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7KH� PRGHO� SUHVHQWHG� WR� GLVFXVVLRQ� KDV� EHHQGHYHORSHG�DV� WKH�UHVXOW�RI�VSHFLDO�DWWHPSWV� WR�DFKLHYHWKH�FRPSURPLVH�VHWWOHPHQW�EHWZHHQ�WKH�FRPSOHWHQHVVRI� WKH� QDWXUDO� SURFHVVHV� GHVFULSWLRQ�� VLPSOLFLW\� RI� LWVQXPHULFDO� UHDOL]DWLRQ� DQG� SUDFWLFDO� XVHIXOQHVV�� 7KHPRGHO� GHYHORSHG� LV� WKH� QRQVWDWLRQDU\� ��'� FRXSOHGPRGHO� IRU�HQHUJ\�DQG�PDWWHU� WXUEXOHQW� WUDQVSRUW� LQ� WKHIRUHVW�FDQRS\�DQG�LQ�WKH�SODQHWDU\�ERXQGDU\�OD\HU�RYHULW�� 7KH�PRGHO� KDV�EHHQ� WHVWHG� XVLQJ� WKH� H[SHULPHQWDOGDWD� REWDLQHG� IURP� WKUHH� IRUHVW� VLWHV� RI� (XURSHDQ5XVVLD� DQG� 6LEHULD� LQ� WKH� IUDPHV� RI� WKH� 5XVVLDQ�(XURSHDQ� ³(8526,%(5,$1� &$5%21)/8;´� SURMHFWFDUULHG�RXW�GXULQJ�ODVW�ILYH�\HDUV�
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7KH� PRGHO� GHYHORSHG� LV� EDVHG� RQ� WKH� 5H\QROGVK\GURG\QDPLF� HTXDWLRQV� IRU� WXUEXOHQW� PRWLRQ�$FFRUGLQJ�WR�WKH�FODVVLFDO�FRQFHSWLRQV�WKH�WXUEXOHQW�IOX[RI� HDFK� VXEVWDQFH� DUH� DSSUR[LPDWHG� DV� WKHPXOWLSOLFDWLRQ�RI�WKH�JUDGLHQWV�RI�HDFK�VXEVWDQFH�PHDQFRQFHQWUDWLRQ� DQG� WKH� FRHIILFLHQW� RI� WXUEXOHQW� GLIIXVLRQIRU� HDFK� VXEVWDQFH�� 6R� IRU� GHVFULSWLRQ� RI� KRUL]RQWDOFRPSRQHQWV� RI� WKH� ZLQG� VSHHG� WKH� �'� QRQVWDWLRQDU\K\GURG\QDPLF�HTXDWLRQV�DUH�XVHG��&RQWUDU\�WR�WKH�FDVHRI� WKH� WXUEXOHQW� IORZ� RYHU� YHJHWDWLRQ� WKHVH� WZRHTXDWLRQV� LQFOXGH� WKH� DGGLWLRQDO� WHUPV� GHVFULELQJ� WKHIULFWLRQ�LQWHUDFWLRQ�EHWZHHQ�OHDYHV�DQG� LQWHUOHDI�DLU��$VWKH�WKLUG�HTXDWLRQ�IRU�WKH�FDOFXODWLRQ�WKH�YHUWLFDO�YHORFLW\WKH�FRQWLQXLW\�HTXDWLRQ�LV�XVHG�,Q� QDWXUDO� FRQGLWLRQV� WKH� SK\WRHOHPHQWV� DUHGLIIHUHQWLDOO\�LOOXPLQDWHG�E\�WKH�LQFRPLQJ�VRODU�UDGLDWLRQ�6RPH� RI� WKHP� DUH� VKDGHG�� ZKHUHDV� RWKHU� RQHV� DUHH[SRVHG� WR� GLUHFW� UDGLDWLRQ�� &DXVHG� E\� WKLVSKHQRPHQRQ�WKH� OHDI� WHPSHUDWXUH� LV�PRVDLF�� WKHUHIRUHWZR� WHPSHUDWXUHV� DQG� WZR� FKDUDFWHULVWLF� RI� OHDI� ZDWHUSRWHQWLDO� DUH� LQFOXGHG� WR� WKH� FRUUHVSRQGLQJ� HTXDWLRQVIRU�KHDW�DQG�ZDWHU�H[FKDQJH�LQ�YHJHWDWLRQ��7KH�PRGHOQRQVWDWLRQDU\���'�HTXDWLRQ� IRU� FDUERQ�GLR[LGH� WUDQVIHUDQG� DEVRUSWLRQ� DOVR� FRQWDLQV� WZR� LQVWRPDWDFRQFHQWUDWLRQV�
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&RUUHVSRQGLQJ� DXWKRUV� DGGUHVV�� *HQQDG\� 9�0HQ]KXOLQ�$QGUH\� )�6RJDFKHY�� &HQWHU� IRU� ,QWHUQDWLRQDO� (QYLURQPHQWDO&RRSHUDWLRQ� RI� 5$6�� ���� .XWX]RYD� (PE�� �������6W�3HWHUVEXUJ��5XVVLD��H�PDLO� LQHQFR#PDLO�QHYD�UX

��� 7XUEXOHQFH�&ORVXUH�7HFKQLTXH
7KH�HTXDWLRQV�PHQWLRQHG�DERYH�DUH�QRW�FRPSULVHGWKH� FORVHG� VHW� RI� PDWKHPDWLFDO� HTXDWLRQV�� )RU� WKLVSXUSRVH�WKUHH�DGGLWLRQDO�HTXDWLRQV�KDYH�EHHQ�LQFOXGHGWR� WKH� PRGHO�� 7KH\� DUH� WKH� WUDQVIHU� HTXDWLRQ� IRUWXUEXOHQW� HQHUJ\�� VHPL�HPSLULFDO� HTXDWLRQ� GHVFULELQJWKH� YHUWLFDO� SURILOH� RI� WKH� VFDOH� RI� WXUEXOHQFH� DQG� WKHIRUPXOD� UHSUHVHQWHG�RI� WKH�.ROPRJRURY¶V�VHOI�VLPLODULW\K\SRWKHVLV��)RU�DSSUR[LPDWLRQ�WKH�VSDWLDO�GLVWULEXWLRQ�RIKRUL]RQWDO� WXUEXOHQW� FRHIILFLHQWV� WKH� PRGHO� XVHV� WKHVHPL�HPSLULFDO�6PDJRULQVN\¶V�IRUPXOD�

���� 5DGLDWLRQ�(TXDWLRQV
)RU�GHVFULSWLRQ�RI�WKH�VKRUW�ZDYH�UDGLDWLRQ�ILHOGV�LQWKH�PRGHO�WKH�IROORZLQJ�K\SRWKHVHV�KDYH�EHHQ�XVHG���L�7KH�IRUHVW�FDQRS\�LV�UHSUHVHQWHG�DV�ORFDOO\�KRUL]RQWDOO\KRPRJHQHRXV� WXUELG� PHGLXP� DQG� LVRWURSLF� WXUELGPHGLXP�� �LL�� 7KH� FDQRS\� LPSDFW� RQ� UDGLDWLRQ� IOX[HVDFFRPSOLVKHG� E\� WKH� IROLDJH�� ZKLFK� OHDI� DUHD� GHQVLW\�/$'���LV�FKDQJHG�IURP�RQH�JULGFHOO�WR�DQRWKHU���LLL��7KHOHDI� DQG� VRLO� UHIOHFWLRQ� FRHIILFLHQWV� LQGHSHQGHQWV� RQLQFLGHQW� DQJOH� RI� LQFRPLQJ� UDGLDWLRQ�� �LY�� 7KH� RSWLFDOSURSHUWLHV�RI�WKH�ERWK�VLGHV�RI�OHDI�DUH�LGHQWLFDO���Y��7KHPRGHO�FRQVLGHUV�VHSDUDWHO\�WKH�GLUHFW�VRODU�DQG�GLIIXVHVN\�FRPSRQHQW�RI�UDGLDWLRQ�VXEGLYLGHG�LQWR�WZR�VSHFWUDOEDQGV� �� QHDU�LQIUDUHG� DQG� SKRWRV\QWKHWLF� DFWLYHUDGLDWLRQ�� 2WKHU� WKDQ� WKH� GLUHFW� VXQ� UDGLDWLRQ� DQGGLIIXVLYH�VN\�RQH�DUH�WKH�PRVW�SRZHUIXO�FRPSRQHQWV�RIWKH� WRWDO� UDGLDWLRQ� LQ� WKH� YHJHWDWLRQ� FDQRS\� LW� DOVRFRQWDLQV� WKH� DGGLWLRQDO� UDGLDWLRQ� IOX[HV� ZKLFKDVVRFLDWHG� ZLWK� WKH� VFDWWHULQJ� RI� GLUHFW� VXQ� DQGGLIIXVLYH� VN\� UDGLDWLRQV� E\� SK\WRHOHPHQWV�� 7KHFRUUHVSRQGLQJ� HTXDWLRQV� IRU� XSZDUG� DQG� GRZQZDUGIOX[HV�RI�WKLV�NLQG�RI�UDGLDWLRQ�DV�ZHOO�DV�WKH�HTXDWLRQ�RIWKH� WKHUPDO� UDGLDWLRQ� SHQHWUDWLRQ� DUH� DOVR� LQFOXGHG� WRWKH�PRGHO�GHYHORSHG�
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7KH� PRGHO� UHVXOWV� ZHUH� WHVWHG� XVLQJ� WKHH[SHULPHQWDO�GDWD�REWDLQHG�IURP�WKUHH�IRUHVW�VLWHV��7KHILUVW�VLWH�LV� ORFDWHG RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�<HQHVH\5LYHU�� ��� NP�ZHVW� RI� =RWLQR� YLOODJH� LQ� &HQWUDO� 6LEHULD���R1����R(���7KLV�LV�D� IRUHVW�RI�6FRWV�3LQHV��WUHHV�DUHDERXW����P�WDOO�DQG�����\HDUV�ROG��7KH�PHDVXUHPHQWVZHUH�FDUULHG�RXW�IURP�-XQH����������XQWLO�-XO\��������ZLWK� XVLQJ� WKH� HGG\�FRUUHODWLRQ� V\VWHP�� 7KUHH� GD\V�-XQH� ���� ���� ���� DW� PRUQLQJ�� QRRQ� DQG� DIWHUQRRQ� DLUWHPSHUDWXUH��KXPLGLW\�DQG�&2� FRQFHQWUDWLRQ�DW�VHYHUDOOD\HUV� RI� DWPRVSKHULF� ERXQGDU\� OD\HU� RYHU� WKLV� VLWHZHUH�PHDVXUHG�XVLQJ�DLUERUQH�LQVWUXPHQWV�



�

7KH�VHFRQG�H[SHULPHQWDO�VLWH�DV�WKH�ILUVW�RQH�LV�DOVRORFDWHG�RQ�WKH�ZHVWHUQ�VLGH�RI�<HQLVH\�5LYHU�DERXW���NP�VRXWKZHVW�=RWLQR�YLOODJH��7KLV�LV�D�IRUHVW�DERXW�����\HDU�ROG DQG� ���PHWHUV� WDOO� RI�3�6\OYHVWULV� 'XULQJ� ��GD\V��-XO\������������� WKH�WRWDO�HYDSRWUDQVSLUDWLRQ�IOX[ZHUH�PHDVXUHG�E\�HGG\�FRUUHODWLRQ�LQVWUXPHQWV��,Q�WKLVVLWH�WKH�PHDVXUHPHQWV�RI�DLU�WHPSHUDWXUH�DQG�KXPLGLW\DV� ZHOO� DV� WKH� FDUERQ� GLR[LGH� FRQFHQWUDWLRQ� XVLQJDLUERUQH� LQVWUXPHQWV� KDYH� DOVR� EHHQ� FDUULHG� RXW�� 7KHWKLUG� H[SHULPHQWDO� VLWH� LV� VLWXDWHG� LQ� WKH� &HQWUDO%LRVSKHUH�)RUHVW�5HVHUYH�ORFDWHG�DERXW�����NP�1RUWK�:HVW�0RVFRZ� ���R��1�� ��R��(��� 7KH� GRPLQDWHG� WUHHW\SHV�RQ� WKLV�DUHD�DUH� VSUXFH�DQG� SLQH�� 7KH� VWUXFWXUHDQG�VSDWLDO�GLVWULEXWLRQ�RI�YHJHWDWLRQ�LQ�WKLV�VLWH�DUH�ZHOOVWXGLHG� DQG� GRFXPHQWHG�� 6XFK� LQIRUPDWLRQ� WRJHWKHUZLWK� WKH� H[SHULPHQWDO� GDWD� RI� VXUIDFH� IOX[HV� DQGPHWHRURORJLFDO�SDUDPHWHUV�DUH�YHU\�YDOXDEOH�IRU�PRGHOYDOLGDWLRQ�
�����5(68/76�$1'�',6&866,21
����([SHULPHQWV�ZLWK�WKH���' 0RGHO

0RGHO� YDOLGDWLRQ� DQG� WHVWLQJ� ZDV� XQGHUWDNHQ� LQVHYHUDO� VWDJHV�� ,QLWLDOO\� WKH� FDSDELOLW\� RI� WKH� PRGHO� WRVLPXODWH� FRUUHFWO\� WKH� GDLO\� WUDMHFWRU\� RI� WKH� PDLQPHWHRURORJLFDO� SDUDPHWHUV� ZDV� WHVWHG�� )ROORZLQJ� WKLVSXUSRVH�WKH�QXPHULFDO�H[SHULPHQWV�ZLWK���'�YHUVLRQ�RIWKH� PRGHO� KDYH� EHHQ� FDUULHG� RXW�� ,Q� WKLV� FDOFXODWLRQVWKH� H[SHULPHQWDO� GDWD� REWDLQHG� IURP� WKH� ILUVW� VLWH� LQ-XQH� ����� DUH� XVHG�� 7KH� UHVXOWV� RI� WKHVH� QXPHULFDOH[SHULPHQWDWLRQV� LOOXVWUDWH� WKH� DELOLW\� RI� WKH� PRGHO� WRUHFRQVWUXFW� WKH� YHUWLFDO� SURILOH� RI� PHWHRURORJLFDOSDUDPHWHUV� LQ� WKH�DWPRVSKHULF�ERXQGDU\� OD\HU� DV�ZHOOLQ� WKH� IRUHVW� VWDQG� XQGHU� WKH� DVVXPSWLRQ� RI� LWVKRUL]RQWDO�KRPRJHQHLW\��$W� WKH�VDPH� WLPH� WKH�QXPHULFH[SHULPHQWV� ZLWK� ��'� PRGHO� LQGLFDWH� WKDW� IRU� PRUHGHWDLOHG� GHVFULSWLRQ� WKH� PHWHRURORJLFDO� FRQGLWLRQV� LQDWPRVSKHULF� ERXQGDU\� OD\HU� WKH� GHWDLOHG� GDWD� DUHUHTXLUHG��%HVLGHV�RWKHUV�LW�FRQFHUQV�ZLWK�WKH�FORXGLQHVVSDUDPHWHUV�� ZKLFK� GHWHUPLQH� WKH� VRODU� ZHDWKHU� ZLWKLQIRUHVW�FDQRS\�
����([SHULPHQWV�ZLWK���'�DQG���' 0RGHOV

7KHVH�QXPHULFDO�H[SHULPHQWV�ZHUH� IRFXVHG�RQ� WKHTXHVWLRQV� RI� WKH� WUDFHUV� WUDQVSRUW� LQ� LQKRPRJHQHRXVIRUHVW� FDQRS\� DQG� DWPRVSKHULF� ERXQGDU\� RYHU� LW�� )LUVWRI��DOO��FDUERQ��GLR[LGH�UHJLPH�ZDV��DWWUDFWHG�WKH�VSHFLDO

DWWHQWLRQ��$PRQJ�RWKHU�LQWHUHVWLQJ�TXHVWLRQV�FRQFHUQHGZLWK� FDUERQ� GLR[LGH� WUDQVSRUW� WKH� PRGHO� JLYHV� WKHSRVVLELOLW\�WR�LQYHVWLJDWH�WKH�³IRRWSULQW´�HIIHFWV�DERYH�WKHIRUHVW�� $FFRUGLQJ� WKLV� SXUSRVH� WKH� DUHD� DURXQG� WKHPRQLWRULQJ�VWDWLRQ�LQ�&HQWUDO�%LRVSKHUH�)RUHVW�5HVHUYHQHDU�0RVFRZ�KDV�EHHQ�FKRVHQ�7KH�FDOFXODWLRQV�ZHUH�VKRZQ�WKDW�WKH�UHJXODULWLHV�RIIRRWSULQW� HIIHFW� UHPDLQ� SULQFLSDOO\� WKH� VDPH� DV� WKRVHHVWDEOLVKHG� E\� WKH� DQDO\WLFDO� PHWKRGV�� 7KH� PRGHO� LVDEOH�FRUUHFWO\�UHFRQVWUXFW�WKH�WHQGHQF\�RI�WKH�³IRRWSULQW´PD[LPXP�WR�VKLIW�ZKHQ�FKDQJLQJ�WKH�KHLJKW�DQG�WLPH�RIWKH� PHDVXUHPHQW�� 6R� WKH� SRVLWLRQ� RI� ³IRRWSULQW´PD[LPXP� VKLIWV� WR� WKH� PHDVXUHPHQW� SRLQW� ZKHQGHFUHDVLQJ�RI�WKH�KHLJKW�DV�ZHOO�DV�ZKHQ�LQFUHDVLQJ�RIWXUEXOHQFH� LQ� DIWHUQRRQ� WLPH�� )RU� H[DPSOH�� DIWHU� QRRQWKH� IUDFWLRQ� IURP� DOO� &2� VRXUFHV� DQG� VLQNV� WKDW� DUHZLWKLQ� ���P� GLVWDQFHV� XSZLQG� WKH� WRZHU� LQWR� WKH� WRWDO&2� IOX[�PHDVXUHG� DW� WKH� ���P� KHLJKW� LV� DERXW� ����:KHUHDV�LW�LV�RQO\�DERXW�����LQWR�WKH�IOX[�PHDVXUHG�DWWKH���P�KHLJKWV��8QOLNH�WKH�DQDO\WLFDO�³IRRWSULQW´�PRGHOVWHFKQLTXH� WKH� PHWKRG� LPSOHPHQWHG� LQ� WKH� PRGHOGHYHORSHG� DOORZV� WR� WDNH� LQWR� DFFRXQW� WKH� VXUIDFHKHWHURJHQHLW\� DVVRFLDWHG�ZLWK� G\QDPLF� IDFWRUV� DV�ZHOODV� ZLWK� VSDWLDO� GLVWULEXWLRQ� RI� FDUERQ� GLR[LGH� VRXUFHVDQG�VLQNV�
���&21&/86,21

7KH� WHVWHG� YHUVLRQ� RI� PRGHO� GHYHORSHG� KDVGHPRQVWUDWHG� D� UHDVRQDEOH� DJUHHPHQW� RI� PRGHO� DQGH[SHULPHQWDO� GDWD� XQGHU� GLIIHUHQW� ZHDWKHU� FRQGLWLRQV�/RZ�UHTXLUHPHQWV�WR�FRPSXWLQJ�WLPH�PDNH�WKH�PRGHO�DXVHIXO� WRRO� IRU�VROXWLRQ�RI�PDQ\�WDVNV��$PRQJ� WKHP�� �L�WKH�HVWLPDWLRQ�RI�GLXUQDO�WUDMHFWRU\�RI�&2� FRQFHQWUDWLRQLQ� DWPRVSKHULF� ERXQGDU\� OD\HU�� �LL�� HYDOXDWLRQ� RI� WKHFDQRS\�KHWHURJHQHLW\�RQ�&2� IOX[HV�� �LLL�� LQYHVWLJDWLRQRI� WKH� LQIOXHQFH� RI� EURNHQ� FORXGV� RQ� WKH� YHJHWDWLRQLOOXPLQDWLRQ�� WKH� SKRWRV\QWKHVLV� LQWHQVLW\� DQG� RQ� WKHVSDWLDO� GLVWULEXWLRQ� RI� &2�� FRQFHQWUDWLRQ�� 2WKHUDSSOLFDWLRQV�RI� WKH�PRGHO�GHYHORSHG�FRXOG�EH�� �LY�� WKHLQYHVWLJDWLRQ� RI� WKH� SUREOHP� RI� VSDWLDO� DJJUHJDWLRQ� RIHQHUJ\� IOX[HV�� �Y�� WKH� FDOFXODWLRQ� WKH� IRRWSULQW� IRUGLIIHUHQW�WUDFHU�DQG�GLIIHUHQW�ZHDWKHU�FRQGLWLRQV���YL��WKHDVVHVVPHQW� RI� WKH� HIIHFW� RI� VSDWLDO� YDULDWLRQV� RILOOXPLQDWLRQ� RQ� HQHUJ\� DQG� &2� IOX[HV� DERYH� WKHFDQRS\�7KH�VROXWLRQV�RI�VXFK�SUREOHPV�DUH�RI�JUHDW�LQWHUHVWIRU�D�ZLGH�UDQJH�RI�IRUHVW�PHWHRURORJ\�SUREOHPV�


