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3HUIOXRURRFWDQH�VXOIRQLF�DFLG��SHUIOXRURRFWDQH�VXOIRQDWH��3)26��LV�DQ�HQYLURQPHQWDOO\�SHUVLVWHQW�

DQWKURSRJHQLF�FKHPLFDO�WKDW�KDG�PDQ\�XVHV�VXFK�DV�LQ�ILUH�ILJKWLQJ�IRDPV�DQG�IDEULF�VWDLQ�UHVLVWDQFH�WUHDWPHQWV��

3)26�LV�QR�ORQJHU�PDQXIDFWXUHG�LQ�WKH�8QLWHG�6WDWHV�EXW�FDQ�EH�LPSRUWHG�DQG�XVHG�IRU�VSHFLILF�OLPLWHG�XVHV��

3)26�LV�UHOHDVHG�LQWR�WKH�HQYLURQPHQW�IURP�IOXRURSRO\PHU�PDQXIDFWXULQJ�RU�SURFHVVLQJ�IDFLOLWLHV��HIIOXHQW�

UHOHDVHV�IURP�ZDVWHZDWHU�WUHDWPHQW�SODQWV��ODQGILOO�OHDFKDWHV��WKH�VSUHDGLQJ�RI�ELRVROLGV��DQG�WKH�XVH�RI�DTXHRXV�

ILUH�ILJKWLQJ�IRDPV��$76'5��������+&����������

�
7KH�WR[LFLW\�RI�3)26�KDV�EHHQ�UHYLHZHG�DQG�VXPPDUL]HG�E\�VHYHUDO�DXWKRULWDWLYH�ERGLHV��$76'5��

������()6$�&217$0��������+&��������173��������1-�'(3��������2(&'��������86�(3$�����������D����

7KHVH�UHYLHZV�LGHQWLI\�LPSRUWDQW�VWXGLHV�RQ�WKH�KHDOWK�HIIHFWV�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�3)26��LQFOXGLQJ�

VWXGLHV��ZKHQ�DYDLODEOH��RQ�WKH�FKURQLF��RQFRJHQLF�DQG�QRQRQFRJHQLF���GHYHORSPHQWDO��DQG�UHSURGXFWLYH�HIIHFWV�

REVHUYHG�LQ�KXPDQV�DQG�DQLPDOV���:H�GHULYHG�WKH�DPELHQW�ZDWHU�TXDOLW\�YDOXH�RI��������PFJ�/�IRU�3)26�XVLQJ�

DYDLODEOH�WR[LFRORJLFDO�GDWD�DQG�ULVN�DVVHVVPHQWV��WKH�GHILQLWLRQV�LQ���1<&55��������DQG�WKH�SURFHGXUHV�

RXWOLQHG�LQ���1<&55�������WKURXJK��������

�
��$�OLVW�RI�FRPPRQO\�XVHG�DEEUHYLDWLRQV�DQG�DFURQ\PV�LV�DWWDFKHG�DV�([KLELW������
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3)26�KDV�D�6SHFLILF�0&/�RI������PFJ�/�DV�GHILQHG�LQ���1<&55���������7KXV��WKH�SRWHQWLDO�DPELHQW�

ZDWHU�TXDOLW\�YDOXH�IRU�3)26�XQGHU���1<&55�������LV������PFJ�/��

�
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(SLGHPLRORJLFDO�VWXGLHV�RI�ZRUNHUV�RU�WKH�JHQHUDO�SRSXODWLRQ�KDYH�QRW�SURYLGHG�FRQYLQFLQJ�HYLGHQFH�RI�

LQFUHDVHG�FDQFHU�ULVN�IURP�3)26�H[SRVXUH��$76'5��������()6$�&217$0��������86�(3$������D����7KH�

UHVXOWV�RI�RQH�VWXG\�LQ�RFFXSDWLRQDOO\�H[SRVHG�ZRUNHUV�VKRZHG�DQ�DVVRFLDWLRQ�EHWZHHQ�3)26�H[SRVXUH�DQG�

LQFUHDVHG�LQFLGHQFH�RI�EODGGHU�FDQFHU��KRZHYHU��WKH�UHVXOWV�ZHUH�FRQVLGHUHG�LQFRQFOXVLYH�GXH�WR�WKH�OLPLWHG�VL]H�

RI�WKH�VWXG\�FRKRUW��$OH[DQGHU�DQG�2OVHQ��������&$�(3$��������()6$�&217$0��������2(&'��������86�

(3$�����D�����

�

7KHUH�LV�RQO\�RQH�VWXG\�WKDW�HYDOXDWHV�WKH�RQFRJHQLFLW\�RI�3)26�LQ�DQLPDOV��%XWHQKRII�HW�DO�������D��

2(&'�����������,Q�WKLV�VWXG\��PDOH�DQG�IHPDOH�UDWV�ZHUH�IHG�GLHWV�FRQWDLQLQJ�3)26�DW�FRQFHQWUDWLRQV�RI���������

���RU����SDUWV�SHU�PLOOLRQ��SSP��IRU�����ZHHNV����$�UHFRYHU\�JURXS�ZDV�IHG�GLHWV�FRQWDLQLQJ����SSP�IRU����

ZHHNV�DQG�ZDV�REVHUYHG�XQWLO�GHDWK���3)26�LQFUHDVHG�WKH�LQFLGHQFH�RI�KHSDWRFHOOXODU�DGHQRPD�FDUFLQRPD�LQ�

PDOH�DQG�IHPDOH�UDWV�DW�WKH�KLJKHVW�GRVH�����SSP���HTXLYDOHQW�WR�������PLOOLJUDPV�SHU�NLORJUDP�SHU�GD\��PJ�NJ�

GD\��LQ�PDOHV�DQG������PJ�NJ�GD\�LQ�IHPDOHV���$�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�WK\URLG�WXPRUV�LQ�PDOH�UDWV�

LQ�WKH�UHFRYHU\�JURXS�ZDV�UHSRUWHG�DW�WKH�KLJKHVW�GRVH�WHVWHG��������PJ�NJ�GD\�����3)26�DOVR�LQFUHDVHG�WKH�

LQFLGHQFH�RI�PDPPDU\�WXPRUV�LQ�IHPDOH�UDWV�ZLWKRXW�D�FOHDU�GRVH�UHVSRQVH�HIIHFW��%XWHQKRII�HW�DO�������D��

2(&'�����������%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�VWXG\��VRPH�DJHQFLHV�FRQVLGHU�3)26�WR�EH�RQFRJHQLF�LQ�DQLPDOV�

�()6$��������+&��������1-�'(3��������2(&'�����������

�

��

�
��7KLV�VWXG\�ZDV�FRQGXFWHG�E\�WKH��0�&RPSDQ\�LQ������DQG�ZDV�PDGH�SXEOLFDOO\�DYDLODEOH�YLD�D�UHSRUW�E\�7KRPIRUG��������SULRU�WR�
SXEOLFDWLRQ�LQ�%XWHQKRII�HW�DO�������D���

��7KHVH�GLHWDU\�FRQFHQWUDWLRQV�FRUUHVSRQG�WR�RUDO�GRVHV�RI�������������������������DQG�������PJ�NJ�GD\�LQ�PDOHV�DQG������������������
�������DQG������PJ�NJ�GD\�LQ�IHPDOHV��

��7KH�DXWKRUV�VWDWHG�WKDW�WKH�³REVHUYDWLRQ�RI�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHG�LQFLGHQFH�RI�WK\URLG�IROOLFXODU�FHOO�DGHQRPD�LQ�WKH����
SSP�UHFRYHU\�JURXS�PDOHV�ZLWKRXW�REVHUYDWLRQ�RI�VLPLODU�LQFUHDVHV�LQ�PDOHV�DQG�RU�IHPDOHV�RI�WKH����SSP�JURXS�LV�SDUDGR[LFDO�DQG�
PD\�UHSUHVHQW�D�FKDQFH�RFFXUUHQFH�´���

��)HPDOHV�KDG�D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�IROOLFXODU�FHOO�DGHQRPD�FDUFLQRPD��EXW�RQO\�DW�WKH���SSP�GRVH�OHYHO��
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,Q�GHWHUPLQLQJ�ZKHWKHU�3)26�KDV�RQFRJHQLF�HIIHFWV�XQGHU���1<&55��������ZH�DOVR�FRQVLGHUHG�

RQFRJHQLFLW\�GDWD�IRU�D�VWUXFWXUDOO\�VLPLODU�FRPSRXQG��SHUIOXRURRFWDQRLF�DFLG��3)2$����3)26�DQG�3)2$�VKDUH�

VLPLODU�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV��$76'5��������86�(3$������D��DQG�DUH�IUHTXHQWO\�IRXQG�WRJHWKHU�LQ�

WKH�HQYLURQPHQW��.DQQDQ�HW�DO�����������6WXGLHV�VKRZ�WKDW�3)26�DQG�3)2$�DUH�UHDGLO\�DEVRUEHG�DIWHU�RUDO�

H[SRVXUH��DUH�QRW�PHWDEROL]HG�LQ�WKH�ERG\��DQG�DFFXPXODWH�SULPDULO\�LQ�WKH�VHUXP��NLGQH\��DQG�OLYHU���,Q�

DGGLWLRQ��ERWK�FRPSRXQGV�KDYH�ORQJ�VHUXP�KDOI�OLYHV�LQ�KXPDQV��JHQHUDOO\�UDQJLQJ�IURP�DERXW���WR���\HDUV�IRU�

3)2$�DQG�DERXW���WR���\HDUV�IRU�3)26��$76'5��������2OVHQ�HW�DO���������86�(3$������D����3)2$�DQG�3)26�

DUH�IRXQG�LQ�KXPDQV�ERXQG�WR�EORRG�VHUXP�DOEXPLQ��6DOYDODJOLR�HW�DO�����������3)2$��%XWHQKRII�HW�DO�������E��

DQG�3)26��%XWHQKRII�HW�DO�������D��FDXVHG�OLYHU�DGHQRPDV�DQG�FDUFLQRPDV�LQ�GLHWDU\�VWXGLHV�LQ�URGHQWV���3)2$�

LQGXFHV�WXPRUV�DW�PXOWLSOH�VLWHV�LQ�UDWV��L�H���OLYHU��PDPPDU\�JODQG��WHVWLFXODU�/H\GLJ�FHOO��DQG�SDQFUHDWLF�DFLQDU�

FHOO�WXPRUV��DQG�KDV�RQFRJHQLF�HIIHFWV�XQGHU���1<&55�������D������YL���EDVHG�RQ�LQGXFWLRQ�RI�WXPRUV�LQ�RQH�

PDPPDOLDQ�VSHFLHV��UHSRUWHG�LQ�WZR�LQGHSHQGHQW�VWXGLHV��1<6����������7KXV��3)26�KDV�RQFRJHQLF�HIIHFWV�DV�

GHILQHG�XQGHU���1<&55�������EHFDXVH�LW�LQGXFHV�WXPRUV�LQ�³RQH�PDPPDOLDQ�VSHFLHV��VXSSRUWHG�E\�SRVLWLYH�

UHVXOWV�IRU�DQRWKHU�VXEVWDQFH�IRU�ZKLFK�VLPLODU�RQFRJHQLF�HIIHFWV�DUH�DQWLFLSDWHG�EHFDXVH�RI�VLPLODULW\�RI�

IXQFWLRQDO�JURXSV�RU�PHWDEROLF�RU�WR[LFRORJLF�SDWKZD\V�´���

�

0RVW�RI�WKH�HYLGHQFH�IURP�VKRUW�WHUP�LQ�YLWUR�DVVD\V�VXJJHVW�WKDW�3)26�LV�QRW�DFWLYH�LQ�VKRUW�WHUP�WHVWV�

LQGLFDWLYH�RI�RQFRJHQLF�SRWHQWLDO��$76'5��������()6$��������+&��������2(&'��������86�(3$������D����

+RZHYHU��VRPH�VWXGLHV�KDYH�VKRZQ�OLPLWHG�SRVLWLYH�HYLGHQFH�RI�3)26�KDYLQJ�GLUHFW�LQWHUDFWLRQ�ZLWK�'1$��

VXFK�DV�DGGXFW�IRUPDWLRQ�LQ�FDOI�WK\PXV�'1$��/X�HW�DO���������DV�ZHOO�DV�'1$�GDPDJH��FRPHW�DVVD\��DQG�

PLFURQXFOHXV�IRUPDWLRQ�LQ�UDW�ERQH�PDUURZ��&HOLN�HW�DO������������

�

,W�KDV�EHHQ�K\SRWKHVL]HG�WKDW�WKH�WXPRUV�REVHUYHG�DIWHU�GLHWDU\�H[SRVXUH�RI�UDWV�WR�3)26�PD\�EH�GXH�WR�

DFWLYDWLRQ�RI�QXFOHDU�SHUR[LVRPDO�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRUV��33$5���DQG�RWKHU�QXFOHDU�UHFHSWRUV�

�%XWHQKRII�HW�DO�������D��-DFTXHW�HW�DO�����������+RZHYHU��LW�KDV�DOVR�EHHQ�VXJJHVWHG�WKDW�RWKHU��33$5�

LQGHSHQGHQW�PHFKDQLVPV�PD\�EH�LQYROYHG�LQ�3)26�FDUFLQRJHQHVLV��()6$�&217$0����������6LQFH�WKH�

RQFRJHQLF�02$�IRU�3)26�LV�XQNQRZQ���XQGHU���1<&55��������³WKH�VWDQGDUG�RU�JXLGDQFH�YDOXH�VKDOO�EH�EDVHG�

�
��33$5Į�UHJXODWHV�OLSLG�KRPHRVWDVLV�E\�DOWHULQJ�WKH�H[SUHVVLRQ�RI�JHQHV�LQYROYHG�LQ�XSWDNH��DFWLYDWLRQ��DQG�R[LGDWLRQ�RI�IDWW\�DFLGV�
�%XWHQKRII�HW�DO�������D��(OFRPEH�HW�DO����������

��86�(3$������D��JXLGDQFH�UHFRPPHQGV�WKH�XVH�RI�DJH�GHSHQGHQW�DGMXVWPHQW�IDFWRUV��$'$)V��ZKHQ�DVVHVVLQJ�WKH�FDQFHU�ULVNV�RI�
FKHPLFDOV�WKDW�DFW�WKURXJK�D�PXWDJHQLF�PRGH�RI�DFWLRQ��02$��IRU�FDUFLQRJHQLFLW\���*LYHQ�WKDW�WKH�RQFRJHQLF�02$�IRU�3)26�LV�
XQNQRZQ��DQG�WKH�DYDLODEOH�GDWD�GR�QRW�VXJJHVW�WKDW�3)26�DFWV�WKURXJK�D�PXWDJHQLF�02$��$'$)V�ZHUH�QRW�XVHG�LQ�WKH�GHULYDWLRQ�
RI�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�YDOXHV�IRU�3)26��RQFRJHQLF�HIIHFWV���
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RQ�WKH����SHUFHQW�ORZHU�FRQILGHQFH�OLPLW�RQ�WKH�KXPDQ�GRVH�FRUUHVSRQGLQJ�WR�DQ�H[FHVV�OLIHWLPH�FDQFHU�ULVN�RI�

RQH�LQ�RQH�PLOOLRQ�´��

�

7KH�1HZ�-HUVH\�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ��1-�':4,��������1-�'(3���������HYDOXDWHG�

WKH�DYDLODEOH�VFLHQWLILF�OLWHUDWXUH�RQ�WKH�RQFRJHQLF�HIIHFWV�RI�3)26�DQG�GHULYHG�D�&3)�IRU�3)26��EDVHG�RQ�WKH�

GRVH�UHVSRQVH�GDWD�IRU�OLYHU�WXPRUV�LQ�UDWV��7DEOHV���DQG����UHSRUWHG�LQ�%XWHQKRII�HW�DO�������D����7KH�1-�'(3�

XVHG�DUHD�XQGHU�WKH�FXUYH�FDOFXODWLRQV�WR�REWDLQ�D�WLPH�ZHLJKWHG�DYHUDJH�3)26�VHUXP�FRQFHQWUDWLRQ�IRU�HDFK�

DGPLQLVWHUHG�GRVH��LQFOXGLQJ�WKH�UHFRYHU\�JURXS���DQG�WKHQ�PRGHOHG�D�VHUXP�%0'/����LQ�IHPDOH�UDWV������

PJ�/���ZKLFK�ZDV�XVHG�DV�WKH�32'������/LQHDU�H[WUDSRODWLRQ�IURP�WKH�32'�\LHOGHG�D�UDW�&3)��H[SUHVVHG�DV�WKH�

ULVN�SHU�XQLW�RI�VHUXP�FRQFHQWUDWLRQ��RI����������PJ�/������7KH�1-�'(3�REWDLQHG�WKH�FRUUHVSRQGLQJ�KXPDQ�

FDQFHU�SRWHQF\�IDFWRU�������PJ�NJ�GD\�����IRU�3)26�XVLQJ�WKH�VDPH�KXPDQ�RQH�FRPSDUWPHQW�PRGHO�WKH�86�(3$�

XVHG�WR�GHULYH�D�3)26�UHIHUHQFH�GRVH������D�����

�

:H�GHULYHG�D�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�YDOXH��RQFRJHQLF�HIIHFWV��IRU�3)26�EDVHG�RQ�WKH�GRVH�

UHVSRQVH�GDWD�IRU�OLYHU�WXPRUV�LQ�UDWV�UHSRUWHG�LQ�%XWHQKRII�HW�DO�������D��XVLQJ�WKH�WLPH�ZHLJKWHG�DYHUDJH��DUHD�

XQGHU�WKH�FXUYH��3)26�VHUXP�FRQFHQWUDWLRQV�UHSRUWHG�LQ�1-�'(3������������:H�GLG�QRW�LQFOXGH�UHFRYHU\�JURXSV�

LQ�WKH�GRVH�UHVSRQVH�PRGHOLQJ�EHFDXVH�WKH�GXUDWLRQ�RI�H[SRVXUH�GLIIHUHG�EHWZHHQ�DQLPDOV�LQ�WKH�UHFRYHU\�JURXS�

DQG�DQLPDOV�LQ�WKH�RWKHU�GRVH�JURXSV���$QLPDOV�LQ�WKH�UHFRYHU\�JURXSV�ZHUH�H[SRVHG�WR�3)26�YLD�WKH�GLHW�IRU����

ZHHNV�DQG�ZHUH�JLYHQ�D�FRQWURO�GLHW��ZLWKRXW�3)26��IRU�WKH�UHPDLQGHU�RI�WKH�����ZHHN�VWXG\���:KHUHDV��

DQLPDOV�LQ�WKH�RWKHU�GRVH�JURXSV�ZHUH�H[SRVHG�WR�3)26�IRU�WKH�HQWLUH�GXUDWLRQ�RI�WKH�VWXG\���%DVHG�RQ�WKH�UDQJH�

RI�REVHUYDWLRQ�IRU�OLYHU�WXPRU�LQFLGHQFH�UHSRUWHG�LQ�WKH�%XWHQKRII�HW�DO�������D��VWXG\��ZH�VHOHFWHG�D�%05�RI�

�
��7KH�FDQFHU�SRWHQF\�HVWLPDWH�DQG�UHIHUHQFH�GRVH�GHULYHG�E\�1-�'(3��������LV�DOVR�GRFXPHQWHG�LQ�DQ�HDUOLHU�UHSRUW�IURP�WKH�1-�

'ULQNLQJ�:DWHU�4XDOLW\�,QVWLWXWH��L�H���1-�':4,���������
���1R�RWKHU�FDQFHU�SRWHQF\�IDFWRUV�IRU�3)26�GHULYHG�E\�DXWKRULWDWLYH�ERGLHV�ZHUH�ORFDWHG���+HDOWK�&DQDGD��������HYDOXDWHG�WKH�

RQFRJHQLF�HIIHFWV�RI�3)26�DQG�GHULYHG�D�WROHUDEOH�GDLO\�LQWDNH��L�H���UHIHUHQFH�GRVH��EDVHG�RQ�WKH�LQFUHDVHG�LQFLGHQFH�RI�
KHSDWRFHOOXODU�WXPRUV�LQ�PDOH�UDWV��+HDOWK�&DQDGD�VWDWHG�WKDW�³$OWKRXJK�WKH�PRGH�RI�DFWLRQ�IRU�3)26�LQGXFHG�WXPRXUV�KDV�QRW�\HW�
EHHQ�HOXFLGDWHG��WKH�ZHLJKW�RI�HYLGHQFH�PRUH�VWURQJO\�VXJJHVWV�WKDW�3)26�LV�D�QRQ�PXWDJHQLF�FRPSRXQG��)RU�WKLV�UHDVRQ��D�QRQ�
OLQHDU�ORZ�GRVH�H[WUDSRODWLRQ�DSSURDFK��L�H���WKH�WROHUDEOH�GDLO\�LQWDNH��7',��DSSURDFK��LV�WKH�PRVW�DSSURSULDWH�PHWKRG�IRU�GHULYLQJ�
D�KHDOWK�EDVHG�YDOXH��+%9��IRU�FDQFHU�´��+RZHYHU��XQGHU���1<&55��������LI�³GDWD�RQ�PRGH�RI�DFWLRQ�DUH�XQDYDLODEOH��RU�LI�WKH�
PRGH�RI�DFWLRQ�DQDO\VLV�SURYLGHV�HYLGHQFH�RI�OLQHDULW\�DW�ORZ�GRVHV�RU�GRHV�QRW�SURYLGH�XQHTXLYRFDO�HYLGHQFH�RI�QRQOLQHDULW\�DW�
ORZ�GRVHV��WKH�VWDQGDUG�RU�JXLGDQFH�YDOXH�VKDOO�EH�EDVHG�RQ�WKH����SHUFHQW�ORZHU�FRQILGHQFH�OLPLW�RQ�WKH�KXPDQ�GRVH�
FRUUHVSRQGLQJ�WR�DQ�H[FHVV�OLIHWLPH�FDQFHU�ULVN�RI�RQH�LQ�RQH�PLOOLRQ�´�7KHUHIRUH��+HDOWK�&DQDGD¶V�WROHUDEOH�GDLO\�LQWDNH�ZDV�QRW�
IXUWKHU�FRQVLGHUHG�DV�D�SRWHQWLDO�EDVLV�IRU�DQ�DPELHQW�ZDWHU�TXDOLW\�YDOXH�IRU�3)26�EDVHG�RQ�RQFRJHQLF�HIIHFWV��

���$�%0'/���LV�WKH�����/&/�RQ�WKH�EHQFKPDUN�VHUXP�OHYHO��LQWHUQDO�GRVH��DVVRFLDWHG�ZLWK�D�����LQFUHDVH�LQ�OLYHU�WXPRUV���
���&DQFHU�SRWHQF\�IDFWRU� �5LVN�SHU�XQLW�VHUXP�OHYHO���&OHDUDQFH� ����������PJ�/���������������/�NJ�GD\� ������PJ�NJ�GD\������3)26�
FOHDUDQFH��86�(3$������D�� ��OQ��3)26�KDOI�OLIH��[�YROXPH�RI�GLVWULEXWLRQ� �������������GD\V��[������/�NJ� ����������/�NJ�GD\��

���6HUXP�3)26�GDWD�ZHUH�REWDLQHG�IURP�7DEOHV����DQG����RI�1-�'(3���������
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���IRU�GRVH�UHVSRQVH�PRGHOLQJ�DQG�FKRVH�WKH�VHUXP�%0'/���DV�WKH�32'����ZKLFK�LV�FRQVLVWHQW�ZLWK���1<&55�

������DQG�86�(3$������D��JXLGDQFH���:H�REWDLQHG�VHUXP�%0'/���HVWLPDWHV�EDVHG�RQ�OLYHU�WXPRUV�LQ�PDOH�UDWV�

DQG�IHPDOH�UDWV�XVLQJ�WKH�FDQFHU�PXOWLVWDJH�PRGHO��7DEOHV���DQG������:H�GLG�QRW�FRQVLGHU�DOWHUQDWH�PRGHOV�

EHFDXVH�WKH�PXOWLVWDJH�PRGHO�DGHTXDWHO\�GHVFULEHG�WKH�GRVH�UHVSRQVH�GDWD�ZLWKLQ�WKH�UDQJH�RI�REVHUYDWLRQ�

�7DEOH��������7KLV�LV�FRQVLVWHQW�ZLWK���1<&55�������DQG�UHFHQW�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\¶V�FDQFHU�

ULVN�DVVHVVPHQW�JXLGDQFH�DQG�SUDFWLFH�JLYLQJ�SUHIHUHQFH��DPRQJ�PRGHOV�WKDW�DGHTXDWHO\�GHVFULEHG�WKH�GDWD��WR�

WKH�PXOWLVWDJH�PRGHO�ZKHQ�PRGHOLQJ�FDQFHU�ELRDVVD\�GDWD��*HKOKDXV�HW�DO���������86�(3$������E������D�E�����

�

([SHULPHQWDO�HYLGHQFH�WR�LQGLFDWH�WKDW�RQH�VH[�LV�D�EHWWHU�VXUURJDWH�IRU�KXPDQV�ZDV�QRW�IRXQG��DQG�RXU�

VHUXP�%0'/���HVWLPDWHV��L�H����������PFJ�/�IRU�PDOHV�DQG��������PFJ�/�IRU�IHPDOHV��GLIIHUHG�E\�RQO\�DERXW�

��IROG���7KXV��ZH�VHOHFWHG�WKH�PHGLDQ�VHUXP�%0'/�����������PFJ�/��DV�WKH�32'�DQG�WKH�EDVLV�RI�D�SRWHQWLDO�

DPELHQW�ZDWHU�TXDOLW\�YDOXH��RQFRJHQLF�HIIHFWV��IRU�3)26��

�

8VLQJ�SURFHGXUHV�FRQVLVWHQW�ZLWK�WKRVH�RXWOLQHG�LQ���1<&55��������ZH�FDOFXODWHG�WKH�+('�DW�WKH�

PHGLDQ�VHUXP�%0'/�����������PFJ�/��XVLQJ�D�KXPDQ�VLQJOH�FRPSDUWPHQW�PRGHO�WR�REWDLQ�D�SKDUPDFRNLQHWLF�

DGMXVWPHQW�IDFWRU��1-�'(3��������86�(3$������D��WKDW�DFFRXQWV�IRU�WKH�ODUJH�LQWHUVSHFLHV�GLIIHUHQFHV�LQ�3)26�

VHUXP�KDOI�OLYHV�REVHUYHG�LQ�VWXGLHV�RI�KXPDQV�DQG�DQLPDOV��

�
�
�
�
�
�
�
�
�

�
���$�%0'/���LV�WKH�����/&/�RQ�WKH�EHQFKPDUN��LQWHUQDO��GRVH�DVVRFLDWHG�ZLWK�D����LQFUHDVH��UHODWLYH�WR�FRQWUROV��RI�DQ�HIIHFW���$�

%0'/�LV�DOVR�NQRZQ�DV�DQ�/('��ZKLFK�LV�WKH����SHUFHQW�ORZHU�FRQILGHQFH�OLPLW�RQ�WKH�HIIHFWLYH�GRVH�DV�GHVFULEHG�LQ���1<&55�
�������

���'RVH�UHVSRQVH�FXUYHV�ZHUH�DOVR�YLVXDOO\�LQVSHFWHG�WR�HQVXUH�WKDW�WKH�PRGHO�DGHTXDWHO\�GHVFULEHV�WKH�GDWD��
���7KH�86�(3$������D��QRWHG���LQ�WKH�DEVHQFH�RI�D�ELRORJLFDOO\�EDVHG�PRGHO��GRVH�UHVSRQVH�PRGHOLQJ�LV�ODUJHO\�D�FXUYH�ILWWLQJ�

H[HUFLVH�DPRQJ�WKH�YDULHW\�RI�DYDLODEOH�HPSLULFDO�PRGHOV���&XUUHQWO\�WKHUH�LV�QR�UHFRPPHQGHG�KLHUDUFK\�RI�PRGHOV�WKDW�ZRXOG�
H[SHGLWH�PRGHO�VHOHFWLRQ��LQ�SDUW�EHFDXVH�RI�WKH�PDQ\�GLIIHUHQW�W\SHV�RI�GDWDVHWV�DQG�VWXG\�GHVLJQV�DIIHFWLQJ�GRVH�UHVSRQVH�
SDWWHUQV���$V�PRUH�IOH[LEOH�PRGHOV�DUH�GHYHORSHG��KLHUDUFKLHV�IRU�VRPH�FDWHJRULHV�RI�HQGSRLQWV�ZLOO�OLNHO\�EH�PRUH�IHDVLEOH���6RPH�
PRGHO�KLHUDUFKLHV�FRXOG�EH�HVWDEOLVKHG�DV�SUHIHUUHG�SUDFWLFHV���)RU�H[DPSOH��LW�LV�D�FXUUHQW�SUDFWLFH�RI�86�(3$¶V�,5,6�SURJUDP�WR�
SUHIHU�WKH�PXOWLVWDJH�PRGHO�IRU�FDQFHU�GRVH�UHVSRQVH�PRGHOLQJ�RI�FDQFHU�ELRDVVD\�GDWD��*HKOKDXV�HW�DO�����������7KH�PXOWLVWDJH�
PRGHO��LQ�IDFW�D�IDPLO\�RI�GLIIHUHQW�VWDJH�SRO\QRPLDO�PRGHOV��LV�VXIILFLHQWO\�IOH[LEOH�IRU�PRVW�FDQFHU�ELRDVVD\�GDWD��DQG�LWV�XVH�
SURYLGHV�FRQVLVWHQF\�DFURVV�FDQFHU�GRVH�UHVSRQVH�DQDO\VHV�´��0RUH�VSHFLILFDOO\��WR�VXSSRUW�XVLQJ�RQO\�WKH�PXOWLVWDJH�PRGHO�WR�
GHWHUPLQH�WKH�FDUFLQRJHQLF�SRWHQF\�RI�WHWUDFKORURHWKHQH��86�(3$������E��QRWHG��³7KH�PXOWLVWDJH�PRGHO�KDV�EHHQ�XVHG�E\�(3$�LQ�
WKH�PDMRULW\�RI�TXDQWLWDWLYH�FDQFHU�DVVHVVPHQWV��LQLWLDOO\�EHFDXVH�RI�LWV�SDUDOOHOLVP�WR�WKH�PXOWLVWDJH�FDUFLQRJHQLF�SURFHVV���$�
EHQHILW�RI�WKH�PXOWLVWDJH�PRGHO�LV�LWV�IOH[LELOLW\�LQ�ILWWLQJ�D�EURDG�DUUD\�RI�GRVH�UHVSRQVH�SDWWHUQV��LQFOXGLQJ�DOORZLQJ�OLQHDULW\�DW�
ORZ�GRVH�´�
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+('%0'/���� ��VHUXP�%0'/���[��3.$)��[��3'$)�
ZKHUH�� � �

PHGLDQ�VHUXP�%0'/���� ���������PFJ�/�

3.$)�� ��3KDUPDFRNLQHWLF�$GMXVWPHQW�)DFWRU�� ������[������/�NJ�GD\
�

3'$)�� ��3KDUPDFRG\QDPLF�$GMXVWPHQW�)DFWRU�� ���

�

+('%0'/���� ���������PFJ�/��[������[������/�NJ�GD\�[����

+('%0'/���� ������PFJ�NJ�GD\��RU�����[������PJ�NJ�GD\��


3.$)� �&/KXPDQ��
ZKHUH��
&/KXPDQ� �9ROXPH�RI�'LVWULEXWLRQ�[��OQ���·�KDOI�OLIH���DVVXPLQJ�ILUVW�RUGHU�NLQHWLFV��
&/KXPDQ� ������/�NJ�[��������·������GD\V�� ����������/�NJ�GD\��86�(3$������D��
�


%DVHG�RQ�HYLGHQFH�DQG�DQDO\VLV�LQ�86�(3$���������ZH�DVVXPHG�WKDW�LQ�WKH�
DEVHQFH�RI�HYLGHQFH�WR�WKH�FRQWUDU\��DQLPDOV�DQG�KXPDQV�DUH�DW�HTXDO�OLIHWLPH�
H[FHVV�FDQFHU�ULVN�DW�HTXDO�OLIHWLPH�LQWHUQDO�GRVHV���7KHUHIRUH��WKH�DGMXVWPHQW�IDFWRU�
IRU�SKDUPDFRG\QDPLF�GLIIHUHQFHV�LV�RQH��

�

:H�GLYLGHG�WKH�+('%0'/���E\��������WR�REWDLQ�WKH�KXPDQ�ULVN�VSHFLILF�GRVH�FRUUHVSRQGLQJ�WR�WKH�����

/&/�RQ�WKH�GRVH�������[������PFJ�NJ�GD\��DVVRFLDWHG�ZLWK�DQ�H[FHVV�OLIHWLPH�RQFRJHQLF�FDQFHU�ULVN�RI�RQH�LQ�

RQH�PLOOLRQ�����:H�VHOHFWHG�WKLV�GRVH�IRU�XVH�LQ�WKH�GHULYDWLRQ�RI�D�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�YDOXH�

�RQFRJHQLF�HIIHFWV��IRU�3)26��

�

�
+XPDQ�ULVN�VSHFLILF���[������'RVH�� ��+('%0'/������������

+XPDQ�ULVN�VSHFLILF���[������'RVH�� ������PFJ�NJ�GD\����������

+XPDQ�ULVN�VSHFLILF���[������'RVH�� ������[������PFJ�NJ�GD\�
�

�

8VLQJ�SURFHGXUHV�WKDW�DUH�FRQVLVWHQW�ZLWK���1<&55�������DQG��������ZH�FDOFXODWHG�WKH�3)26�ZDWHU�

FRQFHQWUDWLRQ���������PFJ�/��WZR�VLJQLILFDQW�ILJXUHV��FRUUHVSRQGLQJ�WR�DQ�H[FHVV�OLIHWLPH�FDQFHU�ULVN�RI�RQH�LQ�

RQH�PLOOLRQ�XVLQJ�WKH�ULVN�VSHFLILF����[�������KXPDQ�GRVH������[������PFJ�NJ�GD\��DVVXPLQJ�D����NJ�DGXOW�

�
���$�GRVH�DW�DQ\�OLIHWLPH�H[FHVV�FDQFHU�ULVN�FDQ�EH�REWDLQHG�IURP�WKH�VWUDLJKW�OLQH�WKDW�H[WUDSRODWHV����H[FHVV�OLIHWLPH�FDQFHU�ULVN�DW�
WKH�+('%0'/���WR�]HUR�H[FHVV�ULVN�DW�]HUR�GRVH��)RU�H[DPSOH��D�RQH�LQ�RQH�PLOOLRQ�H[FHVV�OLIHWLPH�ULVN��HTXDO�WR�����������LV��������
IROG�ORZHU�WKDQ�DQ�H[FHVV�OLIHWLPH�ULVN�RI�����HTXDO�WR��������7KHUHIRUH��WKH�GRVH�DW�D�RQH�LQ�RQH�PLOOLRQ�H[FHVV�OLIHWLPH�ULVN�LV�
REWDLQHG�E\�GLYLGLQJ�WKH�GRVH�DW�D����H[FHVV�ULVN�E\���������HTXDO�WR���������������������������
�
�
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FRQVXPHV���OLWHUV�RI�ZDWHU�SHU�GD\���:H�VHOHFWHG��������PFJ�/�DV�WKH�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�JXLGDQFH�

YDOXH��RQFRJHQLF�HIIHFWV��IRU�3)26��

�

5LVN�6SHFLILF����[�������:DWHU�
&RQFHQWUDWLRQ�  � �

�
��[������:DWHU�&RQFHQWUDWLRQ�  � ����[������PFJ�NJ�GD\�[����NJ�

� � ��/�GD\�

��[������:DWHU�&RQFHQWUDWLRQ�  � �������PFJ�/�
�

�����������

��������352&('85(6�)25�'(5,9,1*�67$1'$5'6�$1'�*8,'$1&(�9$/8(6�%$6('�21�

� 12121&2*(1,&�())(&76�

�
� +XPDQ�VWXGLHV�RQ�3)26�KDYH�VXJJHVWHG�SRVVLEOH�OLQNV�EHWZHHQ�H[SRVXUH�WR�3)26�DQG�HIIHFWV�RQ�

LPPXQH�UHVSRQVH��FKROHVWHURO��ELUWK�ZHLJKW��DQG�YDULRXV�WK\URLG�SDUDPHWHUV��$76'5��������()6$�&217$0��

������173��������86�(3$������D����7KHVH�VWXGLHV�DUH�LQDGHTXDWH�IRU�XVH�LQ�GRVH�UHVSRQVH�DVVHVVPHQW��GXH�WR�

ODFN�RI�UHOLDEOH�TXDQWLWDWLYH�H[SRVXUH�GDWD��86�(3$������D�����

�

7KH�86�(3$������D���WKH�0LQQHVRWD�'HSDUWPHQW�RI�+HDOWK��0'+���������DQG�WKH�1-�'(3��1-�':4,��

������1-�'(3��������HYDOXDWHG�WKH�DYDLODEOH�DQLPDO�DQG�KXPDQ�VWXGLHV�RQ�WKH�QRQRQFRJHQLF�HIIHFWV�RI�3)26��

DQG�GHULYHG�5I'V�DQG�KHDOWK�EDVHG�YDOXHV�IRU�3)26�LQ�GULQNLQJ�ZDWHU�EDVHG�RQ�HIIHFWV�REVHUYHG�LQ�DQLPDOV�

�7DEOH�������

�

7KH�86�(3$������D��EDVHG�LWV�5I'�RQ�GHYHORSPHQWDO�WR[LFLW\��UHGXFHG�SXS�ERG\�ZHLJKW��LQ�WKH�

RIIVSULQJ�RI�UDWV�H[SRVHG�WR�3)26�IRU����GD\V�DFURVV�WZR�JHQHUDWLRQV��VHH�([KLELW�����7KH�86�(3$�FRQYHUWHG�

WKH�12(/�RI�����PJ�NJ�GD\�WR�D�VHUXP�3)26�OHYHO�RI������PJ�/�XVLQJ�WKH�URGHQW�SKDUPDFRNLQHWLF�PRGHO�RI�

:DPEDXJK�HW�DO����������DQG�WKHQ�DSSOLHG�D�KXPDQ�VLQJOH�FRPSDUWPHQW�PRGHO�WR�REWDLQ�WKH�FRUUHVSRQGLQJ�

KXPDQ�32'��L�H���DQ�+('12(/�RI���������PJ�NJ�GD\������$SSOLFDWLRQ�RI�D�WRWDO�XQFHUWDLQW\�IDFWRU�RI�������;�

IRU�LQWUDVSHFLHV�GLIIHUHQFHV�DQG��;�IRU�LQWHUVSHFLHV�SKDUPDFRG\QDPLF�GLIIHUHQFHV��\LHOGHG�WKH�5I'�RI�����[������

PJ�NJ�GD\����

��

�
���+XPDQ�HTXLYDOHQW�GRVH��+('12(/�� �3)26�VHUXP�FRQFHQWUDWLRQ�[�3)26�FOHDUDQFH� ������PJ�/�[����������/�NJ�GD\� ���������

PJ�NJ�GD\���:KHUH��3)26�FOHDUDQFH� ��OQ��3)26�KDOI�OLIH��[�YROXPH�RI�GLVWULEXWLRQ� �������������GD\V��[������/�NJ� ����������
/�NJ�GD\�
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7KH�0'+��������EDVHG�LWV�5I'�RQ�LPPXQH�HIIHFWV��LQFUHDVHG�LQWHUOHXNLQ���DQG�GHFUHDVHG�VKHHS�UHG�

EORRG�FHOO�VSHFLILF�,J0�OHYHOV��LQ�DGXOW�PDOH�PLFH�H[SRVHG�WR�3)26�IRU����GD\V��VHH�([KLELW�����7KH�0'+�

FRQYHUWHG�WKH�PHDVXUHG�VHUXP�3)26�OHYHO�RI������PJ�/��FRUUHVSRQGLQJ�WR�WKH�DGPLQLVWHUHG�GRVH�12(/�RI�

�������PJ�NJ�GD\��WR�REWDLQ�WKH�KXPDQ�SRLQW�RI�GHSDUWXUH��DQ�+('12(/� ����������PJ�NJ�GD\����XVLQJ�D�

VLQJOH�FRPSDUWPHQW�PRGHO�EDVHG�RQ�D�KXPDQ�FOHDUDQFH�FDOFXODWHG�ZLWK�D�VKRUWHU�DVVXPHG�PHDQ�KDOI�OLIH�WKDQ�

ZDV�XVHG�E\�WKH�86�(3$������\HDUV�>/L�HW�DO�������@�FRPSDUHG�WR�����\HDUV�>2OVHQ�HW�DO�������@����$SSOLFDWLRQ�RI�

D�WRWDO�8)�RI���������IRU�LQWUDVSHFLHV�GLIIHUHQFHV����IRU�LQWHUVSHFLHV�SKDUPDFRG\QDPLF�GLIIHUHQFHV��DQG���IRU�

GDWDEDVH�XQFHUWDLQW\��\LHOGHG�DQ�5I'�RI�����[������PJ�NJ�GD\���

�

7KH�1-�'(3��1-�':4,��������1-�'(3��������GHULYHG�DQ�5I'����[������PJ�NJ�GD\��EDVHG�RQ�LPPXQH�

HIIHFWV��GHFUHDVHG�SODTXH�IRUPLQJ�FHOO�UHVSRQVH��LQ�DGXOW�PDOH�PLFH�H[SRVHG�WR�3)26�IRU����GD\V��VHH�([KLELW�

����,Q�WKLV�VWXG\��WKH�12(/�IRU�LPPXQH�HIIHFWV�LV��������PJ�NJ�GD\��FRUUHVSRQGLQJ�WR�D�PHDVXUHG�VHUXP�3)26�

OHYHO�RI�������PJ�/��DQG�WKH�/2(/�IRU�WKHVH�HIIHFWV�LV�������PJ�NJ�GD\��ZKLFK�FRUUHVSRQGV�WR�D�3)26�VHUXP�

FRQFHQWUDWLRQ�RI�������PJ�/����7KH�1-�'(3�XVHG�WKH�PHDVXUHG�3)26�VHUXP�OHYHO�DW�WKH�12(/�DV�WKH�SRLQW�RI�

GHSDUWXUH�DQG�DSSOLHG�D�8)�RI�������;�IRU�LQWUDVSHFLHV�GLIIHUHQFHV�DQG��;�IRU�LQWHUVSHFLHV�SKDUPDFRG\QDPLF�

GLIIHUHQFHV��WR�REWDLQ�D�WDUJHW�KXPDQ�VHUXP�OHYHO�RI��������PJ�/���7KH�1-�'(3�FDOFXODWHG�WKH�5I'�IURP�WKH�

WDUJHW�KXPDQ�VHUXP�OHYHO�XVLQJ�WKH�VDPH�KXPDQ�VLQJOH�FRPSDUWPHQW�PRGHO�XVHG�E\�WKH�86�(3$������D������

�

8VLQJ�SURFHGXUHV�FRQVLVWHQW�ZLWK���1<&55��������ZH�VHOHFWHG�WKH�32'�XVHG�E\�WKH�1-�'(3��1-�

':4,��������1-�'(3��������DV�WKH�EDVLV�RI�D�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�YDOXH��QRQRQFRJHQLF�HIIHFWV��IRU�

3)26��7KH�SULPDU\�FRQVLGHUDWLRQV�IRU�VHOHFWLQJ�WKLV�32'�ZHUH��

��

x� 7KH�/2(/�IRU�LPPXQH�HIIHFWV�LQ�WKH�VWXG\�VHOHFWHG�E\�WKH�1-�'(3��������PJ�NJ�GD\��LV�ORZHU�

WKDQ�WKH�/2(/�IRU�GHYHORSPHQWDO�WR[LFLW\������PJ�NJ�GD\��LQ�WKH�VWXG\�XVHG�E\�WKH�86�(3$���

x� ,PPXQRWR[LFLW\�LV�D�ZHOO�HVWDEOLVKHG�DQG�VHQVLWLYH�HQGSRLQW�IRU�3)26�LQ�DQLPDOV���,Q�DGGLWLRQ��

HSLGHPLRORJLFDO�VWXGLHV�KDYH�UHSRUWHG�DVVRFLDWLRQV�EHWZHHQ�VHUXP�3)26�OHYHOV�DQG�

LPPXQRWR[LFLW\��*UDQGMHDQ�HW�DO���������*UDQXP��������6WHLQ�HW�DO����������

�
���+XPDQ�HTXLYDOHQW�GRVH��+('12(/�� �3)26�VHUXP�FRQFHQWUDWLRQ�[�3)26�FOHDUDQFH� ������PJ�/�[���������/�NJ�GD\� ����������

PJ�NJ�GD\���:KHUH��3)26�FOHDUDQFH� ��OQ��3)26�KDOI�OLIH��[�YROXPH�RI�GLVWULEXWLRQ� �������������GD\V��[������/�NJ� ���������
/�NJ�GD\�

���&OHDUDQFH�IDFWRU�LV�IURP�86�(3$������D����5I'� �3)26�WDUJHW�KXPDQ�VHUXP�OHYHO�[�3)26�FOHDUDQFH� ��������PJ�/�[����������
/�NJ�GD\� ���[������PJ�NJ�GD\����
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x� $�UHFHQW�PDMRU�UHSRUW�RQ�3)26�LPPXQRWR[LFLW\�E\�WKH�1DWLRQDO�7R[LFRORJ\�3URJUDP��������

ZKLFK�HYDOXDWHG�DQLPDO��KXPDQ�DQG�LQ�YLWUR�PHFKDQLVWLF�VWXGLHV�FRQFOXGHG�WKDW�3)26�LV�

SUHVXPHG�WR�EH�DQ�LPPXQH�KD]DUG�WR�KXPDQV��

�

7KH�1-�'(3�GHULYHG�WKHLU�5I'�XVLQJ�D�PHDVXUHG�3)26�VHUXP�OHYHO�DW�WKH�12(/�RI�������PJ�/�DV�WKH�

UDW�32'���&RQVLVWHQW�ZLWK���1<&55��������WKLV�32'�LV�H[SUHVVHG�DV�D�+('�RI����������PJ�NJ�GD\�E\�

DSSO\LQJ�WKH�KXPDQ�VLQJOH�FRPSDUWPHQW�PRGHO�XVHG�E\�WKH�86�(3$������D��WR�WKH�PHDVXUHG�3)26�VHUXP�

OHYHO�����7KH�WRWDO�8)�RI����DSSOLHG�E\�WKH�1-�'(3�LV�FRQVLVWHQW�ZLWK���1<&55�������JLYHQ�WKH�DUHDV�RI�

XQFHUWDLQW\�DQG�YDULDWLRQ����

5I'� �+('12(/�����8)�

ZKHUH�� � �

8)� �� �����;�IRU�LQWHUVSHFLHV�GLIIHUHQFHV�LQ�SKDUPDFRG\QDPLFV����;�IRU�LQWHU�KXPDQ�YDULDELOLW\��
5I'� ����������PJ�NJ�GD\������

5I'� �����[������PJ�NJ�GD\�RU��������PFJ�NJ�GD\�
�

�

:H�DSSOLHG�WKH�SURFHGXUH�RXWOLQHG�LQ���1<&55�������DQG�������WR�GHULYH�D�SRWHQWLDO�DPELHQW�ZDWHU�

TXDOLW\�YDOXH�IRU�QRQRQFRJHQLF�HIIHFWV��������PFJ�/��URXQGHG�WR�WZR�VLJQLILFDQW�ILJXUHV��XVLQJ�WKH�VHOHFWHG�5I'�

��������PFJ�NJ�GD\���D�����UHODWLYH�VRXUFH�FRQWULEXWLRQ��������DQG�DVVXPLQJ�DQ�DGXOW�ERG\�ZHLJKW�RI����NJ�DQG�

D�GULQNLQJ�ZDWHU�FRQVXPSWLRQ�UDWH�RI���/�GD\���

�

3RWHQWLDO�$PELHQW�:DWHU�
4XDOLW\�9DOXH�  � �������PFJ�NJ�GD\�[����NJ�[�������/�NJ�GD\�  ��������PFJ�/�

�

7KH�XVH�RI�DJH�VSHFLILF�GULQNLQJ�ZDWHU�FRQVXPSWLRQ�UDWHV�LQ�WKH�GHULYDWLRQ�WR�DGGUHVV�WKH�SRWHQWLDO�IRU�

FKLOGUHQ�WR�EH�PRUH�VHQVLWLYH�WKDQ�DGXOWV�WR�WKH�QRQRQFRJHQLF�HIIHFWV�RI�3)26�ZDV�FRQVLGHUHG��EXW�ZDV�QRW�XVHG�

EHFDXVH�WKH�ZHLJKW�RI�VFLHQWLILF�HYLGHQFH�LV�LQVXIILFLHQW�WR�FRQFOXGH�WKDW�H[SRVXUH�WR�3)26�GXULQJ�FKLOGKRRG�

SRVHV�D�JUHDWHU�ULVN�RI�QRQRQFRJHQLF�HIIHFWV�WKDQ�H[SRVXUH�GXULQJ�DGXOWKRRG��$76'5��������2(&'����������,Q�

DGGLWLRQ��IRU�WKH�WR[LFRORJLFDO�HQGSRLQW�RQ�ZKLFK�WKH�DPELHQW�ZDWHU�TXDOLW\�YDOXH��QRQRQFRJHQLF�HIIHFWV��LV�

EDVHG��LPPXQH�WR[LFLW\���HIIHFWV�ZHUH�REVHUYHG�DW�D�ORZHU�3)26�H[SRVXUH�OHYHO�LQ�DGXOW�DQLPDOV��'RQJ�HW�DO���

�
���+XPDQ�HTXLYDOHQW�GRVH��+('12(/�� �3)26�VHUXP�FRQFHQWUDWLRQ�[�3)26�VHUXP�FOHDUDQFH� �������PJ�/�[����������/�NJ�GD\� �

���������PJ�NJ�GD\��
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������WKDQ�WKH�PDWHUQDO�H[SRVXUH�WKDW�FDXVHG�HIIHFWV�LQ�\RXQJ�DQLPDOV�H[SRVHG�JHVWDWLRQDOO\��/XHENHU�HW�DO���

�������

�

�

��������352&('85(�)25�'(5,9,1*�67$1'$5'6�$1'�*8,'$1&(�9$/8(6�%$6('�21�

&+(0,&$/�&255(/$7,21��

�

&KHPLFDO�VSHFLILF�WR[LFRORJLFDO�GDWD�DUH�VXIILFLHQW�WR�GHULYH�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�YDOXHV�IRU�

3)26�EDVHG�RQ�ERWK�LWV�RQFRJHQLF����1<&55��������DQG�QRQRQFRJHQLF�HIIHFWV����1<&55����������7KXV��

YDOXHV�EDVHG�RQ�RQFRJHQLF�RU�QRQRQFRJHQLF�HIIHFWV�XVLQJ�FKHPLFDO�FRUUHODWLRQ�DUH�XQQHFHVVDU\��

�

6(/(&7,21�2)�9$/8(��

�

$FFRUGLQJ�WR���1<&55�������E���WKH�DPELHQW�ZDWHU�TXDOLW\�YDOXH�>+HDOWK��:DWHU�6RXUFH�@�VKDOO�EH�WKH�

PRVW�VWULQJHQW�RI�WKH�SRWHQWLDO�YDOXHV�GHULYHG�XVLQJ�WKH�SURFHGXUHV�IRXQG�LQ���1<&55�������WKURXJK���������

8VLQJ�SURFHGXUHV�IURP���1<&55�������DQG��������UHVSHFWLYHO\��ZH�GHULYHG�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�

YDOXHV�RI��������PFJ�/��RQFRJHQLF�HIIHFWV��DQG�������PFJ�/��QRQRQFRJHQLF�HIIHFWV��IRU�3)26���7KH�PRVW�

VWULQJHQW�RI�WKH�SRWHQWLDO�YDOXHV�LV��������PFJ�/����1<&55��������2QFRJHQLF�(IIHFWV��DQG�WKXV��WKLV�YDOXH�LV�

VHOHFWHG�DV�WKH�DPELHQW�ZDWHU�TXDOLW\�YDOXH�>+HDOWK��:DWHU�6RXUFH�@�IRU�3)26��

�

5()(5(1&(6�

�

$ODVND�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ����������7HFKQLFDO�0HPRUDQGXP��$FWLRQ�/HYHOV�IRU�3)$6�LQ�
:DWHU�DQG�*XLGDQFH�RQ�6DPSOLQJ�*URXQGZDWHU�DQG�'ULQNLQJ�:DWHU���/DVW�$FFHVVHG��������������DW�
KWWSV���GHF�DODVND�JRY�PHGLD�������SIDV�GULQNLQJ�ZDWHU�DFWLRQ�OHYHOV�ILQDO�SGI��

�
$OH[DQGHU�%+��2OVHQ�*:����������%ODGGHU�FDQFHU�LQ�SHUIOXRURRFWDQHVXOIRQ\O�IOXRULGH�PDQXIDFWXULQJ�ZRUNHUV���

$QQ�(SLGHPLRO��������������
�
$76'5��$JHQF\�IRU�7R[LF�6XEVWDQFHV�DQG�'LVHDVH�5HJLVWU\�����������'UDIW�7R[LFRORJLFDO�3URILOH�IRU�

3HUIOXRURDON\OV���/DVW�DFFHVVHG��������������DW�KWWS���ZZZ�DWVGU�FGF�JRY�WR[SURILOHV�LQGH[�DVS�3��
�
%XWHQKRII�-/��&KDQJ�6&��2OVHQ�*:��HW�DO�������D���&KURQLF�GLHWDU\�WR[LFLW\�DQG�FDUFLQRJHQLFLW\�VWXG\�ZLWK�

SRWDVVLXP�SHUIOXRURRFWDQHVXOIRQDWH�LQ�6SUDJXH�'DZOH\�UDWV���7R[LFRORJ\������������
�
%XWHQKRII�-/��.HQQHG\�*/�-U���&KDQJ�6&��HW�DO�������E���&KURQLF�GLHWDU\�WR[LFLW\�DQG�FDUFLQRJHQLFLW\�VWXG\�

ZLWK�DPPRQLXP�SHUIOXRURRFWDQRDWH�LQ�6SUDJXH�'DZOH\�UDWV���7R[LFRORJ\��������±�����
�
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&$�(3$��&DOLIRUQLD�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�����������3HUIOXRURRFWDQH�6XOIRQDWH��3)26��DQG�,WV�6DOWV�
DQG�7UDQVIRUPDWLRQ�DQG�'HJUDGDWLRQ�3UHFXUVRUV���/DVW�DFFHVVHG��������������DW�
KWWSV���RHKKD�FD�JRY�PHGLD�GRZQORDGV�FUQU�������SIRVFLF�SGI��

�
&HOLN�$��(NH�'��(NLQFL�6<��<LOGLULP�6����������7KH�SURWHFWLYH�UROH�RI�FXUFXPLQ�RQ�SHUIOXRURRFWDQH�VXOIRQDWH�

LQGXFHG�JHQRWR[LFLW\��VLQJOH�FHOO�JHO�HOHFWURSKRUHVLV�DQG�PLFURQXFOHXV�WHVW���)RRG�&KHP�7R[LFRO���������
�����

�
&RQQHFWLFXW�6WDWH�'HSDUWPHQW�RI�3XEOLF�+HDOWK����������3HU��DQG�3RO\IOXRURDON\O�6XEVWDQFHV���/DVW�DFFHVVHG�

������������DW�KWWSV���SRUWDO�FW�JRY�'3+�'ULQNLQJ�:DWHU�':6�3HU��DQG�3RO\IOXRURDON\O�6XEVWDQFHV��
�
'RQJ�*�+��=KDQJ�<�+�=KHQJ��/��HW�DO��������&KURQLF�HIIHFWV�RI�SHUIOXRURRFWDQH�VXOIRQDWH�H[SRVXUH�RQ�

LPPXQRWR[LFLW\�LQ�DGXOW�PDOH�&��%/���PLFH���$UFK�7R[LFRO�������±�����
�
(OFRPEH�&5��(OFRPEH�%0��)RVWHU�-5�HW�DO����������+HSDWRFHOOXODU�K\SHUWURSK\�DQG�FHOO�SUROLIHUDWLRQ�LQ�

6SUDJXH�'DZOH\�UDWV�IURP�GLHWDU\�H[SRVXUH�WR�SRWDVVLXP�SHUIOXRURRFWDQHVXOIRQDWH�UHVXOWV�IURP�LQFUHDVHG�
H[SUHVVLRQ�RI�[HQRVHQVRU�QXFOHDU�UHFHSWRUV�33$5Į�DQG�&$5�3;5���7R[LFRORJ\�������������

�
()6$��(XURSHDQ�)RRG�6DIHW\�$XWKRULW\�����������3HUIOXRURRFWDQH�VXOIRQDWH��3)26���3HUIOXRURRFWDQRLF�DFLG�

�3)2$��DQG�7KHLU�6DOWV��6FLHQWLILF�2SLQLRQ�RI�WKH�3DQHO�RQ�&RQWDPLQDQWV�LQ�WKH�)RRG�&KDLQ��4XHVWLRQ�1R�
()6$�4�������������7KH�()6$�-RXUQDO��������������/DVW�DFFHVVHG�������������DW�
KWWSV���ZZZ�HIVD�HXURSD�HX�HQ�HIVDMRXUQDO�SXE������

�
()6$�&217$0��(XURSHDQ�)RRG�6DIHW\�$XWKRULW\�3DQHO�RQ�&RQWDPLQDQWV�LQ�WKH�)RRG�&KDLQ�����������

6FLHQWLILF�2SLQLRQ��5LVN�WR�KXPDQ�KHDOWK�UHODWHG�WR�WKH�SUHVHQFH�RI�SHUIOXRURRFWDQH�VXOIRQLF�DFLG�DQG�
SHUIOXRURRFWDQRLF�DFLG�LQ�IRRG��()6$�-RXUQDO������������/DVW�DFFHVVHG��������������DW�
KWWSV���HIVD�RQOLQHOLEUDU\�ZLOH\�FRP�GRL�HSGI���������M�HIVD������������

�
*HKOKDXV�0:��*LIW�-6��+RJDQ�.$��HW�DO����������$SSURDFKHV�WR�FDQFHU�DVVHVVPHQW�LQ�(3$¶V�,QWHJUDWHG�5LVN�

,QIRUPDWLRQ�6\VWHP���7R[LFRO�$SSO�3KDUPDFRO���������������
�
*UDQGMHDQ�3��$QGHUVHQ�(:��%XGW]�-RUJHQVHQ�(��1LHOVHQ�)��0ROEDN�.��:HLKH�3��+HLOPDQQ�&����������6HUXP�

YDFFLQH�DQWLERG\�FRQFHQWUDWLRQV�LQ�FKLOGUHQ�H[SRVHG�WR�SHUIOXRULQDWHG�FRPSRXQGV��-$0$��WKH�MRXUQDO�RI�
WKH�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ������������������

�
*UDQXP�%��+DXJ�/6��1DPRUN�(��6WROHYLN�6%��7KRPVHQ�&��$DEHUJH�,6��YDQ�/RYHUHQ�+��/RYLN�0��1\JDDUG�8&��

������3UHQDWDO�H[SRVXUH�WR�SHUIOXRURDON\O�VXEVWDQFHV�PD\�EH�DVVRFLDWHG�ZLWK�DOWHUHG�YDFFLQH�DQWLERG\�
OHYHOV�DQG�LPPXQH�UHODWHG�KHDOWK�RXWFRPHV�LQ�HDUO\�FKLOGKRRG��-�,PPXQRWR[�����������������

�
+&��+HDOWK�&DQDGD�����������*XLGHOLQHV�IRU�&DQDGLDQ�'ULQNLQJ�:DWHU�4XDOLW\��*XLGHOLQH�7HFKQLFDO�'RFXPHQW�

±�3HUIORXURRFWDQH�6XOIRQDWH��3)26���/DVW�DFFHVVHG�����������DW�KWWSV���ZZZ�FDQDGD�FD�HQ�KHDOWK�
FDQDGD�VHUYLFHV�SXEOLFDWLRQV�KHDOWK\�OLYLQJ�JXLGHOLQHV�FDQDGLDQ�GULQNLQJ�ZDWHU�TXDOLW\�JXLGHOLQH�
WHFKQLFDO�GRFXPHQW�SHUIOXRURRFWDQH�VXOIRQDWH�GRFXPHQW�KWPO�D������

�
-DFTXHW�1��0DLUH�0$��/DQGNRF]�<��9DVVHXU�3����������&DUFLQRJHQLF�SRWHQF\�RI�SHUIOXRURRFWDQH�VXOIRQDWH�

�3)26��RQ�6\ULDQ�KDPVWHU�HPEU\R��6+(��FHOOV���$UFK�7R[LFRO��������������
�
.DQQDQ�.��7DR�/��6LQFODLU�(��HW�DO����������3HUIOXRULQDWHG�FRPSRXQGV�LQ�DTXDWLF�RUJDQLVPV�DW�YDULRXV�WURSKLF�

OHYHOV�LQ�D�*UHDW�/DNHV�IRRG�FKDLQ���$UFK�(QYLURQ�&RQWDP�7R[LFRO��������������
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�
/L�<��)OHWFKHU�7��0XFV�'��HW�DO��������+DOI�OLYHV�RI�3)26��3)+[6�DQG�3)2$�DIWHU�HQG�RI�H[SRVXUH�WR�

FRQWDPLQDWHG�GULQNLQJ�ZDWHU��2FFXS�(QYLURQ�0HG������������
�
/XHENHU�'-��&DVH�07��<RUN�5*�HW�DO���������7ZR�JHQHUDWLRQ�UHSURGXFWLRQ�DQG�FURVV�IRVWHU�VWXGLHV�RI�

SHUIOXRURRFWDQHVXOIRQDWH��3)26��LQ�UDWV��7R[LFRO���������±�����
�
/X�/��.DQJ�7��&KHQJ�6����������,QYHVWLJDWLRQ�RI�'1$�GDPDJH�WUHDWHG�ZLWK�SHUIOXRURRFWDQH�VXOIRQDWH��3)26��

RQ�=U2��''$%�DFWLYH�QDQR�RUGHU�ILOP���F������������
�
0DLQH�&HQWHU�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ����������6XPPDU\�RI�WKH������8SGDWHV�WR�WKH�0D[LPXP�

([SRVXUH�*XLGHOLQHV��/DVW�DFFHVVHG��������������DW�KWWSV���ZZZ�PDLQH�JRY�GKKV�PHFGF�HQYLURQPHQWDO�
KHDOWK�HRKS�ZHOOV�GRFXPHQWV�PHJFKDQJHV�����SGI��

�
0DVVDFKXVHWWV�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ����������0DVVDFKXVHWWV�'HSDUWPHQW�RI�(QYLURQPHQWDO�

3URWHFWLRQ�2IILFH�RI�5HVHDUFK�DQG�6WDQGDUGV�)LQDO�5HFRPPHQGDWLRQV�IRU�,QWHULP�7R[LFLW\�DQG�'ULQNLQJ�
:DWHU�*XLGDQFH�9DOXHV�IRU�3HUIOXRULQDWHG�$ON\O�6XEVWDQFHV�,QFOXGHG�LQ�WKH�8QUHJXODWHG�&KHPLFDO�
0RQLWRULQJ�5XOH����/DVW�DFFHVVHG��������������DW�KWWSV���ZZZ�PDVV�JRY�ILOHV�GRFXPHQWV������������SIDV�
RUV�XFPU��UHFVB��SGI��

�
0'+��0LQQHVRWD�'HSDUWPHQW�RI�+HDOWK�����������7R[LFRORJLFDO�6XPPDU\�IRU��3HUIOXRURRFWDQH�6XOIRQDWH��/DVW�

DFFHVVHG��������������DW�
KWWSV���ZZZ�KHDOWK�VWDWH�PQ�XV�FRPPXQLWLHV�HQYLURQPHQW�ULVN�GRFV�JXLGDQFH�JZ�SIRV�SGI���

�
0LFKLJDQ�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\����������6WDWH�7DNHV�$FWLRQ�WR�6WUHQJWKHQ�(QYLURQPHQWDO�

&ULWHULD�LQ�5HVSRQVH�WR�3)$6�&RQWDPLQDWLRQ��-DQXDU\���������3UHVV�5HOHDVH��/DVW�DFFHVVHG��������������DW�
KWWSV���ZZZ�PLFKLJDQ�JRY�GHT�������������������������������KWPO��

�
173��1DWLRQDO�7R[LFRORJ\�3URJUDP�����������0RQRJUDSK�RQ�,PPXQRWR[LFLW\�$VVRFLDWHG�ZLWK�([SRVXUH�WR�

3HUIOXRURRFWDQRLF�DFLG��3)2$��DQG�SHUIOXRURRFWDQH�VXOIRQDWH��3)26���5HVHDUFK�7ULDQJOH�3DUN��1&��
1DWLRQDO�7R[LFRORJ\�3URJUDP��/DVW�DFFHVVHG�������������DW�
KWWSV���QWS�QLHKV�QLK�JRY�QWS�RKDW�SIRDBSIRV�SIRDBSIRVPRQRJUDSKB����SGI��

�
1-�'(3��1HZ�-HUVH\�'HSDUWPHQW�RI�(QYLURQPHQWDO�3URWHFWLRQ�����������7HFKQLFDO�6XSSRUW�'RFXPHQW��,QWHULP�

6SHFLILF�*URXQG�:DWHU�&ULWHULRQ�IRU�3HUIOXRURRFWDQH�6XOIRQDWH��3)26���'LYLVLRQ�RI�6FLHQFH�DQG�5HVHDUFK��
/DVW�DFFHVVHG������������DW�KWWSV���ZZZ�QM�JRY�GHS�GVU�VXSSRUWGRFV�1HZ6XSSRUW'RFXPHQWV�KWPO��

�
1-�':4,��1HZ�-HUVH\�'ULQNLQJ�:DWHU�4XDOLW\�,QVWLWXWH�����������+HDOWK�%DVHG�0D[LPXP�&RQWDPLQDQW�/HYHO�

6XSSRUW�'RFXPHQW��3HUIOXRURRFWDQH�6XOIRQDWH��3)26����+HDOWK�(IIHFWV�6XEFRPPLWWHH���/DVW�DFFHVVHG�
�������������DW�KWWSV���ZZZ�VWDWH�QM�XV�GHS�ZDWHUVXSSO\�SGI�SIRV�UHFRPPHQGDWLRQ�DSSHQGL[�D�SGI���

�
��1<&55��1HZ�<RUN�6WDWH�&RGHV��5XOHV�DQG�5HJXODWLRQV�����������:DWHU�4XDOLW\�5HJXODWLRQV��6XUIDFH�:DWHU�

DQG�*URXQGZDWHU�&ODVVLILFDWLRQV�DQG�6WDQGDUGV��7LWOH���1<&55��&KDSWHU�;��3DUWV�����±������/DVW�
DFFHVVHG��������������DW�KWWS���ZZZ�GHF�Q\�JRY�UHJV������KWPO��

�
1<6��1HZ�<RUN�6WDWH�����������+XPDQ�+HDOWK�)DFW�6KHHW��$PELHQW�:DWHU�4XDOLW\�9DOXH�IRU�3URWHFWLRQ�RI�

+XPDQ�+HDOWK�DQG�6RXUFHV�RI�3RWDEOH�:DWHU��3HUIOXRURRFWDQRLF�$FLG��3)2$����$OEDQ\��1<��1HZ�<RUN�
6WDWH�'HSDUWPHQW�RI�+HDOWK��

�
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2(&'��2UJDQL]DWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW�����������+D]DUG�$VVHVVPHQW�RI�
3HUIOXRURRFWDQH�6XOIRQDWH��3)26��DQG�LWV�6DOWV��-RLQW�0HHWLQJ�RI�WKH�&KHPLFDOV�&RPPLWWHH�DQG�WKH�
:RUNLQJ�3DUW\�RQ�&KHPLFDOV��3HVWLFLGHV�DQG�%LRWHFKQRORJ\��(19�-0�5'���������),1$/���/DVW�DFFHVVHG�
�������������DW�KWWS���ZZZ�RHFG�RUJ�HQY�HKV�ULVN�DVVHVVPHQW���������SGI��

�
2OVHQ�*:��%XUULV�-0��(KUHVPDQ�'-��HW�DO����������+DOI�OLIH�RI�VHUXP�HOLPLQDWLRQ�RI�SHUIOXRURRFWDQHVXOIRQDWH��

SHUIOXRURKH[DQHVXOIRQDWH��DQG�SHUIOXRURRFWDQRDWH�LQ�UHWLUHG�IOXRURFKHPLFDO�SURGXFWLRQ�ZRUNHUV���(QYLURQ�
+HDOWK�3HUVSHFW�����������������

�
6DOYDODJOLR�0��0XVFLRQLFR�,��&DYDOORWWL�&����������'HWHUPLQDWLRQ�RI�HQHUJLHV�DQG�VLWHV�RI�ELQGLQJ�RI�3)2$�DQG�

3)26�WR�KXPDQ�VHUXP�DOEXPLQ���-�3K\V�&KHP�%�������������������
�
6WHLQ�&5��0F*RYHUQ�.-��3DMDN�$0��0DJOLRQH�3-��:ROII�06����������3HUIOXRURDON\O�DQG�3RO\IOXRURDON\O�

6XEVWDQFHV�DQG�,QGLFDWRUV�RI�,PPXQH�)XQFWLRQ�LQ�&KLOGUHQ�$JHG���������\HDUV��1DWLRQDO�+HDOWK�DQG�
1XWULWLRQ�([DPLQDWLRQ�6XUYH\��3HGLDWU�5HV�����������������

�
7KRPIRUG��3�-����������)LQDO�5HSRUW������:HHN�'LHWDU\�&KURQLF�7R[LFLW\�DQG�&DUFLQRJHQLFLW\�ZLWK�

3HUIOXURRFWDQHVXOIRQLF�$FLG�3RWDVVLXP�6DOW��3)26��7�������LQ�5DWV���0DGLVRQ��:,��&RYDQFH�/DERUDWRU\�
,QF���$YDLODEOH�IURP�8�6��(3$�$GPLQLVWUDWLYH�5HFRUG������'RFXPHQW�$5���������D���>$V�FLWHG�LQ�
%XWHQKRII�HW�DO�������D�@�

�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�����������'UDIW�5HSRUW��$�&URVV�6SHFLHV�6FDOLQJ�)DFWRU�IRU�

&DUFLQRJHQ�5LVN�$VVHVVPHQW�%DVHG�RQ�(TXLYDOHQFH�RI�PJ�NJ���GD\���)HG�5HJLVWHU����������±���������
�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������D���6XSSOHPHQWDO�*XLGDQFH�IRU�$VVHVVLQJ�

6XVFHSWLELOLW\�IURP�(DUO\�/LIH�([SRVXUH�WR�&DUFLQRJHQV���(3$�����5�������)���/DVW�DFFHVVHG������������DW�
KWWSV���ZZZ�HSD�JRY�ULVN�VXSSOHPHQWDO�JXLGDQFH�DVVHVVLQJ�VXVFHSWLELOLW\�HDUO\�OLIH�H[SRVXUH�FDUFLQRJHQV��

�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������E���*XLGHOLQHV�IRU�&DUFLQRJHQ�5LVN�$VVHVVPHQW���

(3$�����3�������)���/DVW�DFFHVVHG��������������DW�
KWWS���ZZZ�HSD�JRY�WWQDWZ���FDQFHUBJXLGHOLQHVBILQDOB��������SGI��

�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�����������3URYLVLRQDO�+HDOWK�$GYLVRULHV�IRU�3HUIOXRURRFWDQRLF�

$FLG��3)2$��DQG�3HUIOXRURRFWDQH�6XOIRQDWH��3)26����/DVW�DFFHVVHG��������������DW�
KWWSV���ZZZ�HSD�JRY�JURXQG�ZDWHU�DQG�GULQNLQJ�ZDWHU�GULQNLQJ�ZDWHU�KHDOWK�DGYLVRULHV�SIRD�DQG�SIRV��

�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������D���%HQFKPDUN�'RVH�7HFKQLFDO�*XLGDQFH��(3$�����5�

���������/DVW�DFFHVVHG��������������DW�KWWSV���ZZZ�HSD�JRY�ULVN�EHQFKPDUN�GRVH�WHFKQLFDO�JXLGDQFH���
�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������E���7R[LFRORJLFDO�5HYLHZ�RI�7HWUDFKORURHWK\OHQH�

�3HUFKORURHWK\OHQH���&$6�1R������������LQ�6XSSRUW�RI�6XPPDU\�,QIRUPDWLRQ�RQ�WKH�,QWHJUDWHG�5LVN�
,QIRUPDWLRQ�6\VWHP��,5,6���(3$�����5�������)���/DVW�DFFHVVHG��������������DW�
KWWSV���FISXE�HSD�JRY�QFHD�LULV�VHDUFK�LQGH[�FIP"NH\ZRUG ��

�
86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������F���%HQFKPDUN�'RVH�6RIWZDUH��%0'6��9HUVLRQ���������

$YDLODEOH�YLD�H�PDLO�UHTXHVW�WR�-HII�*LIW��1DWLRQDO�&HQWHU�IRU�(QYLURQPHQWDO�$VVHVVPHQW��DW�
JLIW�MHII#HSD�JRY��

�
�
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86�(3$��8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������D���+HDOWK�(IIHFWV�6XSSRUW�'RFXPHQW�IRU�
3HUIOXRURRFWDQH�6XOIRQDWH��3)26���2IILFH�RI�:DWHU���(3$�����5����������/DVW�DFFHVVHG��������������DW�
KWWSV���ZZZ�HSD�JRY�JURXQG�ZDWHU�DQG�GULQNLQJ�ZDWHU�VXSSRUWLQJ�GRFXPHQWV�GULQNLQJ�ZDWHU�KHDOWK�
DGYLVRULHV�SIRD�DQG�SIRV��

�
86�(3$��8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��������E���'ULQNLQJ�:DWHU�+HDOWK�$GYLVRU\�IRU�

3HUIOXRURRFWDQH�6XOIRQDWH��3)26���2IILFH�RI�:DWHU���(3$�����5����������/DVW�DFFHVVHG��������������DW�
KWWSV���ZZZ�HSD�JRY�JURXQG�ZDWHU�DQG�GULQNLQJ�ZDWHU�VXSSRUWLQJ�GRFXPHQWV�GULQNLQJ�ZDWHU�KHDOWK�
DGYLVRULHV�SIRD�DQG�SIRV��

�
9HUPRQW�'HSDUWPHQW�RI�+HDOWK����������0HPRUDQGXP��'ULQNLQJ�:DWHU�+HDOWK�$GYLVRU\�IRU�)LYH�3)$6�

�SHUIOXRULQDWHG�DON\O�VXEVWDQFHV���-XO\�����������/DVW�DFFHVVHG��������������DW�
KWWS���ZZZ�KHDOWKYHUPRQW�JRY�VLWHV�GHIDXOW�ILOHV�GRFXPHQWV�SGI�(19B':B3)$6B+HDOWK$GYLVRU\�SGI�

�
:DPEDXJK�-)��6HW]HU�5:��3LWUX]]HOOR�$0��HW�DO���������'RVLPHWULF�DQFKRULQJ�RI�LQ�YLYR�DQG�LQ�YLWUR�VWXGLHV�IRU�

SHUIOXRURRFWDQRDWH�DQG�SHUIOXRURRFWDQHVXOIRQDWH��7R[LFRORJLFDO�6FLHQFHV��������±�����
�
�

6($5&+�675$7(*<�

�

� :H�UHYLHZHG�SXEOLFDWLRQV�E\�YDULRXV�VWDWH��IHGHUDO��RU�LQWHUQDWLRQDO�SXEOLF�KHDOWK�DJHQFLHV��OLVWHG�LQ�IDFW�

VKHHW�UHIHUHQFHV��DQG�LGHQWLILHG�LPSRUWDQW�SDSHUV�IURP�WKH�OLVW�RI�UHIHUHQFHV�ZLWKLQ�HDFK�GRFXPHQW���%HIRUH�DQG�

RQ�$SULO�����������ZH�DOVR�VHDUFKHG�WKH�ELRPHGLFDO�OLWHUDWXUH�XVLQJ�3XE0HG��8�6��1DWLRQDO�/LEUDU\�RI�

0HGLFLQH��DQG�WKH�VHDUFK�WHUP�³3)26�DQG�WR[LFLW\´����

�

%XUHDX�RI�7R[LF�6XEVWDQFH�$VVHVVPHQW�
1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�+HDOWK�
$XJXVW������

�

(;+,%,76�

�

([KLELW�����86�(3$������D�E��5HIHUHQFH�'RVH�'HULYDWLRQ�DQG�/LIHWLPH�'ULQNLQJ�:DWHU�+HDOWK�$GYLVRU\�IRU�
3HUIOXRURRFWDQH�6XOIRQDWH��3)26���

([KLELW�����0'+��������'HULYDWLRQ�RI�5HIHUHQFH�'RVH�DQG�+HDOWK�EDVHG�:DWHU�9DOXH�IRU�3HUIOXRURRFWDQH�
6XOIRQDWH��

([KLELW����1-�':4,��������+HDOWK�EDVHG�0&/�IRU�3HUIOXRURRFWDQH�6XOIRQDWH��
([KLELW����/LVW�RI�$EEUHYLDWLRQV�DQG�$FURQ\PV�)UHTXHQWO\�8VHG�LQ�1HZ�<RUN�6WDWH�+XPDQ�+HDOWK�)DFW�6KHHWV��
�
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�
7DEOH�����([SRVXUH�5HVSRQVH�'DWD�IRU�/LYHU�7XPRUV�LQ�0DOH�DQG�)HPDOH�5DWV�$�

�

7XPRU�6LWH� 7XPRU�7\SH� 3)26�7LPH�ZHLJKWHG�$YHUDJH�6HUXP�
&RQFHQWUDWLRQV��PFJ�/��DQG�7XPRU�,QFLGHQFH�

UDW��PDOH�� ��� ������ ������� ������� ��������
OLYHU� KHSDWRFHOOXODU�DGHQRPD� ����� ����� ����� ����� ����%�

UDW��IHPDOH�� ���� ������ ������� ������� ��������

OLYHU� KHSDWRFHOOXODU��DGHQRPD�FDUFLQRPD�
FRPELQHG� ����� ����� ����� ����� ����%�

$7XPRU�LQFLGHQFH�GDWD�FRPH�IURP�7DEOHV���DQG���RI�WKH�%XWHQKRII�HW�DO�������D��VWXG\���3)26�VHUXP�
FRQFHQWUDWLRQV�IRU�WKLV�VWXG\�DUH�IURP�7DEOHV����DQG����RI�1-�'(3��������DQG�DUH�EDVHG�RQ�WKH�DUHD�XQGHU�WKH�
FXUYH�VHUXP�OHYHOV�IRU�HDFK�GRVH�JURXS��WLPH�ZHLJKWHG�DFURVV�WKH�GXUDWLRQ�RI�WKH�VWXG\���1-�'(3��������
UHSRUWHG�VHUXP�FRQFHQWUDWLRQV�LQ�XQLWV�RI�QJ�P/��ZKLFK�LV�HTXLYDOHQW�WR�XQLWV�LQ�PFJ�/����

%6WDWLVWLFDOO\�VLJQLILFDQW��S���������FRPSDUHG�WR�FRQWUROV��
�

�
�
7DEOH�����5HVXOWV�RI�%HQFKPDUN�'RVH�0RGHOLQJ$�RI�7XPRU�,QFLGHQFH�'DWD�IURP�%XWHQKRII�HW�DO�������D���
�

6SHFLHV��
*HQGHU� 7XPRU�6LWH� %0'��%�

�PFJ�/��
%0'/��&�

�PFJ�/��
&KL�6TXDUHG�S�9DOXH�IRU�

*RRGQHVV�RI�)LW'�
UDW��PDOH�� OLYHU� ������� ������� �������
UDW��IHPDOH�� OLYHU� �������� ������� �������

$%HQFKPDUN�'RVH�6RIWZDUH�9HUVLRQ������86�(3$������F���WKH�PXOWLVWDJH�PRGHO�LV�SUHIHUUHG�IRU�GRVH�UHVSRQVH�
PRGHOLQJ�RI�FDQFHU�ELRDVVD\�GDWD��86�(3$������D�E���WKH�PXOWLVWDJH�PRGHO�ZDV�UXQ�RQ�GHIDXOW�VHWWLQJV��L�H���
GHIDXOW�SDUDPHWHUV�LQFOXGLQJ�D��R�SRO\QRPLDO���

%7KH�%0'���LV�WKH�LQWHUQDO�GRVH��3)26�VHUXP�FRQFHQWUDWLRQ��DVVRFLDWHG�ZLWK�D����LQFUHDVH�LQ�WXPRU�LQFLGHQFH�
UHODWLYH�WR�EDFNJURXQG��FRQWURO��LQFLGHQFH��

&7KH�%0'/���LV�WKH�����/&/�RQ�WKH�LQWHUQDO�GRVH��3)26�VHUXP�FRQFHQWUDWLRQ��DVVRFLDWHG�ZLWK�D����LQFUHDVH�
LQ�WXPRU�LQFLGHQFH�UHODWLYH�WR�EDFNJURXQG��FRQWURO��LQFLGHQFH��

'7KH�S�YDOXH�IRU�WKH�&KL�6TXDUHG�WHVW�VKRXOG�EH�JUHDWHU�WKDQ������JLYHQ�DQ�D�SULRUL�VHOHFWLRQ�RI�D�PRGHO��L�H���
WKH�FDQFHU�PXOWLVWDJH���86�(3$������D���ZKLFK�LQGLFDWHV�WKDW�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
H[SHFWHG��L�H���PRGHO�SUHGLFWHG��DQG�REVHUYHG�WXPRU�LQFLGHQFHV��
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�
7DEOH�����$XWKRULWDWLYH�%RG\�&DQFHU�3RWHQF\�(VWLPDWHV�IRU�3)26���

�
$JHQF\� 5LVN�6SHFLILF�

'RVH��
�PJ�NJ�GD\��

&DQFHU�3RWHQF\�
)DFWRU�

�PJ�NJ�GD\����

([WUDSRODWLRQ�0HWKRGV�
6XPPDU\�� +LJK�WR�/RZ�

'RVH�
$QLPDO�WR�
+XPDQ�

1<6�
�GHULYHG�
XQGHU��

��1<&55�
�������

����[������� �����

OLQHDUL]HG�
PXOWLVWDJH�
PRGHO�ZLWK�

OLQHDU�
H[WUDSRODWLRQ�
IURP�WKH�32'�

VLQJOH�
FRPSDUWPHQW�
KXPDQ�3%3.�

PRGHO�

%DVHG�RQ�LQFUHDVHG�LQFLGHQFH�RI�
KHSDWRFHOOXODU�DGHQRPDV�DQG�
FDUFLQRPDV�LQ�PDOH�DQG�IHPDOH�
UDWV�H[SRVHG�WR�3)26�YLD�WKH�GLHW�

IRU�WZR�\HDUV�

1-�':4,�
������� ����[������� ����

GRVH�UHVSRQVH�
PRGHOV�ZLWK�

OLQHDU�
H[WUDSRODWLRQ�
IURP�WKH�32'�

VLQJOH�
FRPSDUWPHQW�
KXPDQ�3%3.�

PRGHO�

%DVHG�RQ�WKH�FRPELQHG�
LQFLGHQFH�RI�KHSDWRFHOOXODU�
DGHQRPDV�DQG�FDUFLQRPDV�LQ�

IHPDOH�UDWV�H[SRVHG�WR�3)26�YLD�
WKH�GLHW�IRU�WZR�\HDUV���

+HDOWK�
&DQDGD�
��������

��� ��� XQFHUWDLQW\�
IDFWRUV��

FKHPLFDO�
VSHFLILF�8)�RI�
����SKDUPDFR�
NLQHWLFV���

%DVHG�RQ�KHSDWRFHOOXODU�WXPRUV�
LQ�PDOH�UDWV�H[SRVHG�YLD�WKH�GLHW�

IRU�WZR�\HDUV��8VLQJ�D�
QRQFDQFHU�WKUHVKROG�DSSURDFK��
+HDOWK�&DQDGD�FDOFXODWHG�D�7',�

RI��������PJ�NJ�GD\�IRU�
FDUFLQRJHQLFLW\�EDVHG�RQ�ZHLJKW�
RI�HYLGHQFH�WKDW�VXJJHVWV�WKDW�
3)26�LV�D�QRQ�PXWDJHQLF�

FRPSRXQG��7KH�7',�LV�EDVHG�RQ�
D�%0'/���RI������PJ�NJ�GD\�
DQG�D�WRWDO�8)�RI���������IRU�

LQWHUVSHFLHV�SKDUPDFRG\QDPLFV�
DQG�DQ�LQWUDVSHFLHV�8)�RI�����

�86�(3$������D�E��DOVR�HYDOXDWHG�KXPDQ�DQG�DQLPDO�VWXGLHV�RQ�WKH�FDUFLQRJHQLFLW\�RI�3)26�DQG�
FRQFOXGHG�WKDW�³WKHUH�LV�6XJJHVWLYH�(YLGHQFH�RI�&DUFLQRJHQLF�3RWHQWLDO�RI�3)26�LQ�KXPDQV´�EDVHG�RQ�
WKH�OLYHU�DQG�WK\URLG�DGHQRPDV�REVHUYHG�LQ�WKH�%XWHQKRII�HW�DO�������D��VWXG\���+RZHYHU��86�(3$�GLG�
QRW�GHULYH�D�FDQFHU�SRWHQF\�IDFWRU�IRU�3)26���:KLOH�WKH�%XWHQKRII�HW�DO�������D��VWXG\�UHSRUWHG�
VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVHG�LQFLGHQFHV�RI�KHSDWRFHOOXODU�DGHQRPDV�DQG�FDUFLQRPDV�LQ�PDOH�DQG�
IHPDOH�UDWV�H[SRVHG�WR�3)26�LQ�WKH�KLJKHVW�GRVH�JURXSV��DV�ZHOO�DV�SRVLWLYH�VWDWLVWLFDO�WUHQGV�IRU�ERWK�
GDWDVHWV��86�(3$������E��FRQFOXGHG�WKDW�³H[LVWLQJ�HYLGHQFH�GRHV�QRW�VXSSRUW�D�VWURQJ�FRUUHODWLRQ�
EHWZHHQ�WKH�WXPRU�LQFLGHQFH�DQG�GRVH�WR�MXVWLI\�D�TXDQWLWDWLYH�DVVHVVPHQW�´���

�7KH�GRVH�DVVRFLDWHG�ZLWK�DQ�H[FHVV�OLIHWLPH�FDQFHU�ULVN�RI�RQH�LQ�RQH�PLOOLRQ��L�H�����[������GRVH���ZKHUH��
��[������GRVH� ���[������FDQFHU�SRWHQF\�IDFWRU��

�+HDOWK�&DQDGD��������FDOFXODWHG�D�FKHPLFDO�VSHFLILF�SKDUPDFRNLQHWLF�DGMXVWPHQW�IDFWRU�RI����EDVHG�RQ�
GLIIHUHQFHV�LQ�3%3.�PRGHOHG�VWHDG\�VWDWH�SODVPD�3)26�SUHGLFWLRQV�DW�����PJ�NJ�GD\�EHWZHHQ�KXPDQV�
DQG�UDWV�>L�H���FKHPLFDO�VSHFLILF�8)� �KXPDQ�VWHDG\�VWDWH�3)26�SODVPD�OHYHO������PLFURJUDPV�SHU�
PLOOLOLWHU��PFJ�P/���·�HVWLPDWHG�UDW�VWHDG\�VWDWH�3)26�SODVPD�OHYHO�������PFJ�P/�� ���@����



3HUIOXRURRFWDQH�6XOIRQLF�$FLG��3)26��>+HDOWK��:DWHU�6RXUFH�@�
�

�

3DJH����RI����
�

�
7DEOH�����5HIHUHQFH�'RVHV�IRU�3)26�'HULYHG�E\�$XWKRULWDWLYH�%RGLHV��

�

$JHQF\��
5HIHUHQFH�
'RVH��

�PJ�NJ�GD\��

3RLQW�RI�'HSDUWXUH�

8)� 6XPPDU\�'RVH��PJ�NJ�GD\��RU�
6HUXP�&RQFHQWUDWLRQ�

�PJ�/��
%DVLV�

86�(3$�
�����D�E�� ����[������

�
�����PJ�/�LQ�VHUXP�

�UDWV��
+('12(/ ���������

PJ�NJ�GD\�
�

VHUXP�
12(/� ���

%DVHG�RQ�UHGXFHG�ERG\�ZHLJKW�LQ�RIIVSULQJ�RI�
UDWV�H[SRVHG�E\�JDYDJH�LQ�D�WZR�JHQHUDWLRQ�
VWXG\��8)�RI��������IRU�LQWUDVSHFLHV�GLIIHUHQFHV�
DQG���IRU�LQWHUVSHFLHV�GLIIHUHQFHV��([KLELW�����

0'+�
������� ����[������

�
�����PJ�/�LQ�VHUXP�

�PLFH��
+('12(/ ����������

PJ�NJ�GD\�
�

VHUXP�
12(/� ����

%DVHG�RQ�LQFUHDVHG�LQWHUOHXNLQ����,/����DQG�
GHFUHDVHG�VKHHS�UHG�EORRG�FHOO��65%&��VSHFLILF�
,J0�OHYHOV�LQ�DGXOW�PDOH�PLFH��8)�RI���������IRU�
LQWUDVSHFLHV�GLIIHUHQFHV����IRU�LQWHUVSHFLHV�
GLIIHUHQFHV����IRU�GDWDEDVH�XQFHUWDLQWLHV��([KLELW�
����

1-�'(3�
������� ����[������

������PJ�/�LQ�VHUXP�
�PLFH��

+('12(/� ���������
PJ�NJ�GD\�

�

VHUXP�
12(/� ���

%DVHG�RQ�GHFUHDVHG�SODTXH�IRUPLQJ�FHOO�
UHVSRQVH�LQ�PLFH�LQ�D����GD\�VWXG\��8)�RI��������
IRU�LQWUDVSHFLHV�GLIIHUHQFHV�DQG���IRU�LQWHUVSHFLHV�
GLIIHUHQFHV��([KLELW������

�7KH�(XURSHDQ�)RRG�6DIHW\�$XWKRULW\�3DQHO�RQ�&RQWDPLQDQWV�LQ�WKH�)RRG�&KDLQ��()6$�&217$0��GHULYHG�D�WROHUDEOH�
ZHHNO\�LQWDNH�RI����QJ�NJ�ZHHN�IRU�3)26��HTXLYDOHQW�WR�����QJ�NJ�GD\��EDVHG�RQ�LQFUHDVHG�WRWDO�VHUXP�FKROHVWHURO�LQ�
KXPDQ�HSLGHPLRORJLFDO�VWXGLHV�DV�SDUW�RI�D�VFLHQWLILF�RSLQLRQ�RQ�WKH�ULVNV�RI�3)26�LQ�IRRG���7KHUH�LV�QRW�D�FOHDU�
FRQVHQVXV�DPRQJ�KHDOWK�DJHQFLHV�RQ�ZKHWKHU�FURVV�VHFWLRQDO�VWXGLHV�VXFK�DV�WKRVH�XVHG�E\�()6$�&217$0�LQ�D�ZHLJKW�
RI�HYLGHQFH�DSSURDFK�SURYLGH�VXIILFLHQW�HYLGHQFH�WR�HVWDEOLVK�FDXVDOLW\��DQG�ZKHWKHU�WKH�VWXG\�OLPLWDWLRQV�SUHFOXGH�WKHLU�
XVH�IRU�TXDQWLWDWLYH�ULVN�DVVHVVPHQW��1-�':4,��������$76'5���������/LPLWDWLRQV�LQ�WKH�DSSURDFK�XVHG�E\�()6$�
LQFOXGHG�XVH�RI�GDWD�SDFNDJHG�LQ�TXDQWLOHV�UDWKHU�WKDQ�UDZ�GDWD�SRLQWV�IRU�EHQFKPDUN�GRVH�PRGHOLQJ��DQG�QR�
DGMXVWPHQWV�IRU�FR�H[SRVXUHV�WR�RWKHU�SHUIOXRURDON\O�FRPSRXQGV��%DVHG�RQ�WKHVH�FRQVLGHUDWLRQV��WKH�()6$�GHULYDWLRQ�
ZDV�QRW�FRQVLGHUHG�IXUWKHU�DV�D�EDVLV�IRU�D�SRWHQWLDO�DPELHQW�ZDWHU�TXDOLW\�YDOXH��

�6HYHUDO�DJHQFLHV��LQFOXGLQJ�WKH�$ODVND�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ���������&RQQHFWLFXW�6WDWH�'HSDUWPHQW�
RI�3XEOLF�+HDOWK���������0DLQH�&HQWHU�IRU�'LVHDVH�DQG�3UHYHQWLRQ���������0DVVDFKXVHWWV�'HSDUWPHQW�RI�(QYLURQPHQWDO�
3URWHFWLRQ���������0LFKLJDQ�'HSDUWPHQW�RI�(QYLURQPHQWDO�4XDOLW\���������DQG�WKH�9HUPRQW�'HSDUWPHQW�RI�+HDOWK�
�������XVH�WKH�86�(3$�5I'�DQG�RU�OLIHWLPH�KHDOWK�DGYLVRU\�WR�GHILQH�D�KHDOWK�EDVHG�JXLGDQFH�YDOXH�IRU�3)26�LQ�
GULQNLQJ�ZDWHU���
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+($/7+�$'9,625<�)25�3(5)/82522&7$1(�68/)21$7(��3)26���
�
6RXUFH����86�(3$��8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�������E���'ULQNLQJ�:DWHU�+HDOWK�$GYLVRU\�

IRU�3HUIOXRURRFWDQH�6XOIRQDWH��3)26���2IILFH�RI�:DWHU���(3$�����5����������/DVW�DFFHVVHG��������������DW�
KWWSV���ZZZ�HSD�JRY�JURXQG�ZDWHU�DQG�GULQNLQJ�ZDWHU�VXSSRUWLQJ�GRFXPHQWV�GULQNLQJ�ZDWHU�KHDOWK�
DGYLVRULHV�SIRD�DQG�SIRV��
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0'+��������'(5,9$7,21�2)�5()(5(1&(�'26(�$1'�+($/7+�%$6('�:$7(5�9$/8(�)25�
3(5)/82522&7$1(�68/)21$7(��

6RXUFH���0'+��0LQQHVRWD�'HSDUWPHQW�RI�+HDOWK���������7R[LFRORJLFDO�6XPPDU\�IRU��3HUIOXRURRFWDQH�
6XOIRQDWH��/DVW�DFFHVVHG��������������DW�
KWWSV���ZZZ�KHDOWK�VWDWH�PQ�XV�FRPPXQLWLHV�HQYLURQPHQW�ULVN�GRFV�JXLGDQFH�JZ�SIRV�SGI���
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1-�':4,��������+($/7+�%$6('�0&/�)25�3(5)/82522&7$1(�68/)21$7(�

�
6RXUFH��1-�':4,��1HZ�-HUVH\�'ULQNLQJ�:DWHU�4XDOLW\�,QVWLWXWH�����������+HDOWK�%DVHG�0D[LPXP�

&RQWDPLQDQW�/HYHO�6XSSRUW�'RFXPHQW��3HUIOXRURRFWDQH�6XOIRQDWH��3)26����+HDOWK�(IIHFWV�6XEFRPPLWWHH���
/DVW�DFFHVVHG��������������DW�KWWSV���ZZZ�VWDWH�QM�XV�GHS�ZDWHUVXSSO\�SGI�SIRV�UHFRPPHQGDWLRQ�DSSHQGL[�
D�SGI���
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/LVW�RI�$EEUHYLDWLRQV�DQG�$FURQ\PV�)UHTXHQWO\�8VHG�LQ�1HZ�<RUN�6WDWH�+XPDQ�+HDOWK�)DFW�6KHHWV��
�
�

��[������ RQH�LQ�RQH�PLOOLRQ�
$&3)� DGMXVWHG�FDQFHU�SRWHQF\�IDFWRU�
$'$)� DJH�GHSHQGHQW�DGMXVWPHQW�IDFWRU�
$',� DFFHSWDEOH�GDLO\�LQWDNH�
DGM� DGMXVWHG�
$,&� $NDLNH�LQIRUPDWLRQ�FULWHULRQ�
$76'5� $JHQF\�IRU�7R[LF�6XEVWDQFH�DQG�'LVHDVH�5HJLVWU\�
$8&� DUHD�XQGHU�WKH�FXUYH�
$:4*9� DPELHQW�ZDWHU�TXDOLW\�JXLGDQFH�YDOXH�
%0&� EHQFKPDUN�FRQFHQWUDWLRQ�
%0&/� EHQFKPDUN�FRQFHQWUDWLRQ��ORZHU�����FRQILGHQFH�OLPLW�
%0'� EHQFKPDUN�GRVH�
%0'/� EHQFKPDUN�GRVH��ORZHU�����FRQILGHQFH�OLPLW�
%0'/��� %0'/������%05�
%0'/��� %0'/������%05�
%0'/�6'� %0'/��%05�RI�RQH�VWDQGDUG�GHYLDWLRQ�
%0'/$'-� %0'/��DGMXVWHG�WR�FRQWLQXRXV�H[SRVXUH�
%05� EHQFKPDUN�UHVSRQVH�
%:� ERG\�ZHLJKW�
%:���� ERG\�ZHLJKW�UDLVHG�WR�WKH�����SRZHU�VFDOLQJ�
%:���� ERG\�ZHLJKW�UDLVHG�WR�WKH�����SRZHU�VFDOLQJ�
&$�(3$� &DOLIRUQLD�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
&$651� � &KHPLFDO�$EVWUDFWV�6HUYLFH�5HJLVWU\�1XPEHU��
&'&� &HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ�
&,� FRQILGHQFH�LQWHUYDO��
&/� FRQILGHQFH�OLPLW�
&16� FHQWUDO�QHUYRXV�V\VWHP�
&3)� FDQFHU�SRWHQF\�IDFWRU�
'$)� GRVLPHWULF�DGMXVWPHQW�IDFWRU�
'1$� GHR[\ULERQXFOHLF�DFLG�
':&5� GULQNLQJ�ZDWHU�FRQVXPSWLRQ�UDWH�
()6$� (XURSHDQ�)RRG�6DIHW\�$XWKRULW\�
)�� ILUVW�ILOLDO�JHQHUDWLRQ��LQ�H[SHULPHQWDO�DQLPDOV��
)�� VHFRQG�ILOLDO�JHQHUDWLRQ��LQ�H[SHULPHQWDO�DQLPDOV��
)$2� )RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�WKH�8QLWHG�1DWLRQV�
),)5$� )HGHUDO�,QVHFWLFLGH��)XQJLFLGH��DQG�5RGHQWLFLGH�$FW�
J� JUDP�
*'� JHVWDWLRQ�GD\�
+&� +HDOWK�&DQDGD�
+(&� KXPDQ�HTXLYDOHQW�FRQFHQWUDWLRQ�
+('� KXPDQ�HTXLYDOHQW�GRVH�
+('%0'/��� KXPDQ�HTXLYDOHQW�GRVH�DW�WKH�%0'/���
+('/2(/� KXPDQ�HTXLYDOHQW�GRVH�DW�WKH�/2(/�
+('12(/� KXPDQ�HTXLYDOHQW�GRVH�DW�WKH�12(/�
+,� KD]DUG�LQGH[�



(;+,%,7�����3(5)/82522&7$1(�68/)21$7(��3)26��
�

3DJH����RI����
�

KU� KRXU�
+6'%� +D]DUGRXV�6XEVWDQFH�'DWD�%DQN�
,$5&� ,QWHUQDWLRQDO�$JHQF\�IRU�5HVHDUFK�RQ�&DQFHU�
,5,6� ,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��86�(3$�
NJ� NLORJUDP�
/� OLWHU�
/�GD\� OLWHUV�SHU�GD\�
/�NJ� OLWHUV�SHU�NLORJUDP�
/�NJ�GD\� OLWHUV�SHU�NLORJUDP�GD\�
/$'&� OLIHWLPH�DYHUDJH�GDLO\�FRQFHQWUDWLRQ�
/$''� OLIHWLPH�DYHUDJH�GDLO\�GRVH�
/&/� ORZHU�FRQILGHQFH�OLPLW�
/('�� ORZHU�ERXQG�RQ�HIIHFWLYH�GRVH�
/(/� ORZHVW�HIIHFW�OHYHO��
/2$(/� ORZHVW�REVHUYHG�DGYHUVH�HIIHFW�OHYHO�
/2(/� ORZHVW�REVHUYHG�HIIHFW�OHYHO�
PFJ� PLFURJUDP�
PFJ�P�� PLFURJUDPV�SHU�FXELF�PHWHU�
PFJ�NJ�GD\�� PLFURJUDPV�SHU�NLORJUDP�ERG\�ZHLJKW�SHU�GD\�
PFJ�/� PLFURJUDPV�SHU�OLWHU�
0&/� PD[LPXP�FRQWDPLQDQW�OHYHO�
0&/*� PD[LPXP�FRQWDPLQDQW�OHYHO�JRDO�
0'3+� 0DVVDFKXVHWWV�'HSDUWPHQW�RI�3XEOLF�+HDOWK�
PJ� PLOOLJUDP�
PJ�NJ� PLOOLJUDPV�SHU�NLORJUDP�
PJ�/� PLOOLJUDPV�SHU�OLWHU�
PJ�KU� PLOOLJUDPV�SHU�KRXU�
PJ�KU�/� PLOOLJUDPV�KRXU�SHU�OLWHU�
PJ�NJ�GD\�� PLOOLJUDPV�SHU�NLORJUDP�ERG\�ZHLJKW�SHU�GD\�
PJ�NJ�GD\� PLOOLJUDPV�SHU�NLORJUDP�ERG\�ZHLJKW�SHU�GD\�
PJ�P�� PLOOLJUDPV�SHU�FXELF�PHWHU�
0/(� PD[LPXP�OLNHOLKRRG�HVWLPDWH�
02$� PRGH�RI�DFWLRQ�
05/� PLQLPDO�ULVN�OHYHO�
07'� PD[LPXP�WROHUDWHG�GRVH�
1$6� 1DWLRQDO�$FDGHP\�RI�6FLHQFHV�
1+$1(6� 1DWLRQDO�+HDOWK�DQG�1XWULWLRQ�([DPLQDWLRQ�6XUYH\�
QJ� QDQRJUDP�
QJ�/� QDQRJUDPV�SHU�OLWHU�
12$(/� QR�REVHUYHG�DGYHUVH�HIIHFW�OHYHO��
12(/� QR�REVHUYHG�HIIHFW�OHYHO�
15&�� 1DWLRQDO�5HVHDUFK�&RXQFLO�
173� 1DWLRQDO�7R[LFRORJ\�3URJUDP�
1<6� 1HZ�<RUN�6WDWH�
1<6�'(&� 1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�(QYLURQPHQWDO�&RQVHUYDWLRQ�
1<6�'2+� 1HZ�<RUN�6WDWH�'HSDUWPHQW�RI�+HDOWK�
1<&55� 1HZ�<RUN�&RGH�RI�5XOHV�DQG�5HJXODWLRQV�
233� 2IILFH�RI�3HVWLFLGH�3URJUDPV��86�(3$�
3��YDOXH�� SUREDELOLW\�YDOXH�
3%3.�� SK\VLRORJLFDOO\�EDVHG�SKDUPDFRNLQHWLF�
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3'$)� SKDUPDFRG\QDPLF�DGMXVWPHQW�IDFWRU�
SJ� SLFRJUDP�
SJ�/� SLFRJUDPV�SHU�OLWHU�
3.$)� SKDUPDFRNLQHWLF�DGMXVWPHQW�IDFWRU�
32&� SULQFLSDO�RUJDQLF�FRQWDPLQDQW�
32'� SRLQW�RI�GHSDUWXUH�
SSE� SDUWV�SHU�ELOOLRQ�
SSP� SDUWV�SHU�PLOOLRQ�
SSW� SDUWV�SHU�WULOOLRQ�
5I&� UHIHUHQFH�FRQFHQWUDWLRQ��
5I'�� UHIHUHQFH�GRVH��
53)� UHODWLYH�SRWHQF\�IDFWRU�
55�� UHODWLYH�ULVN�
56&�� UHODWLYH�VRXUFH�FRQWULEXWLRQ�
6$%�� (3$�6FLHQFH�$GYLVRU\�%RDUG�
6'� VWDQGDUG�GHYLDWLRQ�
7',� WROHUDEOH�GDLO\�LQWDNH�
7()� WR[LF�HTXLYDOHQF\�IDFWRU�
7(4� WR[LFLW\�HTXLYDOHQW�
7:� WLPH�ZHLJKWHG�
7:$� WLPH�ZHLJKWHG�DYHUDJH�
8&/� XSSHU�FRQILGHQFH�OLPLW�
8&05� 8QUHJXODWHG�&RQWDPLQDQW�0RQLWRULQJ�5XOH��86�(3$�
8)� XQFHUWDLQW\�IDFWRU�
82&� XQVSHFLILHG�RUJDQLF�FRQWDPLQDQW�
85� XQLW�ULVN�
8�6�� 8QLWHG�6WDWHV�
86�(3$� 8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
:%&� ZKLWH�EORRG�FHOO�
:&$)� ZDWHU�FRQVXPSWLRQ�DGMXVWPHQW�IDFWRU�
:+2� :RUOG�+HDOWK�2UJDQL]DWLRQ�
ZN� ZHHN�
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