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$EVWUDFW
,Q�-DQXDU\������5,90�ZDV�DVNHG�WR�FDUU\�RXW�D�SUHOLPLQDU\�ULVN�DVVHVVPHQW�RQ�RUJDQLF� WLQ
FRPSRXQGV �RUJDQRWLQV��LQ�WH[WLOHV��0HDVXUHPHQWV�FDUULHG�RXW�E\�WKH�'XWFK�+HDOWK�3URWHFWLRQ
,QVSHFWRUDWH�KDG�VKRZQ�WKHVH�SRWHQWLDOO\�WR[LF�FRPSRXQGV�WR�EH�SUHVHQW�LQ�VHYHUDO�FRQVXPHU
SURGXFWV�� LQFOXGLQJ� LWHPV�RI�FORWKLQJ�ZRUQ�E\�DGXOWV�DQG�FKLOGUHQ�DQG�K\JLHQH�SURGXFWV� IRU
ZRPHQ DQG�LQIDQWV��7KH�LQLWLDO�DVVHVVPHQW�RI�WKLV�SUREOHP�E\�5,90��GDWHG�0DUFK�������ZDV
XVHG� LQ� WKH� RQJRLQJ� GLVFXVVLRQV� EHWZHHQ� WKH�+HDOWK� ,QVSHFWRUDWH� DQG� LQGXVWU\��$W� DQ� HDUO\
VWDJH�LQ�WKHVH�GLVFXVVLRQV�LQGXVWU\�LQGLFDWHG�WKH�VRXUFHV�RI�RUJDQRWLQ�FRQWDPLQDWLRQ�WR�KDYH
EHHQ�ORFDWHG�DQG�VXEVHTXHQWO\�UHPRYHG�IURP�WKH�SURGXFWLRQ�SURFHVV��WKXV�UHGXFLQJ�WKH�LVVXH
XQGHU�LQYHVWLJDWLRQ�WR�WKH�TXHVWLRQ�RI�ZKHWKHU�WKHUH�KDG�EHHQ�D�ULVN�IRU�FRQVXPHUV�DW�WKH�WLPH
ZKHQ WKH� FRQWDPLQDWLRQ� ZDV� VWLOO� LQ� SODFH� �KLVWRULFDO� ULVN��� ,Q� DGGLWLRQ�� LQGXVWU\� SURYLGHG
IXUWKHU� LQIRUPDWLRQ�WKDW�FRXOG�EH�XVHG�WR�LPSURYH�RQ�WKH�LQLWLDO�ULVN�DVVHVVPHQW��7KHVH�QHZ
GDWD�ODUJHO\�FOHDUHG�XS�WKH�SRLQWV�RI�FRQFHUQ�QRWHG�LQ�RXU�SUHOLPLQDU\�ULVN�DVVHVVPHQW��6RPH
GDWD�OLPLWDWLRQV�UHPDLQ�EXW�RYHUDOO�WKH�FRQFOXVLRQ�LV�WKDW�PRVW�OLNHO\�WKH�FRQWDPLQDWHG�LWHPV
GLG�QRW�SRVH�DQ\�KHDOWK�ULVN�IRU�WKH�FRQVXPHUV�XVLQJ�WKHP�
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6DPHQYDWWLQJ
,Q�RSGUDFKW�YDQ�GH� ,QVSHFWLH�*H]RQGKHLGVEHVFKHUPLQJ�:DUHQ�HQ�9HWHULQDLUH�=DNHQ�YDQ�KHW
0LQLVWHULH�YDQ�9RONVJH]RQGKHLG��:HO]LMQ�HQ�6SRUW�KHEEHQ�ZH�HHQ�ULVLFREHRRUGHOLQJ�JHPDDNW
YRRU� RUJDQLVFKH� WLQYHUELQGLQJHQ� �RUJDQRWLQV�� LQ� WH[WLHO�� ,Q� HHQ� VHULH� FKHPLVFKH� DQDO\VHV
XLWJHYRHUG�GRRU�GH�,QVSHFWLH�LQ�FRQVXPHQWHQSURGXFWHQ�]RDOV�SDQWDORQV��RQGHUJRHG��OXLHUV�HQ
K\JLHQLVFKH� YHU]RUJLQJVSURGXFWHQ� YRRU� YURXZHQ� ZDV� JHEOHNHQ� GDW� GH]H� UHJHOPDWLJ
YHURQWUHLQLJG� ]LMQ� PHW� RUJDQRWLQV�� 2Q]H� HHUVWH� YRRUORSLJH� EHRRUGHOLQJ� YDQ� GLW� SUREOHHP
YHUVFKHHQ� LQ� PDDUW� ������ ,Q� RYHUOHJ� WXVVHQ� GH� ,QVSHFWLH� HQ� GH� LQGXVWULH� ZHUG� LQIRUPDWLH
XLWJHZLVVHOG� HQ� ZHUGHQ� DGGLWLRQHOH� JHJHYHQV� YHUVFKDIW� GLH� JHEUXLNW� NRQGHQ� ZRUGHQ� LQ� GH
GHILQLWLHYH�ULVLFREHRRUGHOLQJ� LQ�GH]H�]DDN��$O� LQ�HHQ�YURHJH�IDVH�YDQ�GLW�RYHUOHJ� LV�GRRU�GH
LQGXVWULH� DDQJHJHYHQ� GDW� GH� EURQQHQ� YDQ� GH� YHURQWUHLQLJLQJ� RSJHVSRRUG� HQ� YHUYROJHQV
JHsOLPLQHHUG�]LMQ��'DDUPHH�ZDV�GH�YUDDJVWHOOLQJ�WHUXJJHEUDFKW�WRW�GH�EHRRUGHOLQJ�RI�HU�VSUDNH
ZDV YDQ� HHQ� ULVLFR� LQ� GH� SHULRGH� GDW� GH� YHURQWUHLQLJLQJ� QRJ�ZHO� DDQZH]LJ�ZDV� �KLVWRULVFK
ULVLFR��� �*HEUXLNPDNHQG�YDQ� GH� QLHXZH�JHJHYHQV�ZHUG� GH� ULVLFREHRRUGHOLQJ� JHDFWXDOLVHHUG
ZDW OHLGGH�WRW�GH�GHILQLWLHYH�YHUVLH�YDVWJHOHJG�LQ�KHW�KXLGLJH�UDSSRUW�
2UJDQRWLQV�]LMQ�HHQ�LQ�FKHPLVFK�RS]LFKW�GLYHUVH�JURHS�YDQ�SRWHQWLHHO�WR[LVFKH�YHUELQGLQJHQ�
(HQ�RSYDOOHQGH� WR[LFRORJLVFKH� HLJHQVFKDS�YDQ� GH� RUJDQRWLQV� LV� GH� WR[LVFKH�ZHUNLQJ� GLH� ]H
KHEEHQ�RS�KHW� LPPXXQV\VWHHP�� HHQ� HIIHFW� GDW� ]RZHO� GRRU� GH� GLDON\OWLQV�� WULDON\OWLQV� DOV� GH
WULIHQ\OWLQV�YHURRU]DDNW�ZRUGW��9RRU�ZDW�EHWUHIW�GH�EORRWVWHOOLQJ�DDQ�RUJDQRWLQV�NDQ�HHQ�HYHQW�
VSHFLILHNH� H[SRVLWLH� HQ� HHQ� PRJHOLMNH� WRWDOH� H[SRVLWLH� RYHU� ODQJHUH� GXXU� RQGHUVFKHLGHQ
ZRUGHQ� 'H� ODDWVWH� NDQ� JHEUXLNW� ZRUGHQ� RP� KHW� ULVLFR� YRRU� QDGHOLJH� HIIHFWHQ� RS� LQWHUQH
RUJDQHQ� � WH�HYDOXHUHQ�GRRU�YHUJHOLMNLQJ�PHW�HHQ�FKURQLVFKH�JUHQVZDDDUGH��(YHQW�VSHFLILHNH
HIIHFWHQ GLH�]LFK�NXQQHQ�YRRUGRHQ�]LMQ�ORFDOH�KXLGLUULWDWLH�HQ�VHQVLELOLVDWLH��RS�GH�SODDWV�YDQ
FRQWDFW�PHW�GH�KXLG��
:H KHEEHQ�GH�PD[LPDDO�PRJHOLMNH�H[SRVLWLH�EHSDDOG��LQ�PJ�NJ� OLFKDDPVJHZLFKW�GDJ��YRRU
HON YDQ�GH�YHURQWUHLQLJGH�SURGXFWHQ��'H�DDQQDPH�GDDUELM�ZDV�GDW� LQ�GH�SURGXFWHQ�DOWLMG�GH
PD[LPXPFRQFHQWUDWLH� ]RDOV� JHYRQGHQ� LQ� GH� FKHPLVFKH� DQDO\VHV� DDQZH]LJ� ZDV�� 'H
UHVXOWHUHQGH� ZRUVW� FDVH�VFKDWWLQJ� KHEEHQ� ZH� YHUYROJHQV� YHUJHOHNHQ� PHW� GH� FKURQLVFKH
JUHQVZDDUGH� �GH� WROHUDEOH� GDLO\� LQWDNH� 7',��� :DDU� 7',V� RYHUVFKUHGHQ� ZHUGHQ� �ZDW� HURS
ZLMVW�GDW�HU�PRJHOLMN�HHQ�JH]RQGKHLGVULVLFR�LV��ZHUG�GH�H[SRVLWLHVLWXDWLH�QDGHU�JHDQDO\VHHUG
RP� WH�NRPHQ� WRW� HHQ�YHUEHWHUGH� VFKDWWLQJ� YDQ� GH� EORRWVWHOOLQJ��'DDUELM� NRQGHQ�ZH� JHEUXLN
PDNHQ�YDQ�GH�QLHXZH�GDWD� LQJHOHYHUG�GRRU�GH� LQGXVWULH� LQ�KHW�NDGHU�YDQ�RYHUOHJ�RYHU�GH]H
NZHVWLH��'H�NDQV�RS�HYHQW�VSHFLILHNH�HIIHFWHQ�ZHUG�JHHYDOXHHUG�RS�EDVLV�YDQ�ZDW�HU�EHNHQG�LV
RYHU� GH� SRWHQWLH� YDQ� GH� YHUVFKLOOQHGH� RUJDQRWLQV� RP� KXLGLUULWDWLHHQ� VHQVLELOLVDWLH� WH
YHURRU]DNHQ�� %RYHQGLHQ� ZDUHQ� YRRU� VRPPLJH� YDQ� GH� SURGXFWHQ� WHVWHQ� PHW� PHQVHOLMNH
YULMZLOOLJHUV�EHVFKLNEDDU�ZDDULQ�KHW�LQWDFWH�SURGXFW�ZHUG�JHWHVW�
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+HW� UHVXOWDDW� YDQ� RQ]H� ULVLFREHRRUGHOLQJ� LV� GDW� HU� RS� HQNHOH� SXQWHQ� EHSHUNLQJHQ� EOLMYHQ
EHVWDDQ� YRRU� ZDW� EHWUHIW� GH� EHVFKLNEDUH� JHJHYHQV� PDDU� RYHUDOO� FRQFOXGHUHQ� ZH� GDW� GH
YHURQWUHLQLJGH� LWHPV�ZDDUVFKLMQOLMN� JHHQ� HQNHO� ULVLFR� YRUPGHQ� YRRU� GH� JH]RQGKHLG� YDQ� GH
FRQVXPHQW��2SJHVSOLWVW�QDDU�SURGXFW�]LMQ�RQ]H�FRQFOXVLHV��EHWUHIIHQGH�KHW�KLVWRULVFKH�ULVLFR�
DOV YROJW�
3URGXFW V\VWHPLVFKH�HIIHFWHQ LUULWDWLH�VHQVLELOLVDWLH
WDPSRQV JHHQ�ULVLFR ZDDUVFKLMQOLMN�JHHQ�ULVLFR
PDDQGYHUEDQG�LQOHJNUXLVMHV JHHQ�ULVLFR ZDDUVFKLMQOLMN�JHHQ�ULVLFR
NUDDPYHUEDQG JHHQ�ULVLFR ZDDUVFKLMQOLMN�JHHQ�ULVLFR
OXLHUV JHHQ�ULVLFR EHSHUNWH�GDWD��ZDDUVFKLMQOLMN�JHHQ�ULVLFR
OXLHUEURHNMHV JHHQ�ULVLFR EHSHUNWH�GDWD��ZDDUVFKLMQOLMN�JHHQ�ULVLFR
NOHGLQJ�� JHHQ�ULVLFR EHSHUNWH�GDWD��ZDDUVFKLMQOLMN�JHHQ�ULVLFR
WHQWGRHN JHHQ�ULVLFR EHSHUNWH�GDWD��JHHQ�FRQFOXVLH�PRJHOLMN
���,WHPV��7�VKLUWV��RQGHUEURHNHQ��WUXL��KHUHQKHPG��PDLOORWV��VRNNHQ�
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6XPPDU\
2Q� EHKDOI� RI� WKH� ,QVSHFWRUDWH� RI� +HDOWK� 3URWHFWLRQ�� &RPPRGLWLHV� DQG� 9HWHULQDU\� 3XEOLF
+HDOWK� RI� WKH�0LQLVWU\� RI�+HDOWK��:HOIDUH� DQG�6SRUWV� RI� WKH�1HWKHUODQGV��ZH� FDUULHG� RXW� D
KHDOWK� ULVN� DVVHVVPHQW� IRU� RUJDQLF� WLQ� FRPSRXQGV� �RUJDQRWLQV�� LQ� WH[WLOHV�� ,Q� D� VHULHV� RI
FKHPLFDO DQDO\VHV�RI�FRQVXPHU�SURGXFWV�VXFK�DV�SDQWV��XQGHUZHDU�� IHPDOH�K\JLHQH�SURGXFWV
DQG QDSNLQV� �GLDSHUV��� WKH� ,QVSHFWRUDWH� KDG� IRXQG� WKDW� VHYHUDO� RI� WKHVH� LWHPV� ZHUH
FRQWDPLQDWHG� ZLWK� RUJDQRWLQV�� 2XU� ILUVW� SUHOLPLQDU\� ULVN� DVVHVVPHQW� IRU� WKLV� SUREOHP
DSSHDUHG� LQ� 0DUFK� ������ $V� SDUW� RI� RQJRLQJ� GLVFXVVLRQV� EHWZHHQ� WKH� ,QVSHFWRUDWH� DQG
LQGXVWU\��LQIRUPDWLRQ�ZDV�H[FKDQJHG�DQG�DGGLWLRQDO�GDWD�ZHUH�VXSSOLHG�WR�EH�LQFOXGHG�LQ�WKH
ILQDO�DVVHVVPHQW�RI�WKH�LVVXH��$OUHDG\�DW�DQ�HDUO\�VWDJH�LQ�WKHVH�GLVFXVVLRQV�LQGXVWU\�LQGLFDWHG
WKH�VRXUFHV�RI�RUJDQRWLQ�FRQWDPLQDWLRQ�WR�KDYH�EHHQ�ORFDWHG�DQG�VXEVHTXHQWO\�UHPRYHG�IURP
WKH�SURGXFWLRQ�SURFHVV��WKXV�UHGXFLQJ�WKH�LVVXH�XQGHU�LQYHVWLJDWLRQ�WR�WKH�TXHVWLRQ�RI�ZKHWKHU
WKHUH� KDG� EHHQ� D� ULVN� IRU� FRQVXPHUV� DW� WKH� WLPH�ZKHQ� WKH� FRQWDPLQDWLRQ�ZDV� VWLOO� LQ� SODFH
�KLVWRULFDO�ULVN���8VLQJ�WKH�QHZO\�VXSSOLHG�GDWD�RXU�SUHOLPLQDU\�ULVN�DVVHVVPHQW�ZDV�XSGDWHG
OHDGLQJ�WR�WKH�ILQDO�YHUVLRQ�WKDW�LV�FRQWDLQHG�LQ�WKH�SUHVHQW�UHSRUW�
2UJDQRWLQV� DUH� D� FKHPLFDOO\� GLYHUVH� JURXS� RI� SRWHQWLDOO\� WR[LF� FRPSRXQGV�� $� VDOLHQW
WR[LFRORJLFDO�IHDWXUH�RI�WKH�RUJDQRWLQV�LV�WKHLU�WR[LFLW\�WR�WKH�LPPXQH�V\VWHP��DQ�HIIHFW�WKDW�LV
SURGXFHG�E\�WKH�GLDON\OLQV��WULDON\OWLQV�DV�ZHOO�DV�WULSKHQ\OWLQV��$V�WR�RUJDQRWLQ�H[SRVXUH�GXH
WR� FRQWDFW� ZLWK� FRQWDPLQDWHG� WH[WLOHV�� DQ� HYHQW�VSHFLILF� H[SRVXUH� DQG� D� SRVVLEOH� WRWDO
H[SRVXUH�RYHU�ORQJHU�SHULRGV�RI�WLPH�PD\�EH�GLVWLQJXLVKHG��7KH�ODWWHU�PD\�EH�XVHG�WR�HYDOXDWH
WKH�ULVN�IRU�DGYHUVH�HIIHFWV�RQ�LQWHUQDO�RUJDQV��V\VWHPLF�HIIHFWV��E\�FRPSDULVRQ�ZLWK�D�ORQJ�
WHUP�OLPLW�YDOXH��(YHQW�VSHFLILF�HIIHFWV�WKDW�PD\�RFFXU�DUH�VNLQ�LUULWDWLRQ�RU�VHQVLWL]DWLRQ�DW�WKH
VLWH�RI�FRQWDFW�
:H GHWHUPLQHG�WKH�PD[LPXP�SRVVLEOH�H[SRVXUH��DV�PJ�NJ�EZ�GD\��IRU�HDFK�RI�WKH�RUJDQRWLQ�
SRVLWLYH�LWHPV��)RU�WKLV�ZH�DVVXPHG�WKDW�WKH�LWHPV�FRQVXPHG�DOZD\V�FRQWDLQHG�WKH�PD[LPXP
FRQFHQWUDWLRQ�DV�REVHUYHG�WKH�FKHPLFDO�DQDO\VHV��7KH�ZRUVW�FDVH�HVWLPDWH�WKXV�REWDLQHG�ZDV
FRPSDUHG WR� WKH� FKURQLF� OLPLW� YDOXH� �WKH� WROHUDEOH� GDLO\� LQWDNH�� 7',�� IRU� WKH� FRPSRXQG� LQ
TXHVWLRQ��:KHUH�7',V�ZHUH� H[FHHGHG� �ZKLFK� LQGLFDWHV� WKDW� WKHUH�PD\�EH� D� KHDOWK� ULVN�� WKH
H[SRVXUH�VLWXDWLRQ�ZDV�DQDO\VHG�LQ�PRUH�GHWDLO�LQ�RUGHU�WR�GHWHUPLQH�LI�DQ�LPSURYHG�HVWLPDWH
RI�H[SRVXUH�ZDV�SRVVLEOH��)RU� WKLV� WKH�GDWD�QHZO\�VXSSOLHG�E\� LQGXVWU\� LQ� WKH�FRXUVH�RI� WKH
GLVFXVVLRQV�RQ�WKLV�WRSLF�FRXOG�EH�XVHG��7KH�OLNHOLKRRG�RI�HYHQW�VSHFLILF�HIIHFWV�ZDV�HYDOXDWHG
XVLQJ� GDWD� RQ� WKH� SRWHQWLDO� RI� WKH� GLIIHUHQW� RUJDQRWLQV� WR� SURGXFH� VNLQ� LUULWDWLRQ� RU
VHQVLWL]DWLRQ��,Q�DGGLWLRQ��IRU�VRPH�RI�WKH�LWHPV�VNLQ�WHVWV�LQ�KXPDQ�YROXQWHHUV�LQ�ZKLFK�ZKROH
SURGXFWV�ZHUH�WHVWHG��ZHUH�DYDLODEOH�
7KH� RXWFRPH� RI� WKH� ULVN� DVVHVVHPHQW� LV� WKDW� VRPH� GDWD� OLPLWDWLRQV� UHPDLQ� EXW� RYHUDOO� WKH
FRQFOXVLRQ LV� WKDW�PRVW� OLNHO\� WKH� FRQWDPLQDWHG� LWHPV� GLG� QRW� SRVH� DQ\� KHDOWK� ULVN� IRU� WKH
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FRQVXPHUV� XVLQJ� WKHP�� 3HU� SURGXFW� RXU� ULVN� DVVHVVPHQW� FRQFOXVLRQV� �SHUWDLQLQJ� WR� WKH
KLVWRULFDO�ULVN��ZHUH�DV�IROORZV�
3URGXFW V\VWHPLF�HIIHFWV LUULWDWLRQ�VHQVLWL]DWLRQ
WDPSRQV QR�ULVN SUREDEO\�QR�ULVN
VDQLWDU\�SDGV QR�ULVN SUREDEO\�QR�ULVN
PDWHUQLW\�VDQLWDU\�SDGV QR�ULVN SUREDEO\�QR�ULVN
QDSNLQV QR�ULVN OLPLWHG�GDWD��SUREDEO\�QR�ULVN
SLOFKHV QR�ULVN OLPLWHG�GDWD��SUREDEO\�QR�ULVN
FORWKLQJ�� QR�ULVN OLPLWHG�GDWD��SUREDEO\�QR�ULVN
FDQYDV QR�ULVN OLPLWHG�GDWD��QR�FRQFOXVLRQ�SRVVLEOH
���,WHPV��7�VKLUWV��XQGHUSDQWV��VZHDWHU��VKLUWV��WLJKWV�VRFNV�
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��� ,1752'8&7,21
,Q� ����� WKH� ,QVSHFWRUDWH� IRU� 3XEOLF� +HDOWK�)RRG� ,QVSHFWLRQ� 'HSDUWPHQW� LQ� *URQLQJHQ
SHUIRUPHG�D� VHULHV�RI�PHDVXUHPHQWV�RI� WKH�FRQFHQWUDWLRQV�RI�RUJDQRWLQV� LQ� WH[WLOH�SURGXFWV�
7KH�UHVXOWV�RI�WKHVH�PHDVXUHPHQWV�KDYH�EHHQ�UHSRUWHG�E\�$OEHUWV�DQG�'DQQHQ���������7KHVH
DXWKRUV�VWDWH�WKDW�WKH�SUHVHQFH�RI�RUJDQRWLQV�LQ�WKH�WH[WLOH�SURGXFWV�VDPSOHG�LV�D�UHVXOW�RI�WKH
XVH�RI�WKHVH�VXEVWDQFHV�DV�ELRFLGHV�IRU�WKH�VWRFN�SURWHFWLRQ�RI�QDWXUDO�ILEUHV��WULDON\OWLQV�DQG
WULDU\OWLQV��DQG�DV�VWDELOLVHUV�LQ�39&��GLDON\OWLQV�DQG�GLDU\OWLQV��
7KH� UHSRUW� RI� $OEHUWV�	�'DQQHQ� ������� IRFXVVHV� RQ� WKH� IROORZLQJ� RUJDQRWLQV�� GLEXW\OWLQV�
WULEXW\OWLQV�� GLRFW\OWLQV�� WULRFW\OWLQV�� GLSKHQ\OWLQV� DQG� WULSKHQ\OWLQV�� 7KH� VDPH� UHSRUW� DOVR
FRQWDLQV�D�EULHI�VXUYH\�RI�WKH�SK\VLFRFKHPLFDO�SURSHUWLHV�RI�WKHVH�RUJDQRWLQV��)RU�WKH�SUREOHP
GHDOW�ZLWK� LQ� WKH� FXUUHQW� UHSRUW� LW� LV� UHOHYDQW� WR� NQRZ� WKDW� WKH� RUJDQRWLQV� DUH� RQO\� VOLJKWO\
YRODWLOH�DQG�WKDW�WKH\�DUH�QRW�ZDWHU�VROXEOH�EXW�DUH�IUHHO\�VROXEOH�LQ�RUJDQLF�GLOXHQWV��%HFDXVH
RI WKH� ORZ� YRODWLOLW\�ZH� HVWLPDWH� WKDW� LQKDODWLRQ� H[SRVXUH� RI� FRQVXPHUV� ZLOO� EH� QHJOLJLEOH
ZKHQ RUJDQRWLQV�DUH�SUHVHQW�LQ�FORWKHV�RU�RWKHU�WH[WLOHV��7KH�K\GURIRELFLW\�RI� WKH�RUJDQRWLQV
LQGLFDWHV� WKDW� SHQHWUDWLRQ� RI� VNLQ� DQG� PXFRXV� PHPEUDQHV� LV� SRVVLEOH� GXULQJ� FRQWDFW� ZLWK
FRQWDPLQDWHG�WH[WLOH�SURGXFWV�
7KH� SUHVHQW� UHSRUW� LV� WKH� IROORZ�XS� WR� RXU� SUHOLPLQDU\� ULVN� DVVHVVPHQW� WKDW�ZDV� SUHYLRXVO\
UHSRUWHG��,Q�KLV�OHWWHU�IURP�-DQXDU\����������'U��%UDJW�RI�WKH�+HDOWK�3URWHFWLRQ�,QVSHFWRUDWH
UHTXHVWHG�WKH�5,90�&65�WR�FDUU\�RXW�D�SUHOLPLQDU\�ULVN�DVVHVVPHQW�RQ�RUJDQRWLQV�LQ�WH[WLOHV�
WKH JRDO� RI� ZKLFK� ZDV� WR� GHWHUPLQH� ZKHWKHU� WKH� SUREOHP� QHHGHG� D� PRUH� LQ�GHSWK� ULVN
DVVHVVPHQW�� 2XU� SUHOLPLQDU\� ULVN� DVVHVVPHQW� UHSRUW� ZDV� VHQW� WR� 'U�� %UDJW� LQ�0DUFK� �����
6XEVHTXHQWO\� WKLV� UHSRUW� ZDV� GLVFXVVHG� ZLWK� LQGXVWU\� RQ� -XQH� ���� ����� DQG� DJDLQ� RQ
6HSWHPEHU����������DQG�6HSWHPEHU�����������,Q�WKHVH�PHHWLQJV�LQGXVWU\�SURYLGHG�QHZ�GDWD�WR
EH LQFOXGHG� LQ� WKH� ILQDO� DVVHVVPHQW� RI� WKLV� SUREOHP�� ,Q� DGGLWLRQ�� DOUHDG\� DW� DQ� HDUO\� VWDJH
LQGXVWU\ LQGLFDWHG� WKH� VRXUFHV� RI� RUJDQRWLQ� FRQWDPLQDWLRQ� WR� KDYH� EHHQ� ORFDWHG� DQG
VXEVHTXHQWO\�HOLPLQDWHG�IURP�WKH�SURGXFWLRQ�SURFHVV��,Q�WKH�PHHWLQJV�LW�ZDV�DJUHHG�XSRQ�WKDW
WKH RQO\�SUREOHP�WKDW�ZRXOG�VWLOO�QHHG�DWWHQWLRQ�LV�WKH�DVVHVVPHQW�RI�ZKHWKHU�WKHUH�ZDV�D�ULVN
IRU FRQVXPHUV�DW� WKH� WLPH�ZKHQ� WKH�FRQWDPLQDWLRQ�ZDV�VWLOO� LQ�SODFH��KLVWRULFDO� ULVN��� ,Q� WKH
SUHVHQW UHSRUW� WKLV� TXHVWLRQ� LV� DGGUHVVHG�� QRZ� DOVR� XVLQJ� WKH� DGGLWLRQDO� PDWHULDO� WKDW� ZDV
SURYLGHG E\�LQGXVWU\�VLQFH�RXU�SUHOLPLQDU\�ULVN�DVVHVVPHQW�
%HORZ�LQ�&KDSWHU���WKH�H[SRVXUH�DVVHVVPHQW�ZH�KDYH�GHYHORSHG�IRU� WKLV�UHSRUW� LV�GLVFXVVHG
EULHIO\��0RUH�GHWDLOHG� LQIRUPDWLRQ� RQ� WKH� H[SRVXUH� FDOFXODWLRQV� LV� JLYHQ� LQ�$SSHQGL[� ��� ,Q
&KDSWHU��� WKH�XVH� WKDW�ZH�PDGH�RI� WR[LFLW\�GDWD� LQ� WKH�SUHVHQW� ULVN�DVVHVVPHQW� LV�H[SODLQHG
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DQG�WKH�UHOHYDQW�WR[LFRORJLFDO�LQIRUPDWLRQ�LV�EULHIO\�VXPPDUL]HG��0RUH�GHWDLOHG�LQIRUPDWLRQ
RQ�WKH�WR[LFLW\�RI�WKH�GLIIHUHQW�RUJDQRWLQV�LV�SUHVHQWHG�LQ�$SSHQGL[���WKURXJK����,Q�&KDSWHU���
ILQDOO\�� WKH� ULVN� DVVHVVPHQW� LV� JLYHQ� IRU� WKH� LQGLYLGXDO� LWHPV� LQ�ZKLFK�$OEHUWV� DQG�'DQQHQ
IRXQG�RUJDQRWLQV�LQ�WKHLU�VHULHV�RI�PHDVXUHPHQWV��7KHVH�LWHPV�ZHUH�
- WDPSRQV�
- VDQLWDU\�SDGV�
- PDWHUQLW\�VDQLWDU\�SDGV�
- QDSNLQV�
- SLOFKHV��
- SODVWLF�EDJV�
- FORWKLQJ��7�VKLUWV��XQGHUSDQWV��VKLUWV��WLJKWV��VRFNV��
- VDLOLQJ�FORWK��
- FDQYDV��

,Q�VHFWLRQV�����WKURXJK�����LW�LV�GHWHUPLQHG�ZKHWKHU�WKH�OHYHOV�RI�RUJDQRWLQV�WKDW�$OEHUWV�DQG
'DQQHQ�IRXQG�LQ�WKHVH�LWHPV�PLJKW�SUHVHQW�D�ULVN�WR�WKH�FRQVXPHUV�WKDW�XVH�WKHP��,Q�WKLV�ULVN
DVVHVVPHQW WKH� QHZO\� VXSSOLHG� GDWD� WKDW� ZHUH� QRW� DYDLODEOH� DW� WKH� WLPH� RI� ZULWLQJ� RXU
SUHOLPLQDU\� ULVN� DVVHVVPHQW� DUH� LQFOXGHG�� &KDSWHU� �� SURYLGHV� DQ� RYHUYLHZ� RI� WKH� ULVN
DVVHVVPHQW FRQFOXVLRQV�
$V�WR�WKH�JHQHUDO�DSSURDFK�FKRVHQ�LQ�WKH�SUHVHQW�ULVN�DVVHVVPHQW�LW�VKRXOG�EH�QRWHG�WKDW�WKH
SURFHGXUH� XVHG� LQYROYHV� WZR� EDVLF� VWHSV�� ILUVW� D� ZRUVW�FDVH� HVWLPDWH� LV� PDGH� DV� DQ� LQLWLDO
VFUHHQLQJ�DQG�RQO\�LI�WKLV�H[HUFLVH�LQGLFDWHV�D�SRVVLEOH�SUREOHP�IXUWKHU�DQDO\VLV�RI�WKH�GDWD�RQ
H[SRVXUH�RU�WR[LFLW\�LV�FDUULHG�RXW�LQ�RUGHU�WR�UHILQH�WKH�ULVN�DVVHVVPHQW��,Q�WKH�FKDSWHUV�WKDW
IROORZ�WKLV�VHTXHQFH�RI� WZR�VWHSV� �L�H��SUHOLPLQDU\�ULVN�DVVHVVPHQW� IROORZHG�E\� UHILQHPHQWV
RQO\�LI�QHFHVVDU\��ZLOO�EH�HQFRXQWHUHG�IRU�VHYHUDO�RI�WKH�SURGXFWV�GLVFXVVHG�

�
� 7KH� GLSKHQ\OWLQV�ZHUH� QRW� IRXQG� LQ� DQ\� RI� WKH� WH[WLOH� SURGXFWV� VDPSOHG� E\�$OEHUWV�	�'DQQHQ� DQG� IRU� WKDW
UHDVRQ�ZLOO� QRW� EH� GLVFXVVHG� IXUWKHU� LQ� WKH� SUHVHQW� UHSRUW�� ,W� PD\� EH� DGGHG� KHUH� WKDW� IRU� WKH� GLSKHQ\OWLQV� QR
WR[LFLW\�GDWD�DUH�DYDLODEOH�
� ,Q�'XWFK��OXLHUEURHNMHV�
� ,Q�'XWFK��]HLO�
� ,Q�'XWFK��WHQWGRHN�
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��� (;32685(�$66(660(17
:KHQ�KXPDQV�DUH�H[SRVHG� WR�RUJDQRWLQV�GXH� WR�FRQWDFW�ZLWK�FRQWDPLQDWHG� WH[WLOH�SURGXFWV�
GLUHFW�HIIHFWV�RQ�WKH�VLWH�RI�FRQWDFW��LUULWDWLRQ�RU�VHQVLWL]DWLRQ�RI�VNLQ�RU�PXFRXV�PHPEUDQHV�
PD\ RFFXU�� ,Q� DGGLWLRQ�� DEVRUSWLRQ� RI� WKH� RUJDQRWLQV� LQWR� WKH� ERG\�� OHDGLQJ� WR� H[SRVXUH� RI
LQWHUQDO� RUJDQV�� PD\� SURGXFH� WR[LF� HIIHFWV� �V\VWHPLF� WR[LFLW\��� 7KXV�� LQ� WKH� H[SRVXUH
DVVHVVPHQW ERWK� WKH� LPPHGLDWH� ORFDO� H[SRVXUH� �FRQWDFW� FRQFHQWUDWLRQ�� DQG� WKH� V\VWHPLF
H[SRVXUH� DUH� LPSRUWDQW�� 6LQFH� FRQVXPHUV� XVH� WKH� SURGXFWV� WKDW� ZHUH� IRXQG� WR� FRQWDLQ
RUJDQRWLQV�UHJXODUO\�DQG�IUHTXHQWO\���VRPHWLPHV�PRUH�SURGXFWV�SHU�GD\���H[SRVXUH�RYHU�ORQJHU
SHULRGV�RI�WLPH�LV�SRVVLEOH��)RU�WKH�SUHVHQW�SUREOHP�ZH�PD\�GLVWLQJXLVK�EHWZHHQ�DQ�³HYHQW�
VSHFLILF´�H[SRVXUH�DQG�D�SRVVLEOH�WRWDO�H[SRVXUH�RYHU�ORQJHU�SHULRGV�RI�WLPH��7KH�ODWWHU�LV�WKH
PHDQ DPRXQW� RI� WKH� FRQWDPLQDQW� DEVRUEHG� LQWR� WKH� ERG\�� H[SUHVVHG� DV� PJ�NJ� ERG\
ZHLJKW�GD\��XVLQJ�DQ�DYHUDJLQJ�WLPH�RI�RQH�\HDU��,Q�$SSHQGL[���FDOFXODWLRQV�DUH�SUHVHQWHG�WR
SURYLGH� DQ� HVWLPDWH� RI� WKH� ORQJ�WHUP� ERG\� EXUGHQ� RI� RUJDQRWLQV� IRU� WKH� GLIIHUHQW� LWHPV� RI
WH[WLOHV�H[DPLQHG�E\�$OEHUWV�DQG�'DQQHQ��������
,W�VKRXOG�EH�QRWHG�WKDW�WKH�OHYHOV�DV�FDOFXODWHG�LQ�$SSHQGL[���LQGLFDWH�WKH�PD[LPDO�V\VWHPLF
H[SRVXUH�WKDW�LV�SRVVLEOH��7KLV�LV�D�ZRUVW�FDVH�HVWLPDWH�EHFDXVH�LW�ZDV�DVVXPHG�WKDW�WKH�WRWDO
DPRXQW� RI� FRQWDPLQDQW� SUHVHQW� LQ� WKH� SURGXFW� HQWHUV� WKH� ERG\�� 7KLV� LV� FOHDUO\� DQ
RYHUHVWLPDWLRQ�RI�WKH��UHDO�H[SRVXUH�EHFDXVH�SDUW�RI�WKH�FRQWDPLQDQWV�ZLOO�QRW�EH�DYDLODEOH�IRU
DEVRUSWLRQ��L�H��ZLOO� UHPDLQ� LQ� WKH�PDWUL[�RI� WKH�SURGXFW��RU�ZLOO�QRW�SHQHWUDWH� WKH� VNLQ� �WKH
VNLQ DFWV�DV�D�EDUULHU���:KHUH�VXFK�D�ZRUVW�FDVH�HVWLPDWH� LQGLFDWHV� WKDW� WKHUH� LV�QR� ULVN�� WKH
SUREOHP�QHHG�QRW�EH�IXUWKHU�HYDOXDWHG��VLQFH�HYHQ�LQ�WKH�ZRUVW�SRVVLEOH�FDVH�QR�ULVN�DULVHV��
:KHQ� KRZHYHU��WKH�ZRUVW�FDVH�FDOFXODWLRQ�\LHOGV�H[SRVXUH�OHYHOV�WKDW�PLJKW�EH�KDUPIXO� WKH
SUREOHP�QHHGV�FORVHU�LQVSHFWLRQ��7KH�DSSURSULDWH�VWHS�WR�WDNH�WKHQ�LV�WR�HVWLPDWH�WKH�UHGXFWLRQ
LQ� DEVRUSWLRQ� GXH� WR� UHWHQWLRQ� RI� FRQWDPLQDQW� LQ� WKH� PDWUL[� LQ� ZKLFK� LW� LV� SUHVHQW� DQG�� LQ
DGGLWLRQ�� WR� FRUUHFW� IRU� LQFRPSOHWH� GHUPDO� DEVRUSWLRQ� �EDUULHU� IXQFWLRQ� RI� WKH� VNLQ��� ,Q� WKLV
ZD\ D�PRUH� UHDOLVWLF� H[SRVXUH� HVWLPDWH�PD\� EH� GHULYHG� DQG� LW�PD\� EH� GHWHUPLQHG�ZKHWKHU
WKHUH�UHDOO\�LV�D�ULVN�
(VWLPDWLQJ� WKH� HYHQW�VSHFLILF� H[SRVXUH� �FRQWDFW� FRQFHQWUDWLRQ�� UHTXLUHV� D� PRUH� GHWDLOHG
DQDO\VLV�WKDQ�GRHV�WKH�V\VWHPLF�ORQJ�WHUP�H[SRVXUH��,Q�WKH�SUHVHQW�FDVH��WKHUH�DUH�LQVXIILFLHQW
GDWD� IRU� D� GHWDLOHG� HVWLPDWH� RI� WKH� HYHQW�VSHFLILF� H[SRVXUH�� 1HYHUWKHOHVV� WKH� GDWD� DV� QRZ
DYDLODEOH�GR�SURYLGH�VRPH�UHOHYDQW�HYLGHQFH�RQ�WKH�SRLQW�RI�WKH�SRVVLELOLW\�RI�HYHQW�VSHFLILF
H[SRVXUH� OHDGLQJ� WR� GLUHFW� HIIHFWV�� 7KLV� LQIRUPDWLRQ� LV� SUHVHQWHG� LQ� WKH� VHFWLRQV� ZKHUH� WKH
LQGLYLGXDO� SURGXFWV� DUH� GHDOW� ZLWK� �� VHH� &KDSWHU� ��� $SDUW� IURP� WKHVH� GDWD�� WKH� UHVXOWV� RI
VWDQGDUG�WR[LFRORJLFDO�VWXGLHV�RQ�VNLQ�LUULWDWLRQ�DQG�VHQVLWL]DWLRQ�FDUULHG�RXW�ZLWK�LQGLYLGXDO
RUJDQRWLQV�FDQ�RI�FRXUVH�EH�XVHG�WR�DVVHVV�WKH�ULVN�IRU�GLUHFW�HIIHFWV�DW�WKH�VLWH�RI�FRQWDFW�ZLWK
WKH� ERG\�� ,Q� &KDSWHU� �� LW� LV� LQGLFDWHG� IRU� ZKLFK� FRPSRXQGV� RI� WKRVH� IRXQG� E\� $OEHUWV� 	
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'DQQHQ� ������� VXFK� LUULWDWLRQ� DQG� VHQVLWL]DWLRQ� GDWD� DUH� DYDLODEOH� DQG� LQ� &KDSWHU� �� WKLV
LQIRUPDWLRQ�ZLOO�EH�XVHG�LQ�WKH�ULVN�DVVHVVPHQW�
7KH�GLVFXVVLRQ�DERYH�UHIHUV�WR�WKH�GHUPDO�H[SRVXUH�URXWH��2UDO�H[SRVXUH�LV�DOVR�SRVVLEOH��IRU
H[DPSOH� ZKHQ� \RXQJ� FKLOGUHQ� VXFN� WKHLU� FORWKLQJ�� $V� VWDWHG� DOUHDG\�� WKH� H[SRVXUH
FDOFXODWLRQV�DV�SUHVHQWHG�LQ�$SSHQGL[���DUH�WKH�PD[LPDO�V\VWHPLF�H[SRVXUH�WKDW�LV�SRVVLEOH�
$Q\�RUDO�H[SRVXUH�WKDW�PD\�RFFXU�LV�DOUHDG\�LQFOXGHG�LQ�WKH�ILJXUHV�FDOFXODWHG�LQ�$SSHQGL[���
7KH�H[SRVXUH�FDOFXODWLRQV� IURP�$SSHQGL[��� OHDG� WR� WKH� IROORZLQJ�ILJXUHV� IRU� WKH�PD[LPXP
SRVVLEOH�V\VWHPLF�H[SRVXUH�IRU�WKH�GLIIHUHQW�LWHPV�

7DEOH����0D[LPXP�SRVVLEOH�V\VWHPLF�H[SRVXUH�OHYHOV�WR�RUJDQRWLQV�EDVHG�RQ�WKH�GDWD�RI
$OEHUWV�	�'DQQHQ�

� HVWLPDWHG�PD[LPXP�RI�H[SRVXUH�LQ�mJ �NJ�ERG\�ZHLJKW�GD\
SURGXFW GLEXW\OWLQ WULEXW\OWLQ GLRFW\OWLQ WULRFW\OWLQ WULSKHQ\OWLQ
WDPSRQV ����
VDQLWDU\�SDGV ����
VDQLWDU\�SDQWLOLQHUV ���
PDWHUQLW\�VDQLWDU\�SDGV ����
QDSNLQV�� ��
SLOFKHV�� �� ��
FORWKLQJ��� ����� ���� ���� �����
FDQYDV�� ���� ����

���&DOFXODWHG�IRU���NJ�FKLOG��IRU�GHWDLOV�VHH�$SSHQGL[����
���,WHPV��7�VKLUWV��XQGHUSDQWV��VKLUWV��WLJKWV��VRFNV�
���&DOFXODWHG�IRU����NJ�FKLOG��IRU�GHWDLOV�VHH�$SSHQGL[����
$JDLQ��LW�VKRXOG�EH�QRWHG�WKDW�WKHVH�ILJXUHV�UHSUHVHQW�ZRUVW�FDVH�HVWLPDWHV�RQO\�WR�EH�XVHG�IRU
DQ LQLWLDO� DVVHVVPHQW�� ,Q� &KDSWHU� ��� LQ� RUGHU� WR� PRUH� UHDOLVWLFDOO\� HVWLPDWH� WKH� ULVN�� ZH
LQWURGXFH� D� UHILQHPHQW� RI� WKH� H[SRVXUH� HVWLPDWH� IRU� VDQLWDU\� SDGV�� SDQWLOLQHUV�� QDSNLQV� DQG
SLOFKHV�WKXV�VKRZLQJ�WKDW�WKH�DERYH�ILJXUHV�IRU�WKHVH�LWHPV�LQGHHG�RYHUHVWLPDWH�WKH�H[SRVXUH
DV LW�PD\�KDYH�RFFXUUHG�LQ�UHDO�OLIH�VLWXDWLRQV�
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��� 72;,&2/2*<
$V� DOUHDG\�PHQWLRQHG� LQ� &KDSWHU� ��� WKH� GHUPDO� DQG� RUDO� URXWHV� DUH� RI� LPSRUWDQFH� IRU� WKH
FXUUHQW SUREOHP�� %RWK� ORFDO� DQG� V\VWHPLF� HIIHFWV� PD\� RFFXU�� ,Q� SDUWLFXODU�� HIIHFWV� RQ� WKH
VNLQ�PXFRXV� PHPEUDQHV� �LUULWDWLRQ� DQG� VHQVLWL]DWLRQ�� DSSHDU� LPSRUWDQW� EHFDXVH� LQWHQVH
FRQWDFW�ZLWK� WKH� VNLQ� RU�PXFRXV�PHPEUDQHV�PD\�EH� H[SHFWHG� WR� RFFXU�ZLWK� VHYHUDO� RI� WKH
LWHPV�VDPSOHG��VDQLWDU\�SDGV��WDPSRQV��QDSNLQV���,Q�$SSHQGLFHV���WKURXJK���VHOHFWHG�WR[LFLW\
GDWD� RQ� WKH� RUJDQRWLQV� DUH� SUHVHQWHG�� LQFOXGLQJ� GDWD� RQ� WKH� SRWHQWLDO� RI� WKH� RUJDQRWLQV� WR
SURGXFH�VNLQ�LUULWDWLRQ�DQG�VHQVLWL]DWLRQ��DV�ZHOO�DV� LQIRUPDWLRQ�RQ� WKH�GHJUHH�RI�DEVRUSWLRQ
�RUDO� GHUPDO���7KH�GDWD�DV�SUHVHQWHG�LQ�WKHVH�DSSHQGLFHV�ZHUH�VHOHFWHG�IURP�H[LVWLQJ�WR[LFLW\
UHYLHZV DV�DYDLODEOH�IRU�WKH�GLIIHUHQW�JURXSV�RI�RUJDQRWLQV�
)URP� WKH� WR[LFRORJLFDO� GDWD� DYDLODEOH� IRU� WKH�GLDON\OWLQV� �VXPPDUL]HG� LQ� $SSHQGL[� ��� WKH
IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ�
- WKHUH�DUH�QR�GDWD�DYDLODEOH�ZLWK� UHJDUG� WR� WKH�GHJUHH�RI�DEVRUSWLRQ� �GHUPDO��RUDO��RI� WKH

GLDON\OWLQV�
- WKH LQGXFWLRQ� RI� LPPXQRWR[LFRORJLFDO� HIIHFWV� �VXSSUHVVLRQ� RI� WK\PXV�GHSHQGHQW

IXQFWLRQV��E\�GLDON\OWLQV�DIWHU�RUDO�DGPLQLVWUDWLRQ�KDV�EHHQ�GHPRQVWUDWHG�XQHTXLYRFDOO\�
- WKH 12$(/� RI� ����� PJ�NJ� ERG\� ZHLJKW�GD\� GHULYHG� IURP� D� ��\HDU� VWXG\� LQ� UDWV

�GLRFW\OWLQ��PD\�EH�FRQVLGHUHG�D�SUHOLPLQDU\�12$(/�IRU� WKH� LPPXQRWR[LF�HIIHFW�RI� WKH
GLDON\OWLQV�

- QR XVDEOH�GDWD�ZLWK�UHJDUG�WR�WKH�VNLQ�HIIHFWV�RI�WKH�GLDON\OWLQV�DIWHU�GHUPDO�FRQWDFW�ZHUH
IRXQG LQ�WKH�DYDLODEOH�WR[LFLW\�UHYLHZV�

- WKH 7',�RI�����mJ�NJ�ERG\�ZHLJKW��GHULYHG�IRU�GLRFW\OWLQ�FRPSRXQGV��FDQ�EH�XVHG�IRU�DQ
LQLWLDO�ULVN�DVVHVVPHQW�RI�RUDO�V\VWHPLF�H[SRVXUH�WR�WKH�GLDON\OWLQV�

�
)URP� WKH� WR[LFRORJLFDO� GDWD� DYDLODEOH� IRU� WKH� WULDON\OWLQV� �VXPPDUL]HG� LQ�$SSHQGL[� ��� WKH
IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ�
- RI WKH� VXEVWDQFHV� LQ� WKLV� JURXS�� WULEXW\OWLQ� R[LGH� �7%72�� LV� WKH� RQH� ZKLFK� KDV� EHHQ

VWXGLHG PRVW�H[WHQVLYHO\��QR�GDWD�DUH�DYDLODEOH�IRU�WULRFW\OWLQV�
- WKH OLPLWHG� GDWD� DYDLODEOH� IRU� RWKHU� WULEXW\OWLQV� LQGLFDWH� DQ� HIIHFW� FRPSDUDEOH� WR� WKDW� RI

7%72�
- 7%72�LV�DEVRUEHG�E\�WKH�VNLQ��DEVRUSWLRQ�SHUFHQWDJH����WR�����
- IRU 7%72�DEVRUSWLRQ�SHUFHQWDJHV�RI����WR�����DUH�JLYHQ�IRU�WKH�RUDO�URXWH�
- 7%72�LV�VWURQJO\� LUULWDWLQJ�IRU� WKH�VNLQ��D�12$(/��FRQFHQWUDWLRQ�RU�GRVH� OHYHO�ZLWKRXW

HIIHFW��IRU�WKLV�LV�ODFNLQJ��ORZHVW�NQRZQ�HIIHFW�OHYHO�����PJ�OLWUH��
- OLPLWHG�GDWD�LQGLFDWH�WKDW�7%72�GRHV�QRW�KDYH�D�VHQVLWL]LQJ�HIIHFW�RQ�WKH�VNLQ�
- WKH SHUIRUPHG�H[SHULPHQWV�GR�QRW�LQGLFDWH�DQ\�JHQRWR[LFLW\�RU�FDUFLQRJHQLFLW\�E\�7%72�
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- GDWD IURP�D� ODUJH�QXPEHU�RI�RUDO� WR[LFLW\� VWXGLHV� VKRZ� WKDW�7%72�KDV�DQ� LPPXQRWR[LF
HIIHFW��VXSSUHVVLRQ�RI�WK\PXV�GHSHQGHQW�LPPXQH�IXQFWLRQV���WKH�FKURQLF�12$(/�IRU�WKLV
LV ������PJ�NJ�ERG\�ZHLJKW�GD\�

- WKH 7',� RI� ����� mJ�NJ� ERG\� ZHLJKW� �GHULYHG� IRU� 7%72�� FDQ� EH� XVHG� IRU� DQ� LQLWLDO
DVVHVVPHQW�RI�ULVN�IROORZLQJ�RUDO�V\VWHPLF�H[SRVXUH�WR�WKH�WULDON\OWLQV�

)URP�WKH�WR[LFRORJLFDO�GDWD�DYDLODEOH�IRU�WKH�WULSKHQ\OWLQV��VXPPDUL]HG�LQ�$SSHQGL[����WKH
IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ�
- WULSKHQ\OWLQV� DUH� DEVRUEHG� E\� WKH� VNLQ� �DEVRUSWLRQ� SHUFHQWDJH� ����� ���� UHDFKHV� WKH

V\VWHPLF�FLUFXODWLRQ��
- WKH DYHUDJH�DEVRUSWLRQ�SHUFHQWDJH�IRU�WKH�RUDO�URXWH�LV�����
- WKH DYDLODEOH�GDWD�LQGLFDWH�WKDW�WULSKHQ\OWLQV�KDYH�QR�RU�KDUGO\�DQ\�LUULWDWLQJ�HIIHFW�RQ�WKH

VNLQ �HYHQ�ZLWK�YHU\�KLJK�FRQFHQWUDWLRQV��WKHUH�LV�QR�HIIHFW�RU�RQO\�D�ZHDN�HIIHFW��
- WULSKHQ\OWLQV� PD\� KDYH� D� VHQVLWL]LQJ� HIIHFW� RQ� WKH� VNLQ� �FRQIOLFWLQJ� UHVXOWV��� WKH� GRVH

UHVSRQVH�UHODWLRQ�IRU�WKLV�SRWHQWLDO�HIIHFW�LV�XQNQRZQ�
- RQ WKH�EDVLV�RI� WKH�H[SHULPHQWV�SHUIRUPHG�� WULSKHQ\OWLQV�DUH�QRW�FRQVLGHUHG�FDUFLQRJHQV

DFWLQJ WKURXJK�D�JHQRWR[LF�PHFKDQLVP�
- WULSKHQ\OWLQV�DUH�LPPXQRWR[LF��VXSSUHVVLRQ�RI�WK\PXV�GHSHQGHQW�LPPXQH�IXQFWLRQV���WKH

FRUUHVSRQGLQJ� 12$(/� LV� �� PJ�NJ� ERG\� ZHLJKW�GD\� LQ� PLFH� DQG� ���� PJ�NJ� ERG\
ZHLJKW�GD\�LQ�UDWV�

- WKH $',�����mJ�NJ�ERG\�ZHLJKW�LV�DSSOLFDEOH�IRU�DQ�LQLWLDO�ULVN�DVVHVVPHQW�RI�RUDO�V\VWHPLF
H[SRVXUH�

,Q�WKH�IROORZLQJ�FKDSWHU�WKH�WR[LFLW\�GDWD�DUH�XVHG�WR�HYDOXDWH�WKH�ULVN�SRVHG�E\�WKH�SUHVHQFH
RI�RUJDQRWLQV�LQ�WH[WLOHV��EDVHG�RQ�WKH�FRQFHQWUDWLRQV�UHSRUWHG�E\�$OEHUWV�	�'DQQHQ��7KLV�LV
GRQH�VHSDUDWHO\�IRU�HDFK�RI� WKH�SURGXFWV� LQ�ZKLFK�RUJDQRWLQV�ZHUH�SUHVHQW��)RU�VRPH�RI� WKH
SURGXFWV�DGGLWLRQDO�WR[LFLW\�GDWD�DUH�DYDLODEOH��L�H��WHVWV�RQ�VNLQ�HIIHFWV�LQ�KXPDQ�YROXQWHHUV�
7KHVH�VWXGLHV�ZHUH�FDUULHG�RXW��QRW�ZLWK�LQGLYLGXDO�RUJDQRWLQV�EXW�ZLWK�WKH�ZKROH�SURGXFW�LQ
ZKLFK�RUJDQRWLQV�ZHUH�SUHVHQW�DV�FRQWDPLQDQWV��7KHVH�GDWD�ZLOO�EH�LQWURGXFHG�LQ�WKH�VHFWLRQ
RI�&KDSWHU���GHDOLQJ�ZLWK�WKH�SURGXFW�LQ�TXHVWLRQ�
7R�HQG� WKH�SUHVHQW�FKDSWHU�� D� UHPDUN�RQ� WKH�ZD\�ZH�KDYH�XVHG� WKH�7',V� IRU� WKH� LQGLYLGXDO
RUJDQRWLQV�� ,Q� WKH� ULVN� DVVHVVPHQW� DV� SUHVHQWHG� LQ� WKH� QH[W� FKDSWHU� WKH� ULVN� IRU� V\VWHPLF
WR[LFLW\�SURGXFHG�E\� DQ\�RUJDQRWLQ� FRPSRXQG� LV�GHWHUPLQHG�E\� FRPSDULQJ� WKH�7',� IRU� WKH
FRPSRXQG LQ� TXHVWLRQ� ZLWK� WKH� HVWLPDWHG� V\VWHPLF� H[SRVXUH� WKDW� LV� WKH� UHVXOW� RI� GHUPDO
FRQWDFW��7KH�7',�LV�GHULYHG�IURP�RUDO�WR[LFLW\�GDWD��:KHQ�WKH�7',�LV�FRPSDUHG�ZLWK�WKH�GRVH
OHYHO� WKRXJKW� WR�KDYH� HQWHUHG� WKH�ERG\�YLD� WKH�GHUPDO� URXWH� �DV�ZH�GR� LQ� WKH�QH[W� FKDSWHU�
LGHDOO\� D� FRUUHFWLRQ� VKRXOG� EH� PDGH� IRU� LQFRPSOHWH� DEVRUSWLRQ� YLD� WKH� RUDO� URXWH�� WKH
FRPSDULVRQ�VKRXOG�EH�EDVHG�RQ�WKH�VR�FDOOHG�µLQWHUQDO�GRVH¶��WKH�SDUW�RI�WKH�H[WHUQDOO\�DSSOLHG
GRVH�WKDW�UHDFKHV�WKH�EORRG���)RU�WULEXW\OWLQV�DQG�WULSKHQ\OWLQV�VXFK�D�FRUUHFWLRQ� LV�SRVVLEOH�
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IRU� WKH�RWKHU�RUJDQRWLQV�WKLV� LV�QRW�SRVVLEOH�GXH�WR� ODFN�RI�GDWD��$V�ZLOO�EH�VHHQ� LQ� WKH�QH[W
FKDSWHU ZH�KDYH�PDGH�VXFK�D�FRUUHFWLRQ�RQO\� IRU� WKH� LWHP�µWULEXW\OWLQV� LQ�FORWKLQJ¶� �VHFWLRQ
������)RU�QRQH�RI�WKH�RWKHU�LWHPV�DQG�FRQWDPLQDQWV�VXFK�D�FRUUHFWLRQ�ZDV�PDGH��,Q�WKHVH�FDVHV
WKH� DSSURDFK� QRZ� FKRVHQ� LPSOLHV� WKH� DVVXPSWLRQ� WKDW� GHUPDO� SHQHWUDWLRQ� LV� HTXDO� WR� RUDO
DEVRUSWLRQ��ZKLFK�PRVW� OLNHO\� LV�D� UHODWLYH�RYHUHVWLPDWLRQ�RI� WKH�GHUPDO�XSWDNH�EHFDXVH� IRU
PRVW FKHPLFDOV�GHUPDO�DEVRUSWLRQ�LV�ORZHU�WKDQ�RUDO�DEVRUSWLRQ�
$ IXUWKHU�FRUUHFWLRQ� WKDW�ZRXOG� LGHDOO\�KDYH� WR�EH�PDGH�ZKHQ�XVLQJ�RUDOO\�GHULYHG�7',� IRU
XSWDNH� YLD� � WKH� GHUPDO� URXWH� LV� IRU� GLIIHUHQFH� LQ� ELRWUDQVUPDWLRQ� DQG� HOLPLQDWLRQ� EHWZHHQ
WKHVH� URXWHV�� 6XFK� D� FRUUHFWLRQ� UHTXLUHV� PRUH� GHWDLOHG� LQIRUPDWLRQ� RQ� WKHVH� WRSLFV� WKDQ� LV
DYDLODEOH�IRU�WKH�RUJDQRWLQV�DQG�WKHUHIRUH�LV�QRW�IHDVLEOH�IRU�WKH�SUREOHP�XQGHU�LQYHVWLJDWLRQ�
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��� 5,6.�(9$/8$7,21
���� 7DPSRQV
,Q� WDPSRQV� $OEHUWV� 	� 'DQQHQ� IRXQG� GLEXW\OWLQV� LQ� FRQFHQWUDWLRQV� XS� WR� ���� PJ�NJ�� 7KH
PD[LPXP�SRVVLEOH� V\VWHPLF�H[SRVXUH�DV�D� UHVXOW�RI�ZRPHQ�XVLQJ�FRQWDPLQDWHG� WDPSRQV� LV
�����mJ�NJ� ERG\�ZHLJKW�GD\� �WDNHQ� IURP�7DEOH� ���� 7KH� 7',� WR� EH� XVHG� LV� ����mJ�NJ� ERG\
ZHLJKW� �GHULYHG� IRU� GLRFW\OWLQV��� 7KXV�� WKH� PD[LPXP� SRVVLEOH� V\VWHPLF� H[SRVXUH� LV� ZHOO
ZLWKLQ� WKH�7',�ZKLFK� OHDGV� WR� WKH� FRQFOXVLRQ� WKDW� XVH� RI� RUJDQRWLQ� FRQWDPLQDWHG� WDPSRQV
SRVHG�QR�ULVN�IRU�V\VWHPLF�WR[LFLW\�
$V� WR� SRVVLEOH� ORFDO� HIIHFWV� �LUULWDWLRQ� RU� VHQVLWL]DWLRQ� RI� VNLQ� RU� PXFRXV� PHPEUDQHV�
UHODWLYHO\� IHZ� GDWD� DUH� DYDLODEOH�� 1R� VWXGLHV� RQ� WKH� VNLQ� LUULWDWLQJ� DQG� VNLQ� VHQVLWL]LQJ
SRWHQWLDO�RI� WKH�GLEXW\OWLQV�DUH�DYDLODEOH� �VHH�$SSHQGL[�����$IWHU� WKH�PHHWLQJ�RI�6HSWHPEHU
����� LQGXVWU\�VXEPLWWHG�DGGLWLRQDO�GDWD��$�VXPPDU\�RI� UHVXOWV�RI� WKUHH�VWXGLHV�ZLWK�KXPDQ
YROXQWHHUV� ZDV� SURYLGHG�� ,Q� WKHVH� VWXGLHV� WDPSRQV� RU� WDPSRQ� FRYHU� ZDV� WHVWHG� LQ� ZKLFK
RUJDQRWLQV�DUH�DVVXPHG�WR�EH�SUHVHQW��EHFDXVH�WKHVH�WHVWV�ZHUH�GRQH�ZLWK�WDPSRQV�SURGXFHG
EHIRUH� WKH� VRXUFHV� RI� RUJDQRWLQV� ZHUH� HOLPLQDWHG� IURP� WKH� SURGXFWLRQ� SURFHVV�� WKH� WHVWHG
SURGXFWV� DUH� WKRXJKW� WR� KDYH� KDG� WKH� FRQWDPLQDQWV� LQ� WKHP��� ,Q� D� VWXG\� IURP� ����� IRU
VHQVLWL]DWLRQ�LQ�ZKLFK�WDPSRQ�FRYHU�ZDV�DSSOLHG�XQGHU�RFFOXVLRQ�WR�WKH�VNLQ�RI� WKH�EDFN�RI
���� VXEMHFWV� RQ� �� GD\V�ZHHN� IRU� WKUHH� ZHHNV� �LQGXFWLRQ� SKDVH�� IROORZHG� E\� D� FKDOOHQJH
DSSOLFDWLRQ� ��� GD\V� ODWHU�� QR� LUULWDWLRQ� RU� VHQVLWL]DWLRQ�ZDV� REVHUYHG� �.LPEHUO\�&ODUN� &R��
����D���7ZR� IXUWKHU� WHVWV�ZHUH� GRQH� LQ� IHPDOH� YROXQWHHUV�� 7KHVH�ZHUH� FOLQLFDO� XVH�WHVWV� LQ
ZKLFK� WKH� FHUYL[� DQG� YDJLQD� RI� ZRPHQ� ZHUH� H[DPLQHG� ZLWK� D� FROSRVFREH� �DQ� LQVWUXPHQW
LQVHUWHG� LQWR� WKH�YDJLQD� IRU�H[DPLQDWLRQ�RI� WKH� WLVVXHV�ZLWK� D�PDJQLI\LQJ� OHQV��EHIRUH� WKHLU
PHQVWUXDO� SHULRG��7KH� VXEMHFWV� WKHQ�ZRUH� WKH� WDPSRQV� DQG�ZHUH� DJDLQ� H[DPLQHG� LQWHUQDOO\
DIWHU WKH�PHQVWUXDO�SHULRG�KDG�HQGHG��7KH�ILUVW�RI�WKHVH�VWXGLHV�GDWHV�IURP������DQG�ZDV�GRQH
LQ�����ZRPHQ�DQG� WKH� VHFRQG�ZDV�GRQH������ LQ�����ZRPHQ�� ,Q�ERWK� FDVHV� WKH� UHVXOW�ZDV
QHJDWLYH��QR�VLJQV�RI�LUULWDWLRQ�RU�LQIODPPDWLRQ�ZHUH�VHHQ��.LPEHUO\�&ODUN�&R�������E���2XU
HYDOXDWLRQ RI� WKHVH� VWXGLHV� LV� DV� IROORZV��&OHDUO\� WKHVH� UHVXOWV� DUH� UHOHYDQW� IRU� WKH� SUREOHP
XQGHU�LQYHVWLJDWLRQ�EXW�VLQFH�LW�LV�QRW�NQRZQ�ZKDW�ZHUH�WKH�OHYHOV�RI�RUJDQRWLQV�SUHVHQW�LQ�WKH
LWHPV�WHVWHG�LQ�WKHVH�VWXGLHV��WKH�SRVVLELOLW\�WKDW�WKHVH�OHYHOV�ZHUH�FRQVLGHUDEO\�ORZHU�WKDQ�WKH
PD[LPXP�IRXQG�E\�$OEHUWV�	�'DQQHQ�FDQQRW�EH�UXOHG�RXW��ZH�WKLQN�WKH\�GR�QRW�SURYLGH�IXOO\
FRQFOXVLYH HYLGHQFH�� 1HYHUWKHOHVV� ZH� DFFHSW� WKHVH� GDWD� DV� DQ� LQGLFDWLRQ� WKDW� WDPSRQV
FRQWDPLQDWHG�ZLWK�RUJDQRWLQV�DW�WKH�OHYHOV�SUHVHQW�EHIRUH�WKH�VRXUFHV�RI�FRQWDPLQDWLRQ�ZHUH
HOLPLQDWHG�GR�QRW�SURGXFH�DGYHUVH�HIIHFWV�LQ�FRQVXPHUV�XVLQJ�WKHP��,Q�FRQFOXVLRQ��WKH�OLPLWHG
HYLGHQFH�WKDW�LV�DYDLODEOH�LQGLFDWHV�WKHUH�WR�KDYH�EHHQ�QR�ULVN�IRU�ORFDO�HIIHFWV�IRU�WDPSRQV�
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���� 6DQLWDU\�SDGV�DQG�SDQWLOLQHUV
,Q� VDQLWDU\�SDGV�$OEHUWV�	�'DQQHQ� IRXQG�GLRFW\OWLQV� LQ� FRQFHQWUDWLRQV� RI� XS� WR� ����PJ�NJ�
7KH�PD[LPXP�SRVVLEOH� V\VWHPLF� H[SRVXUH� DV� D� UHVXOW� RI�ZRPHQ�XVLQJ� WKLV� SURGXFW� LV� ����
mJ�NJ�ERG\�ZHLJKW��WDNHQ�IURP�7DEOH�����7KH�UHOHYDQW�7',�LV�����mJ�NJ ERG\�ZHLJKW��GHULYHG
IRU GLRFW\OWLQV��� 7KXV�� WKH� PD[LPXP� V\VWHPLF� H[SRVXUH� LV� EHORZ� WKH� 7',�� VKRZLQJ� WKH
DEVHQFH RI� D� ULVN� IRU� V\VWHPLF� WR[LFLW\� ZKHQ� FRQVXPHUV� XVHG� WKH� SURGXFW� WKDW� ZDV
FRQWDPLQDWHG�ZLWK�RUJDQRWLQV�
,Q� VDQLWDU\� SDQWLOLQHUV� $OEHUWV� 	� 'DQQHQ� IRXQG� GLRFW\OWLQV� LQ� FRQFHQWUDWLRQV� XS� WR� ����
PJ�NJ� 7KH�PD[LPXP�SRVVLEOH�V\VWHPLF�H[SRVXUH�DV�D�UHVXOW�RI�ZRPHQ�XVLQJ�WKLV�SURGXFW�LV
����mJ�NJ ERG\�ZHLJKW�GD\��WDNHQ�IURP�7DEOH�����7KH�UHOHYDQW�7',�LV�����mJ�NJ�ERG\�ZHLJKW
�GHULYHG IRU�GLRFW\OWLQV���7KXV��WKH�PD[LPXP�V\VWHPLF�H[SRVXUH�LV�DERYH�WKH�7',��LQGLFDWLQJ
WKDW� WKHUH�PD\�KDYH�EHHQ�D� ULVN�DQG�D�PRUH�GHWDLOHG� DQDO\VLV�RI� WKH� H[SRVXUH� VLWXDWLRQ� WKDW
DULVHV ZKHQ�WKLV�SURGXFW�LV�XVHG��LV�ZDUUDQWHG��)RU�VDQLWDU\�SDGV�VR�FDOOHG�µUHZHW¶�GDWD�KDYH
EHHQ� VXEPLWWHG� E\� 3URFWRU� 	� *DPEOH� �������� ,Q� WHVWV� LQ� ZKLFK� WKH� DPRXQW� RI� IOXLG� WKDW
UHVXUIDFHV IURP�ORDGHG�SDGV�XQGHU�SUHVVXUH�ZDV�GHWHUPLQHG��LW�LV�ZDV�IRXQG�WKDW������RI�WKH
IOXLG�UHVXUIDFHV��%DVHG�RQ�WKH�UHZHW�PD[LPXP�D�UHGXFWLRQ�IDFWRU�RI����PD\�EH�LQWURGXFHG�IRU
WKH�H[SRVXUH�HVWLPDWH� IRU�VDQLWDU\�SDGV�DQG�SDQWLOLQHUV��7KLV� OHDGV� WR�DQ�HVWLPDWHG�V\VWHPLF
H[SRVXUH�OHYHO�RI������mJ GLRFW\OWLQ�NJ�ERG\�ZHLJKW�GD\�IRU�VDQLWDU\�SDQWLOLQHUV��7KLV�OHYHO�LV
EHORZ�WKH�7',�RI�����mJ�NJ ERG\�ZHLJKW��7KXV�FRUUHFWLQJ�IRU�LQFRPSOHWH�µUHZHW¶�OHDGV�WR�WKH
FRQFOXVLRQ WKDW�WKH�UHDO�H[SRVXUH�ZDV�ZHOO�ZLWKLQ�WKH�7',�VKRZLQJ�WKDW�WKHUH�ZDV�QR�ULVN�IRU
V\VWHPLF�WR[LFLW\�IRU�FRQVXPHUV�WKDW�ZRUH�SDQWLOLQHUV�FRQWDLQLQJ�RUJDQRWLQV�DV�FRQWDPLQDQWV�
6LQFH�ZRPHQ�IUHTXHQWO\�XVH�ERWK�VDQLWDU\�SDGV�DQG�SDQWLOLQHUV�WKH�WRWDO�H[SRVXUH�WR�GLRFW\OWLQ
PD\ EH� FDOFXODWHG� �VXPPLQJ� WKH� ILJXUHV� IRU� SDGV� DQG� SDQWLOLQHUV��� 7KH� WRWDO� H[SRVXUH� � LV
DERXW ����mJ�NJ ERG\�ZHLJKW�GD\��L�H��EHORZ�WKH�7',�VKRZLQJ�WKHUH�WR�KDYH�EHHQ�QR�ULVN�IRU
V\VWHPLF�WR[LFLW\�ZKHQ�ERWK�FRQWDPLQDWHG�SDGV�DQG�SDQWLOLQHUV�ZHUH�XVHG�
$V� WR� SRVVLEOH� ORFDO� HIIHFWV� �LUULWDWLRQ� RU� VHQVLWL]DWLRQ� RI� VNLQ� RU� PXFRXV� PHPEUDQHV�� WKH
VLWXDWLRQ�LV�DV�IROORZV��1R�VWXGLHV�RQ�WKH�VNLQ�LUULWDWLQJ�DQG�VNLQ�VHQVLWL]LQJ�SRWHQWLDO�RI� WKH
GLRFW\OWLQV� DUH� DYDLODEOH� �VHH�$SSHQGL[�����$PRQJ� WKH� GDWD� VXEPLWWHG� E\� LQGXVWU\� DIWHU� WKH
PHHWLQJ� RI� 6HSWHPEHU� ����� ZHUH� VWXGLHV� RQ� VNLQ� LUULWDWLRQ� DQG� VHQVLWL]DWLRQ� LQ� KXPDQ
YROXQWHHUV� XVLQJ� SDGV� DQG� SDQWLOLQHUV� LQ� ZKLFK� RUJDQRWLQV� SUREDEO\� ZHUH� SUHVHQW� DV
FRQWDPLQDQWV��EHFDXVH�WKHVH�WHVWV�ZHUH�GRQH�ZLWK�SURGXFWV�SURGXFHG�EHIRUH�WKH�HOLPLQDWLRQ�RI
WKH VRXUFHV�RI�RUJDQRWLQV�IURP�WKH�SURGXFWLRQ�SURFHVV��WKH�WHVWHG�SURGXFWV�DUH�WKRXJKW�WR�KDYH
KDG WKH�FRQWDPLQDQWV�LQ�WKHP���7KH�WHVW�IRU�VNLQ�LUULWDWLRQ�ZDV�D����GD\�VWXG\�LQ�ZKLFK�VDPSOH
SDWFKHV� RI� WKH� SDGV� DQG� SDQWLOLQHUV� ZHUH� DSSOLHG� WR� WKH� EDFN� RI� ��� KXPDQ� YROXQWHHUV� ��
KRXUV�GD\� IRU� ��� GD\V�� 1R� LUULWDWLRQ� ZDV� VHHQ� �.LPEHUOH\�&ODUN� &R��� ����E��� 6NLQ
� 1RWH�WKDW�LQ�WKLV�HVWLPDWH�WKH�ILJXUH�IRU�VDQLWDU\�SDGV�KDV�QRW�EHHQ�FRUUHFWHG�IRU�LQFRPSOHWH�UHZHW��HYHQ
ZLWKRXW�XVLQJ�WKLV�FRUUHFWLRQ�VWHS�LV�FDQ�EH�FRQFOXGHG�WKDW�WKHUH�LV�QR�ULVN��
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VHQVLWL]DWLRQ�ZDV�VWXGLHG� LQ�����YROXQWHHUV�XVLQJ� WKH�+XPDQ�5HSHDW� ,QVXOW�3DWFK�7HVW��7KH
LQGXFWLRQ�FRQVLVWHG�RI�DSSOLFDWLRQ�RI�SDWFKHV�RI�WKH�SDGV�WR�WKH�EDFN�VNLQ�WKUHH�WLPHV�SHU�ZHHN
IRU WKUHH� ZHHNV�� 7KUHH� ZHHNV� ODWHU� WKH� FKDOOHQJH� DSSOLFDWLRQ�ZDV�PDGH� VLPLODUO\� DQG� VNLQ
UHDFWLRQV�ZHUH�UHFRUGHG��1R�VHQVLWL]DWLRQ�ZDV�REVHUYHG��.LPEHUOH\�&ODUN�&R�������E���,Q�\HW
D IXUWKHU�VWXG\�LQ�KXPDQ�YROXQWHHUV�LQ�ZKLFK�DJDLQ�SDGV�ZHUH�WHVWHG�WKDW�DUH�WKRXJKW�WR�KDYH
EHHQ� FRQWDPLQDWHG� ZLWK� RUJDQRWLQV�� ���� ZRPHQ� ZHUH� DVNHG� WR� ZHDU� VDQLWDU\� SDGV� RI� WZR
W\SHV�GDLO\�RYHU�D�SHULRG�RI���ZHHNV��ERWK�GXULQJ�QRQ�PHQVWUXDWLRQ�DQG�PHQVWUXDWLRQ���)LYH
WLPHV�GXULQJ�WKLV�SHULRG�WKH�VXEMHFWV�ZHUH�FOLQLFDOO\�H[DPLQHG�IRU�LUULWDWLRQ�DQG�PRLVWXUH��ILYH
VLWHV�FRYHUHG�E\�WKH�SDG�ZHUH�HYDOXDWHG���1R�DGYHUVH�UHDFWLRQV�ZHUH�REVHUYHG��+DQNH�%DLHU
HW DO���������
6LPLODUO\�DV�ZLWK�WKH�YROXQWHHU�VWXGLHV�ZLWK�WDPSRQV��VHFWLRQ������ZH�IHHO�WKDW�WKH�UHVXOWV�RI
WKH� YROXQWHHU� VWXGLHV� ZLWK� VDQLWDU\� SDGV�� WKRXJK� FOHDUO\� UHOHYDQW� IRU� WKH� SUREOHP� XQGHU
LQYHVWLJDWLRQ�� GR� QRW� FRQVWLWXWH� IXOO\� FRQFOXVLYH� HYLGHQFH� EHFDXVH� WKH� OHYHOV� RI� RUJDQRWLQV
SUHVHQW� LQ� WKH� LWHPV� WHVWHG� LQ� WKHVH� VWXGLHV� DUH� QRW� NQRZQ� �WKH� SRVVLELOLW\� WKDW� WKHVH� OHYHOV
ZHUH FRQVLGHUDEO\�ORZHU�WKDQ�WKH�PD[LPXP�IRXQG�E\�$OEHUWV�	�'DQQHQ�FDQQRW�EH�UXOHG�RXW��
1HYHUWKHOHVV�ZH�DFFHSW�WKHVH�GDWD�DV�DQ�LQGLFDWLRQ�WKDW�SDGV�FRQWDPLQDWHG�ZLWK�RUJDQRWLQV�DW
WKH� OHYHOV� SUHVHQW� EHIRUH� WKH� VRXUFHV� RI� FRQWDPLQDWLRQ� ZHUH� HOLPLQDWHG� GR� QRW� SURGXFH
DGYHUVH HIIHFWV�RQ�WKH�VNLQ�RI�FRQVXPHUV�XVLQJ�WKHP��,Q�FRQFOXVLRQ��WKH�OLPLWHG�HYLGHQFH�WKDW
LV� DYDLODEOH� LQGLFDWHV� WKHUH� WR� KDYH� EHHQ� QR� ULVN� IRU� ORFDO� HIIHFWV� IRU� VDQLWDU\� SDGV� DQG
SDQWLOLQHUV�

���� 0DWHUQLW\�VDQLWDU\�SDGV
,Q�PDWHUQLW\� VDQLWDU\� SDGV� $OEHUWV� 	� 'DQQHQ� GHWHFWHG� GLRFW\OWLQ� DW� D� FRQFHQWUDWLRQ� RI� ���
PJ�NJ� 7KH�PD[LPXP�SRVVLEOH�V\VWHPLF�H[SRVXUH�DV�D�UHVXOW�RI�ZRPHQ�XVLQJ�WKLV�SURGXFW�LV
�����mJ�NJ ERG\�ZHLJKW�GD\��WDNHQ�IURP�7DEOH�����7KH�UHOHYDQW�7',�LV�����mJ�NJ ERG\�ZHLJKW
�GHULYHG IRU�GLRFW\OWLQV���7KXV�� WKH�PD[LPXP�V\VWHPLF�H[SRVXUH� LV�EHORZ�WKH�7',��VKRZLQJ
WKDW�WKHUH�LV�QR�ULVN�IRU�V\VWHPLF�WR[LF�HIIHFWV�IRU�FRQVXPHUV�XVLQJ�WKH�SDGV�
$V�WR�SRVVLEOH�ORFDO�HIIHFWV��LUULWDWLRQ�RU�VHQVLWL]DWLRQ�RI�VNLQ�RU�PXFRXV�PHPEUDQHV��WKHUH�LV
D SDXFLW\� RI� GDWD�� 1R� VWXGLHV� RQ� WKH� VNLQ� LUULWDWLQJ� DQG� VNLQ� VHQVLWL]LQJ� SRWHQWLDO� RI� WKH
GLRFW\OWLQV�DUH�DYDLODEOH��VHH�$SSHQGL[�����$GGLWLRQDO�VWXGLHV�LQ�KXPDQV�OLNH�WKRVH�DYDLODEOH
IRU WDPSRQV� DQG� VDQLWDU\� SDGV� DUH� QRW� DYDLODEOH� IRU�PDWHUQLW\� VDQLWDU\� SDGV�� 7KH� H[SRVXUH
VLWXDWLRQ�IRU�RUGLQDU\�SDGV�KRZHYHU�FORVHO\�UHVHPEOHV�WKDW�RI�PDWHUQLW\�VDQLWDU\�SDGV�PDNLQJ
WKH�REVHUYDWLRQ� LQ�KXPDQV�IRU� WKH�RUGLQDU\�SDGV�UHOHYDQW� IRU�PDWHUQLW\�SDGV�DOVR��7KXV�� WKH
FRQFOXVLRQ GUDZQ�IRU�RUGLQDU\�SDGV�� L�H�� WKDW� WKH� OLPLWHG�HYLGHQFH� WKDW� LV�DYDLODEOH� LQGLFDWHV
WKHUH�WR�KDYH�EHHQ�QR�ULVN�IRU�ORFDO�HIIHFWV��DOVR�DSSOLHV�WR�PDWHUQLW\�VDQLWDU\�SDGV�
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���� 1DSNLQV
,Q� QDSNLQV� �GLDSHUV�� $OEHUWV�	�'DQQHQ� GHWHFWHG� GLRFW\OWLQ� DW� D� FRQFHQWUDWLRQ� RI� XS� WR� ���
PJ�NJ�� ,Q�D�PHHWLQJ�ZLWK�LQGXVWU\�KHOG�DW�WKH�+HDOWK�,QVSHFWRUDWH�RQ����6HSWHPEHU������DW
ZKLFK 'U��'DQQHQ�ZDV�SUHVHQW�LW�ZDV�FRQFOXGHG�WKDW�WKH�RUJDQRWLQ�FRQWDPLQDWLRQ�LQ�QDSNLQV
DQG�SLOFKHV�ZDV�SUHVHQW�QRW�LQ�WKH�ZKROH�SURGXFW��DV�SUHYLRXVO\�DVVXPHG��EXW�RQO\�LQ�WKH�WDSH
V\VWHP� XVHG� IRU� IDVWHQLQJ� WKH� SURGXFW�� 7KH� FRQFHQWUDWLRQV� LQ� WKH� DWWDFKPHQWV� VWULSV� ZHUH
HVWLPDWHG�WR�EH����WLPHV�KLJKHU�WKDQ�WKH�ILJXUHV�SUHVHQWHG�RULJLQDOO\�E\�$OEHUWV�	�'DQQHQ�IRU
WKH HQWLUH� QDSNLQV� DQG� SLOFKHV� �SHUVRQDO� FRPPXQLFDWLRQ� E\� )�� 'DQQHQ� RI� WKH� +HDOWK
,QVSHFWRUDWH�DQG�)��.RHOHZLMQ�RI�.LPEHUO\�&ODUN�(XURSH���0D[LPXP�V\VWHPLF�H[SRVXUH�IRU
FRQVXPHUV�ZHDULQJ�QDSNLQV�ZLWK�RUJDQRWLQ�FRQWDPLQDWHG�DWWDFKPHQW� WDSH� LV����PLFURJUDPV
'27�NJ�ERG\�ZHLJKW�GD\��WDNHQ�IURP�7DEOH����VHH�$SSHQGL[���IRU�H[SODQDWLRQ���:LWK�SURSHU
XVH�RI�WKH�SURGXFW��KRZHYHU��QR�FRQWDFW�EHWZHHQ�WKH�VNLQ�DQG�WKH�WDSH�VWULS�ZLOO�RFFXU�DQG�QR
V\VWHPLF�H[SRVXUH�ZLOO�EH�SRVVLEOH��,W�ZDV�DJUHHG�DW�WKH����6HSWHPEHU�PHHWLQJ�WR�XVH�D�VNLQ
FRQWDFW� DUHD� RI� �� FP� WR� WDNH� LQWR� DFFRXQW� DQ\� LQDGYHUWHQW� �LQIUHTXHQW�� FRQWDFW� RI� WKH
DWWDFKPHQW�WDSH�ZLWK�WKH�VNLQ��7KH�WRWDO�VXUIDFH�RI�WKH�WDSH�V\VWHP�ZDV�HVWLPDWHG�WR�EH�DERXW
���FP� DQG�WKH�XVH�RI�D�FRQWDFW�VXUIDFH�RI���FP� ZDV�WDNHQ�WR�LPSO\�D�UHGXFWLRQ�RI�H[SRVXUH
E\ D�IDFWRU�RI�����7DNLQJ�WKLV�LQWR�DFFRXQW�OHDGV�WR�D�V\VWHPLF�H[SRVXUH�DV�D�UHVXOW�RI�LQIDQWV
ZHDULQJ FRQWDPLQDWHG�QDSNLQV�RI�����mJ�NJ�ERG\�ZHLJKW�GD\��7KH�UHOHYDQW�7',�LV�����mJ�NJ
ERG\ ZHLJKW��GHULYHG�IRU�GLRFW\OWLQV���7KXV��WKH�HVWLPDWHG�V\VWHPLF�H[SRVXUH�LV�EHORZ�WKH�7',
VKRZLQJ�WKHUH�WR�KDYH�EHHQ�QR�ULVN�IRU�V\VWHPLF�WR[LFLW\�IRU�WKLV�LWHP�
$V�WR�SRVVLEOH�ORFDO�HIIHFWV��LUULWDWLRQ�RU�VHQVLWL]DWLRQ�RI�VNLQ�RU�PXFRXV�PHPEUDQHV��WKHUH�LV
D SDXFLW\� RI� GDWD�� 1R� VWXGLHV� RQ� WKH� VNLQ� LUULWDWLQJ� DQG� VNLQ� VHQVLWL]LQJ� SRWHQWLDO� RI� WKH
GLRFW\OWLQV�DUH�DYDLODEOH��VHH�$SSHQGL[�����$GGLWLRQDO�VWXGLHV�LQ�KXPDQV�OLNH�WKRVH�DYDLODEOH
IRU WDPSRQV�DQG�VDQLWDU\�SDGV�KDYH�QRW�EHHQ�VXEPLWWHG�IRU�QDSNLQV��$V�H[SODLQHG�DERYH�� LQ
WKH FRQWDPLQDWHG�QDSNLQV� WKH�RUJDQRWLQV�ZHUH�SUHVHQW� LQ� WKH� WDSH�V\VWHP�XVHG� IRU� IDVWHQLQJ
WKH SURGXFW�� :LWK� SURSHU� XVH� RI� WKH� SURGXFW� WKHUH� ZLOO� EH� QR� FRQWDFW� ZLWK� WKH� VNLQ� DQG
FRQVHTXHQWO\�QR�ULVN�IRU�ORFDO�HIIHFWV��$Q\�LQDGYHUWHQW�FRQWDFW�RI�WKH�WDSH�ZLWK�WKH�VNLQ�PLJKW
OHDG�WR�VNLQ�HIIHFWV�EXW�VXFK�HIIHFWV�ZRXOG�EH�LPPHGLDWHO\�YLVLEOH�DQG�WKH�SHUVRQ�WDNLQJ�FDUH
RI DQ�LQIDQW�VKRZLQJ�WKLV�NLQG�RI�HIIHFW�PRVW�OLNHO\�ZLOO�LPPHGLDWHO\�VWRS�XVLQJ�WKH�SURGXFW�LQ
TXHVWLRQ� RU� VHHN�PHGLFDO� DGYLFH� WR� GHWHUPLQH� WKH� FDXVH� RI� WKH� SUREOHP�� 7KXV�� WKH� ULVN� IRU
ORFDO�HIIHFWV�SUHVXPDEO\�ZLOO�KDYH�EHHQ�OLPLWHG�

� $FFRUGLQJ�WR�LQGXVWU\��LQIRUPDWLRQ�SURYLGHG�DW�WKH�PHHWLQJ�RI�6HSWHPEHU�����������ZKDW�ZDV�SUHVHQW�LQ�WKH
QDSNLQV�ZDV�LQRUJDQLF�WLQ�LQVWHDG�RI�RUJDQLF�WLQ��WKXV��WKH�YDOLGLW\�RI�FKHPLFDO�DQDO\VLV�FDUULHG�RXW�E\�$OEHUWV�DQG
'DQQHQ�ZDV�TXHVWLRQHG���:H�KDYH�FRQWDFWHG�'U��%UDJW�DJDLQ�RQ�WKLV�LVVXH��$FFRUGLQJ�WR�LQIRUPDWLRQ�SURYLGHG
E\� 'U�� 'DQQHQ� WKH� RULJLQDO� VDPSOHV� GLG� FRQWDLQ� RUJDQRWLQV�� WKLV� ZDV� FRQILUPHG� E\� DQRWKHU� WHVW� ODERUDWRU\
�3HUVRQDO� FRPPXQLFDWLRQ� E\� 'U�� %UDJW�� 'HFHPEHU� ���� ������� � ,Q� D� IXUWKHU� PHHWLQJ� ZLWK� LQGXVWU\� KHOG� RQ
6HSWHPEHU���������� LW�ZDV�DJUHHG�E\� DOO� SDUWLHV� WKDW� WKH�RULJLQDO� FKHPLFDO� DQDO\VHV� DV� UHSRUWHG�E\�$OEHUWV�	
'DQQHQ��������ZHUH�GRQH�FRUUHFWO\�DQG�WKDW�ZKDW�WKH\�PHDVXUHG�LQGHHG�ZHUH�RUJDQLF�WLQ�FRPSRXQGV�
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���� 3LOFKHV
,Q�SLOFKHV�$OEHUWV�	�'DQQHQ�GHWHFWHG�WULSKHQ\OWLQ�DW�D�FRQFHQWUDWLRQ�RI�XS�WR�����PJ�NJ�DQG
GLEXW\OWLQV�DW�D�PD[LPXP�RI�����PJ�NJ��$V�ZDV�FRQFOXGHG�LQ�WKH�PHHWLQJ�ZLWK�LQGXVWU\�KHOG
RQ�6HSWHPEHU���������� LQ�SLOFKHV�RUJDQRWLQV�ZHUH�SUHVHQW� LQ� WKH� WDSH�V\VWHP�RQO\�ZLWK� WKH
FRQFHQWUDWLRQV�EHLQJ�DERXW����WLPHV�DV�KLJK�DV�RULJLQDOO\�UHSRUWHG��7KLV�OHDGV�WR�D�PD[LPXP
SRVVLEOH� V\VWHPLF� H[SRVXUH� WR� WULSKHQ\OWLQ� DV� D� UHVXOW� RI� LQIDQWV�ZHDULQJ� WKH� SURGXFW� RI� ��
mJ�NJ�ERG\�ZHLJKW�GD\� �WDNHQ� IURP�7DEOH�����$VVXPLQJ�D� UHGXFWLRQ�RI������ IRU� LQFRPSOHWH
VNLQ FRQWDFW��DV�ZDV�GRQH�LQ�SDUDJUDSK�����IRU�QDSNLQV���WKLV�ZDV�DJUHHG�XSRQ�DW�WKH�PHHWLQJ
ZLWK� LQGXVWU\� RI� 6HSWHPEHU� ���� ������ WKLV� OHDGV� WR� DQ� HVWLPDWHG� V\VWHPLF� H[SRVXUH� RI� ���
mJ�NJ� ERG\� ZHLJKW�GD\�� 7KH� UHOHYDQW� 7',� LV� ���� mJ�NJ ERG\� ZHLJKW�� )RU� GLEXW\OWLQ� WKH
PD[LPXP�SRVVLEOH�H[SRVXUH�LV�HVWLPDWHG�DW����mJ�NJ�ERG\�ZHLJKW�GD\��7DEOH�����7DNLQJ�LQWR
DFFRXQW�WKH�UHGXFWLRQ�IRU�LQFRPSOHWH�VNLQ�FRQWDFW��IDFWRU�������WKH�HVWLPDWHG�H[SRVXUH�LV�����
mJ�NJ� ERG\� ZHLJKW�GD\�� 7KH� 7',� IRU� GLDON\WLQV� LV� ���� mJ�NJ� ERG\� ZHLJKW� �GHULYHG� IRU
GLRFW\OWLQV���7KXV��IRU�ERWK�WULSKHQ\OWLQ�DQG�GLEXW\OWLQ�WKH�HVWLPDWHG�V\VWHPLF�H[SRVXUH�GRHV
QRW�H[FHHG�WKH�7',�VKRZLQJ�WKHUH�WR�KDYH�EHHQ�QR�ULVN�IRU�V\VWHPLF�WR[LFLW\�ZKHQ�WKH�SURGXFW
FRQWDLQHG�WKH�RUJDQRWLQV�
$V�WR�SRVVLEOH�ORFDO�HIIHFWV��LUULWDWLRQ�RU�VHQVLWL]DWLRQ�RI�VNLQ�RU�PXFRXV�PHPEUDQHV��QR�VNLQ
LUULWDWLRQ�LV�H[SHFWHG�WR�DULVH�IURP�WKH�SUHVHQFH�RI�WULSKHQ\OWLQV�EHFDXVH�DQLPDO�VWXGLHV�VKRZ
WULSKHQ\OWLQV� WR� KDYH� YHU\� ORZ� SRWHQWLDO� DV� VNLQ� LUULWDQWV�� ,Q� DGGLWLRQ�� DQG� VLPLODUO\� DV� ZDV
UHPDUNHG�IRU�QDSNLQV� LQ�SDUDJUDSK������ZKHQ�RUJDQRWLQV�DUH�SUHVHQW� LQ� VSHFLILF�SDUWV�RI� WKH
SURGXFW��WDSH�V\VWHP��WKDW�GR�QRW�PDNH�FRQWDFW�ZLWK� WKH�VNLQ� WKHUH�ZLOO�EH�QR�ULVN�IRU� ORFDO
HIIHFWV� $Q\�LQDGYHUWHQW�FRQWDFW�WKDW�PLJKW� OHDG�WR�DGYHUVH�VNLQ�UHDFWLRQV�ZRXOG�PRVW� OLNHO\
EH� DYRLGHG� RQ� ODWHU� RFFDVLRQV� EHFDXVH� WKH� SHUVRQ� WDNLQJ� FDUH� RI� WKH� LQIDQW� VKRZLQJ� VXFK
UHDFWLRQV�IROORZLQJ�FRQWDFW�ZLWK�WKH�FRQWDPLQDWLRQ��ZRXOG�VWRS�XVLQJ�WKH�SURGXFW�LQ�TXHVWLRQ
RU�VHHN�PHGLFDO�DGYLFH�WR�GHWHUPLQH�WKH�FDXVH�RI�WKH�SUREOHP��7KXV��WKH�ULVN�IRU�ORFDO�HIIHFWV
SUHVXPDEO\�ZLOO�KDYH�EHHQ�OLPLWHG�

���� &ORWKLQJ��7�VKLUWV��XQGHUSDQWV��VZHDWHUV��VKLUWV��WLJKWV�
VRFNV�
,Q� WKH� GLIIHUHQW� LWHPV� RI� FORWKLQJ� VDPSOHG� E\�$OEHUWV� DQG�'DQQHQ� D� QXPEHU� RI� RUJDQRWLQV
ZHUH IRXQG�� ,Q� XQGHUSDQWV� IRU� PHQ� GLEXW\OWLQ� ZDV� SUHVHQW� ����� PJ�NJ��� 7ULEXW\OWLQV� ZHUH
IRXQG� LQ�XQGHUSDQWV�� LQ�D�7�VKLUW� DQG� LQ� D� VZHDWHU� �PD[LPXP�����PJ�NJ���'LRFW\OWLQV�ZHUH
SUHVHQW� LQ� D� VKLUW�� LQ� XQGHUSDQWV�� LQ� WLJKWV�� DQG� LQ� D� 7�VKLUW� �PD[LPXP� ����� PJ�NJ��
7ULRFW\OWLQV�ZHUH� IRXQG� LQ� EDE\� VRFNV� �����PJ�NJ��� 7KH�PD[LPXP� SRVVLEOH� H[SRVXUH� DV� D
UHVXOW�RI�FRQVXPHUV�ZHDULQJ�WKHVH�SURGXFWV� LV�������mJ GLEXW\OWLQ�NJ�ERG\�ZHLJKW�GD\������
mJ WULEXW\OWLQ�NJ� ERG\� ZHLJKW�GD\�� ����� mJ GLRFW\OWLQ�NJ� ERG\� ZHLJKW�GD\�� ������ mJ
WULRFW\OWLQ�NJ� ERG\�ZHLJKW�GD\� �ILJXUHV� WDNHQ� IURP�7DEOH� ���� ([SRVXUH� WR� WKH� RUJDQRWLQV� LV
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DVVXPHG� WR� KDYH� RFFXUUHG� RQH� DW� D� WLPH� �QR� VLPXOWDQHRXV� H[SRVXUH��� &RPSDULQJ� WKH
PD[LPXP�SRVVLEOH�H[SRVXUHV�ZLWK�WKH�UHOHYDQW�7',V������mJ �NJ�ERG\�ZHLJKW�IRU�GLDON\OWLQV�
�����mJ �NJ�ERG\�ZHLJKW�IRU�WKH�WULDON\OWLQV��VKRZV�H[FHHGHQFH�RQO\�IRU�WULEXW\OWLQ��7KXV��RQO\
IRU WULEXW\OWLQ�D�PRUH�GHWDLOHG�DQDO\VLV�RI�WKH�H[SRVXUH�VLWXDWLRQ�LV�ZDUUDQWHG��$V�FDQ�EH�VHHQ
IURP WKH�LQIRUPDWLRQ�JLYHQ�LQ�$SSHQGL[����IRU�WULEXW\OWLQR[LGH�WKHUH�DUH�GDWD�FRQFHUQLQJ�RUDO
DQG GHUPDO� DEVRUSWLRQ� DQG� XVLQJ� WKHVH� GDWD� WKH� H[SRVXUH� HVWLPDWH� PD\� EH� FRUUHFWHG� IRU
LQFRPSOHWH�GHUPDO�SHQHWUDWLRQ��7KH�IDFWRU�WR�EH�XVHG�IRU�WKLV�FRUUHFWLRQ�LV�WKH�UDWLR�EHWZHHQ
WKH�GHUPDO�DQG�RUDO�DEVRUSWLRQ�SHUFHQWDJHV�����DQG������UHVSHFWLYHO\���7KXV�D� IDFWRU����� LV
LQWURGXFHG��GLYLGLQJ�WKH�PD[LPXP�SRVVLEOH�H[SRVXUH�OHYHO�DV�JLYHQ�LQ�7DEOH���E\�WKLV�IDFWRU
JLYHV�D�ILJXUH�RI������mJ �NJ�ERG\�ZHLJKW�ZKLFK�LV�EHORZ�WKH�7',�RI������mJ �NJ�ERG\�ZHLJKW�
7KXV��IRU�WULEXW\OWLQV�DOVR�WKHUH�ZDV�QR�ULVN�IRU�V\VWHPLF�WR[LFLW\�IRU�FRQVXPHUV�ZHDULQJ�WKH
LWHPV�RI�FORWKLQJ�FRQWDLQLQJ�WKH�PD[LPXP�DPRXQWV�GHWHFWHG�E\�$OEHUWV�DQG�'DQQHQ�
$V�WR�SRVVLEOH�ORFDO�HIIHFWV��LUULWDWLRQ�RU�VHQVLWL]DWLRQ�RI�WKH�VNLQ��WKH�IROORZLQJ�UHPDUNV�FDQ
EH� PDGH�� )RU� WULRFW\OWLQV� WKHUH� DUH� QR� H[SHULPHQWDO� GDWD� RQ� VNLQ� LUULWDWLRQ� DQG� VNLQ
VHQVLWL]DWLRQ��)RU� WULEXW\OWLQV� LW� LV� NQRZQ� WKDW� WULEXW\OWLQR[LGH� LV� D� SRWHQW� VNLQ� LUULWDQW�� 6NLQ
VHQVLWL]DWLRQ� LV� QRW� NQRZQ� WR� EH� SURGXFHG� E\� WULEXW\OWLQR[LGH�� )RU� VNLQ� LUULWDWLRQ� E\
WULEXW\OWLQR[LGH� ��� PJ�OLWUH� LV� WKH� ORZHVW� NQRZQ� HIIHFW�FRQFHQWUDWLRQ� �VHH� $SSHQGL[� ���� D
12$(/�IRU�WKLV�HIIHFW�LV�QRW�NQRZQ��:KHWKHU�RU�QRW�WULEXW\OWLQV�LQ�FORWKLQJ�DW�FRQFHQWUDWLRQ
XS� WR� ����PJ�NJ� �WKH�PD[LPXP� IRXQG�E\�$OEHUWV� DQG�'DQQHQ��ZLOO� SURGXFH� VNLQ� LUULWDWLRQ
FDQQRW EH�GHWHUPLQHG�ZLWK�DQ\�FHUWDLQW\��7KDW�D�FRQFHQWUDWLRQ�RI����PJ�OLWUH�ZRXOG�EH�SUHVHQW
LQ�VZHDW�GXH�WR�WUDQVIHU�IRUP�WKH�FRQWDPLQDWHG�SLHFH�RI�FORWKLQJ�VHHPV�XQOLNHO\�JLYHQ�WKH�ORZ
ZDWHU VROXELOLW\�RI�WKH�RUJDQRWLQV�
,Q�FRQFOXVLRQ��WKH�DYDLODEOH�GDWD�DUH�LQVXIILFLHQW�IRU�GUDZLQJ�ILUP�FRQFOXVLRQV�DV�WR�KRZ�OLNHO\
VNLQ HIIHFWV� ZHUH� ZKHQ� FORWKLQJ� ZDV� ZRUQ� WKDW� FRQWDLQHG� RUJDQRWLQV� DV� FRQWDPLQDQWV�� $V
DOUHDG\ QRWHG�DERYH�DGYHUVH�VNLQ�UHDFWLRQV��ZKHQ�RFFXUULQJ��DUH�HDVLO\�GHWHFWHG�E\�FRQVXPHUV
DQG QRUPDOO\� VSHDNLQJ� DQ\� FRQVXPHU� ZRXOG� GLVFRQWLQXH� ZHDULQJ� WKH� JDUPHQW� LQ� TXHVWLRQ
XSRQ�GLVFRYHULQJ�DQ\�DGYHUVH�VNLQ�UHDFWLRQ�

���� &DQYDV
)RU�FDQYDV�PD[LPXP�H[SRVXUH�ZDV�HVWLPDWHG�XVLQJ�WKH�UHVXOW�RI�WKH�H[SHULPHQW�LQ�ZKLFK�WKH
VXUIDFH ZDV� ZLSHG� DQG� WKH� DPRXQWV� RI� GLVORGJHDEOH� GLEXW\OWLQ� DQG� WULEXW\OWLQ� ZHUH
GHWHUPLQHG��7KH�UHVXOW�ZDV������mJ GLEXW\OWLQ�NJ�ERG\�ZHLJKW�GD\�DQG������mJ WULEXW\OWLQ�NJ
ERG\�ZHLJKW�GD\��WDNHQ�IURP�7DEOH�����&RPSDULQJ�WKHVH�OHYHOV�ZLWK�WKH�7',V������mJ�NJ ERG\
ZHLJKW� IRU�GLEXW\OWLQ�DQG������mJ�NJ�ERG\�ZHLJKW� IRU� WULEXW\OWLQ�� VKRZV� WKH�7',V�QRW� WR�EH
H[FHHGHG��7KXV��DW�WKH�OHYHOV�IRXQG�LQ�FDQYDV�QR�ULVN�RI�V\VWHPLF�WR[LFLW\�ZDV�SUHVHQW�
$V� WR� SRVVLEOH� ORFDO� HIIHFWV� �LUULWDWLRQ� RU� VHQVLWL]DWLRQ� RI� WKH� VNLQ�� WKHUH� DUH� YHU\� IHZ� GDWD
DYDLODEOH�� )RU� GLEXW\OWLQV� WKHUH� DUH� QR� H[SHULPHQWDO� GDWD� RQ� VNLQ� LUULWDWLRQ� DQG� VNLQ
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VHQVLWL]DWLRQ�� &RQVHTXHQWO\� QR� FRQFOXVLRQ� FDQ� EH� GUDZQ� DV� WR� WKH� TXHVWLRQ� LI� VXFK� HIIHFWV
PLJKW KDYH�RFFXUUHG�GXH�WR�WKH�FRQWDPLQDWLRQ�RI�FDQYDV�ZLWK�GLEXW\OWLQV�
)RU�WULEXW\OWLQV�LW�LV�NQRZQ�WKDW�WULEXW\OWLQR[LGH�LV�D�SRWHQW�VNLQ�LUULWDQW��6NLQ�VHQVLWL]DWLRQ�LV
QRW� NQRZQ� WR� EH� SURGXFHG� E\� WULEXW\OWLQR[LGH�� )RU� VNLQ� LUULWDWLRQ� E\� WULEXW\OWLQR[LGH� ��
PJ�OLWUH�LV�WKH�ORZHVW�NQRZQ�HIIHFW�FRQFHQWUDWLRQ��VHH�$SSHQGL[�����D�12$(/�IRU�WKLV�HIIHFW
LV�QRW�NQRZQ��)RU�WULEXW\OWLQV�D�PD[LPXP�RI������PJ�P� ZDV�GLVORGJHDEOH�E\�ZLSLQJ��UHVXOW
REWDLQHG� E\� $OEHUWV� DQG� 'DQQHQ��� $VVXPLQJ� WKDW� WKLV� DPRXQW� LV� ZKROO\� GLVVROYHG� LQ� WKH
DPRXQW�RI�VZHDW�WKDW�LV�SURGXFHG�E\�D�KXPDQ�EHLQJ�LQ�D�GD\�ZLWK�WKH�FDQYDV�ZRXOG�OHDG�WR�D
FRQFHQWUDWLRQ� RI� � DERXW� �� PJ�OLWUH� �� :KHWKHU� RU� QRW� VNLQ� LUULWDWLRQ� PD\� RFFXU� DW� WKLV
FRQFHQWUDWLRQ� FDQQRW� EH� GHFLGHG� EDVHG� RQ� WKH� GDWD� SUHVHQWO\� DYDLODEOH�� QR� 12$(/� EHLQJ
DYDLODEOH� IRU� WKLV�HQGSRLQW� �/2$(/����PJ�OLWUH���)RU� WKH�H[SRVXUH� VLWXDWLRQ�ZH�DUH�GHDOLQJ
ZLWK��D�PRUH�PHDQLQJIXO�ULVN�DVVHVVPHQW�ZRXOG�UHTXLUH�DQ�LQGLFDWLRQ�RI�WKH�12$(/�IRU�WKH
VNLQ LUULWDWLRQ�SURGXFHG�E\�WULEXW\OWLQV�H[SUHVVHG�DV�PJ�FP� RI�VNLQ��6XFK�D�12$(/�KRZHYHU
LV QRW�DYDLODEOH�
,Q�FRQFOXVLRQ��WKHUH�DUH�LQVXIILFLHQW�GDWD�IRU�GUDZLQJ�FRQFOXVLRQV�FRQFHUQLQJ�WKH�ULVN�RI�VNLQ
HIIHFWV� DV� D� UHVXOW� RI� GHUPDO� FRQWDFW�ZLWK� FDQYDV� FRQWDLQLQJ� GLVORGJHDEOH� RUJDQRWLQV� LQ� WKH
DPRXQWV�IRXQG�E\�$OEHUWV�DQG�'DQQHQ�

� $PRXQW�RI�VZHDW�SURGXFHG�SHU�GD\������PO��%RG\�DUHD�������FP�� ,W�LV�DVVXPHG�WKDW�����RI�WKH�ERG\�PDNHV
FRQWDFW�ZLWK�FDQYDV��7KH�DPRXQW�RI�GLVORGJHDEOH�WULEXW\OWLQ�RI������PJ�P� LV�DVVXPHG�WR�EH�ZLSHG�RII�WKH�FDQYDV
VXUIDFH�RQWR�WKH�VNLQ�RQH�WR�RQH�DQG�WR�EH�GLVVROYHG�LQ�VZHDW�HQWLUHO\��2YHU������FP� RI�VNLQ����PO�RI�VZHDW�LV
SURGXFHG�LQ�RQH�GD\��7KXV����mJ ZRXOG�GLVVROYH�LQ����PO�RI�VZHDW��JLYLQJ�D�FRQFHQWUDWLRQ�RI�DERXW���PJ�OLWUH�
*LYHQ� WKH� ORZ� ZDWHU� VROXELOLW\� RI� WULEXW\OWLQV� WKLV� FDOFXODWLRQ� SUREDEO\� RYHUHVWLPDWHV� WKH� GHJUHH� WR� ZKLFK
RUJDQRWLQV�ZLOO� GLVVROYH� LQ� VZHDW� �DV� H[SODLQHG� LQ� WKH� WH[W� DERYH�� WKH� DPRXQW� RI� FRQWDPLQDQW� SHU� FP� RI� VNLQ
ZRXOG�EH�D�PRUH�DSSURSULDWH�PHDVXUH�IRU�HYDOXDWLQJ�WKH�SUHVHQW�H[SRVXUH�VLWXDWLRQ��
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��� &21&/86,216
,Q������WKH�+HDOWK�,QVSHFWRUDWH�LQ�*URQLQJHQ�GHWHUPLQHG�D�QXPEHU�RI�WH[WLOH�SURGXFWV�WR�EH
FRQWDPLQDWHG�ZLWK�RUJDQRWLQV��,Q�D�PHHWLQJ�KHOG�LQ�-XQH������LQGXVWU\�VWDWHG�WKH�VRXUFHV�RI
FRQWDPLQDWLRQ�ZLWK�RUJDQRWLQV�WR�KDYH�EHHQ�ORFDWHG�DQG�VXEVHTXHQWO\�HOLPLQDWHG��7KH�SUHVHQW
UHSRUW� GHDOV�ZLWK� WKH� TXHVWLRQ�ZKHWKHU� WKHUH�ZDV� D� KHDOWK� ULVN� IRU� FRQVXPHUV� XVLQJ� WH[WLOH
SURGXFWV� DW� WKH� WLPH�ZKHQ� WKH� FRQWDPLQDWLRQ�ZLWK� RUJDQRWLQV� VWLOO� ZDV� LQ� SODFH� �KLVWRULFDO
ULVN���7KH�SUHVHQW� ULVN�DVVHVVPHQW�ZDV�EDVHG�RQ� WKH�PD[LPXP�FRQFHQWUDWLRQV�RI�RUJDQRWLQV
IRXQG�E\�WKH�+HDOWK�,QVSHFWRUDWH�XVLQJ�DOVR�WKH�DGGLWLRQDO�LQIRUPDWLRQ�VXSSOLHG�E\�LQGXVWU\�LQ
1RYHPEHU������DQG�2FWREHU�������,Q�7DEOH���WKH�FRQFOXVLRQV�GUDZQ�IRU�WKH�GLIIHUHQW�LWHPV
DUH VXPPDUL]HG�
7DEOH����5LVN�DVVHVVPHQW�FRQFOXVLRQV�IRU�RUJDQRWLQV�LQ�WH[WLOHV��KLVWRULFDO�ULVN�
3URGXFW V\VWHPLF�HIIHFWV LUULWDWLRQ�VHQVLWL]DWLRQ
WDPSRQV QR�ULVN SUREDEO\�QR�ULVN
VDQLWDU\�SDGV QR�ULVN SUREDEO\�QR�ULVN
PDWHUQLW\�VDQLWDU\�SDGV QR�ULVN SUREDEO\�QR�ULVN
QDSNLQV QR�ULVN OLPLWHG�GDWD��SUREDEO\�QR�ULVN
SLOFKHV QR�ULVN OLPLWHG�GDWD��SUREDEO\�QR�ULVN
FORWKLQJ�� QR�ULVN OLPLWHG�GDWD��SUREDEO\�QR�ULVN
FDQYDV QR�ULVN OLPLWHG�GDWD��QR�FRQFOXVLRQ�SRVVLEOH
���,WHPV��7�VKLUWV��XQGHUSDQWV��VZHDWHU��VKLUWV��WLJKWV�VRFNV�
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��� 5()(5(1&(6
$OEHUWV�� 3�-�� 	� )�� 'DQQHQ� ������� 2UJDQRWLQYHUELQGLQJHQ� LQ� 7H[WLHOSURGXFWHQ�� ,QVSHFWLH
*H]RQGKHLGVEHVFKHUPLQJ�.HXULQJVGLHQVW� YDQ�:DUHQ� ��*URQLQJHQ�� 5HSRUW� QR�� ������� GDWHG�
0D\�'HFHPEHU�������>,Q�'XWFK�@
+DQNH�%DLHU��3���-��-RKDQQLJPDQQ��5�-��/HYLQ�	�*��:DJQHU��������(YDOXDWLRQ�RI�YDJLQDO�DQG
SHULQHDO� DUHD�GXULQJ� WKH�XVH�RI� H[WHUQDO� VDQLWDU\� SURWHFWLRQ� WKURXJKRXW� WKH�PHQVWUXDO� F\FOH�
$FWD�2EVWHW��*\QHFRO��6FDQG����� ��������
.LPEHUO\�&ODUN�&R�� �����D��6XPPDU\�RI�KXPDQ�VDIHW\�VWXGLHV�RQ� WDPSRQ�FRYHU��6XPPDU\
SUHSDUHG� E\� 1�+�� 3URFWRU� RI� .LPEHUO\�&ODUN� &RUSRUDWLRQ�� 'HSDUWPHQW� RI� 3URGXFW� 6DIHW\�
�6XPPDU\�RI�WKH�UHVXOWV�RI�WZR�VWXGLHV�FDUULHG�E\�0��.DUUDP�RI�WKH�'HSDUWPHQW�RI�2EVWHWULFV
DQG J\QHFRORJ\��*RRG�6DPDULWDQ�+RVSLWDO��&LQFLQQDWL��2KLR� RQ� EHKDOI� RI�+LOOWRS�5HVHDUFK
,QF���0LDPLYLOOH��2KLR����'RFXPHQW�GDWHG����6HSWHPEHU������
.LPEHUO\�&ODUN�&R�������E��6XPPDU\�RI�KXPDQ�VDIHW\�VWXGLHV�RQ�SDQWLOLQHUV��XOWUDWKLQ�SDGV
	 PD[L� �WKLFN�� SDGV�� 6XPPDU\� SUHSDUHG� E\� 1�+�� 3URFWRU� RI� .LPEHUO\�&ODUN� &RUSRUDWLRQ�
'HSDUWPHQW�RI�3URGXFW�6DIHW\���6XPPDU\�RI�WKH�UHVXOWV�RI����'D\�&XPXODWLYH�,UULWDWLRQ�7HVWV
DQG +XPDQ�5HSHDW�,QVXOW�3DWFK�7HVW���'RFXPHQW�GDWHG����6HSWHPEHU������
3URFWRU� 	� *DPEOH� *PE+� ������� 'LRFW\OWLQ� �'27�� LQ� $/:$<6� SDGV� DQG� SDQWLOLQHUV�
3RVLWLRQ� GRFXPHQW� SUHSDUHG� E\�'U��$QJHOD� 6WDGOHU�� 3URFWRU�	�*DPEOH� (XURSHDQ� 6HUYLFHV�
3DSHU�3URGXFWV�(XURSH��(VFKERUQ��*HUPDQ\��'RFXPHQW�GDWHG����2FWREHU������
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$SSHQGL[���([SRVXUH�FDOFXODWLRQV

(67,0$7,21�2)�7+(�/21*�7(50�6<67(0,&�(;32685(
7KH� FDOFXODWLRQV� SUHVHQWHG� EHORZ� DUH� DLPHG� DW� FKDUDFWHUL]LQJ� WKH� WRWDO� V\VWHPLF� ORQJ�WHUP
H[SRVXUH� OHYHO� DV� D� UHVXOW� RI� FRQVXPHU� H[SRVXUH� WR� RUJDQRWLQV� WKURXJK� WKH� XVH� RI� WH[WLOH
SURGXFWV� FRQWDPLQDWHG� ZLWK� WKHVH� FRPSRXQGV�� 7KH� H[SRVXUH� HVWLPDWH� LV� EDVHG� RQ� WKH
PD[LPXP�FRQFHQWUDWLRQV� UHSRUWHG�E\�$OEHUWV�	�'DQQHQ��������� ,Q�D�PHHWLQJ�ZLWK� LQGXVWU\
KHOG�DW�WKH�+HDOWK�,QVSHFWRUDWH�RQ����6HSWHPEHU������DW�ZKLFK�'U��'DQQHQ�ZDV�SUHVHQW�LW�ZDV
FRQFOXGHG WKDW� LQ� QDSNLQV� DQG� SLOFKHV� �LQ� ZKLFK� GL�RFW\OWLQV� ZHUH� IRXQG�� RUJDQRWLQV� ZHUH
SUHVHQW�QRW�LQ�WKH�ZKROH�SURGXFW��DV�SUHYLRXVO\�DVVXPHG��EXW�RQO\�LQ�WKH�WDSH�V\VWHP�XVHG�IRU
IDVWHQLQJ WKH� SURGXFW��7KH� FRQFHQWUDWLRQV� LQ� WKH� DWWDFKPHQW� VWULSV�ZHUH� HVWLPDWHG� WR� EH� ��
WLPHV�KLJKHU�WKDQ�WKH�ILJXUHV�SUHVHQWHG�RULJLQDOO\�E\�$OEHUWV�	�'DQQHQ�IRU�WKH�HQWLUH�QDSNLQV
DQG SLOFKHV��SHUVRQDO�FRPPXQLFDWLRQ�E\�)��'DQQHQ�RI�WKH�+HDOWK�,QVSHFWRUDWH�	�)��.RHOHZLMQ
RI�WKH�.LPEHUO\�&ODUN�(XURSH��
$OEHUWV� 	� 'DQQHQ� ������� IRXQG� RUJDQRWLQV� LQ� VHYHUDO� FRQVXPHU� SURGXFWV�� 7KH� SRVLWLYH
VDPSOHV ZHUH�IRXQG�LQ�WKH�IROORZLQJ�SURGXFW�JURXSV�
�� 6DQLWDU\�SDGV��WDPSRQV��VDQLWDU\�SDGV��VDQLWDU\�SDQWLOLQHUV�DQG�PDWHUQLW\�VDQLWDU\�SDGV��
�� 1DSNLQV�DQG�SLOFKHV��
�� 3ODVWLF�EDJV�
�� &ORWKLQJ��XQGHUSDQWV�NQLFNHUV��VKLUWV��VZHDWHUV��WLJKWV��VRFNV��
�� 6DLOFORWK��
�� &DQYDV���
0RVW�RI�WKHVH�FRQVXPHU�SURGXFWV�DUH�XVHG�E\�ERWK�FKLOGUHQ�DQG�DGXOWV��3URGXFWV�RQO\�XVHG�E\
FKLOGUHQ�DUH�QDSNLQV��SLOFKHV�DQG�FKLOGUHQ
V�FORWKHV�
7KH� H[SRVXUH� HVWLPDWLRQ� SUHVHQWHG� EHORZ�ZLOO� EH� GLVFXVVHG� LQ� WZR� VWHSV�� 7KH� ILUVW� VWHS� LV
EDVHG�HQWLUHO\�RQ�WKH�ILJXUHV�SUHVHQWHG�E\�$OEHUWV�	�'DQQHQ���������7KLV�H[SRVXUH�HVWLPDWH
FDQ EH� FKDUDFWHUL]HG� DV� D� ZRUVW� FDVH� HVWLPDWH�� ,Q� WKH� VHFRQG� VWHS� ZH� ZLOO� SUHVHQW� VRPH
UHILQHPHQWV� RI� WKH� H[SRVXUH� HVWLPDWH� EDVHG� RQ� GDWD� DQG� FDOFXODWLRQV� VXEPLWWHG� E\� LQGXVWU\
VLQFH�WKH�PHHWLQJ�RQ�WKLV�WRSLF��KHOG�RQ�6HSWHPEHU����������

8 ,Q�'XWFK��OXLHUEURHNMHV�
9 ,Q�'XWFK��]HLO�
10 ,Q�'XWFK��WHQWGRHN�
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([SRVXUH�HVWLPDWLRQ��V\VWHPLF���VWHS��
7KH�UHSRUW�RI�$OEHUWV�	�'DQQHQ��������FRQWDLQV�PHDVXUHPHQWV�LQGLFDWLQJ�WKH�FRQFHQWUDWLRQV�
RQ� D� ZHLJKW� EDVLV�� RI� RUJDQRWLQ� FRPSRXQGV� LQ� FRQVXPHU� SURGXFWV� DQG� WKH� DPRXQWV� RI
RUJDQRWLQ�ZKLFK� FDQ� EH� REWDLQHG� E\�ZLSLQJ� FDQYDV� �GLVORGJHDEOH� RUJDQRWLQV��� 7KLV� HQDEOHV
FDOFXODWLRQ RI�WKH�SRWHQWLDO�GHUPDO�DQG�RUDO�DEVRUSWLRQ�
7KH�GDWD�FRQFHUQLQJ�FRQFHQWUDWLRQV�DV�UHSRUWHG�E\�$OEHUWV�	�'DQQHQ��������DUH�SURFHVVHG�E\
WKH�IROORZLQJ�FDOFXODWLRQ��SURYLGLQJ�DQ�XSSHU�OLPLW�HVWLPDWLRQ�RI�WKH�SRWHQWLDO�DEVRUSWLRQ�UDWH�
7KLV�FDOFXODWLRQ�SURYLGHV�WKH�SRWHQWLDO�DEVRUSWLRQ�UDWH�EHFDXVH�LW�LV�DVVXPHG��ILUVWO\��WKDW�DOO
RUJDQRWLQ� ZLOO� EH� UHOHDVHG� IURP� WKH� PDWHULDO� DQG�� VHFRQGO\�� WKDW� WKH� ZKROH� DPRXQW� ZLOO
FRQVHTXHQWO\�EH�DEVRUEHG�E\�WKH�ERG\�
� &DUW� 
�:DUW�
�Q
8SRW� ��²²²²²����DPRXQW�SHUVRQ�WLPH�
� W
3DUDPHWHUV�LQ�WKLV�HTXDWLRQ�
�� &RQFHQWUDWLRQ�&DUW�LQ�WKH�SURGXFW�RQ�D�ZHLJKW�EDVLV�
�� :HLJKW�:DUW�RI�WKH�SURGXFW��RU�WKH�OD\HU�FRQWDLQLQJ�RUJDQRWLQ��
�� &RQWDFW�IUHTXHQF\�Q��QXPEHU�RI�RFFXUUHQFHV�GXULQJ�WKH�DYHUDJLQJ�SHULRG�W��
�� $YHUDJLQJ�SHULRG�W��WLPH��
:LWK�UHVSHFW� WR� WKH�SURGXFW�JURXSV�PHQWLRQHG�DERYH�� LW� LV�DVVXPHG� WKDW� WKH�JURXSV�VDQLWDU\
SDGV�� WDPSRQV��QDSNLQV�DQG�FORWKLQJ�DUH� WKH�SURGXFW�JURXSV� IRU�ZKLFK� WKH� H[SRVXUH� FDQ�EH
GHVFULEHG�LQ�WKH�PDQQHU�SUHVHQWHG��7KH�IROORZLQJ�H[SRVXUH�SDUDPHWHUV�DUH�FKRVHQ�

3URGXFW�JURXS :HLJKW 1R��RI
HYHQWV

$YHUDJLQJ
WLPH

0D[LPXP
FRQFHQWUDWLRQ

6DQLWDU\�SDGV ���J ��� ����GD\V ����PJ�NJ�'27
6DQLWDU\�SDQWLOLQHUV ��J ��� ����GD\V �����PJ�NJ�'27
7DPSRQV ���J ��� ����GD\V ����PJ�NJ�'%7
0DWHUQLW\�VDQLWDU\�SDGV ���J ���� ����GD\V ����PJ�NJ�'27
1DSNLQV��WDSH�V\VWHP� ����J��� ������ ����GD\V ���PJ�NJ�'27���
SLOFKHV��WDSH�V\VWHP� ����J��� ���� ����GD\V ���PJ�NJ�737�

�� PJ�NJ�'%7���
&ORWKLQJ ����J�� � ����GD\V �����PJ�NJ�'27�����PJ�NJ�'%7�����PJ�NJ�7%7�����PJ�NJ�727
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� ,W�LV�DVVXPHG�WKDW����PDWHUQLW\�VDQLWDU\�WRZHOV�DUH�XVHG�DIWHU�GHOLYHU\��VR�WKH�HVWLPDWLRQ�UHIHUV�WR�WKH�\HDU�LQ
ZKLFK�WKH�GHOLYHU\�RFFXUUHG�

� 7�VKLUW�
� 3HU�\HDU�GXULQJ�WKH�SHULRG�LQ�ZKLFK�QDSNLQV�DUH�ZRUQ����QDSNLQV�SHU�GD\�
� :HLJKW�RI�WDSH�DV�LQGLFDWHG�LQ�D�SHUVRQDO�FRPPXQLFDWLRQ�RI�0U��-��*ODQVEHHN�RI�WKH�193/�WR�'U��)��'DQQHQ

RI�WKH�+HDOWK�,QVSHFWRUDWH�GDWHG����2FWREHU������
� &RQFHQWUDWLRQV� ��� WLPHV� WKRVH� SUHVHQWHG� LQ� WKH� UHSRUW� RI� $OEHUWV� 	� 'DQQHQ�� ,Q� GHYLDWLRQ� RI� ZKDW� ZDV

SUHYLRXVO\� DVVXPHG� �LQ� D� SUHYLRXV� YHUVLRQ� RI� WKH� SUHVHQW� UHSRUW�� LQ� QDSNLQV� DQG� SLOFKHV� RUJDQRWLQV� ZHUH
SUHVHQW�RQO\�LQ�WKH�WDSH�V\VWHP�XVHG�IRU�IDVWHQLQJ�WKH�SURGXFW��,Q�D�PHHWLQJ�ZLWK�LQGXVWU\�RQ����6HSWHPEHU
����� LW�ZDV� FRQFOXGHG� WKDW� WKH� DFWXDO� FRQFHQWUDWLRQV� LQ� WDSH�ZRXOG�EH� DSSUR[LPDWHO\���� WLPHV� WKH� ILJXUHV
RULJLQDOO\�UHSRUWHG�

7KH� SRWHQWLDO� V\VWHPLF� H[SRVXUH� �LQ� PJ�GD\�SHUVRQ�� E\� GLUHFW� GHUPDO� H[SRVXUH� WR� WKHVH
SURGXFWV�LV�QRZ�DV�IROORZV�

([SRVXUH�LQ�PJ�SHUVRQ�GD\
3URGXFW�JURXS '%7 7%7 '27 '37 727 737
6DQLWDU\�SDGV Q�G�� Q�G� ����� Q�G� Q�G� Q�G�
6DQLWDU\�SDQWLOLQHUV Q�G� Q�G� ����� Q�G� Q�G� Q�G�
0DWHUQLW\�VDQLWDU\�SDGV Q�G� Q�G� ������ Q�G� Q�G� Q�G�
7DPSRQV ����� Q�G� Q�G� Q�G� Q�G� Q�G�
1DSNLQV Q�G� Q�G� ���� Q�G� Q�G� Q�G�
3LOFKHV ���� Q�G� Q�G� Q�G� Q�G� ����
&ORWKLQJ ������� ����� ����� Q�G� ������ Q�G�

� Q�G� �QRW�GHPRQVWUDWHG�LQ�WKH�SURGXFW�FRQFHUQHG�

7KHVH�SRWHQWLDO�V\VWHPLF�H[SRVXUH�OHYHOV��H[SUHVVHG�LQ�PLFURJUDPV�NJ�ERG\�ZHLJKW�SHU�GD\�
DUH�

([SRVXUH��PLFURJUDPV�NJ�ERG\�ZHLJKW�GD\�
3URGXFW�JURXS '%7 7%7 '27 '37 727 737
6DQLWDU\�SDGV� Q�G�� Q�G� ���� Q�G� Q�G� Q�G�
6DQLWDU\�SDQWLOLQHUV� Q�G� Q�G� ��� Q�G� Q�G� Q�G�
0DWHUQLW\�VDQLWDU\�SDGV� Q�G� Q�G� ���� Q�G� Q�G� Q�G�
7DPSRQV� ���� Q�G� Q�G� Q�G� Q�G� Q�G�
1DSNLQV� Q�G� Q�G� �� Q�G� Q�G� Q�G�
3LOFKHV� �� Q�G� Q�G� Q�G� Q�G� ��
&ORWKLQJ� ����� ���� ���� Q�G� ����� Q�G�

� )RU�WKLV�SURGXFW��LW�ZDV�DVVXPHG�LQ�WKH�FDOFXODWLRQ�WKDW�WKH�ERG\�ZHLJKW�LV����NJ�
� Q�G� �QRW�GHPRQVWUDWHG�LQ�WKH�SURGXFW�FRQFHUQHG�
� )RU�WKLV�SURGXFW��LW�ZDV�DVVXPHG�LQ�WKH�FDOFXODWLRQ�WKDW�WKH�ERG\�ZHLJKW�LV���NJ�
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� )RU�WKLV�SURGXFW��LW�ZDV�DVVXPHG�LQ�WKH�FDOFXODWLRQ�WKDW�WKH�ERG\�ZHLJKW�LV����NJ�

'HUPDO�H[SRVXUH�E\�ZLSLQJ
7KH�ZLSLQJ�WHVW�SHUIRUPHG�E\�$OEHUWV�	�'DQQHQ�VKRZV�WKDW�RUJDQRWLQ�FRPSRXQGV�FDQ�DOVR�EH
ZLSHG�RII� WH[WLOH�SURGXFWV��7KH�XVH�RI�D�VR�FDOOHG��WUDQVIHU�IDFWRU��DOORZV�IRU� OLQNDJH�RI� WKH
DPRXQW�� WKDW� FDQ� EH� ZLSHG� RII�� WR� WKH� GHUPDO� H[SRVXUH� �86�(3$�� ������� 7KH� IROORZLQJ
FDOFXODWLRQ FDQ�EH�XVHG����

8SDW� �5î7&îW��DPRXQW�SHUVRQ�WLPH�
7KLV�DSSURDFK�ZLOO�DSSO\�WR�WKH�SURGXFW�JURXSV�FDQYDV��VDLOFORWK��DQG�SODVWLF�EDJV��$OEHUWV�	
'DQQHQ��������KDYH�GHWHUPLQHG�WKH�DPRXQW�WKDW�FDQ�EH�ZLSHG�RII�FDQYDV�
7KH�SDUDPHWHUV�LQ�WKH�HTXDWLRQ�DUH�
�� 7KH�DPRXQW�WKDW�FDQ�EH�ZLSHG�RII�SHU�VXUIDFH�5� DV�PHQWLRQHG�LQ�WKH�UHSRUW�E\�$OEHUW�	

'DQQHQ�
�� 7KH�WUDQVIHU�IDFWRU�7&�H[SUHVVHG�DV�VXUIDFH�SHU�WLPH��7KH�WUDQVIHU�IDFWRU�LQGLFDWHV�KRZ

ODUJH�WKH�VXUIDFH�DUHD�LV�WKDW�LV�ZLSHG�RII�SHU�WLPH�SHULRG��WKXV��LQ�FRPELQDWLRQ�ZLWK�WKH
DPRXQW�RI�RUJDQRWLQ�ZKLFK�FDQ�EH�ZLSHG�RII��SURYLGLQJ�WKH�DPRXQW�RI�RUJDQRWLQ�ZKLFK
FRPHV� RQWR� WKH� VNLQ� SHU� WLPH� SHULRG�� $VVXPSWLRQV� KDYH� WR� EH�PDGH� IRU� WKH� WUDQVIHU
IDFWRU�� 7KH� &DQDGLDQ� 305$� KDV� GHWHUPLQHG� WKH� IROORZLQJ� WUDQVIHU� IDFWRUV� IRU� WKH
DVVHVVPHQW� RI� &&$� VDOWV� �D� PL[WXUH� RI� FRSSHU�FKURPH�DUVHQLF� VDOWV� XVHG� DV� D� ZRRG
SUHVHUYDWLYH��RQ�SUHVHUYHG�ZRRG��)RU�FKLOGUHQ�LQ�WKH�DJH�JURXS�RI���WR���\HDUV�D�WUDQVIHU
IDFWRU� RI� ������ FP��K� IRU� WKH� ILQJHUV� DQG� ������� FP��K� IRU� WKH� UHVW� RI� WKH� ERG\�� )RU
FKLOGUHQ�LQ�WKH�DJH�JURXS�RI���WR����\HDUV�D�WUDQVIHU�IDFWRU�RI��������FP��K�LV�DVVXPHG
IRU WKH� ZKROH� ERG\�� %HFDXVH� WKH� ZKROH� ERG\� ZLOO� QRW� PDNH� FRQWDFW� ZLWK� FDQYDV�� D
WUDQVIHU�IDFWRU�IRU�WKH�ZKROH�ERG\�ZLOO�KDYH�WR�EH�FRQYHUWHG�WR�FRUUHVSRQG�ZLWK�WKH�ERG\
VXUIDFH�DFWXDOO\�PDNLQJ�FRQWDFW��,W�LV�DVVXPHG�WKDW�����RI�WKH�ERG\�ZLOO�DW�VRPH�WLPH
FRPH�LQWR�FRQWDFW�ZLWK�WKH�FDQYDV��D�VXUIDFH�FRUUHVSRQGLQJ�ZLWK�KDOI�WKH�VXUIDFH�RI�WKH
KDQGV� KDOI�WKH�VXUIDFH�RI�XSSHU�DUPV�DQG�IRUHDUPV�DQG�D�TXDUWHU�RI� WKH�VXUIDFH�RI� WKH
KHDG��7KLV�JLYHV�D�WUDQVIHU�IDFWRU�RI������WR������FP��K��UHVSHFWLYHO\��IRU�FKLOGUHQ�RI��
WR���\HDUV�RI�DJH�DQG���WR����\HDUV�RI�DJH��7KLV�VXUIDFH�GRHV�QRW�PDNH�FRQWDFW�ZLWK�WKH
FDQYDV� VLPXOWDQHRXVO\�� ,Q� WKH� QH[W� SRLQW�� LW� LV� DVVXPHG� WKDW� ����RI� WKH� ERG\� VXUIDFH
PHQWLRQHG�ZLOO�DFWXDOO\�PDNH�FRQWDFW�

�� 7LPH�SHULRG�RI�FRQWDFW�ZLWK�WKH�FDQYDV�W �K�GD\���,W�LV�DVVXPHG�WKDW�D�FDPSHU�XVHV�KLV
WHQW�IRU���ZHHNV�GXULQJ�D�RQH�\HDU�SHULRG��7KLV�LV�DQ�XSSHU�OLPLW��KRZHYHU�LW�VKRXOG�EH
ERUQH LQ�PLQG�WKDW�SHRSOH�WUDYHOOLQJ�IRU�ORQJHU�SHULRGV�PD\�VWD\�LQ�D�WHQW�PXFK�ORQJHU�
,Q�DGGLWLRQ��RQH�H[WUD�GD\�LV�LQFOXGHG�IRU�VWRULQJ�KDQGOLQJ�WKH�WHQW�LQ�WKH�KRPH�VLWXDWLRQ�
,W� LV� DVVXPHG� WKDW� FRQWDFW� RFFXUV�ZLWK� WKH� FDQYDV� IRU� ��� RI� WKLV� �����ZHHNV� SHULRG�

�� 7KLV�FDOFXODWLRQ�LV�PDGH�IRU�FKLOGUHQ�DV�WKH�UHODWLYHO\�KLJKHVW�V\VWHPLF�EXUGHQ�PD\�EH�H[SHFWHG�LQ�WKHLU�FDVH
GXH�WR�WKHLU�ORZHU�ERG\�ZHLJKW�
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WDNLQJ�LQWR�DFFRXQW�WKDW�RQO\�����RI�WKH�ZKROH�ERG\�VXUIDFH�PHQWLRQHG�DERYH�DFWXDOO\
PDNHV� FRQWDFW� ZLWK� WKH� FDQYDV�� 7KHUHIRUH�� WKH� SDUDPHWHU� W DPRXQWV� WR
����
����
��
������ �������K�GD\�

7KH�IROORZLQJ�HVWLPDWLRQV�DUH�PDGH�IRU�WKH�PD[LPXP�SRVVLEOH�V\VWHPLF�H[SRVXUH�E\�ZLSLQJ�
�� &KLOGUHQ� EHWZHHQ� �� WR� �� \HDUV� RI� DJH�� 7%7�� ���� �PJ�P�� 
� ������� �P��K�� 
� �����

�K�GD\�� ��������PJ�GD\�SHUVRQ��'%7��������PJ�P�� 
���������P��K��
��������K�GD\�� 
������ PJ�GD\�SHUVRQ�

�� &KLOGUHQ� EHWZHHQ� �� WR� ��� \HDUV� RI� DJH�� 7%7�� ���� �PJ�P�� 
� ������� �P��K�� 
� �����
�K�GD\�� ��������PJ�GD\�SHUVRQ��'%7���������PJ�P�� 
���������P��K��
��������K�GD\�� 
������ PJ�GD\�SHUVRQ�

3HU�NJ�ERG\�ZHLJKW��WKHVH�YDOXHV�FRUUHVSRQG�ZLWK�
�� &KLOGUHQ� EHWZHHQ� �� WR� �� \HDUV� RI� DJH� �DVVXPHG� ERG\� ZHLJKW� ��� NJ��� 7%7�� ����

PLFURJUDPV�NJ�ERG\�ZHLJKW�GD\��'%7�������PLFURJUDPV�NJ�ERG\�ZHLJKW�GD\�
�� &KLOGUHQ� EHWZHHQ� �� WR� ��� \HDUV� RI� DJH� �DVVXPHG� ERG\� ZHLJKW� ��� NJ��� 7%7�� ����

PLFURJUDPV�NJ�ERG\�ZHLJKW�GD\��'%7��������PLFURJUDPV�NJ�ERG\�ZHLJKW�GD\�
([SRVXUH�HVWLPDWLRQ��V\VWHPLF���VWHS��
,Q�VWHS����WKH�H[SRVXUH�KDV�EHHQ�FDOFXODWHG�XVLQJ�VHYHUDO�ZRUVW�FDVH�DVVXPSWLRQV�
7KHVH�DVVXPSWLRQV�DUH�
��� 7KH�RUJDQRWLQ�LQ�WKH�SURGXFW�LV�FRPSOHWHO\�DYDLODEOH�IRU�DEVRUSWLRQ��2QH�RI�WKH�SURSHUWLHV

RI WKH�RUJDQRWLQV�LV�SRRU�ZDWHU�VROXELOLW\��ZKLFK�VXSSRUWV�WKH�SUHVXPSWLRQ�WKDW�XULQH�DQG
WUDQVSLUDWLRQ�ZLOO�QRW�HQKDQFH� WKH�DYDLODELOLW\� IRU�VNLQ�FRQWDFW�RU�DEVRUSWLRQ� WKURXJK� WKH
VNLQ�

��� 7KH� RUJDQRWLQ� LV� FRPSOHWHO\� DEVRUEHG� GHUPDOO\�� 2UJDQRWLQV� ZKLFK� DUH� DYDLODEOH� IRU
GHUPDO� DEVRUSWLRQ�ZLOO� RQO\� EH� SDUWO\� DEVRUEHG� E\� WKH� VNLQ� EHFDXVH� WKH� VNLQ� DFWV� DV� D
EDUULHU� �FRUUHFWLRQ� IRU� WKLV� DVSHFW� LV� SRVVLEOH� E\� XVLQJ� WKH� GHUPDO� DQG� RUDO� DEVRUSWLRQ
SHUFHQWDJHV�IRU�WKH�FRQWDPLQDQW�LQ�TXHVWLRQ��

��� ,Q� DGGLWLRQ� WR� LQFRPSOHWH� DYDLODELOLW\�GXH� WR� WKH� SRRU�ZDWHU� VROXELOLW\� RI� WKH� RUJDQRWLQV
�SRLQW �� DERYH�� LW� VKRXOG� EH� QRWHG� WKDW� IRU�PRVW� SURGXFWV� WKH� FRQWDPLQDWHG� SDUW� RI� WKH
SURGXFW�ZLOO�PDNH� LQFRPSOHWH� FRQWDFW�ZLWK� WKH� VNLQ�� WKHUHE\� UHGXFLQJ� WKH� SRVVLELOLW\� RI
H[SRVXUH�

��� 7KH�WUDQVIHU�IDFWRU�DGDSWHG�IRU�&&$�VDOWV�DOVR�DSSOLHV�WR�ZLSLQJ�RUJDQRWLQV�IURP�FDQYDV�
7KH�DVVXPSWLRQ�RI�FRPSOHWH�DYDLODELOLW\� LPSOLHV� WKDW� WKH�FDOFXODWLRQV�GHVFULEHG�DERYH�DSSO\
ERWK�WR�WKH�GHUPDO�DQG�WKH�RUDO�URXWH��,QJHVWLRQ�RI�RUJDQRWLQV�E\�WKH�RUDO� URXWH�FDQ�RFFXU� LI
FKLOGUHQ�VXFN�RQ�WKHLU�FORWKLQJ��2I�WKH�SURGXFWV�PHQWLRQHG�LQ�WKH�WDEOHV�DERYH�� WKLV�URXWH�LV
RQO\�FRQVLGHUHG�LPSRUWDQW�IRU�WKH�LWHP�µFORWKLQJ¶�
%DVHG�RQ�WKH�GDWD�DQG�FDOFXODWLRQV�VXEPLWWHG�E\�LQGXVWU\�VLQFH�WKH�PHHWLQJ�RI�6HSWHPEHU����
����� �PHHWLQJ� FRQYHQHG� WR� GLVFXVV� WKH� SUHOLPLQDU\� ULVN� DVVHVPHQW� IRU� WKH� SUHVHQW� SUREOHP
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WKDW�ZDV� UHOHDVHG� LQ�0DUFK�� ������ VRPH� UHILQHPHQWV� RQ� WKH� DERYH�ZRUVW� FDVH� HVWLPDWH� DUH
SRVVLEOH� IRU� VRPH� RI� WKH� SURGXFWV�� )RU� VDQLWDU\� SDGV� VR�FDOOHG� µUHZHW¶� GDWD� KDYH� EHHQ
VXEPLWWHG E\�3URFWRU�	�*DPEOH���������,Q�WHVWV�LQ�ZKLFK�WKH�DPRXQW�RI�IOXLG�WKDW�UHVXUIDFHV
IURP ORDGHG� SDGV� XQGHU� SUHVVXUH� ZDV� GHWHUPLQHG� LW� ZDV� IRXQG� WKDW� ����� RI� WKH� IOXLG
UHVXUIDFHV� %DVHG�RQ�WKLV�UHZHW�PD[LPXP�D�UHGXFWLRQ�IDFWRU�RI����PD\�EH�LQWURGXFHG�IRU�WKH
H[SRVXUH�HVWLPDWH�IRU�VDQLWDU\�SDGV�DQG�SDQWLOLQHUV��7KLV�OHDGV�WR�HVWLPDWHG�V\VWHPLF�H[SRVXUH
OHYHOV� RI� ����� DQG� ����� PLFURJUDPV� '27�NJ� ERG\� ZHLJKW� IRU� VDQLWDU\� SDGV� DQG� VDQLWDU\
SDQWLOLQHUV��UHVSHFWLYHO\�
)RU�QDSNLQV�DQG�SLOFKHV�WKH�PD[LPXP�H[SRVXUH�OHYHOV�HVWLPDWHG�DERYH�ZHUH����PLFURJUDPV
'27�NJ� ERG\� ZHLJKW�GD\� �QDSNLQV�� DQG� ��� PLFURJUDPV� 737�NJ� ERG\� ZHLJKW�GD\� DQG� ��
PLFURJUDPV�'%7�NJ�ERG\�ZHLJKW�GD\� �SLOFKHV�����$V� DOUHDG\�PHQWLRQHG�DERYH�� IRU�QDSNLQV
DQG SLOFKHV� WKH� FRQWDPLQDWLRQ�ZLWK� RUJDQRWLQV� LV� SUHVHQW� RQO\� LQ� WKH� WDSH� V\VWHP� XVHG� IRU
IDVWHQLQJ�WKH�SURGXFW��,Q�D�SHUVRQDO�FRPPXQLFDWLRQ�GDWHG����2FWREHU������0U��-�*ODQVEHHN
IURP WKH� 193/� SURYLGHG� DQ� HVWLPDWH� RI� WKH� ZHLJKW� RI� WKH� WDSH� V\VWHP� DQG� LWV� VXUIDFH�
$FFRUGLQJ�WR�WKLV�HVWLPDWH�DQ�HQWLUH�QDSNLQ�KDV�D�VXUIDFH�RI������FP� DQG�WKH�WDSH�VWULS�KDV�D
VXUIDFH�RI����FP�� ,Q�WKH�PHHWLQJ�ZLWK�LQGXVWU\�KHOG�RQ����6HSWHPEHU������LW�ZDV�DJUHHG�WKDW
D VNLQ�FRQWDFW�DUHD�RI���FP� EH�XVHG�LQ�WKH�H[SRVXUH�DVVHVVPHQW�WKXV�OHDGLQJ�WR�D�UHGXFWLRQ�LQ
WKH HVWLPDWHG� H[SRVXUH� RI� ����� EHFDXVH� RI� LQFRPSOHWH� VNLQ� FRQWDFW�� ,W� ZDV� VWUHVVHG� DW� WKLV
PHHWLQJ�WKDW�SURSHU�XVH�RI�WKH�SURGXFW�ZRXOG�QRW�OHDG�WR�DQ\�FRQWDFW�RI�WKH�WDSH�ZLWK�WKH�VNLQ
DW�DOO�EHFDXVH� WKH� WDSH�V\VWHP� LV�DW� WKH�RXWVLGH�RI� WKH�SURGXFW� �WKH� VLGH�QRW�PDNLQJ� FRQWDFW
ZLWK�WKH�VNLQ���7KH�DVVXPSWLRQ�RI�D�OLPLWHG�FRQWDFW�DUHD�RI���FP� � WKH�DFWXDO�ILJXUH�LQ�LWVHOI�LV
DQ DUELUWUDU\�FKRLFH���LV�PHDQW�WR�WDNH�LQWR�FRQVLGHUDWLRQ�DQ\�LQDGYHUWHQW�LQIUHTXHQW�FRQWDFW�RI
WDSH�ZLWK�WKH�VNLQ��8VLQJ�WKH�FRUUHFWLRQ�IDFWRU�RI������OHDGV�WR�HVWLPDWHG�V\VWHPLF�H[SRVXUH
OHYHOV�RI������PLFURJUDPV�'27�NJ�ERG\�ZHLJKW�GD\��IRU�QDSNLQV��DQG�����PLFURJUDPV�737�NJ
ERG\ ZHLJKW�GD\������PLFURJUDPV�'%7�NJ�ERG\�ZHLJKW�GD\��IRU�SLOFKHV��
$ IXUWKHU� FRUUHFWLRQ� IDFWRU� PD\� EH� DSSOLHG� IRU� WKH� LQFRPSOHWH� GHUPDO� SHQHWUDWLRQ� �EDUULHU
IXQFWLRQ�RI�WKH�VNLQ���$V�JLYHQ�LQ�$SSHQGL[���IRU�WULSKHQ\OWLQV�WKH�IDFWRU�RI�����LV�DSSOLFDEOH�
7KXV�� WKH� V\VWHPLF� H[SRVXUH� IRU� 737� LV� HVWLPDWHG� DW� ����� PLFURJUDPV� 737�NJ� ERG\
ZHLJKW�GD\� IRU� SLOFKHV�� )RU� GLEXW\OWLQV� DQG� GLRFW\OWLQV� VXFK� D� IDFWRU� LV� QRW� DYDLODEOH� �QR
SHUFHQWDJHV�IRU�GHUPDO�DQG�RUDO�DEVRUSWLRQ�DUH�NQRZQ��

�� $FFRUGLQJ�WR�LQGXVWU\��LQIRUPDWLRQ�SURYLGHG�DW�WKH�PHHWLQJ�RI�6HSWHPEHU�����������ZKDW�ZDV�SUHVHQW�LQ�WKH
QDSNLQV�ZDV�LQRUJDQLF�WLQ�LQVWHDG�RI�RUJDQLF�WLQ��WKXV��WKH�YDOLGLW\�RI�FKHPLFDO�DQDO\VLV�FDUULHG�RXW�E\�$OEHUWV�DQG
'DQQHQ�ZDV�TXHVWLRQHG���:H�KDYH�FRQWDFWHG�'U��%UDJW�DJDLQ�RQ�WKLV�LVVXH��$FFRUGLQJ�WR�LQIRUPDWLRQ�SURYLGHG
E\�'U��'DQQHQ�WKH�RULJLQDO�VDPSOHV�GLG�FRQWDLQ�RUJDQRWLQV��WKLV�ZDV�FRQILUPHG�E\�DQRWKHU�WHVW�ODERUDWRU\
�3HUVRQDO�FRPPXQLFDWLRQ�E\�'U��%UDJW��'HFHPEHU������������'XULQJ�WKH�ILQDO�PHHWLQJ�ZLWK�LQGXVWU\�RQ
6HSWHPEHU����������LW�ZDV�DJUHHG�E\�DOO�SDUWLHV�WKDW�WKH�RULJLQDO�FKHPLFDO�DQDO\VHV�KDG�EHHQ�FRUUHFW�
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5()(5(1&(6�72�$33(1',;��
$OEHUWV�� 3�-�� 	� )�� 'DQQHQ� ������� 2UJDQRWLQYHUELQGLQJHQ� LQ� 7H[WLHOSURGXFWHQ�� ,QVSHFWLH
*H]RQGKHLGVEHVFKHUPLQJ�.HXULQJVGLHQVW� YDQ�:DUHQ� ��*URQLQJHQ�� 5HSRUW� QR�� ������� GDWHG�
0D\�'HFHPEHU�������>,Q�'XWFK�@
*ODQVEHHN��-��0HPR�WR�0U��'DQQHQ�,QVSHFWLH�:	9�5HJLR�1RRUG��GDWHG����2FWREHU�������2Q
EHKDOI�RI�WKH�1HGHUODQGVH�9HUHQLJLQJ�YDQ�3DSLHUHQ�/XLHUIDEULNDQWHQ��$PVWHUGDP�
86�(3$��������*URXS�%���3RVWDSSOLFDWLRQ�H[SRVXUH�PRQLWRULQJ�WHVW�JXLGHOLQHV�YHUVLRQ�����
6HULHV����� ��2FFXSDWLRQDO� DQG�5HVLGHQWLDO�([SRVXUH�7HVW�*XLGHOLQHV��2IILFH�RI�3UHYHQWLRQ�
3HVWLFLGHV�DQG�7R[LF�6XEVWDQFHV��:DVKLQJWRQ�'&�
3URFWRU�	�*DPEOH� �������'LRFW\OWLQ� �'27�� LQ�$/:$<6� SDGV� DQG� SDQWLOLQHUV��'RFXPHQW
SUHSDUHG� E\� 'U�� $�� 6WDGOHU�� 3URFWRU� 	� *DPEOH� (XURSHDQ� 6HUYLFHV�� 3URIHVVLRQDO� DQG
5HJXODWRU\�6HUYLFHV��3DSHU�3URGXFWV�(XURSH��(VFKERUQ��*HUPDQ\��'DWHG����2FWREHU������
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$SSHQGL[���6HOHFWHG�WR[LFLW\�GDWD�RQ�GLDON\OWLQV
,1752'8&7,21
7KH�GHUPDO�DQG�RUDO�URXWHV�DUH�RI�LPSRUWDQFH�IRU�WKH�FXUUHQW�SUREOHP��%RWK�ORFDO�DQG�V\VWHPLF
HIIHFWV PD\� RFFXU�� ,Q� SDUWLFXODU�� HIIHFWV� RQ� WKH� VNLQ�PXFRXV� PHPEUDQHV� �LUULWDWLRQ� DQG
VHQVLWL]DWLRQ��DSSHDU�LPSRUWDQW�EHFDXVH�LQWHQVLYH�FRQWDFW�ZLWK�WKH�VNLQ�RU�PXFRXV�PHPEUDQHV
PD\ EH� H[SHFWHG� WR� RFFXU� ZLWK� VHYHUDO� RI� WKH� LWHPV� VDPSOHG� �VDQLWDU\� WRZHOV�� WDPSRQV�
QDSNLQV��� 7KH� GHJUHH� RI� WKH� V\VWHPLF� H[SRVXUH� LV� GHWHUPLQHG� E\� WKH� GHUPDO� DQG� RUDO
DEVRUSWLRQ��)RU� WKLV� UHDVRQ� LQ� WKH� EULHI� UHYLHZ�SUHVHQWHG� EHORZ� WKH� GDWD� RQ�ZKDW� LV� NQRZQ
ZLWK�UHJDUG�WR�WKH�GHJUHH�RI�DEVRUSWLRQ�KDYH�EHHQ�LQFOXGHG�

72;,&,7<�'$7$�21�',$/.</7,16��',%87</7,16�	�',2&7</7,16�
7KH� DPRXQWV� RI� WR[LFRORJLFDO� GDWD�� DYDLODEOH� IRU� WKH� GLDON\OWLQV� �GLEXW\O� DQG� GLRFW\O�� DUH
UHODWLYHO\� OLPLWHG�� 6HYHUDO� RUDO� VXEDFXWH� VWXGLHV� DUH� DYDLODEOH� IRU� WKLV� JURXS� IRFXVLQJ
VSHFLILFDOO\�RQ�LPPXQRWR[LFRORJLFDO�HIIHFWV��WKHVH�VWXGLHV�KDYH�QHDUO\�DOO�EHHQ�FRQGXFWHG�LQ
UDWV XVLQJ� GLEXW\OWLQ� FKORULGH� RU� GLRFW\OWLQ� FKORULGH� DV� WHVW� VXEVWDQFH�� /LPLWHG� GDWD� DUH
DYDLODEOH� IRU� WKH� GLRFW\O� FRPSRXQGV� ZLWK� UHJDUG� WR� FKURQLF� WR[LFLW\�� JHQRWR[LFLW\� DQG
FDUFLQRJHQLFLW\�
7KH�WR[LFRORJ\�RI�WKH�GLDON\OWLQV�LV�VXPPDUL]HG�E\�:+2�,3&6��,3&6���������LQ�WKH�UHSRUW�E\
+XQW�DQG�:LONLQVRQ���������ZKLFK�ZDV�WKH�EDVLV�RI�WKH�VXPPDU\�SUHVHQWHG�LQ�WKH�PRQRJUDSK
RI� WKH� :+2� *XLGHOLQHV� IRU� 'ULQNLQJ�:DWHU� 4XDOLW\�� ������������ LQ� WKH� $76'5� UHSRUW
������� DQG� LQ� WKH� 5,90� 6FRSLQJ�GRFXPHQW� �������� 'LRFW\OWLQ� FRPSRXQGV� KDYH� EHHQ
DVVHVVHG E\�WKH�:RUNLQJ�*URXS�RQ�)RRG�&RQWDFW�0DWHULDOV�RI�WKH�6FLHQWLILF�&RPPLWWHH�)RRG
RI�WKH�(8��IRU�WKH�SXUSRVH�RI�XVH�DV�KHDW�VWDELOL]HU� LQ�39&���7KLV�DVVHVVPHQW�ZDV�EDVHG�RQ
WKH� GDWD� VXPPDUL]HG� E\� WKH� 5,90� LQ� ����� �5,90�� ������� 2Q� EHKDOI� RI� WKH� (8�� 5,90
UHFHQWO\ FDUULHG� RXW� D� UH�HYDOXDWLRQ� RI� WKH� GLRFW\OWLQ� FRPSRXQGV� �5,90�� ������� 7KH� ODWWHU
HYDOXDWLRQ LV�\HW�WR�EH�VXEPLWWHG�WR�WKH�(8�:RUNLQJ�*URXS�
'DWD� ZLWK� UHJDUG� WR� WKH� GHUPDO� DQG� RUDO� DEVRUSWLRQ� DUH� ODFNLQJ�� )RU� WKH� GLDON\OWLQV�� RQO\
XVDEOH�GDWD�RQ�RUDO�WR[LFLW\�DUH�DYDLODEOH��QR�GHUPDO�WR[LFLW\�VWXGLHV���7KHVH�DUH�VXPPDUL]HG
LQ�+XQW� DQG�:LONLQVRQ� ������� DQG� LQ�5,90� ������� ������� 7KHVH� GDWD� VKRZ� WKDW� WKH�PRVW
LPSRUWDQW� WDUJHW� RUJDQ� IRU� WKH� GLDON\OWLQV� LV� WKH� LPPXQH� V\VWHP� ZLWK� VXSSUHVVLRQ� RI� WKH
WK\PXV�GHSHQGHQW�LPPXQH�IXQFWLRQV�DV�HIIHFW��7KLV�ZDV�GHPRQVWUDWHG�IRU�GLEXW\OWLQ�FKORULGH
DQG GLRFW\OWLQ�FKORULGH�LQ�YDULRXV�VWXGLHV�RI�VKRUW�GXUDWLRQ�LQ�UDWV��:LWK�GRVH�OHYHOV���� SSP
LQ� WKH� IHHG� �DGPLQLVWUDWLRQ� SHULRG� �� WR� �� ZHHNV��� D� GHFUHDVH� RI� WKH� WK\PXV� ZHLJKW� DQG� D
O\PSKRF\WH�GHSOHWLRQ�LQ�WKH�WK\PXV�DQG�WK\PXV�GHSHQGHQW�SDUWV�RI�WKH�VSOHHQ�ZHUH�REVHUYHG
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�VWXG\� FRQGXFWHG� E\� 6HLQHQ� DQG� :LOOHPV�� ����� DQG� 6HLQHQ� HW� DO��� ����E��� )URP� WKHVH
H[SHULPHQWV�D�12$(/�FDQQRW�EH�GHULYHG��/2$(/����SSP�LQ� WKH� IHHG��FRUUHVSRQGLQJ�ZLWK
DSSUR[LPDWHO\�����PJ�NJ�ERG\�ZHLJKW�GD\���,Q�5,90���������RWKHU�VWXGLHV�RI�VKRUW�GXUDWLRQ
DUH PHQWLRQHG�� FRQGXFWHG� ZLWK� GLRFW\OWLQ� FKORULGH� LQ� \RXQJ� UDWV�� 7KH� ORZHVW� HIIHFW� OHYHO
�/2$(/��IRXQG�LQ�WKHVH�H[SHULPHQWV�LV������PJ�NJ�ERG\�ZHLJKW�GD\��QR�12$(/�GHULYDWLRQ
SRVVLEOH��� ,Q� WZR� RWKHU� VXEDFXWH� RUDO� VWXGLHV� LQ� UDWV� �UHVXOWV� VXPPDUL]HG� E\� +XQW� 	
:LONLQVRQ��������HIIHFWV�RQ�WKH�ELOH�GXFWV������SSP�GLEXW\OWLQ�FKORULGH�LQ�WKH�IHHG��VWXG\�E\
6HLQHQ�HW�DO�������D��DQG�QHXURWR[LFLW\��������PJ�GLEXW\OWLQ�ODXUDWH�NJ�ERG\�ZHLJKW��VWXG\�E\
$ODP�HW�DO���������ZDV�REVHUYHG��1R�12$(/�LV�GHULYDEOH�IURP�WKHVH�VWXGLHV�HLWKHU��(IIHFWV
RQ�WKH�OLYHU�ZHUH�VHHQ�LQ�UDEELWV�DIWHU�DGPLQLVWUDWLRQ�RI�GLEXW\OWLQ�FKORULGH�������PJ�NJ�ERG\
ZHLJKW�GD\��DQG�GLEXW\OWLQ�ODXUDWH��������PJ�NJ�ERG\�ZHLJKW�GD\��GXULQJ�D�SHULRG�RI���ZHHNV
�VWXG\�E\�7DQDND�HW�DO���������7KHVH�H[SHULPHQWV�GR�QRW�DOORZ�GHULYDWLRQ�RI�D�12$(/�
,Q� 5,90� �������� WKH� UHVXOW� RI� D� FKURQLF� RUDO� H[SHULPHQW� LQ� UDWV� �XQSXEOLVKHG� GDWD�� LV
VXPPDUL]HG��,Q�WKLV�VWXG\��D�PL[WXUH�RI�RFW\OWLQ�FKORULGH�DQG�GLRFW\OWLQ�FKORULGH�ZDV�WHVWHG�LQ
WKH�IHHG��WHVW�FRQFHQWUDWLRQV���������������������DQG�������PJ�NJ�IHHG��GXULQJ�D�SHULRG�RI���
PRQWKV�� ,Q� WKLV� H[SHULPHQW� DQ� LQFUHDVHG� OHXFRF\WH� FRXQW� �WZR� KLJKHVW� GRVH� OHYHOV�� WK\PXV
ZHLJKW�FKDQJHV��WZR�KLJKHVW�GRVH�OHYHOV��DQG�PDOLJQDQW�O\PSKRPDV��WZR�KLJKHVW�GRVH�OHYHOV�
ZHUH VHHQ��7KH�12$(/�GHULYHG�IURP�WKLV�H[SHULPHQW�LV������PJ�NJ�IHHG�������PJ�NJ�ERG\
ZHLJKW�GD\���5,90��������
7KH� DYDLODEOH� JHQRWR[LFLW\� GDWD� IRU� GLDON\OWLQV� DUH� LQ� SDUW� FRQWUDGLFWRU\�� DV� VKRZQ� E\� WKH
VXPPDULHV�SURYLGHG�E\�+XQW�	�:LONLQVRQ��������DQG�5,90��������RI�WKH�VWXGLHV�WKDW�ZHUH
FDUULHG�RXW��:LWK�WKH�$PHV�WHVW�D�SRVLWLYH�UHVXOW�IRU�GLRFW\OWLQV�ZDV�IRXQG�E\�YDULRXV�UHVHDUFK
ZRUNHUV� LQ�RQH�RI� WKH� WHVW� VWUDLQV�XVHG�� LQ� WKH�DEVHQFH�RI�PHWDEROLF� DFWLYDWLRQ��KRZHYHU�� LQ
VRPH RWKHU� VWXGLHV� �VDPH� WHVW� VWUDLQV��� WKLV� UHVXOW� ZDV� QRW� IRXQG�� :LWK� PXWDWLRQ� WHVWV� LQ
PDPPDOLDQ�FHOOV�LQ�YLWUR��D�SRVLWLYH�UHVXOW�ZDV�UHSRUWHG�IRU�GLEXW\OWLQ�FKORULGH�DQG�GLRFW\OWLQ
FKORULGH�LQ�VRPH�VWXGLHV��2WKHU�WHVWV�IRU�WKLV�HQGSRLQW��KRZHYHU��ZHUH�QHJDWLYH��$�PL[WXUH�RI
RUJDQRWLQV� �PDLQ� FRPSRQHQW� GLRFW\OWLQ�ELV���HWK\O�KH[\O�WKLRJO\FRODWH��� ZDV� QHJDWLYH� LQ� D
WHVW� LQ� \HDVW� FHOOV� DQG� LQ� WKH� PLFURQXFOHXV� WHVW� LQ� PLFH� LQ� YLYR� �WKHVH� ODVW� WZR� WHVWV� DUH
XQSXEOLVKHG� GDWD� VXEPLWWHG� E\� LQGXVWU\��� 2Q� WKH� EDVLV� RI� WKH� WHVW� UHVXOWV� SUHVHQWHG� LQ� WKH
5,90���������WKH�FRQFOXVLRQ�ZDV�GUDZQ�E\�WKH�:RUNLQJ�*URXS�RQ�)RRG�&RQWDFW�0DWHULDOV
RI� WKH� 6FLHQWLILF� &RPPLWWHH� )RRG� RI� WKH� ((&� LQ� ����� WKDW� GLRFW\OWLQ� FKORULGH� �QR� RWKHU
GLDON\OWLQV�ZHUH�DVVHVVHG�E\�WKLV�ZRUNLQJ�JURXS��LV�SUREDEO\�QRW�JHQRWR[LF�
7KH� DYDLODEOH� FDUFLQRJHQLFLW\� GDWD� DUH� VXPPDUL]HG� E\� +XQW� 	� :LONLQVRQ� ������� DQG� LQ
5,90� �������� ,Q� DQ�1&,� VWXG\� IURP� ������ GLEXW\OWLQ� DFHWDWH�ZDV� WHVWHG� RUDOO\� LQ� UDWV� DQG
PLFH� 7KH�UHVXOW�GLG�QRW�LQGLFDWH�D�FDUFLQRJHQLF�HIIHFW��,Q�WKH�WZR�\HDU�VWXG\�LQ�UDWV�PHQWLRQHG
DERYH��XQSXEOLVKHG�VWXG\�VXEPLWWHG�E\�LQGXVWU\���ZLWK�XVH�RI�D�PL[WXUH�RI�RFW\OWLQ�FKORULGH
DQG GLRFW\OWLQ�FKORULGH��D�VOLJKW�ULVH�RI�WKH�LQFLGHQFHV�RI�WK\PXV�WXPRXUV��KLJKHVW�GRVH�OHYHO�
DQG PDOLJQDQW�O\PSKRPDV��WZR�KLJKHVW�GRVH�OHYHOV��ZDV�UHSRUWHG��5,90��������
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,Q�WKH�PRVW�UHFHQW�WR[LFLW\�HYDOXDWLRQ�E\�WKH�5,90��5,90��������D�WZR�JHQHUDWLRQ�VWXG\�LQ
UDWV LV� SUHVHQWHG�� ,Q� WKLV� VWXG\� D� PL[WXUH� RI� GLRFW\OWLQ� DQG� PRQRRFW\OWLQ� ZDV� WHVWHG�� 7KH
12$(/�LQ�WKLV�VWXG\�ZDV�����PJ�NJ�EZ�GD\��PL[WXUH���D�GRVH�OHYHO�WKDW�FRUUHVSRQGV�ZLWK����
PJ�NJ EZ�GD\�GLRFW\OWLQ��2UDO�WHUDWRJHQFLW\�VWXGLHV�LQ�UDWV�DQG�UDEELWV�ZHUH�FDUULHG�RXW�ZLWK
WKH�VDPH��PL[WXUH��7KH�12$(/�LQ�UDWV�ZDV���PJ�NJ�EZ�GD\��H[SUHVVHG�DV�WKH�PL[WXUH��DQG�LQ
UDEELWV� WKLV� ZDV� �� PJ�NJ� EZ�GD\� �H[SUHVVHG� DV� WKH� PL[WXUH�� /2$(/� ��� PJ�NJ� EZ�GD\�
�5,90��������
7KH�WR[LFRORJLFDO�GDWD�IRU�GLRFW\OWLQV�KDYH�EHHQ�XVHG�E\�WKH�:RUNLQJ�*URXS�RQ�)RRG�&RQWDFW
0DWHULDOV�RI�WKH�6FLHQWLILF�&RPPLWWHH�)RRG�RI�WKH�((&�WR�GHULYH�D�WR[LFRORJLFDO�OLPLW�YDOXH
�7',��IRU�GLRFW\OWLQ�FRPSRXQGV��7KLV�ZDV�GRQH�LQ�WKH�SDVW�LQ�������6LQFH��D�QHZ�HYDOXDWLRQ
E\�5,90�LV�QRZ�DYDLODEOH��WR�EH�VXEPLWWHG�WR�WKH�(8�:RUNLQJ�*URXS�LQ�WKH�QHDU�IXWXUH��WKLV
FDQ QRZ� EH� XVHG� LQ� WKH� SUHVHQW� UHSRUW�� ,Q� 5,90� ������� WKH� 12$(/� RI� �����PJ�NJ� ERG\
ZHLJKW�GD\�GHULYHG�IURP�WKH�FKURQLF�UDW�H[SHULPHQW��WHVW�PHQWLRQHG�DERYH��LV�XVHG�WR�GHULYH�D
7',� IRU� WKH� HQWLUH� JURXS� RI� GLRFW\OWLQ� FRPSRXQGV� RI� ���� PLFURJUDP�NJ� ERG\� ZHLJKW
�H[SUHVVHG� RQ� D� WLQ� EDVLV��� ([SUHVVHG� DV� GLRFW\OWLQV�� WKH� 7',� FRUUHVSRQGV� ZLWK� ���
PLFURJUDPPHV�NJ�ERG\�ZHLJKW�
&21&/86,216
)URP�WKH�WR[LFRORJLFDO�GDWD�DYDLODEOH�IRU�WKH�GLDON\OWLQV�WKH�IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ�
- WKHUH�DUH�QR�GDWD�DYDLODEOH�ZLWK� UHJDUG� WR� WKH�GHJUHH�RI�DEVRUSWLRQ� �GHUPDO��RUDO��RI� WKH

GLDON\OWLQV�
- WKH LQGXFWLRQ� RI� LPPXQRWR[LFRORJLFDO� HIIHFWV� �VXSSUHVVLRQ� RI� WK\PXV�GHSHQGHQW

IXQFWLRQV��E\�GLDON\OWLQV�DIWHU�RUDO�DGPLQLVWUDWLRQ�KDV�EHHQ�GHPRQVWUDWHG�XQHTXLYRFDOO\�
- WKH 12$(/� RI� ����� PJ�NJ� ERG\� ZHLJKW�GD\� GHULYHG� IURP� D� ��\HDU� VWXG\� LQ� UDWV

�GLRFW\OWLQ��PD\�EH�FRQVLGHUHG�D�SUHOLPLQDU\�12$(/�IRU� WKH� LPPXQRWR[LF�HIIHFW�RI� WKH
GLDON\OWLQV�

- QR XVDEOH�GDWD�ZLWK�UHJDUG�WR�WKH�VNLQ�HIIHFWV�RI�WKH�GLDON\OWLQV�DIWHU�GHUPDO�FRQWDFW�ZHUH
IRXQG LQ�WKH�FRQVXOWHG�WR[LFLW\�UHYLHZV�

- WKH 7',�RI�����mJ�NJ�ERG\�ZHLJKW��GHULYHG�IRU�GLRFW\OWLQ�FRPSRXQGV��FDQ�EH�XVHG�IRU�DQ
LQLWLDO�ULVN�DVVHVVPHQW�RI�RUDO�V\VWHPLF�H[SRVXUH�WR�WKH�GLDON\OWLQV�

�
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5()(5(1&(6�72�$33(1',;��
�
$ODP��0�6���5��+XVVDLQ��6�3��6ULYDVWDYD�	�3�.��6HWK��������,QIOXHQFH�RI�GL�EXW\OWLQ�GLODXUDWH
RQ�EUDLQ�QHXURWUDQVPLWWHU�V\VWHPV�DQG�EHKDYLRU�LQ�UDWV��$UFKLYHV�RI�7R[LFRORJ\���� ��������
$V�FLWHG�LQ�+XQW�	�:LONLQVRQ��������
$76'5� ������� 7R[LFRORJLFDO� SURILOH� IRU� WLQ�� $JHQF\� IRU� 7R[LF� 6XEVWDQFHV� DQG� 'LVHDVH
5HJLVWU\��86�'HSDUWPHQW�RI�+HDWK�	�+XPDQ�6HUYLFHV��UHSRUW�QR��73��������GDWHG�6HSWHPEHU
�����
�
+XQW��6��	�0��:LONLQVRQ��������$�UHYLHZ�RI�WKH�WR[LFRORJ\�RI�RUJDQRWLQV�ZLWK�UHIHUHQFH�WR
GULQNLQJ�ZDWHU��)RXQGDWLRQ�RI�:DWHU�5HVHDUFK��0DUORZ��%XFNLQJKDPVKLUH��(QJODQG�� � UHSRUW
QR��������GDWHG�-XQH������
�
,3&6� ������� (QYLURQPHQWDO� +HDOWK� &ULWHULD� ��� �� 7LQ� DQG� 2UJDQRWLQ� &RPSRXQGV�� :+2�
*HQHYD�������
�
5,90� ������� 6XPPDU\� RI� WKH� WR[LFRORJLFDO� GDWD� RQ� GL�Q�RFW\O�WLQ�6�6¶�ELV�LVR�
RFW\OWKLRDFHWDWH��30���������5,90���$GYLVRU\�&HQWUH�IRU�7R[LFRORJ\��'RFXPHQW�IURP������
������XSGDWHG�RQ������������DQG�0D\�������$XWKRUV��0�(��YDQ�$SHOGRRUQ�	�&�$��YDQ�GHU
+HLMGHQ�
�
5,90��������([SORUDWRU\�UHSRUW�WLQ�DQG�WLQ�FRPSRXQGV��5,90�UHSRUW�QR�������������GDWHG
$XJXVW� ������ $XWKRUV�� :�� 6ORRII�� 3�)�+�� GH� %RQW�� -�0�� +HVVH� 	� -�$�� $QQHPD�
�6FRSLQJVGRFXPHQW��
�
5,90� ������� 6XPPDU\� RI� WKH� WR[LFRORJLFDO� GDWD� RQ� GL�Q�RFW\O�WLQ�6�6¶�ELV�LVR�
RFW\OWKLRDFHWDWH��30���������5,90���&HQWUH�IRU�6XEVWDQFH�DQG�5LVN�$VVHVVPHQW��'RFXPHQW
IURP �����������XSGDWHG�RQ�������������0D\�������$XWKRUV��0�(��YDQ�$SHOGRRUQ�	�&�$�
YDQ�GHU�+HLMGHQ��RI�VXPPDU\�SDUWV�XS�WR�������DQG�0�&�0��0HLMHULQN�	�0�(��YDQ�$SHOGRRUQ
�XSGDWH�IURP�������
�
6HLQHQ��:���-�*��9RV��,��YDQ�6SDQMH��0��6QRHN��5��%UDQGV�	�+��+RR\NDDV������D��7R[LFLW\�RI
RUJDQRWLQ�FRPSRXQGV��,,��&RPSDUDWLYH�LQ�YLYR�DQG�LQ�YLWUR�VWXGLHV�ZLWK�YDULRXV�RUJDQRWLQ�DQG
RUJDQROHDG� FRPSRXQGV� LQ� GLIIHUHQW� DQLPDO� VSHFLHV� ZLWK� VSHFLDO� HPSKDVLV� RQ� O\PIRF\WH
F\WRWR[LFLW\�� 7R[LFRORJ\� DQG� $SSOLHG� 3KDUPDFRORJ\� ��� ��������� $V� FLWHG� LQ� +XQW� 	
:LONLQVRQ��������
6HLQHQ��:��� -�*��9RV��5�9�� YDQ�.ULHNHQ��$�� 3HQQLQNV��5��%UDQGV�	�+��+RR\NDDV� �����E�
7R[LFLW\�RI�RUJDQRWLQ�FRPSRXQGV��,,,��6XSSUHVVLRQ�RI�WK\PXV�GHSHQGHQW�LPPXQLW\�LQ�UDWV�E\
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GL�Q�EXW\OWLQGLFKORULGH� DQG� GL�Q�RFW\OWLQGLFKORULGH�� 7R[LFRORJ\� DQG� $SSOLHG� 3KDUPDFRORJ\
��� ���������$V�FLWHG�LQ�+XQW�	�:LONLQVRQ��������
6HLQHQ��:��	�:LOOHPV� �������7R[LFLW\� RI� RUJDQRWLQ� FRPSRXQGV� ,��$WURSK\� RI� WK\PXV� DQG
WK\PXV�GHSHQGHQW�O\PSKRLG�WLVVXH�LQ�UDWV�IHG�GL�Q�RFW\OWLQGLFKORULGH��7R[LFRORJ\�DQG�$SSOLHG
3KDUPDFRORJ\���� �������$V�FLWHG�LQ�+XQW�	�:LONLQVRQ��������
7DQDND�� 6�� ������� ([SHULPHQWDO� VWXGLHV� RQ� WKH� HIIHFWV� RI� GLEXW\OWLQ� GLODXUDWH�� GLEXW\OWLQ
GLFKORULGH� DQG� GLPHWK\OWLQ� GLFKORULGH� WR� VHUXP� HQ]\PHV� DQG� OLSLGV� RI� UDEELWV�� 7RN\R� ,ND
'DLJDNX�=DVVKL���� ���������$V�FLWHG�LQ�+XQW�	�:LONLQVRQ��������
:+2�:4*�������������*XLGHOLQHV�IRU�GULQNLQJ�ZDWHU�TXDOLW\���VHFRQG�HGLWLRQ��9ROXPH���+HDOWK�&ULWHULD�DQG�RWKHU�VXSSRUWLQJ�LQIRUPDWLRQ��:+2��*HQHYD��������0HHWLQJV�KHOG�LQ����������
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$SSHQGL[���6HOHFWHG�WR[LFLW\�GDWD�RQ�WULDON\OWLQV
�
,1752'8&7,21
�
)RU�WULEXW\OWLQ�FRPSRXQGV�D�UHODWLYHO\�ODUJH�GDWD�VHW�LV�DYDLODEOH��FRQVLVWLQJ�PDLQO\�RI�UHVHDUFK
FRQGXFWHG� ZLWK� WULEXW\OWLQ� R[LGH� �7%72��� 7KHUH� DUH� KDUGO\� DQ\� GDWD� RQ� WKH� WULRFW\OWLQ
FRPSRXQGV��%HORZ� WKH� WR[LFRORJLFDO� LQIRUPDWLRQ� WKDW� LV� UHOHYDQW� IRU� WKH�SUHVHQW�SUREOHP� LV
EULHIO\�VXPPDUL]HG�
�

72;,&,7<�'$7$�21�75,$/.</7,16��75,%87</7,16�	�75,2&7</7,16�
�
7KH� WR[LFRORJ\� RI� WKH� WULDON\OWLQV� KDV� EHHQ� UHYLHZHG� E\�:+2�,3&6� �,3&6�� ������� LQ� WKH
UHSRUW� E\� +XQW� DQG� :LONLQVRQ� SXEOLVKHG� LQ� ����� �ZKLFK� ZDV� WKH� EDVLV� RI� WKH� VXPPDU\
SUHVHQWHG�LQ�WKH�PRQRJUDSK�RI�WKH�:+2�*XLGHOLQHV�IRU�'ULQNLQJ�:DWHU�4XDOLW\�������������
LQ� WKH�$76'5� UHSRUW� ������� DQG� LQ� WKH�5,90�6FRSLQJ�GRFXPHQW� ��������7KH�:+2�,3&6
SXEOLVKHG� D�(+&� LQ������RQ� WULEXW\OWLQV� �,3&6���������7ULEXW\OWLQ� R[LGH� �7%72��KDV� EHHQ
HYDOXDWHG E\� WKH� 5,90� LQ� ���������� IRU� WKH� SURMHFW� 
%RGHPLQWHUYHQWLHZDDUGHQ
� �5,90�
�������5HFHQWO\��WKH�86�(3$�SXEOLVKHG�D�QHZ�DVVHVVPHQW�IRU�7%72��86�(3$��������
�
$V� DOUHDG\� PHQWLRQHG�� QR� WR[LFRORJLFDO� GDWD� DUH� DYDLODEOH� IRU� WULRFW\OWLQ� FRPSRXQGV
�FRQFOXVLRQ EDVHG�RQ�WKH�WR[LFLW\�UHYLHZV�WKDW�ZHUH�FRQVXOWHG���)RU�WKH�WULEXW\OWLQV�PDQ\�GDWD
DUH DYDLODEOH��WKLV�LQYROYHV�YLUWXDOO\�H[FOXVLYHO\�VWXGLHV�SHUIRUPHG�ZLWK�WULEXW\OWLQ�R[LGH��7KLV
VXEVWDQFH KDV�EHHQ�VWXGLHG� LQ�PDQ\� WR[LFRORJLFDO� VWXGLHV��7KHVH� DUH�QHDUO\� DOO� RUDO� VWXGLHV�
7KH�FRQVXOWHG� OLWHUDWXUH�RQO\�PHQWLRQV�RQH�GHUPDO� WR[LFLW\�VWXG\�RI� OLPLWHG�VFRSH��7KH� IHZ
GDWD� DYDLODEOH� IRU� RWKHU� WULEXW\OWLQV� �WKDQ� 7%72�� VXJJHVW� WKDW� WKHVH� SRVVHVV� WR[LFRORJLFDO
SURSHUWLHV�FRPSDUDEOH�WR�7%72��FRQFOXVLRQ�EDVHG�RQ�WKH�WR[LFLW\�UHYLHZV�WKDW�ZHUH�XVHG��
�
'HUPDO�DEVRUSWLRQ�RI�7%72�RFFXUV�ZLWK�VNLQ�FRQWDFW�� ,Q� ,3&6���������D�GHUPDO�DEVRUSWLRQ
SHUFHQWDJH�RI����WR�����LV�JLYHQ��GHULYHG�IURP�D�VWXG\�LQ�PRQNH\V���7KH�VDPH�VRXUFH�JLYHV
DEVRUSWLRQ�SHUFHQWDJHV�RI����WR�����IRU�WKH�RUDO�URXWH��%8$��������,3&6���������5HVHDUFK�LQ
UDWV VKRZHG�WKDW�7%72�LV�WUDQVSRUWHG�WKURXJK�WKH�EORRG�EUDLQ�EDUULHU�DQG�WKDW�WKH�VXEVWDQFH
DOVR�FURVVHV�WKH�SODFHQWD��,3&6��������
�
,Q�H[SHULPHQWDO�DQLPDOV��7%72�SURGXFHV�LUULWDWLRQ�RI� WKH�H\HV�DQG�VNLQ��7KHVH�HIIHFWV�ZHUH
REVHUYHG�DW��������VNLQ��DQG��������H\HV���QR� OHYHO�ZLWKRXW�HIIHFWV� �12$(/�� LV�GHULYDEOH
IRU WKHVH� HQGSRLQWV�� ,Q� KXPDQ� EHLQJV�� 7%72�PD\� FDXVH� VHYHUH� GHUPDWLWLV� DIWHU� GLUHFW� VNLQ
FRQWDFW� �FRQFOXVLRQ� EDVHG� RQ� FDVH� VWXGLHV�� 7KLV� UHDFWLRQ� KDV� D� GHOD\HG� FKDUDFWHU�� L�H�� WKH
V\PSWRPV� GHYHORS� QR� VRRQHU� WKDQ� VRPH� KRXUV� DIWHU� WKH� VWDUW� RI� FRQWDFW�� 7KH� GRVH�HIIHFW
UHODWLRQ IRU� WKLV� HIIHFW� LV� XQNQRZQ��7KH� ORZHVW� HIIHFW� FRQFHQWUDWLRQ� UHSRUWHG� LV� ����� J�OLWUH
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�YDOXH�GHULYHG�IURP�D�FDVH�VWXG\�� WKH�FRQFHQWUDWLRQ�DW�ZKLFK�WKLV�HIIHFW�LV�QR�ORQJHU�VHHQ�LV
XQNQRZQ��,3&6��������%8$��������5,90���������7KH�REVHUYHG�GHUPDWLWLV�LV�SUREDEO\�QRW�D
K\SHUVHQVLWLYLW\� UHVSRQVH��1R� HIIHFW�ZDV� VHHQ� LQ� D� VWDQGDUG� WHVW� IRU� GHUPDO� VHQVLWL]DWLRQ� LQ
JXLQHD�SLJV��ZKLFK�LV�WKH�RQO\�VWXG\�DYDLODEOH�IRU�WKLV�HQGSRLQW��,3&6��������
�
6HYHUDO�RUDO�WR[LFLW\�H[SHULPHQWV�RI�VKRUW�GXUDWLRQ�KDYH�EHHQ�SHUIRUPHG�ZLWK�7%72��)RU�WKH
JUHDWHU� SDUW�� WKHVH� H[SHULPHQWV� ZHUH� SHUIRUPHG� E\� WKH� 5,90�� ,Q� DGGLWLRQ�� D� FKURQLF
H[SHULPHQW�LQ�UDWV�KDV�EHHQ�SHUIRUPHG��DOVR�E\�WKH�5,90��7KH�PDLQ�WDUJHW�RUJDQ�IRU�7%72�LV
WKH� LPPXQH� V\VWHP�� 7KLV� VXEVWDQFH� LQGXFHV� VXSSUHVVLRQ� RI� WKH� WK\PXV�GHSHQGHQW� LPPXQH
IXQFWLRQV��(YLGHQFH� KDV� EHHQ� IRXQG� LQGLFDWLQJ� D� FDXVDWLYH� UROH� RI� WKH� GLEXW\OWLQ�PHWDEROLWH
ZLWK�UHJDUG�WR�WKLV�HIIHFW��,Q�WKH���\HDU�VWXG\�LQ�UDWV�IRU�7%72��FRQFHQWUDWLRQV�RI�����DQG���
PJ 7%72�NJ� IHHG� ZHUH� WHVWHG�� 7KH� PDLQ� HIIHFWV� VHHQ� ZHUH�� KLVWRORJLFDO� FKDQJHV� LQ� WKH
NLGQH\V�� WKH� OLYHU� DQG� WKH� ELOH� GXFWV�� FKDQJHV� LQ� LPPXQH� JOREXOLQ� FRQFHQWUDWLRQV� DQG
O\PSKRF\WH� FRXQW� LQ� WKH� EORRG�� DQG� VXSSUHVVLRQ� RI� UHVLVWDQFH� IRU� WKH� QHPDWRGH�7ULFKLQHOOD
VSLUDOLV� 7KH�12$(/�GHULYHG�IURP�WKLV�H[SHULPHQW�ZDV�����PJ�NJ�IHHG��������PJ�NJ�ERG\
ZHLJKW�GD\���:+2�:4*�������������86�(3$��������
�
7KH�JHQRWR[LFLW\�RI�7%72�KDV�EHHQ�HYDOXDWHG�LQ�D�ODUJH�QXPEHU�RI�WHVW�V\VWHPV��7KH�UHVXOWV
RI� QHDUO\� DOO� RI� WKHVH� VWXGLHV� GLG� QRW� LQGLFDWH� DQ\� HIIHFW�� 7KH� FRQFOXVLRQ� LV� WKHUHIRUH� WKDW
7%72�LV�QRW�JHQRWR[LF��,3&6��������86�(3$��������
�
7KH�FDUFLQRJHQLFLW\�RI�7%72�KDV�EHHQ�VWXGLHG� LQ� WZR�RUDO�DQLPDO�VWXGLHV� LQ� UDWV�DQG�PLFH�
UHVSHFWLYHO\�� 7KH� LPSRUWDQFH� RI� WKH� LQFUHDVHG� LQFLGHQFHV� RI� VRPH� WXPRXU� W\SHV� �SLWXLWDU\
JODQG�� DGUHQDO�� SDUDWK\URLG�� LQ� UDWV� ZLWK� XVH� RI� WKH� KLJKHVW� GRVH� OHYHO� LV� QRW� FOHDU� �WKH
LQFLGHQFHV�IRXQG�DUH�ZLWKLQ�WKH�YHU\�YDULDEOH�KLVWRULFDO�FRQWURO�UDQJHV���1R�HIIHFWV�ZHUH�IRXQG
LQ� WKH� VWXG\� LQ� PLFH� �VWXG\� FRQGXFWHG� E\� 'DO\�� ������� 2Q� WKH� EDVLV� RI� WKHVH� UHVXOWV� WKH
FRQFOXVLRQ LV�GUDZQ�WKDW�LQVXIILFLHQW�HYLGHQFH�H[LVWV�IRU�D�FDUFLQRJHQLF�HIIHFW�RI�WKH�VXEVWDQFH
�,3&6��������5,90��������86�(3$��������
�
9DULRXV�RUDO�WHUDWRJHQLFLW\�VWXGLHV�ZLWK�7%72�KDYH�EHHQ�FRQGXFWHG�LQ�UDWV��PLFH�DQG�UDEELWV�
7KH�UHVXOWV�RI�WKHVH�VWXGLHV�SURYLGHG�HYLGHQFH�RI�WHUDWRJHQLF�HIIHFWV��FOHIW�SDODWH��LQ�PLFH�DQG
UDWV ZLWK� GRVH� OHYHOV� ZKLFK� ZHUH� WR[LF� IRU� WKH� PRWKHU� DQLPDOV� ������ PJ�NJ� ERG\
ZHLJKW�GD\���7KH�ORZHVW�12$(/�LQ�WKHVH�VWXGLHV�ZDV���PJ�NJ�ERG\�ZHLJKW�GD\��,3&6��������
7KH�UHSURGXFWLRQ�WR[LFLW\�RI�7%72�ZDV�VWXGLHG�LQ�DQ�RUDO�WZR�JHQHUDWLRQ�H[SHULPHQW�LQ�UDWV
�VWXG\�E\�6FKURHGHU��������� ,Q� WKLV�VWXG\�� WKH�FULWLFDO� WR[LF�HIIHFW� LQ� WKH�SDUHQW�DQLPDOV�ZDV
WK\PXV�ZHLJKW� UHGXFWLRQ� �/2$(/������PJ�NJ�ERG\�ZHLJKW�GD\��12$(/������PJ�NJ� ERG\
ZHLJKW�GD\���1R�HIIHFW�RQ�WKH�UHSURGXFWLRQ�SDUDPHWHUV�ZDV�VHHQ��7KH�RQO\�HIIHFW�REVHUYHG�LQ
WKH�RIIVSULQJ�ZDV�D�GLPLQLVKHG�SXS�ZHLJKW�GXULQJ�WKH�ODFWDWLRQ�SHULRG��/2$(/������PJ�NJ
ERG\�ZHLJKW�GD\��12$(/������PJ�NJ�ERG\�ZHLJKW�GD\���86�(3$��������
�
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+DUGO\� DQ\� WR[LFLW\� GDWD� DUH� DYDLODEOH� IRU� WKH� GHUPDO� URXWH�� 7KH� RQO\� VWXG\� IRXQG� LQ� WKH
OLWHUDWXUH� ZDV� D� VWXG\� SHUIRUPHG� LQ�PLFH� LQ� ������ (IIHFWV� RQ� WKH� NLGQH\�ZHUH� IRXQG� DIWHU
GHUPDO�DGPLQLVWUDWLRQ�RI����DQG����PJ�7%72�NJ�ERG\�ZHLJKW�GD\� �VROYHQW�QRW�PHQWLRQHG�
�$76'5��������
�
7KH�WR[LFRORJLFDO�GDWD�RQ�7%72�KDYH�EHHQ�XVHG�WR�GHULYH�WR[LFRORJLFDO�OLPLW�YDOXHV��)RU�WKH
RUDO� URXWH� WKH� :+2�:4*� GHWHUPLQHG� D� 7',� �FKURQLF� OLPLW� YDOXH�� LQ� ����� RI� ����
PLFURJUDPV�NJ�ERG\�ZHLJKW�RQ�WKH�EDVLV�RI�WKH�12$(/�2)�������PJ�NJ�ERG\�ZHLJKW�IURP
WKH�FKURQLF�UDW�H[SHULPHQW�
�
&21&/86,216
�
)URP�WKH�WR[LFRORJLFDO�GDWD�DYDLODEOH�IRU�WKH�WULDON\OWLQV�WKH�IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ�
- RI WKH�VXEVWDQFHV�LQ�WKLV�JURXS��7%72�LV�WKH�RQH�ZKLFK�KDV�EHHQ�VWXGLHG�PRVW�H[WHQVLYHO\�

QR GDWD�DUH�DYDLODEOH�IRU�WULRFW\OWLQV�
- WKH OLPLWHG� GDWD� DYDLODEOH� IRU� RWKHU� WULEXW\OWLQV� LQGLFDWH� DQ� HIIHFW� FRPSDUDEOH� WR� WKDW� RI

7%72�
- 7%72�LV�DEVRUEHG�E\�WKH�VNLQ��DEVRUSWLRQ�SHUFHQWDJH����WR�����
- IRU 7%72�DEVRUSWLRQ�SHUFHQWDJHV�RI����WR�����DUH�JLYHQ�IRU�WKH�RUDO�URXWH�
- 7%72�LV�VWURQJO\� LUULWDWLQJ�IRU� WKH�VNLQ��D�12$(/��FRQFHQWUDWLRQ�RU�GRVH� OHYHO�ZLWKRXW

HIIHFW��IRU�WKLV�LV�ODFNLQJ��ORZHVW�NQRZQ�HIIHFW�OHYHO�����PJ�OLWUH��
- OLPLWHG�GDWD�LQGLFDWH�WKDW�7%72�GRHV�QRW�KDYH�D�VHQVLWL]LQJ�HIIHFW�RQ�WKH�VNLQ�
- WKH SHUIRUPHG�H[SHULPHQWV�GR�QRW�LQGLFDWH�DQ\�JHQRWR[LFLW\�RU�FDUFLQRJHQLFLW\�E\�7%72�
- GDWD IURP�D� ODUJH�QXPEHU�RI�RUDO� WR[LFLW\� VWXGLHV� VKRZ� WKDW�7%72�KDV�DQ� LPPXQRWR[LF

HIIHFW��VXSSUHVVLRQ�RI�WK\PXV�GHSHQGHQW�LPPXQH�IXQFWLRQV���WKH�FKURQLF�12$(/�IRU�WKLV
LV ������PJ�NJ�ERG\�ZHLJKW�GD\�

- WKH 7',� RI� ����� mJ�NJ� ERG\� ZHLJKW� �GHULYHG� IRU� 7%72�� FDQ� EH� XVHG� IRU� DQ� LQLWLDO
DVVHVVPHQW�RI�ULVN�IROORZLQJ�RUDO�V\VWHPLF�H[SRVXUH�WR�WKH�WULDON\OWLQV�

�

5()(5(1&(6
�
$76'5� ������� 7R[LFRORJLFDO� SURILOH� IRU� WLQ�� $JHQF\� IRU� 7R[LF� 6XEVWDQFHV� DQG� 'LVHDVH
5HJLVWU\��86�'HSDUWPHQW�RI�+HDWK�	�+XPDQ�6HUYLFHV��UHSRUW�QR��73��������GDWHG�6HSWHPEHU
�����
�
%8$��������7ULEXW\O]LQQR[LG��%LV>WUL�Q�EXW\O]LQQ@�R[LG�� ��%8$�6WRIIEHULFKW���� �'H]HPEHU
�������%HUDWHUJUHPLXP� I�U�XPZHOWUHOHYDQWH�$OWVWRIIH� �%8$��GHU�'HXWVFKH�*HVHOOVFKDIW� I�U
&KHPLNHU��9&+�9HUODJVJHVHOOVFKDIW�PE+��'������:HLQKHLP��*HUPDQ\�
�
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'DO\�� ,�:�� ������� $Q� HLJKWHHQ� PRQWK� RQFRJHQLFLW\� IHHGLQJ� VWXG\� LQ� PLFH� ZLWK� ELV�WUL�Q�
EXW\OWLQ�R[LGH� �7%72��� 8QSXEOLVKHG� UHSRUW� E\� %LR�'\QDPLFV�� ,QF�� SUHSDUHG� IRU� 7%72
&RQVRUWLXP��05,'�QR�������������$V�FLWHG�LQ�86�(3$��������
+XQW��6��	�0��:LONLQVRQ��������$�UHYLHZ�RI�WKH�WR[LFRORJ\�RI�RUJDQRWLQV�ZLWK�UHIHUHQFH�WR
GULQNLQJ�ZDWHU��)RXQGDWLRQ�RI�:DWHU�5HVHDUFK��0DUORZ��%XFNLQJKDPVKLUH��(QJODQG�� � UHSRUW
QR��������GDWHG�-XQH������
�
,3&6� ������� (QYLURQPHQWDO� +HDOWK� &ULWHULD� ��� �� 7LQ� DQG� 2UJDQRWLQ� &RPSRXQGV�� :+2�
*HQHYD�������
�
,3&6� ������� (QYLURQPHQWDO�+HDOWK� &ULWHULD� ���� �� 7ULEXW\OWLQ� &RPSRXQGV��:+2��*HQHYD�
�����
�
5,90��������([SORUDWRU\�UHSRUW�WLQ�DQG�WLQ�FRPSRXQGV��5,90�UHSRUW�QR�������������GDWHG
$XJXVW� ������$XWKRUV��:�� 6ORRII�� 3�)�+�� GH�%RQW�� -�0��+HVVH�	� -�$��$QQHPD�� �6FRSLQJ�
GRFXPHQW��
�
5,90� ������� +XPDQ�WR[LFRORJLFDO� &ULWHULD� IRU� 6HULRXV� 6RLO� &RQWDPLQDWLRQ�� &RPSRXQGV
HYDOXDWHG LQ� ����� 	� ������ 5,90� UHSRUW� QR�� ����������� GDWHG� $XJXVW� ������ $XWKRUV�
3�-�&�0��-DQVVHQ��0�(��YDQ$SHOGRRUQ��-�(�0��YDQ�.RWHQ�9HUPHXOHQ�	�:�&��0HQQHV�
�
6FKURHGHU�� 5�(�� ������� $� WZR�JHQHUDWLRQ� UHSURGXFWLRQ� VWXG\� LQ� UDWV� ZLWK� ELV�WUL�Q�
EXW\OWLQ�R[LGH�� 8QSXEOLVKHG� UHSRUW� E\� %LR�'\QDPLFV�� ,QF�� SUHSDUHG� IRU� 6FKHULQJ� $�*�� DQG
0	7�&KHPLFDOV��,QF��05,'�QR������������$V�FLWHG�LQ�86�(3$��������
86�(3$��������7R[LFRORJLFDO� UHYLHZ� ��7ULEXW\OWLQ�R[LGH� �&$6�QR������������ ,Q� VXSSRUW� RI
WKH�VXPPDU\�LQIRUPDWLRQ�RQ�WKH�,QWHJUDWHG�5LVN�,QIRUPDWLRQ�6\VWHP��,5,6���UHSRUW�GDWHG�-XO\
�����
�
:+2�:4*�������������*XLGHOLQHV�IRU�GULQNLQJ�ZDWHU�TXDOLW\���VHFRQG�HGLWLRQ��9ROXPH���
+HDOWK� &ULWHULD� DQG� RWKHU� VXSSRUWLQJ� LQIRUPDWLRQ��:+2�� *HQHYD�� ������ 0HHWLQJV� KHOG� LQ
����������
�
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$SSHQGL[���6HOHFWHG�WR[LFLW\�GDWD�RQ�WULSKHQ\OWLQV
�,1752'8&7,21
�$ JUHDW�GHDO�RI�RUDO�VWDQGDUG�H[SHULPHQWDO�DQLPDO�UHVHDUFK��GDWD�GHYHORSHG�E\�LQGXVWU\�IRU�WKH
SXUSRVH�RI�DXWKRUL]DWLRQ�DV�D�SHVWLFLGH��KDV�EHHQ�FRQGXFWHG�ZLWK�WKH�WULSKHQ\OWLQ�FRPSRXQGV
�FKORULGH��K\GUR[LGH��DFHWDWH���%HORZ�WKH�LQIRUPDWLRQ�WKDW�LV�UHOHYDQW�IRU�WKH�SUHVHQW�SUREOHP
LV�VXPPDUL]HG�
�

72;,&,7<�'$7$�)25�75,3+(1<7/7,16
�
7KH� WULSKHQ\OWLQV��RIWHQ�UHIHUUHG� WR� LQ�VKRUW�DV� IHQWLQ� DUH�XVHG�DV� IXQJLFLGHV��7KH� IROORZLQJ
FRPSRXQGV DUH�RI�LPSRUWDQFH�KHUH��WULSKHQ\OWLQ�DFHWDWH��WULSKHQ\OWLQ�FKORULGH�DQG�WULSKHQ\OWLQ
K\GUR[LGH�� 0DQ\� WR[LFLW\� H[SHULPHQWV� KDYH� EHHQ� SHUIRUPHG� ZLWK� IHQWLQ� �VWDQGDUG
H[SHULPHQWDO�DQLPDO�VWXGLHV� IRU�SHVWLFLGH�UHJLVWUDWLRQ�SXUSRVHV���7KH� WR[LFRORJ\�RI� IHQWLQ� LV
KDV�EHHQ�HYDOXDWHG�E\�WKH�:+2�)$2�LQ�������-035���������,Q�DGGLWLRQ�WR�D�ODUJH�QXPEHU�RI
RUDO� VWXGLHV�� GHUPDO� VWXGLHV� KDYH� EHHQ� SHUIRUPHG� WR� DVVHVV� LUULWDWLRQ�� VHQVLWL]DWLRQ� DQG
V\VWHPLF�WR[LFLW\�
�
'XULQJ�GHUPDO�FRQWDFW��IHQWLQ�LV�DEVRUEHG�UHODWLYHO\�HDV\�E\�WKH�VNLQ��,Q�UDW�H[SHULPHQWV�XS�WR
����RI�WKH�GRVH�ZDV�DEVRUEHG�DIWHU�GHUPDO�DSSOLFDWLRQ��ZLWK�����RI�WKLV�DPRXQW�UHDFKLQJ�WKH
EORRG� VWUHDP� DQG� XS� WR� DSSUR[LPDWHO\� ���� UHPDLQLQJ� LQ� WKH� VNLQ� �ORFDO� ELQGLQJ�� �-305�
������5,90��������
�
,Q�D� IHZ�H[SHULPHQWDO�DQLPDO� VWXGLHV�ZLWK� IHQWLQ� �DFHWDWH�DQG�K\GUR[LGH� WHVWHG���QR�RU�YHU\
OLWWOH� GHUPDO� LUULWDWLRQ� ZDV� VHHQ� ZLWK� YHU\� KLJK� FRQFHQWUDWLRQV�� :LWK� XQGLOXWHG� IHQWLQ� DQ
VHYHUH�H\H�LUULWDWLRQ�ZDV�REVHUYHG��WKH�12$(/�IRU� WKLV�HIIHFW� LV�XQNQRZQ��� ,Q�VHQVLWL]DWLRQ
VWXGLHV�LQ�JXLQHD�SLJV��WKH�K\GUR[LGH�GLG�QRW�KDYH�D�VHQVLWL]LQJ�HIIHFW��EXW�WKH�DFHWDWH�GLG��7KH
GRVH�UHVSRQVH� UHODWLRQ� IRU� WKLV� VHQVLWL]LQJ� DFWLRQ� LV� XQNQRZQ� �QR� 12$(/� NQRZQ� IRU
LQGXFWLRQ�RI�K\SHUVHQVLWLYLW\�RU�IRU�UHVSRQVH�VWLPXODWLRQ�LQ�VHQVLWL]HG�LQGLYLGXDOV��
�
,Q� RUDO� VWXGLHV� RI� VKRUW� DQG� ORQJ� GXUDWLRQ�� DQ� LPPXQRVXSSUHVVLYH� HIIHFW� RI� IHQWLQ� ZDV
REVHUYHG��7KH�12$(/�IRU�WKLV�LQ�PLFH�ZDV���PJ�NJ�IHHG����PJ�NJ�ERG\�ZHLJKW�GD\��EDVHG
RQ� D� WK\PXV�ZHLJKW� UHGXFWLRQ�ZLWK� ���PJ�NJ� IHHG�� ,Q� UDWV�� WKH� 12$(/� IRU� HIIHFWV� LQ� WKH
LPPXQH� V\VWHP� ZDV� ��� PJ�NJ� IHHG� ����� PJ�NJ� ERG\� ZHLJKW�GD\�� EDVHG� RQ� UHGXFWLRQV� RI
LPPXQRJOREXOLQ�*�DQG�OHXFRF\WH�DQG�O\PSKRF\WH�FRXQW�LQ�WKH�EORRG�ZLWK����PJ�NJ�IHHG��,Q
FKURQLF H[SHULPHQWV� LQ� UDWV�� DQ� HIIHFW� �DQ� LQFUHDVHG� PRUWDOLW\� UDWH� DQG� D� UHGXFHG
LPPXQRJOREXOLQ�OHYHO�LQ�WKH�EORRG��ZDV�VHHQ�HYHQ�ZLWK�XVH�RI�WKH�ORZHVW�OHYHO�WHVWHG��L�H���
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PJ�NJ� IHHG� �����PJ�NJ�ERG\�ZHLJKW�GD\���7KLV� OHYHO� LV� WKHUHIRUH� FRQVLGHUHG� DV� WKH� RYHUDOO�
/2$(/�GHULYHG�IURP�WKHVH�H[SHULPHQWV��D�12$(/�FDQQRW�EH�GHULYHG���-035��������
�
0DQ\� JHQRWR[LFLW\� H[SHULPHQWV� KDYH� EHHQ� SHUIRUPHG� ZLWK� IHQWLQ�� 7KH� UHVXOWV� OHG� WR� WKH
FRQFOXVLRQ E\�WKH�-035��������WKDW�QR�JHQRWR[LF�KD]DUG�IRU�KXPDQV�LV�LQYROYHG�ZLWK�XVH�RI
IHQWLQ� �DQ� HIIHFW� ZDV� REVHUYHG� LQ� D� IHZ� RI� WKH� LQ� YLWUR� H[SHULPHQWV� SHUIRUPHG�� EXW� WKH
DYDLODEOH� LQ� YLYR� WHVWV� SURYHG� QHJDWLYH�� LQGLFDWLQJ� WKDW� WKH� LQKHUHQW� SRWHQF\� HQFRXQWHUHG� LQ
YLWUR�GRHV QRW�EHFRPH�PDQLIHVW�LQ�YLYR��
7KH� FDUFLQRJHQLFLW\� RI� IHQWLQ� ZDV� HYDOXDWHG� LQ� RUDO� VWXGLHV� LQ� UDWV� DQG� PLFH�� ,QFUHDVHG
LQFLGHQFHV� RI� OLYHU� WXPRXUV� ZHUH� IRXQG� LQ� PLFH�� ,Q� UDWV�� WKH� LQFLGHQFHV� RI� SLWXLWDU\� JODQG
WXPRXUV� DQG� WHVWLV� WXPRXUV� ZDV� LQFUHDVHG�� WKHVH� WXPRXUV� ZHUH� DFFRPSDQLHG� E\� QRQ�
QHRSODVWLF� FKDQJHV� LQ� WKHVH�RUJDQV��7KH�QRQ�QHRSODVWLF� FKDQJHV� LQ� WKH� SLWXLWDU\� JODQG�ZHUH
DOVR�SUHVHQW�ZLWK�ORZHU�GRVH�OHYHOV�ZKLFK�GLG�QRW�LQGXFH�WXPRXUV��-035���������1R�IXUWKHU
VWDWHPHQWV�DUH�PDGH�LQ�WKH�-035
V�HYDOXDWLRQ�FRQFHUQLQJ�WKH�LQWHUSUHWDWLRQ�RI� WKH�REVHUYHG
WXPRXUV��UHOHYDQFH�IRU�KXPDQV���-XGJLQJ�E\�WKH�ILQDO�FRQFOXVLRQ�PDGH�E\�WKH�-035��WKH\�DUH
DSSDUHQWO\ QRW�FRQVLGHUHG�UHOHYDQW���
�
(PEU\RWR[LFLW\� DQG�PDWHUQDO� WR[LFLW\�ZHUH� IRXQG� LQ� WHUDWRJHQLFLW\� VWXGLHV� LQ� UDWV�� KDPVWHUV
DQG UDEELWV��)HQWLQ�GLG�QRW�SURGXFH�D� WHUDWRJHQLF�HIIHFW� LQ� WKHVH�VWXGLHV��7KH�UDEELW�ZDV� WKH
PRVW VHQVLWLYH�VSHFLHV�ZLWK�D�12$(/�IRU�HPEU\RWR[LFLW\�RI�����PJ�NJ�ERG\�ZHLJKW�GD\�DQG�D
12$(/�IRU�PDWHUQDO� WR[LFLW\�RI�����PJ�NJ�ERG\�ZHLJKW�GD\��7KH�UHSURGXFWLRQ�WR[LFLW\�ZDV
VWXGLHG�LQ�D�WZR�JHQHUDWLRQ�H[SHULPHQW�LQ�UDWV��7KH�12$(/�LQ�WKLV�H[SHULPHQW�ZDV���PJ�NJ
IHHG �����PJ�NJ�ERG\�ZHLJKW�GD\��ZLWK� UHGXFHG� OLWWHU�VL]H�� UHGXFHG�SXS�ZHLJKW�DQG�UHGXFHG
ZHLJKW�RI�WKH�VSOHHQ�DQG�WKH�WK\PXV�LQ�WKH�RIIVSULQJ�DV�FULWLFDO�HIIHFWV��-035��������
�
7ZR�WR[LFLW\�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�UDWV�ZLWK�GRVLQJ�YLD�WKH�GHUPDO�URXWH��ZKLFK�DUH
ERWK� VXPPDUL]HG� LQ� -035� �������� ,Q� RQH� RI� WKHVH� VWXGLHV� �WHVW� SHULRG� ��ZHHNV�� RQO\� VNLQ
LUULWDWLRQ�ZDV�VHHQ��QR�V\VWHPLF�HIIHFWV���7KH�DGPLQLVWHUHG�FRQFHQWUDWLRQV�RI�WKH�VXEVWDQFH�DUH
QRW� PHQWLRQHG� LQ� WKH� PRQRJUDSK� PDGH� E\� WKH� -035�� WKHUHIRUH� QR� LQIRUPDWLRQ� FDQ� EH
REWDLQHG�IURP�WKLV�H[SHULPHQW�ZLWK�UHJDUG�WR�WKH�GRVH�UHVSRQVH�UHODWLRQ�IRU�WKH�RFFXUUHQFH�RI
VNLQ LUULWDWLRQ� ZLWK� UHSHDWHG� GHUPDO� H[SRVXUH�� 7KH� VDPH� DSSOLHV� WR� WKH� RWKHU� GHUPDO
H[SHULPHQW� �DGPLQLVWHUHG� FRQFHQWUDWLRQV� QRW�PHQWLRQHG��� &RQWUDU\� WR� WKH� RWKHU� H[SHULPHQW
KRZHYHU�� V\VWHPLF� HIIHFWV� ZHUH� VHHQ� LQ� WKLV� H[SHULPHQW� �LQFOXGLQJ� D� UHGXFWLRQ� RI� WKH
O\PSKRF\WH� FRXQW� LQ� WKH� EORRG��� 7KH� 12$(/� LQ� WKLV� H[SHULPHQW� ZDV� ��� PJ�NJ� ERG\
ZHLJKW�GD\��-035��������

���7KH� ILQDO� FRQFOXVLRQ�RI� WKH� -035�:RUNLQJ�*URXS�ZDV� WKDW� DQ�$',�ZDV�GHULYDEOH��ZKLFK� LPSOLHV� WKDW� WKH
:RUNLQJ�*URXS� GRHV� QRW� FRQVLGHU� WKH� VXEVWDQFH� WR� EH� D� FDUFLQRJHQ�ZLWK� D� JHQRWR[LF� DFWLRQ�� 7KH� FRQFOXVLRQ
GUDZQ�E\�WKH�:RUNLQJ�*URXS��EDVHG�RQ�WKH�DYDLODEOH�JHQRWR[LFLW\�VWXG\��WKDW�WKH�XVH�RI�IHQWLQ�GRHV�QRW�LQYROYH
DQ\�JHQRWR[LF�ULVN�IRU�KXPDQV�LV�FRQVLVWHQW�ZLWK�WKLV�
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,Q� ������ -035�SURSRVHG� D� FKURQLF� RUDO� OLPLW� YDOXH� �$',�� IRU� IHQWLQ� RI� ����PLFURJUDPV�NJ
ERG\�ZHLJKW�GD\�EDVHG�RQ�D�FKURQLF�/2$(/�RI�����PJ�NJ�ERG\�ZHLJKW�GD\��-035����������
�
&21&/86,216
�
)URP� WKH� WR[LFRORJLFDO� GDWD� DYDLODEOH� IRU� WKH� WULSKHQ\OWLQV� WKH� IROORZLQJ� FRQFOXVLRQV� DUH
GUDZQ�
- WULSKHQ\OWLQV� DUH� DEVRUEHG� E\� WKH� VNLQ� �DEVRUSWLRQ� SHUFHQWDJH� ����� ���� UHDFKHV� WKH

V\VWHPLF�FLUFXODWLRQ��
- WKH DYHUDJH�DEVRUSWLRQ�SHUFHQWDJH�IRU�WKH�RUDO�URXWH�LV�����
- WKH DYDLODEOH�GDWD�LQGLFDWH�WKDW�WULSKHQ\OWLQV�KDYH�QR�RU�KDUGO\�DQ\�LUULWDWLQJ�HIIHFW�RQ�WKH

VNLQ �HYHQ�ZLWK�YHU\�KLJK�FRQFHQWUDWLRQV��WKHUH�LV�QR�HIIHFW�RU�RQO\�D�ZHDN�HIIHFW��
- WULSKHQ\OWLQV� PD\� KDYH� D� VHQVLWL]LQJ� HIIHFW� RQ� WKH� VNLQ� �FRQIOLFWLQJ� UHVXOWV��� WKH� GRVH

UHVSRQVH�UHODWLRQ�IRU�WKLV�SRWHQWLDO�HIIHFW�LV�XQNQRZQ�
- RQ WKH�EDVLV�RI� WKH�H[SHULPHQWV�SHUIRUPHG�� WULSKHQ\OWLQV�DUH�QRW�FRQVLGHUHG�FDUFLQRJHQV

DFWLQJ WKURXJK�D�JHQRWR[LF�PHFKDQLVP�
- WULSKHQ\OWLQV�DUH�LPPXQRWR[LF��VXSSUHVVLRQ�RI�WK\PXV�GHSHQGHQW�LPPXQH�IXQFWLRQV���WKH

FRUUHVSRQGLQJ� 12$(/� LV� �� PJ�NJ� ERG\� ZHLJKW�GD\� LQ� PLFH� DQG� ���� PJ�NJ� ERG\
ZHLJKW�GD\�LQ�UDWV�

- WKH $',�����mJ�NJ�ERG\�ZHLJKW�LV�DSSOLFDEOH�IRU�DQ�LQLWLDO�ULVN�DVVHVVPHQW�RI�RUDO�V\VWHPLF
H[SRVXUH�

5()(5(1&(6
,3&6� ������� (QYLURQPHQWDO� +HDOWK� &ULWHULD� ��� �� 7LQ� DQG� 2UJDQRWLQ� &RPSRXQGV�� :+2�
*HQHYD�������
-035��������3HVWLFLGH�UHVLGXHV�LQ�)RRG���������7R[LFRORJ\�HYDOXDWLRQV��-RLQW�0HHWLQJ�RI�WKH
)$2�3DQHO�RI�([SHUWV�RQ�3HVWLFLGH�5HVLGXHV� LQ�)RRG�DQG� WKH�(QYLURQPHQW� � DQG� WKH�:+2
([SHUW�*URXS�RQ�3HVWLFLGH�5HVLGXHV��*HQHYD��������6HSWHPEHU�������:+2��*HQHYD�������
5,90��������([SORUDWRU\�UHSRUW�WLQ�DQG�WLQ�FRPSRXQGV��5,90�UHSRUW�QR�������������GDWHG
$XJXVW� ������$XWKRUV��:�� 6ORRII�� 3�)�+�� GH�%RQW�� -�0��+HVVH�	� -�$��$QQHPD�� �6FRSLQJ�
GRFXPHQW�
5,90� ������� +XPDQ�WR[LFRORJLFDO� &ULWHULD� IRU� 6HULRXV� 6RLO� &RQWDPLQDWLRQ�� &RPSRXQGV
HYDOXDWHG LQ� ����� 	� ������ 5,90� UHSRUW� QR�� ����������� GDWHG� $XJXVW� ������ $XWKRUV�
3�-�&�0��-DQVVHQ��0�(��YDQ�$SHOGRRUQ��-�(�0��YDQ�.RWHQ�9HUPHXOHQ�	�:�&��0HQQHV�

���0RUH�SUHFLVHO\��WKH�-035�ZRUNLQJ�JURXS�GHFLGHG�WR�PDLQWDLQ�WKH�$',�GHULYHG�LQ�������EHFDXVH�SDUWV�RI�WKH
/2$(/�RI�����PJ�NJ�ERG\�ZHLJKW�GD\�OHG�WR�D�YDOXH�FRPSDUDEOH�WR�WKH�ROG�$',�EHFDXVH�RI�WKH�SUHVHQFH�RI�D
VDIHW\�IDFWRU�����
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