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SURFHVVLQJ�LV�GXH�WR�WKH�LQ�FORXG�DTXHRXV�SKDVH�SURGXFWLRQ��RI�VXOSKDWH�SULPDULO\��UDWKHU�WKDQ�
WKH�VFDYHQJLQJ�RI�PXOWLSOH�LQWHUVWLWLDO�DHURVROV�E\�D�VLQJOH�FORXG�GURSOHW��,W�VKRXOG�SHUKDSV�EH�
DFNQRZOHGJHG�WKDW�WKLV�VLPSOLILHG�WUHDWPHQW�RI�FORXG�SURFHVVLQJ��L�H���GLVWULEXWLQJ�WKH�GURSOHW�
ERUQH�DHURVROV�WR�WKH�ODUJHVW�VROXEOH�PRGH�XSRQ�HYDSRUDWLRQ��LV�LQ�SDUW�GXH�WR�WKH�OLPLWDWLRQ�RI�
PRGDO�UHSUHVHQWDWLRQ�
�
:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�WKLV�LV�D�OLPLWDWLRQ�RI�WKH�PRGDO�VFKHPH��:H�WKLQN�WKDW�WKLV�KDV�
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%���2Q�WKH�FRXSOLQJ�DQG�H[WHQVLRQ��ZDV�WKHUH�D�WHVW�GRQH�ZLWK�WKH�RULJLQDO�6&$9"�$V�PDQ\�
UHJLRQDO�&70V�GR�VWLOO�XVH�VLPLODU�PHWKRGRORJ\�DV�WKH�RULJLQDO�6&$9��L�H���WUHDWLQJ�D�FORXG�OLIH�
F\FOH�DW�HDFK�PRGHO�WLPH�VWHS���LW�ZRXOG�KDYH�EHHQ�YHU\�YDOXDEOH�WR�VKRZ�WKH�LPSDFW�RQ�WKH�
PRGHO�UHVXOWV�GXH�WR�WKH�GLIIHUHQW�FRXSOLQJ�VFKHPHV�
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SURJQRVWLF�TXDQWLWLHV��+HQFH�WKHUH�LV�QR�WDUJHW�UHVHUYRLU�IRU�VFDYHQJHG�FKHPLFDO�FRPSRQHQWV�IRU�
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%URZQLDQ�PRWLRQ�VFDYHQJLQJ�E\�FORXG�GURSOHWV��$OO�PRGHV�H[FHSW�WKH�IUHVK�VRRW�PRGHV�WDNH�
SDUW�LQ�QXFOHDWLRQ�VFDYHQJLQJ��:H�KDYH�DGGHG�DQ�RYHUYLHZ�WDEOH��%���WR�GHVFULEH�PRGHV��
FRQVWLWXHQWV��HYDSRUDWLRQ�WDUJHWV�DQG�SDUWLFLSLDWLRQ�LQ�QXF��VFDYHQJLQJ��:H�KDYH�IXUWKHU�DGGHG�D�
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�
%���+RZ�VHQVLWLYH�LV�WKH�PRGHO�UHVXOWV�WR�WKLV�VHOHFWLRQ�RI�WKH�XSSHU�OLPLW�RQ�WKH�FORXG�ZDWHU�
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RI�FORXG�GURSOHWV�HYDSRUDWLQJ�VFDOHV�ZLWK�WKH�DYDLODEOH�FORXG�OLTXLG�ZDWHU�FRQWHQW��F/:&���WKH�
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RI�HYDSRUDWLRQ�����ZKDW�LV�RIWHQ�WHUPHG�µFORXG�SURFHVVLQJ¶�RI�DHURVROV´��LV�VRPHZKDW�D�
PLVLQWHUSUHWDWLRQ�RI�FORXG�SURFHVVLQJ�
�
:H�DJUHH�WKH�VHQWHQFH�FRXOG�EH�PLVOHDGLQJ��:H�LQWHQG�WR�VWDWH�WKDW�WKLV�LV�KRZ�ZH�IRUPXODWH�
³FORXG�SURFHVVLQJ´�RI�DHURVROV�LQ�WKH�PRGHO��7KH�VHQWHQFH�KDV�EHHQ�UHSKUDVHG�DQG�QRZ�UHDGV�
�
³7KLV�WUHDWPHQW�RI�HYDSRUDWLRQ��L�H��XVLQJ�WKH�PDVV�DV�VFDYHQJHG��EXW�DVVLJQLQJ�D
QXPEHU�EDVHG�RQ�WKH�QXPEHU�RI�FORXG�GURSOHWV��UHSUHVHQWV�CCFORXG�SURFHVVLQJ�RI
DHURVROV¶¶�LQ�RXU�PRGHO��8QGHU�WKH�DVVXPSWLRQ���´
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�
%����$JDLQ��VLQFH�LW�LV�LPSOLHG�WKDW�HTXDWLRQ�����LV�DSSOLHG�WR�FKHPLFDO�WUDFHUV�LQ�UDLQ��DUH�WUDFHUV�
LQ�VQRZ�DQG�LFH�DOVR�LQFOXGH�DV�SURJQRVWLF�YDULDEOHV"
�
VHH�RXU�UHSO\�WR�TXHVWLRQ�%��DERYH�

�
%����2Q�WKH�UHOHDVH�RI�DHURVROV�GXH�WR�SUHFLSLWDWLRQ�HYDSRUDWLRQ��VLPLODU�WR�WKH�TXHVWLRQ�ZLWK�
UHJDUG�WR�FORXG�GURSOHW�HYDSRUDWLRQ�DERYH��KRZ�DUH�WKH�QXPEHU�DQG�PDVV�PDSSHG�RQWR�WKH�
UHFHLYLQJ�PRGHV��DQG�ZKDW�DUH�WKH�UHFHLYLQJ�PRGHV�LQ�WKLV�FDVH�"
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5HFHLYLQJ�PRGHV�DQG�HYDSRUDWLRQ�PHFKDQLVPV�DUH�WKH�VDPH�IRU�FORXG�DQG�UDLQ�GURSOHW�
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�
��,GHDOL]HG��'�VLPXODWLRQ
%����:LWK�DQ�LGHDOLVHG�FDVH�OLNH�WKLV��RQH�FDQ�H[SHFW�D�PRUH�TXDQWLWDWLYH�HYDOXDWLRQ�RI�WKH�
V\VWHP��H�J���ZKHWKHU�WKHUH�LV�D�PDVV�FORVXUH�RQ�WKH�GHSOHWHG�62��DQG�WKH�LQFUHDVHG�DHURVRO�
VXOIDWH�DW�WKH�ZDNH�RI�WKH�FORXG��)LJXUH����DQG�VLPLODUO\�WKH�ORVV�LQ�$LWNHQ�PRGH�VXOIDWH�DQG�
WKH�JDLQ�LQ�DFFXPXODWLRQ�PRGH��)LJXUH�����,W�LV�QRW�FOHDU�IURP�WKH�GLVFXVVLRQ�RQ�)LJXUH���DQG���
ZKHWKHU�WKHVH�FKDQJHV�DUH�FRQVLVWHQW��TXDQWLWDWLYHO\���)RU�H[DPSOH��IRU�D�����GHFUHDVH�LQ�62��
�EDVHG�RQ�D���XJ�P��SUH�FORXG�FRQFHQWUDWLRQ��RQH�ZRXOG�H[SHFW�D�PXFK�JUHDWHU�LQFUHDVH�LQ�
DHURVRO�VXOIDWH�WKDQ�WKH������XJ�P��TXRWHG��WKH�QXPEHU�VKRXOG�EH�FORVHU�WR������XJ�P���EDVHG�
RQ�FRQVHUYDWLRQ�RI�6��ZKHQ�QR�SUHFLSLWDWLRQ�UHPRYDO�LV�LQYROYHG��
�
:H�PDGH�D�PLVWDNH�LQ�WKH�ZD\�WKH�VXOIDWH�LQFUHDVH�KDG�EHHQ�FDOFXODWHG��DV�LW�ZDV�EDVHG�RQ�
WLPH�DYHUDJHG�ILHOGV�LQFOXGLQJ�WKH�VSLQ�XS�WLPH�ZKLFK�GLG�QRW�DOORZ�WKH�V\VWHP�WR�UHDFK�VWHDG\�
VWDWH��7KHUHIRUH��QR�PDVV�FORVXUH�ZDV�DFKLHYHG��:H�NQRZ�WKDW�WKH�VFKHPH�LWVHOI�LV�PDVV�
FRQVHUYLQJ��VHH�EHORZ���
�
7KH������XJ�P��LQFUHDVH�LQ�62����JLYHQ�LQ�WKH�WH[W�KDG�EHHQ�FDOFXODWHG�EDVHG�RQ�WKH��LQGHHG��
R[LGDQW�OLPLWHG�FDVH��DQG�LV�UHYLVHG�LQ�WKH�XSGDWHG�PDQXVFULSW��VHH�DQVZHU�WR�QH[W�TXHVWLRQ���
:LWK�WKH�QRQ�OLPLWHG�VLPXODWLRQV�ZH�ILQG��XSGDWHG�H[FHUSW�IURP�VHFWLRQ����
�
³)LJXUH���VKRZV�KRZ�62��LV�HIILFLHQWO\�VFDYHQJHG�DIWHU�WKH�DLU�KDV�SDVVHG�WKH�FORXG��DQG�WKDW
LQ�WXUQ�WRWDO�DHURVRO�VXOIDWH�PDVV�KDV�LQFUHDVHG�E\�XS�WR��������7KH�WLPH�DQ�DLU�SDUFHO�VSHQGV�
LQ
WKH�FORXG�LQ�WKLV�VHWXS�LV�DERXW�����V��FORXG�ZLWK�DSSUR[����NP�GLDPHWHU�����P�V���ZLQG�VSHHG��
DQG�WKH�PD[LPXP�DEVROXWH�GLIIHUHQFH�LQ�62�

���LQ�WKH�ZDNH�RI�WKH�FORXG�LV������ȝJ�P����7KLV
PHDQV�WKDW�ZLWK�DQ�LQLWLDO�62��FRQFHQWUDWLRQ�RI�DERXW���ȝJP���ZH�JHQHUDWHG�DSSUR[LPDWHO\
����QJ�P���RI�62�

���SHU�VHFRQG�GXH�WR�DTXHRXV�SKDVH�FKHPLVWU\�´
�
7KH�XSGDWHG�ILJXUH���QRZ�ORRNV�DV�IROORZV�
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7KLV�ODUJH�LQFUHDVH�LQ�LQ�FORXG�SURGXFHG�62�

���KDG�WKH�FRQVHTXHQFH�WKDW�)LJXUH����FORXG�
SURFHVVLQJ�WKURXJK�VKLIWLQJ�RI�PDVV�IURP�VPDOOHU�WR�ODUJHU�PRGH��QRZ�VKRZV�DQ�LQFUHDVH�LQ�
62�

���LQ�ERWK�PRGHV��7KLV�LV�WKH�UHVXOW�RI�D�GRPLQDWLQJ�IRUPDWLRQ�SURFHVV�RYHU�WKH�UHVKXIIOLQJ�RI�
H[LVWLQJ�PDVV�EHWZHHQ�PRGHV��$V�)LJXUH���GLG�QRW�SURYLGH�PXFK�IXUWKHU�LQIRUPDWLRQ�ZH�GHFLGHG�
WR�UHPRYH�LW��DV�LW�ZRXOG�RQO\�OHDG�WR�FRQIXVLRQ�RI�WKH�UHDGHU��7KH�VHQWHQFH�³)XUWKHURQ��)LJ����
VKRZV�WKDW�PDVV�UHOHDVHG�IURP�WKH�FORXG���´�ZDV�GHOHWHG�
�
$V�DOUHDG\�VWDWHG�LQ�WKH�UHVSRQVH�WR�UHYLHZHU���ZH�HQVXUHG�WKDW�WKH�VFDYHQJLQJ�VFKHPH�LWVHOI�LV�
PDVV�FRQVHUYLQJ�DQG�ZH�FRQILUPHG�WKLV�ZLWK�ER[�PRGHO�VLQJOH�FROXPQ�VLPXODWLRQV��QRW�VKRZQ���
)LJXUH���VKRZV�SHUFHQWDJH�FKDQJHV�DQG�LV�LQWHQGHG�WR�HPSKDVL]H�WKH�UHODWLYH�LPSRUWDQFH�RI�
WKH�HIIHFWV��ZKLOH�WKH�WH[W�VKRXOG�JLYH�D�PRUH�TXDQWLWDWLYH�GHVFULSWLRQ�
:H�UHIHU�WKH�UHYLHZHU�DOVR�WR�WKH�XSGDWHG�)LJXUH����QRZ�)LJXUH�����LQ�ZKLFK�D�PDVV�FORVXUH�LV�
QRZ�VKRZQ�



�
7KH�XSGDWHG�ILJXUH�FDSWLRQ�UHDGV�
�
³3DUWLWLRQLQJ�RI�GLIIHUHQW�JURXSV�RI�FRPSRXQGV�EHWZHHQ�SKDVHV�GXULQJ�SDVVDJH�RI�WKH�FORXG�
�EHWZHHQ�JULG�FROXPQV����DQG����RI�WKH�LGHDOL]HG�VLPXODWLRQ���6KRZQ�DUH�JULG�FROXPQ�WRWDOV��
7KH�WKUHH�SKDVHV�FRQVLGHUHG�DUH�JDV��J���DHURVRO��D���DQG�FORXG�OLTXLG�ZDWHU��O���7KH�FRPSRXQG�
JURXSV�DUH�D��VXOIXU��62���J���+�62���J���62�����V���62���O���+�62���O���+62����O���62�����O���
+62����O���62�����O���E��R[LGL]HG�QLWURJHQ��12��J���12���J���+12���J���1�2���J���12���J���12���
�V���+12���O���12����O���F��UHGXFHG�QLWURJHQ��1+���J���1+����V���1+���O���1+����O���1XPEHUV�WR�
WKH�OHIW��EHIRUH�FORXG�SDVVDJH��DQG�ULJKW��DIWHU��VKRZ�FROXPQ�PDVV�WRWDOV�RI�WKH�JDV�DQG�DHURVRO�
UHVHUYRLUV�´
�
7KH�SDUDJUDSK�LQ�VHFWLRQ���UHIHUULQJ�WR�WKLV�ILJXUH�QRZ�UHDGV�
�
³)LJXUH���VKRZV�WKH�FROXPQ�WRWDO�SDUWLWLRQLQJ�RI�PDVV�EHWZHHQ�JDV��DHURVRO�DQG�FORXG�SKDVH
IRU�VXOIXU�DQG�QLWURJHQ�FRPSRXQGV�GXULQJ�SDVVDJH�RI�WKH�FORXG��:HW�GHSRVLWLRQ�ZDV�QHJOLJLEO\
VPDOO�IRU�PDVV�FDOFXODWLRQV�LQ�WKLV�LGHDOL]HG�VLPXODWLRQ��1RWH�WKDW�RQO\�DERXW�RQH�WKLUG�RI
WKH�FROXPQ�LV�DFWXDOO\�H[SRVHG�WR�WKH�FORXG��%RWK��WRWDO�VXOIXU�DQG�R[LGL]HG�QLWURJHQ�VKRZ



LQFUHDVHV�LQ�DHURVRO�PDVV�E\�������������PJ�6��P����DQG�������������PJ�1��P����FROXPQ�
WRWDO�UHVSHFWLYHO\��5HGXFHG�QLWURJHQ�VKRZV�DQ�LQFUHDVH�RI������������PJ�1��P����DIWHU�FORXG�
SDVVDJH��DV�D�UHVXOW�RI�LWV�WKHUPRG\QDPLF�HTXLOLEULXP�ZLWK�VXOIDWH�DQG�QLWUDWH�
7KH�LGHDOL]HG�VLPXODWLRQV�SURYLGH�XVHIXO���´

�
%����7KHUH�LV�DOVR�YHU\�OLWWOH�HYLGHQFH�RI�WKH�HQKDQFHG�VXOSKXU�R[LGDWLRQ�LQ�FORXG�IURP�)LJXUH�
�$��,V�WKLV�DQ�R[LGDQW�OLPLWHG�FDVH��H�J���ODFN�RI�+�2��"
�
:H�WKDQN�WKH�UHYLHZHU�IRU�WKLV�YDOXDEOH�FRPPHQW��7KH�FDVH�ZDV�LQGHHG�R[LGDQW�OLPLWHG�DQG�ZH�
QRZ�ILQG�PXFK�VWURQJHU�LQFUHDVHV�LQ�VXOIDWH�FRQFHQWUDWLRQV��
)LJXUH���D��VKRZHG�D�����LQFUHDVH�LQ�FROXPQ�WRWDO�62��DHURVROV��:H�KDYH�LPSURYHG�WKH�
LGHDOL]HG�VHWXS��VHH�UHVSRQVH�WR�UHYLHZHU�����HVSHFLDOO\�WKURXJK�LQFUHDVHV�LQ�+�2��DQG�1+��
FRQFHQWUDWLRQV��DQG�ZH�QRZ�ILQG�PXFK�VWURQJHU�LQFUHDVHV�LQ�VXOIDWH�FRQFHQWUDWLRQV��7KH�WH[W�LQ�
VHFWLRQ���KDV�EHHQ�H[WHQGHG�WR�UHIOHFW�WKLV
�
³,W�LV�FDOFXODWHG�DV�WKH�PHDQ�RI�DOO������87&�SURILOHV�DW�3D\HUQH�GXULQJ�WKH����GD\V�RI�
VLPXODWLRQ�RI�WKH�³DXWXPQ´�FDVH�LQ�.QRWH�HW�DO����������7KH�SURILOH�ZDV�PRGLILHG�E\�LQFUHDVHV�
LQ�WKH�FRQFHQWUDWLRQV�RI�+�2���IDFWRU�RI����DQG�1+���IDFWRU�RI������WR�HQVXUH�WKDW�QR�R[LGDQW�RU�
FRXQWHU�LRQ�OLPLWDWLRQ�RFFXUV��7ZR�VLPXODWLRQV�KDYH�EHHQ�PDGH��«´�
�
DQG�)LJXUH���KDV�EHHQ�XSGDWHG��VHH�DERYH��

�
��$SSOLFDWLRQ�WR�D�UHDO�FDVH
����&RPSDULVRQ�DJDLQVW�ORQJ�WHUP�VWDWLRQ�PHDVXUHPHQWV

�
%����,W�LV�VRPHZKDW�VXUSULVLQJ�WR�VHH�YHU\�OLWWOH�GLIIHUHQFH�LW�PDGH�LQ�30����DW�³UXUDO´�VLWHV�JLYHQ�
WKH�VLJQLILFDQW�GHFUHDVH�LQ�62��DW�WKHVH�VLWHV��$OWKRXJK�WKH�VSHFLDWHG�PHDVXUHPHQWV�PD\�
QRW�EH�DYDLODEOH�DW�WKHVH�ORQJ�WHUP�VLWHV��LW�ZRXOG�VWLOO�EH�ZRUWKZKLOH�WR�ORRN�DW�WKH�PRGHOOHG�
VSHFLDWHG�FRPSRQHQWV��RI�WKH�UHOHYDQW�PRGHV��WR�KHOS�ZLWK�WKH�LQWHUSUHWDWLRQ�RI�WKH�UHVXOWV�
�
7KH�UHVXOWV�RI�RXU�SUHYLRXV�PRGHO�HYDOXDWLRQ�VWXG\��.QRWH�HW�DO���*0'��������LQGLFDWH�WKDW�
DW�PRVW�VLWHV�ZKHUH�VSHFLDWHG��$06��DHURVRO�GDWD�LV�DYDLODEOH�VXOIDWH�LV�RQO\�D�PLQRU�PDVV�
FRQWULEXWRU��(YHQ�LI�VXOIDWH�ZRXOG�LQFUHDVH�VHYHUDO�WLPHV��30����ZRXOG�VWLOO�EH�GRPLQDWHG�E\�
RUJDQLFV�DQG�QLWUDWH��$V�FDQ�EH�VHHQ�LQ�)LJXUH���LQ�.QRWH�HW�DO���*0'��������RQO\�DW�+HOVLQNL�DQG�
+\\WLlOl��ERWK�VWDWLRQV�LQ�)LQQODQG��WKHUH�LV�D�VKDUH�RI�VXOIDWH�RI�PRUH�WKDQ�����RI�WRWDO�DHURVRO�
PDVV��DV�VHHQ�E\�WKH�$06��VHH�.QRWH�HW�DO���*0'�������IRU�D�GLVFXVVLRQ�RI�WKLV�UHVWULFWLRQ���
)XUWKHU��+12��LV�HIILFLHQWO\�ZDVKHG�RXW�ZKLFK�OHDGV�WR�D�FRPSHQVDWLQJ�UHGXFWLRQ�LQ�QLWUDWH�
DHURVROV�
:H�GLG�ORRN�DW�FKDQJHV�LQ�PRGHOOHG�FKHPLFDO�FRPSRQHQWV�DQG�IRXQG�WKDW�WKHUH�DUH�LQGHHG�
FRPSHQVDWLQJ�HIIHFWV��7KLV�LV�DOVR�PHQWLRQHG�LQ�WKH�WH[W��VHFWLRQ������

�
����,PSURYHPHQWV�LQ�DHURVRO�FKHPLFDO�FRPSRVLWLRQ

�



%����:K\�RQO\�IRFXV�RQ�WKH�IUDFWLRQDO�FRQWULEXWLRQV��ZKHQ�GLIIHUHQW�FRPSRQHQWV�PD\�EH�
LQIOXHQFHG�E\�GLIIHUHQW�VRXUFHV�DQG�SURFHVVHV"�)RU�H[DPSOH��IRU�DOO�WKUHH�VLWHV�VKRZQ�RQ�)LJXUH�
�D��WKH�LQFUHDVHG�IUDFWLRQDO�FRQWULEXWLRQ�RI�VXOIDWH�WR�WKH�WRWDO�30���WKH�VLPXODWLRQ�ZLWK�6&$9�
YV��WKH�EDVH�FDVH��LV�ODUJHO\�GXH�WR�WKH�UHGXFWLRQ�LQ�QLWUDWH�UDWKHU�WKDQ�WKH�DFWXDO�LQFUHDVH�LQ�
VXOIDWH�GXH�WR�WKH�FRXSOLQJ�ZLWK�6&$9��6R�WR�VWDWH���QG�SDUDJUDSK�RI�WKLV�VHFWLRQ��³6XOIDWH�
DHURVRO�PDVV�LQFUHDVHV�VXEVWDQWLDOO\�DQG�QRZ�FRPSDUHV�TXLWH�ZHOO�WR�PHDVXUHG�FRQWULEXWLRQ´�LV�
VRPHZKDW�PLVOHDGLQJ�
�
:H�GLVDJUHH��7KH�UHYLHZHU�LV�ULJKW�LQ�WKDW�QLWUDWH�PDVV�GHFUHDVHG��+RZHYHU��ORRNLQJ�DW�WKH�
FKDQJHV�LQ�DEVROXWH�QXPEHUV�LW�FDQ�EH�VHHQ�FOHDUO\�WKDW�DEVROXWH�VXOIDWH�PDVV�RI�30��15�
LQFUHDVHG��7R�PDNH�WKLV�SRLQW�FOHDUHU�ZH�DGGHG�D�WDEOH�VKRZLQJ�WKH�DEVROXWH�DPRXQWV�RI�WKH�
GLIIHUHQW�FRPSRQHQWV�
�

�
:H�KDYH�DOVR�UHSKUDVHG�WKH�SDUDJUDSK�GHVFULELQJ�WKH�UHVXOWV�RI�WKH�$06�FRPSDULVRQ��DV�
ZH�LQFOXGHG�DQ�XSGDWHG�62$�IRUPDWLRQ�VFKHPH�LQ�WKH�PHDQWLPH�DQG�KHQFH�VRPH�RI�WKH�
FRQFOXVLRQV�UHJDUGLQJ�2$�XQGHUHVWLPDWLRQ�ZHUH�RXWGDWHG��VHH�UHVSRQVH�$����7KH�SDUDJUDSK�
QRZ�UHDGV�
�
³)LJXUH��D��E�DQG�7DEOH���VKRZ�WKDW�WKH�LQFOXVLRQ�RI�6&$9�KDV�FRQVLGHUDEOH�LPSDFW�RQ�WKH�
FKHPLFDO�FRPSRVLWLRQ�
7KH�RYHUHVWLPDWLRQ�RI�QLWUDWH�FRPSRXQGV�IRXQG�LQ�SUHYLRXV�VLPXODWLRQV�LV�UHGXFHG��ZKLFK�LV�
PRVWO\�GXH�WR�WKH�HIILFLHQW�ZDVKRXW�RI�WKH�+12��SUHFXUVRU��6RPH�GLVFUHSDQF\�UHPDLQV��OLNH�IRU�
H[DPSOH�D�WHQGHQF\�RI�WKH�PRGHO�WR�UHWDLQ�WRR�PXFK�QLWUDWH�LQ�WKH�SDUWLFOH�SKDVH�GXULQJ�GD\WLPH�
�H�J��LQ�3D\HUQH�DQG�0HOSLW]�LQ�)LJ���D�RU�.�3XV]WD�LQ�)LJ���E���6XOIDWH�DHURVRO�PDVV�LQFUHDVHV�
VXEVWDQWLDOO\�DQG�QRZ�FRPSDUHV�EHWWHU�WR�PHDVXUHG�FRQWULEXWLRQV��DOWKRXJK�DW�DOO�VWDWLRQV�WKH�
VLPXODWHG�YDOXHV�DUH�VWLOO�EHORZ�WKH�PHDVXUHPHQWV��7RJHWKHU�ZLWK�WKH�RYHUHVWLPDWLRQ�RI�62���
WKLV�SRLQWV�WR�D�VWLOO�WRR�VORZ�R[LGDWLRQ�RI�62��LQ�WKH�DTXHRXV�SKDVH�SRVVLEO\�GXH�WR�WKH�ODFN�RI�
DQ�H[SOLFLW�UHSUHVHQWDWLRQ�RI�VHYHUDO�SRWHQWLDOO\�UHOHYDQW�LRQV��0Q��)H��&D��.��WKDW�DIIHFW�S+�LQ�
&2602�$57�DQG�PLVVLQJ�PLQRU�R[LGDWLRQ�SDWKZD\V��WUDQVLWLRQ�PHWDOV��IRUPDOGHK\GH��GLFKOR��
ULGH�LRQV��-DFREVRQ���������%LDVHV�LQ�FORXG�S+�ZRXOG�DOVR�LQIOXHQFH�WKH�HIILFLHQF\�RI�R[GLDWLRQ�
E\�2���.UHLGHQZHLV�HW�DO���������
2UJDQLF�DHURVRO�PDVV�ZDV�QRW�FKDQJHG�VXEVWDQWLDOO\�GXH�WR�WKH�QHZ�FRXSOLQJ��1RWH�WKH�
VLJQLILFDQWO\�LPSURYHG�DJUHHPHQW�ZLWK�REVHUYHG�YDOXHV�FRPSDUHG�WR�ZKDW�ZDV�SUHVHQWHG�LQ�
.QRWH�HW�DO����������7KLV�LV�WKH�UHVXOW�RI�D�FKDQJH�IURP�WKH�XVH�RI�WKH�625*$0�PRGXOH��6FKHOO�



HW�DO���������WR�GHVFULEH�WKH�IRUPDWLRQ�RI�VHFRQGDU\�RUJDQLF�DHURVROV��62$��WR�D�YRODWLOLW\�EDVLV�
VHW�DSSURDFK��$WKDQDVRSRXORX�HW�DO���������
7KHUH�LV�HYLGHQFH�WKDW�62$�FDQ�EH�IRUPHG�LQ�WKH�DTXHRXV�SKDVH��DQG�WKDW�WKHVH�FRQWULEXWLRQV�
FDQ�EH�VXEVWDQWLDO��7XUSLQ�HW�DO���������/LP�HW�DO���������(UYHQV�HW�DO����������$V�ZH�IRFXVHG�RQ�
VXOIDWH��ZH�GLG�QRW�LQFOXGH�DQ\�RI�WKHVH�IRUPDWLRQ�SDWKZD\V�VR�IDU�
2YHUDOO�WKH�UHODWLYH�FRQWULEXWLRQV�RI�WKH�GLIIHUHQW�FRPSRQHQWV�WR����´

�
%����/DVW�SDUDJUDSK�RI�WKLV�VHFWLRQ��$JDLQ�WR�VD\�WKDW�WKH�LQFOXVLRQ�RI�6&$9�KDV�LPSURYHG�
WKH�RYHUDOO�UHODWLYH�FRQWULEXWLRQV�RI�WKH�GLIIHUHQW�FRPSRQHQWV�WR�15�30��FRPSDULQJ�WR�$06�
PHDVXUHPHQW�LV�QRW�DV�PHDQLQJIXO�ZKHQ�WKH�LPSDFW�LV�PRVWO\�RQ�D�VLQJOH�FRPSRQHQW��%7:��
VKRXOG�GHILQH�³15�30�´�KHUH��,�WDNH�³15´�KHUH�UHIHUV�WR�QRQ�UHIUDFWRU\�KHUH"��SDUWLFXODUO\�ZKHQ�
³15´�UHIHUV�WR�VRPHWKLQJ�HOVH��L�H���UHGXFHG�QLWURJHQ��HDUOLHU�LQ�WKH�PDQXVFULSW�
�
7KH�QHZ�WDEOH����VHH�%����VKRZV�WKDW�WKH�LQFOXVLRQ�RI�6&$9�KDV�SRVLWLYH�HIIHFWV�RQ�ERWK�
62��DQG�12���1+���LQ�HTXLOLEULXP�ZLWK�12��DQG�62���ZDV�UHGXFHG�VLQFH�WKH�GHFUHDVH�LQ�
12��LV�VWURQJHU�WKDQ�WKH�LQFUHDVH�LQ�62���ZKLFK�VRPHZKDW�ZRUVHQHG�WKH�FRPSDULVRQ�ZLWK�
$06��(IIHFWV��HYHQ�WKRXJK�WKH\�DUH�PLQRU��DUH�DOVR�REVHUYHG�IRU�RUJDQLF�DHURVROV���DW�RQH�
VWDWLRQ��0HOSLW]��UHVXOWV�JRW�EHWWHU��DW�RQH�ZRUVH��3D\HUQH���7KDW�PHDQV�WKDW�6&$9�DIIHFWV�DOO�
FRPSRQHQWV�PHDVXUHG�E\�WKH�$06��ZKLFK�XVXDOO\�UHSUHVHQW�WKH�PDMRULW\�RI�SDUWLFOH�PDVV�EHORZ�
�XP���
15�30��LV�GHILQHG�LQ�VHFWLRQ������:H�KDYH�FKDQJHG�)LJXUH����QRZ�)LJXUH����DQG�UHPRYHG�WKH�
XVH�RI�DEEUHYLDWLRQV�15�DQG�12�IRU�UHGXFHG�DQG�R[LGL]HG�QLWURJHQ��UHVSHFWLYHO\�VR�WKDW�WKLV�
VKRXOG�QRW�EH�FRQIXVLQJ�DQ\PRUH�

�
%����:KLOH�LW�LV�UHDVRQDEOH�WR�H[SHFW�WKDW�WKH�PRGHOOHG�30��PD\�EH�UHGXFHG�IURP�WKH�DGGLWLRQDO�
FORXG�SURFHVVLQJ��L�H���HIIHFWLYHO\�PRYLQJ�VRPH�RI�WKH�DHURVRO�SDUWLFOHV�IURP�$LWNHQ�PRGH�
WR�DFFXPXODWLRQ�PRGH���LW�GRHV�VKRZ�WKDW�WKH�H[WHQGHG�PRGHO�VLJQLILFDQWO\�XQGHU�SUHGLFWHG�
VXEPLFURQ�DHURVRO�FRQFHQWUDWLRQ�DW�PRVW�RI�WKH�VLWHV�VKRZQ�LQ�)LJXUH���DV�FRPSDUHG�WR�$06�
PHDVXUHPHQWV��7KLV�FRXOG�LQGLFDWH�WKDW�WKH�PRGHO�LV�PLVVLQJ�VRXUFHV�IRU�VXEPLFURQ�DHURVROV�
DQG�RU�WKH�JURZWK�RI�DHURVRO�SDUWLFOHV�GXH�WR�FORXG�SURFHVVLQJ�PD\�EH�RYHU�UHSUHVHQWHG�E\�WKH�
H[WHQGHG�PRGHO��7KH�QHZ�$06�LQVWUXPHQW�EHLQJ�GHYHORSHG�WR�PHDVXUH�WKH�IXOO�VL]H�UDQJH�RI�
30����ZLOO�QRW�PDNH�WKH�PRGHO�GHILFLHQF\�LQ�PRGHOOLQJ�VXEPLFURQ�DHURVROV�JR�DZD\�
�
:H�DJUHH�ZLWK�WKH�UHYLHZHU�WKDW�WKLV�PLJKW�EH�WKH�FDVH��,W�LV�KRZHYHU��DV�WKH�UHYLHZHU�DOVR�
QRWHV��GLIILFXOW�WR�XQWDQJOH�ZKDW�WKH�UHDO�UHDVRQ�IRU�WKLV�GLVFUHSDQF\�LV��:H�KDYH�DGGHG���
VHQWHQFHV�LQ�WKLV�SDUDJUDSK�WR�VWDWH�WKDW��,W�QRZ�UHDGV
�
³2YHUDOO�WKH�UHODWLYH�FRQWULEXWLRQV�RI�WKH�GLIIHUHQW�FRPSRQHQWV�WR�15�30��VKRZ�EHWWHU�
DJUHHPHQW�ZLWK�$06�PHDVXUHPHQWV�GXH�WR�WKH�LQFOXVLRQ�RI�6&$9��WKRXJK�WRWDO�PDVV�RI�15�
30��LV�VOLJKWO\�UHGXFHG��,W�LV�SRVVLEOH�WKDW�WKLV�LQGLFDWHV�PLVVLQJ�VRXUFHV�IRU�VXEPLFURQ�DHURVROV�
LQ�WKH�PRGHO�OLNH�ZURQJ�HPLVVLRQ�VL]H�GLVWULEXWLRQV��RU�XQGHUHVWLPDWHG�QHZ�SDUWLFOH�IRUPDWLRQ��
)XUWKHU��DHURVRO�JURZWK�GXH�WR�FORXG�SURFHVVLQJ�FRXOG�EH�RYHUHVWLPDWHG��7R�FRPSDUH�ZLWK�$06�
PHDVXUHPHQWV��WKH�$06�WUDQVPLVVLRQ�IXQFWLRQ�QHHGV�WR�EH�DSSOLHG�WR�WKH�PRGHOHG�DHURVRO�
PDVV�VL]H�GLVWULEXWLRQ�WR�DFFXUDWHO\�UHSUHVHQW�WKH�SDUWLFOH�VL]H�UDQJH�CCYLVLEOH

�IRU�WKH�$06�´



�
����(IIHFWV�RQ�DHURVRO�VL]H�GLVWULEXWLRQ

�
%����$UH�WKHUH�DQ\�VL]H�GLVWULEXWLRQ�PHDVXUHPHQWV�DYDLODEOH�IRU�FRPSDULVRQ�ZLWK�WKH�PRGHOOHG�
DHURVRO�VL]H�GLVWULEXWLRQ"
�
:H�DOUHDG\�SHUIRUPHG�D�FRPSDULVRQ�RI�QXPEHU�FRQFHQWUDWLRQ�VL]H�GLVWULEXWLRQ�PHDVXUHPHQWV�LQ�
.QRWH�HW�DO���*0'��������7KHUH��ZH�XVHG�WKH�ILUVW�DYDLODEOH�KRPRJHQL]HG�GDWDVHW�PDGH�GXULQJ�
WKH�(8&$$5,�SURMHFW��+RZHYHU��WKH�DXWKRUV�RI�WKLV�GDWDVHW�FDXWLRQ�WKDW�GDWD�TXDOLW\�LV�VWURQJO\�
GHJUDGHG�RXWVLGH�RI�D�UDQJH�RI����������QP��SDUWLFOH�GLDPHWHU���,Q�WKH�FXUUHQW�VWXG\�ZH�IRFXV�
RQ�FKDQJHV�EHWZHHQ����XP��$06��DQG�����XP���D�VL]H�UDQJH�IRU�ZKLFK�WKLV�GDWDVHW�LV�QRW�ZHOO�
VXLWHG�

�
����:HW�GHSRVLWLRQ

�
%����+RZ�ZDV�WKH�SUHFLSLWDWLRQ�S+�FRPSXWHG�IRU�PRGHO"�'RHV�WKH�PRGHO�LQFOXGH�WKH�IXOO�VHW�RI�
LRQV�DQG�EDVH�FDWLRQV�WKDW�FRQWULEXWHV�WR�WKH�PHDVXUHG�SUHFLSLWDWLRQ�S+"
�
7KH�PRGHO�FRQWDLQV�WKH�PDMRU�LQRUJDQLF�VSHFLHV��DPPRQLXP�VXOIDWH��DPPRQLXP�QLWUDWH��DQG�LWV�
DTXHRXV�SKDVH�SURGXFWV��VHH�7DEOH��������&2��LV�IL[HG��7DEOH���GHVFULEHV�WKH�VSHFLHV�WKDW�FDQ�
SDUWLWLRQ�LQWR�WKH�DTXHRXV�SKDVH�IURP�WKH�JDV�SKDVH�DQG�SDUWLFLSDWH�LQ�S+�FDOFXODWLRQ��:KLOH�
+&O�DQG�+%U�DUH�OLVWHG�LQ�7DEOH���DQG����EHFDXVH�WKH�DT��SKDVH�FKHPLVWU\�PHFKDQLVP�LQFOXGHV�
WKHP���QR�YDOXHV�DUH�SURYLGHG�EHFDXVH�&2602�$57�SUHVHQWO\�GRHV�QRW�FRQVLGHU�KDORJHQ�
FKHPLVWU\��)XUWKHU�LRQV�WKDW�PD\�LQIOXHQFH�S+�OLNH�H�J��WUDQVLWLRQ�PHWDOV�DUH�QRW�LQFOXGHG�DV�QR�
LQIRUPDWLRQ�LV�SURYLGHG�IURP�&2602�$57��7KH�FKHPLFDO�V\VWHP�LV�VROYHG�HDFK�WLPHVWHS�DQG�
S+�LWVHOI�LV�WKHQ�FDOFXODWHG�IURP�WKH�HVWLPDWHG�+��LRQ�FRQFHQWUDWLRQ��S+� �ORJ���>+�@��

�
%����+RZ�GRHV�WKH�PRGHOOHG�SUHFLSLWDWLRQ�FRPSDUH�WR�WKH�REVHUYHG"
�
&2602�LWVHOI�LV�RSHUDWLRQDOO\�XVHG�E\�VHYHUDO�(XURSHDQ�ZHDWKHU�VHUYLFHV��DQG�RXU�PRGHO�
FRQILJXUDWLRQ�LV�YHU\�VLPLODU�WR�WKH�RSHUDWLRQDO�VHWXS��:H�FDQ�KHQFH�LPSO\�VRPH�LQLWLDO�WUXVW�LQ�
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