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•� 7KLV�UHSRUW�SUHVHQWV�UHFRPPHQGDWLRQV�IRU�D�QDWLRQDOO\�FRQVLVWHQW�DSSURDFK�WR�WKH�
GHWHUPLQDWLRQ�RI�EDFNJURXQG�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�LQ�VRLO��,W�UHYLHZV�
LQWHUQDWLRQDO�DQG�QDWLRQDO�DSSURDFKHV��LGHQWLI\LQJ�GDWD�VRXUFHV�IRU�1HZ�=HDODQG��DQG�
FRQVLGHUV�WKH�UHJXODWRU\�FRQWH[W�IRU�DSSO\LQJ�RI�WKLV�LQIRUPDWLRQ��7KLV�SURMHFW�ZDV�
XQGHUWDNHQ�IRU�0DUOERURXJK�'LVWULFW�&RXQFLO�EHWZHHQ�2FWREHU������DQG�0D\������
ZLWK�IXQGLQJ�IURP�(QYLUROLQN��$GYLFH�*UDQW������0/'&�����

K �

•� 5HYLHZ�QDWLRQDO�DQG�LQWHUQDWLRQDO�DSSURDFKHV�WR�GHWHUPLQLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV�RI�LQRUJDQLF�DQG�RUJDQLF�FRQWDPLQDQWV�IRU�XVH�LQ�WKH�PDQDJHPHQW�RI�
FRQWDPLQDWHG�ODQG��

•� 3URYLGH�DQ�RYHUYLHZ�RI�WKH�UHJXODWRU\�FRQWH[W�LQ�ZKLFK�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�
DUH�DSSOLFDEOH��

•� 5HFRPPHQG�PHWKRGRORJLHV�IRU�GHWHUPLQLQJ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�RI�
FKHPLFDO�VXEVWDQFHV��LQFOXGLQJ�IRU�DUHDV�ZLWK�GLVWXUEHG�VRLOV��

D �

•� 5HYLHZ�RI�WKH�VFLHQWLILF�DQG�JUH\�OLWHUDWXUH�ZDV�XQGHUWDNHQ�XVLQJ�HOHFWURQLF�GDWDEDVH�
VHDUFKHV��DQG�WKH�,QWHUQHW��,Q�DGGLWLRQ��UHJLRQDO�FRXQFLO�UHSUHVHQWDWLYHV�SURYLGHG�GDWD�
DQG�FRPPHQWV�RQ�DSSURDFKHV�XVHG�QDWLRQDOO\��

•� 7ZR�DSSURDFKHV�WR�SURYLGLQJ�D�QDWLRQDOO\�FRQVLVWHQW�DSSURDFK�ZHUH�LQYHVWLJDWHG��WKH�
XVH�RI�SUHGLFWLYH�UHODWLRQVKLSV�IRU�EDFNJURXQG�FRQFHQWUDWLRQV�RI�$V��&X��3E��1L��=Q�WKDW�
ZHUH�VXJJHVWHG�WR�EH�JOREDOO\�DSSOLFDEOH��WKH�XVH�RI�VSDWLDO�WRROV�WR�H[WHQG�WKH�VSDWLDO�
UHOHYDQFH��DQG�UHODWH�WKH�GDWD�FROOHFWHG�WR�DGGLWLRQDO�LQIRUPDWLRQ��H�J��VRLO�SURSHUWLHV�
DQG�JHRORJLFDO�LQIRUPDWLRQ��

Z �

•� 7KHUH�DUH�YDULRXV�WHUPV�XVHG�WR�GHVFULEH�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�RI�QDWXUDOO\�
RFFXUULQJ�WUDFH�HOHPHQWV��DQG�VRPH�RUJDQLF�FRPSRXQGV��7KHVH�WHUPV�PD\�EH�XVHG�
LQWHUFKDQJHDEO\��RU�XVHG�GLIIHUHQWO\�LQ�GLIIHUHQW�FRQWH[WV��$PELHQW��RU�µQRUPDO¶��
EDFNJURXQG��ZKLFK�LV�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV�SOXV�FRQFHQWUDWLRQV�DULVLQJ�
IURP�GLIIXVH�SROOXWLRQ�VXFK�DV�PRWRU�YHKLFOHV��LV�WKH�SUHGRPLQDQW�IRUP�RI�EDFNJURXQG�
XVHG�LQ�WKH�LQWHUQDWLRQDO�UHJXODWRU\�FRQWH[W��

•� 7KH�UHJXODWRU\�FRQWH[W�IRU�WKH�XVH�RI�µEDFNJURXQG¶�FRQFHQWUDWLRQV��QDWLRQDOO\�DQG�
LQWHUQDWLRQDOO\��LQFOXGHV�VRLO�TXDOLW\��DQG�PDQDJLQJ�FRQWDPLQDWHG�ODQG�DQG�ZDVWH��H�J��
GLVSRVDO�RI�FOHDQ�ILOO��DSSOLFDWLRQ�RI�ELRVROLGV�WR�ODQG���

•� ,Q�WKH�ODVW�GHFDGH�SDUWLFXODUO\�LQ�(XURSH��WKHUH�KDV�EHHQ�D�VXEVWDQWLDO�HIIRUW�SODFHG�LQ�
GHWHUPLQLQJ�WKH�DPELHQW�EDFNJURXQG�FRQFHQWUDWLRQV�RI�YDULRXV�WUDFH�HOHPHQWV�IRU�
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PDQDJLQJ�ODQG��7KHVH�VWXGLHV�KDYH�W\SLFDOO\�LQYROYHG�ODUJH�VFDOH�V\VWHPDWLF�VDPSOLQJ��
ZLWK�GHWDLOHG�GDWD�DQDO\VLV�XVLQJ�VSDWLDO�WHFKQLTXHV��

•� 'DWD�DQDO\VLV�FDQ�EH�EURDGO\�JURXSHG�LQWR�WZR�DSSURDFKHV��GHVFULSWLYH�DQG�SUHGLFWLYH��
'HVFULSWLYH�GDWD�DQDO\VLV�DSSURDFKHV�UHO\�RQ�VWDWLVWLFDO�DQDO\VLV�WR�GHVFULEH�WKH�
GLVWULEXWLRQ�RI�WKH�GDWD��DQG�JHQHUDWH�µXSSHU�OLPLWV�WR�EDFNJURXQG�YDULDWLRQ¶��3UHGLFWLYH�
GDWD�DQDO\VLV�DSSURDFKHV�UHODWH�WKH�FRQFHQWUDWLRQ�RI�VXEVWDQFHV�RI�LQWHUHVW�WR�SDUWLFXODU�
VRLO�SURSHUWLHV��H�J��FOD\��S+��RU�RWKHU�HOHPHQWV��H�J��)H��7RWDO�3���

•� 7KHUH�LV�D�UHODWLYHO\�FRQVLVWHQW�DSSURDFK�XVHG�LQ�WKH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�
JHRFKHPLFDO�GDWD�IRU�GHILQHG�VDPSOLQJ�µVXEVHWV¶�RI�LQWHUHVW��7KHVH�VXEVHWV�RI�LQWHUHVW�
PD\�EH�SUHGHILQHG��RU�GHWHUPLQHG�WKURXJK�WKH�XVH�RI�PRUH�FRPSOH[�JHRVWDWLVWLFDO�
DQDO\VLV��

•� ,Q�1HZ�=HDODQG��YDULRXV�DSSURDFKHV�WR�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�KDYH�
EHHQ�XVHG��LQFOXGLQJ�VDPSOLQJ�RQ�D�UHJLRQDO�EDVLV�DQG�FRPSLODWLRQ�RI�GDWD�WR�GHYHORS�
QDWLRQDO�HVWLPDWHV�RI�EDFNJURXQG�FRQFHQWUDWLRQV��7KHUH�DUH�UHFRJQLVHG�JDSV�LQ�VSDWLDO�
FRYHUDJH��

•� ,QYHVWLJDWLRQ�RI�SUHYLRXVO\�SXEOLVKHG�SUHGLFWLYH�UHODWLRQVKLSV�IRU�GHWHUPLQLQJ�
EDFNJURXQG�FRQFHQWUDWLRQV��XVLQJ�GDWD�IURP�����UHJLRQDO�FRXQFLO�EDFNJURXQG�VLWHV��
VXJJHVWV�WKHVH�UHODWLRQVKLSV�GHYHORSHG�LQWHUQDWLRQDOO\�DUH�QRW�DSSOLFDEOH�WR�
1HZ�=HDODQG�VRLOV��

•� 6�0DS�DQG�/5,6�FRXOG�EH�XVHIXO�WRROV�WR�H[WHQG�WKH�VSDWLDO�UHOHYDQFH�RI�GDWD�DQG�FRXOG�
DOVR�EH�XVHG�WR�LGHQWLI\�NH\�IDFWRUV�LQIOXHQFLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�DFURVV�
1HZ�=HDODQG��DOWKRXJK�RQO\�WKH�/5,6�FXUUHQWO\�KDV�QDWLRQDO�FRYHUDJH��

Z �

•� )XUWKHU�DQDO\VLV�RI�H[LVWLQJ�GDWD��LQFOXGLQJ�WKH�XVH�RI�VSDWLDO�WRROV�WR�SURYLGH�
SUHOLPLQDU\�LGHQWLILFDWLRQ�RI�NH\�IDFWRUV�LQIOXHQFLQJ�WUDFH�HOHPHQW�FRQFHQWUDWLRQV�
�UHFRJQLVLQJ�WKHUH�DUH�JDSV�LQ�VSDWLDO�FRYHUDJH��DQG�WR�LGHQWLI\�ZKHWKHU�SUHGLFWLYH�
UHODWLRQVKLSV�FDQ�EH�GHYHORSHG��

•� &ROOHFWLRQ�DQG�RU�DQDO\VLV�RI�DUFKLYHG�VDPSOHV�WR�µILOO�WKH�JDSV¶�LQ�VSDWLDO�FRYHUDJH�
EDVHG�RQ�D�QDWLRQDO�V\VWHPDWLF�VXUYH\�GHVLJQ�LV�UHTXLUHG��1DWLRQDOO\�FRQVLVWHQW�VLWH�DQG�
VDPSOH�LQIRUPDWLRQ�QHHG�WR�EH�UHFRUGHG�±�DW�PLQLPXP�VRLO�RUGHU��ODQG�XVH�W\SH��*36�
ORFDWLRQ��VRLO�SDUHQW�PDWHULDO�±�IRU�DQ\�QHZ�VDPSOHV�FROOHFWHG��

•� $�FRQVLVWHQW�VDPSOLQJ�FROOHFWLRQ�PHWKRGRORJ\�VKRXOG�EH�XVHG��DQG�VDPSOHV��DUFKLYHG�
RU�IUHVK��DQDO\VHG�IRU�D�FRQVLVWHQW�VXLWH�RI�DQDO\WHV�DQG�VRLO�SDUDPHWHUV��$�PLQLPXP�RI�
���VDPSOHV�LV�UHFRPPHQGHG�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�D�GHILQHG�
JURXS��

•� 'HYHORSPHQW�RI�D�VSDWLDO�GDWDEDVH�WR�KROG�LQIRUPDWLRQ�WKDW�OLQNV�RU�LV�SDUW�RI�H[LVWLQJ�
VSDWLDO�WRROV�VXFK�DV�6�0DS�VKRXOG�EH�XQGHUWDNHQ��WR�SURYLGH�D�FHQWUDO�UHSRVLWRU\�IRU�
GDWD��DQG�WR�DOORZ�RQJRLQJ�GDWD�DQDO\VLV��7KLV�VSDWLDO�GDWDEDVH�VKRXOG�DOVR�DOORZ�IRU�WKH�
LQFOXVLRQ�RI�GDWD�IURP�DOO�ODQG�XVHV�WR�PD[LPLVH�WKH�YDOXH�RI�WKH�GDWDEDVH�DQG�DOORZ�IRU�
WKH�LQIOXHQFH�RI�ODQG�XVH�RQ�WUDFH�HOHPHQW�FRQFHQWUDWLRQV�WR�EH�DVVHVVHG���

�
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1DWLRQDOO\�DQG�LQWHUQDWLRQDOO\�WKHUH�LV�DQ�LQFUHDVHG�IRFXV�RQ�KRZ�WR�GHWHUPLQH�µEDFNJURXQG¶�
FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�IRU�WKH�SXUSRVHV�RI�PDQDJLQJ�ODQG��7KLV�IRFXV�KDV�RIWHQ�EHHQ�
WKH�UHVXOW�RI�OHJLVODWLYH�LPSHUDWLYHV��IRU�H[DPSOH��-RKQVRQ�DQG�'HPHWULDGHV��������KLJKOLJKW�
QLQH�(XURSHDQ�&RPPLVVLRQ��(&��'LUHFWLYHV�GULYLQJ�GHPDQG�IRU�KDUPRQLVHG�JHRFKHPLFDO�
EDVHOLQH�GDWD�DFURVV�(XURSHDQ�SROLWLFDO�ERUGHUV��7KHVH�LQFOXGH�WKH�(&�6HZDJH�6OXGJH�
'LUHFWLYH���������((&���WKH�SURSRVHG�(&�6RLO�3URWHFWLRQ�'LUHFWLYH��WKH�(&�0LQH�:DVWH�
'LUHFWLYH����������(&��DQG�WKH�(&�/DQGILOO�'LUHFWLYH����������(&���*HRFKHPLFDO�EDVHOLQH�
GDWD�DUH�UHTXLUHG�IRU�WKH�PRQLWRULQJ�DQG�PRGHOOLQJ�RI�LPSDFWV�RI�DFWLYLWLHV�RQ�WKH�
HQYLURQPHQW�RU�WR�SURYLGH�D�EDVHOLQH�DJDLQVW�ZKLFK�DQ\�IXWXUH�FKDQJHV�FDQ�EH�PHDVXUHG��
,Q�1HZ�=HDODQG��WKH�1DWLRQDO�(QYLURQPHQWDO�6WDQGDUG�IRU�DVVHVVLQJ�DQG�PDQDJLQJ�
FRQWDPLQDQWV�LQ�VRLO�WR�SURWHFW�KXPDQ�KHDOWK��WKH�1(6���ZKLFK�FDPH�LQWR�IRUFH�RQ���-DQXDU\�
������SODFHV�DQ�LQFUHDVHG�IRFXV�RQ�µEDFNJURXQG¶�VRLO�FRQFHQWUDWLRQV��DV�WKH�1(6�GRHV�QRW�
DSSO\�µLI�FRQWDPLQDQWV�LQ�RU�RQ�WKH�SLHFH�RI�ODQG�RI�LQWHUHVW�DUH�DW��RU�EHORZ�EDFNJURXQG�
FRQFHQWUDWLRQV¶��,Q�DGGLWLRQ��LQ�GHYHORSLQJ�WKH�VRLO�FRQWDPLQDQW�VWDQGDUGV��6&6��IRU�WKHVH�
FRQWDPLQDQWV��FRQVLGHUDWLRQ�ZDV�JLYHQ�WR�EDFNJURXQG�FRQFHQWUDWLRQV�RI�DUVHQLF�DQG�FDGPLXP�
�0I(�����D���)RU�DUVHQLF��WKH�µEDFNJURXQG�FRQFHQWUDWLRQ¶��GHILQHG�DV�WKH���WK�SHUFHQWLOH�
FRQFHQWUDWLRQ�LQ�VRLOV�FROOHFWHG�IURP�DURXQG�WKH�FRXQWU\�DQG�WKRXJKW�QRW�WR�KDYH�EHHQ�
DIIHFWHG�E\�DQWKURSRJHQLF�DFWLYLWLHV��ZDV�XVHG�DV�WKH�6&6�IRU�WKH�UXUDO�UHVLGHQWLDO�ODQG�XVH�
VFHQDULR��DV�WKH�GHULYHG�YDOXH�IRU�WKLV�VFHQDULR�ZDV�EHORZ�WKLV�FRQFHQWUDWLRQ��
)RU�FDGPLXP�DOVR��WKH�EDFNJURXQG�FRQFHQWUDWLRQ��RQFH�DJDLQ�GHILQHG�DV�WKH���WK�SHUFHQWLOH�
FRQFHQWUDWLRQ�RI�FDGPLXP�LQ�VRLOV�FROOHFWHG�IURP�DURXQG�WKH�FRXQWU\�DQG�WKRXJKW�QRW�WR�KDYH�
EHHQ�DIIHFWHG�E\�DQWKURSRJHQLF�DFWLYLWLHV��LV�XVHG�WR�GHILQH�WKH�ILUVW�WLHU�RI�WKH�7LHUHG�
)HUWLOLVHU�0DQDJHPHQW�6\VWHP�IRU�&DGPLXP��0$)��������)URP�D�VRLO�TXDOLW\�SHUVSHFWLYH��
NQRZLQJ�WKH�YDULDWLRQ�LQ�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�LQFOXGLQJ�
FDGPLXP�LQ�DJULFXOWXUDO�ODQG�DVVLVWV�LQ�GHWHUPLQLQJ�WKH�UDWH�RI�DFFXPXODWLRQ��DQG�LGHQWLI\LQJ�
SRWHQWLDO�ULVNV�DVVRFLDWHG�ZLWK�DQWKURSRJHQLFDOO\�DSSOLHG�WUDFH�HOHPHQWV�VXFK�DV�IHUWLOLVHU�
GHULYHG�FDGPLXP��6LPLODUO\��XQGHUVWDQGLQJ�WKH�YDULDELOLW\�DQG�UDQJH�RI�EDFNJURXQG�
FRQFHQWUDWLRQV�RI�FKHPLFDO�VXEVWDQFHV�PD\�EH�RI�XVH�LQ�GHWHUPLQLQJ�FULWHULD�IRU�ZDVWH�
DFFHSWHG�DW�FOHDQ�ILOOV��DQG�DOVR�IRU�XQGHUVWDQGLQJ�WKH�SRWHQWLDO�LPSDFWV�IURP�DSSO\LQJ�
ELRVROLGV�WR�ODQG��
+RZHYHU��WKHUH�LV�D�ODFN�RI�QDWLRQDO�JXLGDQFH�RQ�KRZ�WR�GHWHUPLQH�EDFNJURXQG�
FRQFHQWUDWLRQV�LQ�VRLOV��DQG�KRZ�WKLV�VKRXOG�EH�FRQVLGHUHG�LQ�WKH�FRQWH[W�RI�PDQDJLQJ�ODQG��
)XUWKHUPRUH��WKHUH�LV�FRQIXVLRQ�DURXQG�WKH�WHUP�µEDFNJURXQG¶��ZKLFK�KDV�D�FRPSOH[�DQG�
YDULHG�XVDJH�LQ�GLIIHUHQW�DUHDV�RI�VFLHQFH�RU�IRU�GLIIHUHQW�SXUSRVHV��H�J��0DWVFKXOODW�HW�DO��
������5HLPDQQ�	�*DUUHWW�������5HLPDQQ�HW�DO���������7KLV�LQFOXGHV�EDFNJURXQG�DV�EHLQJ�
RQO\�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV��RU�EHLQJ�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV�SOXV�
FRQFHQWUDWLRQV�DULVLQJ�IURP�GLIIXVH�DQWKURSRJHQLF�FRQWDPLQDWLRQ��
7KLV�UHSRUW�SURYLGHV�DQ�RYHUYLHZ�RI�LQWHUQDWLRQDO�DQG�QDWLRQDO�DSSURDFKHV�WR�GHWHUPLQLQJ�
EDFNJURXQG�FRQFHQWUDWLRQV��LGHQWLILHV�GDWD�VRXUFHV�IRU�1HZ�=HDODQG��DQG�SURYLGHV�WKH�
UHJXODWRU\�FRQWH[W�IRU�WKH�DSSOLFDWLRQ�RI�WKLV�LQIRUPDWLRQ��7KLV�LV�WKHQ�XVHG�WR�SURYLGH�
UHFRPPHQGDWLRQV�IRU�D�QDWLRQDOO\�FRQVLVWHQW�DSSURDFK�WR�GHWHUPLQLQJ�EDFNJURXQG�
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FRQFHQWUDWLRQV��7KLV�SURMHFW�ZDV�XQGHUWDNHQ�IRU�0DUOERURXJK�'LVWULFW�&RXQFLO�EHWZHHQ�
2FWREHU������DQG�0D\������ZLWK�IXQGLQJ�IURP�(QYLUROLQN��$GYLFH�*UDQW������0/'&�����

� K �
•� 5HYLHZ�QDWLRQDO�DQG�LQWHUQDWLRQDO�DSSURDFKHV�WR�GHWHUPLQLQJ�EDFNJURXQG�

FRQFHQWUDWLRQV�RI�LQRUJDQLF�DQG�RUJDQLF�FRQWDPLQDQWV�IRU�XVH�LQ�WKH�PDQDJHPHQW�RI�
FRQWDPLQDWHG�ODQG��

•� 3URYLGH�DQ�RYHUYLHZ�RI�WKH�UHJXODWRU\�FRQWH[W�LQ�ZKLFK�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�
DUH�DSSOLFDEOH��

•� 5HFRPPHQG�PHWKRGRORJLHV�IRU�GHWHUPLQLQJ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�RI�
FKHPLFDO�VXEVWDQFHV��LQFOXGLQJ�IRU�DUHDV�ZLWK�GLVWXUEHG�VRLOV��

� D �
$�UHYLHZ�RI�QDWLRQDO�DQG�LQWHUQDWLRQDO�DSSURDFKHV�WR�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�
RI�FKHPLFDO�VXEVWDQFHV�LQ�VRLO�ZDV�XQGHUWDNHQ�XVLQJ�HOHFWURQLF�GDWDEDVHV�WR�VRXUFH�MRXUQDO�
SXEOLFDWLRQV�DQG�IURP�JHQHUDO�,QWHUQHW�VHDUFKLQJ��,Q�DGGLWLRQ��LQIRUPDWLRQ�RQ�QDWLRQDO�
DSSURDFKHV�DQG�H[LVWLQJ�GDWD�ZHUH�SURYLGHG�GLUHFWO\�E\�UHSUHVHQWDWLYHV�IURP�VRPH�UHJLRQDO�
FRXQFLOV��
7ZR�DSSURDFKHV�WR�SURYLGLQJ�D�QDWLRQDOO\�FRQVLVWHQW�DSSURDFK�ZHUH�LQYHVWLJDWHG��WKH�XVH�RI�
SUHGLFWLYH�UHODWLRQVKLSV�IRU�EDFNJURXQG�FRQFHQWUDWLRQV�RI�DUVHQLF��$V���FRSSHU��&X���OHDG�
�3E���QLFNHO��1L���DQG�]LQF��=Q��WKDW�ZHUH�VXJJHVWHG�WR�EH�DSSOLFDEOH�JOREDOO\��DQG�WKH�XVH�RI�
VSDWLDO�WRROV�WR�H[WHQG�WKH�VSDWLDO�UHOHYDQFH�RI�H[LVWLQJ�GDWD�DQG�WR�UHODWH�GDWD�FROOHFWHG�WR�
DGGLWLRQDO�LQIRUPDWLRQ��H�J��VRLO�SURSHUWLHV��JHRORJLFDO�LQIRUPDWLRQ���

� � �
2QO\�QDWXUDOO\�RFFXUULQJ�VXEVWDQFHV�DUH�FRQVLGHUHG�LQ�WKH�FRQWH[W�RI�EDFNJURXQG�
FRQFHQWUDWLRQV��7KLV�LQFOXGHV�WKH�UDQJH�RI�HOHPHQWV��EXW�DOVR�DSSOLHV�WR�VRPH�RUJDQLF�
FRPSRXQGV��LQ�SDUWLFXODU�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+���ZKLFK�FDQ�KDYH�QDWXUDO�
RULJLQV��H�J��EXVKILUHV���7KHUH�DUH�QXPHURXV�WHUPV�XVHG�WR�GHILQH�WKH�µEDFNJURXQG¶�
FRQFHQWUDWLRQV�RI�FKHPLFDO�VXEVWDQFHV�LQ�VRLO��LQFOXGLQJ�QRUPDO��W\SLFDO��EDVHOLQH��DPELHQW��
FKDUDFWHULVWLF��QDWXUDO��EDFNJURXQG�DQG�ZLGHVSUHDG��7KHVH�WHUPV�DUH�RIWHQ�XVHG�
LQWHUFKDQJHDEO\�RU�FDQ�EH�GHILQHG�GLIIHUHQWO\�LQ�GLIIHUHQW�FRQWH[WV��VHH�0DWVFKXOODW�HW�DO��
��������5HLPDQQ�	�*DUUHWW��������DQG�5HLPDQQ�HW�DO���������IRU�PRUH�GHWDLOHG�GLVFXVVLRQ���
)RU�WKH�SXUSRVHV�RI�WKLV�UHSRUW��WKH�IROORZLQJ�GHILQLWLRQV�DUH�XVHG��
1DWXUDO�EDFNJURXQG�±�7KH�FRQFHQWUDWLRQV�RI�QDWXUDOO\�RFFXUULQJ�HOHPHQWV�GHULYHG�RULJLQDWLQJ�
IURP�QDWXUDO�SURFHVVHV�LQ�WKH�HQYLURQPHQW�DV�FORVH�DV�SRVVLEOH�WR�QDWXUDO�FRQGLWLRQV��H[FOXVLYH�
RI�VSHFLILF�DQWKURSRJHQLF�DFWLYLWLHV�RU�VRXUFHV��0D\�DOVR�EH�UHIHUUHG�WR�DV�WKH�JHRFKHPLFDO�
EDFNJURXQG��$WWULEXWDEOH�WR�PLQHUDO�FRQWHQW�GHULYHG�IURP�SDUHQW�PDWHULDOV��DQG�LQIOXHQFH�RI�
VRLO�IRUPLQJ�SURFHVVHV��
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$PELHQW�EDFNJURXQG�±�7KH�FRQFHQWUDWLRQV�RI�FKHPLFDO�VXEVWDQFHV�LQ�WKH�HQYLURQPHQW�WKDW�DUH�
UHSUHVHQWDWLYH�RI�WKH�DUHD�VXUURXQGLQJ�WKH�VLWH�QRW�DWWULEXWDEOH�WR�D�VLQJOH�LGHQWLILDEOH�VRXUFH��
7KLV�FDQ�LQFOXGH�FRQWDPLQDQWV�IURP�KLVWRULFDO�DFWLYLWLHV�DQG�ZLGHVSUHDG�GLIIXVH�LPSDFWV��H�J��
IDOORXW�IURP�PRWRU�YHKLFOHV��5HIHUUHG�WR�DV�µQRUPDO¶�FRQFHQWUDWLRQV�LQ�WKH�8.��'()5$�
�������
%DVHOLQH�±�7KH�VRLO�FRQFHQWUDWLRQV�RI�FKHPLFDO�VXEVWDQFHV�LQ�D�VSHFLILHG�ORFDWLRQ�DW�D�JLYHQ�
SRLQW�LQ�WLPH��%DVHOLQH�FRQFHQWUDWLRQV�DUH�DQDORJRXV�WR�QDWXUDO�EDFNJURXQG�FRQFHQWUDWLRQV�
ZKHUH�WKH�VSHFLILHG�ORFDOLW\�LV�QRW�LQIOXHQFHG�E\�GLIIXVH�DQWKURSRJHQLF�VRXUFHV��RU�DPELHQW�
FRQFHQWUDWLRQV�ZKHQ�WKH�VSHFLILHG�ORFDOLW\�LV�LQIOXHQFHG�E\�GLIIXVH�DQWKURSRJHQLF�VRXUFHV��,Q�
FRQWUDVW�WR�DPELHQW�DQG�QDWXUDO�EDFNJURXQG�FRQFHQWUDWLRQV��EDVHOLQH�FRQFHQWUDWLRQV�DOVR�
LQFOXGH�FRQFHQWUDWLRQV�LQ�ORFDWLRQV�NQRZQ�WR�EH�LQIOXHQFHG�E\�ODQG�XVH��H�J��DJULFXOWXUDO�ODQG�
XVH���
7KUHVKROG�±�8SSHU�OLPLW�RI�EDFNJURXQG�YDULDWLRQ��5HLPDQQ�	�*DUUHWW��������

� Z � � � � � � � � �
7KHUH�DUH�WKUHH�PDLQ�FRQWH[WV�ZKHUH�EDFNJURXQG�VRLO�FRQFHQWUDWLRQ�RI�FKHPLFDO�VXEVWDQFHV�LV�
UHOHYDQW�LQ�WKH�UHJXODWRU\�PDQDJHPHQW�RI�ODQG��HQVXULQJ�VRLO�TXDOLW\��FRQWDPLQDWHG�ODQG�
PDQDJHPHQW��DQG�ZDVWH�GLVSRVDO��

� ^ � �

7KHUH�DUH�WZR�ZD\V�LQ�ZKLFK�LQIRUPDWLRQ�RQ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�LV�UHOHYDQW�WR�
VRLO�TXDOLW\��7KH�ILUVW�LV�DVVHVVLQJ�WKH�LQFUHDVH�RI�FRQWDPLQDQW�FRQFHQWUDWLRQV�RYHU�
EDFNJURXQG�WR�DVVHVV�WKH�DQWKURSRJHQLF�LQSXW�RI�FKHPLFDO�VXEVWDQFHV�WR�VRLOV�WKURXJK�
DFWLYLWLHV�VXFK�DV�DJULFXOWXUH��7KH�RWKHU�LV�WKURXJK�WKH�GHYHORSPHQW�RI�VRLO�JXLGHOLQH�YDOXHV�WR�
SURWHFW�HFRORJLFDO�UHFHSWRUV��)RU�WKH�ODWWHU��VRPH�PHWKRGRORJLHV�DUH�EDVHG�RQ�WKH�FRQFHSW�WKDW�
WKH�HFRV\VWHP�LV�DOUHDG\�DGDSWHG�WR�WKH�DPELHQW�EDFNJURXQG�FRQFHQWUDWLRQ��$%&��IRU�WKH�
ORFDOLW\�DQG�WKDW�LW�LV�RQO\�DGGLQJ�FRQWDPLQDQWV�RYHU�DQG�DERYH�WKLV�EDFNJURXQG�FRQFHQWUDWLRQ�
WKDW�KDV�DQ�DGYHUVH�HIIHFW�RQ�WKH�HQYLURQPHQW��&URPPHQWXLMQ�HW�DO��������9HUEUXJJHQ�HW�DO��
������6&(:�����D���7KLV�DSSURDFK�LV�XVHG�LQ�WKH�1HWKHUODQGV��&URPPHQWXLMQ�HW�DO��������
9HUEUXJJHQ�HW�DO���������DQG�KDV�DOVR�EHHQ�SURSRVHG�IRU�XVH�LQ�$XVWUDOLD��6&(:�����E��IRU�
WKH�SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV��
,Q�1HZ�=HDODQG��VRLO�TXDOLW\�PRQLWRULQJ�E\�UHJLRQDO�FRXQFLOV�LV�W\SLFDOO\�XQGHUWDNHQ�IRU�VWDWH�
RI�WKH�HQYLURQPHQW�UHSRUWLQJ�DQG�KDV�D�QXPEHU�RI�REMHFWLYHV��LQFOXGLQJ�WR��
•� µ3URYLGH�DQ�HDUO\�ZDUQLQJ�V\VWHP�WR�LGHQWLI\�WKH�QHJDWLYH�HIIHFWV�RI�SULPDU\�ODQG�XVHV�

RQ�ORQJ�WHUP�VRLO�SURGXFWLYLW\��SK\VLFDO��FKHPLFDO��ELRORJLFDO���DQG�
•� 7UDFN�VSHFLILF��LGHQWLILHG�LVVXHV�UHODWLQJ�WR�WKH�HIIHFWV�RI�ODQG�XVH�RQ�ORQJ�WHUP�VRLO�

SURGXFWLYLW\��ZKLFK�PD\�DOVR�EH�GLVWULFW�DUHD�VSHFLILF�¶��/DQG�0RQLWRULQJ�)RUXP��������
$VVHVVLQJ�WKH�LQFUHDVH�RI�FRQWDPLQDQW�FRQFHQWUDWLRQV�RYHU�EDFNJURXQG�FRQFHQWUDWLRQV�DQG�
XQGHUVWDQGLQJ�WKH�UDWH�RI�DFFXPXODWLRQ�RI�WUDFH�HOHPHQWV�DUH�PHDQV�RI�DVVHVVLQJ�
DQWKURSRJHQLF�LQSXW�DQG�DGGUHVVLQJ�WKRVH�REMHFWLYHV��VHH�DOVR�.LP�DQG�7D\ORU������IRU�
GLVFXVVLRQ�RQ�WUDFH�HOHPHQWV�LQ�VRLO�TXDOLW\�PRQLWRULQJ���%DFNJURXQG�FRQFHQWUDWLRQV�KDYH�
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DOVR�EHHQ�XVHG�DV�D�WULJJHU�WR�LQYRNH�PDQDJHPHQW�DFWLRQV��IRU�H[DPSOH��GHILQLQJ�WKH�ILUVW�WLHU�
RI�WKH�7LHUHG�)HUWLOLVHU�0DQDJHPHQW�6\VWHP�IRU�&DGPLXP��0$)��������+RZHYHU��WKHVH�
DSSURDFKHV�SURYLGH�QR�LQGLFDWLRQ�RI�WKH�SRWHQWLDO�HIIHFW�DULVLQJ�IURP�WKH�FRQFHQWUDWLRQV�
SUHVHQW��
6RLO�JXLGHOLQH�YDOXHV�IRU�WKH�SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV�SURYLGH�H[DFWO\�WKDW��DQ�
LQGLFDWLRQ�RI�SRWHQWLDO�HIIHFWV��7R�WKLV�HQG��WKH\�FDQ�EH�XVHG�DV�ORQJ�WHUP�WDUJHWV�IRU�VRLO�
TXDOLW\��ZKHUH�WKHUH�LV�D�KLJK�OHYHO�RI�SURWHFWLRQ��DQG�PLQLPDO�RU�QR�HIIHFWV���RU�WKH\�FRXOG�EH�
XVHG�DQ�LQGLFDWRUV�IRU�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�WKDW�PLJKW�OHDG�WR�DGYHUVH�HIIHFWV�ZKHUH�
WKHUH�LV�D�ORZHU�OHYHO�RI�SURWHFWLRQ��
:KLOH�WKH�IRFXV�RQ�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�WKH�SURWHFWLRQ�RI�VRLO�TXDOLW\�LV�RIWHQ�RQ�
SRWHQWLDOO\�WR[LF�HOHPHQWV��WKHUH�LV�DOVR�D�UROH�IRU�XQGHUVWDQGLQJ�WKH�FRQFHQWUDWLRQV�RI�
HVVHQWLDO�HOHPHQWV�LQ�VRLO�DV�WKDW�PD\�LQIOXHQFH�DJULFXOWXUDO�SURGXFWLYLW\��+LOO�	�6SDUOLQJ�
�������)RU�WKLV�SXUSRVH�ERURQ��%���FREDOW��&R���&X��LRGLQH��,���LURQ��)H���PDQJDQHVH��0Q���
VHOHQLXP��6H���=Q��DQG�SRVVLEO\�FKORULGH�DQG�IOXRULGH�DUH�FRQVLGHUHG�WR�EH�D�XVHIXO�VXLWH�RI�
DQDO\WHV��+LOO�	�6SDUOLQJ��������
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7KH�XVH�RI�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�PDQDJLQJ�VRLO�TXDOLW\�KDV�JDLQHG�LQFUHDVLQJ�
PRPHQWXP�LQ�(XURSH��)RU�H[DPSOH��-RKQVRQ�DQG�'HPHWULDGHV��������KLJKOLJKW�QLQH�(&�
GLUHFWLYHV�GULYLQJ�GHPDQG�IRU�KDUPRQLVHG�JHRFKHPLFDO�EDVHOLQH�GDWD�DFURVV�(XURSHDQ�
SROLWLFDO�ERUGHUV��2I�WKHVH��WKH�5($&+��5HJLVWUDWLRQ��(YDOXDWLRQ�DQG�$XWKRULVDWLRQ�RI�
&KHPLFDOV��OHJLVODWLRQ�DGRSWHG�LQ�'HFHPEHU�������(&�����D��DQG�WKH�SURSRVHG�(&�6RLO�
3URWHFWLRQ�'LUHFWLYH��(&�����E��KDYH�EHHQ�NH\�GULYHUV�IRU�DQ�H[WHQVLYH�JHRFKHPLFDO�VXUYH\�
SURJUDPPH�WR�SURYLGH�KDUPRQLVHG�JHRFKHPLFDO�GDWD�DW�WKH�FRQWLQHQWDO�(XURSH�VFDOH�±�WKH�
*(0$6�SURMHFW��JHRFKHPLFDO�PDSSLQJ�RI�DJULFXOWXUDO�VRLOV�DQG�JUD]LQJ�ODQG�RI�(XURSH���
5($&+�VSHFLILHV�WKDW�LQGXVWU\�PXVW�SURYH�WKDW�LW�FDQ�SURGXFH�DQG�XVH�LWV�VXEVWDQFHV�VDIHO\��
7KLV�LV�FRPSOLFDWHG�IRU�LQGXVWULHV�WKDW�GHDO�ZLWK�QDWXUDO�UHVRXUFHV�DV�WKHLU�µSURGXFW¶�RFFXUV�
QDWXUDOO\�DQG�WKH�QDWXUDO�EDFNJURXQG�YDULDWLRQ�QHHGV�WR�EH�HVWDEOLVKHG��LQ�DGGLWLRQ�WR�D�
PHWKRGRORJ\�WR�GLIIHUHQWLDWH�WKH�LQGXVWULDO�LPSDFW�IURP�WKH�QDWXUDO�JHRJHQLF�EDFNJURXQG��
7KH�*(0$6�SURMHFW�FRPPHQFHG�LQ�������DQG�VDPSOLQJ�KDV�EHHQ�XQGHUWDNHQ�LQ����(XURSHDQ�
FRXQWULHV��FRYHULQJ�DQ�DUHD�RI�����PLOOLRQ�NP���DW�D�VDPSOH�GHQVLW\�RI�RQH�VLWH�HDFK�RI�DUDEOH�
ODQG���±���FP��DQG�ODQG�XQGHU�SHUPDQHQW�JUDVV�FRYHU���±���FP���SHU������NP���5HLPDQQ�
HW�DO��������7KHUH�ZHUH�VWULFW�JXLGHOLQHV�DQG�WUDLQLQJ�GHYHORSHG�IRU�VDPSOH�FROOHFWLRQ�DQG�
DQDO\VLV�WR�HQVXUH�FRQVLVWHQF\�RI�WKH�LQIRUPDWLRQ�SURYLGHG��(XUR*HR6XUYH\V�*HRFKHPLVWU\�
:RUNLQJ�*URXS�������5HLPDQQ�HW�DO���������7KHVH�DUH�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�VHFWLRQ�
�����6HYHUDO�UHFHQW�SXEOLFDWLRQV�GLVFXVV�WKH�UHVXOWV�RI�WKLV�SURMHFW�DQG�WKH�LPSOLFDWLRQV�IRU�WKH�
XVH�RI�VXFK�LQIRUPDWLRQ��H�J��5HLPDQQ�HW�DO������������D��E��7DUYDLQHQ�HW�DO���������
� �
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$Q�DOWHUQDWLYH�XVH�RI�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�PDQDJLQJ�VRLO�TXDOLWLHV�LV�LOOXVWUDWHG�LQ�
WKH�GHYHORSPHQW�RI�DQ�LQGH[�IRU�WUDFH�HOHPHQWV��7(��WR�HQDEOH�WKH�HQYLURQPHQWDO�
VXVWDLQDELOLW\�RI�&DQDGLDQ�DJULFXOWXUH�WR�EH�DVVHVVHG��6KHSSDUG�HW�DO��������$JULFXOWXUH�DQG�
$JUL�)RRG�&DQDGD��������7KH�LQGLFDWRU�FRQVLGHUV�VL[�HOHPHQWV��$V��FDGPLXP��&G���&X��3E��
6H�DQG�=Q��7KH�LQGLFDWRU�LV�D�VRLO�EDODQFH�LQGLFDWRU�WKDW�HVWLPDWHV�7(�LQSXWV�EDVHG�RQ�WKH�
DPRXQWV�RI�IHUWLOLVHU��IHHG�VXSSOHPHQWV�DQG�ELRVROLGV�XVHG�SHU�KHFWDUH�RQ�DJULFXOWXUDO�ODQG�
DQG�WKH�7(�ORVV�IURP�OHDFKLQJ��FURS�UHPRYDO�DQG�YRODWLOLVDWLRQ��7KH�VRLO�EDODQFH�FDOFXODWHV�
ZKDW�WKH�FRQFHQWUDWLRQ�RI�7(�LQ�DJULFXOWXUDO�VRLOV�ZLOO�EH�DIWHU�����\HDUV�RI�LQSXWV�DQG�ORVVHV�
�FHQWXU\�FRQFHQWUDWLRQ��LI�FXUUHQW�PDQDJHPHQW�SUDFWLFHV�DUH�FRQWLQXHG�RYHU�WKDW�SHULRG��
*LYHQ�WKH�ULVN�LV�FDOFXODWHG�IRU�����\HDUV�LQWR�WKH�IXWXUH��WKH�LQGLFDWRU�SURYLGHV�D�PHDQV�WR�
LGHQWLI\�WKRVH�VRLO�DQG�PDQDJHPHQW�SUDFWLFHV�WKDW�UHTXLUH�DWWHQWLRQ�LQ�DGYDQFH�RI�WKH�
GHYHORSPHQW�RI�D�7(�FRQWDPLQDQW�SUREOHP��
,QIRUPDWLRQ�RQ�µFHQWXU\�FRQFHQWUDWLRQV¶�LV�XVHG�LQ�WZR�ZD\V��7KH�ILUVW�LV�WKURXJK�FRPSDULVRQ�
ZLWK�&DQDGLDQ�VRLO�TXDOLW\�JXLGHOLQHV��64*���KWWS���FHTJ�UFTH�FFPH�FD���ZKHUH�D�ULVN�TXRWLHQW�
�54��LV�FDOFXODWHG�WR�LQGLFDWH�SRWHQWLDO�WR[LFLW\��7KH�54�LV�WKH�HVWLPDWHG�VRLO�FRQFHQWUDWLRQ�RI�
7(�GLYLGHG�E\�WKH�64*�FRQFHQWUDWLRQ��7KLV�54�FDQ�EH�VXPPHG�DFURVV�HOHPHQWV��,I�WKH�54�
VXPPHG�IRU�WKH�VL[�HOHPHQWV�LV�JUHDWHU�WKDQ����WKHQ�WKH�ODQG�DUHD�LV�FODVVHG�DV�SRWHQWLDOO\�DW�
ULVN��
7KH�VHFRQG�ZD\�LV�WKURXJK�DVVHVVPHQW�RI�WKH�LQFUHDVH�LQ�FRQFHQWUDWLRQV�RYHU�EDFNJURXQG��
7KLV�LV�SULPDULO\�DSSOLFDEOH�WR�ORFDWLRQV�ZKHUH�EDFNJURXQG�FRQFHQWUDWLRQV�RI�VRPH�VRLOV�
H[FHHG�64*��ZKLFK�ZHUH�HVWDEOLVKHG�WR�SURWHFW�DOO�VRLOV��DQG�FDQ�EH�RYHUO\�SURWHFWLYH��7KH�
UHVXOWV�DUH�SUHVHQWHG�LQ�FDWHJRULHV�RI���������±�������±�������±�����DQG�!�����LQFUHDVH�
RI�FHQWXU\�FRQFHQWUDWLRQV�RYHU�EDFNJURXQG��,W�ZDV�FRQVLGHUHG�WKDW�GXH�WR�WKH�UDQJH�DQG�
YDULDELOLW\�RI�EDFNJURXQG�FRQFHQWUDWLRQV��DQ�LQFUHDVH�DERYH�WKH�EDFNJURXQG�FRQFHQWUDWLRQ�RI�
a����LV�VWDWLVWLFDOO\�VLJQLILFDQW��(DFK�RI�WKH�VL[�7(V�LV�FRQVLGHUHG�VHSDUDWHO\��DQG�WKH�KLJKHVW�
OHYHO�RI�LQFUHDVH�DERYH�EDFNJURXQG�DPRQJ�WKH�VL[�LV�XVHG�IRU�WKH�LQGLFDWRU��7KLV�FODVV�RI�
LQFUHDVH�DERYH�EDFNJURXQG�FRQFHQWUDWLRQV�DOVR�SURYLGHV�D�PRUH�VHQVLWLYH�PHDVXUH�RI�WKH�
LQIOXHQFH�RI�PDQDJHPHQW�SUDFWLFHV�RQ�WKH�UDWH�RI�7(�DFFXPXODWLRQ�LQ�VRLO��
7KH�LQGLFDWRU�LV�GHYHORSHG�RQ�D�VSDWLDO�VFDOH�WKURXJK�JHRUHIHUHQFLQJ�RI�GDWD�EDVHG�RQ�VRLO�
ODQGVFDSH�FODVVHV��6/&��DFFRUGLQJ�WR�WKH�QDWLRQDO�VRLO�FODVVL¿FDWLRQ�V\VWHP��6RLO�/DQGVFDSHV�
RI�&DQDGD�:RUNLQJ�*URXS������LQ�6KHSSDUG�HW�DO���������6RLO�VHULHV�LV�WKH�SULPDU\�ODQG�XQLW��
ZLWK�6/&�EHLQJ�EDVHG�RQ�WH[WXUH��S+��RUJDQLF�PDWWHU�FRQWHQW��VORSH��VWRQLQHVV��HWF��
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7KH�GHYHORSPHQW�RI�VRLO�JXLGHOLQH�YDOXHV�IRU�WKH�SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV�LV�
LQFUHDVLQJO\�XVLQJ�DQ�µDGGHG�ULVN�DSSURDFK¶�IRU�QDWXUDOO\�RFFXUULQJ�HOHPHQWV��7KLV�DSSURDFK�
ZDV�SURSRVHG�E\�&URPPHQWXMLQ�HW�DO���������DQG�DVVXPHV�WKDW�VSHFLHV�DUH�IXOO\�DGDSWHG�WR�WKH�
QDWXUDO�EDFNJURXQG�FRQFHQWUDWLRQ�DQG�WKHUHIRUH�RQO\�WKH�DQWKURSRJHQLF�DGGHG�IUDFWLRQ�VKRXOG�
EH�UHJXODWHG�RU�FRQWUROOHG��7KLV�DSSURDFK�LV�XVHG�LQ�WKH�1HWKHUODQGV�LQ�WKH�GHYHORSPHQW�RI�
LQWHUYHQWLRQ�YDOXHV�IRU�PDQDJLQJ�FRQWDPLQDWHG�ODQG��LQ�5($&+�JXLGDQFH��(&$�������RQ�
FRQGXFWLQJ�D�FKHPLFDO�VDIHW\�DVVHVVPHQW�IRU�D�QDWXUDOO\�RFFXUULQJ�VXEVWDQFHV��DQG�PRUH�
UHFHQWO\�LQ�$XVWUDOLD�IRU�WKH�GHYHORSPHQW�RI�(FRORJLFDO�,QYHVWLJDWLRQ�/HYHOV��(,/��6&(:�
����D���
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7KH�$XVWUDOLDQ�PHWKRGRORJ\�RU�DQ�DGDSWDWLRQ�KDV�EHHQ�SURSRVHG�IRU�XVH�LQ�1HZ�=HDODQG�WR�
GHYHORS�VRLO�JXLGHOLQH�YDOXHV�IRU�FDGPLXP��03,��������7KLV�PHWKRGRORJ\�VXJJHVWV�WKH�XVH�RI�
WKH�UHJUHVVLRQ�HTXDWLRQV�GHYHORSHG�E\�+DPRQ�HW�DO���������WR�DVVLVW�LQ�GHWHUPLQLQJ�
EDFNJURXQG�FRQFHQWUDWLRQ�IRU�XVH�LQ�WKH�GHYHORSPHQW�RI�VRLO�JXLGHOLQH�YDOXHV�IRU�WKH�
SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV��7KHVH�DXWKRUV�GHYHORSHG�D�VHULHV�RI�JHQHULF�HTXDWLRQV�
IURP�6RXWKHDVW�$VLDQ��LQFOXGLQJ�$XVWUDOLDQ��GDWD�WKDW�WKH\�LQGLFDWHG�PD\�EH�DSSURSULDWH�IRU�
GHULYLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�RI�$V��&U��&R��&X��1L��3E��DQG�=Q�JOREDOO\��
0RUH�GHWDLO�RQ�WKH�GHYHORSPHQW�RI�VRLO�JXLGHOLQH�YDOXHV�IRU�WKH�SURWHFWLRQ�RI�HFRORJLFDO�
UHFHSWRUV�LV�SURYLGHG�LQ�&DYDQDJK�	�2¶+DOORUDQ��������DQG�03,���������
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,Q�1HZ�=HDODQG��WKH�1DWLRQDO�(QYLURQPHQWDO�6WDQGDUG�IRU�DVVHVVLQJ�DQG�PDQDJLQJ�
FRQWDPLQDQWV�LQ�VRLO�WR�SURWHFW�KXPDQ�KHDOWK��WKH�1(6��FDPH�LQWR�IRUFH�RQ���-DQXDU\�������
7KLV�VWDQGDUG�KDV�LPSRVHG�FKDQJHV�WR�KRZ�FRQWDPLQDWHG�ODQG�LV�LGHQWLILHG�DQG�DVVHVVHG�E\�
ORFDO�JRYHUQPHQW��7KH�1(6�VSHFLILHV�WKDW��

µ7KHVH�UHJXODWLRQV�GR�QRW�DSSO\�WR�D�SLHFH�RI�ODQG�GHVFULEHG�LQ�VXEFODXVH�����RU�����DERXW�
ZKLFK�D�GHWDLOHG�VLWH�LQYHVWLJDWLRQ�H[LVWV�WKDW�GHPRQVWUDWHV�WKDW�DQ\�FRQWDPLQDQWV�LQ�RU�
RQ�WKH�SLHFH�RI�ODQG�DUH�DW��RU�EHORZ��EDFNJURXQG�FRQFHQWUDWLRQV�¶�

1R�GHILQLWLRQ�LV�SURYLGHG�LQ�WKH�1(6�DV�WR�ZKDW�FRQVWLWXWHV�EDFNJURXQG�FRQFHQWUDWLRQV��
DOWKRXJK�WKH�XVHUV¶�JXLGH��0I(�������GHILQHV�EDFNJURXQG�FRQFHQWUDWLRQV�DV��

µ1DWXUDOO\�RFFXUULQJ�DPELHQW�FRQFHQWUDWLRQV�RI�WKH�HOHPHQW�LQ�WKH�DUHD�ORFDO�WR�WKH�ODQG�¶�

7KH�PRVW�H[WHQVLYH�GHVFULSWLRQ�RI�EDFNJURXQG�FRQFHQWUDWLRQV�LV�SURYLGHG�LQ�&/0*�1R����
�0I(��������ZKLFK�VWDWHV�WKDW�EDFNJURXQG�FRQFHQWUDWLRQ�LV��

µ$Q�HVWLPDWH�RI�WKH�QDWXUDO�FRQFHQWUDWLRQ�RI�D�VXEVWDQFH��HOHPHQW��FRPSRXQG�RU��
PL[WXUH��WKDW�ZRXOG�H[LVW�LQ�WKH�DEVHQFH�RI��DQ\�DQWKURSRJHQLF�LQSXW��XVXDOO\�RQ�D�
UHJLRQDO��VXE�UHJLRQDO�RU�FDWFKPHQW�EDVLV��)RU�FKHPLFDO�HOHPHQWV�LQ�VRLOV��WKH�
EDFNJURXQG�FRQFHQWUDWLRQ�LV�H[SHFWHG�WR�VKRZ�VRPH�EURDG�VFDOH�YDULDWLRQ�GHSHQGLQJ�RQ�
WKH�QDWXUH�RI�WKH�JHRFKHPLFDO�SDUHQW�PDWHULDOV��µ�

7KLV�GRFXPHQW�IXUWKHU�VWDWHV�WKDW�D�VLWH�LV�FRQVLGHUHG�WR�EH�DERYH�EDFNJURXQG�FRQFHQWUDWLRQ�LV�
FRQFHQWUDWLRQV�DUH�FOHDUO\�KLJKHU�WKDQ�EDFNJURXQG��ZLWK�WKH���WK�XSSHU�FRQILGHQFH�OLPLW�
SURYLGHG�DV�DQ�H[DPSOH�IRU�GHILQLQJ�WKH�XSSHU�OLPLW�IRU�EDFNJURXQG�FRQFHQWUDWLRQV��0I(�
���������
,Q�0I(���������UHIHUHQFH�LV�JLYHQ�WR�&/0*�1R�����0I(�����E��IRU�JXLGDQFH�RQ�KRZ�WR�
GHWHUPLQH�QDWXUDO�EDFNJURXQG�FRQFHQWUDWLRQV��
+RZHYHU��WKHUH�LV�OLPLWHG�JXLGDQFH�SURYLGHG�LQ�&/0*�1R�����ZKLFK�VWDWHV�WKDW�EDFNJURXQG�
VDPSOHV�DUH�FROOHFWHG�LQ�WKH�DUHD�QHDU�WKH�VLWH�WKDW�LV�QRW�DIIHFWHG�E\�WKH�FRQWDPLQDQW�VRXUFHV�
RQ�WKH�VLWH«�DQG�LI�UHTXLUHG�E\�WKH�'42V��DW�OHDVW�RQH�EDFNJURXQG�VDPSOH�VKRXOG�EH�
FROOHFWHG�LQ�DGGLWLRQ�WR�VRPH�RWKHU�JHQHUDO�LQIRUPDWLRQ�RQ�EDFNJURXQG�VDPSOHV��
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6RPH�IXUWKHU�JXLGDQFH�RQ�FROOHFWLQJ�VLWH�VSHFLILF�EDFNJURXQG�VRLO�VDPSOHV�LV�SURYLGHG�E\�
(QYLURQPHQW�&DQWHUEXU\�
�KWWS���HFDQ�JRYW�Q]�SXEOLFDWLRQV�5HSRUWV�(VWDEOLVKLQJD/RFDO%DFNJURXQG&RQFHQWUDWLRQIRU\RX
U��SGI���,Q�DGGLWLRQ�WR�JXLGDQFH�RQ�VLWH�VHOHFWLRQ��WKLV�JXLGDQFH�VXJJHVWV�WKDW�VDPSOHV�VKRXOG�
EH�FROOHFWHG�IURP�WZR�VLWHV�ZLWK�WKH�VDPH�VRLO�W\SH�DV�WKH�VLWH�RI�LQWHUHVW��DQG�D�VRLO�SLW�VKRXOG�
EH�GXJ�WR����FP�WR�FRQILUP�WKH�VRLO�W\SH�DQG�WKDW�LW�KDV�QRW�EHHQ�GLVWXUEHG��
)URP�D�FRQWDPLQDWHG�ODQG�SHUVSHFWLYH�WKH�NH\�QDWXUDOO\�RFFXUULQJ�FRQWDPLQDQWV�RI�FRQFHUQ�
DUH�$V��&G��&X��&U��1L��3E��=Q��PHUFXU\��+J��DQG�3$+V��
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%DFNJURXQG�FRQFHQWUDWLRQV�DUH�ZLGHO\�XVHG�LQ�LQWHUQDWLRQDO�UHJXODWLRQV�DQG�JXLGDQFH�IRU�WKH�
PDQDJHPHQW�RI�FRQWDPLQDWHG�ODQG��%DFNJURXQG�LQ�WKLV�FRQWH[W�W\SLFDOO\�UHIHUV�WR�DPELHQW�
EDFNJURXQG��L�H��QDWXUDOO\�RFFXUULQJ�SOXV�GLIIXVH�DQWKURSRJHQLF�LQSXW���,Q�WKH�8QLWHG�6WDWHV�
WKHVH�PD\�EH�XVHG�IRU�HVWDEOLVKLQJ�UHPHGLDWLRQ�WDUJHWV��H�J��15(3&�������'LDPRQG�HW�DO��
������RU�IRU�DVVHVVLQJ�FRQWDPLQDWHG�ODQG��IRU�H[DPSOH�LQ�,WDO\��&LFFKHOOD�HW�DO���������
*HUPDQ\��%08��������DQG�)LQODQG��-DUYD�HW�DO���������
,Q�WKH�8QLWHG�.LQJGRP��WKHUH�KDYH�EHHQ�UHFHQW�FKDQJHV�WR�WKH�VWDWXWRU\�JXLGDQFH�IRU�
FRQWDPLQDWHG�ODQG�WR�UHGXFH�XQFHUWDLQWLHV�DURXQG�ZKHQ�ODQG�GRHV�DQG�GRHV�QRW�UHTXLUH�
UHPHGLDWLRQ��'()5$�������$�NH\�SDUW�RI�WKLV�UHYLVLRQ�ZDV�WR�FODULI\�WKDW�µQRUPDO¶�
EDFNJURXQG�OHYHOV�ZRXOG�QRW�FRQVWLWXWH�FRQWDPLQDWHG�ODQG�±�WKXV�WKH�QHZ�VWDWXWRU\�JXLGDQFH�
VWDWHV�WKDW�WKH�FRQWDPLQDWHG�ODQG�OHJLVODWLRQ��FDOOHG�3DUW��$��LV�µQRW�LQWHQGHG�WR�DSSO\�WR�ODQG�
ZLWK�OHYHOV�RI�FRQWDPLQDQWV�LQ�VRLO�WKDW�DUH�FRPPRQSODFH�DQG�ZLGHVSUHDG�WKURXJKRXW�
(QJODQG�RU�SDUWV�RI�LW��DQG�IRU�ZKLFK�LQ�WKH�YHU\�ODUJH�PDMRULW\�RI�FDVHV�WKHUH�LV�QR�UHDVRQ�WR�
FRQVLGHU�WKDW�WKHUH�LV�DQ�XQDFFHSWDEOH�ULVN¶��'()5$��������7KH�JXLGDQFH�IXUWKHU�VSHFLILHV�
µQRUPDO¶�OHYHOV�RI�FRQWDPLQDQWV�EHLQJ�QDWXUDOO\�RFFXUULQJ�DQG�DULVLQJ�IURP�GLIIXVH�SROOXWLRQ�
VRXUFHV�VXFK�DV�YHKLFOHV��'()5$��������7KH�DXWKRUV�QRWH�WKDW�WKH�ZRUN�WR�GHWHUPLQH�
µQRUPDO¶�OHYHOV�RI�FRQWDPLQDQWV�LQ�VRLO�VXSSRUWV�WKH�(QJOLVK�FRQWDPLQDWHG�ODQG�UHJLPH�UDWKHU�
WKDQ�WKH�SODQQLQJ�UHJLPH��7KH�GLIIHUHQFH�EHLQJ�WKDW�WKH�FRQWDPLQDWHG�ODQG�UHJLPH�UHTXLUHV�
GHYHORSHUV�WR�VKRZ�WKDW�ODQG�LV�VDIH��VXLWDEOH�IRU�XVH�DQG��DIWHU�UHPHGLDWLRQ��FDQQRW�EH�
GHWHUPLQHG�DV�VWDWXWRU\�FRQWDPLQDWHG�ODQG��)RU�SODQQLQJ�SXUSRVHV��UHPHGLDWLRQ�LV�QHHGHG�WR�
HQVXUH�D�VLWH�LV�VXLWDEOH�IRU�LWV�IXWXUH�LQWHQGHG�XVH��8QGHU�WKH�FRQWDPLQDWHG�ODQG�UHJLPH��
UHPHGLDWLRQ�LV�QHHGHG�LI�WKH�VLWH��JLYHQ�LWV�FXUUHQW�XVH��LV�SUHVHQWLQJ�VXFK�D�KLJK�OHYHO�RI�ULVN�
WKDW�LI�QRWKLQJ�LV�GRQH��WKHUH�LV�D�VLJQLILFDQW�SRVVLELOLW\�RI�VLJQLILFDQW�KDUP�VXFK�DV�GHDWK��
GLVHDVH�RU�VHULRXV�LQMXU\��)XUWKHU�GHWDLOV�RI�WKH�PHWKRGRORJ\�XVHG�WR�GHWHUPLQH�QRUPDO�
FRQFHQWUDWLRQV�DUH�SURYLGHG�LQ�VHFWLRQ��������
7KH�SKUDVH�µ«�LQ�WKH�YHU\�ODUJH�PDMRULW\�RI�FDVHV�WKHUH�LV�QR�UHDVRQ�WR�FRQVLGHU�WKDW�WKHUH�LV�
DQ�XQDFFHSWDEOH�ULVN�«¶�KLJKOLJKWV�DQ�LPSRUWDQW�SRLQW�LQ�UHODWLRQ�WR�WKH�XVH�RI�DPELHQW�
FRQFHQWUDWLRQ�IRU�FRQWDPLQDWHG�ODQG�DVVHVVPHQW��WKDW�WKHUH�PD\�EH�VLWXDWLRQV�ZKHUH�DPELHQW�
FRQFHQWUDWLRQV�SRVH�D�VLJQLILFDQW�OHYHO�RI�ULVN�WR�KXPDQ�KHDOWK��,Q�WKH�8QLWHG�.LQJGRP��
KLVWRULFDO�PLQLQJ�DFWLYLWLHV�DUH�FRQVLGHUHG�DV�SDUW�RI�WKH�QRUPDO�EDFNJURXQG��&DYH�HW�DO��
�������6XFK�DUHDV�PD\�EH�DVVRFLDWHG�ZLWK�QDWXUDOO\�HOHYDWHG�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV��
ZKLFK�PD\�SRVH�KXPDQ�KHDOWK�ULVNV��,Q�/DYULRQ��*UHHFH��IRU�H[DPSOH��D�OHJDF\�RI�OHDG�PLQLQJ�
UHVXOWHG�LQ�H[WHQVLYH�3E�FRQWDPLQDWLRQ�WKDW�JDYH�ULVH�WR�KHDOWK�FRQFHUQV�IRU�WKH�ORFDO�
UHVLGHQWV��DQG�UHTXLUHG�ZLGHVSUHDG�UHPHGLDWLRQ�RI�WKH�DUHD��'HPHWULDGHV��������)RU�WKLV�
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UHDVRQ��WKH�ULVN�DVVRFLDWHG�ZLWK�FRQFHQWUDWLRQV�RI�HOHPHQWV�DVVRFLDWHG�ZLWK�PLQLQJ�DFWLYLWLHV�
VKRXOG�EH�FRQVLGHUHG�RQ�D�FDVH�E\�FDVH�EDVLV��
$QRWKHU�SRLQW�IRU�FRQVLGHUDWLRQ�LV�WKDW�ZKHUHDV�IRU�HFRORJLFDO�UHFHSWRUV�LW�LV�FRQVLGHUHG�WKDW�
WKH�HFRV\VWHPV�DUH�DGDSWHG�WR�FRQGLWLRQV�DVVRFLDWHG�ZLWK�QDWXUDOO\�HOHYDWHG�EDFNJURXQG�
FRQFHQWUDWLRQV�DQG�WKXV�WKHVH�FRQFHQWUDWLRQV�SRVH�QR�ULVN��WKH�VDPH�LV�QRW�WUXH�IRU�SURWHFWLRQ�
RI�KXPDQ�KHDOWK��(UQVW��������)RU�H[DPSOH��WKHUH�DUH�VRPH�DUHDV�WKDW�DUH�QDWXUDOO\�KLJK�LQ�$V�
�H�J��%DQJODGHVK��,QGLD��EXW�WKDW�VKRZ�VLJQLILFDQW�KXPDQ�KHDOWK�LPSDFWV�GXH�WR�HOHYDWLRQ�RI�
$V�LQ�JURXQGZDWHU�XVHG�DV�GULQNLQJ�ZDWHU��(UQVW��������
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$�WKLUG�DSSOLFDWLRQ�IRU�WKH�XVH�RI�EDFNJURXQG�VRLOV�FRQFHQWUDWLRQ�LQIRUPDWLRQ�LV�LQ�WKH�DUHD�RI�
ZDVWH�GLVSRVDO��LQ�SDUWLFXODU�GLVSRVDO�RI�PDWHULDO�WR�FOHDQ�ILOO�DQG�DSSOLFDWLRQ�RI�ELRVROLGV�WR�
ODQG��%RWK�RI�WKHVH�DFWLYLWLHV�FDQ�UHVXOW�LQ�LQFUHDVHV�LQ�FRQWDPLQDQW�ORDGLQJV�WR�VRLOV�WKDW�
VKRXOG�EH�PDQDJHG�WR�HQVXUH�WKDW�QR�GHWULPHQWDO�HIIHFWV�DULVH�IURP�WKH�DFWLYLWLHV��
&RQVLGHUDWLRQ�RI�WKRVH�ORDGLQJV�UHODWLYH�WR�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�SURYLGHV�RQH�ZD\�
WR�PDQDJH�WKRVH�DFWLYLWLHV��
,Q�IDFW��D�GUDIW�PHPR�IURP�:DLNDWR�5HJLRQDO�&RXQFLO�SURSRVHV�FULWHULD�IRU�FOHDQ�ILOO�WKDW�WDNH�
LQWR�DFFRXQW�WKH�EDFNJURXQG�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�LQ�WKH�UHJLRQ��DV�ZHOO�DV�VRLO�
JXLGHOLQH�YDOXHV�IRU�WKH�SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV��7KH�SURSRVHG�FULWHULD�DUH�ODUJHO\�
EDVHG�RQ�D�PLG�SRLQW�EHWZHHQ�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�WKH�UHJLRQ�DQG�VRLO�JXLGHOLQH�
YDOXHV�IRU�WKH�SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV�GHYHORSHG�IRU�$XFNODQG�5HJLRQDO�&RXQFLO�
�&DYDQDJK�	�2¶+DOORUDQ��������
6RLO�OLPLWV�DVVRFLDWHG�ZLWK�WKH�DSSOLFDWLRQ�RI�ELRVROLGV�WR�ODQG�FXUUHQWO\�VSHFLILHG�LQ�
1HZ�=HDODQG�DUH�EDVHG�RQ�HIIHFW�FRQFHQWUDWLRQV��1=::$��������+RZHYHU��LQ�(XURSH��
SURSRVDOV�IRU�QHZ�VRLO�OLPLWV�RI�FRQWDPLQDQWV�IRU�VOXGJH�DPHQGHG�DJULFXOWXUDO�VRLOV�DUH�EDVHG�
RQ�(XURSHDQ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV��'5*�-5&�������(&�������0LOOHDX�HW�DO���������

� � � � � � �
$V�KLJKOLJKWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WKHUH�DUH�D�QXPEHU�RI�UHFHQW�LQWHUQDWLRQDO�VWXGLHV�WKDW�
KDYH�EHHQ�XQGHUWDNHQ�WR�GHWHUPLQH�EDFNJURXQG�FRQFHQWUDWLRQV�LQ�WKH�FRQWH[W�RI�PDQDJLQJ�
ODQG��,QWHUHVW�LQ�WKH�GHWHUPLQDWLRQ�RI�EDFNJURXQG�VRLOV�FRQFHQWUDWLRQV�KDV�DOVR�UHVXOWHG�LQ�WKH�
GHYHORSPHQW�RI�DQ�,62�VWDQGDUG�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV��GHILQHG�DV�
FRQWHQW�RI�D�VXEVWDQFH�LQ�D�VRLO�UHVXOWLQJ�IURP�ERWK�QDWXUDO�JHRORJLFDO�DQG�SHGRORJLFDO�
SURFHVVHV�LQFOXGLQJ�GLIIXVH�VRXUFH�LQSXWV���7KLV�LQFOXGHV�JXLGDQFH�RQ�VDPSOH�FROOHFWLRQ��
FRPSOHWHQHVV�RI�GDWDVHWV�DQG�VWDWLVWLFDO�DQDO\VLV�RI�WKH�GDWD��,62��������
7KHUH�DUH�WZR�LPSRUWDQW�VWHSV�LQ�WKH�GHWHUPLQDWLRQ�RI�EDFNJURXQG�FRQFHQWUDWLRQV��

��� &ROOHFWLRQ�DQG�FKHPLFDO�DQDO\VLV�RI�VDPSOHV�
��� $QDO\VLV�RI�WKRVH�GDWD��

6WDQGDUGLVHG�DSSURDFKHV�WR�FROOHFWLRQ�DQG�DQDO\VLV�RI�VDPSOHV�UHGXFH�WKH�YDULDELOLW\�
DVVRFLDWHG�ZLWK�WKRVH�IDFWRUV��$SSURDFKHV�WR�GDWD�DQDO\VLV�FDQ�EH�EURDGO\�JURXSHG�DV�
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GHVFULSWLYH�DQG�SUHGLFWLYH��'HVFULSWLYH�DSSURDFKHV�UHO\�RQ�VWDWLVWLFDO�DQDO\VLV�WR�GHWHUPLQH�
µDFFHSWDEOH¶�FRQFHQWUDWLRQ�UDQJHV��WKUHVKROGV�DQG�RXWOLHUV��ZKLOH�SUHGLFWLYH�DSSURDFKHV�UHO\�
RQ�WKH�GHYHORSPHQW�RI�UHODWLRQVKLSV�EHWZHHQ�WUDFH�HOHPHQWV�DQG�SDUWLFXODU�VRLO�SURSHUWLHV��
LQFOXGLQJ�VHOHFWHG�WUDFH�HOHPHQWV��
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5HFHQW�(XURSHDQ�VXUYH\V�WR�GHWHUPLQH�JHRFKHPLFDO�EDVHOLQHV�KDYH�ODUJHO\�EHHQ�V\VWHPDWLF�
VXUYH\V��PHDQLQJ�WKDW�VDPSOHV�DUH�FROOHFWHG�RQ�WKH�EDVLV�RI�QRPLQDO�VDPSOHV�SHU�XQLW�DUHD��
7KH�GHQVLW\�RI�VDPSOLQJ�LV�GHSHQGHQW�RQ�WKH�SXUSRVH�±�IRU�H[DPSOH�WKH�*(0$6�VXUYH\��
ZKLFK�LV�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�DW�D�(XURSHDQ�VFDOH��LV�EDVHG�RQ�FROOHFWLRQ�
RI�RQH�VDPSOH�SHU������NP���ZKLOH�GHWHUPLQDWLRQ�RI�µQRUPDO¶�FRQFHQWUDWLRQV�LQ�WKH�8QLWHG�
.LQJGRP�LV�EDVHG�RQ�VDPSOHV�FROOHFWHG�DW�VFDOHV�UDQJLQJ�IURP�RQH�VDPSOH�SHU������NP��
�*(0$6�GDWD��WR�RQH�VLWH�HYHU\����NP��DQG�LQFOXGLQJ�PRUH�GHWDLOHG�FROOHFWLRQ�DW�XUEDQ����
VLWHV�NP����DQG�UXUDO����VLWH���NP���VFDOHV��)XUWKHU�GLVFXVVLRQ�RQ�WKH�LQIOXHQFH�RI�VFDOH�LV�
SURYLGHG�LQ�5HLPDQQ��������DQG�5HLPDQQ�HW�DO���������
7KH�QXPEHU�RI�VDPSOHV�UHTXLUHG�WR�GHYHORS�D�UREXVW�HVWLPDWH�RI�EDFNJURXQG�FRQFHQWUDWLRQV�
GHSHQGV�RQ�WKH�YDULDWLRQ�RI�WKH�GDWD��:KLOH�VWDWLVWLFDO�HTXDWLRQV�FDQ�EH�XVHG�WR�GHWHUPLQH�
VDPSOH�QXPEHUV��LI�WKH�H[SHFWHG�YDULDWLRQ�LV�NQRZQ���JHQHUDO�JXLGDQFH�LV�WKDW�EHWZHHQ����
�15(3&�������DQG����VDPSOHV��,62�������DUH�UHTXLUHG�WR�GHYHORS�UREXVW�HVWLPDWHV�RI�
EDFNJURXQG�FRQFHQWUDWLRQV��
$QDO\VHV�DUH�W\SLFDOO\�XQGHUWDNHQ�RQ�FRPSRVLWH�VDPSOHV�FROOHFWHG�XVLQJ�D�VFKHPH�VLPLODU�WR�
WKDW�VKRZQ�LQ�)LJXUH���±�WKH�GLVWDQFH�IRU�WKH�VTXDUH�FDQ�YDU\��7KHVH�VDPSOHV�PD\�EH�FROOHFWHG�
IURP�VRLO�SLWV�WKDW�DOVR�HVWDEOLVK�VRLO�W\SH�DQG�KRUL]RQV�±�WKH�SLW�FDQ�EH�GXJ�WR�WKH�VHFRQG�VRLO�
KRUL]RQ�±�RU�VRLO�FRUHV��$W�OHDVW�RQH�VRLO�SLW�VKRXOG�EH�GXJ�DW�HDFK�ORFDWLRQ�WR�HVWDEOLVK�VRLO�
W\SH��7KH�GHSWK�RI�VDPSOH�FROOHFWHG�PD\�GHSHQG�RQ�WKH�ODQG�XVH�EHLQJ�DVVHVVHG��IRU�H[DPSOH��
LQ�*(0$6��DJULFXOWXUDO�ODQG�ZDV�VDPSOHG�WR����FP�ZKLOH�JUD]LQJ�ODQG�ZDV�VDPSOHG�WR�
���FP��2IWHQ��WKH�XSSHU�YHJHWDWHG�OD\HU�LV�UHPRYHG�DOWKRXJK�URRWV�UHPDLQ��(XUR*HR6XUYH\V�
*HRFKHPLVWU\�:RUNLQJ�*URXS��������
�

�
)LJXUH���&RPSRVLWH�VRLO�VDPSOLQJ�VFKHPH�XVHG�LQ�*(0$6��6RLO�VDPSOHV�DUH�FRPSRVLWHG�IURP�ILYH�VXEVLWHV�
IURP�D�SORW����î����P�VTXDUH�DFFRUGLQJ�WR�WKH�DERYH�VFKHPH��
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7KH�*(0$6�VXUYH\�GHYHORSHG�ULJRURXV�TXDOLW\�FRQWURO�DQG�DVVXUDQFH�SURFHVVHV�WR�UHGXFH�
YDULDELOLW\�LQWURGXFHG�E\�VDPSOLQJ�DQG�DQDO\WLFDO�SURFHVVHV��5HLPDQQ�HW�DO���������7KLV�
LQFOXGHG�SURWRFROV�IRU�UHFRUGLQJ�RI�VLWH�LQIRUPDWLRQ��DV�ZHOO�DV��

��� WKH�FROOHFWLRQ�RI�D�ILHOG�GXSOLFDWH�VDPSOH�DW�HYHU\���WK�VDPSOH�VLWH��
��� UDQGRPLVLQJ�DOO�VDPSOHV�SULRU�WR�VXEPLWWLQJ�WKHP�IRU�DQDO\VHV��
��� WKH�XVH�RI�D�FRQWURO�UHIHUHQFH�VDPSOH��SURMHFW�VWDQGDUG���XQNQRZQ�WR��DQG�

XQUHFRJQLVDEOH�E\��WKH�ODERUDWRU\�DW�D�UDWH�RI�RQH�VWDQGDUG�SHU���±���VDPSOHV��DQG�
��� WKH�LQVHUWLRQ�RI�DQDO\WLFDO�UHSOLFDWHV�RU�SURMHFW�VDPSOHV�DW�D�UDWH�RI�RQH�LQ���±���

VDPSOHV��

� � � �

7KHUH�DUH�GLIIHUHQFHV�LQ�WKH�UHVXOWV�REWDLQHG�IURP�GLIIHUHQW�DQDO\WLFDO�WHFKQLTXHV��LQ�SDUWLFXODU�
LW�LV�NQRZQ�WKDW�DTXD�UHJLD�H[WUDFWLRQ�RI�VRLOV�ZLOO�JLYH�ORZHU�FRQFHQWUDWLRQV�WKDW�WKRVH�
GHWHUPLQHG�E\�;�UD\�IOXRUHVFHQFH��;5)���H�J��7DUYDLQHQ�HW�DO���������%RWK�WHFKQLTXHV�DUH�
FRPPRQO\�XVHG��DQG�VRPH�VWXGLHV�KDYH�GHYHORSHG�UHODWLRQVKLSV�IRU�UHODWLQJ�WKH�UHVXOWV�
REWDLQHG�IURP�ERWK�WHFKQLTXHV�WR�HQDEOH�XVH�RI�WKH�GDWD��8WHUPDQQ�HW�DO��������$QGHU�HW�DO��
�������
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7KHUH�LV�D�ZHDOWK�RI�GLVFXVVLRQ�DQG�JXLGDQFH�RQ�DSSURSULDWH�VWDWLVWLFDO�DQDO\VLV�RI�
JHRFKHPLFDO�GDWD��H�J��0DWVFKXOODW�HW�DO��������5HLPDQQ�HW�DO��������������,62��������
6WDWLVWLFDO�DQDO\VLV�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�XVXDOO\�IROORZV�D�SURFHVV�RI�
DQDO\VLQJ�WKH�GDWD�GLVWULEXWLRQ�±�XVLQJ�PXOWLSOH�DSSURDFKHV�WR�SURYLGH�D�JRRG�UHSUHVHQWDWLRQ�
RI�WKH�GDWD��)LJXUH�����IROORZHG�E\�WKH�GHWHUPLQDWLRQ�RI�VRPH�XSSHU�OLPLW�RI�EDFNJURXQG�
FRQFHQWUDWLRQ�RU�WKUHVKROG��,Q�VRPH�FDVHV��WKH�LQLWLDO�GDWD�H[SORUDWLRQ�PD\�EH�XVHG�WR�LGHQWLI\�
UHJLRQV�WKDW�DUH�JHRFKHPLFDOO\�GLIIHUHQW��)RU�WKLV��FXPXODWLYH�GHQVLW\�IXQFWLRQV�KDYH�RIWHQ�
EHHQ�XVHG�±�LQ�WKHVH��SRLQWV�RI�LQIOHFWLRQ�LQGLFDWH�GLIIHUHQW�FODVVHV�LQ�D�GDWDVHW��)LJXUH�����RU�
PRUH�FRPSOH[�JHRVWDWLVWLFDO�DQDO\VHV�FDQ�EH�GRQH�WR�GHILQH�µGRPDLQV¶�LQ�ZKLFK�EDFNJURXQG�
FRQFHQWUDWLRQV�DUH�VLPLODU��VHH�EHORZ�IRU�PRUH�GLVFXVVLRQ���2WKHU�WHFKQLTXHV�VXFK�DV�
SULQFLSDO�FRPSRQHQWV�DQDO\VLV��H�J��=KDR�HW�DO��������RU�IDFWRU�DQDO\VHV�PD\�DOVR�EH�
XQGHUWDNHQ�DW�WKLV�SRLQW��DOWKRXJK�VRPH�DXWKRUV�XUJH�FDXWLRQ�ZLWK�WKH�XVH�RI�VXFK�WHFKQLTXHV�
GXH�WR�FRQFHUQV�DERXW�YDOLGLW\�RI�GLVWULEXWLRQDO�DVVXPSWLRQV��5HLPDQQ�HW�DO���������
� �



� � � � � � � � � �

> �Z � � W � �

�

�
)LJXUH���&RPELQDWLRQ�RI�KLVWRJUDP��GHQVLW\�WUDFH��RQH�GLPHQVLRQDO�VFDWWWHUJUDP�DQG�ER[SORW�DQG�D�&')�
GLDJUDP�WR�JLYH�D�IDVW�JUDSKLFDO�LPSUHVVLRQ�RI�WKH�GDWD�GLVWULEXWLRQ��IURP�5HLPDQQ�	�)LO]PRVHU��������

�

�
)LJXUH���&XPXODWLYH�IUHTXHQF\�GLVWULEXWLRQ�FXUYH�RI�ORJ�WUDQVIRUPHG�GDWD�IRU�DUVHQLF��FRQFHQWUDWLRQV�LQ�
*UDQDGD�VRLOV�LQGLFDWLQJ�WKH�LQÀHFWLRQ�SRLQWV�WKDW�VHSDUDWH�WKH�GLIIHUHQW�FODVVHV��$��%��&��'�DQG�(��LQ�WKH�GDWDVHW�
'DVKHG�OLQHV�LQGLFDWH�WKH�LQÀHFWLRQ�SRLQWV��IURP�'LH]�HW�DO���������
�

%R[SORWV�DUH�D�FRPPRQ�PHDQV�WR�SURYLGH�VXPPDU\�VWDWLVWLFV�IRU�WKH�GDWD�DV�WKH\�DUH�QRW�
LQIOXHQFHG�E\�WKH�GLVWULEXWLRQ�RI�GDWD�DQG�KDYH�EHHQ�VKRZQ�WR�EH�PRVW�UHOLDEOH�LQ�GHWHFWLQJ�
RXWOLHUV�IRU�XS�WR�����RXWOLHUV�LQ�D�SRSXODWLRQ��WKHUHDIWHU��XVLQJ�PHGLDQ����0$'��PHGLDQ�
DEVROXWH�GHYLDWLRQV��DUH�EHWWHU��5HLPDQQ�HW�DO���������)LJXUH���VKRZV�D�W\SLFDO�ER[SORW��ZKHUH�
WKH�ZKLVNHUV�DUH�VHW�DW����î�WKH�LQWHUTXDUWLOH�UDQJH��+��WR�LGHQWLI\�RXWOLHUV��([WUHPH�RXWOLHUV�
DUH�W\SLFDOO\�LGHQWLILHG�DV�EHLQJ�PRUH�WKDQ��î�WKH�LQWHUTXDUWLOH�UDQJH�DERYH�RU�EHORZ�WKH���WK�
DQG���WK�SHUFHQWLOH�UHVSHFWLYHO\��
� �
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�
)LJXUH���7\SLFDO�SURSHUWLHV�RI�D�ER[�DQG�ZKLVNHUV�SORW��IURP�7RQNLQ�DQG�7D\ORU��������
�

7KH�XSSHU�OLPLW�IRU�RXWOLHUV�XVLQJ�ER[SORWV��XSSHU�OLPLW� �4��������+��KDV�DOVR�EHHQ�XVHG�WR�
GHILQH�WKH�WKUHVKROG�IRU�WKH�XSSHU�OLPLW�IRU�EDFNJURXQG�YDULDWLRQ��H�J��-DUYD�HW�DO���������
7KH�XSSHU�FRQILGHQFH�OLPLW��8&/��IRU�WKH���WK�SHUFHQWLOH�LV�SUREDEO\�WKH�PRVW�ZLGHO\�XVHG�
WKUHVKROG�IRU�GHWHUPLQLQJ�XSSHU�OLPLWV�IRU�EDFNJURXQG�FRQFHQWUDWLRQV��H�J��15(3&�������
&DYH�HW�DO���������DOWKRXJK�WKH���WK�SHUFHQWLOH�LV�DOVR�XVHG�LI�WKH�GDWDVHW�LV�VXIILFLHQWO\�ODUJH�
�'LDPRQG�HW�DO��������ZLWK�WKH�REVHUYDWLRQ�WKDW�WKHUH�LV�OLWWOH�GLIIHUHQFH�EHWZHHQ�WKH�8&/V�RI�
WKH���WK�DQG���WK�SHUFHQWLOHV��'LDPRQG�HW�DO���������7KHUH�DUH�VRPH�VWDWLVWLFDO�WRROV�DYDLODEOH�
WR�FDOFXODWH�WKH�8&/�RI�WKH���WK�SHUFHQWLOH��VXFK�DV�3UR8&/�GHYHORSHG�E\�86�(QYLURQPHQW�
3URWHFWLRQ�$JHQF\��86�(3$��������&DYH�HW�DO���������DOVR�SURYLGH�WKH�FRGH�XVHG�IRU�WKH�
VWDWLVWLFDO�SDFNDJH�5�WR�GHWHUPLQH�WKH�8&/�RI���WK�SHUFHQWLOHV��
,Q�DGGLWLRQ�WR�GHWHUPLQLQJ�XSSHU�OLPLWV��VWDWLVWLFDO�DQDO\VHV�PD\�DOVR�EH�XQGHUWDNHQ�WR�
FRPSDUH�WKH�GLIIHUHQFH�LQ�FRQFHQWUDWLRQV�EHWZHHQ�GLIIHUHQW�JURXSV��'HSHQGLQJ�RQ�GDWD�
GLVWULEXWLRQ�WKHVH�PD\�EH�SDUDPHWULF��H�J��$129$��RU�QRQ�SDUDPHWULF��H�J��.ROPRJRURY±
6PLUQRY�WHVWV��.UXVNDO±:DOODFH�$129$��WHFKQLTXHV��
�
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7KH�FRQVLGHUDEOH�ZRUN�XQGHUWDNHQ�LQ�WKH�8QLWHG�.LQJGRP�WR�HVWDEOLVK�µQRUPDO¶�EDFNJURXQG�
FRQFHQWUDWLRQV��1%&��RI�VHOHFWHG�FRQWDPLQDQWV�WR�VXSSRUW�FRQWDPLQDWHG�ODQG�PDQDJHPHQW�
�$QGHU�HW�DO��������������&DYH�HW�DO��������'()5$�������-RKQVRQ�HW�DO��������SURYLGHV�D�
XVHIXO�FDVH�VWXG\�WR�FRQVLGHU�WKH�GHWHUPLQDWLRQ�RI�EDFNJURXQG�FRQFHQWUDWLRQV��
7KHVH�VWXGLHV��EDVHG�RQ�WKH�DQDO\VLV�RI�RYHU��������VDPSOHG�SRLQWV�DFURVV�(QJODQG��UHVXOWHG�
LQ�WKH�GHYHORSPHQW�RI�QDWLRQDO�VRLO�FRQWDPLQDQW�PDSV�IRU�(QJODQG�IRU�$V��3E��&G��&X��1L��+J�
DQG�EHQ]R�D�S\UHQH�DQG�WHFKQLFDO�JXLGDQFH�VKHHWV�IRU�XVHUV��
6DPSOH�GHQVLW\�UDQJHV�IURP�RQH�VLWH�LQ������NP���*(0$6��WR�RQH�VLWH�HYHU\����NP��DQG�
PRUH�GHWDLOHG�FROOHFWLRQ�DW�XUEDQ����VLWHV�NP����DQG�UXUDO����VLWH���NP���VFDOHV��9DULDELOLW\�LQ�
FRQWDPLQDQW�FRQFHQWUDWLRQV�DFURVV�(QJODQG�LV�DWWULEXWHG�WR�WKH�XQGHUO\LQJ�SDUHQW�PDWHULDO�RQ�
ZKLFK�D�VRLO�KDV�IRUPHG��7KLV�PD\�VLPSO\�EH�IURP�WKH�ZHDWKHULQJ�RI�FHUWDLQ�URFN�W\SHV�
HQULFKHG�LQ�D�SDUWLFXODU�FRQWDPLQDQW�RU�IURP�QRQ�IHUURXV�PHWDOOLIHURXV�PLQHUDOLVDWLRQ�ZLWK�
ZKLFK�WKH�FRQWDPLQDQW�LV�DVVRFLDWHG��HLWKHU�DV�WKH�PDLQ�RUH�PLQHUDO�RU�DQ�DFFHVVRU\��,Q�WKHVH�
VWXGLHV��DQWKURSRJHQLF�DFWLYLW\�DVVRFLDWHG�ZLWK�PLQLQJ�DQG�DVVRFLDWHG�SURFHVVHV��H�J��
VPHOWLQJ��WKDW�KDV�OHIW�D�OHJDF\�RI�GLIIXVH�SROOXWLRQ�LQ�(QJODQG�LV�FRQVLGHUHG�DV�SDUW�RI�WKH�
ZLGHVSUHDG�DQG�W\SLFDO�FRQWDPLQDQW�OHYHOV��
7KH�GDWD�H[SORUDWLRQ�ZDV�IRFXVHG�RQ�FRQWDPLQDQW�GLVWULEXWLRQV��ERWK�DFURVV�(QJODQG�DQG�
VWDWLVWLFDOO\�ZKHQ�SORWWHG�DQG�PDSSHG�E\�D�YDULHW\�RI�WHFKQLTXHV��ZLWK�D�NH\�DLP�WR�LGHQWLI\�
WKH�PDLQ�IDFWRUV�FRQWUROOLQJ�WKH�FRQFHQWUDWLRQ�DQG�GLVWULEXWLRQ�RI�WKH�VHOHFWHG�FRQWDPLQDQWV�LQ�
VRLOV��7KH�8.�VWXGLHV�XVH�WKH�WHUP�µGRPDLQ¶�WR�LGHQWLI\�DUHDV�RI�(QJODQG�WR�ZKLFK�KLJK�
FRQFHQWUDWLRQV�RI�D�FRQWDPLQDQW�FDQ�EH�DWWULEXWHG�WR�EH�WKH�UHVXOW�RI�UHDGLO\�GLVWLQJXLVKDEOH�
FRQWUROOLQJ�IDFWRUV��6XFK�UHJLRQV�DUH�GHILQHG�E\�D�ERXQGDU\�GHULYHG�IURP�D�VRLO¶V�XQGHUO\LQJ�
SDUHQW�PDWHULDO��DQ�XUEDQLVDWLRQ�LQGH[��RU�DQ�DUHD�RI�QRQ�IHUURXV�PHWDOOLIHURXV�PLQHUDOLVDWLRQ�
ZLWK�DVVRFLDWHG�PLQLQJ�DFWLYLWLHV��7KH�DUHD�UHPDLQLQJ�RXWVLGH�GRPDLQV�GHILQHG�E\�WKHVH�
FRQWUROOLQJ�IDFWRUV�LV�UHIHUUHG�WR�DV�WKH�µSULQFLSDO�GRPDLQ¶��7KHVH�GRPDLQV�ZHUH�GHILQHG�
WKURXJK�WKH�XVH�RI�D�N�PHDQV�FOXVWHU�DSSURDFK��+DUWLJDQ�	�:RQJ������LQ�$QGHU�HW�DO��������
WR�SULRULWLVH�KLJKHU�FRQFHQWUDWLRQ�DUHDV�WKDW�PD\�IRUP�VHSDUDWH�QDWXUDO�EDFNJURXQG�
FRQFHQWUDWLRQ�GRPDLQV��WR�UHGXFLQJ�WKH�GDWD�WR�D�OLPLWHG�QXPEHU�RI�GRPDLQV��)LJXUH�����

�
)LJXUH���3UREDELOLW\�SORW�RI�WRSVRLO��$UVHQLF�UHVXOWV�FDWHJRULVHG�E\�SRWHQWLDO�GRPDLQV��7KH�N�PHDQV�WKUHVKROG�RI�
���PJ�NJ�LV�VKRZQ�E\�WKH�YHUWLFDO�OLQH���0DLQ� �SULQFLSDO�GRPDLQ���
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$�PLQLPXP�RI����UHVXOWV�DUH�FRQVLGHUHG�QHFHVVDU\�WR�GHWHUPLQH�DQ�1%&�IRU�D�JLYHQ�GRPDLQ��
7KH�1%&V�DUH�GHWHUPLQHG�IRU�HDFK�GRPDLQ�XVLQJ�WKH�VWDWLVWLFDO�SURFHVV�RXWOLQHG�LQ�)LJXUH����
ZKLFK�LQFOXGHV�LQLWLDO�GLVWULEXWLRQDO�DQDO\VLV��GHQVLW\�GLVWULEXWLRQ�DQG�KLVWRJUDP�SORWV��DQG�
FDOFXODWHV�WKH�VNHZQHVV�FRHIILFLHQW��6&��DQG�RFWLOH�VNHZQHVV�FRHIILFLHQW��26��WR�GHWHUPLQH�
WKH�PHWKRG�E\�ZKLFK�WKH���WK�SHUFHQWLOH�XSSHU�FRQILGHQFH�LQWHUYDO�LV�FDOFXODWHG��7KH�FRGH�
XVHG�WR�XQGHUWDNH�WKHVH�DQDO\VHV�LV�DYDLODEOH�IURP�WKH�SURMHFW�ZHEVLWH�
KWWS���ZZZ�EJV�DF�XN�JEDVH�1%&'HIUD3URMHFW�KWPO��
�

�
)LJXUH���6WDWLVWLFDO�DQDO\VLV�RXWOLQH�XVHG�LQ�&DYH�HW�DO���������WR�GHWHUPLQH�µQRUPDO¶�EDFNJURXQG�FRQFHQWUDWLRQV�
IRU�GHILQHG�GRPDLQV��

� �
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$Q�DOWHUQDWLYH�DSSURDFK�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�LV�WKURXJK�WKH�XVH�RI�
SUHGLFWLYH�UHODWLRQVKLSV�ZKHUHE\�WKH�FRQFHQWUDWLRQ�RI�WUDFH�HOHPHQWV�RI�LQWHUHVW�DUH�UHODWHG�WR�
VRLO�SURSHUWLHV�VXFK�DV�S+��FOD\�FRQWHQW��RUJDQLF�PDWWHU�FRQWHQW��RU�PRUH�FRQVHUYDWLYH�WUDFH�
HOHPHQWV�VXFK�DV�)H��RU�0Q��6XFK�WHFKQLTXHV�DUH�DUJXDEO\�RQO\�DSSOLFDEOH�IRU�GHWHUPLQLQJ�
QDWXUDOO\�RFFXUULQJ�EDFNJURXQG�FRQFHQWUDWLRQV��VLQFH�DPELHQW�EDFNJURXQG�FRQFHQWUDWLRQV�ZLOO�
EH�LQIOXHQFHG�E\�SUR[LPLW\�WR�GLIIXVH�SROOXWLRQ�VRXUFHV�LQ�DGGLWLRQ�WR�QDWXUDO�RFFXUULQJ�
FRQFHQWUDWLRQV��+RZHYHU��WKLV�FDQ�EH�RI�EHQHILW�LQ�GHWHUPLQLQJ�WKH�LQFUHDVH�LQ�FRQFHQWUDWLRQV�
RYHU�QDWXUDO�EDFNJURXQG��

� , � � �

+DPRQ�HW�DO���������GHYHORSHG�D�VHULHV�RI�JHQHULF�HTXDWLRQV�IURP�6RXWKHDVW�$VLDQ��LQFOXGLQJ�
$XVWUDOLDQ��GDWD�WKDW�WKH\�LQGLFDWHG�PD\�EH�DSSURSULDWH�IRU�GHULYLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV�RI�$V��&U��&R��&X��1L��3E��DQG�=Q�JOREDOO\��7KHVH�UHODWLRQVKLSV�KDYH�EHHQ�
UHFRPPHQGHG�IRU�XVH�LQ�WKH�GHYHORSPHQW�RI�HFRORJLFDO�LQYHVWLJDWLRQV�OHYHOV�LQ�$XVWUDOLD�
�6&(:��������7KH�UHODWLRQVKLS�LV�EDVHG�RQ�HTXDWLRQ���
� /RJ>0@ �D�ORJ>)H@���F�� ����
5HJUHVVLRQ�UHODWLRQVKLSV�ZHUH�GHWHUPLQHG�IURP�WKH�OLQHDU�FRUUHODWLRQV�RI�WKH�ORJ�WUDQVIRUPHG�
GDWDVHW��IROORZLQJ�UHPRYDO�RI����RI�REVHUYDWLRQV�ZLWK�WKH�KLJKHVW�SRVLWLYH�UHVLGXDOV��7KH�
SDUDPHWHUV�GHVFULELQJ�WKHVH�UHJUHVVLRQV�DUH�VKRZQ�LQ�7DEOH����
7DEOH���5HJUHVVLRQ�SDUDPHWHUV�IRU�KHDY\�PHWDOV�DQG��)H�FRQFHQWUDWLRQV�LQ�VRLO��LQFOXGLQJ�WKH�FRQVWDQW�IRU�WKH�
��WK�SHUFHQWLOH��GHWHUPLQHG�E\�+DPRQ�HW�DO���������

� �
�
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6KHSSDUG�HW�DO���������GHWHUPLQHG�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�IRU�XVH�LQ�WKH�&DQDGLDQ�7(�
LQGH[�E\�FROOHFWLQJ�����VRLO�VDPSOHV�IURP�DFURVV�WKH�FRXQWU\��IURP�SURMHFWV�WKDW�ZHUH�
GHVLJQHG�WR�VDPSOH�D�FURVV�VHFWLRQ�RI�VRLO�SURSHUWLHV�LQ�DJULFXOWXUDO�ODQG��7UDFH�HOHPHQW��$V��
&G��&X��3E��6H��DQG�=Q��FRQFHQWUDWLRQV�ZHUH�PHDVXUHG��DQG�ZHUH�IRXQG�WR�EH�SRVLWLYHO\�
FRUUHODWHG�ZLWK�VRLO�FOD\�FRQWHQW��3����������(TXDWLRQV�ZHUH�GHYHORSHG�E\�EDFNZDUG�VWHSZLVH�
OLQHDU�UHJUHVVLRQ�WR�SUHGLFW�EDFNJURXQG�7(�FRQFHQWUDWLRQV�IURP�VRLO��FOD\��VDQG��VLOW��DQG�
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RUJDQLF�FDUERQ�FRQWHQWV�DQG�S+��ZDWHU���DQG�WKHVH�HTXDWLRQV�ZHUH�XVHG�WR�LQWHUSRODWH�YDOXHV�
IRU�DOO�VRLO�ODQGVFDSH�FODVV��6/&��SRO\JRQV��7KH\�QRWHG�WKDW�ZKLOH�WKH�HTXDWLRQV�ZHUH�KLJKO\�
VLJQL¿FDQW��WKH�5��YDOXHV�ZHUH�W\SLFDOO\�������+RZHYHU��WKH�LPSUHFLVLRQ�LPSOLHG�E\�WKH�ORZ�
5��YDOXH�ZDV�QRW�FRQVLGHUHG�VLJQLILFDQW�DV�WKH�UDQJHV�RI�REVHUYHG�DQG�SUHGLFWHG�EDFNJURXQG�
VRLO�FRQFHQWUDWLRQV�ZHUH�QRW�ODUJH��7DEOH�����
7DEOH���%DFNJURXQG�PHGLDQ�DQG�UDQJH�RI�VHOHFWHG�WUDFH�HOHPHQWV�GHWHUPLQHG�GXULQJ�GHYHORSPHQW�RI�WKH�
&DQDGLDQ�7(��WUDFH�HOHPHQWV��LQGH[��7KHVH�DUH�HVWLPDWHV�EDVHG�RQ�VRLO�WH[WXUH��S+��DQG�FDUERQ�FRQWHQW��IURP�
6KHSSDUG�HW�DO��������
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µ5HIHUHQFH�OLQHV¶�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�LQ�WKH�1HWKHUODQGV�ZHUH�
GHYHORSHG�E\�FRUUHODWLQJ�WKH�WRWDO�FRQFHQWUDWLRQV�LQ�WKH�VRLO�PDWUL[�WR�WKH�SHUFHQWDJH�OXWXP�
�FOD\��DQG�RUJDQLF�PDWWHU�FRQWHQW�DQG�PRYLQJ�WKH�UHJUHVVLRQ�OLQH�VR�WKDW�����RI�
PHDVXUHPHQWV�IDOO�XQGHU�WKH�UHJUHVVLRQ�OLQH��7KH�UHIHUHQFH�OLQH�LV�WKHQ�XVHG�WR�GHWHUPLQH�WKH�
FRQFHQWUDWLRQ�IRU�D�VWDQGDUG�VRLO������RUJDQLF�PDWWHU�DQG�����FOD\���&URPPHQWXLMQ�HW�DO��
�������7KHVH�UHIHUHQFH�OLQHV�ZHUH�DOVR�XVHG�WR�UHODWH�WR�QRUPDOLVHG�HFRWR[LFLW\�GDWD�LQ�WKH�
GHYHORSPHQW�RI�VRLO�JXLGHOLQH�YDOXHV�IRU�WKH�SURWHFWLRQ�RI�HFRORJLFDO�UHFHSWRUV��9HUEUXJJHQ�
HW�DO���������
7DEOH���3UHGLFWLYH�UHODWLRQVKLSV�IRU�GHWHUPLQLQJ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�LQ�WKH�1HWKHUODQGV��DQG�
FDOFXODWHG�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�D�VWDQGDUG�VRLO������RUJDQLF�PDWWHU������FOD\��IRU�VHOHFWHG�WUDFH�
HOHPHQWV�

d � � Z � � � � � � �
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2WKHU�DXWKRUV�KDYH�DOVR�GHYHORSHG�SUHGLFWLYH�UHODWLRQVKLSV��XVLQJ�GLIIHUHQW�DSSURDFKHV��=KDR�
HW�DO���������LQYHVWLJDWHG�SUHGLFWLYH�UHODWLRQVKLSV�IRU�GDWD�IURP�WKH�8QLWHG�.LQJGRP��
3ULQFLSDO�FRPSRQHQWV�DQDO\VLV�ZDV�XVHG�LQLWLDOO\�DQG�IRXQG�DVVRFLDWLRQ�ZLWK�$O��)H��.��0Q��
&U��&R�DQG�1L��7KHVH�DXWKRUV�IRXQG�WKH�PXOWLSOH�UHJUHVVLRQV�XVLQJ�)H�DQG�$O�ZHUH�EHWWHU�WKDQ�
UHJUHVVLRQ�EDVHG�RQ�)H�RU�$O�DORQH��8QOLNH�+DPRQ�HW�DO����������WKHVH�DXWKRUV�IRXQG�RQO\�
ZHDN�DVVRFLDWLRQV�EHWZHHQ�=Q��&G��&X�RU�3E�DQG�)H��RU�$O��0Q���DQG�WKDW�VRLO�WH[WXUH�ZDV�
EHWWHU�DW�H[SODLQLQJ�YDULDWLRQ�WKDQ�PDMRU�VRLO�WD[RQRPLF�JURXS��7KHUHIRUH��XSSHU�OLPLWV�EDVHG�
RQ�VRLO�WH[WXUH�JURXSV�ZHUH�XVHG�WR�GHILQH�XSSHU�EDFNJURXQG�OLPLWV��
6WHUFNHPDQ�HW�DO���������XVHG�WKH�UHODWLRQVKLSV�EHWZHHQ�WUDFH�HOHPHQWV�DQG�)H�RU�$O�
FRQFHQWUDWLRQV�LQ����VXUIDFH�VRLOV�GHYHORSHG�IURP�ORHVV�GHSRVLWV�LQ�QRUWKHUQ�)UDQFH�WR�SUHGLFW�
WKH�µSHGR�JHRFKHPLFDO�EDFNJURXQG�FRQFHQWUDWLRQV¶�RI�WKH�IRUPHU��5HJUHVVLRQ�HTXDWLRQV�ZHUH�
SUHVHQWHG�IRU�D�UDQJH�RI�WUDFH�HOHPHQWV�LQFOXGLQJ�$V��ELVPXWK��%L���&X��PRO\EGHQXP��0R���
3E��DQWLPRQ\��6E���WLQ��6Q���WKDOOLXP��7O���YDQDGLXP��9��DQG�=Q��DOWKRXJK�WKH�5��ZDV�
W\SLFDOO\�������

� � � � � � �E �� �
'HWHUPLQDWLRQ�RI�EDFNJURXQG�FRQFHQWUDWLRQV�LV�GHSHQGHQW�RQ�WKH�DYDLODEOH�GDWD��DV�ZHOO�DV�WKH�
PHWKRGV�XVHG�WR�GHULYH�WKH�µWKUHVKROG¶�RU�XSSHU�OLPLWV�RI�EDFNJURXQG�FRQFHQWUDWLRQV�WKDW�DUH�
WKH�SULPDU\�LQWHUHVW�IRU�ODQG�PDQDJHPHQW��7KLV�VHFWLRQ�SURYLGHV�DQ�RYHUYLHZ�RI�H[LVWLQJ�GDWD��
LQFOXGLQJ�PHWKRGV�XVHG�WR�GHWHUPLQH�EDFNJURXQG�FRQFHQWUDWLRQV��DQG�LQYHVWLJDWHV�WZR�
DSSURDFKHV�WKDW�FRXOG�EH�XVHIXO�IRU�SURYLGLQJ�D�PRUH�UREXVW�EDVLV�IRU�GHULYLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV��

� � � �

� W �E �� � �

$�QXPEHU�RI�VWXGLHV�KDYH�SUHYLRXVO\�EHHQ�XQGHUWDNHQ�LQ�1HZ�=HDODQG�HLWKHU�H[SOLFLWO\�IRU�
WKH�SXUSRVH�RI�GHYHORSLQJ�EDFNJURXQG�VRLOV�FRQFHQWUDWLRQV�RI�VHOHFWHG�FKHPLFDO�VXEVWDQFHV�
RQ�D�UHJLRQDO�RU�QDWLRQDO�EDVLV��RU�WKDW�SURYLGH�GDWD�WKDW�FDQ�EH�XVHG�IRU�WKLV�SXUSRVH��7KHVH�
VWXGLHV�KDYH�ODUJHO\�EHHQ�XQGHUWDNHQ�E\�UHJLRQDO�FRXQFLOV��DOWKRXJK�VRPH�VWXGLHV�KDYH�DOVR�
EHHQ�XQGHUWDNHQ�E\�LQGHSHQGHQW�UHVHDUFKHUV��$�EULHI�GHVFULSWLRQ�RI�WKH�VWXGLHV�LV�SURYLGHG�
EHORZ��

Z � � �

6WXGLHV�XQGHUWDNHQ�E\�UHJLRQDO�FRXQFLOV�KDYH�W\SLFDOO\�EHHQ�HLWKHU�WR�GHWHUPLQH�EDFNJURXQG�
FRQFHQWUDWLRQV��W\SLFDOO\�IRU�FRQWDPLQDWHG�ODQG�PDQDJHPHQW�SXUSRVHV��RU�WR�SURYLGH�
LQIRUPDWLRQ�RQ�EDFNJURXQG�FRQFHQWUDWLRQV��W\SLFDOO\�DV�SDUW�RI�VRLO�TXDOLW\�PRQLWRULQJ�
SURJUDPPHV�XQGHUWDNHQ�IRU�VWDWH�RI�WKH�HQYLURQPHQW�UHSRUWLQJ��7DEOH�����7KHVH�GLIIHUHQW�
SXUSRVHV�DUH�UHIOHFWHG�LQ�WKH�ZD\�VDPSOLQJ�KDV�EHHQ�XQGHUWDNHQ��7DEOH�����:KLOH�ERWK�
DSSURDFKHV�SURYLGH�UHSUHVHQWDWLYH�VDPSOHV��WKH�YDULDWLRQ�LQ�VDPSOLQJ�ZLOO�OHDG�WR�VRPH�
YDULDWLRQ�LQ�WKH�UHVXOWV��7KH�GLIIHUHQFH�LQ�SXUSRVH�DOVR�UHIOHFWV�D�GLIIHUHQFH�LQ�WKH�JURXSLQJ�RU�
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FODVVLILFDWLRQ�XVHG�WR�FROOHFW�VDPSOHV�RU�UHSRUW�UHVXOWV��&RQWDPLQDWHG�ODQG�LQYHVWLJDWLRQV�DUH�
PRUH�OLNHO\�WR�JURXS�VRLO�W\SHV�DFFRUGLQJ�WR�XQGHUO\LQJ�JHRORJ\�DQG�GHYLVH�VDPSOLQJ�
VWUDWHJLHV�IURP�WKDW��6RLO�TXDOLW\�VWXGLHV�ZLOO�UHSRUW�UHVXOWV�DFFRUGLQJ�WR�VRLO�W\SH�RU�ODQG�XVH�
DQG�PD\�DOVR�LQFOXGH�DGGLWLRQDO�VRLO�DQDO\VHV��H�J��S+��FDWLRQ�H[FKDQJH�FDSDFLW\��WKDW�FRXOG�
EH�RI�XVH�LQ�GHYHORSLQJ�SUHGLFWLYH�UHODWLRQVKLSV��$�IXUWKHU�SRLQW�RI�GLIIHUHQFH�LV�WKDW�VWXGLHV�
IRU�FRQWDPLQDWHG�ODQG�SXUSRVHV�KDYH�WHQGHG�WR�JURXS�VRLOV�EDVHG�RQ�WKH�ROG�1HZ�=HDODQG�
JHQHWLF�VRLO�FODVVLILFDWLRQ�DQG�RU�JHRORJ\��7DEOH�����ZKHUHDV�VRLO�TXDOLW\�VWXGLHV�WHQGHG�WR�
LGHQWLI\�WKH�1=&6�6RLO�2UGHU�RI�WKH�VDPSOHV��DOWKRXJK�UHVXOWV�PD\�EH�SUHVHQWHG�RQ�WKH�EDVLV�
RI�GLIIHUHQW�ODQG�XVH�DV�RSSRVHG�WR�VRLO�RUGHU��
7KH�PRVW�H[WHQVLYH�ZRUN�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV��LQFOXGLQJ�LQ�XUEDQ�
DUHDV��KDV�EHHQ�XQGHUWDNHQ�LQ�WKH�&DQWHUEXU\�5HJLRQ�DQG�SULPDULO\�IRU�FRQWDPLQDWHG�ODQG�
SXUSRVHV��)RU�WUDFH�HOHPHQWV��LW�LV�DFNQRZOHGJHG�WKDW�IXUWKHU�GDWD�DUH�UHTXLUHG�LI�PRUH�UREXVW�
HVWLPDWHV�DUH�WR�EH�GHYHORSHG�E\�WKH�HVWDEOLVKPHQW�RI�WZR�HVWLPDWHV�RI�WKH�XSSHU�OLPLW�RQ�
EDFNJURXQG�FRQFHQWUDWLRQV��7RQNLQ�DQG�7D\ORU��������7KH�ILUVW�HVWLPDWH�LV�EDVHG�RQ�WKH�
PD[LPXP�FRQFHQWUDWLRQ�PHDVXUHG��/HYHO�����ZKLOH�/HYHO���LV�EDVHG�RQ�WKH�PD[LPXP�
FRQFHQWUDWLRQ�SOXV�KDOI�WKH�LQWHUTXDUWLOH�UDQJH��6XIILFLHQW�VDPSOHV�ZHUH�GHHPHG�WR�KDYH�EHHQ�
FROOHFWHG�IRU�WKH�XUEDQ�VWXG\�RQ�3$+�WR�DOORZ�WKH�GHWHUPLQDWLRQ�RI�EDFNJURXQG�
FRQFHQWUDWLRQV�DV�WKH���WK�SHUFHQWLOH�XSSHU�FRQILGHQFH�OLPLW��7RQNLQ�DQG�7D\ORU�����E���
�
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0F'RZHOO�HW�DO���������LQYHVWLJDWHG�UHODWLRQVKLS�EHWZHHQ�FDGPLXP�DQG�VRLO�SURSHUWLHV�ZLWK�D�
YLHZ�WR�GHWHUPLQLQJ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�RI�&G��7KH�DXWKRUV�FRPSLOHG�H[LVWLQJ�
GDWD��DQG�XQGHUWRRN�UHDQDO\VLV�RI�DUFKLYHG�VRLO�VDPSOHV�FROOHFWHG�GXULQJ�YDULRXV�VWXGLHV��$�
VXPPDU\�RI�WKH�GDWD�FROODWHG�LV�VKRZQ�LQ�7DEOH����:KLOH�WKH�VWXG\�UHSRUWV�RQ�&G��VDPSOHV�
ZHUH�DQDO\VHG�IRU�DOXPLQLXP��$O���$V��EDULXP��%D���%��FDOFLXP��&D���&G��&X��)H��SRWDVVLXP�
�.���3E��PDJQHVLXP��0J���0Q��0R��1L��XUDQLXP��8���9�DQG�=Q�XVLQJ�,&3�2(6��7KH�DXWKRUV�
VHSDUDWHG�WKH�VDPSOHV�LQWR�WKRVH�FROOHFWHG�IURP�PLQLPDOO\�GLVWXUEHG�VLWHV�������0'���DQG�
VDPSOHV�IURP�YDULRXV�ODQG�XVHV���������2QH�FULWHULRQ�IRU�WKH�PLQLPDOO\�GLVWXUEHG�VLWHV�ZDV�
WKDW�WKH�=Q�&G�UDWLR�ZDV�!�����$�ORZ�=Q�&G�UDWLR�LV�FRQVLGHUHG�WR�EH�LQGLFDWLYH�RI�VLWHV�
LPSDFWHG�E\�ORQJ�WHUP�VXSHUSKRVSKDWH�DSSOLFDWLRQ��5REHUWV�HW�DO���������+RZHYHU��UHFHQW�
UHVHDUFK�VXJJHVWV�WKDW�WKLV�UHODWLRQVKLS�PD\�EH�EUHDNLQJ�GRZQ�ZLWK�DGGLWLRQ�RI�UHODWLYHO\�
FOHDQ�]LQF�LQ�UHFHQW�\HDUV��.LP��������
7DEOH���6XPPDU\�RI�GDWD�XVHG�LQ�0F'RZHOO�HW�DO���������

^ �� E � E � � � �
� � �
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0F'RZHOO�HW�DO���������SUHVHQW�VRPH�RI�WKH�RQO\�GDWD�FRPSDULQJ�WKH�FRQFHQWUDWLRQV�RI�D�WUDFH�
HOHPHQW��&G��ZLWK�GLIIHUHQW�VRLO�RUGHUV��7KHUH�ZHUH�VRPH�GLIIHUHQFHV�LQ�&G�FRQFHQWUDWLRQV�
EHWZHHQ�VRLO�RUGHUV��ZLWK�*UDQXODU�VRLOV�VKRZLQJ�WKH�KLJKHVW�FRQFHQWUDWLRQV��EXW�WKHVH�VRLOV�
DOVR�KDG�WKH�PRVW�QRQ�GHWHFWDEOH�FRQFHQWUDWLRQV��
�

�
)LJXUH���&DGPLXP�FRQFHQWUDWLRQ�LQ�VRLO�RUGHUV�LQ�WKH�GDWDVHW�RI�PLQLPDOO\�GLVWXUEHG�VRLOV�IURP�0F'RZHOO�HW�DO��
��������
�

7KH�0'�GDWDVHW�ZDV�XVHG�WR�GHYHORS�UHJUHVVLRQ�HTXDWLRQV�XVLQJ�WRWDO�SKRVSKRUXV��3���ZKLFK�
VKRZHG�WKH�KLJKHVW�FRUUHODWLRQ�ZLWK�&G��DV�WKH�SULPDU\�H[SODQDWRU\�YDULDEOH��7KH�DXWKRUV�
IRXQG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�HTXDWLRQV�GHYHORSHG�IRU�GLIIHUHQW�VRLO�RUGHUV��DQG�
WKXV�WKH�JHQHUDO�HTXDWLRQ�VKRZQ�EHORZ�ZDV�XVHG�WR�SUHGLFW�D�EDFNJURXQG�&G�FRQFHQWUDWLRQ�
IRU�HDFK�VRLO�LQ�WKH�ODQG�XVH�GDWDEDVH�ZLWK�5�� �������7KH�UHJUHVVLRQ�DSSURDFK�ZDV�XVHG�WR�
RQO\�SUHGLFW�EDFNJURXQG�&G�LQ�WKH�ODQG�XVH�GDWDVHW�XS�WR�WKH���WK�SHUFHQWLOH�RI�WKH�0'&�
GDWDVHW�������PJ�NJí����
7RWDO�&G��PJ�NJ���� ����������WRWDO�3��PJ�NJ�������������

E � �

7R�GDWH�WKH�PDMRULW\�RI�QDWLRQDO�VXUYH\V�RI�FRQWDPLQDQWV�KDYH�EHHQ�FRPSLODWLRQV�RI�GDWD�IURP�
SUHYLRXV�VWXGLHV��DOWKRXJK�VRPH�VWXGLHV�KDYH�VSHFLILFDOO\�VHW�RXW�WR�DVVHVV�WKH�FRQFHQWUDWLRQV�
RI�FRQWDPLQDQWV�LQ�VRLO�RQ�D�QDWLRQDO�EDVLV��$�VXPPDU\�RI�DYDLODEOH�VWXGLHV�LV�SURYLGHG�
EHORZ��
� �
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7KH�VWXG\�E\�%XFNODQG�HW�DO���������LV�WKH�RQO\�V\VWHPDWLF�VWXG\�WKDW�KDV�EHHQ�XQGHUWDNHQ�LQ�
1HZ�=HDODQG�IRU�WKH�SXUSRVHV�RI�DVVHVVLQJ�VHOHFWHG�EDVHOLQH�FRQFHQWUDWLRQV�RI�RUJDQRFKORULQH�
FRQWDPLQDQWV��7R�HQVXUH�ZLGH�JHRJUDSKLFDO�FRYHUDJH��WKH�FRXQWU\�ZDV�GLYLGHG�LQWR�HLJKW�
VWUDWD�RQ�WKH�EURDG�EDVLV�RI�FOLPDWH�DQG�JHRORJ\��ZKLOH�ZRUNLQJ�JHQHUDOO\�ZLWKLQ�FXUUHQW�
JHRJUDSKLFDO��UHJLRQDO�FRXQFLO��ERXQGDULHV��6DPSOHV�ZHUH�FROOHFWHG�IURP�VL[�ODQG�XVH�W\SHV�
ZLWKLQ�HDFK�RI�WKH�VWUDWD��ZLWK�D�WRWDO�RI����VDPSOHV�FROOHFWHG��
(DFK�VDPSOH�FRPSULVHG�D�QXPEHU�RI�VXEVDPSOHV�����IRU�WKH�UXUDO�VDPSOLQJ��DUUDQJHG�DW�
UHJXODU�LQWHUYDOV�LQ�D�WULDQJOH�RULJLQDWLQJ�IURP�WKH�µVDPSOLQJ�VWDWLRQ¶��)RU�VRPH�UXUDO�DUHDV�WKH�
UHVXOWV�IURP�WZR�VDPSOLQJ�VWDWLRQV�ZHUH�FRPELQHG��)RU�WKH�XUEDQ�DUHDV�HLWKHU�������î���î����
RU�������î���î����VXEVDPSOHV�ZHUH�FROOHFWHG�IRU�HDFK�VDPSOH�VR�WKDW�WKH�UHVXOWV�IURP�IRXU�
ORFDOLWLHV�ZHUH�FRPELQHG��ZLWK�HDFK�ORFDOLW\�KDYLQJ����VDPSOHV�FROOHFWHG�LQ�D�JULG�SDWWHUQ��
8UEDQ�DUHD�VLWHV�ZHUH�ORFDWHG��QRQ�UDQGRPO\��LQ�SDUNV�DQG�UHVHUYHV�WKDW�PHW�DSSURSULDWH�
FOHDUO\�GHILQHG�FULWHULD��
7KLV�VWXG\�HVWDEOLVKHG�EDVHOLQH�FRQFHQWUDWLRQV�IRU�WKH�VHOHFWHG�RUJDQRFKORULQHV��IRU�GLIIHUHQW�
ODQG�XVHV�LQ�1HZ�=HDODQG��

� � �

/RQJKXUVW�HW�DO���������SURYLGH�GDWD�RQ�$V��&G��&X��3E�DQG�=Q�IURP�D�QDWLRQDO�VXUYH\�RI�����
DJULFXOWXUDO�WRSVRLOV�DQG�SDVWXUHV��DQG�LQFOXGHG����QRQ�IDUPHG��SULPDULO\�LQGLJHQRXV�IRUHVW�
VLWHV�XQGHUWDNHQ�LQ�WKH�HDUO\�����V��6LWHV�VDPSOHG�FRYHUHG�WKH�PDMRU�VRLO�JURXSV�WKURXJKRXW�
WKH�1RUWK�DQG�6RXWK�LVODQGV��&RPSRVLWH�VRLO�VDPSOHV�����FRUHV������FP�GLDPHWHU��ZHUH�WDNHQ�
DW�WZR�GHSWKV���±����DQG����±����FP��DOWKRXJK�VRLOV�GDWD�ZHUH�LQWHJUDWHG�WR�JLYH�D��±����FP�
GHSWK�HVWLPDWH�RI�KHDY\�PHWDO�FRQFHQWUDWLRQV��6RLO�VDPSOHV�ZHUH�DQDO\VHG�E\�DWRPLF�
DEVRUSWLRQ�VSHFWURVFRS\��
7D\ORU�HW�DO���������SURYLGHG�WKH�ILUVW�H[WHQVLYH�FRPSLODWLRQ�RI�DYDLODEOH�GDWD�IRU�&G�LQ�VRLOV��
'DWD�IURP�D�WRWDO�RI������WRSVRLO�VDPSOHV�ZHUH�FROODWHG�������ZHUH�JHRUHIHUHQFHG�DQG�DEOH�WR�
EH�PDSSHG��7KH�����VDPSOHV�IURP�UHVHUYHV��WXVVRFN��EXVK��LQGLJHQRXV�IRUHVW�DQG�SODQWDWLRQ�
IRUHVWU\�ZHUH�XVHG�WR�GHULYH�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�&G��6DPSOHV�ZHUH�PDLQO\�
FROOHFWHG�DW�WZR�WLPH�SHULRGV������±�����DQG�����±������

E �� �^ �

'XULQJ�WKH�GHYHORSPHQW�RI�WKH�1(6�IRU�DVVHVVLQJ�DQG�PDQDJLQJ�FRQWDPLQDQWV�LQ�VRLO�IRU�WKH�
SURWHFWLRQ�RI�KXPDQ�KHDOWK��WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW�FRPSLOHG�LQIRUPDWLRQ�RQ�$V�
DQG�&G�WR�DVVLVW�LQ�VHWWLQJ�VRLO�FRQWDPLQDQW�VWDQGDUGV��0I(�����D���2Q�WKH�EDVLV�RI�DYDLODEOH�
GDWD�WKH���WK�SHUFHQWLOH�IRU�$V�ZDV������PJ�NJ��DQG�WKDW�IRU�&G�ZDV������PJ�NJ��0I(�����D���
)RU�$V��WKH�EDFNJURXQG�FRQFHQWUDWLRQ��GHILQHG�DV�WKH���WK�SHUFHQWLOH�FRQFHQWUDWLRQ�LQ�VRLOV�
WKRXJKW�QRW�WR�KDYH�EHHQ�DIIHFWHG�E\�DQWKURSRJHQLF�DFWLYLWLHV�FROOHFWHG�IURP�DURXQG�WKH�
FRXQWU\��ZDV�XVHG�DV�WKH�VRLO�FRQWDPLQDQW�VWDQGDUG��6&6��IRU�WKH�UXUDO�UHVLGHQWLDO�ODQG�XVH�
VFHQDULR��6HOHFWLRQ�RI�WKH���WK�SHUFHQWLOH�ZDV�EDVHG�RQ�UHFRPPHQGDWLRQV�IURP�WKH�
WR[LFRORJLFDO�DQG�WHFKQLFDO�DGYLVRU\�JURXSV��0I(�����D���
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:KLOH�D�UHDVRQDEOH�DPRXQW�RI�GDWD�ZDV�FRPSLOHG������GDWDSRLQWV�IRU�$V�DQG�����IRU�&G���
VHYHUDO�GDWD�OLPLWDWLRQV�ZHUH�QRWHG�LQ�0I(������D���LQFOXGLQJ��

•� 9DULDWLRQ�LQ�WKH�VDPSOLQJ�DQG�DQDO\WLFDO�PHWKRGRORJLHV�XVHG�E\�GLIIHUHQW�FRXQFLOV�
DQG�&URZQ�5HVHDUFK�,QVWLWXWHV�

•� 3RRU�ODQG�XVH�FODVVLILFDWLRQ�
•� 5HSUHVHQWDWLYH�GDWD�FRXOG�QRW�EH�REWDLQHG�IRU�ODUJH�DUHDV�RI�1HZ�=HDODQG�DQG�

VDPSOH�GHQVLW\�ZDV�FRQFHQWUDWHG�LQ�$XFNODQG��:DLNDWR��:HOOLQJWRQ�DQG�
&DQWHUEXU\��ZKLOH�OLPLWHG�RU�QR�GDWD�ZHUH�DYDLODEOH�IURP�*LVERUQH��0DQDZDWX�
:DQJDQXL��0DUOERURXJK��1HOVRQ��1RUWKODQG��2WDJR��6RXWKODQG��7DUDQDNL�DQG�
:HVWODQG�

•� 1R�GDWD�ZHUH�DYDLODEOH�IRU�ORFDWLRQV�WKDW�FRXOG�UHVXOW�LQ�WKH�IRUPDWLRQ�RI�KRWVSRW�
DUHDV�RI�KLJK�$V�FRQFHQWUDWLRQV�VXFK�DV�QDWXUDO�JHRORJLFDO�SURFHVVHV��JHRWKHUPDO�
DFWLYLWLHV�DQG�SURFHVVLQJ�DVVRFLDWHG�ZLWK�JROG�PLQLQJ��

� E �^ �� �

7KH�1DWLRQDO�6RLOV�'DWDEDVH��16'��FRPSULVHV�VRLO�SURILOH�GDWD�FROOHFWHG�IURP�VRLO�SLWV�
WKURXJKRXW�1HZ�=HDODQG�DQG�LQFOXGHV�VRLO�FKHPLVWU\�DQG�VRLO�SK\VLFDO�SURSHUWLHV�ZKHUH�
DYDLODEOH��7KH�16'�LV�FRQVLGHUHG�WR�EH�WKH�IXQGDPHQWDO�GDWDVHW�WKDW�XQGHUSLQV�VRLO�
NQRZOHGJH�RI�1HZ�=HDODQG��DQG�WKH�EDVLV�IURP�ZKLFK�VRLO�FODVVLILFDWLRQV��VRLO�LQWHUSUHWDWLRQ��
ODQG�PDQDJHPHQW�PRGHOV��DQG�DQ�XQGHUVWDQGLQJ�RI�KRZ�VRLO�SURSHUWLHV�YDU\�ZLWK�JHRORJ\��
UDLQIDOO��YHJHWDWLRQ��WRSRJUDSK\��KDYH�EHHQ�GHYHORSHG��+HZLWW�HW�DO���������7KH�16'�SURYLGHV�
QXPHULFDO�GDWD�WR�DVVLVW�LQ�WKH�GHYHORSPHQW�RI�6�0DS�DQG�WKH�ODQG�UHVRXUFH�LQIRUPDWLRQ�
V\VWHP��/5,6���
,Q�WHUPV�RI�WKH�FXUUHQW�SURMHFW��WKH�16'�LQFOXGHV�;5)�DQDO\VHV�IRU�D�VXLWH�RI�WUDFH�HOHPHQWV�
LQFOXGLQJ�&U��1L��&X��=Q��DQG�3E�IRU�DSSUR[LPDWHO\�����VXUIDFH�VRLO�VDPSOHV�IURP�D�YDULHW\��
DOWKRXJK�SULPDULO\�DJULFXOWXUDO��RI�ODQG�XVHV��

� d � � � � � � � � � �

,QWHUQDWLRQDOO\�VSDWLDO�WRROV�DUH�LQFUHDVLQJO\�XVHG�WR�GHWHUPLQH�EDFNJURXQG�VRLOV�LQIRUPDWLRQ�
�H�J��/DGR�HW�DO��������'LH]�HW�DO��������-DUYD�HW�DO��������&DYH�HW�DO��������RU�WR�XWLOLVH�
EDFNJURXQG�FRQFHQWUDWLRQ�LQIRUPDWLRQ��H�J��6KHSSDUG�HW�DO���������2IWHQ�JHRVWDWLVWLFDO�
DQDO\VHV�DUH�XQGHUWDNHQ�DQG�XVHG�WR�GHILQH�UHOHYDQW�µGRPDLQV¶�RU�JURXSLQJV�ZKHUH�
EDFNJURXQG�FRQFHQWUDWLRQV�DUH�VLPLODU��6XFK�WRROV�HQDEOH�WKH�H[WUDSRODWLRQ�RI�FROOHFWHG�GDWD�
WR�DUHDV�ZKHUH�GDWD�KDYH�QRW�EHHQ�FROOHFWHG��:KHWKHU�WKH�WRROV�DUH�JHRORJLFDOO\�EDVHG�RU�
VRLOV�EDVHG�DSSHDUV�WR�GHSHQG�RQ�ZKDW�GDWDEDVHV�DUH�DYDLODEOH��)RU�H[DPSOH��$QGHU�HW�DO��
�������XVHG�D�6RLO�3DUHQW�0DWHULDO�0RGHO��6300���DQG�D�PLQHUDOLVDWLRQ�DQG�KLVWRULFDO�
PLQLQJ�GDWDEDVH��,Q�FRQWUDVW��6KHSSDUG�HW�DO���������XWLOLVH�D�VSDWLDO�V\VWHP�EDVHG�RQ�VRLO�
FODVVLILFDWLRQV��VHH�DOVR�VHFWLRQ���������$�QXPEHU�RI�VSDWLDO�WRROV�WKDW�DUH�SRWHQWLDOO\�RI�YDOXH�
LQ�QDWLRQDO�GHWHUPLQDWLRQV�RI�EDFNJURXQG�FRQFHQWUDWLRQV�DUH�DYDLODEOH�LQ�1HZ�=HDODQG�DQG�
DUH�GLVFXVVHG�EHORZ��
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7KH�/5,6��KWWS���OULV�VFLQIR�RUJ�Q]���LV�D�PHDQV�IRU�WKH�SXEOLF�WR�DFFHVV�HQYLURQPHQWDO�GDWD�
KHOG�E\�/DQGFDUH�5HVHDUFK��'DWD�OD\HUV�DYDLODEOH�LQFOXGH�1=/5,�VRLO�IXQGDPHQWDO�GDWD�
OD\HUV��)6/V���YHJHWDWLRQ�GDWD�OD\HUV��DQG�ODQG�FRYHU�GDWDEDVH��7KH�1=/5,��)6/��LV�D�VSDWLDO�
GDWDEDVH�WKDW�GHVFULEHV�ODQG�RQ�WKH�EDVLV�RI�ILYH�FKDUDFWHULVWLFV�LQFOXGLQJ�URFN�W\SH��7KH�)6/V�
DUH�EDVHG�RQ����NH\�DWWULEXWHV�IRU�VRLO�VHOHFWHG�WKURXJK�D�FRQVXOWDWLRQ�SURFHVV�ZLWK�
VWDNHKROGHUV��7KHVH�DWWULEXWHV�IDOO�LQWR�WKUHH�JURXSV��VRLO�IHUWLOLW\�WR[LFLW\��VRLO�SK\VLFDO�
SURSHUWLHV��SDUWLFXODUO\�WKRVH�UHODWHG�WR�VRLO�PRLVWXUH���DQG�WRSRJUDSK\�FOLPDWH��5RFN�W\SH�LV�D�
SRWHQWLDOO\�XVHIXO�SDUDPHWHU�WR�LQYHVWLJDWH�YDULDWLRQ�LQ�WUDFH�HOHPHQW�FRPSRVLWLRQ�LQ�GLIIHUHQW�
VRLOV��6LPLODUO\��WKH�YHJHWDWLRQ�DWWULEXWHV�DQG�RU�ODQGFRYHU�GDWDEDVH�FRXOG�EH�XVHIXO�
PHFKDQLVPV�IRU�OLQNLQJ�VRPH�ODQG�XVH�WR�VRLO�FRQFHQWUDWLRQ�GDWD�LQ�D�EURDGHU�FRQWH[W��

� ^ D �

6�0DS�LV�D�VSDWLDO�GDWDEDVH�IRU�1HZ�=HDODQG�VRLOV�WKDW�KDV�EHHQ�GHVLJQHG�WR�SURYLGH�
TXDQWLWDWLYH�VRLO�LQIRUPDWLRQ�IRU�PRGHOOHUV�DQG�WR�SURYLGH�WKH�EHVW�DYDLODEOH�VRLO�GDWD�IRU�XVH�
E\�ODQG�PDQDJHUV�DQG�SROLF\�DQDO\VWV��/LOEXUQH�HW�DO���������6�0DS�LQFOXGHV�OLQNDJHV�WR�WKH�
1DWLRQDO�6RLOV�'DWDEDVH�DQG�4�0DS��D�JHRORJLFDO�VSDWLDO�GDWDEDVH�GHYHORSHG�E\�*16��VHH�
EHORZ���
6RLO�FODVVLILFDWLRQ�LQ�6�0DS�LV�EDVHG�RQ�WKH�1HZ�=HDODQG�6RLO�&ODVVLILFDWLRQ�6\VWHP��+HZLWW�
�������7KHUH�DUH����VRLO�RUGHUV�GHILQHG�LQ�WKLV�V\VWHP�DQG�D�EULHI�VXPPDU\�RI�WKH�
FKDUDFWHULVWLFV�DQG�GLVWULEXWLRQ�RI�WKH�RUGHUV�DFURVV�1HZ�=HDODQG��DQG�WKH�UHODWLRQVKLS�WR�D�
SUHYLRXV�VRLO�FODVVLILFDWLRQ�V\VWHP��WKH�1HZ�=HDODQG�*HQHWLF�6RLO�&ODVVLILFDWLRQ��LV�VKRZQ�LQ�
$SSHQGL[����7UDFH�HOHPHQW�FRQFHQWUDWLRQ�LQ�VRLOV�FDQ�EH�LQIOXHQFHG�E\�SDUHQW�PDWHULDO��DQG�DV�
FDQ�EH�VHHQ�IURP�7DEOH�$��VRPH�VRLO�RUGHUV�FDQ�EH�GHULYHG�IURP�DQ\�SDUHQW�PDWHULDO��WKXV�D�
KLJK�YDULDWLRQ�LQ�7(�FRQFHQWUDWLRQ�PLJKW�EH�H[SHFWHG�IRU�WKHVH�VRLO�RUGHUV��)RU�RWKHU�VRLO�
RUGHUV��WKH�YDULDWLRQ�LQ�FRPSRVLWLRQ�RI�WKH�SDUHQW�PDWHULDO�PD\�DOVR�OHDG�WR�YDULDWLRQV�LQ�VRLO��
DOWKRXJK�WKLV�LV�DQWLFLSDWHG�WR�EH�OHVV�WKDQ�WKDW�DULVLQJ�IURP�GLIIHUHQW�SDUHQW�PDWHULDOV��6�0DS�
FRQWDLQV�LQIRUPDWLRQ�RQ�SDUHQW�PDWHULDO��URFN�FODVV�RI�URFN�DQG�RI�ILQHV�����PP��IRU�WKH�
GHILQHG�VRLO�VLEOLQJV��ZKLFK�FRXOG�EH�RI�XVH�LQ�H[SODLQLQJ�JHRFKHPLFDO�YDULDWLRQV�LQ�GLIIHUHQW�
VRLO�W\SHV��
7KH�QRPLQDO�PDSSLQJ�VFDOH�LV����������ZLWK�PRUH�GHWDLOHG�PDSSLQJ�UHWDLQHG�ZKHUH�SRVVLEOH��
:KLOH�FXUUHQW�FRYHUDJH�DFURVV�1HZ�=HDODQG�LV�LQFRPSOHWH��)LJXUH�����WKHUH�LV�RQJRLQJ�ZRUN�
WR�H[WHQG�FRYHUDJH��
� �
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)LJXUH���0DS�VKRZLQJ�FXUUHQW�6�0DS�FRYHUDJH�DV�DW�$SULO�������&RYHUDJH�LV�DW����������VFDOH��
�

� Y D �

4�0DS�LV�D�QDWLRQDO�VSDWLDO�GDWDEDVH�FRQWDLQLQJ�JHRORJLFDO�LQIRUPDWLRQ�DQG�ZDV�GHYHORSHG�E\�
*16�RYHU�WKH�SHULRG�����±������,W�SURYLGHV�JHRORJLFDO�PDSV�DW�����������VFDOH�DFURVV�
1HZ�=HDODQG��

� d � �, � �

3UHGLFWLYH�UHODWLRQVKLSV�GHYHORSHG�E\�+DPRQ�HW�DO���������KDYH�EHHQ�UHFRPPHQGHG�IRU�XVH�LQ�
WKH�GHYHORSPHQW�RI�HFRORJLFDO�LQYHVWLJDWLRQV�OHYHOV�LQ�$XVWUDOLD��6&(:�����D���7KLV�
PHWKRGRORJ\��RU�DQ�DGDSWDWLRQ�RI�WKLV�PHWKRGRORJ\��KDV�EHHQ�SURSRVHG�IRU�XVH�LQ�
1HZ�=HDODQG��03,��������+RZHYHU��WKLV�UHTXLUHV�YDOLGDWLRQ�RI�WKH�UHODWLRQVKLSV�IRU�
1HZ�=HDODQG�VRLOV��3UHGLFWLYH�UHODWLRQVKLSV�DOVR�SURYLGH�D�PHFKDQLVP�WR�HVWLPDWH�WKH�
EDFNJURXQG�FRQFHQWUDWLRQV�LQ�DUHDV�WKDW�KDYH�QRW�EHHQ�H[WHQVLYHO\�LQYHVWLJDWHG��LI�WKH�
DSSURSULDWHO\�VRLO�SDUDPHWHUV�KDYH�EHHQ�PHDVXUHG��LQ�WKLV�FDVH��)H��
,QYHVWLJDWLRQ�ZDV�XQGHUWDNHQ�WR�GHWHUPLQH�ZKHWKHU�WKHVH�HTXDWLRQV�ZHUH�XVHIXO�IRU�SUHGLFWLQJ�
EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�LQ�1HZ�=HDODQG�VRLOV��XVLQJ�UHJLRQDO�FRXQFLO�GDWD�IRU�����
EDFNJURXQG�VLWHV�IURP�$XFNODQG��:DLNDWR��%D\�RI�3OHQW\��:HOOLQJWRQ��0DUOERURXJK��DQG�
7DUDQDNL��7KH�UHODWLRQVKLSV�EHWZHHQ��)H�DQG�$V��&U��&X��1L��3E�DQG�=Q�ZHUH�H[DPLQHG��DV�
WKHVH�ZHUH�WKH�HOHPHQWV�IRU�ZKLFK�HTXDWLRQV�ZHUH�GHYHORSHG�E\�+DPRQ�HW�DO���������DQG�DUH�
RI�LQWHUHVW�LQ�ODQG�PDQDJHPHQW��
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)RU�WKH�1HZ�=HDODQG�GDWD��VLJQLILFDQW�FRUUHODWLRQV�ZHUH�REVHUYHG�EHWZHHQ�ORJ�WUDQVIRUPHG�
GDWD�IRU��)H�DQG�WKH�DERYH�HOHPHQWV��DQG�UHJUHVVLRQ�DQDO\VHV�ZHUH�SHUIRUPHG��7DEOH�����$OO�
UHJUHVVLRQV�ZHUH�VLJQLILFDQW�DOWKRXJK�WKH\�RIWHQ�RQO\�H[SODLQHG�D�VPDOO�DPRXQW�RI�YDULDWLRQ�
LQ�WKH�GDWD��DV�LQGLFDWHG�E\�WKH�5��YDOXHV�LQ�7DEOH����,Q�FRQWUDVW��WKH�UHJUHVVLRQ�DQDO\VHV�E\�
+DPRQ�HW�DO���������\LHOGHG�PXFK�KLJKHU�5��YDOXHV��7DEOH�����
7DEOH���5HJUHVVLRQ�SDUDPHWHUV�IRU�WKH�UHODWLRQVKLS�EHWZHHQ�WRWDO�PHWDO�DQG��)H�XVLQJ�1HZ�=HDODQG�GDWD�
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7KH�UHJUHVVLRQ�OLQHV�IURP�+DPRQ�HW�DO���������ZHUH�SORWWHG�DJDLQVW�WKH�1HZ�=HDODQG�GDWD��
DQG�WKH�UHJUHVVLRQV�GHYHORSHG�IURP�WKDW�GDWD��)LJXUH�����9LVXDOO\��WKH�UHJUHVVLRQ�OLQHV�IURP�
+DPRQ�HW�DO���������ZHUH�QRW�D�JRRG�ILW�IRU�WKH�PDMRULW\�RI�WUDFH�HOHPHQWV�DQG�JLYHQ�WKH�ORZ�
5��YDOXHV��IXUWKHU�DQDO\VLV�ZDV�QRW�XQGHUWDNHQ��%DVHG�RQ�WKLV�GDWDVHW��WKH�UHODWLRQVKLSV�
GHYHORSHG�E\�+DPRQ�HW�DO���������GR�QRW�DSSHDU�WR�EH�DSSURSULDWH�IRU�XVH�LQ�1HZ�=HDODQG��
)XUWKHU��JLYHQ�WKH�ORZ�OHYHO�RI�YDULDELOLW\�H[SODLQHG�E\�WKH�UHJUHVVLRQ�ZLWK��)H��LW�ZRXOG�EH�
DSSURSULDWH�WR�FRQVLGHU�DOWHUQDWLYH�UHJUHVVLRQ�DQDO\VHV��H�J��EDVHG�RQ�WH[WXUH��DGGLWLRQDO�
HOHPHQWV���
=KDR�HW�DO���������IRXQG�WKDW�WKH�+DPRQ�HW�DO���������UHODWLRQVKLSV�GLGQ¶W�KROG�IRU�VRLOV�
FROOHFWHG�IURP�WKH�8QLWHG�.LQJGRP��7KH\�IRXQG�WKDW�PXOWLSOH�OLQHDU�UHJUHVVLRQ�RI�&R��
FKURPLXP��&U��RU�1L��DQG�$O�DQG�)H�H[SODLQHG���±����RI�YDULDELOLW\�LQ�WKH�GDWD��
� �
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)LJXUH���3ORWV�RI�1HZ�=HDODQG�GDWD��DQG�UHJUHVVLRQ�OLQHV�IURP�+DPRQ�HW�DO����������VKRUW�GDVK��LQFOXGLQJ�WKH�
��WK�SHUFHQWLOH�OLQH��ORQJ�GDVK���DV�FRPSDUHG�WR�WKH��UHJUHVVLRQ�OLQH�GHYHORSHG�IRU�1HZ�=HDODQG�GDWD�IURP�
EDFNJURXQG�VLWHV��VROLG�OLQH���

� �
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,QWHUQDWLRQDOO\��DQG�SDUWLFXODU�LQ�(XURSH��VSDWLDO�WRROV�DUH�LQFUHDVLQJO\�EHLQJ�XVHG�WR�
GHWHUPLQH�JHRFKHPLFDO�EDVHOLQHV�IRU�PDQDJLQJ�ODQG��SDUWLFXODUO\�FRQWDPLQDWHG�ODQG��H�J��
5HLPDQQ�HW�DO��������-DUYD�HW�DO��������&DYH�HW�DO���������6SDWLDO�WRROV�FDQ�H[WHQG�WKH�VSDWLDO�
UHOHYDQFH�RI�GDWD�WKDW�KDV�EHHQ�FROOHFWHG��DQG�FDQ�EH�XVHG�WR�LGHQWLI\�UHOHYDQW�µJURXSLQJV¶�LQ�
ZKLFK�EDFNJURXQG�FRQFHQWUDWLRQV�DUH�VLPLODU��6SDWLDO�WRROV�PD\�EH�EDVHG�RQ�JHRORJLFDO�RU�VRLO�
FODVVLILFDWLRQV��ODUJHO\�GHSHQGHQW�RQ�ZKDW�GDWD�DUH�DYDLODEOH�DW�WKH�DSSURSULDWH�VFDOH��
$�FKDOOHQJH�ZLWK�WKH�XVH�RI�H[LVWLQJ�1HZ�=HDODQG�GDWD�IRU�SURYLGLQJ�QDWLRQDO�HVWLPDWHV�RI�
EDFNJURXQG�FRQFHQWUDWLRQV��EH\RQG�VLPSOH�SHUFHQWLOHV��LV�WKDW�WKH�EDVLV�IRU�VDPSOH�JURXSLQJV�
DQG�RU�GHVFULSWLRQ�RI�VDPSOHV�XVHG�LV�YDULDEOH�±�VRPH�DUH�JHRORJLFDOO\�EDVHG��H�J��$5&�
�������VRPH�KDYH�D�FRPELQHG�JHRORJ\�DQG�VRLO�EDVLV��H�J��856�������7RQNLQ�DQG�7D\ORU�
�������ZKLOH�RWKHUV�DUH�VRLO�EDVHG��H�J��3HUFLYDO�HW�DO���������$GGLWLRQDOO\��WKHUH�RIWHQ�DSSHDUV�
WR�EH�JUHDWHU�YDULDWLRQ�ZLWKLQ�D�GHILQHG�JURXS�WKDQ�EHWZHHQ�JURXSV��H�J��856�������7RQNLQ�
DQG�7D\ORU�������VXJJHVWLQJ�WKHUH�PD\�EH�EHWWHU�ZD\V�RI�LGHQWLI\LQJ�DSSURSULDWH�JURXSLQJV�WR�
H[SODLQ�YDULDWLRQV�LQ�EDFNJURXQG�FRQFHQWUDWLRQV��
6SDWLDO�WRROV�VXFK�DV�6�0DS�DQG�/5,6�FRXOG�EH�XVHG�WR�H[WUDFW�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�
WKH�VDPSOLQJ�ORFDWLRQV��ZLWKLQ�WKH�FRQVWUDLQWV�RI�PDSSLQJ�VFDOHV�XVHG�E\�WKH�UHVSHFWLYH�
V\VWHPV��WKDW�ZRXOG�HQDEOH�WKH�FRQVLVWHQW�FODVVLILFDWLRQ�RI�VDPSOHV��H�J��LQLWLDOO\�DW�VRLO�RUGHU�
OHYHO��RU�WKDW�PLJKW�KHOS�H[SODLQ�YDULDWLRQ�LQ�WUDFH�HOHPHQW�FRQFHQWUDWLRQV��H�J��URFN�FODVV�RI�
ILQHV�����PP���SDUHQW�PDWHULDO���
'DWD�DQG�ORFDWLRQDO�LQIRUPDWLRQ�IRU�VRPH�H[LVWLQJ�µEDFNJURXQG¶�VRLO�TXDOLW\�PRQLWRULQJ�VLWHV�
LQ�&DQWHUEXU\��:HOOLQJWRQ��DQG�:DLNDWR�ZHUH�XVHG�WR�H[SORUH�WKH�SRWHQWLDO�XWLOLW\�RI�VSDWLDO�
LQIRUPDWLRQ�V\VWHPV��6�0DS�DQG�/5,6��IRU�WKLV�SXUSRVH��)LJXUH���VKRZV�WKH�VSDWLDO�
GLVWULEXWLRQ�RI�WKH�VHOHFWHG�VLWHV��ZKLOH�7DEOH���VKRZV�WKH�GLVWULEXWLRQ�RI�WKH�VDPSOH�VLWHV�
DFURVV�VRLO�RUGHUV��DQG�VRPH�RI�WKH�LQIRUPDWLRQ�H[WUDFWHG��,W�ZDV�IRXQG�WKDW�HYHQ�WKRXJK�WKHVH�
JHQHUDO�DUHDV�ZHUH�PDSSHG�E\�6�0DS��H�J��&DQWHUEXU\���QRW�DOO�VDPSOLQJ�ORFDWLRQV�LQ�WKDW�
UHJLRQ�ZHUH�FRYHUHG�E\�6�0DS��2I�WKH�����ORFDWLRQV�����KDG�GDWD�DYDLODEOH�WKURXJK�6�0DS��
DQG�WKH�UHPDLQGHU�KDG�DWWULEXWHV�H[WUDFWHG�IURP�/5,6��
,W�ZDV�KRSHG�WR�EH�DEOH�WR�XQGHUWDNH�D�SUHOLPLQDU\�DVVHVVPHQW�RI�WKH�YDULDELOLW\�RI�WUDFH�
HOHPHQW�FRQFHQWUDWLRQV��KRZHYHU��WKHUH�ZHUH�LQVXIILFLHQW�GDWD��WUDFH�HOHPHQW�GDWD�ZHUH�RQO\�
DYDLODEOH�IRU����RI�WKH�����VLWHV��DFURVV�WKH�GLIIHUHQW�VRLO�JURXSLQJV�WR�EH�DEOH�WR�XQGHUWDNH�
DQ\�PHDQLQJIXO�DQDO\VLV��1RQHWKHOHVV��WKH�SURFHVV�LOOXVWUDWHG�WKH�SRWHQWLDO�IRU�XVLQJ�WKHVH�
V\VWHPV�WR�H[WUDFW�DGGLWLRQDO�LQIRUPDWLRQ�WKDW�FRXOG�EH�XVHG�WR�GHYHORS�UHOHYDQW�IXQFWLRQDO�
JURXSLQJV�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV��
� �
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)LJXUH���/RFDWLRQ�RI�VHOHFWHG�UHJLRQDO�FRXQFLO�µEDFNJURXQG¶�VDPSOH�VLWHV�IRU�ZKLFK�GDWD�ZHUH�H[WUDFWHG�IURP�6�
0DS�DQG�/5,6��

�
7DEOH���6RLO�RUGHU�DQG�URFN�FODVVLILFDWLRQV�H[WUDFWHG�IURP�6�0DS�RU�/5,6�IRU�WKH�����UHJLRQDO�FRXQFLO�
EDFNJURXQG�VLWHV�VKRZQ�LQ�)LJXUH���
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7KH�NH\�FRQVLGHUDWLRQ�LQ�GHYHORSLQJ�D�QDWLRQDOO\�FRQVLVWHQW�DSSURDFK�IRU�GHWHUPLQLQJ�
EDFNJURXQG�FRQFHQWUDWLRQV�LV�WR�XVH�FRQVLVWHQWO\�FODVVLILHG�VDPSOHV�WR�DOORZ�IRU�PRUH�GHWDLOHG�
DQDO\VLV�RI�WKH�GDWD�DW�D�QDWLRQDO�OHYHO��,Q�WKH�ILUVW�LQVWDQFH�WKLV�LV�VLPSO\�UHFRUGLQJ�*36�
ORFDWLRQ�DQG�VSHFLI\LQJ�WKH�VRLO�RUGHU�RI�WKH�FROOHFWHG�VDPSOH��DV�FXUUHQWO\�WKH�IDFWRUV�WKDW�
VLJQLILFDQWO\�LQIOXHQFH�WUDFH�HOHPHQW�FRQFHQWUDWLRQV�LQ�VRLOV�DFURVV�1HZ�=HDODQG�DUH�
XQNQRZQ��6RPH�DUH�VXVSHFWHG��IRU�H[DPSOH�YROFDQLF�VRLOV�LQ�$XFNODQG�KDYH�GHPRQVWUDEO\�
KLJKHU�FRQFHQWUDWLRQV�RI�FHUWDLQ�WUDFH�HOHPHQWV�WKDQ�QRQ�YROFDQLF�VRLOV��+RZHYHU��KRZ�WKLV�
DSSOLHV�DFURVV�1HZ�=HDODQG�DV�D�ZKROH�LV�XQNQRZQ��$Q�DSSURDFK�VLPLODU�WR�WKDW�XVHG�LQ�WKH�
8QLWHG�.LQJGRP��ZKHUHE\�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�LQGLYLGXDO�FRQWDPLQDQWV�DUH�
GHILQHG�IRU�D�VPDOO�QXPEHU�RI�µGRPDLQV¶��ZRXOG�VHHP�WR�EH�D�XVHIXO�ZRUNDEOH�DSSURDFK�
DSSOLFDEOH�IRU�FRQWDPLQDWHG�ODQG�PDQDJHPHQW�DQG�VRLO�TXDOLW\�SXUSRVHV��7KH�FKDOOHQJH�OLHV�
ZLWK�GHILQLQJ�DSSURSULDWH�GRPDLQV�IRU�1HZ�=HDODQG��
$Q�H[WHQVLYH�DPRXQW�RI�GDWD�KDYH�EHHQ�LGHQWLILHG�DQG�FROODWHG�LQ�WKH�FRXUVH�RI�WKLV�SURMHFW��
ZKLOH�VRPH�SUHOLPLQDU\�DQDO\VHV�ZHUH�XQGHUWDNHQ�WKHUH�ZDV�QRW�WKH�VFRSH�WR�XQGHUWDNH�PRUH�
H[WHQVLYH�DQDO\VLV��)XUWKHU�GDWD�H[SORUDWLRQ��ZKLFK�LQFOXGHV�WKH�XVH�RI�VSDWLDO�WRROV�WR�SURYLGH�
OLQNDJH�WR�RWKHU�VRLO�DQG�JHRORJLFDO�SDUDPHWHUV��FRXOG�RIIHU�LQVLJKW�LQWR�VRPH�RI�WKHVH�
FRQWUROOLQJ�IDFWRUV��+RZHYHU��WKLV�LV�VWLOO�OLNHO\�WR�EH�LQFRPSOHWH�DV�WKHUH�DUH�UHFRJQLVHG�JDSV�
LQ�VSDWLDO�FRYHUDJH�DQG�IRU�ORFDWLRQV�VXVSHFWHG�WR�KDYH�QDWXUDOO\�HOHYDWHG�FRQFHQWUDWLRQV�RI�
WUDFH�HOHPHQWV��
,GHDOO\��D�ZHOO�SODQQHG�V\VWHPDWLF�VXUYH\�ZRXOG�EH�XVHG�WR�VDPSOH�DFURVV�1HZ�=HDODQG��
DOWKRXJK�VXFK�DQ�H[HUFLVH�LV�OLNHO\�WR�EH�FRVWO\�DQG�WKHUHIRUH�XQOLNHO\�WR�EH�XQGHUWDNHQ�DW�WKH�
FXUUHQW�WLPH��+RZHYHU��DV�QRWHG�E\�7D\ORU�HW�DO����������VRPH�SRWHQWLDO�PD\�H[LVW�WR�DQDO\VH�
DUFKLYHG�VRLO�VDPSOHV�FROOHFWHG�DV�SDUW�RI�SUHYLRXV�V\VWHPDWLF�VXUYH\V��H�J��&DUERQ�
0RQLWRULQJ�6\VWHP�SURJUDPPH���$OWHUQDWLYHO\��RU�DGGLWLRQDOO\��WKH�SRWHQWLDO�H[LVWV�WR�FROOHFW�
DGGLWLRQDO�GDWD�WKURXJK�UHJLRQDO�FRXQFLO�VRLO�TXDOLW\�PRQLWRULQJ�SURJUDPPHV��,Q�SDUWLFXODU��D�
RQH�RII�LQWHQVLYH�VDPSOLQJ�RI�µEDFNJURXQG¶�VLWHV�FRXOG�EH�XQGHUWDNHQ��6DPSOHV�VKRXOG�EH�
DQDO\VHG�IRU�D�VXLWH�RI�WUDFH�HOHPHQWV��WKLV�FRXOG�LQFOXGH�SRWHQWLDOO\�WR[LF�HOHPHQWV��$V��&X��
&G��&U��+J��1L��3E��=Q���DV�ZHOO�DV�HVVHQWLDO�HOHPHQWV��%��&R��&X��,��)H��0Q��6H�DQG�=Q���DQG�
3$+V��IUHVK�VDPSOHV�RQO\���$GGLWLRQDO�VRLO�SDUDPHWHUV�VXFK�DV�FOD\�FRQWHQW��RUJDQLF�PDWWHU�
FRQWHQW��DQG�S+�FRXOG�DOVR�EH�FROOHFWHG�WR�HQDEOH�WKH�UHODWLRQVKLS�RI�WKHVH�YDULDEOHV�ZLWK�WUDFH�
HOHPHQW�FRQFHQWUDWLRQV�WR�EH�GHWHUPLQHG�WR�HVWDEOLVK�ZKHWKHU�WKHUH�DUH�DQ\�SUHGLFWLYH�
UHODWLRQVKLSV�WKDW�FDQ�EH�GHYHORSHG��,I�DQ\�QHZ�VDPSOLQJ�VLWHV�DUH�HVWDEOLVKHG��WKHVH�VKRXOG�EH�
ORFDWHG�WR�PRVW�RSWLPDOO\�µILOO�LQ�WKH�JDSV¶�LQ�VSDWLDO�FRYHUDJH�DQG�LGHDOO\�EH�VHOHFWHG�WR�
HQDEOH�FRQWULEXWLRQ�WR�D�QDWLRQDO�V\VWHPDWLF�VXUYH\��
7KHUH�DUH�VRPH�PLQRU�FRQVLGHUDWLRQV�DURXQG�VDPSOLQJ�WHFKQLTXHV��&RQVLVWHQW�VDPSOLQJ�
WHFKQLTXHV�FRXOG�DVVLVW�LQ�UHGXFLQJ�GDWD�YDULDELOLW\��&XUUHQW�VDPSOLQJ�LQ�1HZ�=HDODQG�KDV�
XVHG�GLIIHUHQW�WHFKQLTXHV��VRLO�TXDOLW\�PRQLWRULQJ�����FRUHV�RI����FP�GHSWK�DORQJ�D����P�
WUDQVHFW��+LOO�DQG�6SDUOLQJ�������DQG�FRQYHQWLRQDO�JHRFKHPLFDO�VDPSOLQJ����VDPSOHV�DW�WKH�
FRUQHU�DQG�LQ�WKH�FHQWUH�RI�D�VTXDUH�RI�GLPHQVLRQ�UDQJLQJ�IURP����WR����P���,W�ZRXOG�EH�
XVHIXO�WR�XQGHUWDNH�D�FRPSDUDWLYH�DQDO\VLV�RI�UHVXOWV�REWDLQHG�IURP�VDPSOLQJ�XVLQJ�WKHVH�
WHFKQLTXHV�WR�GHWHUPLQH�ZKHWKHU�WKHUH�LV�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�UHVXOWV�REWDLQHG��
$SSURSULDWH�JXLGDQFH�RQ�VDPSOLQJ�FRXOG�WKHQ�EH�JLYHQ��
6WDQGDUGLVDWLRQ�RI�DQDO\WLFDO�WHFKQLTXHV�DOVR�UHGXFHV�YDULDELOLW\�LQ�VDPSOH�UHVXOWV��$TXD�UHJLD�
H[WUDFWLRQ��DQG�W\SLFDOO\�ZLWK�DQDO\VLV�E\�,&3�06��LV�SUHGRPLQDQWO\�XVHG�IRU�FRQWDPLQDWHG�
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ODQG�DQG�VRLO�TXDOLW\�PRQLWRULQJ��DQG�WKXV�LV�PRVW�ORJLFDO�IRU�XVH��+RZHYHU��LW�VKRXOG�EH�QRWHG�
WKDW�UHODWLRQVKLSV�EHWZHHQ�;5)�DQDO\VHV�DQG�DQDO\VHV�XVLQJ�DTXD�UHJLD�H[WUDFWLRQ�FDQ�EH�
GHYHORSHG��ZKLFK�HQDEOHV�GDWD�FROOHFWHG�E\�DOO�PHWKRGV�WR�EH�XVHG�LQ�VXEVHTXHQW�DQDO\VLV��
,Q�WHUPV�RI�GDWD�DQDO\VLV��WKHUH�DUH�UHODWLYHO\�VWDQGDUG�VWDWLVWLFDO�WHFKQLTXHV�WKDW�DUH�
UHFRPPHQGHG�IRU�WKH�DQDO\VLV�RI�GDWD��%R[SORWV�LQ�SDUWLFXODU�DUH�D�XVHIXO�WRRO�WR�SURYLGH�
VXPPDU\�VWDWLVWLFV�DQG�PD\�DOVR�EH�XVHG�WR�GHILQH�XSSHU�OLPLWV�RI�EDFNJURXQG�FRQFHQWUDWLRQV��
7KHVH�WHFKQLTXHV�KDYH�EHHQ�XVHG�LQ�1HZ�=HDODQG�WR�SURYLGH�VXPPDU\�VWDWLVWLFV�DQG�WR�
XQGHUWDNH�VRPH�IXUWKHU�VWDWLVWLFDO�DQDO\VHV�VXFK�DV�FRPSDULVRQ�RI�FRQFHQWUDWLRQV�EHWZHHQ�VRLO�
JURXSV��H�J��856�������7RQNLQ�DQG�7D\ORU������������D��E���7KH�PDLQ�OLPLWDWLRQ�ZLWK�
H[LVWLQJ�VWXGLHV�WKDW�KDYH�EHHQ�GHVLJQHG�WR�GHWHUPLQH�EDFNJURXQG�FRQFHQWUDWLRQ�LV�WKDW�WKHUH�
DUH�RQO\�VPDOO�VDPSOHV�QXPEHUV��DQG�WKH�DQDO\VLV�LV�XQGHUWDNHQ�RQ�D�SULRUL�GHILQHG�JURXSLQJV�
WKDW�GLIIHU�EHWZHHQ�UHJLRQV��,QWHUQDWLRQDO�JXLGDQFH�VXJJHVWV�WKDW���±���VDPSOHV�DUH�WKH�
PLQLPXP�UHTXLUHG�WR�GHYHORS�UREXVW�HVWLPDWHV�RI�WKH�EDFNJURXQG�FRQFHQWUDWLRQ��1&(53�
������,62��������
,QWHUQDWLRQDOO\��WKH���WK�SHUFHQWLOH�8&/�LV�WKH�PRVW�FRPPRQO\�XVHG�PHWKRG�WR�GHILQH�DQ�
XSSHU�OLPLW�IRU�EDFNJURXQG�FRQFHQWUDWLRQV��,Q�1HZ�=HDODQG�WKH���WK�SHUFHQWLOH�KDV�PRUH�
IUHTXHQWO\�EHHQ�XVHG�DQG��DFFRUGLQJ�WR�VRPH�DXWKRUV��WKHUH�LV�OLWWOH�GLIIHUHQFH�EHWZHHQ�WKHVH�
YDOXHV��'LDPRQG�HW�DO���������8SSHU�OLPLWV�KDYH�DOVR�EHHQ�GHILQHG�WKURXJK�WKH�XVH�RI�
ER[SORWV��ZLWK�WKH�XSSHU�OLPLW�GHILQHG�DV�WKH���WK�SHUFHQWLOH������î�WKH�LQWHUTXDUWLOH�UDQJH��
6HOHFWLRQ�RI�WKH�UHOHYDQW�PHWKRG�IRU�GHWHUPLQLQJ�WKH�XSSHU�OLPLW�LV�PRUH�D�PDWWHU�IRU�
DJUHHPHQW�EHWZHHQ�VWDNHKROGHUV�WKDQ�WKHUH�EHLQJ�D�GHILQLWLYH�FRUUHFW�DQVZHU��
'HWHUPLQLQJ�DQ�XSSHU�OLPLW�IRU�EDFNJURXQG�FRQFHQWUDWLRQV�KDV�WKH�PRVW�DSSOLFDWLRQ�IRU�
FRQWDPLQDWHG�ODQG�PDQDJHPHQW��DQG�SRWHQWLDOO\�DOVR�IRU�VRLO�TXDOLW\�SXUSRVHV��6HWWLQJ�
PLQLPXP�OLPLWV�IRU�HVVHQWLDO�HOHPHQWV�PD\�DOVR�EH�UHOHYDQW�WR�FRQVLGHU��,Q�WKH�FRQWH[W�RI�
ZKHWKHU�QDWXUDO�EDFNJURXQG�RU�DPELHQW�EDFNJURXQG�LV�PRVW�UHOHYDQW��JLYHQ�WKH�UHODWLYH�
LVRODWLRQ�RI�1HZ�=HDODQG�DQG�RXU�ODFN�RI�KLVWRU\�RI�LQGXVWULDOLVDWLRQ��LW�LV�UHDVRQDEOH�WR�H[SHFW�
WKDW�RXWVLGH�XUEDQ�DUHDV�QDWXUDO�EDFNJURXQG�FRQFHQWUDWLRQV�GR�H[LVW��DQG�ZRXOG�EH�
DSSURSULDWH�IRU�XVH�LQ�WKHVH�ORFDWLRQV��
)LQDOO\��IURP�D�ORQJHU�WHUP�SHUVSHFWLYH��GHYHORSPHQW�RI�D�VSDWLDO�GDWDEDVH�DV�D�FHQWUDO�
UHSRVLWRU\�IRU�DOO�FXUUHQW�GDWD��DQG�GDWD�FROOHFWHG�LQ�WKH�IXWXUH��LV�D�SULRULW\��,W�ZRXOG�EH�
ORJLFDO�IRU�WKLV�GDWDEDVH�WR�DOVR�KRXVH�GDWD�IURP�VDPSOHV�FROOHFWHG�IURP�GLIIHUHQW�ODQG�XVHV�WR�
HQDEOH�WKH�DQDO\VLV�RI�WKDW�GDWD�DORQJVLGH�WKDW�IURP�EDFNJURXQG�VLWHV��,W�LV�DOVR�HVVHQWLDO�WKDW�
VXFK�D�GDWDEDVH�OLQNV�WR�RWKHU�VSDWLDO�WRROV�VXFK�DV�6�0DS�WR�DOORZ�IRU�OLQNDJH�ZLWK�WKH�
DGGLWLRQDO�SDUDPHWHUV�KHOG�LQ�WKHVH�WRROV��
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,Q�XUEDQ�DUHDV��LW�LV�LQHYLWDEOH�WKDW�WKHUH�ZLOO�EH�DQ�XUEDQ�EDFNJURXQG�RI�FRQWDPLQDWLRQ�DULVLQJ�
IURP�GLIIXVH�VRXUFHV��,QWHUQDWLRQDOO\��DPELHQW�EDFNJURXQG�FRQFHQWUDWLRQ�LV�UHIHUUHG�WR�LQ�
FRQWDPLQDWHG�ODQG�JXLGDQFH�RU�UHJXODWLRQV��H�J��%08�������&LFFKHOOD�HW�DO��������)0I(�
������'LDPRQG�HW�DO��������'()5$��������,Q�1HZ�=HDODQG��ZKLOH�EDFNJURXQG�FRQFHQWUDWLRQ�
DUH�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV�RQO\��LW�ZRXOG�EH�XQUHDVRQDEOH�WR�H[SHFW�D�JLYHQ�VLWH�
RZQHU�WR�UHPHGLDWH�EHORZ�DPELHQW�FRQFHQWUDWLRQV�LQ�XUEDQ�DUHDV��2I�SDUWLFXODU�LQWHUHVW�LQ�WKH�
XUEDQ�HQYLURQPHQW�DUH�3$+�FRQFHQWUDWLRQV�DV�WKHVH�DUH�GHULYHG�IURP�D�QXPEHU�RI�GLIIXVH�
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DQWKURSRJHQLF�FRPEXVWLRQ�VRXUFHV��H�J��YHKLFOHV��GRPHVWLF�ZRRGEXUQHUV���/HDG�LV�DOVR�RI�
LQWHUHVW�JLYHQ�KLVWRULFDO�XVH�RI�OHDGHG�SHWURO��
6RPH�UHJLRQDO�FRXQFLOV�KDYH�XQGHUWDNHQ�VWXGLHV�LQ�WRZQV�DQG�FLWLHV�WKDW�SURYLGH�VRPH�
LQGLFDWLRQ�RI�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�LQ�XUEDQ�DUHDV��7DEOH�����6WXGLHV�LQ�&KULVWFKXUFK�
\LHOGHG�DQ�HVWLPDWH�IRU�WKH�XSSHU�DPELHQW�EDFNJURXQG�FRQFHQWUDWLRQW�IRU�%D3�E\�XVLQJ�WKH�
XSSHU�FRQILGHQFH�OLPLW�RI�WKH���WK�SHUFHQWLOH�±�������PJ�NJ��7RQNLQ�DQG�7D\ORU�����E���
7KHVH�VWXGLHV�KDYH�DSSURSULDWHO\�WDUJHWHG�SDUNV��UHVHUYHV��VFKRROV�RU�RWKHU�DUHDV�H[SHFWHG�WR�
KDYH�EHHQ�PLQLPDOO\�GLVWXUEHG��,W�VKRXOG�EH�QRWHG�WKDW�VRPH�LQWHUQDWLRQDO�VWXGLHV�KDYH�IRXQG�
WKDW�ODUJH�SDUN�DUHDV�PD\�EH�UHODWLYHO\�XQLPSDFWHG�IURP�XUEDQ�GLIIXVH�SROOXWLRQ�VRXUFHV��DQG�
VXJJHVW�FRQFHQWUDWLRQV�PHDVXUHG�LQ�WKHVH�ORFDWLRQV�PD\�EH�PRUH�UHSUHVHQWDWLYH�RI�QDWXUDO�
FRQFHQWUDWLRQV��%*6��������
7DEOH���6XPPDU\�RI�XUEDQ�VWXGLHV�WR�GHWHUPLQH�EDFNJURXQG�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�DQG�3$+V�
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:KLOH�GHWHUPLQDWLRQ�RI�DPELHQW�3$+�FRQFHQWUDWLRQ�LV�FRPSDUDWLYHO\�HDV\�IURP�WKH�
SHUVSHFWLYH�WKDW�FRQFHQWUDWLRQV�ZLOO�ODUJHO\�EH�XQDIIHFWHG�E\�VRLO�W\SH��GHWHUPLQDWLRQ�RI�
DPELHQW�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�LV�PRUH�GLIILFXOW�DV�WKHVH�ZLOO�EH�LQIOXHQFHG�E\�VRLO�
W\SH��+RZHYHU��D�EURDGHU�XQGHUVWDQGLQJ�RI�WKLV�YDULDWLRQ�IURP�VDPSOHV�FROOHFWHG�LQ�QRQ�XUEDQ�
DUHDV�ZRXOG�SURYLGH�WKH�FRQWH[W�IRU�WKH�UHODWLYH�FRQWULEXWLRQ�IURP�VRLO�W\SH�YDULDWLRQ��
$QDO\VLV�RI�3$+�FRQFHQWUDWLRQV�IURP�QRQ�XUEDQ�DUHDV�ZRXOG�DOVR�SURYLGH�VRPH�SHUVSHFWLYH�
RQ�WKH�GHJUHH�RI�LQIOXHQFH�XUEDQLVDWLRQ�KDV�KDG�RQ�3$+�FRQFHQWUDWLRQV�LQ�VRLO��

� ^ � � � �

,W�LV�UHFRJQLVHG�WKDW�DFURVV�1HZ�=HDODQG�WKHUH�LV�D�OHJDF\�RI�VRLO�GLVWXUEDQFH�DVVRFLDWHG�ZLWK�
KLVWRULFDO�PLQLQJ�DFWLYLWLHV�±�VR�PXFK�VR�WKDW�WKHUH�LV�D�VSHFLILF�VRLO�RUGHU�LQ�WKH�1=6&�IRU�
VXFK�VRLOV��$QWKURSLF�6RLOV��ZKLFK�DOVR�LQFOXGHV�RWKHU�VRLOV�WKDW�KDYH�EHHQ�H[WHQVLYHO\�
GLVWXUEHG���$�FKDOOHQJH�ZLWK�WKHVH�VRLOV�LV�WKDW�WKH\�PD\�EH�HOHYDWHG�LQ�RQH�RU�PRUH�WUDFH�
HOHPHQWV��WKXV�HYHQ�WKRXJK�WKHVH�VRLOV�FRXOG�EH�FRQVLGHUHG�DV�DPELHQW�EDFNJURXQG�LI�
KLVWRULFDO�PLQLQJ�DFWLYLWLHV�DUH�FRQVLGHUHG�DV�GLIIXVH�SROOXWLRQ�VRXUFHV��H�J��DV�LQ�WKH�8QLWHG�
.LQJGRP���WKHUH�LV�VWLOO�D�SRWHQWLDO�ULVN�DVVRFLDWHG�ZLWK�DQ\�HOHYDWHG�FRQFHQWUDWLRQV�±�IRU�
H[DPSOH�LQ�/DYULRQ��*UHHFH��D�OHJDF\�RI�OHDG�PLQLQJ�UHVXOWHG�LQ�H[WHQVLYH�OHDG�FRQWDPLQDWLRQ�
WKDW�JDYH�ULVH�WR�KHDOWK�FRQFHUQV�IRU�WKH�ORFDO�UHVLGHQWV��DQG�ZLGHVSUHDG�UHPHGLDWLRQ�ZDV�
UHTXLUHG��'HPHWULDGHV��������7KXV��LW�LV�DSSURSULDWH�WR�DFWXDOO\�DVVHVV�WKH�ULVN�WR�UHVLGHQWV�
OLYLQJ�DW�WKHVH�ORFDWLRQV��6LPLODUO\��LW�ZRXOG�EH�DSSURSULDWH�WR�DVVHVV�WKH�ULVN�WR�UHVLGHQWV�
OLYLQJ�LQ�DUHDV�ZLWK�WKH�VDPH�VRLOV�EXW�WKDW�ZHUH�XQGLVWXUEHG��&RQYHUVHO\��LQ�WKH�FDVH�RI�
HFRORJLFDO�UHFHSWRUV��LI�WKH�HOHYDWHG�FRQFHQWUDWLRQV�DUH�GXH�WR�KLVWRULFDO�PLQLQJ�DFWLYLWLHV��RQ�
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WKH�EDVLV�RI�WKH�µDGGHG�ULVN¶�QRWLRQ�LW�ZRXOG�EH�UHDVRQDEOH�WR�H[SHFW�WKDW�WKH�HFRORJLFDO�
FRPPXQLW\�KDV�DGDSWHG�WR�WKHVH�HOHYDWHG�FRQFHQWUDWLRQV��DQG�WKXV�WKHUH�LV�PLQLPDO�ULVN�WR�
WKHVH�UHFHSWRUV��
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5HFRPPHQGDWLRQV�IRU�GHYHORSLQJ�D�QDWLRQDOO\�FRQVLVWHQW�DSSURDFK�IRU�GHWHUPLQLQJ�
EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�RI�FKHPLFDO�VXEVWDQFHV�DUH��
•� &RQVLVWHQW�VLWH�DQG�VDPSOH�LQIRUPDWLRQ�VKRXOG�EH�UHFRUGHG�±�DW�PLQLPXP�VRLO�RUGHU�DQG�

ODQG�W\SH��*36�ORFDWLRQ��
•� 0RUH�H[WHQVLYH�DQDO\VLV��LQFOXGLQJ�WKH�XVH�RI�VSDWLDO�WRROV�VXFK�DV�6�0DS��RI�H[LVWLQJ�

GDWD�VKRXOG�EH�XQGHUWDNHQ��WR�LGHQWLI\�NH\�IDFWRUV�LQIOXHQFLQJ�WUDFH�HOHPHQWV�DQG�WR�
LGHQWLI\�ZKHWKHU�DQ\�SUHGLFWLYH�UHODWLRQVKLSV�FDQ�EH�GHYHORSHG��

•� &RQVHQVXV�RQ�WKH�DSSURSULDWH�XSSHU�OLPLW�V���H�J����WK�SHUFHQWLOH����WK�8&/��PHGLDQ��WR�
EH�XVHG�IRU�GLIIHUHQW�ODQG�PDQDJHPHQW�SXUSRVHV�LV�UHTXLUHG��

•� $�FRQVLVWHQW�VDPSOLQJ�FROOHFWLRQ�PHWKRGRORJ\��GHSWK�LQWHUYDOV��DQG�DQDO\WLFDO�
WHFKQLTXHV�VKRXOG�EH�XVHG��DQG�VDPSOHV��DUFKLYHG�RU�IUHVK��VKRXOG�EH�DQDO\VHG�IRU�D�
FRQVLVWHQW�VXLWH�RI�DQDO\WHV�DQG�VRLO�SDUDPHWHUV��7KLV�FRXOG�LQFOXGH�$V��&X��&G��+J��1L��
3E��=Q��DV�ZHOO�DV�HVVHQWLDO�HOHPHQWV��%��&R��&X��,��)H��0Q��6H�DQG�=Q���DQG�3$+V��6RLO�
SDUDPHWHUV�LQFOXGH��FOD\�FRQWHQW��RUJDQLF�PDWWHU�FRQWHQW��FDWLRQ�H[FKDQJH�FDSDFLW\�DQG�
S+��$�PLQLPXP�RI����VDPSOHV�LV�UHFRPPHQGHG�IRU�GHWHUPLQLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV�IRU�D�GHILQHG�JURXS��

•� $�QDWLRQDO�V\VWHPDWLF�VXUYH\�VKRXOG�EH�GHVLJQHG�DQG�VHOHFWLRQ�RI�DQ\�QHZ�VDPSOLQJ�
VLWHV�EDVHG�RQ�µILOOLQJ�WKH�JDSV¶��&ROOHFWLRQ�RI�VDPSOHV�IURP�WKH�VDPH�ODQG�XVH�W\SH��IRU�
H[DPSOH�WKH�FRQVHUYDWLRQ�HVWDWH��HWF���ZRXOG�UHGXFH�WKH�LQIOXHQFH�RI�ODQG�XVH�RQ�UHVXOWV��
$QDO\VLV�RI�DUFKLYHG�VDPSOHV�IURP�SUHYLRXV�V\VWHPDWLF�VXUYH\V�PD\�SURYLGH�D�FRVW�
HIIHFWLYH�PHDQV�WR�µILOO�WKH�JDSV¶��

•� 7KH�XOWLPDWH�JRDO�LV�EH�DEOH�WR�GHWHUPLQH�EDFNJURXQG�FRQFHQWUDWLRQV�IRU��±��µGRPDLQV¶�
IRU�LQGLYLGXDO�FKHPLFDO�VXEVWDQFHV�WKDW�DUH�DSSOLFDEOH�DFURVV�1HZ�=HDODQG��3UHGLFWLYH�
UHODWLRQVKLSV�PD\�DOVR�SURYLGH�FRPSOHPHQWDU\�RU�DQ�DOWHUQDWLYH�DSSURDFK�WR�
GHWHUPLQLQJ�FRQFHQWUDWLRQV�RI�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV��
DOWKRXJK�WKHVH�ZRXOG�QRW�EH�DEOH�WR�EH�XVHG�IRU�GHWHUPLQLQJ�DPELHQW�FRQFHQWUDWLRQV��
L�H��EDFNJURXQG�FRQFHQWUDWLRQV�LQ�XUEDQ�DUHDV��

� � �

,QWHUQDWLRQDOO\�WKHUH�KDV�EHHQ�FRQVLGHUDEOH�ZRUN�RYHU�WKH�ODVW�GHFDGH�WR�GHWHUPLQH�
EDFNJURXQG�FRQFHQWUDWLRQV�RI�FRQWDPLQDQWV�IRU�XVH�LQ�PDQDJLQJ�ODQG�WR�PHHW�OHJLVODWLYH�
UHTXLUHPHQWV��$PELHQW�FRQFHQWUDWLRQ��L�H��QDWXUDO�SOXV�GLIIXVH�DQWKURSRJHQLF�FRQWDPLQDWLRQ��
LV�WKH�SULPDU\�EDFNJURXQG�FRQFHQWUDWLRQ�UHIHUUHG�WR�LQ�LQWHUQDWLRQDO�OHJLVODWLRQ�RU�VWDWXWRU\�
JXLGDQFH��,Q�1HZ�=HDODQG��JLYHQ�RXU�UHODWLYH�LVRODWLRQ�DQG�ODFN�RI�KLVWRU\�RI�LQGXVWULDOLVDWLRQ��
LW�LV�UHDVRQDEOH�WR�H[SHFW�WKDW�QDWXUDO�FRQFHQWUDWLRQV�GR�H[LVW�RXWVLGH�XUEDQ�DUHDV��DQG�DELOLW\�
WR�REWDLQ�EDFNJURXQG�FRQFHQWUDWLRQV�EDVHG�RQ�QDWXUDOO\�RFFXUULQJ�FRQFHQWUDWLRQV�LV�D�
UHDVRQDEOH�SUHVXPSWLRQ��+RZHYHU��LQ�XUEDQ�DUHDV�LW�LV�PRUH�DSSURSULDWH�WKDW�DQ�DPELHQW�
EDFNJURXQG�FRQFHQWUDWLRQ�LV�XVHG�WR�PDQDJH�ODQG��)RU�DUHDV�GLVWXUEHG�E\�PLQLQJ�DQG�RU�



� � � � � � � � � �

> �Z � � W � �

XQGLVWXUEHG�DUHDV�ZLWK�QDWXUDOO\�HOHYDWHG�FRQFHQWUDWLRQV�RI�HOHPHQWV�WKH�DFWXDO�ULVN�WR�KXPDQ�
KHDOWK�VKRXOG�EH�DVVHVVHG�UDWKHU�WKDQ�DVVXPLQJ�WKH�FRQFHQWUDWLRQV�KDYH�QR�HIIHFW��+RZHYHU��
IURP�DQ�HFRORJLFDO�SHUVSHFWLYH��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKH�FRPPXQLW\�KDV�DGDSWHG�WR�WKH�
HOHYDWHG�FRQFHQWUDWLRQV��
%H\RQG�GDWD�FROODWLRQ�DQG�VWDWLVWLFDO�VXPPDU\�RI�H[LVWLQJ�GDWD��DQG�WKH�GHYHORSPHQW�RI�RQH�
SUHGLFWLYH�UHODWLRQVKLS��IRU�&G���WKHUH�KDYH�EHHQ�QR�FRQFHUWHG�HIIRUWV�WR�GHWHUPLQH�
EDFNJURXQG�FRQFHQWUDWLRQV�RI�FKHPLFDO�VXEVWDQFHV�DFURVV�1HZ�=HDODQG��DQG�OLPLWHG�DQDO\VLV�
KDV�EHHQ�XQGHUWDNHQ�RI�WKH�IDFWRUV�LQIOXHQFLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�DW�D�QDWLRQDO�VFDOH��
2QH�DSSURDFK�LQYHVWLJDWHG�ZDV�XVLQJ�SXEOLVKHG�UHODWLRQVKLSV�IRU�SUHGLFWLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV�EDVHG�RQ�)H�FRQFHQWUDWLRQV�WKDW�ZHUH�VXJJHVWHG�WR�EH�JOREDOO\�DSSOLFDEOH��
+RZHYHU��SUHOLPLQDU\�DQDO\VHV�XVLQJ�D�VPDOO�DPRXQW�RI�H[LVWLQJ�GDWD�IRXQG�WKDW�WKHVH�
UHODWLRQVKLSV�GLG�QRW�KROG�IRU�1HZ�=HDODQG�VRLOV��DQG�WKDW�DOWHUQDWLYH�SUHGLFWLYH�UHODWLRQVKLSV�
PD\�EH�PRUH�DSSURSULDWH��)XUWKHU��WKHUH�DUH�FKDOOHQJHV�LQ�GHYHORSLQJ�SUHGLFWLYH�UHODWLRQVKLS�
DQG�RU�DVVHVVLQJ�WKH�LQIOXHQFH�RI�VRLO�W\SH�RU�JHRORJ\�RQ�EDFNJURXQG�VRLO�FRQFHQWUDWLRQV�
DFURVV�1HZ�=HDODQG�GXH�WR�WKH�YDULDELOLW\�LQ�GDWD�FROOHFWHG�DQG�WKH�YDULDEOH�FODVVLILFDWLRQ�RI�
VDPSOHV��SDUWO\�GXH�WR�GDWD�EHLQJ�FROOHFWHG�DW�D�UHJLRQDO�OHYHO��6SDWLDO�WRROV�VXFK�DV�6�0DS�
DQG�1=/5,�SURYLGH�WKH�RSSRUWXQLW\�WR�EH�DEOH�SURYLGH�FRQVLVWHQW�LQIRUPDWLRQ�RQ�VRLO�
DWWULEXWHV��DQG�KHQFH�FODVVLILFDWLRQ�RI�VDPSOHV�VLWHV��WKDW�ZRXOG�DOVR�EH�RI�XVH�LQ�LGHQWLI\LQJ�
WKH�NH\�IDFWRUV�LQIOXHQFLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�DFURVV�1HZ�=HDODQG��
,GHQWLILFDWLRQ�RI�D�VPDOO�QXPEHU�RI�µGRPDLQV¶�IRU�LQGLYLGXDO�VXEVWDQFHV�IRU�ZKLFK�EDFNJURXQG�
FRQFHQWUDWLRQV�FDQ�EH�GHWHUPLQHG�SRWHQWLDOO\�SURYLGHV�D�SUDFWLFDEOH�DSSURDFK�WR�GHWHUPLQLQJ�
EDFNJURXQG�FRQFHQWUDWLRQV�DFURVV�1HZ�=HDODQG��

� Z �

7R�SURJUHVV�WKH�GHYHORSPHQW�RI�D�FRQVLVWHQW�DSSURDFK�WR�GHWHUPLQLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV�WKH�IROORZLQJ�VWHSV�DUH�UHFRPPHQGHG��
•� )XUWKHU�DQDO\VLV�RI�H[LVWLQJ�GDWD�VKRXOG�EH�XQGHUWDNHQ��LQFOXGLQJ�WKH�XVH�RI�VSDWLDO�WRROV�

WR�SURYLGH�SUHOLPLQDU\�LGHQWLILFDWLRQ�RI�NH\�IDFWRUV�LQIOXHQFLQJ�WUDFH�HOHPHQW�
FRQFHQWUDWLRQV��UHFRJQLVLQJ�WKHUH�DUH�JDSV�LQ�VSDWLDO�FRYHUDJH��DQG�WR�LGHQWLI\�ZKHWKHU�
SUHGLFWLYH�UHODWLRQVKLSV�FDQ�EH�GHYHORSHG��

•� &ROOHFWLRQ�DQG�RU�DQDO\VLV�RI�DGGLWLRQDO�VDPSOHV��EDVHG�RQ�D�QDWLRQDO�V\VWHPDWLF�VXUYH\�
GHVLJQ��LV�UHTXLUHG�WR�µILOO�WKH�JDSV¶�LQ�VSDWLDO�FRYHUDJH��

•� $�FRQVLVWHQW�VDPSOLQJ�FROOHFWLRQ�PHWKRGRORJ\�VKRXOG�EH�XVHG�DQG�VDPSOHV��DUFKLYHG�RU�
IUHVK��DQDO\VHG�IRU�D�FRQVLVWHQW�VXLWH�RI�DQDO\WHV�DQG�VRLO�SDUDPHWHUV��$�PLQLPXP�RI����
VDPSOHV�LV�UHFRPPHQGHG�IRU�GHWHUPLQLQJ�EDFNJURXQG�FRQFHQWUDWLRQV�IRU�D�GHILQHG�
JURXS��

•� $�VSDWLDO�GDWDEDVH�WR�KROG�LQIRUPDWLRQ�WKDW�OLQNV�RU�LV�SDUW�RI�H[LVWLQJ�VSDWLDO�WRROV�VXFK�
DV�6�0DS�VKRXOG�EH�GHYHORSHG�WR�SURYLGH�D�FHQWUDO�UHSRVLWRU\�IRU�GDWD��DQG�WR�DOORZ�
RQJRLQJ�GDWD�DQDO\VLV�±�WKLV�VKRXOG�DOVR�DOORZ�IRU�WKH�LQFOXVLRQ�RI�GDWD�IURP�DOO�ODQG�
XVHV�WR�PD[LPLVH�WKH�YDOXH�RI�WKH�GDWDEDVH�DQG�DOORZ�IRU�WKH�LQIOXHQFH�RI�ODQG�XVH�RQ�
WUDFH�HOHPHQW�FRQFHQWUDWLRQV�WR�EH�DVVHVVHG��
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7KDQNV�JRHV�WR�$ODQ�+HZLWW��7UHYRU�:HEE��,DQ�/\QQ�DQG�SDUWLFXODUO\�/LQGD�/LOEXUQH�IRU�
GHP\VWLI\LQJ�VRLOV�FODVVLILFDWLRQV��6�0DS�DQG�1=/5,��DQG�SURYLGLQJ�FRPPHQWV�RQ�DQ�HDUOLHU�
GUDIW��7KDQNV�DOVR�WR�$QLWUD�)UDVHU��/DQGFDUH�5HVHDUFK��IRU�XQGHUWDNLQJ�WKH�6�0DS�DQG�/5,6�
DQDO\VHV��0HPEHUV�RI�WKH�/DQG�0RQLWRULQJ�)RUXP�DQG�WKH�5HJLRQDO�&RXQFLO�:DVWH�DQG�
&RQWDPLQDWHG�/DQG�)RUXP��LQ�SDUWLFXODU�0DWWKHZ�7D\ORU��:DLNDWR�5HJLRQDO�&RXQFLO���&ROLQ�
*UD\��0DUOERURXJK�'LVWULFW�&RXQFLO���6DP�:HLVV�DQG�$GULDQ�+HD\HV��%D\�RI�3OHQW\�
5HJLRQDO�&RXQFLO���-HURP\�&XII��2JQMHQ�0RMVLORYLF�DQG�%UHWW�0RQJLOOR��(QYLURQPHQW�
&DQWHUEXU\���)LRQD�&XUUDQ�&RXUQDQH��$XFNODQG�&RXQFLO���DQG�-RKQ�'UHZU\��*UHDWHU�
:HOOLQJWRQ���IRU�WKH�SURYLVLRQ�RI�GDWD�RU�UHSRUWV�WKDW�ZHUH�XVHG�GXULQJ�WKH�FRXUVH�RI�WKLV�
SURMHFW��DQG�SURYLGLQJ�FRPPHQWV�RQ�DQ�HDUOLHU�GUDIW��5LFK�0F'RZHOO��$JUHVHDUFK��LV�WKDQNHG�
IRU�SURYLGLQJ�GDWD�XVHG�LQ�0F'RZHOO�HW�DO����������

� Z �

$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD�������(QYLURQPHQWDO�VXVWDLQDELOLW\�RI�&DQDGLDQ�
DJULFXOWXUH��(LOHUV�:��0DF.D\�5��*UDKDP�/��/HIHEYUH�$�HGV�$JUL�HQYLURQPHQWDO�
LQGLFDWRU�UHSRUW�VHULHV�5HSRUW�����2WWDZD��&DQDGD��$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD��

$QGHU�(/��&DYH�05��-RKQVRQ�&&��3DOXPER�5RH�%�������1RUPDO�EDFNJURXQG�FRQFHQWUDWLRQV�
RI�FRQWDPLQDQWV�LQ�WKH�VRLOV�RI�(QJODQG��$YDLODEOH�GDWD�DQG�GDWD�H[SORUDWLRQ��%ULWLVK�
*HRORJLFDO�6XUYH\�&RPPLVVLRQHG�5HSRUW��&5�������������S��

$QGHU�(/��&DYH�05��-RKQVRQ�&&��3DOXPER�5RH�%�������1RUPDO�EDFNJURXQG�FRQFHQWUDWLRQV�
RI�FRQWDPLQDQWV�LQ�WKH�VRLOV�RI�(QJODQG��5HVXOWV�RI�WKH�GDWD�H[SORUDWLRQ�IRU�&X��1L��&G�
DQG�+J��%ULWLVK�*HRORJLFDO�6XUYH\�FRPPLVVLRQHG�UHSRUW��&5������������S��

$5&�������%DFNJURXQG�FRQFHQWUDWLRQV�RI�LQRUJDQLF�HOHPHQWV�LQ�VRLOV�IURP�WKH�$XFNODQG�
5HJLRQ��73�1R�������$XFNODQG�5HJLRQDO�&RXQFLO��

%*6��%ULWLVK�*HRORJLFDO�6XUYH\���������/RQGRQ�(DUWK��&G�LQ�VXUIDFH�VRLOV��*�%DVH�
JHRFKPHPLFDO�PDS��.H\ZRUWK��1RWWLQJKDP��8.��

%08�������)HGHUDO�6RLO�3URWHFWLRQ�DQG�&RQWDPLQDWHG�/DQG�2UGLQDQFH��*HUPDQ\�)HGHUDO�
0LQLVWU\�IRU�WKH�(QYLURQPHQW��%XQGHVPLQLVWHULXP�I�U�8PZHOW��%08���

%XFNODQG�6��(OOLV�+.��6DOWHU�5�������$PELHQW�FRQFHQWUDWLRQV�RI�VHOHFWHG�RUJDQRFKORULQHV�LQ�
VRLOV��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW��

&DYDQDJK�-(��2¶+DOORUDQ�.�������'HYHORSPHQW�RI�VRLO�JXLGHOLQH�YDOXHV�SURWHFWLYH�RI�
HFRORJLFDO�UHFHSWRUV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������SUHSDUHG�IRU�
$XFNODQG�5HJLRQDO�&RXQFLO��

&DYH�05��-RKQVRQ�&&��$QGHU�(/��3DOXPER�5RH�%�������0HWKRGRORJ\�IRU�WKH�GHWHUPLQDWLRQ�
RI�QRUPDO�EDFNJURXQG�FRQWDPLQDQW�FRQFHQWUDWLRQV�LQ�(QJOLVK�VRLOV��%ULWLVK�*HRORJLFDO�
6XUYH\�FRPPLVVLRQHG�UHSRUW�&5������������S��

&&0(�������3URWRFRO�IRU�WKH�GHULYDWLRQ�RI�HQYLURQPHQWDO�DQG�KXPDQ�KHDOWK�VRLO�TXDOLW\�
JXLGHOLQHV��0DQLWRED��&DQDGD��&DQDGLDQ�&RXQFLO�RI�0LQLVWHUV�IRU�WKH�(QYLURQPHQW��
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&LFFKHOOD�'��'H�9LYR�%��/LPD�$�������%DFNJURXQG�DQG�EDVHOLQH�FRQFHQWUDWLRQ�YDOXHV�RI�
HOHPHQWV�KDUPIXO�WR�KXPDQ�KHDOWK�LQ�WKH�YROFDQLF�VRLOV�RI�WKH�PHWURSROLWDQ�DQG�
SURYLQFLDO�DUHDV�RI�1DSROL��,WDO\���*HRFKHPLVWU\��([SORUDWLRQ��(QYLURQPHQW��$QDO\VLV�
�����±����

&URPPHQWXLMQ�7��3ROGHU�0'��9DQ�GH�3ODVVFKH�(-�������0D[LPXP�SHUPLVVLEOH�
FRQFHQWUDWLRQV�DQG�QHJOLJLEOH�FRQFHQWUDWLRQV�IRU�PHWDOV��WDNLQJ�EDFNJURXQG�
FRQFHQWUDWLRQV�LQWR�DFFRXQW��5HSRUW�QR��������������%LOWKRYHQ��1DWLRQDO�,QVWLWXWH�RI�
3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��5,90���

&XUUDQ�&RXUQDQH�)��7D\ORU�$�������&RQFHQWUDWLRQV�RI�VHOHFWHG�WUDFH�HOHPHQWV�IRU�YDULRXV�
ODQG�XVHV�DQG�6RLO�2UGHUV�ZLWKLQ�UXUDO�$XFNODQG��$XFNODQG�&RXQFLO�7HFKQLFDO�5HSRUW�
����������SUHSDUHG�E\�$XFNODQG�&RXQFLO�DQG�:DLNDWR�5HJLRQDO�&RXQFLO��

'()5$�������(QYLURQPHQWDO�3URWHFWLRQ�$FW�������3DUW��$�&RQWDPLQDWHG�/DQG�6WDWXWRU\�
*XLGDQFH��$SULO�������'HSDUWPHQW�IRU�(QYLURQPHQW��)RRG�DQG�5XUDO�$IIDLUV��'()5$���
+0�*RYHUQPHQW��$YDLODEOH�RQOLQH�DW��
KWWS���ZZZ�GHIUD�JRY�XN�HQYLURQPHQW�TXDOLW\�ODQG���DFFHVVHG�0DUFK��������

'HPHWULDGHV�$�������+D]DUG�DQG�H[SRVXUH�DVVHVVPHQW�LQ�FRQWDPLQDWHG�ODQG�LQYHVWLJDWLRQV�
DQG�HQYLURQPHQWDO�PDQDJHPHQW��,Q��-RKQVRQ�&��'HPHWULDGHV�$��/RFXWUXUD�-��2WWHVDQ�
57�HGV�0DSSLQJ�WKH�FKHPLFDO�HQYLURQPHQW�RI�XUEDQ�DUHDV��-RKQ�:LOH\��

'LDPRQG�'��%DVNLQ�'��%URZQ�'��/XQG�/��1DMLWD�-��-DYDQGHO�,�������$QDO\VLV�RI�EDFNJURXQG�
GLVWULEXWLRQV�RI�PHWDOV�LQ�WKH�VRLO�DW�/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\��5HSRUW�
SUHSDUHG�IRU�8��6��'HSDUWPHQW�RI�(QHUJ\�XQGHU�&RQWUDFW�'(�$&�����&+�������

'LH]�0��6LPyQ�0��0DUWLQ�)��'RUURQVRUR�&��*DUFLD�,��9DQ�*HVWHO�&$0�������$PELHQW�WUDFH�
HOHPHQW�EDFNJURXQG�FRQFHQWUDWLRQV�LQ�VRLOV�DQG�WKHLU�XVH�LQ�ULVN�DVVHVVPHQW��6FLHQFH�RI�
WKH�7RWDO�(QYLURQPHQW���������±������

'5*�-5&�������%DFNJURXQG�YDOXHV�LQ�(XURSHDQ�VRLOV�DQG�VHZDJH�VOXGJHV��,1��*DZOLN�%0��
%LGRJOLR�*�HGV�5HVXOWV�RI�D�-5&�FRRUGLQDWHG�VWXG\�RQ�EDFNJURXQG�YDOXHV��3DUW�,,,�
&RQFOXVLRQV��FRPPHQWV�DQG�UHFRPPHQGDWLRQV��(85�������(1��

(UQVW�:*�������2YHUYLHZ�RI�QDWXUDOO\�RFFXUULQJ�(DUWK�PDWHULDOV�DQG�KXPDQ�KHDOWK�FRQFHUQV��
-RXUQDO�RI�$VLDQ�(DUWK�6FLHQFH����6SHFLDO�LVVXH����±�����

(XUR*HR6XUYH\V�*HRFKHPLVWU\�:RUNLQJ�*URXS�������(XUR*HR6XUYH\V�JHRFKHPLFDO�
PDSSLQJ�RI�DJULFXOWXUDO�DQG�JUD]LQJ�ODQG�VRLO�RI�(XURSH��*(0$6��±�ILHOG�PDQXDO��
1*8�5HSRUW�����������*HRORJLFDO�6XUYH\�RI�1RUZD\��

(XURSHDQ�&KHPLFDOV�$JHQF\�������*XLGDQFH�RQ�LQIRUPDWLRQ�UHTXLUHPHQWV�DQG�FKHPLFDO�
VDIHW\�DVVHVVPHQW�$SSHQGL[�5���������(QYLURQPHQWDO�ULVN�DVVHVVPHQW�IRU�PHWDOV�DQG�
PHWDO�FRPSRXQGV��

(XURSHDQ�&RPPLVVLRQ��(&������D��5HJXODWLRQ��(&��1R�����������RI�WKH�(XURSHDQ�
3DUOLDPHQW�DQG�RI�WKH�&RXQFLO�RI����'HFHPEHU������FRQFHUQLQJ�WKH�5HJLVWUDWLRQ��
(YDOXDWLRQ��$XWKRULVDWLRQ�DQG�5HVWULFWLRQ�RI�&KHPLFDOV��5($&+���HVWDEOLVKLQJ�D�
(XURSHDQ�&KHPLFDOV�$JHQF\��2IILFLDO�-RXUQDO�RI�WKH�(XURSHDQ�8QLRQ�/�������
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(XURSHDQ�&RPPLVVLRQ��(&������E��3URSRVDO�IRU�D�'LUHFWLYH�RI�WKH�(XURSHDQ�3DUOLDPHQW�DQG�
RI�WKH�FRXQFLO�HVWDEOLVKLQJ�D�IUDPHZRUN�IRU�WKH�SURWHFWLRQ�RI�VRLO�DQG�DPHQGLQJ�
'LUHFWLYH���������(&��

(XURSHDQ�&RPPLVVLRQ��(&��������:RUNLQJ�GRFXPHQW�RQ�VOXGJH�DQG�ELRZDVWH�����6HSWHPEHU�
������(19�&����%UXVVHOV��(XURSHDQ�&RPPLVVLRQ��

)0I(��)LQQLVK�0LQLVWU\�IRU�WKH�(QYLURQPHQW��������*RYHUQPHQW�GHFUHH�RQ�WKH�DVVHVVPHQW�RI�
VRLO�FRQWDPLQDWLRQ�DQG�UHPHGLDWLRQ�QHHGV����0DUFK�������'HFUHH�����������0LQLVWU\�
IRU�WKH�(QYLURQPHQW��>8QRIILFLDO�WUDQVODWLRQ@��

*UD\�&�������6RLO�TXDOLW\�LQ�WKH�0DUOERURXJK�5HJLRQ�LQ�������0DUOERURXJK�'LVWULFW�&RXQFLO�
7HFKQLFDO�5HSRUW�1R����������%OHQKHLP��0DUOERURXJK�'LVWULFW�&RXQFLO��

*UD\�&�������7UDFH�HOHPHQW�FRQFHQWUDWLRQV�LQ�VRPH�0DUOERURXJK�VRLOV��0DUOERURXJK�'LVWULFW�
&RXQFLO�7HFKQLFDO�5HSRUW���������%OHQKHLP��0DUOERURXJK�'LVWULFW�&RXQFLO��

+DPRQ�5(��0F/DXJKOLQ�0-��*LONHV�5-��5DWH�$:��=DUFLQDV�%��5REHUWVRQ�$��&R]HQV�*��
5DGIRUG�1��%HWWHQD\�/�������*HRFKHPLFDO�LQGLFHV�DOORZ�HVWLPDWLRQ�RI�KHDY\�PHWDO�
EDFNJURXQG�FRQFHQWUDWLRQV�LQ�VRLOV��*OREDO�%LRJHRFKHPLFDO�&\FOHV�����*%������

+HZLWW�$�������7KH�1HZ�=HDODQG�VRLOV�FODVVLILFDWLRQ��$SSHQGL[�LQ��0ROOR\�/��6RLOV�RI�WKH�
1HZ�=HDODQG�ODQGVFDSH��WKH�OLYLQJ�PDQWOH���QG�HGQ��1HZ�=HDODQG�6RFLHW\�RI�6RLO�
6FLHQFH��

+HZLWW�$�������1HZ�=HDODQG�VRLOV�FODVVLILFDWLRQ��/DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV�����UG�
HGQ��/LQFROQ��0DQDDNL�:KHQXD�3UHVV��

+HZLWW�$��%DUULQJHU�-��&OD\GRQ�-��&DPSEHOO�6��&DUULFN�6��)UDVHU�6��*UD\�&��/\QQ�,��
0HG\FN\M�6FRWW�'��5LWFKLH�$��:HEE�7�������1DWLRQDO�6RLO�'DWDEDVH�XWLOLW\��D�UHYLHZ�
DQG�SURFHVV�IRU�GHYHORSPHQW��/DQGFDUH�5HVHDUFK�5HSRUW�IRU�(QYLUROLQN�������
0/'&�����

+LOO�5%��6SDUOLQJ�*�3�������6RLO�TXDOLW\�PRQLWRULQJ��,Q��/DQG�0RQLWRULQJ�)RUXP��/DQG�DQG�
VRLO�PRQLWRULQJ��D�JXLGH�IRU�VWDWH�RZQHG�HQWHUSULVH�DQG�UHJLRQDO�FRXQFLO�UHSRUWLQJ��
+DPLOWRQ��/DQG�0RQLWRULQJ�)RUXP��3S����±����

+LOO�5%��6SDUOLQJ�*��)UDPSWRQ�&��&XII�-�������1DWLRQDO�VRLO�TXDOLW\�UHYLHZ�DQG�SURJUDPPH�
GHVLJQ��0I(�7HFKQLFDO�5HSRUW�75����:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW��

,62�������6RLO�TXDOLW\�±�*XLGDQFH�RQ�WKH�GHWHUPLQDWLRQ�RI�EDFNJURXQG�YDOXHV��,62�
����������������,QWHUQDWLRQDO�6WDQGDUGV�2UJDQLVDWLRQ��

-DUYD�-��7DUYDLQHQ�7��5HLQLNDLQHQ�-��(NOXQG�0�������7$3,5�²�)LQQLVK�QDWLRQDO�JHRFKHPLFDO�
EDVHOLQH�GDWDEDVH��6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW����������±������

-RKQVRQ�&&��'HPHWULDGHV�$�������8UEDQ�JHRFKHPLFDO�PDSSLQJ�VWXGLHV��,Q��-RKQVRQ�&��
'HPHWULDGHV�$��/RFXWUXUD�-��2WWHVDQ�57�HGV�0DSSLQJ�WKH�FKHPLFDO�HQYLURQPHQW�RI�
XUEDQ�DUHDV��-RKQ�:LOH\��
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-RKQVRQ�&&��$QGHUV�(/��&DYH�05��3DOXPER�URH�%�������1RUPDO�EDFNJURXQG�FRQFHQWUDWLRQV�
�1%&V��RI�FRQWDPLQDQWV�LQ�(QJOLVK�VRLOV��)LQDO�SURMHFW�UHSRUW��%ULWLVK�*HRORJLFDO�
6XUYH\�&RPPLVVLRQHG�5HSRUW��&5������������S��

.LP�1'�������$JULFXOWXUDO�]LQF�±�LVVXH�FKDUDFWHULVDWLRQ�DQG�PDQDJHPHQW�RSWLRQV�QRWHV��
(QYLURQPHQWDO�:DLNDWR�,QWHUQDO�0HPR�����������:DLNDWR�5HJLRQDO�&RXQFLO��

.LP�1'��7D\ORU�0'�������7UDFH�HOHPHQW�PRQLWRULQJ��,Q��/DQG�0RQLWRULQJ�)RUXP��/DQG�DQG�
VRLO�PRQLWRULQJ��$�JXLGH�IRU�VWDWH�RZQHG�HQWHUSULVH�DQG�UHJLRQDO�FRXQFLO�UHSRUWLQJ��
1HZ�=HDODQG��3S�����±�����

/DGR�5��+HQJO�/��5HXWHU�+,�������+HDY\�PHWDOV�LQ�(XURSHDQ�VRLOV��D�JHRVWDWLVWLFDO�DQDO\VLV�
RI�WKH�)25(*6�*HRFKHPLFDO�GDWDEDVH��*HRGHUPD����������������

/DQG�0RQLWRULQJ�)RUXP�������/DQG�DQG�VRLO�PRQLWRULQJ��D�JXLGH�IRU�VWDWH�RZQHG�HQWHUSULVH�
DQG�UHJLRQDO�FRXQFLO�UHSRUWLQJ��1HZ�=HDODQG��+DPLOWRQ��/DQG�0RQLWRULQJ�)RUXP��

/LOEXUQH�/5��:HEE�7+��+HZLWW��$(��/\QQ�,+��GH�3DXZ�%�������6�PDS�GDWDEDVH�PDQXDO��
/DQGFDUH�5HVHDUFK�5HSRUW�/&�����/LQFROQ��/DQGFDUH�5HVHDUFK��

/RQJKXUVW�5'��5REHUWV�$+&��:DOOHU�-(�������&RQFHQWUDWLRQV�RI�DUVHQLF��FDGPLXP��FRSSHU��
OHDG��DQG�]LQF�LQ�1HZ�=HDODQG�SDVWRUDO�WRSVRLOV�DQG�KHUEDJH��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUDO�5HVHDUFK������������

0$)�������&DGPLXP�DQG�1HZ�=HDODQG�DJULFXOWXUH�DQG�KRUWLFXOWXUH��D�VWUDWHJ\�IRU�ORQJ�WHUP�
ULVN�PDQDJHPHQW��:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��

0DWVFKXOODW�-��2WWHQVWHLQ�5��5HLPDQQ�&�������*HRFKHPLFDO�EDFNJURXQG�±�FDQ�ZH�FDOFXODWH�
LW"�(QYLURQPHQWDO�*HRORJ\��������±������

0F'RZHOO�5:��6WHZDUW�,�������7KH�SKRVSKRUXV�FRPSRVLWLRQ�RI�FRQWUDVWLQJ�VRLOV�LQ�SDVWRUDO�
QDWLYH�DQG�IRUHVW�PDQDJHPHQW�LQ�2WDJR��1HZ�=HDODQG��VHTXHQWLDO�H[WUDFWLRQ�DQG���3�
105��*HRGHUPD���������±�����

0F'RZHOO�5:��7D\ORU�0'��6WHYHQVRQ�%$�������1DWXUDO�EDFNJURXQG�DQG�DQWKURSRJHQLF�
FRQWULEXWLRQV�RI�FDGPLXP�WR�1HZ�=HDODQG�VRLOV��$JULFXOWXUH��(FRV\VWHPV�DQG�
(QYLURQPHQW��������±����

0I(�������&RQWDPLQDWHG�/DQG�0DQDJHPHQW�*XLGHOLQHV�1R����&ODVVLILFDWLRQ�DQG�,QIRUPDWLRQ�
0DQDJHPHQW�3URWRFROV�:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW��

0I(�������(QYLURQPHQW�1HZ�=HDODQG�������5HSRUW�0(������:HOOLQJWRQ��0LQLVWU\�IRU�WKH�
(QYLURQPHQW��

0I(�����D��0HWKRGRORJ\�IRU�GHULYLQJ�VWDQGDUGV�IRU�FRQWDPLQDQWV�LQ�VRLO�WR�SURWHFW�KXPDQ�
KHDOWK��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW��

0I(�����E��&RQWDPLQDWHG�/DQG�0DQDJHPHQW�*XLGHOLQHV�1R����6LWH�,QYHVWLJDWLRQ�DQG�
$QDO\VLV�RI�6RLOV���:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW��
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0I(�������8VHUV¶�JXLGH��1DWLRQDO�HQYLURQPHQWDO�VWDQGDUG�IRU�DVVHVVLQJ�DQG�PDQDJLQJ�
FRQWDPLQDQWV�LQ�VRLO�WR�SURWHFW�KXPDQ�KHDOWK��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�
(QYLURQPHQW��

0LOOHDX�/WG��53$��:5&�������(QYLURQPHQWDO��HFRQRPLF�DQG�VRFLDO�LPSDFWV�RI�WKH�XVH�RI�
VHZDJH�VOXGJH�RQ�ODQG��5HSRUW�SUHSDUHG�IRU�WKH�(XURSHDQ�&RPPLVVLRQ��'*�
(QYLURQPHQW�XQGHU�6WXG\�&RQWUDFW�'*�(19�*���(78����������U��

03,�������:RUNLQJ�WRZDUGV�1HZ�=HDODQG�ULVN�EDVHG�VRLO�JXLGHOLQH�YDOXHV�IRU�WKH�
PDQDJHPHQW�RI�FDGPLXP�DFFXPXODWLRQ�RQ�SURGXFWLYH�ODQG��03,�7HFKQLFDO�3DSHU�1R��
���������:HOOLQJWRQ��0LQLVWU\�IRU�3ULPDU\�,QGXVWULHV��

1HZVRPH��3)-��:LOGH�5+��:LOORXJKE\�(-�������/DQG�UHVRXUFH�LQIRUPDWLRQ�V\VWHP�VSDWLDO�
GDWD�OD\HU���'DWD�'LFWLRQDU\��/DQGFDUH�5HVHDUFK�UHSRUW��$YDLODEOH�DW��
KWWS���OULV�VFLQIR�RUJ�Q]�ILOHV���$FFHVVHG�0DUFK�������

15(3&��1DWXUDO�5HVRXUFHV�DQG�(QYLURQPHQWDO�3URWHFWLRQ�&DELQHW��������.HQWXFN\�JXLGDQFH�
IRU�DPELHQW�EDFNJURXQG�DVVHVVPHQW��.HQWXFN\��86$��1DWXUDO�5HVRXUFHV�DQG�
(QYLURQPHQWDO�3URWHFWLRQ�&DELQHW��

1=::$�������*XLGHOLQHV�IRU�WKH�VDIH�DSSOLFDWLRQ�RI�ELRVROLGV�WR�ODQG�LQ�1HZ�=HDODQG��
:HOOLQJWRQ��1HZ�=HDODQG�:DWHU�DQG�:DVWHV�$VVRFLDWLRQ��

3HUFLYDO�+-��:HEE�7+��6SLHU�7:�������$VVHVVPHQW�RI�EDFNJURXQG�FRQFHQWUDWLRQV�RI�
VHOHFWHG�GHWHUPLQDQGV�LQ�&DQWHUEXU\�VRLOV��/DQGFDUH�5HVHDUFK�UHSRUW�SUHSDUHG�IRU�
(QYLURQPHQW�&DQWHUEXU\��

5HLPDQQ�&�������*HRFKHPLFDO�PDSSLQJ��WHFKQLTXH�RU�DUW"�*HRFKHPLVWU\��([SORUDWLRQ��
(QYLURQPHQW��$QDO\VLV�������±�����

5HLPDQQ�&��)LO]PRVHU�3�������1RUPDO�DQG�ORJQRUPDO�GDWD�GLVWULEXWLRQ�LQ�JHRFKHPLVWU\��
GHDWK�RI�D�P\WK��&RQVHTXHQFHV�IRU�WKH�VWDWLVWLFDO�WUHDWPHQW�RI�JHRFKHPLFDO�DQG�
HQYLURQPHQWDO�GDWD��(QYLURQPHQWDO�*HRORJ\���������±������

5HLPDQQ�&��*DUUHWW�5*��������*HRFKHPLFDO�EDFNJURXQG�²�FRQFHSW�DQG�UHDOLW\��6FLHQFH�RI�
WKH�7RWDO�(QYLURQPHQW��������±����

5HLPDQQ�&��)LO]PRVHU�3��*DUUHWW�5*�������%DFNJURXQG�DQG�WKUHVKROG��FULWLFDO�FRPSDULVRQ�RI�
PHWKRGV�RI�GHWHUPLQDWLRQ��6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW�������±����

5HLPDQQ�&��)LO]PRVHU�3��*DUUHWW�5*�'XWWHU�3�������6WDWLVWLFDO�'DWD�$QDO\VLV�([SODLQHG��
$SSOLHG�(QYLURQPHQWDO�6WDWLVWLFV�ZLWK�5��:LOH\��

5HLPDQQ�&��0DWVFKXOODW�-��%LUNH�0��6DOPLQHQ�5�������$UVHQLF�GLVWULEXWLRQ�LQ�WKH�
HQYLURQPHQW��7KH�HIIHFWV�RI�VFDOH��$SSOLHG�*HRFKHPLVWU\���������±������

5HLPDQQ�&��0DWVFKDOOHW�-��%LUNH�0��6DOLQHQ�5�������$QWLPRQ\�LQ�WKH�HQYLURQPHQW��/HVVRQV�
IURP�JHRFKHPLFDO�PDSSLQJ��$SSOLHG�*HRFKHPLVW\����������������
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5HLPDQQ�&��%LUNH�0��)LO]PRVHU�3�������'DWD�DQDO\VLV�IRU�XUEDQ�JHRFKHPLFDO�GDWD��,Q��
-RKQVRQ�&��'HPHWULDGHV�$��/RFXWUXUD�-��2WWHVDQ�57�HGV�0DSSLQJ�WKH�FKHPLFDO�
HQYLURQPHQW�RI�XUEDQ�DUHDV��-RKQ�:LOH\��

5HLPDQQ�&��'HPHWULDGHV�$��(JJHQ�2$��)LO]PRVHU�3��(XUR*HR6XUYH\V�*HRFKHPLVWU\�([SHUW�
*URXS�������7KH�(XUR*HR6XUYH\V�*(RFKHPLFDO�0DSSLQJ�RI�$JULFXOWXUDO�DQG�JUD]LQJ�
ODQG�6RLOV�SURMHFW��*(0$6��±�(YDOXDWLRQ�RI�TXDOLW\�FRQWURO�UHVXOWV�RI�WRWDO�&�DQG�6��
WRWDO�RUJDQLF�FDUERQ��72&���FDWLRQ�H[FKDQJH�FDSDFLW\��&(&���;5)��S+��DQG�SDUWLFOH�
VL]H�GLVWULEXWLRQ��36'��DQDO\VLV��1*8�5HSRUW�����������*HRORJLFDO�6XUYH\�RI�1RUZD\��

5HLPDQQ�&��GH�&DULWDW�3��*(0$6�3URMHFW�7HDP��1*6$�3URMHFW�7HDP�����D��1HZ�VRLO�
FRPSRVLWLRQ�GDWD�IRU�(XURSH�DQG�$XVWUDOLD��GHPRQVWUDWLQJ�FRPSDUDELOLW\��LGHQWLI\LQJ�
FRQWLQHQWDO�VFDOH�SURFHVVHV�DQG�OHDUQLQJ�OHVVRQV�IRU�JOREDO�JHRFKHPLFDO�PDSSLQJ��
6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW���������±�����

5HLPDQQ�&��)LO]PRVHU�3��)DELDQ�.��+URQ�.��%LUNH�0��'HPHWULDGHV�$��'LQHOOL�(��
/DGHQEHUJHU�$��*(0$6�3URMHFW�7HDP�����E��7KH�FRQFHSW�RI�FRPSRVLWLRQDO�GDWD�
DQDO\VLV�LQ�SUDFWLFH�²�7RWDO�PDMRU�HOHPHQW�FRQFHQWUDWLRQV�LQ�DJULFXOWXUDO�DQG�JUD]LQJ�
ODQG�VRLOV�RI�(XURSH��6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW���������±�����
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