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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�
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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
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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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��������,QSXW����������2FFXUUHQFH�RI�&6)&6)� LV� QRW� HQGHPLF� LQ� WKH� GRPHVWLF� SLJ� SRSXODWLRQ� RI� WKH� (8�� H[FHSW� IRU� WKH� LVODQG� RI6DUGLQLD�� ,WDO\� �$QRQ\PRXV�� ������� 7KH� GLVHDVH� VLWXDWLRQ� ZLWK� UHJDUG� WR� &6)� LQ� WKH� (8PHPEHU�VWDWHV�ZDV�REWDLQHG�IURP�WKH�$QLPDO�'LVHDVH�1RWLILFDWLRQ�6\VWHP��$'16���7KLV�LVDQ� (8� FRPSXWHULVHG� GDWDEDVH� LQ� ZKLFK� DOO� SULPDU\� DQG� VHFRQGDU\� RXWEUHDNV� RI� KLJKO\FRQWDJLRXV�DQLPDO�GLVHDVHV�DUH�UHFRUGHG��$'16�GRHV�QRW��KRZHYHU��SURYLGH� LQIRUPDWLRQ�RQOLQNV�EHWZHHQ�RXWEUHDNV��KHQFH� WKH�QXPEHU�RI�&6)�HSLGHPLFV� WKDW�RFFXUUHG� LQ� WKH�PHPEHUVWDWHV� FRXOG� QRW� EH� GLUHFWO\� GHULYHG� IURP� WKLV� GDWDEDVH�� 7KHUHIRUH�� WKH� QXPEHU� RI� UHJLRQVH[SHULHQFLQJ� DW� OHDVW� RQH� SULPDU\� RXWEUHDN� ZDV� XVHG� WR� HVWLPDWH� WKH� DYHUDJH� QXPEHU� RIHSLGHPLFV�SHU�\HDU��'DWD�ZDV�XVHG�IURP�WKH�SHULRG�����������EHFDXVH�IURP������RQZDUGVPDVV�YDFFLQDWLRQ�DJDLQVW�&6)�ZDV�QR�ORQJHU�DSSOLHG�LQ�WKH�(8��7HUSVWUD�DQG�'H�6PLW���������7KH�PLQLPXP��DYHUDJH�DQG�PD[LPXP�QXPEHU�RI�UHJLRQV�ZLWK�SULPDU\�RXWEUHDNV�SHU�\HDU�IRUWKLV� ���\HDU� SHULRG� LV� JLYHQ� LQ� 7DEOH� ������ 7KH� DYHUDJH� QXPEHU�ZDV� XVHG� DV� WKH� H[SHFWHGQXPEHU�RI�HSLGHPLFV�SHU�\HDU�LQ�WKH�PRGHO¶V�FDOFXODWLRQV��)RU�WKRVH�PHPEHU�VWDWHV�WKDW�GLGQRW�VXIIHU�IURP�&6)�DW�DOO�GXULQJ�WKLV�SHULRG��WKH�H[SHFWHG�QXPEHU�RI�HSLGHPLFV�SHU�\HDU�ZDVVHW�DW�������XVLQJ�WKH�H[SRQHQWLDO�GLVWULEXWLRQ��9RVH��������
(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
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)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�



���

�������'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



���

H[RJHQRXV�SDWKZD\V��PD\�LQ�WKLV�FDVH�OHDG�WR�DQ�RYHUHVWLPDWLRQ�RI�WKH�DQQXDO�SUREDELOLW\�LIWKH� WRWDO� HSLGHPLF� SHULRG� �ZKLFK� DOVR� GHSHQGV� RQ� WKH� DYHUDJH� OHQJWK� RI� WKH� HSLGHPLFV�H[FHHGV� D� \HDU�� 7KHUHIRUH� WKH� PRGHO� PD\� KDYH� RYHUHVWLPDWHG� WKH� DQQXDO� SUREDELOLWLHV� RI&6)9�LQWURGXFWLRQ�LQWR�WKH�WDUJHW�DUHDV�IURP�WKHVH�UHJLRQV�RI�RULJLQ��7KH�FRQWULEXWLRQ�RI�,WDO\WR�WKH�DQQXDO�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�IRU�WKH�WDUJHW�DUHDV�ZDV�UDWKHU�VPDOO��EXW�WKHFRQWULEXWLRQ� RI� *HUPDQ\� ZDV� TXLWH� ODUJH�� PDLQO\� GXH� WR� WKH� KLJK� DYHUDJH� QXPEHU� RIHSLGHPLFV�SHU�\HDU��VHH�)LJXUH�������7KH�WDUJHW�DUHDV�IRU�ZKLFK�PRGHO�FDOFXODWLRQV�ZHUH�SHUIRUPHG�ZHUH�(8�PHPEHU�VWDWHV��DQGQRW� GHQVHO\� DQG� VSDUVHO\� SRSXODWHG� OLYHVWRFN� UHJLRQV��&DOFXODWLQJ� WKH� SUREDELOLW\� RI�&6)9LQWURGXFWLRQ�IRU�UHJLRQV� LQ� WKH�(8�DSSHDUHG� WR�EH� LPSRVVLEOH�GXH� WR� ODFN�RI�GDWD��$WWHPSWVZHUH�PDGH� WR� GHULYH� GDWD� RQ� WKH� LPSRUWV� DQG� H[SRUWV� RI� OLIH� DQLPDOV� SHU� UHJLRQ� IURP� WKHDQLPDO�PRYHPHQW� V\VWHP� �$1,02��� EXW� WKLV� GDWD� ZDV� QRW� UHDGLO\� DYDLODEOH�� )XUWKHUPRUH�GDWD�RQ�WKH�DQLPDO�PRYHPHQWV�ZLWKLQ�WKH�PHPEHU�VWDWHV�LV�QHHGHG�LQ�RUGHU�WR�SHUIRUP�PRGHOFDOFXODWLRQV�DW�UHJLRQDO�OHYHO��)RU�WKLV�SXUSRVH��QDWLRQDO�LGHQWLILFDWLRQ�DQG�UHFRUGLQJ�V\VWHPV�,	5��VKRXOG�EH�XVHG��EXW�GDWD�IURP�VXFK�V\VWHPV�ZDV�QRW�DYDLODEOH�LQ�DOO�(8�PHPEHU�VWDWHV�(VWLPDWLQJ� WKH� SUREDELOLWLHV� IRU� WKH� VFHQDULR� WUHHV� LV� DOVR� PXFK� PRUH� GLIILFXOW� DW� UHJLRQDOOHYHO�����������5HVXOWV7KH�DQQXDO�SUREDELOLWLHV�RI�&6)9�LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V�ZHUH�TXLWH�ORZ�ZKHQFRPSDUHG�ZLWK�H[SHUW�HVWLPDWHV��+RUVW�HW�DO����������,Q�DGGLWLRQ��FRPSDULQJ�WKH�PRGHO�UHVXOWVZLWK� WKH�DYHUDJH�QXPEHU�RI� UHJLRQV�ZLWK�SULPDU\�RXWEUHDNV� LQ�7DEOH������VXJJHVWV� WKDW� WKHPRGHO� XQGHUHVWLPDWHV� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� H[RJHQRXV� SDWKZD\V�DOWKRXJK� IRU�*HUPDQ\��)UDQFH�DQG� ,WDO\��ZLOG�ERDU�PD\�DOVR�FRQWULEXWH�FRQVLGHUDEO\� WR� WKHSUREDELOLW\� RI� &6)9� LQWURGXFWLRQ�� 7KH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� GLUHFW� DQGLQGLUHFW�FRQWDFW�ZLWK�ZLOG�ERDU�ZDV�LQGHHG�TXLWH�KLJK��HVSHFLDOO\�IRU�*HUPDQ\�DQG�,WDO\��7KLVLV�LQ�DFFRUGDQFH�ZLWK�UHDOLW\��DV�PDQ\�SULPDU\�RXWEUHDNV�LQ�WKHVH�FRXQWULHV�FDQ�EH�DWWULEXWHGWR�GLUHFW�RU�LQGLUHFW�FRQWDFWV�ZLWK�ZLOG�ERDU��)ULW]HPHLHU�HW�DO���������FRQFOXGHG�WKDW�����RIDOO� SULPDU\� RXWEUHDNV� LQ�*HUPDQ\� LQ� WKH� SHULRG� ����������� ZKLFK� DPRXQWHG� WR� DERXW� ���ZHUH�GXH�WR�GLUHFW�RU�LQGLUHFW�FRQWDFWV�ZLWK�LQIHFWHG�ZLOG�ERDU��$GGLWLRQDOO\��PDQ\�RI�WKH�&6)RXWEUHDNV�LQ�,WDO\�UHSRUWHG�WR�$'16�ZHUH�LQ�WKH�LQIHFWHG�UHJLRQV�RI�6LFLO\�7KH� PRGHO� SUREDEO\� XQGHUHVWLPDWHV� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� E\� H[RJHQRXVSDWKZD\V��,W�VKRXOG�EH�NHSW� LQ�PLQG�WKDW�QRW�DOO�SDWKZD\V�FRQWULEXWLQJ�WR� WKH�SUREDELOLW\�RI&6)9� LQWURGXFWLRQ�ZHUH� LQFOXGHG� LQ� WKH�PRGHO� DQG� QHLWKHU�ZHUH� WKLUG� FRXQWULHV�� $EVROXWHYDOXHV�RI�PRGHO�RXWFRPH�VKRXOG�WKHUHIRUH�QRW�EH�FRQVLGHUHG�DV�WUXH�YDOXHV�IRU�WKH�SUREDELOLW\RI� &6)9� LQWURGXFWLRQ�� 7KH� PRGHO� FDQ�� WKRXJK�� EH� XVHG� WR� UDQN� WKH� WDUJHW� DUHDV� IRU� WKHLUSUREDELOLW\� RI� &6)9� LQWURGXFWLRQ�� 7KH� XOWLPDWH� DLP� RI� WKH� PRGHO� ZDV� QRW� WR� JLYH� H[DFW
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HVWLPDWHV�RI�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ��EXW�WR�JDLQ�PRUH�LQVLJKW�LQWR�WKH�SDWKZD\VDQG� UHJLRQV� RI� RULJLQ� FRQWULEXWLQJ� PRVW� WR� WKLV� SUREDELOLW\�� 7KH� SUREDELOLW\� RI� &6)9LQWURGXFWLRQ�E\�H[RJHQRXV�SDWKZD\V�ZDV��IRU�H[DPSOH��PXFK�KLJKHU�IRU�*HUPDQ\�WKDQ�IRU�WKHRWKHU� WDUJHW� DUHDV�� $OWKRXJK� *HUPDQ\� LV� LPSRUWLQJ� PLOOLRQV� RI� OLYH� SLJV�� WKLV� SDWKZD\FRQWULEXWHG� OHVV� WR� WKH� SUREDELOLW\� RI� &6)9� LQWURGXFWLRQ� WKDQ� WKH� LPSRUW� RI� SRUN� SURGXFWV�)LJXUH� ������� $QDO\VLQJ� WKH� PRGHO� RXWSXW� H[SODLQV� WKDW� WKLV� LV� GXH� WR� WKH� IDFW� WKDW� VZLOOIHHGLQJ�LV�VWLOO�SHUPLWWHG�LQ�*HUPDQ\�7KH� FRQWULEXWLRQ� RI� WKH� LPSRUW� RI� SRUN� SURGXFWV� WR� WKH� DQQXDO� SUREDELOLW\� RI� &6)9LQWURGXFWLRQ� IRU� WKH� WDUJHW� DUHDV�ZDV� UDWKHU� KLJK�� HVSHFLDOO\� IRU�*HUPDQ\� DQG� ,WDO\� �)LJXUH�������7KLV�LV�QRW�LQ�DFFRUGDQFH�ZLWK�KLVWRULFDO�GDWD�RQ�WKH�PRVW�LPSRUWDQW�VRXUFHV�RI�&6)9LQWURGXFWLRQ��VHH�H�J��'H�9RV�HW�DO���������)ULW]HPHLHU�HW�DO����������,W�FRXOG�EH�WKDW�VRPH�RIWKH�XQGHUO\LQJ�SUREDELOLWLHV�XVHG� WR�FDOFXODWH� WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�E\�SRUNSURGXFWV� ZHUH� HVWLPDWHG� WRR� KLJKO\�� 7KH� LPSRUW� RI� LQIHFWHG� SRUN� SURGXFWV� PD\�� KRZHYHU�HDVLO\� OHDG� WR� &6)9� LQWURGXFWLRQ� LI� IHG� DV� VZLOO�� 7KLV� ZDV�� IRU� H[DPSOH�� VHHQ� LQ� WKH� &6)HSLGHPLFV� LQ� WKH� 8QLWHG� .LQJGRP� LQ� ����� DQG� ����� �6KDUSH� HW� DO��� ������ :LOOLDPV� DQG0DWWKHZV������������������6HQVLWLYLW\�DQDO\VLV6HQVLWLYLW\�DQDO\VLV�ZDV�SHUIRUPHG�LQ�RUGHU�WR�JDLQ�LQVLJKW�LQWR�WKH�LPSDFW�RI�LQSXW�SDUDPHWHUVRQ� WKH�PRGHO¶V� UHVXOWV��2QO\� VRPH� RI� WKH�PRVW� LPSRUWDQW� LQSXW� SDUDPHWHUV�ZHUH� VFUHHQHG�)XUWKHU�VHQVLWLYLW\�DQDO\VLV�PD\�EH�SHUIRUPHG�WR�HVWLPDWH�WKH�LPSDFW�RI�SUHYHQWLYH�PHDVXUHVRQ� WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�IRU� WKH� WDUJHW�DUHDV��)LJXUHV������DQG������DOUHDG\JLYH�D�JRRG�LQGLFDWLRQ�RI�WKH�UHJLRQV�RI�RULJLQV�DQG�H[RJHQRXV�SDWKZD\V�DW�ZKLFK�SUHYHQWLYHPHDVXUHV�VKRXOG�EH�GLUHFWHG��7KH�PRGHO�SURYLGHV�DOO�GDWD�WR�PDNH�PRUH�GHWDLOHG�SLFWXUHV�RIWKH�H[RJHQRXV�SDWKZD\V�FRQWULEXWLQJ�PRVW�WR�WKH�SUREDELOLW\�RI�&6)9�LQWURGXFWLRQ�SHU�UHJLRQRI�RULJLQ��3UHYHQWLRQ�RI�&6)9�LQWURGXFWLRQ�PD\�EH�DFKLHYHG�E\�FKDQJLQJ�HLWKHU��L��WKH�&6)VLWXDWLRQ�LQ�WKH�UHJLRQV�RI�RULJLQ���H�J��WKH�DYHUDJH�QXPEHU�RI�HSLGHPLFV�SHU�\HDU��WKH�OHQJWKRI�WKH�+53��WKH�QXPEHU�RI�LQIHFWHG�SUHPLVHV����LL��WKH�QXPEHU�RI�SDWKZD\�XQLWV�FRPLQJ�IURPFHUWDLQ� UHJLRQV�RI�RULJLQ��RU� �LLL�� WKH�SUHYHQWLYH�PHDVXUHV� WDNHQ� WR� UHGXFH� WKH�SUREDELOLW\�RI&6)9�LQWURGXFWLRQ�SHU�SDWKZD\�XQLW��7KH�PRGHO�FDQ�SURYLGH� LQIRUPDWLRQ�RQ�ZKLFK� W\SH�RIPHDVXUHV�ZLOO�EH�PRVW�HIIHFWLYH��,Q�RUGHU�WR�FDOFXODWH�WKH�FRVWV�DQG�EHQHILWV�RI�VXFK�PHDVXUHV�DV�ZHOO�DV�WKHLU� LPSDFW�RQ�WKH�VSUHDG�RI�&6)9�RQFH�LQWURGXFHG�LQWR�D� WDUJHW�DUHD�VKRXOG�EHWDNHQ�LQWR�DFFRXQW��)RU�WKLV�SXUSRVH�VLPXODWLRQ�PRGHOV�FDQ�EH�XVHG��H�J��-DOYLQJK�HW�DO��������6DDWNDPS�HW�DO���������
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5HIHUHQFHV
$QRQ\PRXV��������5HSRUW�RQ�$QQXDO�0HHWLQJ�RI�1DWLRQDO�6ZLQH�)HYHU�/DERUDWRULHV��9LHQQD��$XVWULD�������-XQH�������(XURSHDQ�&RPPLVVLRQ��GRF��9,���������$QRQ\PRXV�� ������7KH� RXWEUHDN� RI� FODVVLFDO� VZLQH� IHYHU� LQ� WKH�1HWKHUODQGV�� )LQDO� HYDOXDWLRQ� �'HXLWEUDDN�YDQ�NODVVLHNH�YDUNHQVSHVW��(LQGHYDOXDWLH��� 5HSRUW�IURP�WKH�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH0DQDJHPHQW�DQG�)LVKHULHV���LQ�'XWFK�$QRQ\PRXV�� ������&ODVVLFDO� VZLQH� IHYHU� LQ� ZLOG� ERDU�� 6FLHQWLILF� &RPPLWWHH� RQ� $QLPDO� +HDOWK� DQG$QLPDO�:HOIDUH��$GRSWHG����$XJXVW�������(XURSHDQ�&RPPLVVLRQ��%UXVVHOV��5HSRUW�;;,9�%��5��������$QRQ\PRXV��������'HYHORSPHQW�RI�SUHYHQWLRQ�DQG�FRQWURO� VWUDWHJLHV� WR�DGGUHVV�DQLPDO�KHDOWK�DQGUHODWHG�SUREOHPV�LQ�GHQVHO\�SRSXODWHG�OLYHVWRFN�DUHDV�LQ�WKH�&RPPXQLW\� 3HULRGLF�3URJUHVV�5HSRUW�,,�$SULO������±�$SULO�������(8�5HVHDUFK�3URMHFW�)$,5��3/��������%HWWLR�� 0��� 0DUDQJRQ�� 6��� )HUUH�� 1��� 0DUWLQL�� 0��� ������ $� VXUYH\� RQ� FDWWOH�� SLJ� DQG� VKHHS� KHUGFKDUDFWHULVWLFV� LQ� GHQVHO\� DQG� VSDUVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� RI� WKH� (XURSHDQ� 8QLRQ�� 7KLVSXEOLFDWLRQ�����± ���&(&� �&RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV��� ������ &RXQFLO� 'LUHFWLYH� �������((&� RQ&RPPXQLW\�PHDVXUHV�IRU�LQWUDFRPPXQLW\�WUDGH�LQ�FDWWOH�DQG�SLJV��2II��-��(XU��&RPPXQLWLHV�������-XO\���������������������&(&��&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV���������&RXQFLO�'LUHFWLYH��������((&��DV�DPHQGHGE\�&RXQFLO�'LUHFWLYH��������((&��RQ�&RPPXQLW\�PHDVXUHV�IRU�WKH�FRQWURO�RI�FODVVLFDO�VZLQH�IHYHU�2II��-��(XU��&RPPXQLWLHV��/�����)HEUXDU\������������������&(&� �&RPPLVVLRQ� RI� WKH� (XURSHDQ� &RPPXQLWLHV��� ������ &RXQFLO� 'LUHFWLYH� �������((&� RQQRWLILFDWLRQ�RI�DQLPDO�GLVHDVHV�LQ�WKH�&RPPXQLW\� 2II��-��(XU��&RPPXQLWLHV��/������������&UXFLqUH��&���%XUJHU��&��DQG�*RQ]DJXH��0���������/DERUDWRU\�LQYHVWLJDWLRQV�RI�WKH�µ0DVVLI�9RVJLHQ¶&6)�ZLOG�ERDU�RXWEUHDN��,Q� 3URF��0HHWLQJ�µ0HDVXUHV�WR�FRQWURO�FODVVLFDO�VZLQH�IHYHU�LQ�WKH�(XURSHDQZLOG�ERDU¶��3HUXJLD��,WDO\�����$SULO����� ��(XURSHDQ�&RPPLVVLRQ��GRF��9,����������������'H�6PLW��$�-���������/DERUDWRU\�GLDJQRVLV��HSL]RRWLRORJ\��DQG�HIILFDF\�RI�PDUNHU�YDFFLQHV�LQ�FODVVLFDOVZLQH�IHYHU��D�UHYLHZ��9HWHULQDU\�4XDUWHUO\��������������'H�9RV��&�-���+RUVW��+�6��DQG�'LMNKXL]HQ��$�$���������5LVN�RI�DQLPDO�PRYHPHQWV�IRU�WKH�LQWURGXFWLRQRI� FRQWDJLRXV� DQLPDO� GLVHDVHV� LQWR� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� RI� WKH� (XURSHDQ� 8QLRQ�� ,Q�7KUXVILHOG��0�9�� DQG�*RRGDOO��(�$��� �HGV���3URFHHGLQJV�RI� WKH�6RFLHW\� IRU�9HWHULQDU\�(SLGHPLRORJ\DQG�3UHYHQWLYH�0HGLFLQH��(GLQEXUJK��������0DUFK�������������� �'H�9RV��&�-���6DDWNDPS��+�:���+XLUQH��5�%�0���'LMNKXL]HQ��$�$���������5LVN�RI�FODVVLFDO�VZLQH�IHYHUYLUXV� LQWURGXFWLRQ�DW� UHJLRQDO� OHYHO� LQ� WKH�(XURSHDQ�8QLRQ�� D� FRQFHSWXDO� IUDPHZRUN� 5HY�� VFL�� WHFK�2II��,QW��(SL]����LQ�SUHVV��
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'LMNKXL]HQ�� $�$�� DQG� 'DYLHV�� *�� �HGV��� ������ $QLPDO� KHDOWK� DQG� UHODWHG� SUREOHPV� LQ� GHQVHO\SRSXODWHG� OLYHVWRFN� DUHDV� RI� WKH� &RPPXQLW\� 3URFHHGLQJV� RI� D� ZRUNVKRS� KHOG� LQ� %UXVVHOV�� �����1RYHPEHU������ 5HSRUW�(85�������(1��2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�(&��/X[HPERXUJ�(GZDUGV��6���)XNXVKR��$���/HIqYUH��3�&���/LSRZVNL��$���3HMVDN��=���5RHKH��3���:HVWHUJDDUG��-��������&ODVVLFDO�VZLQH�IHYHU��WKH�JOREDO�VLWXDWLRQ� 9HW��PLFURELRO���������������(OEHUV��$�5�:��DQG�'HNNHUV��/�-�0���������6HUR�VXUYHLOODQFH�RI�GLVHDVHV� LQ�ZLOG�ERDU�RI� LQWHUHVW� WRGRPHVWLF� OLYHVWRFN� LQ� WKH�1HWKHUODQGV������������ ,Q��9DQ�1HV��$�� �HG�� 3URFHHGLQJV�RI� WKH� DQQXDOPHHWLQJ�RI� WKH�'XWFK�6RFLHW\�IRU�9HWHULQDU\�(SLGHPLRORJ\�DQG�(FRQRPLFV�8WUHFKW�� WKH�1HWKHUODQGV����'HFHPEHU�������������)DUH]��6��DQG�0RUOH\��5�6���������3RWHQWLDO�DQLPDO�KHDOWK�KD]DUGV�RI�SRUN�DQG�SRUN�SURGXFWV� 5HYXH6FLHQWLILF�HW�7HFKQLTXH��2IILFH�,QWHUQDWLRQDO�GHV�(SL]RRWLHV������������)ULW]HPHLHU�� -��� 7HXIIHUW�� -��� *UHLVHU�:LONH�� ,��� 6WDXEDFK�� &K��� 6FKO�WHU�� +��� 0RHQQLJ�� 9��� �����(SLGHPLRORJ\�RI�FODVVLFDO�VZLQH�IHYHU�LQ�*HUPDQ\�LQ�WKH�����V��9HW��PLFURELRO�������������*UHLVHU�:LONH��,���)ULW]HPHLHU��-���.RHQHQ��)���9DQGHUKDOOHQ��+���5XWLOL��'���'H�0LD��*��0���5RPHUR�/��� 5RVHOO�� 5��� 6DQFKH]�9L]FDLQR�� -�0��� 6DQ�*DEULHO�� $��� ������0ROHFXODU� HSLGHPLRORJ\� RI� D� ODUJHFODVVLFDO�VZLQH�IHYHU�HSLGHPLF�LQ�WKH�(XURSHDQ�8QLRQ�LQ������������9HW��PLFURELRO�������������+RUVW��+�6���'LMNKXL]HQ��$�$���+XLUQH��5�%�0��DQG�'H�/HHXZ��3�:���������,QWURGXFWLRQ�RI�FRQWDJLRXVDQLPDO�GLVHDVHV�LQWR�7KH�1HWKHUODQGV��HOLFLWDWLRQ�RI�H[SHUW�RSLQLRQV��/LYHVW��SURG��VFL���������������+XLUQH�� 5�%�0��� +RSPDQ�� -�.�.��� 6WHOZDJHQ�� -��� 'LMNKXL]HQ�� $�$��� ������ 6SDWLDO� GLVWULEXWLRQV� RIGHQVHO\�SRSXODWHG� OLYHVWRFN�DUHDV��KLVWRULFDO�GHYHORSPHQW�DQG�UHIOHFWLRQV� IURP�HFRQRPLF� WKHRU\�� ,Q�'LMNKXL]HQ�� $�$�� DQG� 'DYLHV�� *�� �HGV��� ������ $QLPDO� KHDOWK� DQG� UHODWHG� SUREOHPV� LQ� GHQVHO\SRSXODWHG� OLYHVWRFN� DUHDV� RI� WKH� &RPPXQLW\� 3URFHHGLQJV� RI� D� ZRUNVKRS� KHOG� LQ� %UXVVHOV�� �����1RYHPEHU������ 5HSRUW�(85�������(1��2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV�RI�WKH�(&��/X[HPERXUJ��������-DOYLQJK��$�:���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��YHW�0HG���������������.HUQ��%���������([SHULHQFHV�ZLWK�&6)�YDFFLQDWLRQ�RI�ZLOG�ERDU�LQ�%UDQGHQEXUJ��,Q��3URFHHGLQJV�RI�DPHHWLQJ�RQ�µ0HDVXUHV�WR�FRQWURO�FODVVLFDO�VZLQH�IHYHU�LQ�WKH�(XURSHDQ�ZLOG�ERDU¶��3HUXJLD��,WDO\����$SULO��(XURSHDQ�&RPPLVVLRQ��GRF��9,������������������.RHQHQ�� )��� 9DQ� &DHQHJHP�� *��� 9HUPHHUVFK�� -�3��� 9DQGHQKHHGH�� -��� 'HOX\NHU�� +��� �����(SLGHPLRORJLFDO�FKDUDFWHULVWLFV�RI�DQ�RXWEUHDN�RI�FODVVLFDO�VZLQH�IHYHU�LQ�DQ�DUHD�RI�KLJK�SLJ�GHQVLW\�9HW��5HF����������������.UDPHU��0���$KO��5���7HXIIHUW��-���.URVFKHZVNL��.���6FKO�WHU��+���2WWH��-���������&ODVVLFDO�6ZLQH�)HYHULQ�*HUPDQ\���VRPH�HSLGHPLRORJLFDO�DVSHFWV� ,Q� *RRGDOO�(�$���HG�� 3URFHHGLQJV�RI�D�PHHWLQJ�RI� WKH6RFLHW\�IRU�9HWHULQDU\�(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH�KHOG�DW�5HDGLQJ��������0DUFK����������
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