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���������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
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)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�
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��������(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!���$GGLWLRQDO�PHDVXUHV�DUH�QHFHVVDU\��,Q�WKH�RWKHU�WKUHH�UHJLRQV�WKH�62�VWUDWHJ\�HUDGLFDWHVWKH�YLUXV�EHFDXVH�5K LV�����:LWK�DGGLWLRQDO�PHDVXUHV�WKH�5K�FRXOG�EH�UHGXFHG�DQG�OLNHZLVH�WKHQXPEHU�RI�LQIHFWHG�IDUPV�DQG�WKH�GXUDWLRQ�RI�WKH�HSLGHPLF��,Q�WKH�FDVH�RI�DLUERUQH�VSUHDG��WKH5&��VWUDWHJ\�LV�QRW�YHU\�HIIHFWLYH�LQ�UHJLRQ���HLWKHU�EHFDXVH�RI� WKH�KLJK� OLYHVWRFN�DQG�KHUGGHQVLWLHV�DV�ZHOO�DV�WKH�OLPLWHG�FXOOLQJ�FDSDFLW\��5LQJ�YDFFLQDWLRQ�LV�WKHQ�WKH�RQO\�RSWLRQ�LQWKLV�UHJLRQ�IRU�HUDGLFDWLQJ�WKH�YLUXV�
7DEOH����� 5K IRU�HDFK�UHJLRQ��FRQWURO�VWUDWHJ\�DQG�WKH�SRVVLELOLW\�RI�DLUERUQH�VSUHDG5HJLRQ � � � � � � �:LWKRXW�FRQWURO ��� ��� ��� ��� ��� ��� ���62 DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ������ ������ ����� ����� ���� ���� ����5&� DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ���� ����� ���� ���� ���� ���� ����59� DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ���� ���� ���� ���� ���� ���� ����59� DLUERUQH�VSUHDGQR�DLUERUQH�VSUHDG ���� ���� ���� ���� ���� ���� ����
��������(FRQRPLF�UHVXOWV7KH�HFRQRPLF�PRGXOH�FDOFXODWHG�����WLPHV�����VFHQDULRV�SHU�UHJLRQ����FRQWURO�VWUDWHJLHV���VFULSWV�IRU�SRVVLEOH�LPSRUW�EDQV��WKH�GLUHFW�FRVWV�DQG�FRQVHTXHQWLDO�H[SRUW�ORVVHV�RI�DQ�)0'HSLGHPLF�� 7R� JLYH� DQ� LQGLFDWLRQ� RI� WKH� PDLQ� UHVXOWV�� WKH� H[WUHPHV� LQ� VL]HV� DQG� HFRQRPLFFRQVHTXHQFHV�ZLWKLQ�WKHVH�����FDOFXODWLRQV�DUH�SUHVHQWHG�LQ�7DEOH������,Q�WKH�UHJLRQV���������DQG���LQ�WKH�ZRUVW�FDVH�VFHQDULRV�WKH�HSLGHPLF�EHFRPHV�HQGHPLF��7KHVHUHVXOWV�DOVR�LQGLFDWH�WKDW�WKH�H[SRUW�ORVVHV�DUH�PXFK�KLJKHU�WKDQ�WKH�GLUHFW�FRVWV��7KLV�LV�YDOLGIRU�ERWK�VFULSWV��DOWKRXJK�H[SRUW�ORVVHV�LQ�WKH�2,(�VFULSW�ZHUH�ORZHU�WKDQ�LQ�WKH�5($�VFULSW�
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�������5HVXOWV�GHFLVLRQ�WUHHV7KH�GHFLVLRQ�WUHH�PRGXOH�ZDV�XVHG�LQ�WZR�GLIIHUHQW�VLWXDWLRQV������LI�WKH�+53�LV�NQRZQ�DQG����LI�WKH�+53�LV�XQNQRZQ��VHH�)LJXUHV�����D�DQG�����E��
����������,I�+53�LV�NQRZQ7KH�HFRQRPLFDOO\�RSWLPDO�DQG�QH[W�WR�RSWLPDO�FRQWURO�VWUDWHJLHV�IRU�HDFK�UHJLRQ�DQG�+53�DUHVKRZQ� LQ� 7DEOH� ����D� �ZLWK� DLUERUQH� VSUHDG�� DQG� 7DEOH� ����E� �ZLWKRXW� DLUERUQH� VSUHDG��7KHVH� WDEOHV� DOVR� SUHVHQW� WKH�¨� FRVWV� �� ORVVHV��ZKLFK� LV� GHILQHG� DV� WKH� GLIIHUHQFH� LQ� GLUHFWFRVWV�DQG�H[SRUW�ORVVHV�EHWZHHQ�WKH�RSWLPDO�VWUDWHJ\�DQG�WKH�QH[W�WR�RSWLPDO�VWUDWHJ\�7KHVH� WDEOHV� VKRZ� WKDW� ULQJ� YDFFLQDWLRQ� LV� DOZD\V� WKH� HFRQRPLFDOO\� RSWLPDO� VWUDWHJ\� LQUHJLRQV���DQG����7KH�RSWLPDO�UDGLXV�RI�WKH�ULQJ�YDFFLQDWLRQ�GHSHQGV�RQ�WKH�OHQJWK�RI�WKH�+53�5LQJ�FXOOLQJ�LV�DOZD\V�WKH�HFRQRPLFDOO\�RSWLPDO�VWUDWHJ\�LQ�UHJLRQV���DQG����)RU�WKH�UHJLRQV��� �� DQG� �� WKH� HFRQRPLFDOO\� RSWLPDO� VWUDWHJ\� GHSHQGV� RQ� WKH� OHQJWK� RI� WKH� +53� DQG� WKHSUHVHQFH�RI�DLUERUQH�VSUHDG�7KH� UHVXOWV�RI� WKH� WZR� VFULSWV�RI�SRVVLEOH� UHDFWLRQV�RI� LPSRUWLQJ�FRXQWULHV� VKRZ�DOPRVW� WKHVDPH� UDQNLQJV� RI� HFRQRPLFDOO\� RSWLPDO� DQG� QH[W� WR� RSWLPDO� VWUDWHJLHV�� 7KH� GLIIHUHQFHV� LQFRVWV� DQG� ORVVHV� EHWZHHQ� WKH� HFRQRPLFDOO\� RSWLPDO� DQG� QH[W� WR� RSWLPDO� VWUDWHJ\� JHQHUDOO\LQFUHDVH�DV�WKH�+53�LV�H[WHQGHG�
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59�59�������
59�59�������

59�59�����
59�59�����

59�59���
5&�59�����
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5LQJ� FXOOLQJ� LV� DOZD\V� WKH� RSWLPDO� VWUDWHJ\� LQ� UHJLRQV� �� DQG� ��� ,Q� WKHVH� UHJLRQV�� ULQJYDFFLQDWLRQ�SURORQJV�WKH�HSLGHPLF�DQG�HQODUJHV�WKH�VXUIDFH�RI�PRYHPHQW�VWDQGVWLOO�DUHDV�)RU�UHJLRQV���DQG���WKH�RSWLPDO�VWUDWHJ\�GHSHQGV�RQ�WKH�SUHVHQFH�RI�DLUERUQH�VSUHDG�7KH�UHVXOWV�RI� WKH� WZR�VFULSWV�RI�SRVVLEOH� UHDFWLRQV�E\� LPSRUWLQJ�FRXQWULHV� VKRZ�DOPRVW� WKHVDPH�UDQNLQJV�RI�RSWLPDO�DQG�QH[W±WR�RSWLPDO�VWUDWHJLHV�
����������([SHFWHG�YDOXH�RI�+53�LQIRUPDWLRQ7ZR� H[WUHPH� VLWXDWLRQV�ZHUH� H[DPLQHG�� D� VLWXDWLRQ�ZLWK� QR�+53� LQIRUPDWLRQ� DW� DOO� DQG� DVLWXDWLRQ�ZLWK�SHUIHFW�+53�LQIRUPDWLRQ��7KLV�PDGH�LW�SRVVLEOH�WR�FDOFXODWH�WKH�H[SHFWHG�YDOXHRI�SHUIHFW�LQIRUPDWLRQ��VHH�7DEOH��������7KH�H[SHFWHG�YDOXH�RI�SHUIHFW�LQIRUPDWLRQ�SURYLGHVDQ�XSSHU� OLPLW� IRU� WKH�H[SHFWHG�YDOXH�RI� LQIRUPDWLRQ� LQ�JHQHUDO� �&OHPHQ�DQG�5HLOO\��������7KH�UHVXOWV�LQ�7DEOH������HPSKDVLVH�WKH�LPSRUWDQFH�RI�UHWULHYLQJ�LQIRUPDWLRQ�RQ�WKH�OHQJWK�RIWKH�+53� IRU� WKH� VLWXDWLRQV� LQ�ZKLFK� WKH� H[SHFWHG� YDOXH� RI� SHUIHFW� LQIRUPDWLRQ� LV� QRW� ]HUR�*DWKHULQJ�+53�LQIRUPDWLRQ�OHDGV�WR�EHWWHU�GHFLVLRQ�PDNLQJ��SDUWLFXODUO\�LQ�UHJLRQV������DQG��



���

7DEOH������ 2SWLPDO�VWUDWHJLHV�ZKHQ�+53�LV�XQNQRZQ�DQG�NQRZQ�DQG�WKH�H[SHFWHG�YDOXHRI�SHUIHFW�+53�LQIRUPDWLRQ��LQ�PLOOLRQ�¼�
+53�NQRZQ5HJLRQ $LUERUQHVSUHDG +53XQNQRZQ ��GD\V ���GD\V ���GD\V ([SHFWHG�YDOXHRI��LQIRUPDWLRQ<HV 59� 59������� 59� 59� ��� 1R 59� 59� 59� 59� �<HV 59� 59� 59� 59� �� 1R 59� 59������� 59������ 59� �<HV 59� 59� 59�������� 59� ��� 1R 59� 5&������� 59� 59� ��<HV 59� 5&������� 5&������� 59� ��� 1R 5&� 5&� 5&� 59�������� ��<HV 59� 5&������� 5&������� 59� ��� 1R 5&� 5&� 5&� 59������� ��<HV 5&� 5&� 5&� 5&� �� 1R 5&� 5&� 5&� 5&� �<HV 5&� 5&� 5&� 5&� �� 1R 5&� 5&� 5&� 5&� �

������'LVFXVVLRQ
��������(SLGHPLRORJLFDO�PRGXOH7KLV� VWXG\� XVHG� DYDLODEOH� NQRZOHGJH� WR� LOOXVWUDWH� WKH� HSLGHPLRORJLFDO� DQG� HFRQRPLFFRQVHTXHQFHV�RI�DQ�RXWEUHDN��)RU�WKLV�UHDVRQ��WKH�PRGHO�ZDV�UHVWULFWHG�WR�D�SLJ�DGDSWHG�)0'YLUXV� VWUDLQ�� 7KHUH� ZDV� OLPLWHG� NQRZOHGJH� DYDLODEOH� RQ� YLUXV� WUDQVPLVVLRQ� LQ� WKH� ILHOGEHWZHHQ� RWKHU� VXVFHSWLEOH� VSHFLHV�� 7KLV� PHDQV� WKDW� WKH� UHVXOWV� FDQ� EH� LQWHUSUHWHG� DV� WKHRSWLPDO� VWUDWHJLHV� IRU� SLJ�DGDSWHG� )0'� YLUXV� VWUDLQV�� 7KHVH� UHVXOWV� FDQ� EH� URXJKO\H[WUDSRODWHG�WR�RWKHU�)0'�YLUXV�VWUDLQV��&RQWURO�DSSURDFKHV�IRU�RWKHU�VWUDLQV�ZRXOG�QRW�GLIIHUPXFK� IURP� WKH� FRQWURO� DSSURDFKHV� XVHG� LQ� WKLV� VWXG\� EHFDXVH� DOO� VXVFHSWLEOH� VSHFLHV�ZHUHLQFOXGHG� LQ� WKH� FRQWURO� PHDVXUHV�� 7KHUHIRUH�� WKH� HFRQRPLF� UHVXOWV� DUH� OLNHO\� WR� IROORZ� DFRPSDUDEOH�SDWWHUQ�DV�WKH�UHVXOWV�LQ�WKLV�VWXG\�
��������(FRQRPLF�PRGXOH7KH�HFRQRPLF�PRGXOH�FRQYHUWHG�RXWEUHDN�DQG�FRQWURO� HIIHFWV� LQWR� HVWLPDWHV�RI�GLUHFW� FRVWVDQG� FRQVHTXHQWLDO� H[SRUW� ORVVHV� IRU� SURGXFHUV� LQ� WKH� OLYHVWRFN� YDOXH� FKDLQ� DQG� WKHJRYHUQPHQW��$Q�HSLGHPLF�FRXOG�DOVR�KDYH�HIIHFWV�RQ�WKH�'XWFK�HFRQRP\�DV�D�ZKROH�EHFDXVHRI�WKH�VLGH�HIIHFWV�RI�GLVHDVH�FRQWURO�PHDVXUHV��H�J��WKH�FORVXUH�RI�IRRWSDWKV�KDUPV�WKH�WRXULVW



���

VHFWRU�� DQG� LQWHUDFWLRQV� EHWZHHQ� HFRQRPLF� VHFWRUV� �H�J�� SULFH� GURSV� IRU� OLYHVWRFN� SURGXFWVIDYRXUV� FRQVXPHUV�� �%HUHQWVHQ� HW� DO��� ����D�� *DUQHU� DQG� /DFN�� ������0DKXO� DQG� 'XUDQG��������7KHVH�µQRQ�DJULFXOWXUDO¶�HIIHFWV�KDYH�QRW�EHHQ�TXDQWLILHG�EHFDXVH�WKH�DLP�ZDV�QRW�WRFDUU\� RXW� D� IXOO� VRFLDO� FRVW�EHQHILW� DQDO\VLV�� 7KLV� DQDO\VLV� SURYLGHV� D� IUDPHZRUN� IRUFRPSDULQJ�GLVHDVH� FRQWURO� VWUDWHJLHV�EXW� LQFOXGHV�DOVR� GLIILFXOWLHV��0DQ\�FRVWV� DQG�EHQHILWVDUH�E\� WKHLU�QDWXUH�GLIILFXOW� WR�TXDQWLI\� �H�J�� HPRWLRQDO�SUREOHPV�RI� IDUPHUV�ZKRVH�DQLPDOVKDG�WR�EH�FXOOHG���$VVLJQLQJ�PRQHWDU\�YDOXHV�WR�WKHVH�FRVWV�DQG�EHQHILWV�LV�D�PDMRU�SUREOHPRI�FRVW�EHQHILW�DQDO\VLV�DQG�LQYROYHV�PDNLQJ�VXEMHFWLYH�MXGJHPHQWV��5DPVD\�HW�DO���������$�NQRZOHGJH�JDS�ZDV� IRXQG� LQ� WKH�SRVVLEOH� UHDFWLRQV�RI� LPSRUWLQJ�FRXQWULHV��5HDFWLRQV�GRQRW� DOZD\V� UHVSHFW� WKH� 2,(� JXLGHOLQHV�� 7KLV� SUREOHP�ZDV� VROYHG� E\� XVLQJ� WZR� VFULSWV� IRUSRVVLEOH�UHDFWLRQV��7KH�PRGHO�VKRZHG� WKDW�YDU\LQJ� OHQJWKV�RI� LPSRUW�EDQV�KDG�RQO\� OLPLWHGLQIOXHQFH�RQ� WKH�HFRQRPLFDOO\�RSWLPDO�FRQWURO� VWUDWHJLHV��$� OLPLWDWLRQ�RI� WKH�FDOFXODWLRQV� LVWKDW�WKHVH�ZHUH�EDVHG�RQ�FKDQJHV�LQ�TXDQWLWLHV�GXH�LPSRUW�EDQV��3ULFH�DQG�VXEVWLWXWLRQ�HIIHFWVZHUH�H[FOXGHG�LQ�WKH�HFRQRPLF�FDOFXODWLRQV��7KHUHIRUH��WKH�UHVXOWV�SURYLGH�XSSHU�ERXQGV�IRUWKH�HFRQRPLF�FRVWV�RI�DQ�HSLGHPLF�

�������&RQFOXVLRQV
7KH�GHFLVLRQ�WUHH�LV�D�XVHIXO�WRRO�IRU�VWUXFWXULQJ�DQG�RSWLPLVLQJ�HDUO\�GHFLVLRQV�FRQFHUQLQJ�WKHFRQWURO�RI�)0'�HSLGHPLFV�LQ�GLIIHUHQW�UHJLRQV�LQ�7KH�1HWKHUODQGV��7KH�RXWFRPHV�FDQ�EH�XVHGDV�\DUGVWLFNV�IRU�GHFLGLQJ�RQ�FRQWURO�PHDVXUHV�GXULQJ�SRVVLEOH�)0'�HSLGHPLFV�LQ�WKH�IXWXUH�7KH� UHVXOWV� VKRZHG� WKDW� QRW� VHOHFWLQJ� WKH� HFRQRPLFDOO\� RSWLPDO� VWUDWHJ\� FRXOG� FDXVH� ODUJHDGGLWLRQDO�HFRQRPLF�ORVVHV�$QLPDO� GHQVLW\�ZLWKLQ� WKH� RXWEUHDN� UHJLRQ� LV� DQ� LPSRUWDQW� GHWHUPLQDQW� LQ� GHFLGLQJ� RQ� WKHRSWLPDO� FRQWURO� VWUDWHJ\�� 7KH� UHVXOWV� VKRZ� D� FRQVLGHUDEOH� UHJLRQDO� YDULDWLRQ� LQ� WKH� VL]H� RILPSDFWV�� 5LQJ� YDFFLQDWLRQ� LV� WKH� HFRQRPLFDOO\� RSWLPDO� VWUDWHJ\� IRU� GHQVHO\� SRSXODWHGOLYHVWRFN�DUHDV�EHFDXVH�WKLV�VWUDWHJ\�UHGXFHV�WKH�QXPEHU�RI�LQIHFWHG�KHUGV�DQG�WKH�GXUDWLRQ�RIWKH� HSLGHPLF� FRPSDUHG� WR� WKH� RWKHU� VWUDWHJLHV�� 5LQJ� FXOOLQJ� LV� WKH� HFRQRPLFDOO\� RSWLPDOVWUDWHJ\� IRU� VSDUVHO\� SRSXODWHG� OLYHVWRFN� DUHDV�� )RU� OLYHVWRFN� DUHDV� WKDW� DUH� QHLWKHU� YHU\GHQVHO\�SRSXODWHG�QRU�YHU\�VSDUVHO\�SRSXODWHG��WKH�RSWLPDO�VWUDWHJ\�GHSHQGV�RQ�WKH�OHQJWK�RIWKH�+53�DQG�WKH�SUHVHQFH�RI�DLUERUQH�VSUHDG�7KH�GXUDWLRQ�RI�DQ�HSLGHPLF�ZDV�RQH�RI�WKH�PRVW�LPSRUWDQW�SDUDPHWHUV��ZKLFK�GHWHUPLQHG�WKHHFRQRPLF� LPSDFW� RI� DQ� HSLGHPLF��7KLV�ZDV� FRQVLVWHQW�ZLWK� SUHYLRXV� UHVHDUFK� �+RUVW� HW� DO�������� 0DKXO� DQG� 'XUDQG�� ������� ,Q� GHQVHO\� SRSXODWHG� OLYHVWRFN� DUHDV� WKH� FXOOLQJ� DQG



���

UHQGHULQJ� FDSDFLW\� ZDV� WKH� OLPLWLQJ� IDFWRU�� FDXVLQJ� GHOD\V� LQ� FXOOLQJ� DQG� H[WHQVLRQ� RI� WKHHSLGHPLF��7KHUHIRUH��ULQJ�YDFFLQDWLRQ�LV�WKH�RSWLPDO�VWUDWHJ\�LQ�WKHVH�DUHDV�EHFDXVH�LW�UHGXFHVWKH�QXPEHU�RI�LQIHFWHG�IDUPV�DQG�OLNHZLVH�WKH�GXUDWLRQ�RI�WKH�HSLGHPLF�7KH� UHVXOWV� RI� WKLV� VWXG\� VWUHVV� WKH� LPSRUWDQFH� RI� UHWULHYLQJ� LQIRUPDWLRQ� RQ� WKH� H[SHFWHGOHQJWK�RI�WKH�+53�DV�VRRQ�DV�SRVVLEOH�DIWHU�DQ�RXWEUHDN�RI�)0'�KDV�EHHQ�GHFODUHG��HVSHFLDOO\LQ�UHJLRQV�WKDW�DUH�QHLWKHU�YHU\�GHQVHO\�QRU�YHU\�VSDUVHO\�SRSXODWHG�

$FNQRZOHGJHPHQWV
7KH�DXWKRUV�WKDQN�&KDUOHV�/pRQ�IRU�KLV�VXSSRUW� LQ� WKH�*,6�SDUW�DQG�0LUMDP�1LHOHQ�IRU�KHU�YDOXDEOHFRPPHQWV��7KLV�VWXG\�ZDV�SDUWO\�ILQDQFHG�E\�WKH�(XURSHDQ�8QLRQ�LQ�SURMHFW�(8�)$,5���3/�������DQG�SDUWO\�E\�WKH�'XWFK�0LQLVWU\�RI�$JULFXOWXUH��1DWXUH�0DQDJHPHQW�DQG�)LVKHULHV�

5HIHUHQFHV
$JULFXOWXUDO�,QIRUPDWLRQ�DQG�.QRZOHGJH�&HQWUH�DQG�5HVHDUFK�6WDWLRQ�IRU�$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��/������



���

&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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