFDQWO\�ORZHU�OHDGLQJ�WR�ORZHU�FRVWV��FRPSDUHG�WR�WKH�EDVH�''�VFHQDULR���7KH�� NP� YDFFLQDWLRQ� DOWHUQDWLYH� ZDV� VLJQLILFDQWO\� OHVV� FRVWO\� WKDQ� WKH� 19� VFHQDULR� ��� NPSUHYHQWLYH�VODXJKWHU��PDLQO\�GXH�WR�WKH�VKRUWHU�GXUDWLRQ�RI�WKH�HSLGHPLF�



���

7DEOH����� 5HVXOWV�RI�PXOWLSOH�FRPSDULVRQV��W�WHVWV��EHWZHHQ�WKH�UHVXOWV�RI�WKH�EDVH�VFHQDULR�QRQ�YDFFLQDWLRQ�DQG�GLIIHUHQW�HPHUJHQF\�YDFFLQDWLRQ�DOWHUQDWLYHV�DV�FDOFXODWHG�LQ,QWHU&6)��7KH�FRPSDUHG�PHDQ�RXWFRPH�SDUDPHWHUV�ZHUH�� WKH�QXPEHU�RI� LQIHFWHGIDUPV��,�� WKH�QXPEHU�RI�GHWHFWHG�IDUPV��'���WKH�QXPEHU�RI�SUHYHQWLYH�VODXJKWHUHGIDUPV��3���WKH�QXPEHU�RI�YDFFLQDWHG�IDUPV��9��DQG�WKH�WRWDO�ORVVHV��&���DSSO\LQJWKH� %RQIHUURQL� FRUUHFWHG� VLJQLILFDQFH� OHYHO D�� 6LJQLILFDQWO\� GLIIHUHQW� SDUDPHWHUVDUH�VKRZQ�IRU�FRPSDULVRQ�6FHQDULR ������VLPXODWHG&6)�HSLGHPLF 19 ''����� ,&7����� E

1RQ�YDFFLQDWLRQ�VFHQDULR19 F ,�'�3�& ��G � �'HOD\HG�GHVWUXFWLRQ�DOWHUQDWLYHV''����� ,�'�3�9�& ,H�3�9 � �''���� � ,H�3�9 Q�V�I �''����� � ,H�3�9 Q�V� �''����� � ,H�3�9 Q�V� �''����, � ,H�3�9 Q�V� �''����,, � ,H�3�9�&H Q�V� �''����,,, � ,H�3�9 ,H �''����,9 � 9�& 3�9��&H �''����9 � ,H�3�9 Q�V� �,QWUD�FRPPXQLW\�WUDGH�DOWHUQDWLYHV,&7����� ,�'�3�9�& ,H�3�9�& 3�& �,&7���� � ,H�3�9�& � ,�'�&,&7����� � ,H�3�9�& � Q�V�,&7����� � ,H�3�9�& � Q�V�,&7����, � ,H�3�9�& � Q�V�,&7����,, � ,H�3�9�& � Q�V�,&7����,,, � 3�9�&H � ,�'�9�&,&7����,9 � ,H�3�9�& � ,H�'H�9,&7����9, � ,H�3�9�& � 3D� %RQIHUURQL� FRUUHFWHG� VLJQLILFDQFH� OHYHO� IRU� WKH� WZR�WDLOHG� WHVW� ZDV� ���������� EDVHG� RQ� ��FRPSDULVRQV�IRU�3��������E� ,Q�FDVH�RI�,&7��SUHYHQWLYH�VODXJKWHU�LV�ZLWK�RQH�H[FHSWLRQ��DOWHUQDWLYH�9,��QHYHU�DSSOLHG�F� 9DFFLQDWLRQ�ZDV�QRW�DSSOLHG�LQ�WKH�VLPXODWHG�'XWFK�&6)�HSLGHPLF�DQG�LQ�WKH�19�VFHQDULR�G� 1RW�WHVWHG�H� ,I� WKH�%RQIHUURQL� FRUUHFWHG� VLJQLILFDQFH� OHYHO�ZDV� QRW� DSSOLHG�� WKLV� SDUDPHWHU�ZRXOG� KDYH� EHHQVLJQLILFDQW�DW�D  ������I� 1RQH�RI�WKH�FRPSDUHG�SDUDPHWHUV�ZHUH�VLJQLILFDQW�IRU�D  ������Q�V�� �QRW�VLJQLILFDQW��RU�IRU�WKH%RQIHUURQL�FRUUHFWHG�VLJQLILFDQFH�OHYHO�D  ���������
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7DEOH����� 1XPEHU�RI� IDUPV�GHWHFWHG�DQG�SUHYHQWLYH�VODXJKWHUHG�IRU�GLIIHUHQW�VLPXODWHGHPHUJHQF\�YDFFLQDWLRQ�VFHQDULRV6FHQDULR ��'HWHFWLRQ ��3UHYHQWLYH�VODXJKWHU D &RVWV���� ¼���� �������� ���� �������� ���� ��������'HOD\HG�GHVWUXFWLRQ�VFHQDULRV E''����� �� ������� ���� ��������� ��� ��������''���� �� ������ ���� ��������� ��� ���������''����� �� ������ ���� ��������� ��� ��������''����� �� ������� ���� ��������� ��� ���������''����, �� ������� ���� ��������� ��� ���������''����,, �� ������� ���� ��������� ��� ���������''����,,, �� ������ ���� ��������� ��� ��������''����,9 �� ������ ��� �������� ��� ���������''����9 �� ������ ���� ��������� ��� ���������,QWUDFRPPXQLW\�WUDGH,&7����� �� ������ � F � ��� �������,&7���� �� ����� � � ��� �������,&7����� �� ������ � � ��� �������,&7����� �� ������ � � ��� �������,&7����, �� ������ � � ��� �������,&7����,, �� ������ � � ��� �������,&7����,,, ��� ������ � � ��� �������,&7����,9 �� ������ � � ��� �������,&7����9, F �� ������ ��� F ������� F ��� �������D� ,Q�FDVH�RI�''��SUHYHQWLYH�VODXJKWHU�LQFOXGHV�DOO�YDFFLQDWHG�IDUPV�E� $OO� IDUPV� LQ� D� GHILQHG� YDFFLQDWLRQ� ]RQH� ����� NP�� ZLOO� EH� VODXJKWHUHG� IURP� GD\� �� RQZDUGV�� LIGHVWUXFWLRQ�FDSDFLWLHV�DUH�DYDLODEOH�� LQGHSHQGHQW�RI� WKH�YDFFLQDWLRQ�SUHSDUDWLRQ� WLPH��([FHSW� IRUDOWHUQDWLYH�,�XQWLO�,,,�WKLV�ZLOO�EH�DOZD\V���GD\V�H[WUD��,W�ZLOO�EH���GD\V�IRU�DOWHUQDWLYH�,����GD\V�IRUDOWHUQDWLYH�,,�DQG����GD\V�IRU�DOWHUQDWLYH�,,,�F� ,Q� FDVH� RI� ,&7�� SUHYHQWLYH� VODXJKWHU� LV� RQO\� DSSOLHG� LQ� VWUDWHJ\�9,��ZKHUH� RQO\� QRQ�YDFFLQDWHGIDUPV�FDQ�EH�SUHYHQWLYHO\�VODXJKWHUHG�
���������,QWUDFRPPXQLW\�WUDGH�DOWHUQDWLYHV7KH� UHVXOWV� RI� WKH� GLIIHUHQW� ,&7� DOWHUQDWLYHV�� LQFOXGLQJ� WKH� EDVH� YHUVLRQ� �,&7������� RI� WKLVVFHQDULR�� DUH� VKRZQ� LQ� 7DEOHV� ����������� ,Q� FRPSDULVRQ� WR� WKH�19� VFHQDULR�� WKH� ,&7� EDVHVFHQDULR� ZDV� VLJQLILFDQWO\� FKHDSHU� �DVVXPLQJ� QR� FRVW� DQG� ORVVHV� IRU� WKH� SRVW�YDFFLQDWLRQ]RQH��� 3UHYHQWLYH� VODXJKWHU� ZDV� QRW� DSSOLHG� LQ� WKH� ,&7� VFHQDULR� DYRLGLQJ� WKH� ODUJHFRPSHQVDWLRQ� FRVWV�� )XUWKHUPRUH�� WKH� FRQVHTXHQWLDO� ORVVHV� RI� WKH� IDUPHUV� ZHUH� VPDOOHUFRPSDUHG�ZLWK�WKH�19�VFHQDULR��1R�GLIIHUHQFH�FRXOG�EH�IRXQG�IRU�WKH�QXPEHU�RI�GHWHFWHG�DQG



���

LQIHFWHG� KHUGV�� H[FHSW� IRU� WKH� ZRUVW� LWHUDWLRQV�� 7KH� VDPH� ZDV� WUXH� IRU� WKH� GXUDWLRQ� RI� WKHHSLGHPLF�� ZKHQ� GHGXFWLQJ� WKH� ���� GD\V� SRVW�YDFFLQDWLRQ� ]RQH� �7DEOHV� ����� DQG� ������&RPSDULQJ� WKH� ,&7� EDVH� VFHQDULR�ZLWK� WKH�''� EDVH� VFHQDULR�� QR� IDUPV�ZHUH� SUHYHQWLYHO\VODXJKWHUHG��)XUWKHUPRUH��WKH�FRVWV�ZHUH�VLJQLILFDQWO\�ORZHU�7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�VL]H�RI�WKH�HSLGHPLF�ZKHQ�WKH�PD[LPXP�SURWHFWLRQOHYHO� ZDV� YDULHG� IURP� ��� GD\V� WR� ��� RU� ��� GD\V� �7DEOHV� ����� DQG� ������� +RZHYHU�� ZKHQPD[LPXP�SURWHFWLRQ�ZDV� UHDFKHG� LQ� �� GD\V�� WKH� HSLGHPLF�ZDV� VKRUWHU�ZLWK� D� VLJQLILFDQWO\ORZHU� QXPEHU� RI� LQIHFWHG� DQG� GHWHFWHG� SUHPLVHV�� 7KLV� DOWHUQDWLYH� ZDV� FRQVHTXHQWO\� OHVVFRVWO\�WKDQ�WKH�VLPXODWHG�EDVH�,&7��,Q�FRPSDULVRQ�ZLWK�WKH�19�VFHQDULR��DOO�WKUHH�DOWHUQDWLYHVZHUH�VLJQLILFDQWO\�OHVV�FRVWO\�7KHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� ZKHQ� FRPSDULQJ� DOWHUQDWLYHV� ,� DQG� ,,� RI� WKHLQWUDFRPPXQLW\� WUDGH�ZLWK� WKH� EDVH� ,&7� �7DEOHV� ����� DQG� ������� $� VOLJKW� �QRW� VLJQLILFDQW�WHQGHQF\� RI� D� GHFUHDVHG� �LQFUHDVHG�� HSLGHPLF�ZDV� IRXQG� LI� WKH� SUHSDUDWLRQ� WLPH� GHFUHDVHG�LQFUHDVHG�� E\� �� GD\V�� +RZHYHU�� DOWHUQDWLYH� ,,,� ���� GD\V� SUHSDUDWLRQ� WLPH�� FDXVHG� DVLJQLILFDQWO\�ODUJHU�HSLGHPLF�ZLWK�VLJQLILFDQWO\�PRUH�GHWHFWHG��LQIHFWHG�DQG�YDFFLQDWHG�IDUPV�DV�ZHOO�DV�LQFUHDVHG�FRVWV�DQG�ORVVHV���$OWHUQDWLYHV�,�DQG�,,�ZHUH�VLJQLILFDQWO\�FKHDSHU�ZKHQFRPSDUHG�ZLWK�WKH�19�VFHQDULR�LQ�FRQWUDVW�WR�VFHQDULR�,,,�
7DEOH����� &RPSDULQJ�GLUHFW�FRVWV�DQG�ORVVHV�RI�WKH�EDVH�VFHQDULR�ZLWK�DOWHUQDWLYH�,9�IRU�WKHLQWUDFRPPXQLW\� WUDGH� VWUDWHJ\� �,&7�� DQG� IRU� WKH� GHOD\HG� GHVWUXFWLRQ� VWUDWHJ\�''��6FHQDULR ''����� ''����,9 ,&7����� ,&7����,9��� ������ ��� ������� ��� ������� ��� �������'LUHFW�FRVWV�LQ���� ¼��6WDPSLQJ�RXW�LQIHFWHGKHUGV � ���� � ���� �� ���� �� ����
3UHYHQWLYH�VODXJKWHU D ��� ������� �� ����� � � � �:HOIDUH�VODXJKWHU ��� ������� ��� ������� ��� ������� ��� �������%UHHGLQJ�SURKLELWLRQ � ��� ��� ������� � � � �&RVWV�RI�RUJDQLVDWLRQ �� ����� �� ����� �� ����� �� �����&RQVHTXHQWLDO�ORVVHV�LQ���� ¼� IRU��)DUPHUV �� ������ �� ����� �� ����� �� �����5HODWHG�LQGXVWULHV ��� ������� ��� ������ ��� ������ ��� ������9DFFLQDWLRQ�FRVWV � ��� ��� ������� � ��� ��� �������7RWDO�ORVVHV ��� ������� ��� ������� ��� ������� ��� �������D� ,Q�FDVH�RI�''��SUHYHQWLYH�VODXJKWHU�LQFOXGHV�DOO�YDFFLQDWHG�IDUPV�
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$���NP�YDFFLQDWLRQ�UDGLXV�VLJQLILFDQWO\�UHGXFHG�WKH�QXPEHU�RI�YDFFLQDWHG�IDUPV��IRU�H[DPSOHWKH�PHGLDQ�GHFUHDVHG�IURP������YDFFLQDWHG�IDUPV�WR������UHVXOW�QRW�VKRZQ����7KH�QXPEHU�RILQIHFWHG� DQG� GHWHFWHG� IDUPV� ZDV� VOLJKWO\� KLJKHU� �QRW� VLJQLILFDQWO\�� FRPSDUHG� WR� WKH� EDVH�7DEOHV������������������$SSO\LQJ� SUHYHQWLYH� VODXJKWHU� LQ� ,&7� DOWHUQDWLYH� 9,� VKRZHG� QR� GLIIHUHQFH� LQ� WKHHSLGHPLRORJLFDO�SDUDPHWHUV�DQG�GLG�QRW�LQFUHDVH�WKH�WRWDO�FRVWV�VLJQLILFDQWO\��7DEOHV������DQG������
�������'LVFXVVLRQ
$OWKRXJK�WKH�(8�UHJXODWLRQV�FXUUHQWO\�SURKLELW�URXWLQH�YDFFLQDWLRQ�DJDLQVW�&6)��LW�LVH[SHFWHG�WKDW�WKH�GHYHORSPHQW�RI�D�PDUNHU�YDFFLQH�ZLOO�OHDG�WR�D�UHDVVHVVPHQW�RI�WKH�QRQ�YDFFLQDWLRQ�SULQFLSOH��/DGGRPDGD�DQG�:HVWHUJDDUG���������7KHUHIRUH��WKH�PDLQ�JRDO�RI�RXUVLPXODWLRQV�ZDV�WR�DQDO\VH�GLIIHUHQW�SRVVLEOH�HPHUJHQF\�YDFFLQDWLRQ�FDPSDLJQV��ZKLFK�FRXOGKDYH�EHHQ�DSSOLHG�LQ�WKH�'XWFK�&6)�HSLGHPLF��7KH�YDFFLQDWLRQ�DOWHUQDWLYHV�ZHUH�FRPSDUHGZLWK�WKH�19�VFHQDULR�GLVFXVVHG�LQ�1LHOHQ�HW�DO����������7KH�19�VFHQDULR�ZDV�FRQVLGHUHG�WR�EHWKH�PRVW�HIIHFWLYH�WKDW�FRXOG�KDYH�EHHQ�DFKLHYHG�XVLQJ�WKH�UHJXODU�FRQWURO�PHDVXUHV�
���������&RPSDULVRQ�RI�YDFFLQDWLRQ�VWUDWHJLHV7KH�UHVXOWV�RI�WKH�VLJQLILFDQFH�WHVWLQJ�VKRXOG�EH�XVHG�ZLWK�FDXWLRQ��DV�ZLWK�PRUH�UHSOLFDWLRQVHYHQ�VPDOOHU�GLIIHUHQFHV�EHWZHHQ�DOWHUQDWLYHV�ZRXOG�KDYH�EHFRPH�VLJQLILFDQW��7KH�GXUDWLRQRI� WKH� HSLGHPLF� FRXOG�QRW� EH� WHVWHG� LQ� WKH� FXUUHQW� VLPXODWLRQV� EHFDXVH� WKH� HSLGHPLFV�ZHUHDOZD\V� VWRSSHG� DW� ���� GD\V�� 2WKHU� XVHIXO� SDUDPHWHUV� QRW� WHVWHG� �VXFK� DV� WKH� FRVW� IDFWRUV�FRXOG�ODUJHO\�EH�H[SODLQHG�E\�FKDQJHV�LQ�XQGHUO\LQJ�SDUDPHWHUV�7KH�PDLQ�JRDOV�RI� DQ\�HPHUJHQF\�YDFFLQDWLRQ� VWUDWHJ\� �UHGXFHG�QXPEHU�RI� LQIHFWHG�KHUGV�ZHUH�UHDFKHG�LQ�ERWK�HPHUJHQF\�YDFFLQDWLRQ�VFHQDULRV�FRPSDUHG�WR�WKH�19�VWUDWHJ\��7KH�''VWUDWHJ\�VHHPHG�WR�EH�WKH�PRVW�HIIHFWLYH�VWUDWHJ\�IRU�UHGXFLQJ�GXUDWLRQ�DQG�VL]H�RI�DQ�HSLGHPLF�$�VKRUWHU�HSLGHPLF�ZRXOG�OHDG�WR�D�UHGXFWLRQ�LQ�GLUHFW�FRVWV�SDLG�IRU�DQLPDO�ZHOIDUH�VODXJKWHUPHDVXUHV�DQG�IRU�RUJDQLVDWLRQ��)RU�WKH�''�VWUDWHJ\�WKH�UHGXFWLRQ�ZDV�FRXQWHUHG�E\�WKH�KLJKHUSUHYHQWLYH� GHSRSXODWLRQ� FRVWV� �DOO� YDFFLQDWHG� IDUPV�� DV� ZHOO� DV� WKH� KLJKHU� FRQVHTXHQWLDOORVVHV� IRU� IDUPHUV�� 9DFFLQDWLRQ� FRVWV� ZHUH� RQO\� RI� PLQRU� LPSRUWDQFH�� ([FHSW� IRU� WKH� ��WKSHUFHQWLOH��''�ZDV�OHVV�FRVWO\���QR�RYHUDOO�GLIIHUHQFH�FRXOG�EH�IRXQG�EHWZHHQ�D�''�VFHQDULRDQG�WKH�19�VWUDWHJ\�,&7�UHOLHV�HQWLUHO\�RQ�D�UHOLDEOH�DQG�HDV\�WR�KDQGOH�VHURORJLFDO�WHVW��3UHVXPLQJ�QR�KLQGUDQFHRQ�WKH�(8�PDUNHW�IRU�SLJ�PHDW�RULJLQDWLQJ�IURP�YDFFLQDWHG�SLJV�DQG�QR�H[WUD�FRVW�DQG�ORVVHVIRU�WKH�SRVW�YDFFLQDWLRQ�]RQH��,&7�ZDV�VLJQLILFDQWO\�FKHDSHU�WKDQ�19�RU�''��7KH�YDFFLQDWLRQ



���

FRVWV�ZHUH�PRUH�WKDQ�FRPSHQVDWHG�IRU�E\�WKH�UHGXFWLRQ�LQ�WKH�GLUHFW�FRVWV�SDLG�IRU�SUHYHQWLYHVODXJKWHU�DQG�LQ�WKH�FRQVHTXHQWLDO�ORVVHV��)XUWKHUPRUH��WKH�QXPEHUV�RI�LQIHFWHG�DQG�GHWHFWHGIDUPV�ZHUH�RQ�DYHUDJH�VPDOOHU� �EXW�QRW�VLJQLILFDQWO\�� IRU� ,&7�WKDQ� IRU�19��7KH�ZRUVW�FDVHLWHUDWLRQV� IRU� ,&7�ZHUH� QHYHU� DV� VHYHUH� DV� IRU� WKH� 19� VFHQDULR�� $Q� HWKLFDO� DV� ZHOO� DV� DQHFRQRPLF� DGYDQWDJH� RI� WKLV� VWUDWHJ\�� FRPSDUHG� WR�19� DQG� DOVR� WR�''�� LV� WKDW� �H[FHSW� IRUDQLPDO�ZHOIDUH�VODXJKWHU�LQ�WKH�TXDUDQWLQH�]RQH��QR�KHDOWK\�SLJV�QHHG�WR�EH�GHVWUR\HG�7KH�HIIHFWLYHQHVV�RI�WKH�''�VWUDWHJ\�ZDV�PDLQO\�GXH�WR�WKH�DSSOLHG�SUHYHQWLYH�GHSRSXODWLRQRI�WKH�YDFFLQDWLRQ�]RQHV�LQ�ZKLFK�IDUPV�ZLWK�WKH�KLJKHVW�ULVN�KDG�WKH�KLJKHVW�SULRULW\��:KHQVLPXODWLQJ� DQ� 19� VFHQDULR� ZLWK� D� �� NP� SUHYHQWLYH� VODXJKWHU� UDGLXV� EXW� ZLWKRXW� DFODVVLILFDWLRQ�LQWR�ULVN�W\SHV��WKH�DYHUDJH�HSLGHPLF�LQFUHDVHG�IURP�����WR�����GHWHFWHG�IDUPV�UHVXOWV�QRW�VKRZQ���7KHUHIRUH��WKH�HIIHFWLYHQHVV�RI�WKH�''�VFHQDULR�ZDV�SDUWO\�WKH�UHVXOW�RIWKH� FODVVLILFDWLRQ� LQWR� ULVN� W\SHV� DQG� SDUWO\� EDVHG� RQ� WKH� UHGXFHG� YLUXV� VSUHDG� GXH� WRYDFFLQDWLRQ��7KH�ODWWHU�HIIHFW�LV�PDLQO\�RI�LPSRUWDQFH�LQ�ODUJH�HSLGHPLFV�DQG�VHYHUHO\�OLPLWHGGHVWUXFWLRQ�FDSDFLW\�$�VPDOO�FKDQJH�LQ�WKH�HIIHFWLYHQHVV�RI�WKH�YDFFLQH�������������GD\V�WR�PD[LPXP�SURWHFWLRQ�KDG� QR� H[WUD� LQIOXHQFH� RQ� WKH� HSLGHPLF� IRU� HLWKHU� HPHUJHQF\� YDFFLQDWLRQ� VWUDWHJ\�� 2QO\� DYHU\�HIIHFWLYH�YDFFLQH��PD[LPXP�SURWHFWLRQ�LQ���GD\V��VLJQLILFDQWO\�UHGXFHG�WKH�HSLGHPLF�IRUWKH�,&7�VFHQDULR��7KH���GD\V�UHIHUV�PRUH�RU�OHVV�WR�WKH�HIIHFWLYHQHVV�RI�WKH�FRQYHQWLRQDO�QRQ�PDUNHU�&6)� YDFFLQH�� DV� KDV� EHHQ� XVHG� KLVWRULFDOO\� LQ�'XWFK� HSLGHPLFV� �%UXV�� ������ 7LHOHQ�������:H�SUHVXPHG�D�IDVW�LPSOHPHQWDWLRQ�EDVHG�RQ�FOHDU�FULWHULD�DERXW�ZKHUH�DQG�ZKHQ�WR�EHJLQ�DQHPHUJHQF\� YDFFLQDWLRQ� FDPSDLJQ� �t �� GHWHFWLRQV� LQ� WKH� �VW ZHHN�� FRPELQHG� ZLWK� D� VKRUWSUHSDUDWLRQ�WLPH�RI���GD\V��$�ORQJHU�GHOD\��DOWHUQDWLYH�,,,��KDG�D�QHJDWLYH�HIIHFW�HVSHFLDOO\�LQWKH�FDVH�RI� WKH�,&7�DOWHUQDWLYH��7KLV�HIIHFW�ZDV�PXFK� ORZHU� IRU� WKH�''�DOWHUQDWLYH�EHFDXVHWKLV� VFHQDULR� DOVR� GHSHQGHG� RQ� ULVN�EDVHG� GHSRSXODWLRQ� DV� D� FRQWURO� PHDVXUH� IURP� GD\� �RQZDUGV�&KDQJLQJ�WKH�SUHYHQWLYH�VODXJKWHU�UDGLXV�IURP������P�WR�����P�LQ�WKH�''�VFHQDULR�KDG�QRQHJDWLYH�HIIHFW��EHFDXVH�WKH�����P�SUHYHQWLYH�VODXJKWHU�ZDV�RQO\�DSSOLHG�LQ�WKH�ILUVW�ZHHN�RIWKH�HSLGHPLF��IROORZHG�E\�D���NP�YDFFLQDWLRQ�DQG�SUHYHQWLYH�VODXJKWHU�]RQH�$SSO\LQJ� SUHYHQWLYH� VODXJKWHU� DV� DQ� DGGLWLRQDO� PHDVXUH� LQ� WKH� ,&7� VFHQDULR� VKRZHG� QRVLJQLILFDQW� HIIHFW� RQ� WKH� FRXUVH� RI� WKH� HSLGHPLF�� 7KH� PDLQ� HIIHFW� ZDV� WR� FKDQJH� WKHFRPSRVLWLRQ�RI�WRWDO�FRVWV��KLJKHU�FRQVHTXHQWLDO�ORVVHV�IRU�IDUPHUV��H[WUD�GHSRSXODWLRQ�FRVWV�ORZHU�FRVWV�IRU�DQLPDO�ZHOIDUH�VODXJKWHU�$�UHGXFWLRQ�LQ�WKH�YDFFLQDWLRQ�UDGLXV�IURP���NP�WR���NP�ZDV�VLJQLILFDQWO\�FKHDSHU�WKDQ�WKH19�VFHQDULR�� IRU�''�GXH� WR� D� UHGXFHG�QXPEHU�RI�SUHYHQWLYHO\� VODXJKWHUHG� IDUPV�� IRU�ERWK''�DQG�,&7�GXH�WR�UHGXFHG�YDFFLQDWLRQ�FRVWV��+RZHYHU��SRWHQWLDOO\�WKH�FRQWURO�RI�WKH�SRVW�YDFFLQDWLRQ�]RQH�FRXOG�EHFRPH�PRUH�GLIILFXOW��WKXV��PRUH�FRVWO\��IRU�,&7�
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���������0RGHO�FRQVWUDLQWV$�GLVFULPLQDWRU\�GLDJQRVWLF�WHVW�ZLWK�D�VSHFLILFLW\�RI�OHVV�WKDQ���FRXOG�OHDG�WR�WKH�GHWHFWLRQ�RIIDOVH�SRVLWLYH�IDUPV��$V�D�FRQVHTXHQFH��QHZ�TXDUDQWLQH�]RQHV�ZRXOG�EH�LQVWDOOHG�DQG�KHDOWK\SLJ�IDUPV�ZRXOG�EH�VODXJKWHUHG�RXW��$�KLJK�OHYHO�RI�VHQVLWLYLW\�LV�UHTXLUHG�EHFDXVH�ZH�ZDQW�WRGHWHFW� DOO� LQIHFWHG� IDUPV�� ,Q� WKH� FXUUHQW� VLPXODWLRQV�� ZH� DVVXPHG� D� VSHFLILFLW\� RI� ��VLPSOLILFDWLRQ� UHDVRQV�� ZKHUHDV� WKH� VHQVLWLYLW\� ZDV� EDVHG� RQ� WKH� FXUUHQW� FRQYHQWLRQDOGLDJQRVWLF� WHVW�� 6R� LQ� RXU� VLPXODWLRQ�� ZH� GHWHFWHG� QHDUO\� DOO� LQIHFWHG� IDUPV� EXW� ZH� ZRXOGQHYHU�³ILQG´�IDOVH�SRVLWLYH�IDUPV�7KH�DGGLWLRQ�RI�YHUWLFDO�WUDQVPLVVLRQ��WKH�VRZ�FRQYH\V�WKH�LQIHFWLRQ�WR�LWV�XQERUQ�RIIVSULQJ�ZRXOG�KDYH�PHDQW�D�FRPSOHWH�RYHUKDXO�RI�WKH�WUDQVPLVVLRQ�VWUXFWXUH�LQ�WKH�PRGHO��-DOYLQJK�HWDO�� ������� DQG� ZDV� H[FOXGHG�� ,Q� WKH� FDVH� RI� ,&7�� YHUWLFDO� WUDQVPLVVLRQ� FRXOG� OHDG� WR� DQXQGHUHVWLPDWLRQ� RI� WKH� HSLGHPLF�� :H� DVVXPHG� DQ� LQIHFWLRXV� SHULRG� RI� RQO\� �� PRQWK� IRUYDFFLQDWHG� DQG� ODWHU�LQIHFWHG� IDUPV� L�H� IDUPV� LQIHFWHG� DW� D� ODWHU� VWDJH� �ZKLFK� GRHV� QRW� WDNHLQWR� FRQVLGHUDWLRQ� WKH� ELUWK� RI� FDUULHU� SLJOHWV�� ZKHUHDV� DOO� RWKHU� LQIHFWHG� IDUPV� UHPDLQHGLQIHFWLRXV�XQWLO�VODXJKWHULQJ�WRRN SODFH�:H�DVVXPHG� WKDW�RQO\�YDFFLQDWHG�DQG� ODWHU�LQIHFWHG�IDUPV�ZRXOG�VKRZ�D� UHGXFWLRQ� LQ�YLUXVVSUHDG��IXUWKHU�UHVHDUFK�LV�QHHGHG���,QIHFWHG�IDUPV�DQG�WKRVH�YDFFLQDWHG�DW�D�ODWHU�VWDJH�ZHUHVXSSRVHG�WR�VWD\�LQIHFWLRXV�XQWLO�GHWHFWLRQ�ZLWKRXW�DQ\�UHGXFWLRQ�LQ�LQIHFWLRQ�OHYHOV��%HFDXVHWKHVH�IDUPV�KDG�D�KLJK�SUREDELOLW\�RI�EHLQJ�GHWHFWHG�HDUOLHU�GXH�WR�YDFFLQDWLRQ��WKHLU�HIIHFW�RQWKH� RXWFRPHV� LV� UDWKHU� VPDOO�� 9DFFLQDWLRQ� DFWLYLWLHV� FRXOG� DOVR� OHDG� WR� HDUOLHU� GHWHFWLRQ� RILQIHFWHG�IDUPV��EXW�WKH�HIIHFW�RQ�WKH�VLPXODWLRQ�RXWSXWV�ZDV�UDWKHU�VPDOO��UHVXOWV�QRW�VKRZQ��:H� DVVXPHG� PD[LPXP� SURWHFWLRQ� RI� DOO� YDFFLQDWHG� IDUPV� GXULQJ� WKH� ���� GD\� SRVW�YDFFLQDWLRQ�]RQH��7KLV�LV�DQ�RYHU�HVWLPDWLRQ�EHFDXVH�WKH�QXPEHU�RI�QRQ�YDFFLQDWHG�SLJV�ZLOOLQFUHDVH� LQ� WKDW� SHULRG�� 7KH� GXUDWLRQ� RI� PDWHUQDO� LPPXQLW\� DJDLQVW� WUDQVPLVVLRQ� ZDV� QRWPRGHOOHG� EXW�ZRXOG�UHGXFH�WKH�DERYH�RYHUHVWLPDWLRQ��$W�WKH�UHPRYDO�RI�D�SRVW�YDFFLQDWLRQ]RQH�� WKH� SURWHFWLRQ� OHYHO� RI� DOO� YDFFLQDWHG� IDUPV� ZDV� VHW� WR� ]HUR�� OHDGLQJ� WR� DQXQGHUHVWLPDWLRQ�RI�WKH�YDFFLQDWLRQ�HIIHFW�1R� UHGXFWLRQ� LQ� WKH� HIIHFWLYHQHVV� RI� WKH� YDFFLQH� ZDV� DVVXPHG� LQ� WKH� FDVH� RI� PDWHUQDOLPPXQLW\�RI�WKH�SLJOHWV��)RU�VLPXODWLRQ�DW�WKH�DQLPDO�OHYHO��WKH�HIIHFW�RI�PDWHUQDO�LPPXQLW\DJDLQVW�YLUXV�WUDQVPLVVLRQ�QHHGV�WR�EH�TXDQWLILHG��,QWHU&6)�VLPXODWHV�DW�WKH�KHUG�OHYHO�9DFFLQDWLRQ�KDV�VRPH�GLVDGYDQWDJHV�DQG�SRVVLEO\�KD]DUGV�DV�LW�PD\�HQJHQGHU�D�IDOVH�VHQVH�RIVHFXULW\��OHDGLQJ�WR�UHOD[DWLRQ�RI�RWKHU�FRQWURO�PHDVXUHV�DQG�RU�OHVV�VWULFW�VDQLWDU\�EHKDYLRXURI�SHRSOH�LQYROYHG���$QRQ\PRXV���������,Q�RXU�VLPXODWLRQV��ZH�SUHVXPHG�QR�UHOD[DWLRQ�7KH�KLJK�QXPEHU�RI�UHTXLUHG�GLDJQRVWLF�WHVWV�FRXOG�OHDG�WR�D�GHOD\�LQ�GLDJQRVLV��7KLV�HIIHFWZDV�QRW�FRQVLGHUHG�DV�VXFK�LQ�RXU�VLPXODWLRQ�PRGHO��:H�DVVXPHG�D�PLQLPXP����GD\V�LQVWHDGRI����GD\V�EHIRUH�UHPRYLQJ�WKH�VWDQGVWLOO��WR�PLPLF�D�ZDLWLQJ�SHULRG�IRU�WKH�ODERUDWRU\�UHVXOWV�



���

,Q� VLPXODWLQJ� WKH� DFWXDO�'XWFK�&6)� HSLGHPLF��ZH� NQHZ� LQ� DGYDQFH� WKDW�ZH�ZRXOG� KDYH� DODUJH�HSLGHPLF� LQ�D�YHU\�GHQVHO\�SRSXODWHG�DUHD��7KXV�� WKH�GHFLVLRQ� WR�EHJLQ�DQ�HPHUJHQF\YDFFLQDWLRQ� FDPSDLJQ� ZDV� EDVHG� RQ� RQO\� D� VLQJOH� FULWHULRQ� LQ� WKH� FXUUHQW� VWXG\� �L�H�� �GHWHFWLRQV�LQ�WKH�ILUVW�ZHHN���,Q�D�PRUH�JHQHULF�PRGHO��IXUWKHU�FULWHULD�PD\�EH�FRPSDUHG��VXFKDV�SLJ�GHQVLW\�RU�WKH�WRWDO�QXPEHU�RI�RXWEUHDNV�LQ�UHODWLRQ�WR�WKH�OHQJWK�RI�WKH�HSLGHPLF��
���������(FRQRPLF�PRGHO�FRQVWUDLQWV%UHHGLQJ� SURKLELWLRQ� ZDV� QRW� VLPXODWHG� EXW� WKH� FRPSHQVDWLRQ� SDLG� WR� WKH� IDUPHUV� ZDVFDOFXODWHG�LQ�(SL/RVV��%HFDXVH�D�GHFUHDVLQJ�SLJ�SRSXODWLRQ�ZDV�RQO\�FRQVLGHUHG�IRU�IDWWHQLQJIDUPV�LQ�D�TXDUDQWLQH�]RQH��0HXZLVVHQ�HW�DO����������WKH�WRWDO�GHSRSXODWLRQ�FRVWV�FRXOG�KDYHEHHQ� RYHUHVWLPDWHG� �HVSHFLDOO\� LQ� ODUJH� HSLGHPLFV�� LQ� WKH� FDVH� RI� ''�� ,Q� RUGHU� WR� PDNHFRPSDULVRQV�ZLWK�19�ZH�DFFHSWHG�WKLV�VOLJKW�RYHUHVWLPDWLRQ�E\�QRW�DGDSWLQJ�(SL/RVV�6HURORJLFDO� FRVWV�ZHUH� RQO\� LQFRUSRUDWHG� DV� D� OXPS� VXP� SHU� WHVWHG� IDUP� GHULYHG� IURP� WKH'XWFK�&6)�HSLGHPLF��6HURORJLFDO�FRVW�FDOFXODWLRQV�EDVHG�RQ�IDUP�VL]H�DQG�W\SH�ZRXOG�DOORZEHWWHU�DQG�PRUH�GHWDLOHG�FRPSDULVRQV�RI�GLIIHUHQW�VLPXODWHG�DOWHUQDWLYHV�7KH�GLUHFW�FRVWV�IRU�DQLPDO�ZHOIDUH�VODXJKWHU�PHDVXUHV�ZHUH�EDVHG�RQ�DYHUDJH�SLJ�SULFHV�RYHUWKH�\HDU������EHFDXVH�QR�PDUNHW� UHDFWLRQ�ZDV�VLPXODWHG�� ,Q�D� UHDO�HSLGHPLF��FRPSHQVDWLRQSDLG� IRU� DQLPDO� ZHOIDUH� VODXJKWHU� PHDVXUHV� LV� EDVHG� RQ� VODXJKWHU� SULFHV�� ZKLFK� IOXFWXDWHZHHNO\��,Q�WKH�FDVH�RI�D�ODUJH�HSLGHPLF��WKH�GHPDQG�DQG�WKH�VXSSO\�RI�JURZHUV�� DQG�IDWWHQHUVZLOO� FHUWDLQO\� EH� LQWHUUXSWHG� RU� GLVWRUWHG� �ZKLFK�ZRXOG� OHDG� WR� ODUJH� SULFH�PRYHPHQWV� �VHH$VVHOGRQN� HW� DO��� �������� /DUJH� SULFH� FKDQJHV� ZRXOG� PDLQO\� LQIOXHQFH� WKH� GLUHFW� FRVWV� RIDQLPDO� ZHOIDUH� VODXJKWHU� PHDVXUHV� DV� ZHOO� DV� WKH� FRQVHTXHQWLDO� ORVVHV� RI� WKH� IDUPHUVVXEMHFWHG�WR�FRQWURO�PHDVXUHV��VXFK�DV�KLJKHU�UHSRSXODWLQJ�FRVWV���&RQVXPHU�EHKDYLRXU�LV�QRWDOZD\V� UDWLRQDO� DQG� D� VHYHUH� UHDFWLRQ� DJDLQVW� YDFFLQDWHG�PHDW� FRXOG� OHDG� WR� D� GUDVWLF� SULFHGURS��QRW�VLPXODWHG��(SL/RVV� LV�EDVHG�RQ�SDUWLDO�EXGJHWLQJ�DQG�FDOFXODWHV�RQO\� WKH�FRVW� DQG� ORVVHV�RI� IDUPV�DQGUHODWHG�LQGXVWULHV�VXEMHFWHG�WR�FRQWURO�PHDVXUHV��%HQHILWV�ZHUH�QRW�FRQVLGHUHG��VXFK�DV�KLJKHUSURILWV� IRU� SLJ� IDUPHUV� RXWVLGH� WKH� TXDUDQWLQH� ]RQHV� RU� SURILWV� IRU� WKH� SKDUPDFHXWLFDOLQGXVWU\��7R�FRQWURO�D�SRVW�YDFFLQDWLRQ�VRPH�RUJDQLVDWLRQDO�FRVWV�ZLOO�EH�LQYROYHG��)DUPHUV�VLWXDWHG�LQD�SRVW�YDFFLQDWLRQ�]RQH�PD\�EH� UHVWULFWHG� LQ� WKHLU�FKRLFHV� IRU� VHOOLQJ� WKHLU�SLJV� UHVXOWLQJ� LQORZHU� ZHHNO\� SLJ� SULFHV� WKDQ� SDLG� RXWVLGH� WKH� ]RQH�� 7KH� FXUUHQW� ]HUR� FRVW� DVVXPSWLRQ� LVWKHUHIRUH�WRR�RSWLPLVWLF�

�� $�JURZHU�LV�D�SLJOHW�RI�������NJ
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�������&RQFOXVLRQV
(PHUJHQF\�YDFFLQDWLRQ��DVVXPLQJ�D�UHOLDEOH�GLDJQRVWLF�WHVW�DQG�QR�UHOD[DWLRQ�RI�RWKHU�FRQWUROPHDVXUHV��VHHPHG�WR�EH�DQ�HIIHFWLYH�VWUDWHJ\�IRU�UHGXFLQJ�WKH�VL]H�RI�DQ�HSLGHPLF��(PHUJHQF\YDFFLQDWLRQ� DOWHUQDWLYHV� ZHUH� DW� OHDVW� DV� HIIHFWLYH� DV� WKH� RSWLPDO� 19� VFHQDULR�� 7KH� ZRUVWLWHUDWLRQV� ZHUH� QHYHU� DV� VHYHUH� DV� LQ� WKH� FDVH� RI� WKH� 19� VFHQDULR�� 7KH� ODUJH� QXPEHU� RISUHYHQWLYHO\� VODXJKWHUHG� IDUPV� LQ� WKH�''� VWUDWHJ\� LV� D� QHJDWLYH� DVSHFW� RI� WKH�''� VWUDWHJ\FRPSDUHG� WR� WKH� 19� VWUDWHJ\�� 7KLV� HIIHFW� PDLQO\� UHGXFHV� WKH� SRVLWLYH� HIIHFW� RI� D� VKRUWHUHSLGHPLF�� ,I�ZH� FRPSDUH� WKH� ,&7� VWUDWHJ\�ZLWK� WKH�19� VWUDWHJ\�� HPHUJHQF\� YDFFLQDWLRQ� LVFHUWDLQO\�WKH�WRRO�WR�FKRRVH��9DFFLQDWLRQ�FRVWV��ZKLFK�DUH�RI�PLQRU�LPSRUWDQFH�FRPSDUHG�WRDOO� RWKHU� FRVWV� DQG� ORVVHV�� DUH�PDLQO\� LQ� FRPSHWLWLRQ�ZLWK� WKH� FRVW� RI� SUHYHQWLYH� VODXJKWHU�DVVXPLQJ�QR�H[WUD�FRVWV�DQG�ORVVHV�IRU�WKH�SRVW�YDFFLQDWLRQ�]RQH��,&7�DYRLGV�WKH�GHVWUXFWLRQRI�D�ODUJH�QXPEHU�RI�KHDOWK\�SLJV�WKDW�FDQ�VWLOO�EH�XVHG�IRU�KXPDQ�FRQVXPSWLRQ�

$FNQRZOHGJHPHQWV
7KH�DXWKRUV�ZRXOG�OLNH� WR� WKDQN�6X]DQ�+RUVW� IRU�KHU�FULWLFDO� IHHGEDFN�DQG�$UMDQ�6WHJHPDQ�IRU�KHOSZLWK� VRPH� RI� WKH� SDUDPHWHU� HVWLPDWLRQV�� )XUWKHUPRUH�� ZH� WKDQN� WKH� 67:�XVHU� JURXS� IRU� WKHLUFRQWULEXWLRQV�� &RQVWUXFWLYH� FRPPHQWV� IURP� WKH� HGLWRU� DUH� DOVR� DFNQRZOHGJHG�� 7KH� ILUVW� DXWKRUDFNQRZOHGJHV�ILQDQFLDO�VXSSRUW�IURP�WKH�7HFKQRORJ\�)RXQGDWLRQ��67:��LQ�8WUHFKW��7KH�1HWKHUODQGV�

5HIHUHQFHV
$QRQ\PRXV�� ������ 7KH� XVH� RI� PDUNHU� YDFFLQHV� LQ� WKH� FRQWURO� RI� LQIHFWLRXV� GLVHDVHV� LQ� SDUWLFXODUFODVVLFDO�VZLQH�IHYHU� 'UDIW�5HSRUW�RI�WKH�6FLHQWLILF�9HWHULQDU\�&RPPLWWHH��%UXVVHO��6HSWHPEHU������$QRQ\PRXV��������5HSRUW���/DUJH�VFDOH�ODERUDWRU\�WULDO�RQ�PDUNHU�YDFFLQHV�DJDLQVW�&ODVVLFDO�6ZLQH)HYHU� ����6� ���� �� �������(1��� (8� 5HIHUHQFH� /DERUDWRU\� IRU� &ODVVLFDO� 6ZLQH� )HYHU�� ,QVWLWXWH� RI9LURORJ\��6FKRRO�RI�9HWHULQDU\�0HGLFLQH�+DQQRYHU��+DQQRYHU��*HUPDQ\�$VVHOGRQN�� 0�$�� .XLSHU�� :�(��� +XLUQH�� 5�%��� ������ &ODVVLFDO� 6ZLQH� )HYHU� HSLGHPLF� DQG� SULFHYRODWLOLW\��,Q��6DOPDQ��0�'���0RUOH\��3�6���5XFK�*DOOLH��5���(GV����3URFHHGLQJV�RI�WKH��WK 6\PSRVLXPRI�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV��%UHFNHQULGJH��86$� ������



���

%ODKD�� 7��� ������ =XU� %HNlPSIXQJ� GHU� (XURSlLVFKHQ� 6FKZHLQHSHVW� �(63�� LQ� GHU� (8� �,Q� *HUPDQ��/RKPDQQ�,QIRUPDWLRQ��6HSW�'HF���������%UXV��'�+�-��� ������ 7KH� YDOXH� RI� ILHOG�YDFFLQDWLRQV� DJDLQVW� VZLQH� IHYHU� XVLQJ�&�YDFFLQH� (XURSHDQ$QLPDO�+HDOWK�6HUYLFH�0HHWLQJ�������&(&� �&RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV��� ������ &RXQFLO� 'LUHFWLYH� �������((&� RQ&RPPXQLW\�PHDVXUHV�IRU�WKH�FRQWURO�RI�&ODVVLFDO�6ZLQH�)HYHU�DQG�IRUWKFRPLQJ�DGDSWDWLRQV�(OEHUV�� $�5�:��� 6WHJHPDQ�� $��� 0RVHU�� $��� (NNHU�� +�0��� 6PDN�� -�$��� 3OXLPHUV�� )�+��� ������ 7KHFODVVLFDO� VZLQH� IHYHU� HSLGHPLF� ���������� LQ� WKH�1HWKHUODQGV�� GHVFULSWLYH� HSLGHPLRORJ\�� 3UHY�� 9HW�0HG���������������-DOYLQJK��$�:���1LHOHQ��0���0DXULFH��+��� 6WHJHPDQ��$�-��� (OEHUV�$�5�:��� 'LMNKXL]HQ�� $�$��� �����6SDWLDO� DQG� VWRFKDVWLF� VLPXODWLRQ� WR� HYDOXDWH� WKH� LPSDFW� RI� HYHQWV� DQG� FRQWURO� PHDVXUHV� RQ� WKH�������� FODVVLFDO� VZLQH� IHYHU�HSLGHPLF� LQ� 7KH� 1HWKHUODQGV� ±� ,�� 'HVFULSWLRQ� RI� VLPXODWLRQ� PRGHO�3UHY��9HW��0HG���������������-RQHV��'�5���5XVKWRQ��/���������6LPXOWDQHRXV�LQIHUHQFH�LQ�HSLGHPLRORJLFDO�VWXGLHV��,QW��-��(SLGHPLRO��������������-RUQD��7���������,Q]HW�.93�PDUNHUYDFFLQ�JHYUDDJG��7LMGVFKULIW�YRRU�'LHUJHQHHVNXQGH�����������������,Q�'XWFK��.OLQNHQEHUJ�'���'H�%UHH��-���'H�-RQJ��0�-�0��������5� HVWPDWLRQ�IURP�WUDQVPLVVLRQ�H[SHULPHQWV��,Q�6DOPDQ�� 0�'��� 0RUOH\�� 3�6��� 5XFK�*DOOLH�� 5�� �(GV���� 3URFHHGLQJV� RI� WKH� �WK 6\PSRVLXP� RI� WKH,QWHUQDWLRQDO�6RFLHW\�IRU�9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV��%UHFNHQULGJH��86$����������/DGGRPDGD�� $��� :HVWHUJDDUG�� -�0��� ������ +HW� QRQ�YDFFLQDWLH� EHOHLG� YDQ� GH� (*� HQ� GH� PRJHOLMNHWRHSDVVLQJ�YDQ�PDUNHU�YDFFLQV�ELM�HSLGHPLHsQ��'LHU�HQ�$UWV�������������������,Q�'XWFK�/HRSROG�7HPPOHU��%���������0DUNLHUWH�,PSIVWRIIH���%HJLQQ�HLQHU�QHXHQ�,PSIVWRIIlUD"�'HU�SUDNWLVFKH7LHUDU]W�����������DQG������� �,Q�*HUPDQ��/19�� ������ 'H� XLWEUDDN� YDQ� NODVVLHNH� YDUNHQVSHVW� LQ� 1HGHUODQG� ±� (LQGHYDOXDWLH�� /DQGERXZ�QDWXXUEHKHHU�HQ�YLVVHULM��/19���'HQ�+DDJ�����PDDUW��������,Q�'XWFK��0HXZLVVHQ��0�3�0��+RUVW��6�+���+XLUQH��5�%�0���'LMNKXL]HQ��$�$��� ������$�PRGHO� WR� HVWLPDWH� WKHILQDQFLDO�FRQVHTXHQFHV�RI�FODVVLFDO�VZLQH�IHYHU�RXWEUHDNV��SULQFLSOHV�DQG�RXWFRPHV��3UHY��9HW��0HG��������������1LHOHQ��0��� -DOYLQJK��$�:���0HXZLVVHQ��0�3�0���+RUVW�� 6�+���'LMNKXL]HQ��$�$��� ������ 6SDWLDO� DQGVWRFKDVWLF�VLPXODWLRQ�WR�HYDOXDWH�WKH�LPSDFW�RI�HYHQWV�DQG�FRQWURO�PHDVXUHV�RQ�WKH���������FODVVLFDOVZLQH�IHYHU�HSLGHPLF�LQ�WKH�1HWKHUODQGV�±�,,��&RPSDULVRQ�RI�VWUDWHJLHV��3UHY��9HW��0HG���������������2LUVFKRW�YDQ��-�7���������9DFFLQDWLRQ�LQ�IRRG�DQLPDO�SRSXODWLRQ��9DFFLQH�����������������6PLW�GH��$�-���(EOp��3�/���GH�.OXLMYHU��(�3���%ORHPUDDG��0���%RXPD��$���������/DERUDWRU\�GHFLVLRQ�PDNLQJ�GXULQJ�WKH�FODVVLFDO�VZLQH�IHYHU�HSLGHPLF�RI�����������LQ�WKH�1HWKHUODQGV��3UHY��9HW��0HG��������������



���

7LHOHQ�� 0��� ������ (QWLQJ� YDQ� YDUNHQV� WHJHQ� YDUNHQVSHVW� LQ� GH� SURYLQFLH� 1RRUG�%UDEDQW�*H]RQGKHLGVGLHQVW�YRRU�GLHUHQ�LQ�1RRUG�%UDEDQW���%R[WHO���,Q�'XWFK��9nJVKROP�� ,��� ������ %HQHILW�&RVW� $QDO\VLV� DQG� 6LPXODWLRQ�0RGHOV�� 7RROV� LQ� WKH� 'HFLVLRQ�0DNLQJ3URFHVV�:KHWKHU�6WDUWLQJ�D�9DFFLQDWLRQ�3URJUDPPH�RU�1RW��$FWD�YHW��VFDQG��6XSSO�������������:HVWHUJDDUG��-�0���������$WWLWXGH�RI�WKH�(XURSHDQ�&RPPXQLW\�WR�9DFFLQHV��$FWD�YHW��VFDQG��VXSSO������������



���

$SSHQGL[�,9 &KURQRORJLFDO�RUGHU�RI�DOO�FRQWURO�PHDVXUHV�H[FHSWYDFFLQDWLRQ�LQ�FDVH�RI�D�QHZO\�GHWHFWHG�&6)�RXWEUHDN�LQ,QWHU&6)��-DOYLQJK�HW�DO��������
7LPH 0HDVXUH'D\�RI�GHWHFWLRQ � ,QIHFWHG� IDUP�ZLOO� EH� SXW� RQ� VODXJKWHU� OLVW� DQG� GHVWUR\HG� �VODXJKWHUHGDQG�UHQGHUHG��DV�VRRQ�DV�FDSDFLWLHV�DUH�DYDLODEOH��KLJKHVW�SULRULW\�� 0RYHPHQW�VWDQGVWLOO� LV� LPSRVHG�RQ�WKH�SURWHFWLRQ������NP��DQG�RQ� WKHVXUYHLOODQFH� ]RQH� ������ NP� D�� IHZHU� SHUVRQDO FRQWDFWV� ������ DUHDOORZHG��$QLPDO�FRQWDFWV�DQG�YHKLFOHV�FRQWDFWV�DUH�IRUELGGHQ�� )DUPV� ZLWKLQ� D� FHUWDLQ� UDGLXV� FRXOG� EH� VXEMHFWHG� WR� SUHYHQWLYHVODXJKWHU�� OLPLWHG� E\� GHVWUXFWLRQ� FDSDFLW\� �NLOOLQJ� DQG� UHQGHULQJFDSDFLWLHV���3UHYHQWLYH�VODXJKWHU�FRXOG�OHDG�WR�HDUOLHU�GHWHFWLRQ�6WDUW�RQ��QG GD\ � 6XUYHLOODQFH��FOLQLFDO�LQVSHFWLRQ��RI�DOO�IDUPV�LQ�WKH�SURWHFWLRQ�]RQH�����NP���ZKLFK�PD\�OHDG�WR�HDUOLHU�GHWHFWLRQ�� 7UDFLQJ�IDUPV�WKDW�KDG�FRQWDFW�ZLWK�WKH�LQIHFWHG�IDUP��7UDFHG�IDUPV�DUHSXW� RQ� VXUYHLOODQFH� �FOLQLFDO� LQVSHFWLRQ��� ZKLFK� PD\� OHDG� WR� HDUOLHUGHWHFWLRQ��RU�PD\�EH�VXEMHFWHG�WR�SUHYHQWLYH�VODXJKWHU�6WDUW�RQ�GD\���WK � 6WDUW� EX\LQJ�RXW� VFKHPHV� RI� IDWWHQHUV� DQG� JURZHUV� IRU� DQLPDO�ZHOIDUHUHDVRQV� �UHIHUUHG� WKURXJKRXW� WKH�SDSHU� DV� DQLPDO�ZHOIDUH� VODXJKWHU�� LQWKH�TXDUDQWLQH�]RQH�XQWLO�WKH�TXDUDQWLQH�]RQH�LV�OLIWHG��:HOIDUH�VODXJKWHUPD\�OHDG�WR�HDUOLHU�GHWHFWLRQ�(DUOLHVW�RQ�GD\���WK � 6WDUW� RI� VHURORJLFDO� ILQDO� VFUHHQLQJ� RI� DOO� IDUPV� VLWXDWHG� LQ� WKHTXDUDQWLQH�]RQH��LI�QR�DGGLWLRQDO�IDUP�ZDV�GHWHFWHG�GXULQJ�WKRVH�ODVW���GD\V�(DUOLHVW�RQ�GD\���WK E � ,I�WKHUH�LV�QR�QHZ�GHWHFWLRQ�LQ�D�TXDUDQWLQH�]RQH��WKH�TXDUDQWLQH�]RQH�LVOLIWHG�XS�D� 6XUYHLOODQFH�DQG�SURWHFWLRQ�]RQHV�ZLWK�LPSRVHG�PRYHPHQW�UHVWULFWLRQV��PRYHPHQW�VWDQGVWLOO��DUHUHIHUUHG�WR�WKURXJKRXW�WKH�SDSHU�DV�TXDUDQWLQH�]RQHV�E� :H�DVVXPHG����GD\V�LQVWHDG�RI����GD\V��WR�PLPLF�D�ZDLWLQJ�SHULRG�IRU�WKH�ODERUDWRU\�UHVXOWV�



���

$SSHQGL[�9 7KH�FDOFXODWHG�UHGXFWLRQ�DQG�SURWHFWLRQ�IDFWRUV
,Q� KRUL]RQWDO� WUDQVPLVVLRQ� H[SHULPHQWV� FRRUGLQDWHG� E\� WKH� (8�� DQLPDOV� LQ� JURXSV� RI� ��� ZHUHYDFFLQDWHG�ZLWK�RQH�RI�WZR�DOWHUQDWLYH�YDFFLQHV�DQG���RI�HDFK�JURXS�ZHUH�LQQRFXODWHG�ZLWK�&6)���������� RU� ��� GD\V� DIWHU� YDFFLQDWLRQ�� )URP� WKH� GDWD� JHQHUDWHG� E\� WKHVH� H[SHULPHQWV�� SDUDPHWHUV� RI� WKHVWDQGDUG� 6,5� PRGHO� ZHUH� HVWLPDWHG� �.OLQNHQEHUJ� HW� DO��� ������� 7KHVH� SDUDPHWHUV� ZHUH� XVHG� WRFDOFXODWH�WKH�UHGXFWLRQ�LQ�WRWDO�LQIHFWLRQ�OHYHOV�IRU�D�KHUG�GHSHQGLQJ�RQ�WKH�WLPH�EHWZHHQ�YDFFLQDWLRQDQG�LQIHFWLRQ��5HVXOWV�VKRZHG�WKDW� IRU�ERWK�YDFFLQHV�����GD\V�ZDV� WKH� WLPH�SHULRG�IURP�YDFFLQDWLRQXQWLO�PD[LPXP�SURWHFWLRQ� RI� WKH� LQGLYLGXDO� DQLPDO�� 7KH� UHODWLYH� GHFOLQH� RI� WKH� HVWLPDWHG� EHWZHHQ�DQLPDO�WUDQVPLVVLRQ�SDUDPHWHU�ZDV�XVHG�DV�D�SURWHFWLRQ�IDFWRU��,Q�RUGHU�WR�GHWHUPLQH�ZKDW�D�IDVWHU�RUVORZHU�ZRUNLQJ�YDFFLQH�ZRXOG�GR�� WLPH� VFDOHV�RI�SURWHFWLRQ�DQG� UHGXFWLRQ�FXUYHV�ZHUH�FKDQJHG��$UHIHUHQFH� SRLQW� IRU� WKHVH� FKDQJHV� ZDV� WKH�PD[LPXP� SURWHFWLRQ� GDWH� RI� WKH� LQGLYLGXDO� DQLPDOV� ���GD\V��ZKLFK�ZDV�FKDQJHG� WR�������RU����GD\V��%HFDXVH� WKH�YDFFLQHV�GR�QRW�GLIIHU� LQ� WKHLU�DELOLW\� WRUHGXFH�KRUL]RQWDO�WUDQVPLVVLRQ��ZH�XVHG�WKH�DYHUDJH�RI�WKH�HVWLPDWHG�SDUDPHWHUV�IURP�ERWK�YDFFLQHV�7KH�DSSOLHG�UHGXFWLRQ�DQG�SURWHFWLRQ�IDFWRUV�DUH�VKRZQ�LQ�)LJXUHV�9���DQG�9���
)LJXUH�9�� 5HGXFWLRQ�IDFWRU�IRU�WKH�SUREDELOLW\�RI�WUDQVPLVVLRQ�IURP�D�YDFFLQDWHG�IDUP��UHODWHG�WR�WKHWLPH�LQWHUYDO�EHWZHHQ�YDFFLQDWLRQ�DQG�VXEVHTXHQW�LQIHFWLRQ��0D[LPXP�YDFFLQH�HIILFDF\ZDV�DW����$�������%�������&��RU�����'��GD\V�DIWHU�YDFFLQDWLRQ�
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$SSHQGL[�9 7KH�FDOFXODWHG�UHGXFWLRQ�DQG�SURWHFWLRQ�IDFWRUV��VXLWH�
)LJXUH�9�� 5HGXFWLRQ� IDFWRU� �FDOOHG� �SURWHFWLRQ� IDFWRU��� IRU� WKH� SUREDELOLW\� RI� D� YDFFLQDWHG� IDUPEHFRPLQJ� LQIHFWHG�� UHODWHG� WR� WKH� WLPH� LQWHUYDO� EHWZHHQ� YDFFLQDWLRQ� DQG� D� SRVVLEOHLQIHFWLRQ��0D[LPXP�YDFFLQH�HIILFDF\�ZDV�DW��� �$������%������ �&��RU���� �'��GD\V�DIWHUYDFFLQDWLRQ�
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� � � � � �� �� �� �� �� �� �� �� �� �� �� �� ��,QWHUYDO��GD\V�
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$SSHQGL[�9,� &RQWURO�PHDVXUHV��UHODWHG�HYHQWV�LQ�(SL/RVV��DQGLPSOLFDWLRQV�RI�WKH�HYHQWV
&RQWURO�PHDVXUHV 5HODWHG�HYHQWV ,PSOLFDWLRQV&RPSXOVRU\�PHDVXUHV6WDPSLQJ�RXW ��'HSRSXODWLRQ � +HUG� LV� GHVWUR\HG�� EXLOGLQJV� HPSW\� WLOOUHVWRFNLQJ��5HVWRFNLQJ � 5HVWDUWLQJ�WKH�IDUP4XDUDQWLQH�]RQH ��6WDUW�TXDUDQWLQH�]RQH � 1R� VXSSO\� DQG� GHOLYHU\� RI� DQLPDOVDOORZHG��(QG�TXDUDQWLQH�]RQH � 6XSSO\�DQG�GHOLYHU\�RI�DQLPDOV�DOORZHG
3UHYHQWLYH�VODXJKWHU ��'HSRSXODWLRQ � +HUG� LV� GHVWUR\HG�� EXLOGLQJV� HPSW\� WLOOUHVWRFNLQJ��5HVWRFNLQJ � 5HVWDUWLQJ�WKH�IDUP$GGLWLRQDO�PHDVXUHV$QLPDO�ZHOIDUHVODXJKWHU ��6WDUW�ZHOIDUH�VODXJKWHU � $QLPDOV� IRU� ZKLFK� PHDVXUH� DSSOLHV� DUHGHVWUR\HG��(QG�ZHOIDUH�VODXJKWHU � (QG� RI� GHVWUXFWLRQ� RI� DQLPDOV� XQGHUFRQVLGHUDWLRQ%UHHGLQJ�SURKLELWLRQ ��6WDUW�EUHHGLQJSURKLELWLRQ � 3URKLELWLRQ�RI�LQVHPLQDWLRQ�RI�VRZV

��(QG�EUHHGLQJSURKLELWLRQ � ,QVHPLQDWLRQ�RI�VRZV�DOORZHG
9DFFLQDWLRQ�PHDVXUHV9DFFLQDWLRQ ��$SSO\�YDFFLQDWLRQ � $OO� SLJV� RQ� WKH� IDUP�ROGHU� WKDQ� ��� GD\VDUH� YDFFLQDWHG� RQFH�� ZKLFK� PD\� EHUHSHDWHG�DIWHU���PRQWKV� &RQWLQXHG� YDFFLQDWLRQ� PD\� EH� LQFOXGHGGXULQJ� WKH� WLPH� RI� WKH� TXDUDQWLQH� ]RQHIRU� EUHHGLQJ� VRZV� DQG� QHZERUQ� SLJOHWV�RQO\�DSSOLHG�LQ�WKH�,&7�VWUDWHJ\����(QG�TXDUDQWLQH�]RQH � 9DFFLQDWLRQ�VWRSV





���

'HYHORSPHQW�RI�SUHYHQWLRQ�DQG�FRQWUROVWUDWHJLHV�WR�DGGUHVV�DQLPDO�KHDOWK�DQGUHODWHG�SUREOHPV�LQ�GHQVHO\�SRSXODWHGOLYHVWRFN�DUHDV�RI�WKH�&RPPXQLW\
6KDUHG�FRVW�UHVHDUFK�SURMHFW����)$,5��3/�������

2YHUDOO�VXPPDU\�DQG�FRQFOXVLRQV
5�%��+XLUQH�DQG�+��:��:LQGKRUVW



���

2YHUDOO�VXPPDU\�DQG�FRQFOXVLRQV
5�%��+XLUQH�DQG�+��:��:LQGKRUVW
�������5HVHDUFK�REMHFWLYHV
7KH�PDLQ�REMHFWLYHV�RI�WKH�SURMHFW�ZHUH�WR�GHYHORS�PHWKRGV�RI�LGHQWLI\LQJ�GHQVHO\�SRSXODWHGOLYHVWRFN�DUHDV�DQG�WR�GHYHORS�WRROV�WKDW�DUH�QHFHVVDU\�LQ�RUGHU�WR�UHGXFH�ULVNV�DQG�KHOS�VROYHSUREOHPV�LQ�VXFK�DUHDV��7KH�PDMRU�UHVHDUFK�TXHVWLRQV�ZHUH���� :KDW�DUHDV�RI�WKH�&RPPXQLW\�DUH�GHQVHO\�SRSXODWHG"��� :KDW�DUH�WKH�ULVN�IDFWRUV�IRU�WKH�LQWURGXFWLRQ�RI�QRWLILDEOH�GLVHDVHV�LQWR�WKHVH�DUHDV"��� :KDW�DUH�WKH�ULVN�IDFWRUV�IRU�WKH�IXUWKHU�VSUHDG�RI�QRWLILDEOH�GLVHDVHV�LQ�WKHVH�DUHDV"��� :KDW� VSHFLILF� SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� IRU� QRWLILDEOH� GLVHDVHV� DUH� SRVVLEOH� DQGZKDW�DUH�WKH�FRVWV�DQG�EHQHILWV"
,Q�RUGHU� WR� HQVXUH�ERWK� WKHRUHWLFDOO\� DQG�SUDFWLFDOO\�XVHIXO� UHVXOWV�� WKHVH� UHVHDUFK�TXHVWLRQVKDYH�EHHQ�WUDQVODWHG�LQWR�WKH�IROORZLQJ�IRXU�WDVNV�7DVN�$� 'HYHORSPHQW�DQG�VWDQGDUGLVDWLRQ�RI�GDWD�DQG�PHWKRGV�XVHG�WR�LGHQWLI\�GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV7DVN�%� 4XDQWLILFDWLRQ�DQG�FODVVLILFDWLRQ�RI�WKH�ULVN�RI�VXFK�DUHDV�IURP�D�GLVHDVH�SRLQWRI�YLHZ7DVN�&� $QDO\VLV�RI� UHFHQW�GLVHDVH�RXWEUHDNV�RI�&6)�DQG�)0'�WR� WHVW� DQG� UHILQH� WKHULVN�SDUDPHWHUV7DVN�'� &RVW�EHQHILW�DQDO\VLV�RI�GLVHDVH�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�LQ�VXFK�DUHDV

�������2YHUDOO�UHVXOWV�DQG�GHOLYHUDEOHV
7KH�SURMHFW�PDGH�LW�SRVVLEOH�WR�LGHQWLI\�DUHDV�LQ�WKH�(8�ZKLFK�DUH�FKDUDFWHULVHG�DV�KDYLQJ�DKLJK� ULVN�ZLWK� UHVSHFW� WR� WKH� LQWURGXFWLRQ�DQG� IXUWKHU� VSUHDG�RI�PDMRU� DQLPDO�GLVHDVHV��7KHUHVXOWV�HQDEOH� WKH�(8� WR� VWLPXODWH�PHDVXUHV� WKDW� UHGXFH� WKH� ULVN�DQG� WR�GHFLGH�ZKDW�PHDQVVKRXOG� EH� XVHG� LQ� SDUWLFXODU� DUHDV� WR� UHGXFH� WKH� FRVWV� RI� DQ� RXWEUHDN�� 5HGXFHG� ULVN� DQGLPSURYHG�FRQWURO�VWUDWHJLHV�FDQ�KHOS�WR�PDNH�PHDVXUHV�UHGXQGDQW�REVROHWH�WKDW�DUH�ERWK�YHU\



���

FRVWO\�DQG�QR�ORQJHU�DFFHSWHG�E\�WKH�SXEOLF��VXFK�DV� WKH�VWDPSLQJ�RXW�RI�D� ODUJH�QXPEHU�RIKHUGV�WKDW�GR�QRW�VKRZ�DQ\�VLJQV�RI�DQ�LQIHFWLRQ�
0RUH�VSHFLILFDOO\�WKH�PDMRU�UHVXOWV�EHQHILWV�IURP�WKH�FRPSOHWLRQ�RI�WKH�SURMHFW�ZHUH�x WKH� DELOLW\� WR� LGHQWLI\�GHQVHO\�SRSXODWHG� OLYHVWRFN�DUHDV� DQG� WR� FKDUDFWHULVH� WKH� VHFWRUDODQG�VSDWLDO�VWUXFWXUH��SDWWHUQ��RI�WKH�OLYHVWRFN�LQGXVWU\�LQ�VXFK�DUHDVx WKH�GHYHORSPHQW�RI�VRIWZDUH�WRROV�WKDW�DOORZ�WKH�DQDO\VLV�RI�DYDLODEOH�GDWD�VHWV�LQ�RUGHU�WRFKDUDFWHULVH�WKH�ULVN�IDFWRUV�IRU�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DQG�WR�UDQN�WKHP�ZLWKUHVSHFW�WR�WKH�ULVN�RI�LQWURGXFWLRQ�DQG�IXUWKHU�VSUHDG�RI�PDMRU�GLVHDVHV��VXFK�DV�&6)�DQG)0'x WKH�GHYHORSPHQW�RI�D�FRPSXWHULVHG�PRGHOOLQJ�DSSURDFK�LQ�RUGHU�WR�FDUU\�RXW�FRVW�EHQHILWDQDO\VHV�RI�UHOHYDQW�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�PDMRU�DQLPDO�GLVHDVHV�LQ�GHQVHO\SRSXODWHG�OLYHVWRFN�DUHDV��DLPHG�DW�VXSSRUWLQJ�SROLF\�PDNHUV�DW�(8��QDWLRQDO�DQG�UHJLRQDOOHYHOVx WKH�RSSRUWXQLWLHV�IRU�XVLQJ�WKH�GDWD�FROOHFWHG�DQG�VRIWZDUH�WRROV�GHYHORSHG�IRU�WKH�VWXG\RI�SXUSRVHV�RWKHU�WKDQ�GLVHDVH�ULVN��VXFK�DV�WKH�HQYLURQPHQWDO�SUREOHPV�UHVXOWLQJ�IURP�WKHFRQFHQWUDWLRQ�RI�OLYHVWRFN
7KH�PRVW�LPSRUWDQW�WHFKQLFDO�GHOLYHUDEOHV�ZHUH�x D�FRPSXWHULVHG�WRROER[�IRU�WKH�LGHQWLILFDWLRQ�DQG�DQDO\VLV�RI�GHQVHO\�SRSXODWHG�OLYHVWRFNDUHDVx D�PHWKRG�RI�UDQNLQJ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DFFRUGLQJ�WR�WKHLU�ULVNx DQ�LQWHJUDWHG�PRGHOLQJ�DSSURDFK�IRU�WKH�HYDOXDWLRQ�RI�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�RIQRWLILDEOH�GLVHDVHV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV
7KH�UHVXOWV�RI�WKH�SURMHFW�ZHUH�GLVVHPLQDWHG�x WR�WKH�(XURSHDQ�&RPPXQLW\�YLD�SDUWQHU�PHHWLQJV��SURJUHVV�UHSRUWV�DQG�D�ILQDO�UHSRUWx WR� WKH� VFLHQWLILF� FRPPXQLW\� YLD� VFLHQWLILF� SXEOLFDWLRQV� DQG� UHSRUWV�� SUHVHQWDWLRQV� DWFRQJUHVVHV� DQG� VHPLQDUV�� DQG� WHDFKLQJ� LQ� UHJXODU� �XQLYHUVLW\�� FXUULFXOD� DQG� RQSRVWJUDGXDWH�FRXUVHVx WR�GLVHDVH�FRQWURO�DXWKRULWLHV�RI�ERWK�WKH�SXEOLF�DQG�SULYDWH�VHFWRU�YLD�FRPSXWHU�VRIWZDUH�� WKH� VRIWZDUH� WRROER[� WKDW�ZLOO� EH� GHYHORSHG� WR� LGHQWLI\� GHQVHO\� SRSXODWHG� OLYHVWRFNDUHDV�ZLOO� EH�FRXSOHG�ZLWK� ORZ�FRVW�3&�EDVHG� V\VWHPV� WKDW� DUH� DIIRUGDEOH� IRU� VPDOORUJDQLVDWLRQV��SULYDWH�LQGXVWU\�DQG�PXQLFLSDO�RUJDQLVDWLRQV��7KLV�HQDEOHV�DOO�NLQGV�RISRVVLEOH�XVHUV�WR�GR�WKHLU�RZQ�DQDO\VLV



���

� WKH� FRPSXWHU� VLPXODWLRQ� PRGHOV� WR� HYDOXDWH� WKH� HIIHFWLYHQHVV� DQG� FRVW�EHQHILWV� RISUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�QRWLILDEOH�GLVHDVH�RXWEUHDNV�LQ�GHQVHO\�SRSXODWHGOLYHVWRFN�DUHDV�ZLOO�UXQ�RQ�D�3&�DQG�ZLOO�EH�PDGH�DYDLODEOH�IRU�XVH�E\�SROLF\�PDNHUVDQG�RWKHUVx D�VSHFLDO�ZRUNVKRS�VHPLQDU�RUJDQLVHG��RQ�6HSWHPEHU�����������IROORZLQJ�FRPSOHWLRQ�RIWKH� SURMHFW� LQ� RUGHU� WR� GHPRQVWUDWH� WKH� SUDFWLFDO� DSSOLFDWLRQ� RI� WKH�PDMRU� RXWFRPH� DQGVRIWZDUH�WRROV�GHYHORSHG
7KH�IROORZLQJ�UHVHDUFK�PLOHVWRQHV�ZHUH�UHDOLVHG�7DVN�$�x 5HYLHZ�DQG�V\QWKHVLV�RI�DYDLODEOH�GDWDEDVHV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDVx 5DQNLQJ�RI�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DFFRUGLQJ�WR�WKHLU�OLYHVWRFN�GHQVLW\x 5HYLHZ�DQG�V\QWKHVLV�RI�H[LVWLQJ�FRQYHUVLRQ�WDEOHV�IRU�DQLPDOVx &DOFXODWLRQ�RI�VSDWLDO�LQGLFHVx 'HVLJQ�RI�D�VSDWLDO�GDWDEDVH��LQWHJUDWHG�ZLWK�RWKHU�IDUP�FKDUDFWHULVWLFVx &KDUDFWHULVDWLRQ�RI�WKH�VHFWRUDO�DQG�VSDWLDO�VWUXFWXUH�RI�WKH�OLYHVWRFN�LQGXVWU\�LQ�WKH�VWXG\DUHDVx 'HVLJQ�RI�GLVHDVH�UHODWHG�FRQYHUVLRQ�WDEOHV�IRU�WKH�YDULRXV�DQLPDO�VSHFLHVx ,QWHJUDWHG�WRROER[�ZLWK�FRPSXWHU�VRIWZDUHx 2XWOLQH�WUDLQLQJ�VHVVLRQV�ZLWK�WKH�DSSURDFK�DQG�VRIWZDUH�GHYHORSHG7DVN�%�x 5HYLHZ� RI� UHOHYDQW� DGGLWLRQDO� GDWD� WR� EH� FROOHFWHG� RQ� IDUPV� DQG� UHODWHG� LQGXVWULHV� DVLQGLFDWRUV�RI�GLVHDVH�ULVNx 'HVLJQ� RI� D� VWDQGDUGLVHG� TXHVWLRQQDLUH� LQ� RUGHU� WR� REWDLQ�PRUH� TXDOLWDWLYH� ULVN� IDFWRUVIURP�IDUPV�DQG�UHODWHG�LQGXVWULHVx 'DWDEDVH�RQ�WKH�PRUH�TXDOLWDWLYH�ULVN�IDFWRUV�XVLQJ�TXHVWLRQQDLUHV�DQG�H[SHUW�FRQVXOWDWLRQx 3URFHGXUH� IRU� ULVN� UDQNLQJ� RI� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� EDVHG� RQ� TXDQWLWDWLYHLQGLFHVx $GGHG�YDOXH�RI�TXDOLWDWLYH�ULVN�IDFWRUV�IRU�DQLPDO�GLVHDVHx 'HILQLWLRQ�RI�SRVVLEOH�ULVN�SURILOHV�RI�LQGLYLGXDO�IDUPVx 5DQNLQJ�RI�GHQVHO\�DQG�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DFFRUGLQJ�WR�WKHLU�ULVNx 9DOLGDWH� ULVN� UDQNLQJ� RI� DUHDV� XVLQJ� JHQHUDO� GDWD� RQ� QRWLILDEOH� GLVHDVH� RXWEUHDNV� DQGIDUP�VSHFLILF�ULVN�SURILOHVx 5HGHILQLWLRQ� RI� ULVN� UDQNLQJ� DOJRULWKPV� EDVHG� RQ� WKH� RXWFRPH� RI� XQGHUWDNHQ� YDOLGDWLRQ�WRJHWKHU�ZLWK�7DVN�&�



���

7DVN�&�x 'HVLJQ�RI�GDWDVHWV�IRU�WKH�VSDWLDO�DQDO\VLV�RI�UHDO�RXWEUHDNV�RI�&6)�LQ�%HOJLXP��*HUPDQ\DQG�7KH�1HWKHUODQGVx 'HVLJQ�RI�WKH�VSDWLDO�DQDO\VLV�RI�UHDO�RXWEUHDNV�RI�&6)x 3URFHGXUH�IRU�VSDWLDO�DQDO\VLV�RI�UHDO�RXWEUHDNV�RI�&6)x 'HVLJQ�RI�D�SURFHGXUH�WR�FRPSDUH�WKH�UHVXOWV�RI�WKH�DQDO\VLV�RI�UHDO�RXWEUHDNV�DQG�WKH�ULVNUDQNLQJ�RI�WKH�DUHDVx 9DOLGDWLRQ�RI�ULVN�UDQNLQJ�ZLWK�UHVXOWV�RI�VSDWLDO�DQDO\VLV�RI�UHDO�RXWEUHDNVx 5HGHILQLWLRQ� RI� ULVN� UDQNLQJ� DOJRULWKPV� EDVHG� RQ� WKH� RXWFRPH� RI� XQGHUWDNHQ� YDOLGDWLRQ�WRJHWKHU�ZLWK�7DVN�%�7DVN�'�x 6LPXODWLRQ�PRGHO�IRU�LQWURGXFWLRQ�DQG�VSUHDG�RI�&6)�LQWR�D�UHJLRQx 6SDWLDO�DQG�VWRFKDVWLF�VLPXODWLRQ�PRGHO�WR�HYDOXDWH�GLVHDVH�FRQWURO�VWUDWHJLHV�IRU�&6)x 'HVLJQ� RI� D� SURFHGXUH� LQ� RUGHU� WR� LQWHJUDWH� WKH� VLPXODWLRQ�PRGHOV� IRU� LQWURGXFWLRQ� DQGVSUHDG�RI�&6)�ZLWK�HFRQRPLF�PRGHOVx 'HILQLWLRQ�RI�LQWHUHVWLQJ�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�&6)x &RVW�EHQHILW�DQDO\VLV�RI�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�&6)x *HQHUDOLVHG�PRGHO�DSSURDFK�WR�RWKHU�QRWLILDEOH�GLVHDVHV��EHJLQQLQJ�ZLWK�)0'x &RVW�EHQHILW�DQDO\VLV�RI�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�)0'x 5HGHILQHG�SUHYHQWLRQ� DQG� FRQWURO� VWUDWHJLHV� DSSURSULDWH� IRU� GHQVHO\� SRSXODWHG� OLYHVWRFNDUHDV
7KH�IROORZLQJ�WHFKQLFDO�GHOLYHUDEOHV�ZHUH�SURGXFHG�x 5HSRUW� ZLWK� DQ� H[WHQVLYH� UHYLHZ� DQG� V\QWKHVLV� RI� UHOHYDQW� GDWD� LQ� GHQVHO\� SRSXODWHGOLYHVWRFN�DUHDV��7DVN�$�x 5HSRUW�RI�WKH�SURSRVHG�QHZ�DSSURDFK�DQG�GDWDEDVHV�WR�LGHQWLI\�GHQVHO\�SRSXODWHG�OLYHVWRFNDUHDV��LQFOXGLQJ�FRQYHUVLRQ�WDEOHV�IRU�DQLPDOV�WR�FDOFXODWH�DQLPDO�GHQVLW\��7DVN�$�x &RPSXWHULVHG� WRROER[� IRU� WKH� LGHQWLILFDWLRQ�DQG�DQDO\VLV�RI�GHQVHO\�SRSXODWHG� OLYHVWRFNDUHDV��7DVN�$�x 'DWD�FROOHFWLRQ�V\VWHP�IRU�TXDOLWDWLYH�DQG�RQ�IDUP�DQLPDO�GLVHDVH�ULVN�IDFWRUV��7DVN�%�x 4XDQWLWDWLYH�SURFHGXUH�WR�UDQN�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�DFFRUGLQJ�WR�ULVN��7DVN�%�x 0HWKRG� IRU� DQDO\VLQJ� GDWD� VHWV� RQ� UHDO� RXWEUHDNV� IRFXVLQJ� RQ� VSDWLDO� SDWWHUQV� RI� UHDORXWEUHDNV��7DVN�&�x 5HSRUW� RQ� VSDWLDO� DQG� WLPH�SDWWHUQV� RI� UHDO� RXWEUHDNV� RI�&6)� LQ� GLIIHUHQW� FRXQWULHV� DQGDVVXPSWLRQV�ZLWK�UHVSHFW�WR�VWHHULQJ�IDFWRUV�WKDW�FDXVH�WKHVH�SDWWHUQV��7DVN�&�



���

x 0RGHO�DSSURDFK�IRU�WKH�HFRQRPLF�HYDOXDWLRQ�RI�VWUDWHJLHV�IRU�SUHYHQWLQJ�WKH�LQWURGXFWLRQRI�QRWLILDEOH�GLVHDVHV�LQWR�D�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHD��7DVN�'�x 0RGHO�DSSURDFK�IRU�WKH�HFRQRPLF�HYDOXDWLRQ�RI�FRQWURO�VWUDWHJLHV�IRU�QRWLILDEOH�GLVHDVHVLQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��7DVN�'�

������6XPPDU\�RI�UHVXOWV�DQG�FRQFOXVLRQV�SHU�UHVHDUFK�TXHVWLRQ
48(67,21���� :KDW�DUHDV�RI�WKH�&RPPXQLW\�DUH�GHQVHO\�SRSXODWHG"%DVHG�RQ�ERWK�VSDWLDOO\�RULHQWHG�DQG�YHWHULQDU\�RULHQWHG�PHWKRGRORJLHV��FDWHJRULHV�RI�DQLPDOGHQVLW\� DUH� FRQVLGHUHG� WR� EH� GLVHDVH� GHSHQGHQW�� )RU� )0'�� DUHDV� �PXQLFLSDOLWLHV��ZLWK� OHVVWKDQ�����DQLPDOV��GDLU\�FRZV��EHHI�DQLPDOV��VKHHS��JRDWV��SLJV��SHU�VTXDUH�NP�DUH�FODVVLILHGDV�63/$��VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV���7KRVH�ZLWK�EHWZHHQ�����DQG�����DQLPDOV�DUHFODVVLILHG�DV�03/$��PHGLXP�SRSXODWHG�OLYHVWRFN�DUHDV��DQG�WKRVH�DUHDV�ZLWK�PRUH�WKDQ����DQLPDOV� SHU� VTXDUH� NP� DV� '3/$� �GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV��� )RU� &6)�� WKHVHFDWHJRULHV�DUH�VOLJKWO\�GLIIHUHQW��L�H��DUHDV�EHORZ����SLJV�SHU�VTXDUH�NP�DUH�GHILQHG�DV�63/$V�ZLWK��������SLJV�DV�03/$V�DQG�DUHDV�ZLWK�PRUH� WKDQ�����SLJV�SHU� VTXDUH�NP�DV�'3/$V�7KLV�FRUUHVSRQGV�WR�DSSUR[LPDWHO\�����RI�WKH�DUHDV�LQ�WKH�VWXGLHG�(8�PHPEHU�VWDWHV�EHLQJVSDUVHO\� SRSXODWHG�� DERXW� ���� EHLQJ� PHGLXP� SRSXODWHG� DQG� DERXW� ��� EHLQJ� GHQVHO\SRSXODWHG�7KH�'3/$V� DUH� FRQFHQWUDWHG�PDLQO\� LQ� WKH�ZHVWHUQ� SDUW� RI�*HUPDQ\� �/RZHU� 6D[RQ\��� WKHHDVWHUQ�DQG�VRXWKHUQ�SDUWV�RI�7KH�1HWKHUODQGV�� WKH�ZHVWHUQ�SDUW�RI�%HOJLXP� �)ODQGHUV��� WKHZHVWHUQ� SDUW� RI� )UDQFH� �%ULWWDQ\�� DQG� WKH� QRUWKHUQ� SDUW� RI� ,WDO\� �3R� UHJLRQ�� �&KDSWHU� ���'HWDLOHG�PDSV�DUH�SURYLGHG�ZLWK�WKH�FODVVLILHG�DUHDV�IRU�)0'�DQG�&6)�)XUWKHU� DQDO\VHV�ZLWK� DGYDQFHG� VSDWLDOO\� RULHQWHG� WHFKQLTXHV� LQ� &KDSWHU� �� VKRZHG� D�PRUHGHWDLOHG�SLFWXUH��7KH�63/$V��03/$V� DQG�'3/$V�GHILQHG� LQ�&KDSWHU� �� GR� QRW� VHHP� WR� EHYHU\�KRPRJHQHRXV��,Q�63/$V��IRU�H[DPSOH�� WKHUH�DUH�VPDOOHU�VXE�DUHDV�ZLWK�KLJK�GHQVLWLHV�DQG�ZLWKLQ�'3/$V� WKHUH�DUH�VPDOOHU� VXE�DUHDV�ZLWK� ORZ�GHQVLWLHV��7KHUHIRUH�ZH�QHHG�PRUHDGYDQFHG�PHWKRGV�IRU�FODVVLI\LQJ�VXFK�DUHDV��7KLV�LV�EHFDXVH�WKH�DYHUDJH GHQVLW\�RI�DQ�DUHDRU�PXQLFLSDOLW\�LV�QRW�WKH�PRVW�LPSRUWDQW�IDFWRU�IRU�WKH�LQWURGXFWLRQ�DQG�VSUHDG�RI�DQ�DQLPDOGLVHDVH�� EXW� WKH� VSUHDG� LQ� GHQVLW\� ZLWKLQ WKH� DUHDV� LV� LQGHHG� WKH� PRVW� LPSRUWDQW� IDFWRU�'HWDLOHG� PDSV� KDYH� EHHQ� GHYHORSHG� XVLQJ� WKHVH� DGYDQFHG� LQGLFHV�� VXFK� DV� WKH� 1HDUHVW1HLJKERXU�,QGH[��11,���WKH�/RUHQ]�FXUYH��WKH�*,1,�LQGH[�DQG�D�NHUQHO�WRRO��IRU�XVH�LQ�VRPHVHOHFWHG�(8�DUHDV�
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48(67,21���� :KDW�DUH�WKH�ULVN�IDFWRUV�IRU�WKH�LQWURGXFWLRQ�RI�QRWLILDEOH�GLVHDVHV�LQWRWKHVH�DUHDV":LWK�UHJDUG�WR�WKH�ULVN�RI�&6)�LQWURGXFWLRQ��WKH�XVH�RI�VZLOO�IHHGLQJ�DQG�WKH�SUHVHQFH�RI�ZLOGERDU�SRSXODWLRQV�LQ�WKH�DUHDV�RI�LQWHUHVW�DUH�LPSRUWDQW�ULVN�IDFWRUV��7KH�XVH�RI��KLJKO\�ULVN\�VZLOO�IHHGLQJ�KDV�EHHQ�LGHQWLILHG�RQ������RI�SLJ�KROGLQJV��+RZHYHU��VZLOO�IHHGLQJ�LV�REVHUYHGPXFK� PRUH� IUHTXHQWO\� LQ� 63/$V� FRPSDUHG� WR� '3/$V�� ,Q� PDQ\� FRXQWULHV� �IRU� LQVWDQFH*HUPDQ\��)UDQFH�DQG�7KH�1HWKHUODQGV��WKH�SUHVHQFH�RI�ZLOG�ERDUV�KDV�EHHQ�LGHQWLILHG�ERWK�LQ63/$V� DQG� '3/$V�� ,Q� WKHVH� DUHDV� WKH� SHUFHQWDJH� RI� SLJ� XQLWV� ZKHUH� EDUULHUV� DUH� SUHVHQWYDULHV�IURP�����WR������,Q�JHRJUDSKLFDO�DUHDV�ZLWK�D�ZLOG�ERDU�SRSXODWLRQ��WKH�SUHVHQFH�RI�DSK\VLFDO� EDUULHU� DURXQG� WKH� IDUPV� WR� UHGXFH� WKH� ULVN� RI� SRVVLEOH� FRQWDFW� EHWZHHQ� �LQIHFWHG�ZLOG� ERDUV� DQG� GRPHVWLF� SLJV� VKRXOG� UHSUHVHQW� RQH� RI� WKH� PLQLPXP� UHTXLUHPHQWV� WR� EHDSSOLHG�LQ�DOO�SLJ�XQLWV�LQ�WKH�DUHD��&KDSWHU����$QRWKHU�PDLQ�ULVN�IDFWRU�IRU�WKH�LQWURGXFWLRQ�RI�D�FRQWDJLRXV�DQLPDO�GLVHDVH�LQ�D�FRXQWU\�RU�DUHJLRQ�LV�WKH�PRYHPHQW�RI�DQLPDOV��$QLPDO�LQWURGXFWLRQ�RFFXUV�PRUH�IUHTXHQWO\�LQ�SLJ������WKDQ� LQ� FDWWOH� ������ KROGLQJV�� EXW� ���� RI� SLJ� XQLWV� DQG� ���� RI� FDWWOH� KROGLQJV� SXUFKDVHDQLPDOV�RQO\�IURP�IDUPV�ORFDWHG�LQ�WKH�VDPH�UHJLRQ��)XUWKHUPRUH��SLJ�IDUPV�DUH�FKDUDFWHULVHGE\� D� KLJKHU� OHYHO� ������ RI� LQWURGXFWLRQ� RI� DQLPDOV� IURP� NQRZQ� IDUPV��ZKHQ� FRPSDUHG� WRFDWWOH� ������� ,Q� WKH� DUHDV� XQGHU� VWXG\� D� GLIIHUHQW� OHYHO� RI� ULVN� KDV� EHHQ� LGHQWLILHG�� )RULQVWDQFH�� WKH�SUDFWLFH�RI�SXUFKDVLQJ�DQLPDOV� IURP�RWKHU� DUHDV�YDULHV� IURP�����DQG����� LQ,WDOLDQ�SLJ�DQG�FDWWOH�KROGLQJV�UHVSHFWLYHO\��WR�����DQG�����LQ�)UHQFK�SLJ�DQG�FDWWOH�IDUPV�7KH�LQWURGXFWLRQ�RI�UHSODFHPHQW�VWRFN�IURP�KLJKHU�ULVN�VRXUFHV��KROGLQJ�FHQWUHV��PDUNHWV�DQGXQNQRZQ� IDUPV�� LV�PXFK�JUHDWHU� LQ� SLJ� ������ DQG� FDWWOH� ������ IDUPV� LQ� WKH�*HUPDQ�SLORWDUHDV��WKDQ�LQ�,WDOLDQ�SLJ�������DQG�FDWWOH�������KROGLQJV��,Q�DGGLWLRQ��DV�ZDV�FOHDUO\�VKRZQGXULQJ�WKH�UHFHQW�HSLGHPLFV�RI�&6)�DQG�)0'�LQ�(XURSH��ERWK�WKH�GLVFLSOLQH�UHJDUGLQJ�DQLPDOPRYHPHQWV�DQG�WKH�WUDFHDELOLW\�RI�VXFK�PRYHPHQWV�UHSUHVHQW�WKH�NH\�SRLQWV�IRU�JXDUDQWHHLQJD�UHGXFWLRQ�RI�WKH�ULVN�RI�LQWURGXFLQJ�D�FRQWDJLRXV�DQLPDO�GLVHDVH�LQWR�D�GLVHDVH�IUHH�DUHD��7KHVXFFHVV�RI�WKH�HUDGLFDWLRQ�PHDVXUHV�SXW�LQ�IRUFH�VKRXOG�D�GLVHDVH�RXWEUHDN�RFFXU��&KDSWHU���DOVR�GHSHQGV�RQ�WKHVH�NH\�SRLQWV�)XUWKHU�DQDO\VLV�ZLWK�PXOWLSOH�DWWULEXWH�WHFKQLTXHV�VWUHVV�WKH�LPSRUWDQFH�RI�VZLOO�IHHGLQJ�DQGWKH� SUHVHQFH� RI� ZLOG� ERDU� DV� PDLQ� ULVN� IDFWRUV� IRU� &6)� LQWURGXFWLRQ� LQ� GRPHVWLF� SLJSRSXODWLRQV��&KDSWHU�����7KHVH�UHVXOWV�UHIOHFW�WKH�NQRZOHGJH�WKDW�LQ�VRPH�DUHDV�RI�WKH�(8�DODUJH� SURSRUWLRQ� RI�&6)� SULPDU\� RXWEUHDNV�ZDV� GXH� WR� FRQWDFWV�ZLWK�ZLOG� ERDU� RU� WR� VZLOOIHHGLQJ�� 2WKHU� LPSRUWDQW� ULVN� IDFWRUV� IRU� &6)� LQWURGXFWLRQ�ZHUH�PDLQO\� IDFWRUV� UHODWLQJ� WRERWK�DQLPDO�WUDGH�DQG�KHUG�PDQDJHPHQW��,Q�SDUWLFXODU�WKH�WUDGH�RI�OLYH�DQLPDOV�DQG�UHWXUQLQJWUDQVSRUW� ORUULHV� DUH� ULVN� IDFWRUV� IRU� &6)� LQWURGXFWLRQ�� ,Q� HDFK� FRXQWU\�� WKH� ULVN� RI� &6)LQWURGXFWLRQ�LV�KLJKHU�LQ�63/$V�FRPSDUHG�WR�'3/$V��7KHUHIRUH��DQLPDO�GHQVLW\�DV�VXFK�GRHV
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QRW� VHHP� WR�EH� WKH�RQO\� IDFWRU� DVVRFLDWHG�ZLWK� WKH� ULVN�RI�&6)� LQWURGXFWLRQ� LQ� WKH� VHOHFWHGVWXG\�DUHDV��7KH�HSLGHPLRORJLFDO�UROH�WKDW�63/$V�PD\�SOD\�LQ�WKH�LQWURGXFWLRQ�RI�&6)�LQ�WKHGRPHVWLF� SLJ� SRSXODWLRQ� LV� WKDW� WKH� GLVHDVH� FRXOG� WKHQ� VSUHDG� WR� '3/$V� WKURXJK� WKHPRYHPHQW� RI� OLYH� DQLPDOV� RU� WUDQVSRUW� ORUULHV�� *RRG� KHUG� PDQDJHPHQW� �LQFOXGLQJ� SURSHUELRVHFXULW\�PHDVXUHV��LV�D�YHU\�LPSRUWDQW�IDFWRU�LQ�ORZHULQJ�WKH�ULVN�RI�WKH�LQWURGXFWLRQ�DQGVSUHDG� RI� &6)�� $SSOLFDWLRQ� RI� WKH� PXOWLSOH� DWWULEXWH� WHFKQLTXHV� VKRZV� FOHDUO\� WKDW� &6)UHSUHVHQWV� D� FRQWLQXDO� WKUHDW� IRU� WKH� (8� SLJ� LQGXVWU\�� 6\VWHPDWLF� DGRSWLRQ� RI� ELRVHFXULW\SURWRFROV� DW� DOO� OHYHOV� �LQWHUQDWLRQDO�� QDWLRQDO�� KHUG� OHYHO�� VKRXOG� WKHUHIRUH� EH� HQIRUFHG� WRPLQLPLVH�WKH�ULVN�RI�&6)�LQWURGXFWLRQ�LQWR�SLJ�XQLWV��&KDSWHU����7KHVH� FRQFOXVLRQV� DUH� DOVR� FRQILUPHG� LQ� D� IHZ� IROORZ�XS� VWXGLHV� LQ� )UDQFH� DQG� 7KH1HWKHUODQGV� �&KDSWHUV� ��� ��� DQG� ����� &KDSWHU� �� VKRZV� WKDW� WKH� UDWLR� µIDWWHQLQJ� SLJV� RYHUVRZV¶�LV�D�JRRG�LQGLFDWRU�IRU�WKH�JHRJUDSKLFDO�ULVN�RI�&6)��WHVWHG�LQ�%ULWWDQ\��)UDQFH���7KLVUDWLR� FRPELQHV� VHYHUDO� XQGHUO\LQJ� LQGLFHV� VXFK� DV� SLJ� PRYHPHQWV� EHWZHHQ� KHUGV� DQG� QHWLPSRUW�RU�H[SRUW�RI�SLJOHWV�WR�RU�IURP�RWKHU�DUHDV��7KH�UDWLR�LV�DQ�HDV\�WR�XVH�LQGH[�IRU�&6)EHFDXVH� LW� GRHV� QRW� UHTXLUH� D� ORW� RI� LQIRUPDWLRQ� WR� ZRUN� LW� RXW�� ,W� LV� D� YDOXDEOH� LQGH[� IRUFDOFXODWLQJ�RYHU�WLPH��LQ�RUGHU�WR�UHSUHVHQW�WKH�G\QDPLFV�LQ�SLJ�SRSXODWLRQV�6HYHUDO� VWXGLHV�GHGLFDWHG� WR� WKH� VWXG\�RI� DLUERUQH�)0'�VSUHDG� �DQG� LQWURGXFLQJ�)0'� LQWRQHZ�DUHDV��GR�QRW�H[SOLFLWO\�FRQVLGHU�KHUG�VL]H�WR�EH�D ULVN�IDFWRU��&KDSWHU������8S�XQWLO�QRZWKH�RQO\�VROXWLRQ�IRU�TXDQWLI\LQJ�WKH�SUREDELOLW\�RI� LQIHFWLRQ�KDV�EHHQ� WR�FRPSDUH� WKH�YDOXHREWDLQHG�IURP�D�PDWKHPDWLFDO�PRGHO�RI�DLUERUQH�VSUHDG�WR�WKH�PLQLPDO�GRVHV�UHTXLUHG�WR�VHW�XS� WKH� LQIHFWLRQ� H[SHULPHQWDOO\�� +RZHYHU�� KHUGV� FDQ� KDYH� GLIIHUHQW� VL]HV� WKDW� SRVVLEO\UHSUHVHQW�D�YDULDEOH�VRXUFH�RI�ULVN��2XU�DQDO\WLFDO�PRGHO��SDUWLDOO\��H[SODLQV�ZK\�QRW�DOO�WKHKHUGV�H[SRVHG�WR�WKH�DLUERUQH�YLUXV�DUH�LQIHFWHG��6HYHUDO�FRPELQDWLRQV�RI�GRVHV�DQG�KHUG�VL]HJLYH�WKH�VDPH�ULVN�RI�LQIHFWLRQ��$V�WKH�LQKDOHG�GRVH�LV�OLQNHG�WR�WKH�GLVWDQFH�IURP�DQ�LQIHFWHGVRXUFH��WKH�IRUPHU�UHODWLRQ�LPSOLHV�WKDW�D�ELJ�KHUG�ORFDWHG�IDU�IURP�DQ�RXWEUHDN�FRXOG�KDYH�WKHVDPH�SUREDELOLW\�RI� LQIHFWLRQ�DV�D� VPDOO�KHUG� ORFDWHG�FORVH� WR� WKH� VRXUFH��0RUHRYHU��D�YHU\ORZ�GRVH�FDQ�EH�VXIILFLHQW�WR�VHW�XS�DQ�LQIHFWLRQ�LI�D�ORW�RI�DQLPDOV�DUH�H[SRVHG��&KDSWHU�����,QVLJKW� LQWR� IDFWRUV� FRQWULEXWLQJ� WR� WKH� ULVN� RI� &6)� LQWURGXFWLRQ�� ZKLFK� LV� QHHGHG� LQ� RUGHU� WRGHFLGH� XSRQ� SUHYHQWLYH� DFWLRQV� WKDW� DUH� FRVW�HIIHFWLYH�� L�H��� WKDW� WKH\� DFKLHYH� FRQVLGHUDEOH� ULVNUHGXFWLRQ�DW�UHDVRQDEOH�FRVWV��LV�DOVR�JLYHQ�LQ��SDUW�RI��&KDSWHU�����,Q�WKLV�VWXG\�ERWK�TXDOLWDWLYHDQG�TXDQWLWDWLYH�DSSURDFKHV�ZHUH�XVHG�WR�HVWLPDWH�WKH�SUREDELOLW\�RI�&6)�LQWURGXFWLRQ�IRU�VHYHUDOUHJLRQV� LQ� WKH� (8� DQG� WR� GHWHUPLQH� ZKLFK� IDFWRUV� FRQWULEXWH� PRVW� WR� WKH� SUREDELOLW\� RI� &6)LQWURGXFWLRQ��%RWK�DSSURDFKHV�ZHUH�EDVHG�RQ�D�VR�FDOOHG�SDWKZD\�GLDJUDP��L�H��D�FRPELQDWLRQ�RIULVN� IDFWRUV�� HVSHFLDOO\� FRQVWUXFWHG� IRU�&6)� LQWURGXFWLRQ� LQWR� UHJLRQV� RI� WKH�(8� XQGHU� D� QRQ�YDFFLQDWLRQ�SROLF\��7KH�TXDOLWDWLYH�DVVHVVPHQW�RI�WKH�SUREDELOLW\�RI�&6)�LQWURGXFWLRQ�LQWR�'3/$VDQG�63/$V�GHPRQVWUDWHG�WKDW�'3/$V�JHQHUDOO\�KDG�D�KLJKHU�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ
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WKDQ�63/$V��DOWKRXJK�WKLV�FRXOG�QRW�EH�DWWULEXWHG�WR�SLJ�GHQVLW\�RQO\��&6)�LQWURGXFWLRQ�WKURXJKZLOG�ERDU�ZDV�DJDLQ�FRQFOXGHG�WR�EH�KLJKO\�SUREDEOH��&KDSWHU�����
48(67,21���� :KDW�DUH�WKH�ULVN�IDFWRUV�IRU�WKH�IXUWKHU�VSUHDG�RI�QRWLILDEOH�GLVHDVHV�LQWKHVH�DUHDV"7KH� RFFXUUHQFH� RI� µQHLJKERXUKRRG� LQIHFWLRQV¶� �FRPELQDWLRQ� RI� ULVN� IDFWRUV� DVVRFLDWHG�ZLWKWKH�SUR[LPLW\�RI�KHUGV��GXULQJ�&6)�RXWEUHDNV�ZHUH�H[DPLQHG�EDVHG�RQ�LQIRUPDWLRQ�FROOHFWHGE\� 9HWHULQDU\� 2IILFHUV� RI� WKH� 0LQLVWU\� RI� $JULFXOWXUH� GXULQJ� WKH� &6)� HSLGHPLF� LQ� (DVW)ODQGHUV� �%HOJLXP�� RI� ����� �&KDSWHU� ���� 1HLJKERXUKRRG� LQIHFWLRQV� ZHUH� REVHUYHG� LQ� WKHQHLJKERXUKRRGV� RI� �� RXW� RI� ��� SULPDU\� KHUGV�� 7KH� RQO\� ULVN� IDFWRU� FRQVLGHUHG� WKDW� ZDVDVVRFLDWHG�ZLWK�WKH�RFFXUUHQFH�RI�QHLJKERXUKRRG�LQIHFWLRQV�ZDV�DQ�LQGH[�FDOOHG�WKH�ELYDULDWHNHUQHO� HVWLPDWH� RI� LQWHQVLW\�� L�H�� WKH� KLJKHU� WKH� ELYDULDWH� NHUQHO� HVWLPDWH� RI� LQWHQVLW\�� WKHKLJKHU�WKH�ULVN�IRU�RFFXUUHQFH�RI�QHLJKERXUKRRG�LQIHFWLRQV��7KH�ELYDULDWH�NHUQHO�HVWLPDWH�RILQWHQVLW\�LV�D�VSDWLDO�SDUDPHWHU��ZKLFK�FRPELQHV�WKH�QXPEHU�RI�KHUGV�WKDW�DUH�VLWXDWHG�ZLWKLQWKH� VHOHFWHG� DUHD� �RQH� NLORPHWUH� UDGLXV�� DQG� WKH� UHODWLYH� GLVWDQFH� RI� WKHVH� KHUGV� WR� WKHUHIHUHQFH�KHUG� �&6)� LQIHFWHG�KHUG���7KH�SLJ�GHQVLW\�� D�SDUDPHWHU� DVVXPHG� WR�EH�DVVRFLDWHGZLWK� D� KLJK� ULVN� IRU� WKH� LQWURGXFWLRQ� DQG� VSUHDG� RI� FRQWDJLRXV� GLVHDVHV� GLG� QRW� H[SODLQ� DVPXFK�YDULDWLRQ�DV�WKH�ELYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�GLG�LQ�WKH�ILQDO�PRGHO��+RZHYHU�WKH� ELYDULDWH� NHUQHO� HVWLPDWH� RI� LQWHQVLW\� UHVXOWHG� LQ� EHLQJ� WKH� EHVW� H[SODLQLQJ� SUHGLFWRUYDULDEOH� RI� WKH� YDULDWLRQ� LQ� WKH� &6)� GDWD� DQG� ZDV� SRVLWLYHO\� DVVRFLDWHG� ZLWK� WKH� ULVN� IRUQHLJKERXUKRRG�LQIHFWLRQV��&KDSWHU�����1R�VLJQLILFDQW�ODFNV�RI�ILW�ZHUH�REVHUYHG�IRU�WKH�PRGHOEDVHG�RQ�DOO�REVHUYDWLRQV�RU�IRU�WKH�PRGHOV�UHVXOWLQJ�IURP�WKH�FURVV�YDOLGDWLRQ�SURFHGXUH��7KHSDUDPHWHU�ZDV�KLJKO\�FRUUHODWHG�ZLWK�WKH�SLJ�GHQVLW\�RI�WKH�QHLJKERXUKRRG��WKH�VHFRQG�EHVWH[SODLQLQJ�SUHGLFWRU�YDULDEOH�IRU�WKH�DYDLODEOH�GDWD��&KDSWHU�����,Q�WKH�PRGHO�EXLOGLQJ�GDWDVHWFROOHFWHG�GXULQJ�D�UHDO�&6)�RXWEUHDN�LQ�������WKH�ELYDULDWH�NHUQHO�HVWLPDWH�RI�LQWHQVLW\�YDULHGIURP� ������ WR� ������� 8QIRUWXQDWHO\�� WKH� NHUQHO� HVWLPDWH� LV� QRW� D� SHUIHFW� SUHGLFWRU� IRUQHLJKERXUKRRG�LQIHFWLRQV�LQ�WKH�GLIIHUHQW�UHJLRQV�RI�%HOJLXP��7KHUHIRUH�WKH�SUHVHQWHG�PDSVLQ�&KDSWHU���VKRXOG�EH�VHHQ�DV�LOOXVWUDWLRQV�RI�D�SRVVLEOH�PHWKRGRORJ\�IRU�SUHGLFWLQJ�WKH�ULVNRI�&6)�VSUHDG�LQVWHDG�RI�DV�DQ�DFFXUDWH�HVWLPDWH�RI�WKH�ULVN�7KH� SXUSRVH� RI� WKH� IROORZ�XS� VWXG\� LQ�&KDSWHU� ���ZDV� WR� HVWLPDWH� WKH� DJUHHPHQW� EHWZHHQFRPPXQLWLHV�ZLWK�D�KLJK�ULVN�IRU�WKH�QHLJKERXUKRRG�VSUHDG�RI�&ODVVLFDO�6ZLQH�)HYHU��&6)�DQG�FRPPXQLWLHV�ZLWK�GHQVH�SLJ�SRSXODWLRQV��$�FRPPXQLW\�ZDV�FRQVLGHUHG�WR�LQFRUSRUDWH�DKLJK�ULVN�IRU�WKH�QHLJKERXUKRRG�VSUHDG�RI�&6)�ZKHQ�WKH�ULVN�RI�µQHLJKERXUKRRG�LQIHFWLRQV¶IRU�DW�OHDVW�RQH�QHLJKERXUKRRG�ZDV�KLJKHU�WKDQ�D�SUHVHW�FXW�RII�YDOXH��7KLV�FULWHULRQ�LPSOLHVWKDW�QRW�DOO�QHLJKERXUKRRGV�LQ�D�FRPPXQLW\�KDYH�D�ULVN�WKDW�LV�KLJKHU�WKDQ�WKH�FXW�RII�YDOXH�0RUHRYHU�� WKH� SURSRUWLRQ� RI� QHLJKERXUKRRGV� KDYLQJ� D� ULVN� RI� µQHLJKERXUKRRG� LQIHFWLRQV¶
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KLJKHU� WKDQ� WKH� FXW�RII� YDOXH�GHFUHDVHV�ZKHQ� WKH� FXW�RII� YDOXH� LQFUHDVHV��:KHQ� WKH� FXW�RIIYDOXH� LV� ���� RU� KLJKHU�� WKH� NDSSD� DJUHHPHQW� LV� RQO\� PRGHUDWH� RU� OHVV� WKDQ� PRGHUDWH�7KHUHIRUH��WKH�XVH�RI�WKH�SLJ�GHQVLW\�RI�D�FRPPXQLW\�WR�VHOHFW�FRPPXQLWLHV�IRU�ZKLFK�DW�OHDVWRQH�QHLJKERXUKRRG�LQ�WKH�FRPPXQLW\�KDV�D�ULVN�RI�QHLJKERXUKRRG�VSUHDG�RI�&6)�RI�����RUKLJKHU�ZRXOG�QRW�EH�DSSURSULDWH��$�VXEVWDQWLDO�NDSSD�DJUHHPHQW�ZDV�IRXQG�IRU�WKH�RWKHU�FXW�RII�YDOXHV� ��� WR�������+RZHYHU�� WKH� LGHQWLILFDWLRQ�RI� FRPPXQLWLHV�ZLWK� D�KLJK� ULVN� IRU� WKHQHLJKERXUKRRG� VSUHDG� RI� &6)�� EDVHG� RQ� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� GHQVH� SLJSRSXODWLRQV�� UHVXOWV� LQ� D� QXPEHU� RI� PLVFODVVLILFDWLRQV�� 7KH� SRVLWLYH� SUHGLFWLYH� YDOXH� IRU� DJLYHQ� FXW�RII� YDOXH� GLIIHUV� IURP� FRXQWU\� WR� FRXQWU\� EHFDXVH� LWV� YDOXH� FKDQJHV� ZKHQ� WKHSUHYDOHQFH�RI�FRPPXQLWLHV�ZLWK�D�KLJK�ULVN� IRU� WKH�QHLJKERXUKRRG�VSUHDG�RI�&6)�FKDQJHV�L�H��WKH�VPDOOHU�WKLV�SUHYDOHQFH�WKH�VPDOOHU�WKH�SRVLWLYH�SUHGLFWLYH�YDOXH��7KH�PDMRU�FRQFOXVLRQZDV�WKDW�WKH�FKRLFH�RI�WKH�PLQLPXP�SLJ�GHQVLW\�RI�D�FRPPXQLW\�WR�RSWLPLVH�WKH�VHOHFWLRQ�RIFRPPXQLWLHV�ZLWK� D� KLJK� ULVN� IRU� WKH� QHLJKERXUKRRG� VSUHDG� RI�&6)� LV� QRW� VWUDLJKWIRUZDUG�7KH� FKRLFH� GHSHQGV� RQ� WKH� FRUUHODWLRQ� RI� WKH� VHOHFWLRQ� RI� FRPPXQLWLHV� ZLWK� GHQVH� SLJSRSXODWLRQV�DQG�ZLWK�D�KLJK�ULVN�IRU�WKH�QHLJKERXUKRRG�VSUHDG�RI�&6)��DV�ZHOO�DV�RQ�WKH�ULVNWKDW�GHFLVLRQ�PDNHUV�ZLVK�WR�WDNH��&KDSWHU�����7R� WHVW� IRU�JHQHUDOLW\�� WKH�PHWKRGV�KDYH�EHHQ� WHVWHG�RQ�RWKHU�DQLPDO�GLVHDVHV�DV�ZHOO�DV� LQRWKHU� DUHDV�FRXQWULHV�� &KDSWHU� �� GHDOV� ZLWK� UHVSLUDWRU\� GLVHDVH� RXWEUHDNV� LQ� IDWWHQLQJ� SLJV�63/$V�YHUVXV�'3/$V�LQ�)UDQFH��DQG�&KDSWHU���GHDOV�ZLWK�$XMHV]N\¶V�'LVHDVH�LQ�SLJ�IDUPVLQ�'3/$V�LQ�%HOJLXP��,Q�FRQWUDVW�WR�&6)�DQG�)0'��WKHVH�GLVHDVHV�DUH�FXUUHQWO\�FRPPRQO\SUHVHQW�LQ�WKH�SLJ�SRSXODWLRQ��VR�WKH�ULVN�IDFWRUV�IRU�VSUHDG �LQ�FRQWUDVW�WR�WKH�LQWURGXFWLRQ�RIWKH� GLVHDVH��PD\� EH� VWXGLHG��5HVSLUDWRU\� GLVHDVHV� �DQG� WKHLU� VSUHDG�� LQ� ILQLVKLQJ� SLJ� KHUGVZHUH�DVVRFLDWHG�ZLWK��VPDOOHU��KHUG�VL]HV��PRUH�IUHTXHQW�DQLPDO�PRYHPHQWV�DQG�ZLWK�KLJKHUGHQVLWLHV� RI� WKH� DQLPDO� SRSXODWLRQ�� 7KHUHIRUH�� LQ� '3/$V� WKHUH� DUH� PRUH� SUREOHPV� ZLWKUHVSLUDWRU\� GLVHDVHV� WKDQ� LQ� 63/$V�� +RZHYHU�� ZLWKLQ� D� '3/$� VRPH� IDFWRUV� UHODWHG� WR� WKHODUJH� QXPEHU� RI� SLJ� IDUPV� LQ� D� QHLJKERXUKRRG� PLJKW� EH� FRQGXFLYH� WR� VXFFHVVLYHFRQWDPLQDWLRQ�E\�YLUDO� DJHQWV� LI� ELRVHFXULW\�PHDVXUHV� DUH� QRW� FRUUHFWO\� LPSOHPHQWHG� DW� WKHIDUP� OHYHO�� 5HVXOWV� VKRZ� WKDW� D� KLJK� QXPEHU� RI� FRQWDFWV� ZLWK� YHKLFOHV� �DQLPDO� WUDQVSRUW�YHWHULQDU\�DQG�WHFKQLFLDQ��ZDV�D�IHDWXUH�RI�SLJ�IDUPV�ORFDWHG�LQ�WKH�'3/$V�LQ�)UDQFH��SRRUELRVHFXULW\�PHDVXUHV���&KDSWHU�����&KDSWHU���GHDOV�ZLWK�ULVN�IDFWRUV�IRU�$XMHV]N\�GLVHDVH�LQ%HOJLXP��7KH�PRVW�LPSRUWDQW�ULVN�IDFWRUV�IRU�$XMHV]N\�GLVHDVH�ZHUH��63/$�YHUVXV�'3/$���DKLJK� DQLPDO� GHQVLW\�� D� KLJK� QXPEHU� RI� FRQWDFWV� EHWZHHQ� KHUGV� DQG� RXWGRRU� IDFLOLWLHV�3URWHFWLYH�IDFWRUV�DUH�JRRG�K\JLHQH��XVH�RI�D�VSDUH�FRPSDUWPHQW��DSSOLFDWLRQ�RI�TXDUDQWLQHVDQG�QXPEHU�RI�HPSW\�GD\V�EHIRUH�UHSRSXODWLQJ�WKH�SHQV�FRPSDUWPHQWV��0DQDJHPHQW�IDFWRUVWKDW�DUH�UHOHYDQW�LQFOXGHG�WKH�GLVHDVH�VWDWXV�RI�WKH�KHUG��DSSOLFDWLRQ�RI�DOO�LQ�DOO�RXW�V\VWHPV�QRW�UHJURXSLQJ�RU�PL[LQJ�DQLPDOV�DQG�D�PD[LPXP�OLPLW�RQ�WKH�QXPEHU�RI�DQLPDOV�ZLWKLQ�RQHFRPSDUWPHQW��&KDSWHU����



���

48(67,21���� :KDW�VSHFLILF�SUHYHQWLRQ�DQG�FRQWURO�VWUDWHJLHV�IRU�QRWLILDEOH�GLVHDVHVDUH�SRVVLEOH�DQG�ZKDW�DUH�WKH�FRVWV�DQG�EHQHILWV"$�GHFLVLRQ�WUHH�ZDV�GHYHORSHG�LQ�&KDSWHU����DV�D�WRRO�WR�VXSSRUW�GHFLVLRQ�PDNLQJ�FRQFHUQLQJFRQWURO�PHDVXUHV�GXULQJ�WKH�ILUVW�WKUHH�GD\V�IROORZLQJ�WKH�GHFODUDWLRQ�RI�DQ�RXWEUHDN�RI�)0'�7KH�REMHFWLYH�RI�WKH�WUHH�ZDV�WR�PLQLPLVH�GLUHFW�FRVWV�DQG�H[SRUW�ORVVHV�RI�)0'�HSLGHPLFV�LQDOO�NLQGV�RI�VFHQDULRV��6FHQDULRV�ZHUH�GHILQHG�E\�OLYHVWRFN�DQG�KHUG�GHQVLW\�LQ�WKH�RXWEUHDNUHJLRQ��WLPH�EHWZHHQ�ILUVW�LQIHFWLRQ�DQG�ILUVW�GHWHFWLRQ��DQG�WKH�SRVVLELOLW\�RI�DLUERUQH�VSUHDG�7KH� VWDUWLQJ� SRLQW� IRU� WKH� WUHH�ZDV� DQ� HSLGHPLRORJLFDO�PRGHO� EDVHG� RQ� DQ� HSLGHPLRORJLFDO)0'�PRGHO�� 7KH� HIIHFWV� RI� IRXU� FRQWURO� VWUDWHJLHV� RQ� )0'� G\QDPLFV� ZHUH� PRGHOOHG�� ,QDGGLWLRQ�WR�WKH�VWDQGDUG�FRQWURO�VWUDWHJ\�RI�WKH�VWDPSLQJ�RXW�DQG�FXOOLQJ�RI�KLJK�ULVN�FRQWDFWKHUGV�� VWUDWHJLHV� LQYROYLQJ� ULQJ� FXOOLQJ� ZLWKLQ� �� NP� RI� DQ� LQIHFWHG� KHUG�� ULQJ� YDFFLQDWLRQZLWKLQ���NP�RI�DQ�LQIHFWHG�KHUG��DQG�ULQJ�YDFFLQDWLRQ�ZLWKLQ���NP�RI�DQ�LQIHFWHG�KHUG�ZHUHDVVHVVHG�� $Q� HFRQRPLF� PRGHO� FRQYHUWHG� RXWEUHDN� DQG� FRQWURO� HIIHFWV� RI� IDUPLQJ� DQGSURFHVVLQJ�RSHUDWLRQV�LQWR�HVWLPDWHV�RI�GLUHFW�FRVWV�DQG�FRQVHTXHQWLDO�H[SRUW� ORVVHV��5HVXOWVVKRZHG� WKDW� DQLPDO� GHQVLW\� ZLWKLQ� WKH� RXWEUHDN� UHJLRQ� LV� DQ� LPSRUWDQW� GHWHUPLQDQW� LQGHFLGLQJ�RQ�WKH�HFRQRPLFDOO\�RSWLPDO�FRQWURO�VWUDWHJ\��5LQJ�YDFFLQDWLRQ�LV�WKH�HFRQRPLFDOO\RSWLPDO� FRQWURO� VWUDWHJ\� IRU� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� DQG� ULQJ� FXOOLQJ� LV� WKHHFRQRPLFDOO\�RSWLPDO�FRQWURO�VWUDWHJ\�IRU�VSDUVHO\�SRSXODWHG�OLYHVWRFN�DUHDV��&KDSWHU�����&KDSWHU� ��� GHDOW� ZLWK� REWDLQLQJ� LQVLJKW� LQWR� DOO� IDFWRUV� FRQWULEXWLQJ� WR� WKH� ULVN� RI� &6)LQWURGXFWLRQ� WKDW� DUH� UHTXLUHG� LQ� RUGHU� WR� GHFLGH� XSRQ� SUHYHQWLYH� DFWLRQV� WKDW� DUH� FRVW�HIIHFWLYH��L�H���WKH\�DFKLHYH�FRQVLGHUDEOH�ULVN�UHGXFWLRQ�DW�UHDVRQDEOH�FRVWV��,Q�WKLV�VWXG\�ERWKD� TXDOLWDWLYH� DQG� D� TXDQWLWDWLYH� DSSURDFK� ZHUH� XVHG� WR� HVWLPDWH� WKH� SUREDELOLW\� RI� &6)LQWURGXFWLRQ�IRU�VHYHUDO�UHJLRQV�LQ�WKH�(8�DQG�WR�GHWHUPLQH�ZKLFK�IDFWRUV�FRQWULEXWH�PRVW�WRWKH�SUREDELOLW\�RI�&6)�LQWURGXFWLRQ��%RWK�DSSURDFKHV�ZHUH�EDVHG�RQ�D�SDWKZD\�GLDJUDP��L�H�D�FRPELQDWLRQ�RI�ULVN�IDFWRUV��FRQVWUXFWHG�IRU�&6)�LQWURGXFWLRQ�LQWR�UHJLRQV�RI�WKH�(8�XQGHUD�QRQ�YDFFLQDWLRQ�SROLF\�7KH�DQQXDO�SUREDELOLWLHV�RI�&6)�LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V��ULVN�IDFWRUV��ZHUH�TXLWHORZ�ZKHQ�FRPSDUHG�ZLWK�H[SHUW�HVWLPDWHV��7KH�SUREDELOLW\�RI�&6)�LQWURGXFWLRQ�E\�GLUHFW�DQGLQGLUHFW�FRQWDFWV�ZLWK�ZLOG�ERDU�ZDV�TXLWH�KLJK��HVSHFLDOO\�IRU�*HUPDQ\��)UDQFH�DQG�,WDO\��DVLV� WKH�FDVH�IRU� WUDQVSRUW�RI� OLYH�DQLPDOV�DQG�VZLOO� IHHGLQJ��3UHYHQWLRQ�DQG�FRQWURO�PHDVXUHVVKRXOG�EH�GHYHORSHG�EDVHG�RQ�WKHVH�ULVN�IDFWRUV��7KLV�LV�LQ�DFFRUGDQFH�ZLWK�UHDOLW\��DV�PDQ\SULPDU\�RXWEUHDNV� LQ� WKHVH�FRXQWULHV�FDQ�EH�DWWULEXWHG� WR�FRQWDFWV�ZLWK�ZLOG�ERDUV��FRQWDFWVZLWK�RWKHU�OLYH�DQLPDOV�DQG�RU�VZLOO�IHHGLQJ��&KDSWHU������7KH�PDMRU�FRVW�DQG�EHQHILWV�RI�&6)LQWURGXFWLRQ� LQWR� �IUHH�� (8� DUHDV� DUH� XQFOHDU� EHFDXVH� �IRU� PDQ\� DUHDV�� WKH� XQGHUO\LQJ�LPSRUW�H[SRUW�� GDWD� DUH� QRW� DYDLODEOH�� 7KHUHIRUH�� WKH� ����������'XWFK� &6)� RXWEUHDN�ZDVXVHG�IRU�HFRQRPLF�FDOFXODWLRQV��&KDSWHU�����
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7ZR�DOWHUQDWLYH�HPHUJHQF\�YDFFLQDWLRQ�VWUDWHJLHV�ZLWK�D�PDUNHU�YDFFLQH�WKDW�FRXOG�KDYH�EHHQDSSOLHG�LQ� WKH���������'XWFK�&6)�HSLGHPLF�ZHUH�HYDOXDWHG� LQ�D�PRGLILHG�VSDWLDO�� WHPSRUDODQG�VWRFKDVWLF�VLPXODWLRQ�PRGHO��,QWHU&6)��,Q�VWUDWHJ\����YDFFLQDWLRQ�ZRXOG�RQO\�EH�DSSOLHGLQ� RUGHU� WR� RYHUFRPH� D� VKRUWDJH� LQ� GHVWUXFWLRQ� FDSDFLWLHV�� 'HVWUXFWLRQ� RI� DOO� SLJV� RQYDFFLQDWHG� IDUPV� GLVWLQJXLVKHV� WKLV� VWUDWHJ\� IURP� VWUDWHJ\� ��� ZKLFK� DVVXPHV� WKHLQWUDFRPPXQLW\�WUDGH�RI�YDFFLQDWHG�SLJ�PHDW��,QWHU&6)�VLPXODWHV�WKH�VSUHDG�RI�&6)�EHWZHHQIDUPV� WKURXJK� ORFDO� VSUHDG� DQG� �� FRQWDFW� W\SHV�� 'LVHDVH� VSUHDG� LV� DIIHFWHG� E\� FRQWUROPHDVXUHV�LPSOHPHQWHG�WKURXJK�GLIIHUHQW�PHFKDQLVPV��(FRQRPLF�UHVXOWV�ZHUH�JHQHUDWHG�E\�DVHSDUDWH� PRGHO� WKDW� FDOFXODWHG� WKH� GLUHFW� FRVWV� �LQFOXGLQJ� WKH� YDFFLQDWLRQ� FRVWV�� DQGFRQVHTXHQWLDO� ORVVHV� IRU� IDUPHUV� DQG� UHODWHG� LQGXVWULHV� VXEMHFWHG� WR� FRQWURO� PHDVXUHV�� 7KHFRPSDULVRQ� �XVLQJ� HSLGHPLRORJLFDO� DQG� HFRQRPLF� UHVXOWV�� EHWZHHQ� WKH� GLIIHUHQW� HPHUJHQF\YDFFLQDWLRQ� VWUDWHJLHV� ZLWK� DQ� HDUOLHU� VLPXODWHG� SUHYHQWLYH� VODXJKWHU� VFHQDULR� OHG� WR� VRPHJHQHUDO� FRQFOXVLRQV�DERXW� WKH�'XWFK�&6)�HSLGHPLF��%RWK�HPHUJHQF\�YDFFLQDWLRQ� VWUDWHJLHVZHUH� EDUHO\� PRUH� HIILFLHQW� WKDQ� WKH� QRQ�YDFFLQDWLRQ� VFHQDULR�� 7KH� LQWUDFRPPXQLW\� WUDGHVWUDWHJ\��YDFFLQDWLRQ�VWUDWHJ\����ZDV�WKH�OHDVW�FRVWO\�RI�DOO�WKUHH�VFHQDULRV�,Q�SDUWLFXODU��HPHUJHQF\�YDFFLQDWLRQ��DVVXPLQJ�D�UHOLDEOH�GLDJQRVWLF�WHVW�DQG�QR�UHOD[DWLRQ�RIRWKHU� FRQWURO� PHDVXUHV�� VHHPHG� WR� EH� DQ� HIIHFWLYH� VWUDWHJ\� IRU� UHGXFLQJ� WKH� VL]H� RI� DQHSLGHPLF��(PHUJHQF\�YDFFLQDWLRQ�DOWHUQDWLYHV�ZHUH�DW� OHDVW�DV�HIIHFWLYH�DV� WKH�RSWLPDO�QRQ�YDFFLQDWLRQ� VFHQDULR�� 7KH�ZRUVW� LWHUDWLRQV�ZHUH� QHYHU� DV� VHYHUH� DV� LQ� WKH� FDVH� RI� WKH� QRQ�YDFFLQDWLRQ� VFHQDULR�� 7KH� ODUJH� QXPEHU� RI� SUHYHQWLYHO\� VODXJKWHUHG� IDUPV� LQ� WKH� GHOD\HGGHVWUXFWLRQ�VWUDWHJ\�LV�D�QHJDWLYH�DVSHFW�RI�WKLV�VWUDWHJ\�FRPSDUHG�ZLWK�WR�WKH�QRQ�YDFFLQDWLRQVWUDWHJ\��7KLV�HIIHFW�PDLQO\�UHGXFHV�WKH�SRVLWLYH�HIIHFW�RI�D�VKRUWHU�HSLGHPLF��,I�ZH�FRPSDUHWKH�LQWUDFRPPXQLW\�WUDGH�VWUDWHJ\�ZLWK�WKH�QRQ�YDFFLQDWLRQ�VWUDWHJ\��HPHUJHQF\�YDFFLQDWLRQLV� FOHDUO\� WKH� WRRO� WR� FKRRVH�� 9DFFLQDWLRQ� FRVWV� �ZKLFK� DUH� RI� PLQRU� LPSRUWDQFH� ZKHQFRPSDUHG�WR�DOO�RWKHU�FRVWV�DQG�ORVVHV��DUH�PDLQO\�LQ�FRPSHWLWLRQ�ZLWK�WKH�FRVW�RI�SUHYHQWLYHVODXJKWHU�� DVVXPLQJ� QR� H[WUD� FRVWV� DQG� ORVVHV� IRU� WKH� SRVW�YDFFLQDWLRQ� ]RQH�� 7KHLQWUDFRPPXQLW\�WUDGH�VWUDWHJ\�DYRLGV�WKH�GHVWUXFWLRQ�RI�D�ODUJH�QXPEHU�RI�KHDOWK\�SLJV��ZKLFKFDQ�VWLOO�EH�XVHG�IRU�KXPDQ�FRQVXPSWLRQ��&KDSWHU�����
)LQDO�FRPPHQWV�DQG�RXWORRN7KLV�FKDSWHU�HQGV�ZLWK�VRPH�JHQHUDO�UHPDUNV�WKDW�UHODWH�WR�WKH�HQWLUH�SURMHFW��� ,W�LV�LPSRUWDQW�WR�QRWH�WKDW�RXWEUHDNV�RI�QRWLILDEOH�DQLPDOV�GLVHDVHV�FRXOG�DOVR�KDYH�HIIHFWVRQ�RWKHU�SDUWV�RI�WKH�HFRQRP\�DV�D�ZKROH��GXH�WR�ERWK�WKH�VLGH�HIIHFWV�RI�GLVHDVH�FRQWUROPHDVXUHV� �H�J�� WKH� FORVXUH� RI� IRRWSDWKV� KDUPV� WKH� WRXULVW� VHFWRU�� DV�ZHOO� DV� LQWHUDFWLRQVEHWZHHQ� HFRQRPLF� VHFWRUV� �H�J�� SULFH� UHGXFWLRQV� IRU� OLYHVWRFN� SURGXFWV� IDYRXUFRQVXPHUV��� 7KHVH� µQRQ�DJULFXOWXUDO¶� HIIHFWV� KDYH� QRW� EHHQ� TXDQWLILHG� LQ� RXU� VWXGLHV
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EHFDXVH�ZH�GLG�QRW�DLP�WR�FDUU\�RXW�D�IXOO�VRFLDO�FRVW�EHQHILW�DQDO\VLV��&%$���$�IXOO�VRFLDO&%$� SURYLGHV� D� IUDPHZRUN� IRU� FRPSDULQJ� GLVHDVH� FRQWURO� VWUDWHJLHV� EXW� DOVR� LQFOXGHVGLIILFXOWLHV�� 0DQ\� FRVWV� DQG� EHQHILWV� DUH� E\� WKHLU� YHU\� QDWXUH� XQTXDQWLILDEOH �H�J�� WKHHPRWLRQDO� SUREOHPV� RI� IDUPHUV� ZKRVH� DQLPDOV� KDG� WR� EH� FXOOHG��� $VVLJQLQJ� PRQHWDU\YDOXHV� WR� WKHVH� FRVWV� DQG� EHQHILWV� LV� D�PDMRU� SUREOHP� IRU� D�&%$� DQG� LQYROYHV�PDNLQJVXEMHFWLYH�MXGJHPHQWV��� 7KH�YHU\�LQKRPRJHQHRXV�QDWXUH�RI�WKH�XQGHUO\LQJ�GDWD��VXFK�DV�LQ�(85267$7��OLPLWHG'3/$�PHWKRGV� DQG� LQGLFHV� IRU� SHUIRUPLQJ� EDVLF� VSDWLDO� DQDO\VHV�� 7KH� VWDWLVWLFDO� �GDWDGHILQLWLRQV�� VL]H� RI� PXQLFLSDOLWLHV�� DJJUHJDWLRQ� RI� GDWD�� HWF��� KDUPRQLVDWLRQ� RI� WKLVGDWDEDVH� LV�DQ�XUJHQW� UHTXLUHPHQW��)RU� VRPH�PHPEHU� VWDWHV� WKHUH� LV�QRW�HQRXJK�GDWD�RIVXIILFLHQW�TXDOLW\�WR�SHUIRUP�DQ\�VSDWLDO�DQDO\VLV�ZKDWVRHYHU��/DFN�RI�GHWDLOHG�GDWD�RQ�WKHH[DFW� ORFDWLRQ� RI� DQLPDOV� KDPSHUV� WKH� FDOFXODWLRQ� RI�PRUH DGYDQFHG LQGLFHV� WKDW� DUHQHFHVVDU\� WR� GHILQH� WKH� UHJLRQDO� FRQFHQWUDWLRQ� RI� DQLPDO� GHQVLWLHV� VWLOO� IXUWKHU�� 8VHU�IULHQGO\�VRIWZDUH��OLQNHG�WR�VRXQG�VFLHQWLILF�PHWKRGV�DUH�DYDLODEOH�EXW�WKHLU�DSSOLFDWLRQ�LVVHYHUHO\�OLPLWHG�EHFDXVH�RI�WKH�SRRU�TXDOLW\�RI�WKH�XQGHUO\LQJ�GDWD�QHFHVVDU\�DV�LQSXW�WRWKHVH�V\VWHPV��� 7KLV� VWXG\� XVHG� DYDLODEOH� NQRZOHGJH� WR� PRGHO� WKH� HSLGHPLRORJLFDO� DQG� HFRQRPLFFRQVHTXHQFHV�RI�DQ�RXWEUHDN��)RU�WKLV�UHDVRQ��WKH�PRGHO�ZDV�UHVWULFWHG�WR�VSHFLILF�)0'DQG�&6)�VWUDLQV��7KHUH�ZDV�RQO\�OLPLWHG�NQRZOHGJH�DYDLODEOH�RQ�WKH�)0'�DQG�&6)�YLUXVWUDQVPLVVLRQ� LQ� WKH� ILHOG� EHWZHHQ� RWKHU� VXVFHSWLEOH� DQLPDOV�� 7KH� )0'� UHVXOWV� FDQSUREDEO\�EH� URXJKO\�H[WUDSRODWHG� WR� WUDQVPLVVLRQ� LQ� FDWWOH� KRZHYHU� WKLV� LV� QRW� YDOLG� IRUWUDQVPLVVLRQ�LQ�VKHHS�DQG�JRDWV��� $QRWKHU�REYLRXV�NQRZOHGJH�JDS�FRQFHUQHG�WKH�SRVVLEOH�UHDFWLRQV�E\�LPSRUWLQJ�FRXQWULHV�2XU� VWXG\� VKRZHG� WKDW� YDU\LQJ� OHQJWKV� RI� LPSRUW� EDQV� KDG� RQO\� D� OLPLWHG� LQIOXHQFH� RQHFRQRPLFDOO\� RSWLPDO� FRQWURO� VWUDWHJLHV�� 3RVVLEOH� UHDFWLRQV� E\� LPSRUWLQJ� FRXQWULHVVKRZHG�DOPRVW�LGHQWLFDO�UDQNLQJV�RI�HFRQRPLFDOO\�RSWLPDO�DQG�QH[W�WR�RSWLPDO�VWUDWHJLHV�7KH�PDLQ�OLPLWDWLRQ�RI�WKHVH�FDOFXODWLRQV�LV�WKDW�WKH\�ZHUH�EDVHG�RQ�FKDQJHV�LQ�TXDQWLWLHVGXH�WR�LPSRUW�EDQV��3ULFH�DQG�VXEVWLWXWLRQ�HIIHFWV�DUH�XVXDOO\�H[FOXGHG�LQ�PRVW�HFRQRPLFFDOFXODWLRQV�� 7KHUHIRUH�� WKHVH� UHVXOWV� PXVW� EH� FRQVLGHUHG� DV� WKH� XSSHU� OLPLWV� RI� H[SRUWORVVHV�GXH�WR�LPSRUW�EDQV�
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/LVW�RI�SHRSOH�LQYROYHG�LQ�WKH�'3/$�SURMHFW�)$,5�3/�������
(8�FRQWDFW��,VDEHO�0LQJXH]�7XGHOD��'*�57'��WHO������ ���������ID[�������������H�PDLO��LVDEHO�PLQJXH]�WXGHOD#FHF�HX�LQW

3��:DJHQLQJHQ�8QLYHUVLW\5XXG�+XLUQH��FRRUGLQDWRU�&OD]LHQ�GH�9RV)UDQND�7RPDVVHQ)DUP�0DQDJHPHQW�*URXS:DJHQLQJHQ�8QLYHUVLW\+ROODQGVHZHJ�������.1�:DJHQLQJHQ�±�7KH�1HWKHUODQGV7HO���������������)D[���������������(�PDLO��UXXG�KXLUQH#DOJ�DEH�ZDJ�XU�QOFOD]LHQ�GHYRV#DOJ�DEH�ZDJ�XU�QOIUDQND�WRPDVVHQ#DOJ�DEH�ZDJ�XU�QO
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