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2UJDQLVHG� E\� WKH� 1HWKHUODQGV� 0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW�9520�� LQ� FR�RSHUDWLRQ� ZLWK� WKH� 1DWLRQDO� ,QVWLWXWH� IRU� 3XEOLF� +HDOWK� DQG� WKH� (QYLURQPHQW�5,90�� DQG� WKH�:DJHQLQJHQ�8QLYHUVLW\� DQG� 5HVHDUFK� &HQWHU�� ,QVWLWXWH� IRU� (QYLURQPHQW� DQG&OLPDWH�5HVHDUFK��:DJHQLQJHQ�85�:,0(.��
7KLV�LQYHVWLJDWLRQ�KDV�EHHQ�SHUIRUPHG�E\�RUGHU�DQG�IRU�WKH�DFFRXQW�RI� WKH�'LUHFWRUDWH�*HQHUDOIRU�(QYLURQPHQWDO�3URWHFWLRQ��'HSDUWPHQW�RI�&OLPDWH�&KDQJH�DQG�,QGXVWU\��RI�WKH�1HWKHUODQGV
0LQLVWU\� RI�+RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW��ZLWKLQ� WKH� IUDPHZRUN� RI� 5,90SURMHFW���������WLWOHG�µ,QWHUQDWLRQDO�HPLVVLRQ�UHSRUWV¶�
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$EVWUDFW
$ ZRUNVKRS�ZDV�RUJDQLVHG�LQ�WKH�1HWKHUODQGV�RQ���6HSWHPEHU������WR�LPSURYH�WKH�1DWLRQDO6\VWHP� IRU� 0RQLWRULQJ� *UHHQKRXVH� *DV� (PLVVLRQV�� 7KHVH� DUH� WKH� 3URFHHGLQJV�,PSOHPHQWDWLRQ� RI� WKH� .\RWR� 3URWRFRO� UHTXLUHV� UHGXFWLRQ� RI� WKH� XQFHUWDLQWLHV� DQGLPSURYHPHQW� RI� WKH� VR�FDOOHG� 1DWLRQDO� 6\VWHP� IRU� JUHHQKRXVH� JDV� HPLVVLRQ�PRQLWRULQJ� VRWKDW� IOH[LEOH� VWUDWHJLHV� OLNH� HPLVVLRQ� WUDGLQJ� DQG� MRLQW� LPSOHPHQWDWLRQ� FDQ�EH� LQWURGXFHG�� ,WZDV�WKH�WDVN�RI�WKLV�ZRUNVKRS�WR�LQWURGXFH�LQLWLDWLYHV�IRU�DGGLQJ�VXEVWDQFH�DQG�RUJDQLVDWLRQ�WRWKH�PRQLWRULQJ�SURJUDPPH��7KH�VWDUWLQJ�SRLQW�RI�WKLV�ZRUNVKRS�ZDV�WKH�PRQLWRULQJ�RI�SROLF\LPSOHPHQWDWLRQ� LQ� WKH� OLJKW�RI�XQFHUWDLQWLHV� LQ� HPLVVLRQ�GDWD��7KH�GHPDQGV� IRU� DFFXUDF\� LQPRQLWRULQJ� DUH� D� ORJLFDO� FRQVHTXHQFH� RI� WKH� &OLPDWH� &RQYHQWLRQ� DQG� WKH� µOHJDOO\� ELQGLQJFRPPLWPHQWV¶�WDNLQJ�IRUFH�DV�VRRQ�DV�WKH�.\RWR�3URWRFRO�LV�UDWLILHG�
7KH�REMHFWLYHV�ZHUH�HODERUDWHG�DV�IROORZV���� 3HU�WDUJHW�JURXS��/LVWLQJ�WKH�SRVVLELOLWLHV�IRU�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�XQFHUWDLQWLHVRI�HPLVVLRQ�HVWLPDWHV���2YHUDOO�DVVHVVPHQW�RI�XQFHUWDLQWLHV�SHU�VHFWRU���� 3HU�WDUJHW�JURXS� ,PSURYLQJ�WKH�PRQLWRULQJ�RI�HPLVVLRQ�UHGXFWLRQV���� ([SHUWLVH� IRU� IROORZ�XS� UHVHDUFK�� 'HWHUPLQLQJ� WKH� LQVWLWXWLRQV� SHU� VHFWRU� FXUUHQWO\HTXLSSHG�WR�FDUU\�RXW�UHVHDUFK�RQ�XQFHUWDLQW\�UHGXFWLRQ�LQ�HPLVVLRQ�HVWLPDWHV���� :KR�� ZKDW� DQG� ZKHQ"� 'HWHUPLQLQJ� ZKR� LV� JRLQJ� WR� GR� ZKDW� DQG� ZKHQ� WR� UHGXFHXQFHUWDLQWLHV�LQ�HPLVVLRQ�HVWLPDWHV���� 3ODQ� RI� DFWLRQ�� (VWDEOLVKLQJ� D� JHQHUDO� SODQ� SHU� WDUJHW� JURXS� WR� ZRUN� RXW� WKH� DERYHREMHFWLYHV�
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6XPPDU\
7KH� QDWLRQDO� V\VWHP� RI� WKH� 1HWKHUODQGV� IRU� WKH� .\RWR� SURWRFRO� LV� GHVFULEHG� LQ� GLIIHUHQWUHSRUWV�� VRPH� RI� ZKLFK� DUH� LQ� WKH� 'XWFK� ODQJXDJH�� 7KLV� ZRUNVKRS� RQ� WKH� PRQLWRULQJ� RIJUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV�ZDV�RUJDQLVHG�WR�LPSURYH�WKH�QDWLRQDO�V\VWHP�DQG�PDNHWKLV�PDWHULDO�DYDLODEOH�LQ�WKH�(QJOLVK�ODQJXDJH��5HSRUWLQJ�E\�WKH�1HWKHUODQGV�LV�GRQH�WKURXJKWKH� QDWLRQDO� (PLVVLRQ�5HJLVWUDWLRQ� SURMHFW�� $Q� DGGLWLRQDO� SURMHFW� LV� IRUPXODWHG� QH[W� WR� WKHQDWLRQDO�(PLVVLRQ�5HJLVWUDWLRQ� WR� LPSURYH�RQ� WKH�PRQLWRULQJ�RI� WKH� JUHHQKRXVH� JDVHV��7KHUHFRPPHQGDWLRQV�IURP�WKLV�UHSRUW�ZLOO�EH�XVHG�WR�LPSURYH�WKH�PRQLWRULQJ�LQ�WKH�1HWKHUODQGVRYHU� WKH� FRPLQJ� \HDUV�� &XUUHQW� PRQLWRULQJ� DFWLYLWLHV� KDYH� UHVXOWHG� LQ� UHDVRQDEO\� DFFXUDWHHPLVVLRQ� LQYHQWRULHV� DQG� WKH� HPLVVLRQ� HVWLPDWHV�� PHWKRGV� DQG� SURFHVVHV� DUH� UDWKHU� ZHOOGHVFULEHG��+RZHYHU��V\VWHPDWLF�UHYLHZ�DQG�GRFXPHQWDWLRQ�RI�SURFHGXUHV��PHWKRGV�DQG�GDWDZLOO�UHVXOW�LQ�D�PRUH�HIILFLHQW�HPLVVLRQ�FRPSLODWLRQ�SURFHVV�DQG�D�TXDQWLWDWLYHO\�PRUH�DFFXUDWHDQG� TXDOLWDWLYHO\� EHWWHU� JUHHQKRXVH� JDV� HPLVVLRQ� LQYHQWRU\�� 7KH� QH[W� JHQHUDO� LWHPV� ZHUHUHFRJQLVHG�IRU�IXUWKHU�UHYLHZ�DQG�LPSURYHPHQW�GXULQJ�WKH�ZRUNVKRS�
� WKH�UHSRUWLQJ�DQG�GRFXPHQWDWLRQ�RQ�HPLVVLRQ�IDFWRUV�DQG�DFWLYLW\�GDWD�XVHG�HDFK�\HDU�WRUHSRUW�JUHHQKRXVH�JDV�HPLVVLRQV�DQG�VLQNV�
� WKH�XQFHUWDLQW\�HVWLPDWHV�IRU�HDFK�VXEFDWHJRU\�LQ�WKH�HPLVVLRQ�LQYHQWRU\�DQG�WR�PDNH�DVHSDUDWH�HVWLPDWH� IRU� WKH�XQFHUWDLQW\� LQ� WKH�HPLVVLRQ�IDFWRU� ��ZKHQ�GLIIHUHQW�IURP�,3&&GHIDXOWV���DQG�LQ�WKH�DFWLYLW\�GDWD�
� WKH� TXDOLW\� FRQWURO� RQ� HDFK� QHZ� \HDUV� HVWLPDWHV� DQG� RQ� UHFDOFXODWLRQV� EDVHG� RQ� QHZPHWKRGRORJ\�RU�EHWWHU�DFWLYLW\�GDWD�DQG�RU�HPLVVLRQ�IDFWRU�GDWD�DQG�GRFXPHQW�WKH�EDVLV�RIWKHVH�HVWLPDWHV�
� WKH�PDLQWHQDQFH�RI�WLPH�VHULHV� )RU�H[DPSOH��LW�VKRXOG�EH�FOHDU�IRU�ZKLFK�UHDVRQ�DQG�DWZKDW� PRPHQW� LQ� WLPH� QHZ� PHWKRGV� ZHUH� LQWURGXFHG� WKDW� HIIHFWHG� WKH� WLPH� VHULHV�� $GHFLVLRQ� PD\� EH� QHHGHG� RQ� IUHTXHQF\� DQG� WLPLQJ� RI� UHFDOFXODWLRQV�� IRU� H[DPSOHUHFDOFXODWLRQV�RQO\�DIWHU�WKUHH�RU�ILYH�\HDUV�RU�VSHFLILF�FULWHULD�WR�EH�PHW�H�J��RQ�PLQLPXPGLIIHUHQFHV�EHWZHHQ�VXEVHTXHQW�YHUVLRQV�
� NQRZOHGJH� JDSV� VKRXOG� EH� FORVHG�� /DUJH� VHFWRUDO� HPLVVLRQV� ZLWK� ODUJH� XQFHUWDLQWLHVVKRXOG�EH�PDGH�WRS�SULRULW\��H�J��JDV�GLVWULEXWLRQ�OHDNDJH��DJULFXOWXUH��6) � XVH���7KHUHE\LPSURYLQJ�WKH�PRQLWRULQJ�RI�HPLVVLRQV�WKDW�FDQ�KDYH�D�JUHDW�LPSDFW�RQ�WKH�WLPH�WUHQG�
� LQ�VRPH�FDVHV�LPSURYHG�DSSOLFDWLRQ�RI�WKH�5HYLVHG�,3&&�*XLGHOLQHV�ZLOO�SURGXFH�PRUHFRPSDUDEOH� HPLVVLRQ� HVWLPDWHV� �H�J�� LQ� WKH� HVWLPDWHV� RI�&2� IURP� IHHGVWRFNV�� QRQ�&2�IURP�EXQNHU�IXHOV�DQG�QLWURXV�R[LGH�IURP�DJULFXOWXUH�DQG�SROOXWHG�VXUIDFH�ZDWHUV��
� WKH� FRRSHUDWLRQ� ZLWK� WKH� WDUJHW� JURXSV� WR� HQKDQFH� WKH� PRQLWRULQJ� RI� HPLVVLRQV� LQSDUWLFXODU� ZKHQ� UHGXFWLRQV� DUH� H[SHFWHG�� ,W� VKRXOG� EH� DYRLGHG� WKDW� HDFK� WDUJHW� JURXSGHYHORSV� LWV� RZQ�PHWKRGRORJLHV�� ,I�PHDVXUHPHQWV� DUH� FRPPLVVLRQHG�� H�J�� LQ� WKH� SROLF\SODQ�IRU�WKH�UHGXFWLRQ�RI�JUHHQKRXVH�JDVHV��QHZ�HPLVVLRQ�IDFWRUV�PD\�EH�GHYHORSHG� IRUVSHFLILF�VXE�VHFWRUV�
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6DPHQYDWWLQJ
+HW�]JQ��QDWLRQDOH�V\VWHHP�YRRU�PRQLWRULQJ�YDQ�EURHLNDVJDVHPLVVLHV�LQ�1HGHUODQG��GDW�LQ�KHWNDGHU�YDQ�KHW�.\RWR�3URWRFRO� DDQ�EHSDDOGH�HLVHQ�]DO�PRHWHQ�YROGRHQ��ZRUGW�EHVFKUHYHQ� LQYHUVFKLOOHQGH�UDSSRUWHQ��ZDDUYDQ�GH�PHHVWH�LQ�KHW�1HGHUODQGV�]LMQ��'H]H�ZRUNVKRS�RYHU�KHWPRQLWRUHQ� YDQ� GH� HPLVVLHV� YDQ� EURHLNDVJDVVHQ� LQ� 1HGHUODQG� ZHUG� JHRUJDQLVHHUG� RP� KHWQDWLRQDOH�V\VWHHP� WH�YHUEHWHUHQ�HQ�GH�LQIRUPDWLH�GLH�LQ�GLW�NDGHU�YHU]DPHOG�LV�LQ�KHW�(QJHOVEHVFKLNEDDU�WH�PDNHQ��'H�HPLVVLHUDSSRUWDJH�ZRUGW� LQ�1HGHUODQG�JHRUJDQLVHHUG� LQ�KHW�NDGHUYDQ�KHW�QDWLRQDOH�(PLVVLH�5HJLVWUDWLH�SURMHFW��(HQ�DGGLWLRQHHO� SURMHFW�ZRUGW� RSJH]HW� RP�GHPRQLWRULQJ�YDQ�GH�EURHLNDVJDVHPLVVLHV�WH�YHUEHWHUHQ��'H�FRQFOXVLHV�HQ�DDQEHYHOLQJHQ�YDQ�KHWYHUVODJ� ]XOOHQ� JHEUXLNW� ZRUGHQ� RP� GH� NRPHQGH� MDUHQ� GH]H� PRQLWRULQJ� WH� YHUEHWHUHQ�� 'HKXLGLJH� PRQLWRULQJDFWLYLWHLWHQ� KHEEHQ� JHUHVXOWHHUG� LQ� UHGHOLMN� QDXZNHXULJH� HPLVVLH�LQYHQWDULVDWLHV� HQ� GH� HPLVVLHVFKDWWLQJHQ�� EHUHNHQLQJVPHWKRGLHNHQ� HQ� ZHUNSURFHVVHQ� ]LMQUHGHOLMN� JRHG� EHVFKUHYHQ�� 1LHWWHPLQ� NDQ� JHFRQFOXGHHUG� ZRUGHQ� GDW� HHQ� V\VWHPDWLVFKHHYDOXDWLH� HQ� GRFXPHQWDWLH� YDQ� SURFHGXUHV��PHWKRGHQ� HQ� GDWD� NDQ� OHLGHQ� WRW� HHQ� HIILFLsQWHUSURFHV� YDQ� HPLVVLHFRPSLODWLH� HQ� HHQ� NZDQWLWDWLHI� EHWHUH� HPLVVLH�LQYHQWDULVDWLH� YRRUEURHLNDVJDVVHQ��'H�YROJHQGH�DOJHPHQH�DVSHFWHQ�ZHUGHQ�RS�GH�ZRUNVKRS�DDQEHYROHQ�YRRU�HHQQDGHUH�UHYLHZ�HQ�YHUEHWHULQJ�
� KHW�UDSSRUWHUHQ� HQ�GRFXPHQWHUHQ� RYHU� HQ� YDQ� HPLVVLHIDFWRUHQ� HQ� DFWLYLWHLWHQGDWD� GLHLHGHU�MDDU�JHEUXLNW�ZRUGHQ�RP�GH�HPLVVLHV�HQ�VLQNV�YDQ�EURHLNDVJDVVHQ�WH�UDSSRUWHQ�
� GH RQ]HNHUKHLGVVFKDWWLQJHQ�YRRU�LHGHUH�EURQFDWHJRULH�LQ�GH�HPLVVLH�LQYHQWDULVDWLH�HQ�KHWPDNHQ� YDQ� VHSDUDWH� VFKDWWLQJHQ� YRRU� GH� RQ]HNHUKHGHQ� LQ� GH� HPLVVLHIDFWRUHQ� �� DOV� GLHDIZLMNHQ�YDQ�GH�VWDQGDDUG��,3&&�ZDDUGH���HQ�LQ�GH�DFWLYLWHLWHQGDWD�
� GH TXDOLW\�FRQWURO�YDQ�GH� MDDUOLMNVH�QLHXZH�HPLVVLHVFKDWWLQJHQ�HQ�YDQ�KHUEHUHNHQLQJHQGLH�RS�QLHXZH�PHWKRGHQ�RI�EHWHUH�DFWLYLWHLWHQGDWD�HQ�RI�HPLVVLHIDFWRUHQ�JHEDVHHUG�]LMQ�HQKHW�GRFXPHQWHUHQ�YDQ�GH�EDVLV�YDQ�GH]H�VFKDWWLQJHQ�
� KHW�RQGHUKRXGHQ�YDQ�WLMGUHHNVHQ� +HW�]RX�ELMYRRUEHHOG�GXLGHOLMN�PRHWHQ�]LMQ�RP�ZHONHUHGHQ�HQ�RS�ZHON�PRPHQW�HU�QLHXZH�EHUHNHQLQJVPHWKRGLHNHQ�JHwQWURGXFHHUG�]LMQ��GLH�GHJHKHOH� WLMGUHHNV� EHwQYORHGHQ�� +HW� NDQ� QRRG]DNHOLMN� RP� RYHU� IUHTXHQWLH� HQ� WLPLQJGXLGHOLMNH�EHVOXLWYRUPLQJ�WH�KHEEHQ��ELMYRRUEHHOG�DOOHHQ�KHUEHUHNHQLQJHQ�QD�GULH�RI�YLMIMDDU�RI�DOOHHQ�ZDQQHHU�DDQ�EHSDDOGH�FULWHULD�YROGDDQ�ZRUGW��ELMY��GDW�GH�ELMVWHOOLQJ�JURWHULV�GDQ�HHQ�EHSDDOGH�PLQLPXPZDDUGH�
� JURWH�JDWHQ�LQ�NHQQLV�]RXGHQ�PRHWHQ�ZRUGHQ�JHGLFKW��*URWH�VHFWRUDOH�HPLVVLHV�PHW�JURWHRQ]HNHUKHGHQ� GLHQHQ� GDDUELM� GH� KRRJVWH� SULRULWHLW� WH� NULMJHQ� �ELMY�� OHNNDJHV� ELM� GHJDVGLVWULEXWLH��ODQGERXZ��JHEUXLN�YDQ�6)����+LHUGRRU�]DO�GH�PRQLWRULQJ�YHUEHWHUHQ�YDQ�GHEURQQHQ�GLH�HHQ�JURRW�HIIHFW�KHEEHQ�RS�GH�HPLVVLHWUHQGV�
� LQ� VRPPLJH� JHYDO� ]DO� HHQ� YHUEHWHUGH� WRHSDVVLQJ� YDQ� GH� 5HYLVHG� ,3&&� *XLGHOLQHVOHLGHQ� WRW� PHHU� YHUJHOLMNEDUH� HPLVVLHVFKDWWLQJHQ� �ELMY�� GH� VFKDWWLQJ� YDQ� &2� YDQHQHUJLHGUDJHUV�JHEUXLNW�DOV�FKHPLVFKH�JURQGVWRI��]JQ��IHHGVWRFNV���QLHW�&2��HPLVVLHV�YDQEXQNHUEUDQGVWRIIHQ�HQ�1�2 XLW�ODQGERXZ�HQ�YHUYXLOG�RSSHUYODNWHZDWHU��
� GH VDPHQZHUNLQJ�PHW�GH�GRHOJURHSHQ�RP�GH�PRQLWRULQJ�YDQ�HPLVVLHV�WH�YHUEHWHUHQ��LQKHW�ELM]RQGHU�ZDQQHHU�HPLVVLHUHGXFWLHV�ZRUGHQ�YHUZDFKW��9RRUNRPHQ�PRHW�ZRUGHQ�GDWLHGHUH� GRHOJURHS� DQGHUH� VFKDWWLQJVPHWKRGHQ� JDDW� RQWZLNNHOHQ�� ,QGLHQ� HPLVVLHPHWLQJHQZRUGHQ� XLWJHYRHUG�� ELMY�� LQ� KHW� NDGHU� YDQ� KHW� 5HGXFWLHSODQ� 2YHULJH� %URHLNDVJDVVHQ�52%���]RXGHQ�RS�EDVLV�KLHUYDQ�QLHXZH�HPLVVLHIDFWRUHQ�NXQQHQ�ZRUGHQ�RQWZLNNHOG�
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352*5$00(
&KDLU�� +DUU\�%DD\HQ��'LUHFWRU��$LU�DQG�(QHUJ\'LUHFWRUDWH�*HQHUDO�IRU�(QYLURQPHQWDO�3URWHFWLRQ��'*0�0LQLVWU\�RI�9520��7KH�1HWKHUODQGV

,QWURGXFWLRQ�����±������� 3UHVHQWDWLRQ�RI�WKH�ZRUNVKRS�REMHFWLYHV3DXO�5X\VVHQDDUV�9520�'*0�����±�������� ,QWHUQDWLRQDO�DFWLYLWLHV&DUROLHQ�.URH]H�:,0(.�����±�������� 7DUJHW�JURXS�PRQLWRULQJ3LHWHU�YDQ�GHU�0RVW�9520�+,0+
9DOLGDWLRQ������±�������� *HQHUDO� LQWURGXFWLRQ� DQG� QDWLRQDO� H[SHULHQFH� ZLWK� XQFHUWDLQW\DQDO\VLV7LQXV�3XOOHV�712�0(3�-RKQ�YDQ�$DUGHQQH�:,0(.������±������� &RPSDULVRQ�RI�FRXQWU\�UHSRUWV�ZLWK�('*$5�*(,$�GDWD� $QGUp�YDQ�$PVWHO��:,0(.������±������� )DFW�VKHHWV�RQ�FDUERQ�GLR[LGH�0DULDQQH�.XLMSHUV�/LQGH�5,90�/$(
9HULILFDWLRQ������±�������� *HQHUDO� LQWURGXFWLRQ� RQ� WKH� �LP�SRVVLELOLWLHV� RI� YHULI\LQJ� HPLVVLRQHVWLPDWHV�ZLWK�DWPRVSKHULF�FRQFHQWUDWLRQ�PHDVXUHPHQWV�/HRQ�-DQVVHQ�5,90������±������� $Q�H[DPSOH�RI�PHWKDQH�PHDVXUHPHQWV�-DQ�%HUGRZVNL 712������±������ &RVWV� IRU� UHGXFLQJ� XQFHUWDLQWLHV� LQ� HPLVVLRQ� HVWLPDWHV� XVLQJPRQLWRULQJ�UHVXOWV�IURP�(XURSH3HWHU�%XLOWMHV�-DQ�:LOOHP�(ULVPDQ�712�(&1

������±�������� /XQFK
,QWURGXFWLRQ�WR�SDUDOOHO�VHVVLRQV������±�������� +RZ�FDQ�ZH�DFKLHYH�D�VWUDWHJ\�IRU�UHGXFLQJ�WKH�XQFHUWDLQWLHV"�$QGUp�YDQ�$PVWHO�:,0(.

������±�������� 3DUDOOHO�VHVVLRQV��� (QHUJ\� �SURGXFWLRQ�GLVWULEXWLRQ� DQG� VWDWLRQDU\� FRPEXVWLRQ�LQFOXGLQJ�IHHGVWRFN���� ,QGXVWU\� �SURFHVV� HPLVVLRQV�� H[FO�� IHHGVWRFN� HPLVVLHV� DQG� &2�IURP�IRVVLO�IXHOV���� 7UDQVSRUW��FRPEXVWLRQ�DQG�SURFHVV�HPLVVLRQV���LQFO��EXQNHUV���� $JULFXOWXUH��SURFHVV�HPLVVLRQV���� 2WKHU��SURFHVV�HPLVVLRQV�IURP�:DVWH�7UHDWPHQW��5HVLGHQWLDO�DQG7UDGH�	�6HUYLFHV�
������±�������� 7HD�EUHDN

&RQFOXGLQJ�VHVVLRQ������±�������� 'LVFXVVLRQ�DQG�FRQFOXVLRQV������± ������ 'ULQNV
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���,1752'8&7,21
$QGUp�YDQ�$PVWHO����DQG�3DXO�5X\VVHQDDUV���
���:DJHQLQJHQ�,QVWLWXWH�IRU�(QYLURQPHQW�DQG�&OLPDWH�5HVHDUFK
���0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW

$ JRRG�PRQLWRULQJ� V\VWHP� IRU� JUHHQKRXVH� JDV� HPLVVLRQV� LV� HVVHQWLDO� LI� WKH�.\RWR� 3URWRFROXQGHU� WKH� 8QLWHG� 1DWLRQV� )UDPHZRUN� &RQYHQWLRQ� RQ� &OLPDWH� &KDQJH� �81)&&&� LVLPSOHPHQWHG��7KH�LPSOHPHQWDWLRQ��DQG�FUHGLELOLW\��RI�WKH�&OLPDWH�&RQYHQWLRQ�DQG�WKH�.\RWR3URWRFRO�ZLOO�VWDQG�RU�IDOO�ZLWK�WKH�TXDOLW\�RI�WKH�HPLVVLRQ�GDWD��IRU�WKLV�UHDVRQ��WKLV�GDWD�KDVWR�EH�UHOLDEOH�DQG�YHULILDEOH��8QFHUWDLQWLHV�LQ�WKH�HPLVVLRQ�ILJXUHV�IRU�JUHHQKRXVH�JDVHV�KDYHSURYHQ� WR�EH�FRQVLGHUDEOH��:LWK�D�YLHZ� WR� WKH�SXEOLF�RSLQLRQ�RQ�FOLPDWH�SROLF\�DQG�DOVR� WRJLYH�VXEVWDQFH�WR�WKH�REOLJDWLRQV�LQ�WKH�&OLPDWH�$JUHHPHQW��XQFHUWDLQWLHV��ERWK�LQ�WKH�&OLPDWH$JUHHPHQW� DQG� LQ� WKH� .\RWR� 3URWRFRO� PXVW� EH� UHGXFHG�� 7KH� 0LQLVWU\� RI� 9520�� LQFRRSHUDWLRQ�ZLWK�WKH�1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��5,90��DQG�WKH:DJHQLQJHQ� 8QLYHUVLW\¶V� ,QVWLWXWH� IRU� (QYLURQPHQW� DQG� &OLPDWH� 5HVHDUFK� �:,0(.��WKHUHIRUH�WDNHV�SOHDVXUH�LQ�ZHOFRPLQJ�\RXU�SDUWLFLSDWLRQ�LQ�WKLV�ZRUNVKRS�
:RUNVKRS�REMHFWLYHV
7KH�REMHFWLYHV�IRU�WKLV�ZRUNVKRS�DUH���� 0DSSLQJ� DQG� SRVVLEO\� LPSURYLQJ� LQIRUPDWLRQ� IORZV� IRU� WKH� QDWLRQDO� LQYHQWRULHV� WDNLQJSODFH�DQQXDOO\�LQ�WKH�FRQWH[W�RI�WKH�.\RWR�3URWRFRO���� $Q� LQYHQWRU\� RI� DVSHFWV� LQ� WKH� FXUUHQW� QDWLRQDO� V\VWHP� IRU� GHWHUPLQLQJ� JUHHQKRXVH� JDVHPLVVLRQV�WKDW�FRXOG�EH�LPSURYHG���� $Q�LQYHQWRU\�RI�KRZ�LPSURYHPHQWV�RI�WKH�QDWLRQDO�V\VWHP�FDQ�EH�DFKLHYHG�
,PSOHPHQWDWLRQ� RI� WKH� .\RWR� 3URWRFRO� ZLOO� UHTXLUH� UHGXFWLRQ� RI� WKH� XQFHUWDLQWLHV� DQGLPSURYHPHQW� RI� WKH� VR�FDOOHG� 1DWLRQDO� 6\VWHP� IRU� JUHHQKRXVH� JDV� HPLVVLRQ�PRQLWRULQJ� VRWKDW� IOH[LEOH� VWUDWHJLHV� OLNH� HPLVVLRQ� WUDGLQJ� DQG� MRLQW� LPSOHPHQWDWLRQ� FDQ�EH� LQWURGXFHG�� ,WZLOO�EH�WKH�WDVN�RI�WKLV�ZRUNVKRS�WR�LQWURGXFH�LQLWLDWLYHV�IRU�DGGLQJ�VXEVWDQFH�DQG�RUJDQLVDWLRQWR�WKH�PRQLWRULQJ�SURJUDPPH��7KH�VWDUWLQJ�SRLQW�RI�WKLV�ZRUNVKRS�LV�WKH�PRQLWRULQJ�RI�SROLF\LPSOHPHQWDWLRQ� LQ� WKH� OLJKW�RI�XQFHUWDLQWLHV� LQ� HPLVVLRQ�GDWD��7KH�GHPDQGV� IRU� DFFXUDF\� LQPRQLWRULQJ� DUH� D� ORJLFDO� FRQVHTXHQFH� RI� WKH� &OLPDWH� &RQYHQWLRQ� DQG� WKH� µOHJDOO\� ELQGLQJFRPPLWPHQWV¶�WDNLQJ�IRUFH�DV�VRRQ�DV�WKH�.\RWR�3URWRFRO�LV�UDWLILHG�
7KH�REMHFWLYHV�ZLOO�EH�HODERUDWHG�DV�IROORZV���� 3HU�WDUJHW�JURXS��/LVWLQJ�WKH�SRVVLELOLWLHV�IRU�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�XQFHUWDLQWLHVRI�HPLVVLRQ�HVWLPDWHV���2YHUDOO�DVVHVVPHQW�RI�XQFHUWDLQWLHV�SHU�VHFWRU���� 3HU�WDUJHW�JURXS� ,PSURYLQJ�WKH�PRQLWRULQJ�RI�HPLVVLRQ�UHGXFWLRQV���� ([SHUWLVH� IRU� IROORZ�XS� UHVHDUFK�� 'HWHUPLQLQJ� WKH� LQVWLWXWLRQV� SHU� VHFWRU� FXUUHQWO\HTXLSSHG�WR�FDUU\�RXW�UHVHDUFK�RQ�XQFHUWDLQW\�UHGXFWLRQ�LQ�HPLVVLRQ�HVWLPDWHV���� :KR�� ZKDW� DQG� ZKHQ"� 'HWHUPLQLQJ� ZKR� LV� JRLQJ� WR� GR� ZKDW� DQG� ZKHQ� WR� UHGXFHXQFHUWDLQWLHV�LQ�HPLVVLRQ�HVWLPDWHV�����3ODQ� RI� DFWLRQ�� (VWDEOLVKLQJ� D� JHQHUDO� SODQ� SHU� WDUJHW� JURXS� WR� ZRUN� RXW� WKH� DERYHREMHFWLYHV�
:H�ZLOO�VWDUW�ZLWK�D�SOHQDU\�PRUQLQJ�VHVVLRQ��IROORZHG�E\�SDUDOOHO�VHVVLRQV�LQ�WKH�DIWHUQRRQZKHUH�ZRUNLQJ�JURXSV� �DFFRUGLQJ� WR� WDUJHW� JURXS��ZLOO� GHILQH� WKH� JHQHUDO� XQFHUWDLQWLHV� DQGGHYHORS�DFWLRQ�SODQV�IRU�UHGXFWLRQ�
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:RUNVKRS�UHVXOWV
7KH�ZRUNVKRS�VKRXOG�EH�VHHQ�DV�D�VWDUWLQJ�SRLQW�IRU�VHWWLQJ�XS�D�PRQLWRULQJ�SURJUDPPH�WR�EHFDUULHG�RXW�LQ�WKH�FRPLQJ�\HDUV��7KH�ZRUNVKRS�UHSRUW�ZLOO�IRUP�WKH�EDVLV�RI�WKLV�SURJUDPPH�7KH�ZRUNVKRS�ZLOO�EULQJ�WRJHWKHU�UHVHDUFKHUV��SROLF\�PDNHUV��DQG�VXSSOLHUV�RI�VWDWLVWLFDO�GDWDDQG�WKRVH�ZKR�ZLOO�EH�FRPSLOLQJ�WKH�HPLVVLRQ�LQYHQWRULHV�
0RQLWRULQJ
7KLV�LQWURGXFWLRQ�RYHUYLHZV�WKH�VWDWH�RI�WKH�DUW�RQ�HPLVVLRQ�PRQLWRULQJ�DQG�WKH�TXDOLW\�RI�WKHHPLVVLRQ�GDWD�DQG�VNHWFKHV�WKH��LQWHU�QDWLRQDO�DSSURDFK�WR�LPSURYHPHQW�RI�HPLVVLRQ�GDWD��,W�LVWKH� VWDUWLQJ� SRLQW� IRU� WKLV� PHHWLQJ� RI� WKRVH� LQYROYHG� LQ� WKH� HPLVVLRQ� LQYHQWRU\� LQ� WKH1HWKHUODQGV� IRU� D� GLVFXVVLRQ� RQ� WKH� LPSOHPHQWDWLRQ� RI� WKH�.\RWR� 3URWRFRO�� (VSHFLDOO\� WKHREOLJDWLRQV�IRU�WKH�1HWKHUODQGV�DUH�DGGUHVVHG��7KH�REOLJDWLRQV�IRU�WKH�\HW�WR�EH�GHYHORSHG�VR�FDOOHG�1DWLRQDO� 6\VWHP� IRU� WKH� PRQLWRULQJ� RI� JUHHQKRXVH� JDV� HPLVVLRQV� DUH�� WR� VWDUW� ZLWK�KHDY\�� WKLV�LQ�FRQVLGHUDWLRQ�RI�WKH� 
FRPSOLDQFH¶�V\VWHP�WR�EH�GHYHORSHG��ZKLFK� LV�JHDUHG� WRPRQLWRULQJ� RI� FRXQWULHV� WR� VHH� LI� WKH\� DUH� PHHWLQJ� WKHLU� REOLJDWLRQV�� %HVLGHV�� WKLV� LW� LVLPSRUWDQW� IRU� WKH� DSSOLFDWLRQ� RI� IOH[LEOH� WRROV� �-RLQW� ,PSOHPHQWDWLRQ�� &OHDQ� 'HYHORSPHQW0HFKDQLVP� DQG� (PLVVLRQ� 7UDGHRIIV��� 7KLV� LQWURGXFWLRQ� ZDV� WR� VHUYH� DV� EDFNJURXQGLQIRUPDWLRQ� IRU� SDUWLFLSDQWV� WR� WKH� ZRUNVKRS� 
� 0RQLWRULQJ� JUHHQKRXVH� JDVHV
� KHOG� LQ%LOWKRYHQ��7KH�1HWKHUODQGV�RQ���6HSWHPEHU������
0HWKRGRORJ\
$FFRUGLQJ�WR�LQWHUQDWLRQDO�DJUHHPHQWV�WKH�1HWKHUODQGV�VKRXOG�GHWHUPLQH�DQG�UHSRUW�\HDUO\�WKH�WUHQGV� LQ��JUHHQKRXVH�JDV�HPLVVLRQV��5HSRUWLQJ� LV�GRQH�WR� WKH�&RQIHUHQFH�RI�3DUWLHV� WR� WKH&OLPDWH�&RQYHQWLRQ�RI�WKH�81�YLD�WKH�VHFUHWDULDW�LQ�%RQQ�DQG�WR�WKH�(XURSHDQ�8QLRQ��ZKLFKLV�DOVR�D�3DUW\�WR�WKH�&OLPDWH�&RQYHQWLRQ��,Q�WKLV�&RQYHQWLRQ�LW�KDV�EHHQ�DJUHHG�WKDW�HPLVVLRQVZRXOG�EH�HVWDEOLVKHG�IROORZLQJ�WKH�JXLGHOLQHV�IRU�JUHHQKRXVH�JDV�HPLVVLRQ�LQYHQWRULHV�RI�WKH,3&&� �������� &RXQWULHV� DUH� DVNHG� WR� XVH� WKH� EHVW� DYDLODEOH� PHWKRGV�� ,I� FRXQWU\�VSHFLILFPHWKRGV� DUH� XVHG� EHFDXVH� WKH\� DUH� EHWWHU� WKDQ� LQ� WKH� ,3&&� *XLGHOLQHV�� GHOHJDWHV� ZLOO� EHUHTXHVWHG� WR� UHSRUW� XVLQJ� D� VWDQGDUG� IRUPDW�� (PLVVLRQV� ZLOO�� LQ� JHQHUDO�� EH� GHWHUPLQHG� E\PXOWLSO\LQJ� WKH� DFWLYLW\� GDWD� �IXHO� FRQVXPSWLRQ�� QXPEHU� RI� DQLPDOV�� SURGXFWLRQ�� HWF��� E\HPLVVLRQ�IDFWRUV��HPLVVLRQ�SHU�XQLW� IXHO��DQLPDO�DQG�SURGXFWLRQ��� ,Q�GH�5HYLVHG������,3&&*XLGHOLQHV� GHIDXOW� HPLVVLRQ� IDFWRUV� DUH� LQFRUSRUDWHG�� ZKLFK� FRXQWULHV� FDQ� FKRRVH� LQ� WKHDEVHQFH� RI� EHWWHU� ILJXUHV�� +RZHYHU�� ,3&&� XUJHV� FRXQWULHV� WR� XVH� WKH� EHVW� PHWKRGV� DQGHPLVVLRQ� IDFWRUV�� 7KHVH� DUH� XVXDOO\� FRXQWU\�VSHFLILF�PHWKRGV� DQG� HPLVVLRQ� IDFWRUV�� 2Q� WKHEDVLV�RI�VFLHQWLILF�UHVHDUFK��WKH�1HWKHUODQGV�XVHV�LWV�RZQ�HPLVVLRQ�IDFWRUV�IRU�YLUWXDOO\�DOO�WKHVRXUFHV��0HWKRGV�XVXDOO\� FRQIRUP� WR� WKH� GHWDLOHG� ,3&&�PHWKRGV��7KH�PHWKRGV� XVHG� LQ� WKH1HWKHUODQGV�ZHUH�HVWDEOLVKHG�LQ������DIWHU�FRQVXOWDWLRQ�EHWZHHQ�GLIIHUHQW�UHOHYDQW� LQVWLWXWHV�5,90�� 712�� &%6�� (&1�� :DJHQLQJHQ� 8QLYHUVLW\��� 7KH� QHFHVVDU\� GDWD� IRU� WKH� DQQXDOLQYHQWRU\�ZHUH�FROOHFWHG�E\�712�LQ�WKH�IUDPHZRUN�RI�WKH�(PLVVLRQ�5HJLVWUDWLRQ�RIILFH��7KLVLQIRUPDWLRQ�LV�WKHQ�SURFHVVHG�DQG�UHSRUWHG�LQ�WKH�(PLVVLRQ�5HSRUW�IRU�WKH�6XSUHPH�,QVSHFWLRQIRU�WKH�(QYLURQPHQW�RI�WKH�0LQLVWU\��9520�+,0+���5,90�UHSRUWV�WKH�LQYHQWRU\�LQ�WKH�WUHQGDQDO\VLV� LQ� WKH� DQQXDO� (QYLURQPHQWDO� %DODQFH��1H[W� WR� WKLV� WKH�1HWKHUODQGV�PDNHV� RIILFLDOVXEPLVVLRQV� WR� WKH� 81� &OLPDWH� &RQYHQWLRQ� VHFUHWDULDW� DQG� WKH� (XURSHDQ� 8QLRQ� LQ� DQQXDOUHSRUWV�FRQIRUPLQJ�WR�WKH�,3&&�IRUPDW�
5HOLDELOLW\
7R�JHW�D�PD[LPXP�SXEOLF�VXSSRUW�IRU�WKH�FOLPDWH�SROLFLHV�LW� LV�HVVHQWLDO�WKDW�JUHHQKRXVH�JDVHPLVVLRQ�GDWD�LV�UHOLDEOH��/DUJH�XQFHUWDLQWLHV�FDQ�DIIHFW�WKH�FUHGLELOLW\�RI�JRYHUQPHQW�SROLF\�:LOOLQJQHVV�RI�WDUJHW�JURXSV�DQG�WKH�SXEOLF�WR�FDUU\�RXW�SROLF\�PHDVXUHV�ZLOO�EH�OLPLWHG�LQ�DVLWXDWLRQ�ZKHUH�WKHUH�LV�D�ORW�RI�XQFHUWDLQW\�DERXW�HPLVVLRQ�GDWD��&HUWDLQO\�SXEOLF�VXSSRUW�ZLOOEH�ORZ�LI�PHDVXUHV�DUH�EHLQJ�FRQVLGHUHG�WKDW�DFKLHYH�D�UHGXFWLRQ�HIIHFW�RI�RQO\�D�IHZ���WKV�RI
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0WRQ�&2��HTXLYDOHQWV�SHU�\HDU��DV�VXJJHVWHG�LQ�WKH�2SWLRQ�GRFXPHQW�IRU�HPLVVLRQ�UHGXFWLRQRI�JUHHQKRXVH�JDVHV� �D�SUHSDUDWRU\� UHSRUW� WR� WKH�0LQLVWU\¶V�&OLPDWH�3ROLF\� ,PSOHPHQWDWLRQ0HPRUDQGXP��
7KH�WDEOH�EHORZ��EDVHG�RQ�WKH�MXGJHPHQW�RI�5,90�H[SHUWV�DQG�WHVWHG�GXULQJ�DQ�LQWHUQDWLRQDOZRUNVKRS� RQ� WKLV� VXEMHFW� KHOG� LQ� %LOWKRYHQ� LQ� 1RYHPEHU� ������ VKRZV� DQ� HVWLPDWH� RI� WKHUHOLDELOLW\� IRU� HPLVVLRQ� GDWD�� 7KH� XQFHUWDLQWLHV� LQ� WKH�1HWKHUODQGV
� HPLVVLRQ� LQYHQWRU\�ZLWKUHJDUG�WR�VSHFLILF�FRPSRQHQWV�DUH�D�ELW�VPDOOHU�WKDQ�WKH�LQWHUQDWLRQDO�HVWLPDWHV��KRZHYHU��ZLWKUHVSHFW�WR�WKHLU�PDJQLWXGH�WKH\�DUH�FRPSDUDEOH�

7DEOH����(PLVVLRQV� LQ� WKH�1HWKHUODQGV� �EDVH� \HDU� ����� >����� IRU�+)&V�� 3)&V� DQG�6)�@��0WRQ� &2�HTXLYDOHQWV��DQG�XQFHUWDLQW\�HVWLPDWHV�����RQ�WKH�EDVLV�RI�H[SHUW�MXGJHPHQW
*DV�VHFWRU (PLVVLRQV����� 8QFHUWDLQW\�����0WRQ�&2��HT�� ��� �0WRQ�&2��HT��&2� �FDUERQ�GLR[LGH�)RVVLO�IXHO�FRPEXVWLRQ ����� �� ���,QGXVWULDO�SURFHVVHV�)HHGVWRFNV ���� ��� ���/DQG�XVH��VLQNV� ������ �����6XEWRWDO�HPLVVLRQV ����� �� ���
&+� �PHWKDQH�(QHUJ\ ��� ��� ���$JULFXOWXUH ���� ��� ���:DVWH ���� ��� ���6XEWRWDO ���� ��� ���
1�2 �QLWURXV�R[LGH�(QHUJ\�XVH ��� ��� ���,QGXVWULDO�SURFHVVHV ��� ��� ���$JULFXOWXUH ��� ��� ���6XEWRWDO ���� ��� ���
+)&V�6)� >��@(QHUJ\�VHFWRU ��� ��� ���,QGXVWULDO��SURFHVVHV ��� ��� ���6XEWRWDO ��� ��� ���
3)&V�>��@,QGXVWULDO�SURFHVVHV ��� ���� ���6XEWRWDO ��� ���� ���
2WKHU�VHFWRUV2WKHU�VHFWRUV�VXEVWDQFHV ��� ��� ���
7RWDO�HPLVVLRQV� ����� ���� ���
2EMHFWLYHV����������� ���
7DEOH�EDVHG�RQ�DFWXDO�HPLVVLRQV� 8QFHUWDLQW\� UDQJHV�VXPPHG�IRU�DOO� VHFWRUV�RU� JDVHV�XVLQJ� WKH� VWDQGDUG� FDOFXODWLRQ� IRU� HUURU�SURSDJDWLRQ� �WRWDOHUURU�LV�WKH�URRW�RI�WKH�VXP�RI�VTXDUHV�RI�WKH�HUURU�LQ�WKH�XQGHUO\LQJ�VRXUFHV���6WULFWO\�VSHDNLQJ��WKLV�LV�RQO\�YDOLG�LI
WKH�XQFHUWDLQWLHV�PHHW�WKH�IROORZLQJ�FRQGLWLRQV��D��VWDQGDUG�QRUPDO�GLYLVLRQ��E���s VPDOOHU�WKDQ������F��VHFWRU�WRVHFWRU��VXEVWDQFH�WR�VXEVWDQFH�DUH�LQGHSHQGHQW�
7KH�SHUFHQWDJH�XQFHUWDLQW\�IRU�&2� IURP�IRVVLO�IXHOV�DV�VKRZQ�LQ�WKH�WDEOH�LV�VPDOO��FD������7KHVH�HPLVVLRQV� DULVH� IURP�FRPEXVWLRQ� SURFHVVHV�� IHHGVWRFNV� �V\QWKHWLFV�� DQG� UHILQHULHV�� ,IRQO\� FRPEXVWLRQ�SURFHVVHV� DUH� WDNHQ� LQWR� DFFRXQW�� WKH� XQFHUWDLQW\� LQ� WKH� HPLVVLRQV� LV� HYHQORZHU� �DERXW� �����7KLV� FDQ� EH�H[SODLQHG�E\� WKH�DYDLODELOLW\� LQ� WKH�1HWKHUODQGV� �� MXVW� DV� LQPRVW�RI�WKH�RWKHU�LQGXVWULDOLVHG�FRXQWULHV���RI�FRPSOHWH��GHWDLOHG�DQG�UHOLDEOH�IXHO�VWDWLVWLFV��IRUGHPDQG�DV�ZHOO�DV�VXSSO\��7KHVH�GDWD�EHFRPH�DYDLODEOH�WKURXJK�HQHUJ\�VXSSO\�VWDWLVWLFV��DQGPHDVXUHG�DQG�DGMXVWHG�IXHO�FRQVXPSWLRQ�DQG�TXHVWLRQQDLUHV�KHOG�LQ�WKH�EUDQFKHV�RI�LQGXVWU\FDUULHG� RXW� HYHU� VLQFH� WKH� HQHUJ\� FULVLV� LQ� WKH� ����V�� )URP� WKHVH� VWDWLVWLFV� LW� LV� SRVVLEOH� WRFDOFXODWH�IDLUO\�DFFXUDWHO\�KRZ�ODUJH� WKH�&2� HPLVVLRQV�IURP�WKH�FRPEXVWLRQ�SURFHVVHV�DUH�7KH� XQFHUWDLQO\� LQ� WKH� WRWDO� JUHHQKRXVH� JDV� HPLVVLRQ� LQ� WKH� 1HWKHUODQGV� LV� WKHUHIRUH



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

��

GHWHUPLQHG�WR�D�ODUJH�H[WHQW�E\�&2� HPLVVLRQV��,QFLGHQWDOO\��WKH�,3&&�KDV�VXJJHVWHG�UHFHQWO\WKDW�WKH�VWDWLVWLFDO�XQFHUWDLQW\�VKRXOG�EH�PDGH�H[SOLFLW�
7KH�XQFHUWDLQW\�LQ�WKH�HPLVVLRQ�GDWD�RI�HVSHFLDOO\�QRQ�&2� JUHHQKRXVH�JDVHV�DQG�XQFHUWDLQW\LQ�&2� VLQNV�LV�UHODWLYHO\�ODUJH��3RVVLEOH�H[SODQDWLRQV�IROORZ�� 7KH�IRFXV�RQ�JUHHQKRXVH�JDVHV�RWKHU�WKDQ�&2�� DV�DQ�HOHPHQW�RI�FOLPDWH�SROLF\�LV�UHFHQW�7KH�WUDMHFWRU\�IROORZHG�WKURXJKRXW�WKH�\HDUV�IRU�REWDLQLQJ�UHOLDEOH�&2� HPLVVLRQ�GDWD�VWLOOKDV� WR�EH� ODUJHO\�VWDUWHG�XS� IRU� WKHVH�JDVHV��RI�PDLQ�FRQFHUQ�KHUH� DUH�+)&V��3)&V�DQG6)�� ZKLFK� VWDUWHG� WR� JDLQ� DWWHQWLRQ� DIWHU� WKH�.\RWR� 3URWRFRO� ,QGHHG�� WKH� HPLVVLRQV� RIWKHVH�JDVHV��SULPDULO\�IURP�LQGXVWULDO�VRXUFHV��DUH�HDVLO\�GHWHUPLQHG��7KH�XQFHUWDLQW\�LQWKH�HVWLPDWHV�LV�GXH�WR�WKHUH�QRW�\HW�EHLQJ�JRRG�VWDWLVWLFV�RQ�WKHLU�XVH��PHDVXUHPHQW�GDWDDUH�DOVR�RQO\�DYDLODEOH�WR�D�OLPLWHG�H[WHQW�� %DFWHULRORJLFDO� SURFHVVHV� LQ� WKH� VRLO� DQG� GLJHVWLYH� WUDFWV� RI� FDWWOH� PDLQO\� GHWHUPLQHPHWKDQH�DQG�QLWURXV�R[LGH�HPLVVLRQV�IURP�DJULFXOWXUH��7KHVH�HPLVVLRQV�DUH�GHSHQGHQW�RQPDQ\�IDFWRUV�DQG�DUH�WKHUHIRUH�YDULDEOH�LQ�WLPH�DQG�VSDFH��)RU�WKLV�UHDVRQ�ODUJH�VDPSOHVDUH� QHHGHG� IRU� WKHLU� SURSHU� GHWHUPLQDWLRQ��7KHUH� LV� DOVR� D� ODFN� RI� JRRG�� FOLPDWH�SROLF\UHOHYDQW�VWDWLVWLFV�� 7KH�VDPH�JRHV�IRU�HPLVVLRQV�DQG�VLQNV�RI�&2� UHODWHG�WR�IRUHVWV�DQG�ODQG�XVH��7R�GDWH�LWKDV� QRW� SURYHQ� SRVVLEOH� WR� FRPSOHWHO\� EDODQFH� WKH� FDUERQ� EXGJHW� �H[FKDQJH� RI� FDUERQEHWZHHQ�WKH�HDUWK�DQG�DWPRVSKHUH���+RZHYHU��LQ�WKH�1HWKHUODQGV�WKLV�HIIHFW�LV�UHODWLYHO\VPDOO�
7KUHH�FRPPHQWV�RQ�7DEOH������� 7KH�XQFHUWDLQWLHV�IRU�WKH�QRQ�&2� JUHHQKRXVH�JDVHV�DQG�VLQNV��DV�SUHVHQWHG�LQ�WKH�WDEOH�DUH�EDVHG�RQ�
H[SHUW�MXGJHPHQW
�DQG�QRW�RQ�HODERUDWH�HPSLULVP�DQG�VWDWLVWLFV��7KLV�PDNHVWKHVH�XQFHUWDLQWLHV�HYHQ�PRUH�XQFHUWDLQ����� )RU�WKH�WLPH�EHLQJ�LW�LV�QRW�FHUWDLQ�LI�DOO�WKH�VRXUFHV�KDYH�EHHQ��FRPSOHWHO\��PDSSHG�RXW�:H�DUH�QRW�VXUH�LI�VWLOO�PRUH�HPLVVLRQ�FDWHJRULHV�ZLOO�KDYH�WR�EH�DGGHG�ODWHU��3DUWLFXODUO\LQ� WKH� UHGXFWLRQ� RI� 12[� FRQGLWLRQV�PD\� DULVH� FDXVLQJ� WKH� IRUPDWLRQ� RI� QLWURXV� R[LGH�$OWKRXJK�WKH�HIIHFW�LV�H[SHFWHG�WR�EH�VPDOO��IXUWKHU�UHVHDUFK�LV�GHVLUDEOH���� 7KH�XQFHUWDLQWLHV�LQ�WKH�HPLVVLRQV�IRU�WKH�EDVH�\HDU�DUH�SURMHFWHG�LQ�WKH�HPLVVLRQV�IRU�WKHEXGJHWHG� SHULRG� RI� ����� WR� ����� DQG� WKH� UHVXOWDQW� UHGXFWLRQ� HIIRUWV�� $FFRUGLQJ� WR� WKHUXOHV�IRU�FDOFXODWLQJ�WKH�HIIHFW�RI�XQFHUWDLQWLHV��DQ�XQFHUWDLQW\�PDUJLQ�RI����0WRQ�SHU�\HDU������VKRXOG�EH�PDLQWDLQHG� LI�D�UHGXFWLRQ�HIIRUW�RI����0WRQ�SHU�\HDU� LV� WR�EH� UHDOLVHG�+HUH�WKH�XQFHUWDLQWLHV�LQKHUHQW�LQ�WKH�VFHQDULRV�XVHG��DVVXPSWLRQV�IRU�SULFHV��*'3�JURZWKLQGH[�� HWF��� DUH� QRW� WDNHQ� LQWR� FRQVLGHUDWLRQ�� %HVLGHV�� LI� WKH� QHFHVVDU\� UHGXFWLRQ� HIIRUWSURYHV� WR�EH�KLJKHU� WKDQ����0WRQ�SHU�\HDU�� WKH� UHGXFWLRQ�SRWHQWLDO�ZLOO� WXUQ�RXW� MXVW� DVKLJK�
&RQFOXVLRQV
%DVHG�RQ�WKH�DERYH�PHQWLRQHG�ZH�FDQ�FRQFOXGH�WKDW����� 7KH�XQFHUWDLQW\�LQ�WKH�JUHHQKRXVH�JDV�HPLVVLRQV�LV�UHODWLYHO\�VPDOO��DERXW�����ZKHQ�WKLVLV�FRPSDUHG�WR�WKH�WRWDO�HPLVVLRQV�LQ�WKH�EDVH�\HDU��7KLV�PHDQV�WKDW�WKH�HPLVVLRQ�FHLOLQJIRU�WKH�1HWKHUODQGV��DVVLJQHG�DPRXQW�RI�����0WRQ�&2� HTXLYDOHQWV�SHU�\HDU��XQGHU�WKH.\RWR�3URWRFRO�LV��RQ�WKH�EDVLV�RI�FXUUHQW�LQVLJKWV��IDLUO\�UREXVW����� 7KH�XQFHUWDLQWLHV�LQ�WKH�HPLVVLRQV�SHU�JDV�DQG�SHU�VHFWRU�DUH�FRQVLGHUDEOH�IRU�D�QXPEHU�RIFDVHV�� 7KLV� DSSOLHV� LQ� SDUWLFXODU� WR� +)&V�� 3)&V� DQG� 6)� HPLWWHG� IURP� LQGXVWU\� DQGLQVWDOODWLRQV�� DV� ZHOO� DV� HPLVVLRQV� RI� PHWKDQH� DQG� QLWURXV� R[LGH� IURP� WKH� DJULFXOWXUDOVHFWRU�� 7KHVH� DUH� ERWK� VHFWRUV� ZKHUH� VXEVWDQWLDO� UHGXFWLRQ� SRWHQWLDOV� �FD�� ��0WRQ� &2 �HTXLYDOHQWV��DUH�H[SHFWHG�IRU�WKH�SHULRG�RI������������:LWK�D�YLHZ�WR�UHDOLVLQJ�D�FUHGLEOHLPSOHPHQWDWLRQ�RI�SROLF\��WKHVH�XQFHUWDLQWLHV�ZLOO�KDYH�WR�EH�UHGXFHG�LQ�WKH�FRPLQJ�WLPH�
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3ROLF\�FRPPLWPHQW
7KH�SROLF\�FRPPLWPHQW�IRU�HPLVVLRQ�PRQLWRULQJ�LQ�WKH�1HWKHUODQGV�IRU�WKH�FRPLQJ�\HDUV�ZLOOEH�HVWDEOLVKHG�WKURXJK�
� WKH� LQWHUQDWLRQDO� REOLJDWLRQV� FRQIRUPLQJ� WR� WKH� &OLPDWH� &RQYHQWLRQ� DQG� WKH� � .\RWR3URWRFRO�� WKH�QDWLRQDO�FOLPDWH�SROLF\��,PSOHPHQWDWLRQ�PHPRUDQGXP�RQ�&OLPDWH�3ROLF\��
�&RPSOLDQFH�WR�WKH�&OLPDWH�&RQYHQWLRQ�DQG�WKH�.\RWR�3URWRFRO
�7KH�PDLQ�REOLJDWLRQV�WDNHQ�RQ�E\�FRXQWULHV�RQ� WKH�EDVLV�RI�WKH�&OLPDWH�&RQYHQWLRQ�DQG�WKH.\RWR�3URWRFRO�� &RXQWULHV�DUH�WR�UHSRUW�WKH�SURJUHVV�DQG�LPSOHPHQWDWLRQ�RI�WKHLU�SROLF\�WR�WKH�VHFUHWDULDW�RIWKH� &OLPDWH� &RQYHQWLRQ� �E\� PHDQV� RI� D� 1DWLRQDO� &RPPXQLFDWLRQ� WKH� ILUVW� GXH� LQ� ������5HSRUWLQJ�RQ�HPLVVLRQ�WUHQGV�DQG�SURMHFWLRQV�XS�WR������ZLOO�IRUP�SDUW�RI�WKLV�UHSRUWLQJ�� &RXQWULHV�DUH�DOVR�REOLJHG�WR�UHSRUW�HPLVVLRQ�GDWD�DQQXDOO\�WR�WKH�VHFUHWDULDW�RI�WKH�&OLPDWH&RQYHQWLRQ��'XULQJ�WKH�VLJQLQJ�RI�WKH�&RQYHQWLRQ�LQ�%XHQRV�$LUHV�WKH�SDUWLHV�KDG�GHFLGHG�WRVXEMHFW�WKHVH�DQQXDO�UHSRUWV�WR�DQ�LQWHUQDWLRQDO�UHYLHZ�SURFHVV��VLPLODU�WR�WKDW�IRU�WKH�1DWLRQDO&RPPXQLFDWLRQ�� &RXQWULHV�DUH� WR�GHYHORS�D�1DWLRQDO�6\VWHP� IRU�HPLVVLRQ� LQYHQWRULHV� LQ� FRQIRUPDQFH�ZLWK$UWLFOH�����RI�WKH�.\RWR�3URWRFRO�
%HVLGHV� WKLV�� YDULRXV� HOHPHQWV� LQ� WKH� &OLPDWH� &RQYHQWLRQ� DUH� UHVXOWLQJ� DW� WKH� PRPHQW� LQLQWHUQDWLRQDO� ,3&&� DFWLYLWLHV� GLUHFWHG� WR� LPSURYLQJ� WKH� TXDOLW\� RI� HPLVVLRQ� GDWD� �DQG� WKHUHSRUWV� RQ� WKHVH� VXEPLWWHG� WR� WKH� &OLPDWH� VHFUHWDULDW��� 6XFK� DFWLYLWLHV� DUH� QHHGHG� WRVXEVWDQWLDWH� WKHPHV� OLNH� WKH� FRPSOLDQFH� UHJLPH� RI� WKH� .\RWR� 3URWRFRO� �LQFOXGLQJ� WKHYHULILFDWLRQ�RI�WKH�HPLVVLRQ�FHLOLQJ�RI�FRXQWULHV���WKH�
�DVVLJQHG�DPRXQWV
���5HOLDEOH�ILJXUHV�DUHDOVR�QHHGHG�DV�D�EDVLV�IRU� WKH�IOH[LEOH�PHFKDQLVPV� LQ� WKH�.\RWR�3URWRFRO� VXFK�DV�HPLVVLRQWUDGLQJ�DQG�-RLQW�,PSOHPHQWDWLRQ�
&RQVLGHULQJ� WKH� DERYH�PHQWLRQHG�� RQH� RI� WKH� ERGLHV� XQGHU� WKH� &OLPDWH� &RQYHQWLRQ� WKH6XEVLGLDU\�%RG\�IRU�6FLHQWLILF�DQG�7HFKQLFDO�$GYLFH��6%67$��KDV�DVNHG�WKH�,3&&�WR�GHYHORSJXLGHOLQHV� IRU� GHWHUPLQLQJ� DQG� FRPPXQLFDWLQJ� XQFHUWDLQWLHV�� DQG� IRU� WKH� PDQQHU� LQ� ZKLFKXQFHUWDLQWLHV� VKRXOG�EH�GHDOW�ZLWK�� WKHVH� DUH� WKH� VR�FDOOHG� µ*RRG�3UDFWLFH�*XLGHOLQHV¶� 7KH&OLPDWH�VHFUHWDULDW� LV�FXUUHQWO\�ZRUNLQJ�RQ� LPSURYHPHQWV� LQ� WKH�PDQQHU�RI� UHSRUWLQJ�XQGHUWKH�&OLPDWH�&RQYHQWLRQ���DQG�ODWHU�WKH�.\RWR�3URWRFRO���)RU�HPLVVLRQ�UHSRUWLQJ�FRXQWULHV�ZLOO� LQ� FRQIRUPDQFH�ZLWK� D�&RQIHUHQFH� RI� WKH� 3DUWLHV� GHFLVLRQ� LQ�.\RWR� ±� QHHG� WR� IROORZ� WKHJXLGHOLQHV�GHYHORSHG�E\�WKH�,3&&��5HYLVHG������,3&&�*XLGHOLQHV��
)RU� WKH� IXUWKHU� GHYHORSPHQW� RI� WKHVH� JXLGHOLQHV� DQG� WKH� FR�RUGLQDWLRQ� RI� LQWHUQDWLRQDODFWLYLWLHV�LQ�HPLVVLRQ�LQYHQWRULHV��WKH�,3&&��LQ�FRRSHUDWLRQ�ZLWK�WKH�,($�DQG�2(&'�LQ�3DULV�KDV�GHYHORSHG�WKH�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQWRULHV�3URJUDPPH��7KH�VHFUHWDULDW�RI�WKLV3URJUDPPH� LV� WUDQVIHUUHG� WR� -DSDQ� LQ� ������ ZKLOH� D� UHFHQWO\� HVWDEOLVKHG� ,3&&� 7HFKQLFDO6XSSRUW�8QLW�LQ�-DSDQ�ZLOO�WDFNOH�WKH�IXUWKHU�LPSOHPHQWDWLRQ�RI�WKLV�SURJUDPPH�
7KH�HPSKDVLV�RI�WKH�SURJUDPPH�DW�WKH�PRPHQW�LV�RQ�WKH�GHYHORSPHQW�RI�WKH�DERYH�PHQWLRQHGµ*RRG�3UDFWLFH�*XLGHOLQHV¶� IRU� GHWHUPLQLQJ� DQG� DGGUHVVLQJ� WKH� �LQWHUQDWLRQDO�� XQFHUWDLQWLHVIRU�JUHHQKRXVH�JDV�HPLVVLRQV��7KH�JXLGHOLQHV�WR�EH�GHYHORSHG�ZLOO�EH�FRQFHUQHG�ZLWK�WKH�ZD\LQ�ZKLFK�HPLVVLRQV�DUH�UHSRUWHG�DQG���XOWLPDWHO\���SRVVLEO\�UHGXFHG� 6FLHQWLVWV�IURP�YDULRXV'XWFK� LQVWLWXWHV� ZLWK� H[SHUWLVH� LQ� WKLV� DUHD� DUH� WDNLQJ� SDUW� LQ� WKLV� *RRG� 3UDFWLFH� HIIRUW�:DJHQLQJHQ� 8QLYHUVLW\� RUJDQLVHG� DQ� ,3&&� ([SHUW�0HHWLQJ� IURP� ������ )HEUXDU\� ����� WRLQYHVWLJDWH� WKH� XQFHUWDLQWLHV� LQ� DJULFXOWXUDO� VRXUFHV�� :LWKLQ� WKH�1DWLRQDO� *UHHQKRXVH� *DV,QYHQWRULHV�3URJUDPPH�WKHUH�LV�DOVR�VSHFLDO�IRFXV�RQ�&2� VLQNV�WKURXJK�DJULFXOWXUDO�XVH��DQG
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VRLOV� DQG� IRUHVWV�� 7KH� XQFHUWDLQWLHV� LQ� WKHVH� FDWHJRULHV� DUH� H[WUHPHO\� ODUJH�� ZKLOH� �RQ� WKHJOREDO� OHYHO�� DQG�GHSHQGLQJ�RQ� WKH�PDQQHU� LQ�ZKLFK� WKH�.\RWR�3URWRFRO� LV� LQWHUSUHWHG�� WKHFRQWULEXWLRQ�RI�VLQNV�WR�WKH�QHW�HPLVVLRQ�UHGXFWLRQ�IRU�VRPH�FRXQWULHV��86$��5XVVLD��FDQ�EH�PDWKHPDWLFDOO\�LQ�DQ\�FDVH��FRQVLGHUHG�DV�H[WUHPHO\�ODUJH�
1DWLRQDO�SROLF\
7KH�FXUUHQW�'XWFK�HPLVVLRQ�GDWD�PHHW� WKH�JXLGHOLQHV� DV�SUHVHQWO\�XSKHOG�E\� WKH� ,3&&��)RUWKLV� UHDVRQ� WKHUH� LV� QR� UHDVRQ� WR� DGDSW� 'XWFK� HPLVVLRQ� ILJXUHV� WR� WKH� ,PSOHPHQWDWLRQ0HPRUDQGXP�IRU�&OLPDWH�3ROLF\�
7KH� 1HWKHUODQGV� PXVW�� KRZHYHU�� PHHW� WKH� IXWXUH� REOLJDWLRQV� SURSRVHG� YLD� WKH� &OLPDWH&RQYHQWLRQ� 7KLV�PHDQV�WKDW�WKH�1HWKHUODQGV�PXVW�KDYH�D�QDWLRQDO�V\VWHP�DW�LWV�GLVSRVDO�IRUHVWDEOLVKLQJ�WKH�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV� WKDW�ZLOO�VWDQG�XS�WR�WKH�WHVW�RI� LQWHUQDWLRQDOFULWLFLVP��7KH� UHTXLUHPHQWV� WKDW� VXFK� D� QDWLRQDO� V\VWHP�ZLOO� XOWLPDWHO\� KDYH� WR�PHHW� KDYH�KRZHYHU��QRW�\HW�EHHQ�HVWDEOLVKHG�
.HHSLQJ� LQ� PLQG� WKH� XQFHUWDLQWLHV� RI� WKH� FXUUHQW� HPLVVLRQ� GDWD� RI� HVSHFLDOO\� WKH� RWKHUJUHHQKRXVH� JDVHV�� HIIRUWV� ZLOO� EH� QHHGHG� WR� UHGXFH� WKHVH� XQFHUWDLQWLHV�� %HVLGHV� WKH� HDUOLHUDUJXPHQW�RI�WKH�FDUU\LQJ�FDSDFLW\�RI�WDUJHW�JURXSV��VLPLODU�HIIRUWV�ZLOO�EH�QHFHVVDU\�WR�EH�DEOHWR�GHWHUPLQH�H[DFWO\�ZKDW�WKH�HIIHFW��LQ�WHUPV�RI�HPLVVLRQ�UHGXFWLRQV��ZLOO�EH�RI�WKH�PHDVXUHVWDNHQ�LQ�WKH�IUDPHZRUN�RI�WKH�,PSOHPHQWDWLRQ�0HPRUDQGXP�IRU�&OLPDWH�3ROLF\�
:LWK� D� YLHZ� WR� WKLV� WKH� ,PSOHPHQWDWLRQ� 0HPRUDQGXP� ZLOO� DQQRXQFH� WKH� VHWWLQJ� XS� DQGH[HFXWLRQ�RI�D�PRQLWRULQJ�SURJUDPPH��7KH�VXEVWDQWLDO�DQG�SURFHVV�GHVLJQ�RI�WKLV�SURJUDPPHZLOO�EH�ZRUNHG�RXW� LQ� FRRSHUDWLRQ�ZLWK� DQG�RQ� WKH� EDVLV� RI� LQVLJKWV� RI� H[SHUWV� DQG� SROLF\�PDNHUV�
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����� ,17(51$7,21$/� $&7,9,7,(6� 21� 1$7,21$/� *5((1+286(� *$6(0,66,21�,19(1725,(6
&DUROLHQ�.URH]H
(QYLURQPHQWDO�6\VWHPV�$QDO\VLV��:DJHQLQJHQ�8QLYHUVLW\

,QWURGXFWLRQ
7KH� ,3&&�2(&'�,($� 3URJUDPPH� IRU� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV� LQFOXGHV� WZRDFWLYLWLHV� WKDW� DUH� UHOHYDQW� IRU� WKH� WRSLF� RI� WKLV� ZRUNVKRS�� WKH� GHYHORSPHQW� RI� WKH� ,3&&*XLGHOLQHV�IRU�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQWRULHV�DQG��UHODWHG�WR�WKDW��WKH�GHYHORSPHQW�RI*RRG�3UDFWLFH�*XLGHOLQHV�IRU�,QYHQWRU\�3UHSDUDWLRQ�
,3&&�*XLGHOLQHV�IRU�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQWRULHV
7KH�,3&&�*XLGHOLQHV�IRU�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQWRULHV�KDYH�EHHQ�GHYHORSHG�LQ�RUGHUWR� DVVLVW� FRXQWULHV� LQ� HVWLPDWLQJ� WKHLU� QDWLRQDO� HPLVVLRQV�� 7KH� ,3&&� *XLGHOLQHV� FRQVLVW� RIPHWKRGV�IRU�WKH�TXDQWLILFDWLRQ�RI�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�HQHUJ\��LQGXVWU\��VROYHQW�DQGRWKHU� SURGXFW� XVH�� DJULFXOWXUH�� ODQG� XVH� FKDQJH� DQG� IRUHVWU\� DQG� ZDVWH�� )RU� HDFK� RI� WKHUHOHYDQW�HPLVVLRQV�DQ�HVWLPDWLRQ�PHWKRG�LQFOXGLQJ�GHIDXOW�HPLVVLRQ� IDFWRUV� LV�JLYHQ�� WKDW� LVDSSOLFDEOH�WR�DQ\�ZRUOG�FRXQWU\�RQ�WKH�EDVLV�RI�UHDGLO\�DYDLODEOH�VWDWLVWLFV�RQ�KXPDQ�DFWLYLWLHV�&RXQWULHV�DUH��KRZHYHU��QRW�REOLJHG�WR�HVWLPDWH�WKHLU�HPLVVLRQV�IROORZLQJ�WKH�GHIDXOW�PHWKRGVLQFOXGHG� LQ� WKH� ,3&&�*XLGHOLQHV�� ,QVWHDG�� WKH\� PD\� UHSRUW� DOWHUQDWLYH� HVWLPDWHV�� EDVHG� RQFRXQWU\�VSHFLILF�LQIRUPDWLRQ�
1LWURXV�R[LGH��1�2��IURP�DJULFXOWXUH�DV�DQ�H[DPSOH
7KH�,3&&�PHWKRG�IRU�HVWLPDWLQJ�1�2 HPLVVLRQV�IURP�DJULFXOWXUH�ZDV�GHYHORSHG�E\�DQ�H[SHUWJURXS�LQ�������UHYLHZHG�LQ������DQG�SXEOLVKHG�LQ�WKH�UHYLVHG�,3&&�*XLGHOLQHV�LQ�������,3&&��������7KH�H[SHUW�JURXS�FRQVLVWHG�RI�PRUH�WKDQ����VFLHQWLVWV�IURP�GLIIHUHQW�FRXQWULHV��7KH�JURXSZDV� VXEGLYLGHG� LQWR� �� VXEJURXSV�� IRFXVVLQJ� RQ� ���� HPLVVLRQV� IURP� DJULFXOWXUDO� ILHOGV�� ���HPLVVLRQV� DVVRFLDWHG� ZLWK� DQLPDO� SURGXFWLRQ� DQG� ���� LQGLUHFW� HPLVVLRQV� �H�J�� IURP� SROOXWHGVXUIDFH�ZDWHUV���7KH�VXEJURXSV�GHYHORSHG�GUDIW�FDOFXODWLRQ�PHWKRGV�ZKLFK�ZHUH� ILQDOL]HG�DW�DPHHWLQJ��7KH�PHWKRG�LV�GHVFULEHG�LQ�GHWDLO�LQ�0RVLHU�HW�DO����������&RXQWULHV�FDQ�HVWLPDWH�WKHLUDJULFXOWXUDO� 1�2 HPLVVLRQV� IROORZLQJ� WKLV� PHWKRG�� RQ� WKH� EDVLV� RI� LQIRUPDWLRQ� WKDW� FDQ� EHREWDLQHG�IURP�)$2�GDWDEDVHV��7KH�PHWKRG�LQFOXGHV�D�QLQH�VWHS�SURFHGXUH�WR�HVWLPDWH�QDWLRQDOHPLVVLRQV�IURP�WKLV�LQIRUPDWLRQ��2Q�D�JOREDO�VFDOH��WKH�PHWKRG�UHVXOWV�LQ�HPLVVLRQ�HVWLPDWHV�WKDWDUH� FRQVLVWHQW� ZLWK� WUHQGV� LQ� DWPRVSKHULF� 1�2 �.URH]H� HW� DO��� �������+RZHYHU�� WKLV� GRHV� QRWQHFHVVDULO\�LQGLFDWH�WKDW�WKH�PHWKRG�SURYLGHV�JRRG�TXDOLW\�HVWLPDWHV�RQ� WKH�QDWLRQDO� OHYHO��)RUVHYHUDO� FRXQWULHV� WKH� ,3&&�PHWKRG� UHVXOWV� LQ� KLJKHU� HVWLPDWHV� WKDQ� UHSRUWHG� LQ� WKHLU�1DWLRQDO&RPPXQLFDWLRQV��7KLV�LV�SDUWO\�D�UHVXOW�RI�PLVVLQJ�VRXUFHV�LQ�WKH�1DWLRQDO�&RPPXQLFDWLRQV��DQGSDUWO\� D� UHVXOW� RI� GLIIHUHQW� HVWLPDWLRQ� PHWKRGV� XVHG� E\� FRXQWULHV�� EDVHG� RQ� FRXQWU\�VSHFLILFLQIRUPDWLRQ�
$SSURDFKHV�WR�DVVHVV�WKH�TXDOLW\�RI�QDWLRQDO�HPLVVLRQ�LQYHQWRULHV
1DWLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHV� DUH� SUHIHUDEO\� DFFXUDWH�� FRPSOHWH�� FRPSDUDEOH�WUDQVSDUHQW� DQG�RI� JRRG�TXDOLW\��+RZHYHU�� QR� FOHDU� JXLGDQFH� H[LVWV� DV� \HW� RQ� KRZ� WR�PHHWWKHVH� UHTXLUHPHQWV�� 1RYHPEHU� ������ DQ� ,3&&� ([SHUW� PHHWLQJ� ZDV� KHOG� IRFXVVLQJ� RQ� WKHTXDOLW\� RI� JUHHQKRXVH� JDV� LQYHQWRULHV� �9DQ� $PVWHO� HW� DO��� ������� $W� WKLV� PHHWLQJ�� IRXU
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GLIIHUHQW�DSSURDFKHV�WR�DVVHVV�WKH�TXDOLW\�RI�DQ�LQYHQWRU\�ZHUH�GLVFXVVHG��/LP�DQG�%RLOHDX�������� ,QYHQWRU\�TXDOLW\�DVVXUDQFH� &RPSDULVRQ�RI�HPLVVLRQ�LQYHQWRULHV� &RPSDULVRQ�RI�HPLVVLRQ�HVWLPDWHV�ZLWK�DWPRVSKHULF�PRGHO�UHVXOWV� 'LUHFW�HPLVVLRQ�PHDVXUHPHQWV
*RRG�SUDFWLFH�LQ�LQYHQWRU\�SUHSDUDWLRQ
&XUUHQWO\��DQ�DFWLYLW\�ZLWKLQ�WKH�,3&&�2(&'�,($�3URJUDPPH�IRU�1DWLRQDO�*UHHQKRXVH�*DV,QYHQWRULHV� IRFXVHV� RQ� WKH� GHYHORSPHQW� RI� JXLGHOLQHV� IRU� JRRG� SUDFWLFH� LQ� LQYHQWRU\SUHSDUDWLRQ��7KH�REMHFWLYHV�RI�WKLV�DFWLYLW\�DUH� 7R�H[DPLQH�JRRG�SUDFWLFH�LQ�LQYHQWRU\�SUHSDUDWLRQ� 7R� RXWOLQH� SURFHGXUHV� IRU� HVWDEOLVKLQJ� FRPSOHWHQHVV�� FRPSDUDELOLW\�� WUDQVSDUHQF\� DQGTXDOLW\�RI�LQYHQWRULHV� 7R�GHYHORS�JXLGDQFH�RQ�VSHFLILF�PHWKRGRORJLFDO�DQG�UHSRUWLQJ�LVVXHV� 7R�H[DPLQH�LVVXHV�UHODWHG�WR�XQFHUWDLQW\�DVVHVVPHQW
7KHVH�LVVXHV�DUH�GLVFXVVHG�DW�IRXU�,3&&�([SHUW�0HHWLQJV��IRFXVVLQJ�RQ�LQGXVWU\��DJULFXOWXUH�HQHUJ\�DQG�ZDVWH��,Q�DGGLWLRQ��D�PHHWLQJ�ZLOO�EH�KHOG�IRFXVLQJ�RQ�XQFHUWDLQW\�DVVHVVPHQW��2QHRI� WKHVH�PHHWLQJV�ZDV�RUJDQL]HG�DW� WKH�:DJHQLQJHQ�8QLYHUVLW\��DQG�IRFXVHG�RQ�JUHHQKRXVHJDV� HPLVVLRQV� IURP� DJULFXOWXUH� �,3&&� ([SHUW� 0HHWLQJ� RQ� *RRG� 3UDFWLFH� LQ� ,QYHQWRU\3UHSDUDWLRQ��$JULFXOWXUH��)HEUXDU\�������6RPH�RI�WKH�LVVXHV�GLVFXVVHG�DW�WKLV�PHHWLQJ�LQFOXGHG� *RRG�SUDFWLFH�GHFLVLRQ�WUHHV� &RQVLVWHQF\�RI�DFWLYLW\�GDWD� $VVHVVPHQW�RI�WKH�QLWURJHQ�F\FOH�LQ�LQYHQWRULHV� ,QWHUUHODWLRQV�EHWZHHQ�HVWLPDWHV�RI�PHWKDQH��QLWURXV�R[LGH��DPPRQLD�DQG�QLWURJHQ�R[LGHHPLVVLRQV� +RZ�WR�WDNH�LQWR�DFFRXQW�WHPSRUDO�YDULDWLRQ� *XLGDQFH�WRZDUGV�FROOHFWLRQ�RI�FRXQWU\�VSHFLILF�LQIRUPDWLRQ
0RQLWRULQJ�RI�HPLVVLRQ�UHGXFWLRQ
7KH� ,3&&� *XLGHOLQHV� ZHUH� SULPDULO\� GHYHORSHG� WR� TXDQWLI\� SUHVHQW�GD\� HPLVVLRQV�� ZKLFKGRHV�QRW�QHFHVVDULO\�PHDQ�WKDW�WKH\�FDQ�EH�XVHG�IRU� WKH�PRQLWRULQJ�RI�DOO�SRVVLEOH�HPLVVLRQUHGXFWLRQ�VWUDWHJLHV��7KHUH�PD\�EH�SROLF\�RSWLRQV�� IRU�ZKLFK�WKH�PHWKRGRORJLHV� LQFOXGHG� LQWKH� ,3&&� *XLGHOLQHV� PD\� QRW� EH� VXIILFLHQWO\� GHWDLOHG� WR� DVVHVV� WKHLU� HIIHFWV�� ,W� ZRXOG� EHXVHIXO��WKHUHIRUH��WR�WDNH�WKLV�LQWR�DFFRXQW�ZKHQ�HYDOXDWLQJ�WKH�,3&&�*XLGHOLQHV�LQ�WKH�IXWXUH�
5HIHUHQFHV
,3&&��������5HYLVHG������,3&&�*XLGHOLQHV�IRU�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQWRULHV� 2(&'�3DULV.URH]H�&���$��0RVLHU�DQG�/��%RXZPDQ��������&ORVLQJ�WKH�JOREDO�1�2 EXGJHW��$�UHWURVSHFWLYHDQDO\VLV������������*OREDO�%LRJHRFKHPLFDO�&\FOHV���������/LP�%�DQG�3��%RLOHDX��������0HWKRGV�IRU�DVVHVVPHQW�RI�LQYHQWRU\�GDWD�TXDOLW\��LVVXHV�IRU�DQ,3&&�H[SHUW�PHHWLQJ��(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\��� ��������0RVLHU�$���&��.URH]H��&��1HYLVRQ��2��2HQHPD��6��6HLW]LQJHU��DQG�2��9DQ�&OHHPSXW�������&ORVLQJ� WKH� JOREDO� DWPRVSKHULF� 1�2 EXGJHW�� 1LWURXV� R[LGH� HPLVVLRQV� WKURXJK� WKHDJULFXOWXUDO�QLWURJHQ�F\FOH��1XWULHQW�&\FOLQJ�LQ�$JURHFRV\VWHPV�������������9DQ� $PVWHO� $��� /�� -DQVVHQ� DQG� %�� /LP� �HGV��� ������ *UHHQKRXVH� *DV� ,QYHQWRU\� 4XDOLW\�6SHFLDO��,VVXH��(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\�� ����
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����� 1$7,21$/� 32//87$17� (0,66,21� 5(*,67(5� ,1� 7+(1(7+(5/$1'6
3LHWHU�)�-��YDQ�GHU�0RVW�DQG�*HHUW�YDQ�*URRWYHOG
0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW�,QVSHFWRUDWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ�'HSDUWPHQW�IRU�0RQLWRULQJ�DQG�,QIRUPDWLRQ�0DQDJHPHQW�3�2��%R[�������������*;��7KH�+DJXH��7KH�1HWKHUODQGV�7HO�����������������)D[�����������������(�PDLO��PL#LPK�KL�GJP�PLQYURP�QO

>3DSHU�DOVR�VXEPLWWHG� WR�WKH�3DQJRYHUQPHQWDO�PHHWLQJ� �³'HYHORSPHQW�RI�DQ�(QYLURQPHQWDO0RQLWRULQJ� 6\VWHP� LQ� WKH� (XURSHDQ� 5HJLRQ´�� 'HFHPEHU� ����� ������ 0RVFRZ�� 5XVVLDQ)HGHUDWLRQ�@
$EVWUDFW
6LQFH� ����� DQ� LQWHJUDWHG� GDWDEDVH� RI� HPLVVLRQV� DQG� VXSSRUWLQJ� LQIRUPDWLRQ� LV� SUHVHQW� LQ� 7KH1HWKHUODQGV��7KLV�GDWDEDVH�KDV�GHYHORSHG�LQWR�WKH�QDWLRQDO�UHJLVWHU�FRQWDLQLQJ�DOO� LQIRUPDWLRQ�DERXWHPLVVLRQV�WKDW�DOO�DFWRUV�LQ�WKH�ILHOG�KDYH�DJUHHG�XSRQ��7KLV�QDWLRQDO�3ROOXWDQW�(PLVVLRQ�5HJLVWHU�LV�WKHHTXLYDOHQW� RI� WKH� QDWLRQDO�3ROOXWDQW�5HOHDVH� DQG�7UDQVIHU�5HJLVWHU� �3575�� LQ�7KH�1HWKHUODQGV�� 7KH3ROOXWDQW�(PLVVLRQ�5HJLVWHU�LV�RQH�RI�WKH�PDLQ�WRROV�LQ�WKH�PRQLWRULQJ�RI�WDUJHW�JURXSV�DQG�LV�WKH�PDLQVRXUFH�RI� LQIRUPDWLRQ�DERXW� HPLVVLRQV�RQ�D� UHJLRQDO�� QDWLRQDO� DQG� LQWHUQDWLRQDO� OHYHO�� 7KH� HPLVVLRQGDWD�LQ�WKH�FHQWUDO�QDWLRQDO�GDWDEDVH�DUH�GLVVHPLQDWHG�WR�DOO�LQWHUHVWHG�SDUWLHV�LQFOXGLQJ�WKH�SXEOLF�E\PHDQV�RI�UHSRUWV�XVLQJ�DOVR�&'�520�DQG�,QWHUQHW�

,QWURGXFWLRQ
7KH� QDWLRQDO� 3ROOXWDQW� (PLVVLRQ� 5HJLVWHU� �3(5�� FRPSULVHV� WKH� UHJLVWUDWLRQ�� DQDO\VLV�ORFDOLVDWLRQ�DQG�SUHVHQWDWLRQ�RI�HPLVVLRQ�GDWD�RI�ERWK�LQGXVWULDO�DQG�QRQ�LQGXVWULDO�VRXUFHV�LQ7KH�1HWKHUODQGV��7KH�3(5�LV�XVHG�DV�WKH�QDWLRQDO�LQVWUXPHQW�WR�PRQLWRU�WKH�HPLVVLRQV�IURPDOO�VRXUFH�FDWHJRULHV�WR�DOO�FRPSDUWPHQWV�RQ�D��VXE���QDWLRQDO�VFDOH�>�@��(PLVVLRQV�DUH�JDWKH�UHG�IURP�DOO�VRXUFH�FDWHJRULHV��EHLQJ�LQGXVWU\��SXEOLF�XWLOLWLHV��WUDIILF��KRXVHKROGV��DJULFXOWXUHDQG� QDWXUDO� VRXUFHV��$JUHHPHQW� DERXW� GHILQLWLRQV��PHWKRGV� DQG� HPLVVLRQ� IDFWRUV�� EDVHG� RQUHSRUWV�E\�H[SHUW�JURXSV�� LV� DFKLHYHG� LQ� WKH�&RRUGLQDWLRQ�&RPPLWWHH� IRU� WKH�0RQLWRULQJ�RI7DUJHW�*URXSV��&&'0��
7KH� HPLVVLRQ� GDWD� DUH� XSGDWHG� HYHU\� \HDU�� 7KH� UHVXOWV� DUH� UHSRUWHG� \HDUO\� LQ� D� MRLQW� SX�EOLFDWLRQ�ZLWK� WKH�RWKHU�DFWRUV� LQ� WKH� ILHOG�DQG� VWRUHG� LQ� WKH� FHQWUDO�QDWLRQDO�GDWDEDVH�� IURPZKLFK� LQIRUPDWLRQ� IRU�SROLF\�RU� UHVHDUFK�DSSOLFDWLRQV� LV�SURYLGHG��7KH�DLP�RI� WKH�HPLVVLRQLQYHQWRU\� LV� WR� VXSSRUW� WKH� HQYLURQPHQWDO� SROLF\� RI� WKH� JRYHUQPHQW� DQG� WR� PRQLWRU� WKHSURJUHVV�RI�HQYLURQPHQWDO�SROLF\��7KH�DQQXDO�XSGDWH�RI�WKH�HPLVVLRQ�GDWD�HQDEOHV�WKH�XVHU�WRDQDO\VH� WUHQGV� LQ� WKH�HPLVVLRQ�GDWD� DQG� WR� DVVHVV� LQ�ZKDW� UHVSHFW� HQYLURQPHQWDO� WDUJHWV� DUHDFKLHYHG�� 7KHVH� HQYLURQPHQWDO� WDUJHWV� KDYH� EHHQ� VHW� LQ� WKH�1DWLRQDO� (QYLURQPHQWDO� 3ROLF\3ODQ�WKDW�ZLOO�EH�UHYLVHG�LQ������>�@�
7KH� ,QVSHFWRUDWH� IRU� (QYLURQPHQWDO� 3URWHFWLRQ� �,0+�� LV� RZQHU� RI� WKH� 3ROOXWDQW� (PLVVLRQ5HJLVWHU� �3(5�� DQG� LV� UHVSRQVLEOH� IRU� WKH� RYHUDOO� PDQDJHPHQW� DQG� FR�RUGLQDWLRQ� RI� DOODFWLYLWLHV�ZLWK�UHVSHFW�WR�WKH�3(5��3DUW�RI�WKH�RSHUDWLRQDO�DFWLYLWLHV�KDV�EHHQ�FRPPLVVLRQHG�WR
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RWKHU� LQVWLWXWHV��7KH�2UJDQLVDWLRQ� IRU�$SSOLHG� 6FLHQWLILF�5HVHDUFK� �712�� FROOHFWV� HPLVVLRQGDWD�RI�WKH�ODUJH�SRLQW�VRXUFHV�DQG�FDUULHV�RXW�WKH�SURFHVVLQJ�DQG�SXEOLFDWLRQ�RI�WKH�HPLVVLRQGDWD�� 7KH� 1DWLRQDO� ,QVWLWXWH� IRU� 3XEOLF� +HDOWK� DQG� (QYLURQPHQW� �5,90�� FDUULHV� RXW� WKHPDLQWHQDQFH�RI�WKH�LQIRUPDWLRQ�V\VWHPV��%RWK�712�DQG�5,90�DUH�FRQWUDFWRUV�LQ�FRPPLVVLRQRI�WKH�,QVSHFWRUDWH�
$OO�DFWLYLWLHV�E\�WKH�,QVSHFWRUDWH��712�DQG�5,90�DUH�VXEMHFW�WR�D�TXDOLW\�V\VWHP�DFFRUGLQJ�WR,62� ������7KLV� TXDOLW\� V\VWHP� KDV� EHHQ� LQWURGXFHG� LQ� ����� WR� DVFHUWDLQ� WKH� TXDOLW\� RI� WKHPRQLWRULQJ� SURFHVV� UHODWHG� WR� WKH� 3(5�� 7KH� IXQFWLRQ� RI� WKH� TXDOLW\� V\VWHP� LV� DVVHVVHGSHULRGLFDOO\�
2EMHFWLYHV�RI�WKH�PRQLWRULQJ�V\VWHP
7KH�REMHFWLYHV�RI�WKH�3ROOXWDQW�(PLVVLRQ�5HJLVWHU��3(5��DUH�WKH�IROORZLQJ�� WR�PRQLWRU�DQQXDOO\�WKH�HPLVVLRQV�RI�DLU�DQG�ZDWHU�SROOXWLRQ�DV�ZHOO�DV�WKH�ZDVWH�IORZVIURP�DOO�VRXUFHV�RQ�D��VXE���QDWLRQDO�VFDOH�� WR�YHULI\�WKH�SURJUHVV�RI�HQYLURQPHQWDO�SROLF\�� WR�SURYLGH�WKH�RIILFLDO�HPLVVLRQ�GDWD�WR�QDWLRQDO�DQG�LQWHUQDWLRQDO�ERGLHV�� WR�GLVVHPLQDWH�WKH�HPLVVLRQ�GDWD�WR�WKH�SXEOLF�DQG�WR�SROOXWLRQ�WUDQVSRUW�PRGHOV�
7R�IXOILO�LWV�REMHFWLYHV�WKH�PRQLWRULQJ�V\VWHP�RI�WKH�3(5�KDV�WKH�IROORZLQJ�WDVNV�� WR�FROOHFW�DQG�GLDJQRVH�DOO�HPLVVLRQV�WR�DLU��ZDWHU�DQG�VRLO�IURP�ERWK�LQGXVWULDO�DQG�QRQ�LQGXVWULDO� VRXUFHV� LQ� 7KH� 1HWKHUODQGV� DQG� WR� VWRUH� WKH� HPLVVLRQ� GDWD� LQ� D� FHQWUDOGDWDEDVH��LQ�WKH�QHDU�IXWXUH�ZDVWH�GDWD�ZLOO�EH�LQFOXGHG�WRR�� WR� DQDO\VH� WKH� HPLVVLRQ� GDWD� ZLWK� UHVSHFW� WR� SROOXWDQW�� WDUJHW� JURXS� DQG� LQGXVWULDOEUDQFKHV��WR�HQYLURQPHQWDO�WKHPH�DQG�WR�WKH�ORFDWLRQ�RI�WKH�VRXUFHV�� WR� DVVHVV� WKH� HIIHFWV� RI� HQYLURQPHQWDO� SROLF\� DQG� WR� HYDOXDWH� WR� ZKDW� H[WHQW� SROLF\WDUJHWV�IRU�HPLVVLRQ�UHGXFWLRQ�DUH�DFKLHYHG�� WR� DVFHUWDLQ� WUHQGV� LQ� WKH� HPLVVLRQ� GDWD� E\� HYDOXDWLQJ� WKH� UHVXOWV� IRU� WKH� VXEVHTXHQWLQYHQWRU\�\HDUV�� WR� SURYLGH� HPLVVLRQ� GDWD� WR� QDWLRQDO� �H�J�� SURYLQFHV�� DQG� LQWHUQDWLRQDO� �H�J�� (&(�DXWKRULWLHV�DQG�WR�RWKHU�LQWHUHVWHG�SDUWLHV�DQG�WKH�SXEOLF�
7KH�PRQLWRULQJ�V\VWHP�RI�WKH�3(5�FRPSULVHV�WZR�FRQQHFWHG�LQIRUPDWLRQ�V\VWHPV�� WKH� LQGLYLGXDO� V\VWHP� �,(,��� FRQWDLQLQJ� HPLVVLRQV� WR� DLU��ZDWHU� DQG� VRLO� IRU� LQGXVWULDOODUJH� SRLQW� VRXUFHV�� 7KHVH� LQGXVWULHV� DUH� UHJLVWHUHG� LQGLYLGXDOO\� EDVHG� XSRQ� GHWDLOHGLQIRUPDWLRQ�RI�HDFK�LQGLYLGXDO�VLWH�� WKH�FROOHFWLYH�V\VWHP��&(,���ZKLFK�LV�D�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP��*,6���FRQWDL�QLQJ�VSDWLDO� UHVROYHG�HPLVVLRQ�GDWD��7KLV�V\VWHP� LQFOXGHV�HPLVVLRQV� IURP�DOO� VRXUFHV�LQGXVWULDO� DV� ZHOO� DV� QRQ�LQGXVWULDO� LQFOXGLQJ� WKH� ,(,� GDWD� LQ� DJJUHJDWHG� IRUP�� 7KHHPLVVLRQV�RI�WKH�VPDOO�DQG�PHGLXP�VL]HG�HQWHUSULVHV�DV�ZHOO�DV�QRQ�LQGXVWULDO�GLIIXVHVRXUFHV� DUH� FDOFXODWHG� FROOHFWLYHO\� ZLWK� VWDWLVWLFDO� GDWD� RQ� VSHFLILF� DFWLYLW\� UDWHV� DQGHPLVVLRQ�IDFWRUV�

3RVLWLRQ�ZLWKLQ�PRQLWRULQJ
7KH�SURJUHVV�RI�HPLVVLRQ�UHGXFWLRQV��DV�PHQWLRQHG�LQ�WKH�1DWLRQDO�(QYLURQPHQWDO�3ROLF\�3ODQ�LV�FRQWUROOHG�E\�PRQLWRULQJ�WKH�HPLVVLRQV�RI�WKH�GLIIHUHQW�VRXUFH�FDWHJRULHV�RU�WDUJHW�JURXSV�7KLV� SURFHVV� LV� PRQLWRUHG� E\� WDUJHW� JURXS� RULHQWHG� H[SHUW� JURXSV� DQG� FRRUGLQDWHG� E\� WKH&RRUGLQDWLRQ�&RPPLWWHH�IRU�WKH�0RQLWRULQJ�RI�7DUJHW�*URXSV��&&'0���$QQXDOO\�WKH�&&'0HVWDEOLVK�WKH�OLVW�RI�SROOXWDQWV�WR�EH�LQFRUSRUDWHG�LQ�WKH�WDUJHW�JURXS�PRQLWRULQJ�SURJUDPPH�)RU� HDFK� WDUJHW� JURXS� DQ� H[SHUW� JURXS� LV� HODERUDWLQJ� WKH� SURFHGXUHV� DQG� PHWKRGV� RI� WKHFRPSOHWH�PRQLWRULQJ�SURFHVV�LQWR�D�SURWRFRO��$OO�SDUWLHV�LQYROYHG�KDYH�WR�DJUHH�RQ�WKH�FRQWHQWRI�WKDW�SURWRFRO�
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7KH� &&'0� LV� WKH� QDWLRQDO� FR�RUGLQDWLRQ� FRPPLWWHH� IRU� WKH� DFWLYLWLHV� RI� H[SHUW� JURXSVGHGLFDWHG�WR�WKH�IROORZLQJ�VRXUFH�FDWHJRULHV�� $JULFXOWXUH��LQFOXGLQJ�QRQ�DQWKURSRJHQLF�VRXUFHV�� 7UDIILF�DQG�WUDQVSRUW��LQFOXGLQJ�URDG��UDLO�DQG�DLU�WUDIILF�DQG�VKLSSLQJ�� )DFLOLWLHV�� LQFOXGLQJ� LQGXVWULDO� VLWHV� DQG� VPDOO� DQG� PHGLXP�VL]HG� HQWHUSULVHV�� SRZHUSODQWV��RLO�UHILQHULHV�DQG�ZDVWH�LQFLQHUDWRUV�� :DVWH�GLVSRVDO�VLWHV�RU�ODQGILOOV�� &RQVXPHUV��LQFOXGLQJ�DOO�UHVLGHQWLDO�UHODWHG�HPLVVLRQV�� 2WKHU�VPDOO�VRXUFH�FDWHJRULHV��H�J��GULQNLQJ�ZDWHU�FRPSDQLHV��VHZDJH�WUHDWPHQW�SODQWV�UHVHDUFK�LQVWLWXWHV��WUDGH�DQG�JRYHUQPHQW�� ,QWHUQDWLRQDO�DVSHFWV��FRQFHUQLQJ�WKH�VXSSO\�RI�PRQLWRULQJ�GDWD�WR�WKH�(XURSHDQ�8QLRQDQG�RWKHU�LQWHUQDWLRQDO�ERGLHV�
(DFK�H[SHUW�JURXS�IRUPXODWHV�D�SURWRFRO�IRU�WKH�PRQLWRULQJ�SURFHVV�ZLWK�UHVSHFW�WR�LWV�VSHFLILFWDUJHW�JURXS��7KH�PRQLWRULQJ�SURFHVV�FRPSULVHV�WKH�IROORZLQJ�ILYH�VWHSV�
���'DWD�FROOHFWLRQ � WKH�LQIRUPDWLRQ�IORZ�IURP�WKH�VWDNHKROGHUV�WR�WKH�UHJXODWRU\�ERGLHVRU�WKH�FRPSHWHQW�DXWKRULWLHV�LV�GHVFULEHG��7KLV�GHVFULSWLRQ� LQFOXGHVGHWDLOV�DERXW�WKH�QDWXUH�RI�WKH�GDWD����'DWD�YDOLGDWLRQ � WKH�TXDOLW\�RI�WKH�GDWD�LV�YHULILHG��7KLV�LQFOXGHV�WKH�TXDOLW\�DVVXUDQFHE\ WKH� VXSSO\LQJ� SDUW\� DV� ZHOO� DV� WKH� TXDOLW\� FRQWURO� E\� WKHUHJXODWRU\�ERGLHV�RU�RWKHU�FRPSHWHQW�DXWKRULWLHV����'DWD�VWRUDJH� WKH� ,QVSHFWRUDWH� IRU�(QYLURQPHQWDO�3URWHFWLRQ�PDNHV�DSSRLQWPHQWVZLWK�DOO�VXSSOLHUV�RI�LQIRUPDWLRQ�DERXW�SROOXWLQJ�VRXUFHV�DQG�JDWKHUVWKH� UHTXLUHG� GDWD�� 7KHVH� GDWD� DUH� LPSOHPHQWHG� LQWR� WKH� FHQWUDOGDWDEDVH�RI�WKH�(PLVVLRQ�,QYHQWRU\�6\VWHP�FRQWDLQLQJ�WKH�QDWLRQDOHPLVVLRQ�GDWD����'DWD�PDQDJHPHQW LQ�FORVH�FRRSHUDWLRQ�ZLWK�WKH�FRPSHWHQW�DXWKRULWLHV�WKH�,QVSHFWRUDWHIRU� (QYLURQPHQWDO� 3URWHFWLRQ� KDQGOHV� WKH� HPLVVLRQ� GDWD� LQ� VXFK� DZD\��WKDW�SUHVHQWDWLRQ�RQ�GLIIHUHQW�OHYHOV�RI�DJJUHJDWLRQ�LV�SRVVLEOHWR�IXOILO�WKH�UHTXLUHPHQWV�RI�WKH�VWDNHKROGHUV�RU�RWKHU�XVHUV����'DWD�GLVVHPLQDWLRQ� GDWD�IURP�WKH�FHQWUDO�QDWLRQDO�GDWDEDVH� LV�SXEOLFO\�DYDLODEOH� DQG� LVUHSRUWHG� LQ� WKH� DQQXDO� 1DWLRQDO� (PLVVLRQ� 5HSRUW�� HGLWHG� E\� WKH,QVSHFWRUDWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ��)XUWKHUPRUH�WKH�HIIRUW�LVDLPHG� DW� WKH� GLVVHPLQDWLRQ� RI� HPLVVLRQ� GDWD� WR� WKH� SXEOLF� RQ�&'�520�DV�ZHOO�DV�E\�XVLQJ�WKH�WHFKQLFDO�SRVVLELOLWLHV�RI�GDWDZDUHKRX�VLQJ�WR�SURYLGH�GDWD�WR�WKH�,QWHUQHW�
$FW�RQ�HQYLURQPHQWDO�UHSRUWLQJ
7KH� SXUSRVH� RI� WKH� PRQLWRULQJ� V\VWHP� LV� WR� VXSSRUW� WKH� HQYLURQPHQWDO� SROLF\� RI� WKHJRYHUQPHQW��FRPSULVLQJ�WKH�PRQLWRULQJ�RI�WKH�SURJUHVV�RI�HQYLURQPHQWDO�SROLF\��7KH�\HDUO\XSGDWH�RI�WKH�HPLVVLRQ�GDWD�HQDEOHV�WR�DQDO\VH�WUHQGV�LQ�WKH�HPLVVLRQ�GDWD�DQG�WR�WHVW�LQ�ZKDWUHVSHFW�HQYLURQPHQWDO�WDUJHWV�DUH�DFKLHYHG�
7KH�JUHDWHU�SDUW�RI�WKH�HPLVVLRQV�RI�WR[LF�VXEVWDQFHV�IURP�LQGXVWULDO�VRXUFHV�LV�FRQWUROOHG�E\OLFHQVHV� JUDQWHG� E\� WKH� FRPSHWHQW� DXWKRULWLHV�� 7KHVH� UHJXODWRU\� ERGLHV� DUH� LQ� PRVW� FDVHVSURYLQFHV�� ZDWHU� ERDUG� DXWKRULWLHV� RU� PXQLFLSDOLWLHV�� 8QWLO� QRZ� WKH� 'HSDUWPHQW� IRU0RQLWRULQJ� DQG� ,QIRUPDWLRQ�PDQDJHPHQW� RI� WKH� ,QVSHFWRUDWH� IRU� (QYLURQPHQWDO� 3URWHFWLRQKDV� EHHQ� SURYLGHG� \HDUO\�ZLWK� WKH� QDWLRQ�ZLGH� HPLVVLRQ� GDWD� RI� DERXW� ����PDMRU� IDFLOLWLHV�ZLWK� DOWRJHWKHU� DERXW� ����� SODQWV�� RQ� D� YROXQWDU\� EDVLV�� $V� D� UHVXOW� RI� WKH� DFW� RQHQYLURQPHQWDO� UHSRUWLQJ� UHGXFWLRQ� RI� WKH� HPLVVLRQV� LV� FRQWUROOHG� E\� FRYHQDQWV� EHWZHHQLQGXVWULDO� VHFWRUV� DQG� JRYHUQPHQW�� %DVHG� RQ� WKHVH� FRYHQDQW� DJUHHPHQWV� HQYLURQPHQWDOEXVLQHVV� UHSRUWV� DUH� GUDZQ� XS� IRU� LQGLYLGXDO� LQGXVWULDO� VLWHV�� 7KH� LQIRUPDWLRQ� DERXW� WKH
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LQGXVWULDO�HPLVVLRQ�GDWD�IURP�WKHVH�HQYLURQPHQWDO�EXVLQHVV�UHSRUWV�LV�LPSRUWHG�LQWR�WKH�FHQWUDOQDWLRQDO�GDWDEDVH�
$ FORVH� FRQQHFWLRQ� H[LVWV� EHWZHHQ� WDUJHW� JURXS� PRQLWRULQJ� DQG� WKH� DQQXDO� HQYLURQPHQWDOUHSRUWV�WKDW�WKH�ODUJH�LQGXVWULDO�VLWHV�ZLOO�KDYH�WR�SURGXFH��7KHVH�DQQXDO�UHSRUWV�DUH�SDUW�RI�WKHOHJDO� IUDPHZRUN� DQG� ZLOO� EH� PDGH� SXEOLF� EHIRUH� $SULO� �VW� RI� HDFK� \HDU�� $ERXW� ���� PRVWSROOXWLQJ� FRPSDQLHV� LQ� WKH� FRXQWU\� KDYH� WR� SURGXFH� HQYLURQPHQWDO� UHSRUWV��7KLV� REOLJDWLRQZLOO�EH�PDQGDWRU\�IURP�WKH�UHSRUWLQJ�\HDU������RQZDUGV�
,Q� WKH� HQYLURQPHQWDO� UHSRUW� D� IDFLOLW\� LV� REOLJHG� WR� UHSRUW� \HDUO\� RQ� LWV� HQYLURQPHQWDOSHUIRUPDQFH�DV�ZHOO�DV�RQ�LWV�HQYLURQPHQWDO�PDQDJHPHQW�V\VWHP��7KHVH�WZR�WRSLFV�KDYH�WR�EHSUHVHQWHG�ERWK�LQ�D�UHSRUW�WR�WKH�SXEOLF�DQG�LQ�D�UHSRUW�WR�WKH�JRYHUQPHQW��7KH�UHSRUWV�PD\�EHFRPELQHG��EXW�GLIIHUHQFHV� LQ�SUHVHQWDWLRQ�DUH� DOORZHG��7KH� UHSRUW� IRU� WKH� JRYHUQPHQW�PXVWSUHVHQW� TXDQWLWDWLYH� GDWD� IRU� DOO� UHOHYDQW� SROOXWDQWV� HPLWWHG� RU� UHOHDVHG� E\� WKH� IDFLOLW\�� 7KHSXEOLF�UHSRUW�KDV�WR�REH\�WKH�(XURSHDQ�VWDQGDUGV�IRU�WKH�(0$6�GHFODUDWLRQ��ZKLOH�WKH�UHSRUWIRU� WKH� JRYHUQPHQW� KDV� WR� SURYLGH� DOO� QHFHVVDU\� LQIRUPDWLRQ� WR� PRQLWRU� WKH� SURJUHVV� RIHPLVVLRQ� UHGXFWLRQV� DV� DJUHHG� EHWZHHQ� LQGXVWU\� DQG� JRYHUQPHQW�� 7KH� JRYHUQPHQW� UHSRUWVKRXOG� EH� DQ� LQWHJUDO� VRXUFH� RI� DOO� UHSRUWLQJ� REOLJDWLRQV� IURP� LQGXVWU\� WR� JRYHUQPHQW�� 7KHILUVW�PDQGDWRU\�UHSRUWV�ZLOO�EH�SXEOLVKHG�E\�IDFLOLWLHV�LQ�WKH�\HDU������JLYLQJ�HPLVVLRQ�GDWDIRU�WKH�\HDU������
&HQWUDO�GDWDEDVH�ZLWK�QDWLRQDO�HPLVVLRQ�GDWD
$OO�HPLVVLRQ�GDWD�RI�WKH�3ROOXWDQW�(PLVVLRQ�5HJLVWHU�DUH�XSGDWHG�DQQXDOO\��7KH�VWUXFWXUH�RIWKH�FHQWUDO�GDWDEDVH�ZLWK�WKH�QDWLRQDO�HPLVVLRQ�GDWD�KDV�WKH�IROORZLQJ�WKUHH�GLPHQVLRQV��ZKLFKHQDEOHV�WKH�SUHVHQWDWLRQ�RI�WKH�HPLVVLRQ�GDWD�DW�GLIIHUHQW�OHYHOV�RI�DJJUHJDWLRQ�
���3ROOXWDQWV� 7KH�GDWDEDVH�FRQWDLQV�WKH�QHFHVVDU\�LQIRUPDWLRQ�DERXW�WKH�HPLVVLRQV�RI�DOOUHOHYDQW� VSHFLHV� RU� FRPSRXQGV�� IRU� ZKLFK� DQ� HQYLURQPHQWDO� SROLF\� RUHPLVVLRQ� UHGXFWLRQ� WDUJHW� KDV� EHHQ� IRUPXODWHG�� $GGHG� WR� WKLV� JURXS� RISROOXWDQWV� DUH� VXEVWDQFHV� IRU� ZKLFK� LQWHUQDWLRQDO� REOLJDWLRQV� UHTXLUHUHSRUWLQJ� DQG� D� OLVW� RI� SHVWLFLGHV� PRQLWRUHG� IRU� DJULFXOWXUDO� SROLFLHV�� ,Q����� WKLV� LQFOXGHV� WKH� HPLVVLRQ� GDWD� IRU� DERXW� ���� GLIIHUHQW� VXEVWDQFHVLQFOXGLQJ�ZDVWH��OLVWHG� LQ�WKH�DSSHQGL[��7KH�LQIRUPDWLRQ�DERXW� LQGLYLGXDOVXEVWDQFHV� FDQ� EH� DJJUHJDWHG� WR� WKH� OHYHO� RI� HQYLURQPHQWDO� WKHPHVGLVWLQJXLVKHG�LQ� WKH�1DWLRQDO�(QYLURQPHQWDO�3ROLF\�3ODQ��:LWK�UHVSHFW� WRWKH�HPLVVLRQV�UHOHYDQW�HQYLURQPHQWDO�WKHPHV�DUH�WKH�IROORZLQJ�� ��FOLPDWH�FKDQJH��GXH�WR�&2�� &+�� 1�2��6)� DQG�&)&V��� ��R]RQH�GHSOHWLRQ��GXH�WR�&)&V��� ��DFLGLILFDWLRQ��GXH�WR�62�� 12[� 1+���� ��HXWURSKLFDWLRQ��GXH�WR�1��DQG�3�FRPSRXQGV��� ��GLVSHUVLRQ��GXH�WR�SHVWLFLGHV�DQG�RWKHU�WR[LF�VXEVWDQFHV��
� �� 6RXUFHV� 7KH� GDWDEDVH� FRQWDLQV� SODQW� VSHFLILF� HPLVVLRQ� GDWD� RI� DOO� ODUJH� SRLQWVRXUFHV� DV� ZHOO� DV� DFWLYLW\� UDWHV� DQG� HPLVVLRQ� IDFWRUV� IRU� DOO� VPDOO� DQGPHGLXP�VL]HG� HQWHUSULVHV� DQG� GLIIXVH� VRXUFHV�� %RWK� LQGXVWULDO� DQG� QRQ�LQGXVWULDO� VRXUFHV� DUH� LQFOXGHG�� VR� WKDW� DOO� VRXUFHV� DQG� DFWLYLWLHV� DUHLQFRUSRUDWHG��7KH� LQIRUPDWLRQ� DERXW� WKH� SROOXWLQJ� VRXUFHV� FDQ� EH� DJJUH�JDWHG�WR�WKH�OHYHO�RI�WDUJHW�VHFWRUV�RU�VRXUFH�FDWHJRULHV��7KH�PRVW� LPSRU�WDQW�VHFWRUV�DV�GHWHUPLQHG�LQ�WKH�1DWLRQDO�(QYLURQPHQWDO�3ROLF\�3ODQ�DUH�� ��UHILQHULHV�� ��SRZHU�SODQWV�� ��LQGXVWU\��LQFOXGLQJ�VPDOO�DQG�PHGLXP�VL]HG�HQWHUSULVHV�� ��ZDVWH�GLVSRVDO�VLWHV�� ��WUDIILF�DQG�WUDQVSRUW�
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� ��DJULFXOWXUH�� ��FRQVXPHUV�� ��PLVFHOODQHRXV��LQFOXGLQJ�QDWXUH�
���/RFDWLRQV� 7KH� GDWDEDVH� LV� OLQNHG� WR� D�*HRJUDSKLFDO� ,QIRUPDWLRQ� 6\VWHP�� 7KLV�*,6VXSSRUWV� WKH� LQWHUFRQQHFWLRQ� RI� HPLVVLRQ� GDWD� WR� WKH� ORFDWLRQ� RI� WKHVRXUFHV�� %RWK� ODUJH� SRLQW� VRXUFHV� DQG� VPDOO� DQG� GLIIXVH� VRXUFHV� DUHORFDOLVHG� LQ� D� JULG� RI� ��� NP�� 7KLV� HQDEOHV� WKH� LQIRUPDWLRQ� V\VWHP� WRSUHVHQW� WKH� HPLVVLRQ� GHQVLWLHV� RI� VSDWLDOO\� UHVROYHG� HPLVVLRQ� GDWD�� 7KHHPLVVLRQV�LQ�WKH�LQGLYLGXDO�JULG�FHOOV�FDQ�EH�DJJUHJDWHG�WR�WKH�OHYHO�RI�WKHWZHOYH�GLIIHUHQW�SURYLQFHV� LQ�WKH�FRXQWU\�� WR� WKH�YDULRXV�ZDWHU�FDWFKPHQWDUHDV�DQG�RI�FRXUVH�LQWR�QDWLRQDO�WRWDOV�

&ROOHFWLRQ�DQG�GLVVHPLQDWLRQ�RI�GDWD
7KH� GDWD� FROOHFWLRQ� LQWR� WKH� FHQWUDO� QDWLRQDO� GDWDEDVH� RI� WKH� 3(5� IROORZV� WZR� GLIIHUHQWSDWKZD\V�
/DUJH�3RLQW�6RXUFHV(PLVVLRQ�GDWD�IRU�PRVW�RI�WKH�SROOXWDQWV�LV�FROOHFWHG�IRU�HDFK�LQGLYLGXDO�IDFLOLW\�RQ�D�VLWH�E\VLWH� EDVLV�� 2QO\� FRPEXVWLRQ� HPLVVLRQV� DUH� FROOHFWHG� IRU� HDFK� LQGLYLGXDO� SODQW� GXH� WRUHJXODWLRQV�RI�WKH�(XURSHDQ�8QLRQ��)URP������RQZDUGV�WKHVH�GDWD�ZLOO�EH�UHSRUWHG�PDQGDWRU\E\ DERXW�����IDFLOLWLHV�WR�WKH�UHJXODWRU\�ERGLHV��L�H��WKH�SURYLQFHV��7KH�SURYLQFHV�ZLOO�YDOLGDWHWKH� UHSRUWHG� GDWD� DQG� VHQG� WKHP� WR� WKH� ,QVSHFWRUDWH� IRU� (QYLURQPHQWDO� 3URWHFWLRQ� WR� EHLQVHUWHG� LQWR� WKH� FHQWUDO� GDWDEDVH� RI� WKH� 3(5�� 7KH� FRPEXVWLRQ� HPLVVLRQV� RI� WKH� ODUJHFRPEXVWLRQ�SODQWV�DUH�UHSRUWHG�DQQXDOO\�WR�WKH�(XURSHDQ�8QLRQ�
6PDOO�DQG�GLIIXVH�VRXUFHV7KH�HPLVVLRQ�GDWD�IRU�WKHVH�VRXUFHV�LV�FDOFXODWHG�E\�DSSO\LQJ�VWDWLVWLFDO�LQIRUPDWLRQ�DERXW�WKHDFWLYLW\�UDWHV�RI�WKH�GLIIHUHQW�DFWLYLWLHV��%\�PXOWLSO\LQJ�DFWLYLW\�UDWHV�ZLWK�HPLVVLRQ�IDFWRUV�WKHHPLVVLRQV�DUH�HVWLPDWHG�DQG�XSGDWHG�LQ�WKH�FHQWUDO�GDWDEDVH�RI�WKH�3(5��7KH�HVWLPDWLRQ�RI�WKHZDVWH�GDWD�RFFXUV�E\�D�VLPLODU�DSSURDFK�
$IWHU�SURFHVVLQJ� WKH�GDWD� LQ� WKH�QDWLRQDO�GDWDEDVH� LV� IL[HG� IRU� D� VSHFLILF� UHSRUWLQJ� \HDU� DQGSXEOLVKHG�LQ�WKH�DQQXDO�(PLVVLRQ�5HSRUW�ERWK�RQ�SDSHU�DQG�RQ�&'�520��7KLV�SXEOLFDWLRQ�LVD MRLQW�UHVXOW�RI�WKH�HIIRUWV�RI�DOO�SDUWLHV�LQYROYHG�LQ�WKH�SURFHVV�RI�FROOHFWLQJ�DQG�KDQGOLQJ�WKHHPLVVLRQ�GDWD��7KHUHIRUH�WKH�(PLVVLRQ�5HSRUW�LV�D�FR�SURGXFWLRQ�RI�WKH�0LQLVWU\�RI�+RXVLQJ�6SDWLDO�3ODQQLQJ� DQG� WKH�(QYLURQPHQW�� WKH�0LQLVWU\� RI�7UDQVSRUW�� 3XEOLF�:RUNV� DQG�:DWHU0DQDJHPHQW�� WKH� 0LQLVWU\� RI� $JULFXOWXUH�� 1DWXUH� 0DQDJHPHQW� DQG� )LVKHULHV�� WKH� &HQWUDO%XUHDX�IRU�6WDWLVWLFV�DQG�WKH�1DWLRQDO�,QVWLWXWH�IRU�3XEOLF�+HDOWK�DQG�(QYLURQPHQW��0RUHRYHUD FRS\�RI�WKH�GDWDEDVH�LV�SURYLGHG�WR�WKH�LQVWLWXWHV�SUHSDULQJ�HQYLURQPHQWDO�UHSRUWV�DQG�DOVR�WRWKH�SURYLQFHV�WR�EH�LQWURGXFHG�LQWR� WKHLU�RZQ�LQIRUPDWLRQ�V\VWHPV�� ,Q� WKLV�ZD\�WKH�JRDO�KDVEHHQ�DFKLHYHG�WR�XVH�RQO\�RQH�FRQVLVWHQW�GDWDVHW�IRU�DOO�NLQG�RI�HQYLURQPHQWDO�UHSRUWV�ZLWKLQWKH�FRXQWU\�
,Q�WKH�QHDU�IXWXUH�D�VHOHFWLRQ�RI�WKH�QDWLRQDO�GDWDEDVH�RI�WKH�3(5�ZLOO�EH�H[WUDFWHG�LQWR�D�GDWDZDUHKRXVH�WR�EH�DFFHVVHG�E\�DOO� LQWHUHVWHG�SDUWLHV��%\�FRQQHFWLQJ�WKH�GDWD�ZDUHKRXVH� WR� WKH,QWHUQHW�WKH�HPLVVLRQ�GDWD�RI�WKH�3(5�ZLOO�EH�DFFHVVLEOH�WR�WKH�SXEOLF�
,QWHUQDWLRQDO�FRQWH[W
$V�D�UHVXOW�RI�WKH�81&('�FRQIHUHQFH�LQ�5LR�GH�-DQHLUR�LQ������WKH�2(&'�WRRN�WKH�LQLWLDWLYHWR�SURPRWH�WKH�LQWURGXFWLRQ�RI�D�QDWLRQDO�3ROOXWDQW�5HOHDVH�DQG�7UDQVIHU�5HJLVWHU��3575��LQDOO�FRXQWULHV��$IWHU�ILYH�ZRUNVKRSV�WKH�GHVLJQ�RI�D�3575�KDV�EHHQ�FRQFHLYHG�DQG�IRUPXODWHG
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LQWR�D�JXLGDQFH�PDQXDO�IRU�JRYHUQPHQWV��7KLV�3575�JXLGDQFH�GRFXPHQW�KDV�EHHQ�DFFHSWHGE\� WKH�2(&'� FRXQWULHV� LQ� ����� WRJHWKHU�ZLWK� D� FRXQFLO� UHFRPPHQGDWLRQ� RQ� LPSOHPHQWLQJ3575
V�� 7KH� 3(5�(,6� V\VWHP� LQ� 7KH� 1HWKHUODQGV� KDV� WR� EH� FRQVLGHUHG� DV� WKH� 'XWFKHTXLYDOHQW�RI�WKH�3575�
%DVLF�FKDUDFWHULVWLFV�RI�WKH�3575�LQ�JHQHUDO�DUH�WKH�IROORZLQJ�� D�3575�LV�D�QDWLRQDO�LQWHJUDWHG�HQYLURQPHQWDO�GDWDEDVH�� D�3575�LV�DQ�HIIHFWLYH�WRRO�IRU�SROOXWLRQ�SUHYHQWLRQ�� D�3575�LV�DQ�LQVWUXPHQW�WR�UHGXFH�GXSOLFDWLYH�UHSRUWLQJ�� 3575�GDWD�DUH�XVHG�E\�JRYHUQPHQW�LQ�WKH�DVVHVVPHQW�RI�HQYLURQPHQWDO�SROLF\�� 3575�UHVXOWV�DUH�PDGH�DFFHVVLEOH�WR�WKH�SXEOLF�
%HVLGHV�WKH�GHYHORSPHQW�RI�D�3575�FRRSHUDWLRQ�RFFXUV�ZLWK�RWKHU�LQWHUQDWLRQDO�RUJDQLVDWLRQVOLNH� WKH� (XURSHDQ� 8QLRQ� DQG� WKH� (XURSHDQ� (QYLURQPHQWDO� $JHQF\� �(($��� 3HULRGLFDOO\HPLVVLRQ� GDWD� DUH� SURYLGHG� WR� WKH� (($� DV� DQ� LQSXW� IRU� WKH� (XURSHDQ� LQIRUPDWLRQ� V\VWHP&25,1$,5� DQG� WKH� 81(&(�(0(3� PRQLWRULQJ� DFWLYLWLHV�� )XUWKHUPRUH� FRQWULEXWLRQV� DUHPDGH�WR�WKH�$WPRVSKHULF�(PLVVLRQ�,QYHQWRU\�*XLGHERRN��DLPLQJ�DW�DJUHHPHQW�DERXW�PHWKRGVDQG� HPLVVLRQ� IDFWRUV�� )LQDOO\� WKH� GHSDUWPHQW� IRU�0RQLWRULQJ� DQG� ,QIRUPDWLRQ�0DQDJHPHQWDFWV� DV� WKH�1DWLRQDO� 5HIHUHQFH�&HQWUH� IRU� (PLVVLRQV� IRU� WKH� EHQHILW� RI� WKH� (($� WR� VXSSO\HPLVVLRQ�GDWD�WR�LQWHUQDWLRQDO�HPLVVLRQ�LQYHQWRULHV�DQG�LQIRUPDWLRQ�V\VWHPV�
5HIHUHQFHV
>�@ 0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW�� (PLVVLRQ� GDWD� IRU� 7KH1HWKHUODQGV�������DQG�HVWLPDWHV� IRU�������3XEOLFDWLRQ�6HULHV�(PLVVLRQ� ,QYHQWRU\�QR�����7KH�+DJXH��������>�@ 1DWLRQDO�(QYLURQPHQWDO�3ROLF\�3ODQ����6HFRQG�&KDPEHU��VHVVLRQ������������6'8��7KH+DJXH��������
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$33(1',;� /,67� 2)� 68%67$1&(6� ,1&25325$7('� ,1� 7+(� 021,�725,1*�352*5$00(�,1�����
7KH�OLVW�RI�VXEVWDQFHV�PHQWLRQHG�KHUH�LV�EHLQJ�UHYLVHG�IRU�WKH�VLWXDWLRQ�LQ�WKH�\HDU�������7KHPDLQ�FKDQJHV�ZLOO�EH�LQ�WKH�FDWHJRU\�VROLG�ZDVWH�DQG�WR�D�OHVVHU�H[WHQW�LQ�WKH�SHVWLFLGHV�JURXS�7KUHVKROG� YDOXHV� KDYH� EHHQ� GHILQHG� IRU� UHSRUWLQJ� REOLJDWLRQV� RI� LQGLYLGXDO� HPLVVLRQV�� 7KHUHSRUWLQJ� WKUHVKROG� YDOXHV� DUH� JLYHQ� LQ� WKH� WDEOHV� ERWK� IRU� HPLVVLRQV� WR� DLU� DQG� WR�ZDWHU� LQNJ�\HDU�
���$125*$1,&�&203281'6
�����0HWDOV�DQG�PHWDOORLGV����� 7KUHVKROG�YDOXHV�LQ�NJ

� 7KUHVKROG�$LU ���7KUHVKROG�:DWHU
$QWLPRQ\ �� �
$UVHQLF �� �
&DGPLXP �� �
&KURPLXP ��� ��
&RSSHU � ��
0HUFXU\ � �
/HDG ��� ��
1LFNHO �� ��
6HOHQLXP � �
=LQF ��� ��

�����$QRUJDQLF�FRPSRXQGV����� 7KUHVKROG�YDOXHV�LQ�NJ
� 7KUHVKROG�$LU ���7KUHVKROG�:DWHU

$PPRQLD ���� �
1LWURJHQ�R[LGHV ������ �
'LQLWURJHQ�R[LGH ����� �
$VEHVWRV � �
&KORULGHV ���� ������
6XOSKXU�KH[DIOXRULGH �� �
)OXRULGHV ���� �����
+\GURJHQ�VXOILGH ���� �
6XOSKXU�GLR[LGH ������ �
&DUERQ�GLR[LGH ������ �
&DUERQ�PRQR[LGH ������ �
&\DQLGHV �� ��
)LQH�GXVW��30��� ����� �
&RDUVH�GXVW ����� �
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%DWWHULHV 6KLSSLQJ�ZDVWH
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*ODVV 6WUHHW�ZDVWH��PDUNHW�ZDVWH��ZDVWH�IURP�SDUNV�DQGZDWHUZD\V
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7LQXV�3XOOHV�DQG�-RKQ�YDQ�$DUGHQQH
712�(QYLURQPHQWDO�5HVHDUFK��(QHUJ\�7HFKQRORJ\�DQG�3URFHVV�,QQRYDWLRQ
3�2��%R[�����������$+�$SHOGRRUQ��7KH�1HWKHUODQGV
(�PDLO��P�S�M�SXOOHV#PHS�WQR�QO

6OLGH��

6HSWHPEHU��������

9HULILFDWLRQ��YDOLGDWLRQ
DQG XQFHUWDLQWLHV
7LQXV�3XOOHV��-RKQ�YDQ�$DUGHQQH
712 (QYLURQPHQWDO�5HVHDUFK��(QHUJ\�7HFKQRORJ\�DQG
3URFHVV�,QQRYDWLRQ

7KH�1HWKHUODQGV



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

��

6OLGH��

*UHHQKRXVH�JDV��*+*��LQYHQWRULHV�DUH�SURGXFHG�LQ�UHVSRQVH�WR�REOLJDWLRQV�GHULYHG�IURP�WKH)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH��81)&&&��3DUWLHV� WR�81)&&&�KDYH� DFFHSWHG� WKH� ,3&&������5HYLVHG�*XLGHOLQHV� WR� JXLGH� HVWLPDWLQJ*+*�HPLVVLRQV�*XLGHOLQHV�
� OLVW�VRXUFHV�DQG�VRXUFHV�VHFWRUV
� SURSRVH�GHIDXOW�HPLVVLRQ�IDFWRUV
� SURSRVH�6XPPDU\�7DEOHV�DQG�:RUNLQJ�7DEOHV
7KH�*XLGHOLQHV�ZLOO�QRW�EH� FKDQJHG� VRRQ��7KH� UHSRUWLQJ� IRUPDW�ZLOO�� 3DUWLHV� GLG� VR� IDU�QRWGHOLYHU�WKH�LQYHQWRULHV�LQ�IXOO�GHWDLO�DFFRUGLQJ�WR�WKH�UHSRUWLQJ�IRUPDW�RI�WKH�,3&&�JXLGHOLQHV�0RVW�SDUWLHV�UHSRUWHG�XVLQJ��GHULYDWLYHV�RI��WKH���6XPPDU\�7DEOHV�RQO\�7R�LQFUHDVH�WUDQVSDUHQF\�DQG�FRPSDUDELOLW\��6%67$����KDV�GHFLGHG�WR�DGRSW�D�QHZ�&RPPRQ5HSRUWLQJ�)RUPDW��&5)���3DUWLHV�DUH�HQFRXUDJHG�WR�XVH�WKLV�QHZ�&5)�IRU� WKH� WKLUG�QDWLRQDOFRPPXQLFDWLRQ��3DUWLHV�DUH�UHTXHVWHG�WR�XVH�WKH�WDEOHV�XQFKDQJHG��GR�QRW�GHOHWH�RU�DGG�URZVRU�FROXPQV��GR�QRW�FKDQJH�ODEHOV�
6%67$� DVNHG� ,3&&�:RUNLQJ� *URXS� RQ� 0DQDJHPHQW� RI� 8QFHUWDLQWLHV� WR� SURSRVH� ³*RRG3UDFWLFH´�DQG�WR�SURGXFH�JXLGDQFH�IRU�HVWLPDWLQJ�DQG�UHSRUWLQJ�XQFHUWDLQWLHV�2WKHU� UHSRUWLQJ� UHTXLUHPHQWV� �81(&(� &5/7$3�� XVH� GLIIHUHQW� GHILQLWLRQV� DQG� D� GLIIHUHQWVHFWRU�VSOLW�7KH�PDMRU�GLIIHUHQFHV�EHLQJ�
� 7HUULWRULDO��LQWHUQDWLRQDO�DLU�WUDIILF�	�VKLSSLQJ��EXQNHUV���FUXLVLQJ�DLUFUDIW
� 6KRUW�F\FOH�&�LQ�,3&&��ELRPDVV�LQ�ZDVWH��H[FOXGH�&2� LQFOXGH�RWKHU�JUHHQKRXVH�JDVHV

6HSW HPEHU ��������

, QW HU QDW LRQDO�DVSHFW V
n *+*�HPLVVLRQ�HVW LPDW LRQ

± , 3&&�*XLGHOLQHV�����
± 7KH�QHZ�&RPPRQ�5HSRU W LQJ�)RUPDW
�&5)�

± , 3&&�ZRU NLQJ�JU RXS�RQ�³0DQDJHPHQW �RI
8QFHU W DLQW LHV´

± 81(&(���(0(3�� �&25, 1$, 5�*XLGHERRN
ª 7HU U LW RU \��LQW HU QDW LRQDO�DLU FUDI W �	�VKLSSLQJ

�EXQNHUV�
ª 6KRU W �F\FOH�&��ELRPDVV�LQ�ZDVW H��H[FOXGH�&2�

LQFOXGH�RW KHU �*+*V
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� FRQVLVWHQF\�EHWZHHQ�GLIIHUHQW�UHSRUWV
� 81)&&&�
� 81(&(�&/57$3�
� (XURSHDQ�8QLRQ�

ä �$PHQGHG��&2� 0RQLWRULQJ�0HFKDQLVP�
ä /DUJH�&RPEXVWLRQ�3ODQW��/&3��'LUHFWLYH�
ä ,QWHJUDWHG�3ROOXWLRQ�3UHYHQWLRQ�DQG�&RQWURO��,33&��'LUHFWLYH�
ä (PLVVLRQ�&HLOLQJV�'LUHFWLYH�HWF�� 263$5&20�+(/&20

� UHODWLYHO\�VLPSOH�DGDSWDWLRQ�WR�FKDQJLQJ�UHSRUWLQJ�IRUPDWV�RI�LQGLYLGXDO�SURWRFROVDQG
7KLV�DSSURDFK�LV�IXOO\�FRPSDWLEOH�ZLWK�WKH�FRQFHSW�RI�D�&RPPRQ�5HSRUWLQJ�)RUPDW� �&5)��QRZ�EHLQJ�SURSRVHG�E\�WKH�81)&&&�6HFUHWDULDW�DQG�DFFHSWHG�E\�6%67$�IRU�D�WULDO�SKDVH�7KLV� PHDQV� WKDW� ZKHUH� WKH� &5)� FRQWDLQV� VHFWRUDO� EDFN� JURXQG� GDWD�� WKLV� VKRXOG� QRW� EHLQWHUSUHWHG� DV� WKH� DFWLYLW\� GDWD� DQG� HPLVVLRQ� IDFWRUV� DV� XVHG� E\� HVWLPDWLQJ� DQG� FROOHFWLQJHPLVVLRQV�� EXW� DV� LQIRUPDWLRQ� WKDW� LQFUHDVHV� WUDQVSDUHQF\� LQ� WKH� VHQVH� WKDW� LW� DOORZV� FURVVFRXQWU\�FRPSDULVRQV�
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,3&&�*XLGHOLQHV�SURYLGH�GLIIHUHQW�³7LHU´V�
� /RZHU�7LHU��³TXLFN�DQG�GLUW\´
� +LJKHU�7LHU��PRUH�GHWDLO��PRUH�LQSXW�GDWD�UHTXLUHG�

ä H[SHFWHG�WR�KDYH�KLJKHU�VFLHQWLILF�TXDOLW\��VPDOOHU������FRQILGHQFH�LQWHUYDO
6R�GLIIHUHQW�WLHUV�SURGXFH�GLIIHUHQW�HVWLPDWHV�ZLWK��H[SHFWHGO\��GLIIHUHQW�XQFHUWDLQWLHV��6R�E\DSSO\LQJ�KLJKHU�WLHU�PHWKRGV��WKH�QXPEHU�PLJKW��EXW�QHHG�QRW��FKDQJH��EXW�WKH�XQFHUWDLQWLHVVKRXOG�GHFUHDVH�)RU� &2� PRVW� SDUWLHV� �LQFOXGLQJ� WKH� 1HWKHUODQGV�� DSSO\� D� PL[HG� DSSURDFK�� XVLQJ� GHWDLOHGHVWLPDWHV�IRU�ODUJH�IXHO�XVLQJ�DFWLYLWLHV�DQG�D�VWDWLVWLFDO�DSSURDFK�IRU�WKH�VPDOOHU�VRXUFHV�7KH�,3&&�6XPPDU\�WDEOHV�UHTXHVW�LQ�DGGLWLRQ�UHSRUWLQJ� WKH�³UHIHUHQFH�DSSURDFK´��EDVHG�RQHQHUJ\�VWDWLVWLFV��(QHUJ\�%DODQFH��

� ��� ��� ��� ��� ����
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6HSW HPEHU ��������

, 3&&��7LHU HG�DSSURDFK
n /RZ�7LHU ��VLPSOH�HVW LPDW H
n +LJKHU �7LHU �

ªPRUH�LQSXW �QHHGHG
ª H[SHFW HG�W R�EH�PRUH�DFFXU DW H

n )RU �&2��
± 0L[HG�DSSURDFK�EDVHG�RQ�³)XHO�XVHG´�

n ODU JH�VRXU FHV�LQGLYLGXDOO\
n VPDOO�VRXU FHV�VW DW LVW LFDOO\

± ³5HI HUHQFH�DSSURDFK´�EDVHG�RQ�³(QHUJ\
VW DW LVW LFV´�
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$W�WKH�QDWLRQDO�OHYHO�VRPH�DGGLWLRQDO�DVSHFWV�DUH�UHOHYDQW�
� LQ�SUHSDULQJ��SHUIRUPLQJ�DQG�PRQLWRULQJ�QDWLRQDO�SROLF\��HPLVVLRQ�GDWD�DUH�QHHGHGWKDW

ä HQDEOHV�SULRULWLVDWLRQ�RI�DEDWHPHQW�PHDVXUHV
ä ZLOO� FRQYLQFH� DOO� DFWRUV� LQYROYHG� RI� WKH� HIIHFWLYHQHVV�� HIILFLHQF\� DQG� QHFHVVLW\� RIPHDVXUHV�SURSRVHG
ä VKRZ�FRQWLQXLW\�LQ�UHSRUWLQJ�DW�WKH�QDWLRQDO�OHYHO�* WHPSHUDWXUH�FRUUHFWLRQ* URDG�WUDQVSRUW�HPLVVLRQV

7KHVH�DVSHFWV�DUH�RI�ORZ�LPSRUWDQFH�IRU�WKH�LQWHUQDWLRQDO�FRPPXQLW\�
$ VHFRQG�LWHP��UHFRJQLVDEOH�IURP�WKLV�ZRUNVKRS¶V�DJHQGD�LV�WKH�UHODWLRQ�EHWZHHQ�WKH�³WDUJHWJURXSV´�GHILQHG�LQ�QDWLRQDO�HQYLURQPHQWDO�SROLF\�DQG�WKH�³,3&&�VRXUFH�VHFWRUV´�7KHVH�LVVXHV�FDQ�EH�PRUH�HDVLO\�VROYHG�ZKHQ�LQGHHG�D�FOHDU�GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�GDWDFROOHFWLRQ�DQG�UHSRUWLQJ��:KLOH�SUHSDULQJ�D�UHSRUW�WKH�GDWDEDVH�VKRXOG�EH�OHIW�XQFKDQJHG��EXWQHFHVVDU\�H[WUD�DQDO\VHV��OLNH�D�WHPSHUDWXUH�FRUUHFWLRQ��VKRXOG�EH�DSSOLHG�ZKLOH�LQWHUSUHWLQJDQG�DJJUHJDWLQJ�WKH�GDWD�LQ�WKH�LQYHQWRU\�WRZDUGV�WKH�GLIIHUHQW�UHSRUWV�

6HSW HPEHU ��������

1DW LRQDO�DVSHFW V
n 3ROLF\��FRQYLQFH�VRXU FH�VHFW RU V
�³W DU JHW �JU RXSV´�

n &RPEXVW LRQ�
± 7HPSHU DW XUH�&RU U HFW LRQ

n 7UDQVSRU W �
± ³'XW FK�7HU U LW RU \�0HW KRG´

n 5HODW LRQ�³W DU JHW �JU RXSV´�DQG�, 3&&
VRXU FH�VHFW RUV�
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7KUHH�SHUVSHFWLYHV�RQ�GDWD�TXDOLW\�
� 7KH�VFLHQWLVW�LV�ORRNLQJ�IRU�WKH�WUXWK�E\�WU\LQJ�WR�ILQG�ZHDN�VSRWV�LQ�WKHRU\�DQG�GDWD�DQGE\ IDOVLILFDWLRQ��7KH�GDWD�TXDOLW\�ZLOO�EH�KLJK�LI�WKH�GDWD�RU�SUHGLFWLRQV�EDVHG�RQ�WKHP�DUHFRQILUPHG�E\� LQGHSHQGHQW�HVWLPDWHV�� ,I� IDOVLILFDWLRQ�RFFXUV��WKH�VFLHQWLVW�ZLOO�ZRUN�RQ� LWXQWLO�KH�RU�VKH�XQGHUVWDQGV�WKH�UHDVRQV�DQG�KDV�GHULYHG�EHWWHU�GDWD�RU�D�EHWWHU�WKHRU\�
� $ SROLF\�PDNHU� LV� ORRNLQJ� IRU� DJUHHPHQW� DQG�ZLOO� WKHUHIRUH� EH�PRUH� LQFOLQHG� WRZDUGVUHDFKLQJ�FRQVHQVXV�DQG�FRPSURPLVH��,Q�PDQ\�FDVHV�D�SROLF\�PDNHU�GRHV�QRW�KDYH�HQRXJKWLPH�WR�ZDLW�XQWLO�DOO�VFLHQWLILF�SUREOHPV�DUH�VROYHG��D�FRPSDQ\�PLJKW�KDYH�DVNHG� IRU�DSHUPLW�IRU�D�QHZ�DFWLYLW\�DQG�UHJXODWLRQV�SUHVFULEH�D�GHFLVLRQ�WR�EH�PDGH�ZLWKLQ�D�JLYHQSHULRG�RI�WLPH��RU�D�FRXQWU\�KDV�WR�UHSRUW�LWV�HPLVVLRQV�DFFRUGLQJ�WR�D�SURWRFRO�EHIRUH�DFHUWDLQ� IL[HG� GDWH�� 7KH� SROLF\� PDNHU� ZLOO� KDYH� WR� GHFLGH� DOWKRXJK� D� QXPEHU� RIXQFHUWDLQWLHV�DUH�VWLOO�SUHVHQW�DQG�D�QXPEHU�RI�SKHQRPHQD�PLJKW�QRW�EH�IXOO\�XQGHUVWRRG�
� 7KH�ODZ\HU�KDV�DJDLQ�D�GLIIHUHQW�SHUVSHFWLYH��+H�RU�VKH�PLJKW�EH�LQYROYHG�LQ�FRPSOLDQFHFKHFNLQJ�DQG�ZLOO�UHJDUG�GDWD�WR�KDYH�KLJK�TXDOLW\�LI�WKH�GDWD�DUH�FRQYLQFLQJ�
7KHVH�SHUVSHFWLYHV�RQ�GDWD�TXDOLW\�ZLOO�DOVR�LQIOXHQFH�WKH�SHUVSHFWLYH�RQ�³WUXWK´�DQG�³TXDOLW\´DQG�KHQFH�RQ�YHULILFDWLRQ�DQG�YDOLGDWLRQ�RI�HPLVVLRQ�LQYHQWRU\�GDWD�DQG�RI�PRGHOV�

�

3HUVSHFW LYHV�RQ�GDW D�TXDOLW \
DQG�LQW HQGHG�XVH�RI �W KH�GDW D

3HUVSHFW LYH +LJK�TXDOL W \�LI �«

³6FLHQW LVW ´ 6FLHQW LI LF�GHEDW H��VHDUFK�I RU
ZHDNQHVVHV�DQG�HU URUV�
I DOVLI LFDW LRQ�

«�LW �SURGXFHV
SUHGLFW LRQV�W KDW
DUH�FRQI LUPHG

³3ROLF\�PDNHU ´ 3ROLW LFDO�GHEDW H��VHDUFK�I RU
FRQVHQVXV�DQG�DJUHHPHQW �
FRPSURPLVH

«�HYHU\ERG\
LQYROYHG�DJUHHV

³/DZ\HU ´ - XGLFLDO�GHEDW H��VHDUFK�I RU
SURRI �RU �GRXEW ��SHUVXDVLRQ

«�LW �FRQYLQFHV�D
M XGJH�RU �M XU\



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

��

6OLGH��

:H�UHFRJQLVH�WKUHH�OHYHOV�RI�LQYHQWRU\�TXDOLW\�
� SURFHGXUDO� TXDOLW\�� WR� EH� HVWDEOLVKHG� E\� DSSO\LQJ� ³JRRG� SUDFWLFH´� DQG� ³TXDOLW\DVVXUDQFH���TXDOLW\�FRQWURO´�SURFHGXUHV��DVVXULQJ�DGHTXDWH�GRFXPHQWDWLRQ�DQG�HUURUIUHH�DULWKPHWLF�
� WUDQVSDUHQF\� DQG� FRPSDUDELOLW\�� WR� EH� HVWDEOLVKHG� LQ� VRPH� NLQG� RI� LQWHUDFWLRQEHWZHHQ�WKH�UHVSRQVLEOH�LQYHQWRU\�FRPSLOHU�DQG�WKH�UHFHLYLQJ�ERG\�DVVXULQJ�WKDW�WKHLQYHQWRU\�LV�FRPSLOHG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�DQG�WKDW�LW�LV�FRPSDUDEOH�WR�RWKHUFRXQWULHV¶�LQYHQWRULHV
� DFFXUDF\��FRPSOHWHQHVV�HWF���WR�EH�HVWDEOLVKHG� LQ�SULPDULO\� VFLHQWLILF�DVVHVVPHQWV�RIWKH�LQYHQWRU\�LQYROYLQJ�LQGHSHQGHQW�HVWLPDWHV�RU�PHDVXUHPHQWV�DVVXULQJ�WKH�³WUXWK´LQ�WKH�YDOXHV�VWRUHG�LQ�WKH�LQYHQWRU\�
� 7KHVH� WKUHH� OHYHOV� RI� LQYHQWRU\� TXDOLW\� ZLOO� EH� UHOHYDQW� ZLWK� UHVSHFW� WR� QDWLRQDOLQYHQWRULHV� LQ� D� F\FOLF� ZD\�� 6FLHQWLILF� NQRZOHGJH� LV� EURXJKW� LQ� ZKLOH� GHILQLQJ� WKHJXLGHOLQHV�� LQFOXGLQJ� WKH� GHIDXOW� HPLVVLRQ� IDFWRUV�� 2QFH� JXLGHOLQHV� DUH� DFFHSWHG�� JRRGSUDFWLFH�DQG�4$�4&�SURFHGXUHV�FDQ�KHOS�LQ�FRPSLOLQJ�WKH�LQYHQWRULHV�LQ�VXFK�D�ZD\�WKDWDSSOLFDWLRQ� LQ� QDWLRQDO� DQG� LQWHUQDWLRQDO� HQYLURQPHQWDO� SROLF\� LV� SRVVLEOH�� 7KHLQWHUQDWLRQDO� ERGLHV�� UHFHLYLQJ� QDWLRQDO� LQYHQWRULHV�� PXVW� YDOLGDWH� WKHP�ZLWK� UHVSHFW� WRWUDQVSDUHQF\� DQG� FRPSDUDELOLW\�� 2QFH� HPLVVLRQ� LQYHQWRULHV� DUH� DYDLODEOH�� YHULILFDWLRQVWXGLHV�PLJKW�EH�XVHG�WR�FKHFN�WKH�PHWKRGV�DV�SUHVFULEHG�LQ�WKH�JXLGHOLQHV�DQG�³VFLHQFH´FDQ�VXJJHVW�DPHQGPHQWV�WR�WKH�JXLGHOLQHV�DQG�WKH�GHIDXOW�HPLVVLRQ�IDFWRUV�WKHUHLQ�
,Q� VXFK�D� F\FOLF�SURFHVV�� LQYHQWRU\� TXDOLW\� FDQ� EH� LPSURYHG��7KH�GHYHORSPHQW� RI� WKH� WRROVZLWKLQ� WKH� &25,1$,5� SURJUDP� RI� WKH� (XURSHDQ� (QYLURQPHQW� $JHQF\� PLJKW� YHU\� ZHOOFRQWULEXWH�WR�WKLV�

�

9HU LI LFDW LRQ�	�9DOLGDW LRQ

*XLGHOLQHV�DSSOLHG�"
YDOLGDW LRQ

7UXH�"
YHU LI LFDW LRQ

5HDO�ZRU OG
HPLVVLRQV

(PLVVLRQ
LQYHQW RU \

4$� 4&� SURFHGXUHV
, 62�����
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'HILQLWLRQV�EHORZ�DUH�GHULYHG�IURP�WKH�*ORVVDU\�GHYHORSHG�ZLWKLQ�WKH�,3&&�:RUNLQJ�*URXSRQ�0DQDJLQJ�8QFHUWDLQWLHV�
9HULILFDWLRQ�
7KH�WHUP�YHULILFDWLRQ�LV�XVHG�WR�LQGLFDWH�WUXWK�RU�WR�FRQILUP�DFFXUDF\�DQG�LV�XVHG�WR�UHSUHVHQWWKH�XOWLPDWH�UHOLDELOLW\�DQG�FUHGLELOLW\�RI�WKH�GDWD�UHSRUWHG�7KLV� ZLOO� FDOO� IRU� H[WHUQDO� FKHFNLQJ�� XVLQJ� LQGHSHQGHQW� HVWLPDWHV� E\� RWKHU� RUJDQLVDWLRQV�PRGHOV��PHDVXUHPHQWV��HWF�
9DOLGDWLRQ
9DOLGDWLRQ�LV�WKH�HVWDEOLVKPHQW�RI�VRXQG�DSSURDFK�DQG�IRXQGDWLRQ��7KH�OHJDO�XVH�RI�YDOLGDWLRQLV�WR�JLYH�DQ�RIILFLDO�FRQILUPDWLRQ�RU�DSSURYDO�RI�DQ�DFW�RU�SURGXFW�7KLV�LQWHUQDO�FKHFNLQJ�RI�WKH�LQYHQWRU\�LV�PHDQW�WR�HQVXUH�WKDW�LW�KDV�EHHQ�FRPSLOHG�FRUUHFWO\LQ�OLQH�ZLWK�UHSRUWLQJ�LQVWUXFWLRQV�DQG�JXLGHOLQHV�DQG�WKDW�WKH�FDOFXODWLRQV�DUH�DULWKPHWLFDOO\FRUUHFW�
,Q�VRPH�HDUOLHU�UHSRUWV�DQG�SDSHUV��ERWK�ZRUGV�KDYH�EHHQ�XVHG�GLIIHUHQWO\��EXW�DW�SUHVHQW�WKHGHILQLWLRQV�DV� UHSURGXFHG�KHUH�DUH�EHLQJ�DFFHSWHG�ZLGHO\��:H�SURSRVH� WR�DOVR�DFFHSW� LQ� WKH1HWKHUODQGV�WKH�GHILQLWLRQV�DV�DERYH�

�

9HU LI LFDW LRQ 	 9DOLGDW LRQ
9HU LI LFDW LRQ�
n LQGLFDW HV�W U XW K�
U HOLDELOLW \�DQG
FUHGLELOLW \�RI �W KH
GDW D�U HSRU W HG�

H[W HU QDO�FKHFNLQJ

9DOLGDW LRQ
n W KH�HVW DEOLVKPHQW
RI �VRXQG�DSSURDFK
DQG�I RXQGDW LRQ

LQW HU QDO�FKHFNLQJ

$FFHSW HG�"7UXH�"
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9HULILFDWLRQ�FDQ�EH�SHUIRUPHG�E\�DSSO\LQJ�
� HVWLPDWLQJ�HUURUV� LQ�YDULDEOHV�DQG�SDUDPHWHUV� DQG�HVWDEOLVKLQJ� WKH� UHVXOWLQJ� HUURUGLVWULEXWLRQ�LQ�WKH�WRWDO�QXPEHU��HUURU�SURSDJDWLRQ�
� FRPSDUH�ZLWK�RWKHU�LQGHSHQGHQW�HVWLPDWHV�DQG�FDOFXODWLRQV
� FRPSDUH�ZLWK�PHDVXUHG�YDOXHV��XVLQJ�PRGHOV
9DOLGDWLRQ�XVHV�PHWKRGV�OLNH�
� 4$�4&�V\VWHPV��,62������FHUWLILFDWLRQ�RU� HTXLYDOHQW��DVVXULQJ� IXOO�GRFXPHQWDWLRQDQG�DOORZLQJ�WR�UHGR�WKH�LQYHQWRU\�DQG�WR�UHSURGXFH�DOO�QXPEHUV
� DXGLWLQJ��SDUW�RI�,62������FHUWLILFDWLRQ���DOORZLQJ�LQGHSHQGHQW�DXGLWRUV�WR�FKHFN�WKHDSSOLFDWLRQ�RI�WKH�FRUUHFW�SURFHGXUHV�DQG�WKH�RULJLQ�RI�LQSXW�GDWD
� EHWZHHQ�FRXQWU\�FRPSDULVRQV��³$OO�FRXQWULHV�PDNH�WKH�VDPH�HUURUV´��
� IHHG�EDFN�IURP�WKH�&RQYHQWLRQ¶V�VHFUHWDULDW

�

9HU LI LFDW LRQ 	 9DOLGDW LRQ
n PHW KRGV�

± HU U RU �SU RSDJDW LRQ
± LQGHSHQGHQW �FKHFNV
± PHDVXUHPHQW V�DQG

PRGHOV

n PHW KRGV�
± TXDOLW \�FRQW U RO
± DXGLW LQJ
± FRXQW U \�FRPSDU LVRQV
± I HHG�EDFN

� REMHFWLYHV�
ä U HOLDELOLW \
ä FUHGLELOLW \

� REMHFWLYHV�
ä FRQI LGHQFH
ä DFFHSW DQFH
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8QFHUWDLQW\�DQDO\VLV
� 4XDOLWDWLYH
� 4XDQWLWDWLYH

4XDOLWDWLYH�
� QHHGV�TXDQWLWDWLYH�XQFHUWDLQW\�UDWLQJV�IRU

ä DFWLYLW\�GDWD
ä HPLVVLRQ�IDFWRUV� QHHGV�D�SURFHGXUH�WR�DJJUHJDWH�WKH�LQGLYLGXDO�UDWLQJV�RI�HPLVVLRQ�IDFWRUV�DQGDFWLYLW\�UDWHV�WRZDUGV�DQ�RYHUDOO�TXDOLWDWLYH�UDWLQJ�

,3&&�*XLGHOLQHV� QRZ� UHTXHVW� D� UDWLQJ� ³+LJK´�� ³0HGLXP´�� ³/RZ´� WR� EH� JLYHQ� WR� UHSRUWHGHPLVVLRQV�DW�WKH�OHYHO�RI�WKH�VXPPDU\�WDEOHV��1R�GHWDLOHG�JXLGDQFH�LV�SURYLGHG�RQ�KRZ�WR�GRWKDW�� 7KH� JXLGHOLQHV� KRZHYHU� DOVR� LQGLFDWH� WKDW� XQFHUWDLQWLHV� VKRXOG� EH� H[SUHVVHG� DV� ����FRQILGHQFH�LQWHUYDOV�
86�(3$�GHYHORSHG�WKH�'$56�V\VWHP�
� XVLQJ�D�GHFLVLRQ�WUHH�WR�DWWULEXWH�D�UDWLQJ���������WR�HDFK�HPLVVLRQ�IDFWRU�DQG�DFWLYLW\UDWH
� GHILQLQJ�D�GHWDLOHG�DOJRULWKP�WR�FRPELQH�WKHVH�WRZDUGV�DQ�RYHUDOO�UDWLQJ�
7KH�'XWFK�(PLVVLRQ�,QYHQWRU\��LQ�'XWFK��(PLVVLHUHJLVWUDWLH��LV�H[SHULPHQWLQJ�ZLWK�D���SRLQWVFDOH��$��%��&��'��(��RULJLQDOO\�SURSRVHG�LQ�86�(3$¶V�$3��

4XDOLW DW LYH�XQFHU W DLQW \�DQDO\VLV
n 4XDOLW DW LYH�XQFHU W DLQW \�U DW LQJV��$���(�
/RZ��0HGLXP��+LJK�����������RW KHU ��I RU �

ª HPLVVLRQ�I DFW RU V
ª DFW LYLW \�U DW HV

n 6RPH�SURFHGXU H�W R�DJJUHJDW H�W KHVH
�'$56��GHFLVLRQ�W U HHV��RW KHU �
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4XDQWLWDWLYH
)RU�D�TXDQWLWDWLYH�XQFHUWDLQW\�DQDO\VLV�TXDQWLWDWLYH�HUURU�UDQJHV�IRU�DFWLYLW\�UDWHV�DQG�HPLVVLRQIDFWRUV�DUH�QHHGHG��7KLV�PHDQV�WKDW�EDVLFDOO\�DOVR�WKH�,3&&�*XLGHOLQHV�VKRXOG�FRQWDLQ�
� JXLGDQFH�WR�HVWLPDWH�XQFHUWDLQWLHV�TXDQWLWDWLYHO\��L�H�
� SURFHGXUHV�WR�HVWLPDWH�XQFHUWDLQWLHV�H�J��H[SHUW�MXGJHPHQW"
� DQG���RU
� GHIDXOW�YDOXHV�IRU�WKHVH�HUURU�UDQJHV�
3DUW�RI�WKH�DFWLYLWLHV�RI�WKH�,3&&�:RUNLQJ�*URXS�RQ�0DQDJHPHQW�RI�8QFHUWDLQWLHV�LV�GLUHFWHGWRZDUGV�SURYLGLQJ�WKHVH�
� JXLGDQFH�RQ�KRZ�WR�FRPELQH�TXDQWLWDWLYH�XQFHUWDLQWLHV�LQ�YDULDEOHV�DQG�SDUDPHWHUVWRZDUGV�D�TXDQWLWDWLYH�XQFHUWDLQW\�HVWLPDWH�IRU�WKH�IXOO�LQYHQWRU\�
� VRPH�DOJRULWKP��³VTXDUH�URRW�RI�VXP�RI�VTXDUHV´�

ä 0RQWH�&DUOR�VLPXODWLRQV
ä RWKHU"� JXLGDQFH�RQ�KRZ�WR�UHSRUW�XQFHUWDLQWLHV�

7KH�SUHVHQW�JXLGHOLQHV�PHQWLRQ�UHSRUWLQJ�LQ�����FRQILGHQFH�LQWHUYDOV��,W�LV�H[SHFWHG�WKDW�WKLVZLOO�QRW�EH�FKDQJHG�

4XDQW LW DW LYH�XQFHU W DLQW \�DQDO\VLV
n �'HI DXOW ��XQFHU W DLQW \�HVW LPDW HV�I RU

ª HPLVVLRQ�I DFW RU V
ª DFW LYLW \�U DW HV

n 3URFHGXUHV�I RU �HVW LPDW LQJ�XQFHU W DLQW LHV��H[SHU W
M XGJHPHQW �����

n 6RPH�SURFHGXU H�W R�DJJUHJDW H�W KHVH
I RU �HPLVVLRQV�DQG�VHFW RU �W RW DOV��VTXDUH
URRW �RI �VXP�RI �VTXDUHV��0RQW H�&DU OR�VLPXODW LRQV
HW F��«�
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/LWWOH�LV�NQRZQ�RQ�XQFHUWDLQWLHV�LQ�HPLVVLRQ�HVWLPDWHV��$Q�DWWHPSW�KDV�EHHQ�PDGH�WR�SURGXFHGHIDXOW� XQFHUWDLQW\� UDWLQJV� DW� WKH� PDLQ� VHFWRU� OHYHO� LQ� WKH� 81(&(� (0(3�&25,1$,5*XLGHERRN��XVLQJ�WKH�TXDOLWDWLYH�$��%��&��'��(�UDWLQJV�RI�86�(3$¶V�$3���PDQXDO��7KH�WDEOHUHSURGXFHV�WKH�GHILQLWLRQV�RI�WKHVH�UDWLQJV�
7R�KHOS�PRGHOOHUV�DVVHVV� WKH�XQFHUWDLQWLHV� LQ�FDOFXODWHG�DLU�SROOXWLRQ�FRQFHQWUDWLRQV�� W\SLFDOHUURU� UDQJHV� �VWDQGDUG� GHYLDWLRQV�� KDYH� EHHQ� SURSRVHG� �*XLGDQFH� 5HSRUW� RQ� 3UHOLPLQDU\$VVHVVPHQW�XQGHU�(&�$LU�4XDOLW\�'LUHFWLYHV��5RHO�YDQ�$DOVW��/\QQH�(GZDUGV��7LQXV�3XOOHV�(PLOH�'H�6DHJHU��0DULD�7RPEURX���'DJ�7¡QQHVHQ��-DQXDU\�������(7&�$4��
7KHVH�QXPEHUV
� PLJKW�SURYLGH�D�IHHOLQJ�RI�ZKDW�WKHVH�TXDOLWDWLYH�HUURU�UDQJHV�PHDQ�
� SRVH�D�FKDOOHQJH�WR�WKH�H[SHUWV�WR�FRPH�XS�ZLWK�EHWWHU�GHIDXOW�XQFHUWDLQW\�UDQJHV
� FRXOG�DOVR�SURYLGH�D�OLQN�IURP�D�TXDOLWDWLYH�DVVHVVPHQW�WR�D�TXDQWLWDWLYH�RQH�

��

'HI DXOW �TXDOLW \�U DW LQJV

5DW LQJ 'HI LQLW LRQ
W \SLFDO� HUURU

UDQJH
$ DQ�HVW LPDW H�EDVHG�RQ�D�ODU JH�QXPEHU �RI �PHDVXU HPHQW V�PDGH�DW �D

ODU JH�QXPEHU �RI �I DFLO L W LHV�W KDW �I XO O\�U HSU HVHQW �W KH�VHFW RU
���W R�����

% DQ�HVW LPDW H�EDVHG�RQ�D�ODU JH�QXPEHU �RI �PHDVXU HPHQW V�PDGH�DW �D
ODU JH�QXPEHU �RI �I DFLO L W LHV�W KDW �U HSU HVHQW �D�ODU JH�SDU W �RI �W KH
VHFW RU

���W R�����

& DQ�HVW LPDW H�EDVHG�RQ�D�QXPEHU �RI �PHDVXU HPHQW V�PDGH�DW �D�VPDOO
QXPEHU �RI �U HSU HVHQW DW LYH�I DFLO L W LHV��RU �DQ�HQJLQHHU LQJ�M XGJHPHQW
EDVHG�RQ�D�QXPEHU �RI �U HOHYDQW �I DFW V

���W R������

' DQ�HVW LPDW H�EDVHG�RQ�VLQJOH�PHDVXU HPHQW V��RU �DQ�HQJLQHHU LQJ
FDOFXODW LRQ�GHU LYHG�I U RP�D�QXPEHU �RI �U HOHYDQW �I DFW V

����W R������

( DQ�HVW LPDW H�EDVHG�RQ�DQ�HQJLQHHU LQJ�FDOFXODW LRQ�GHU LYHG�I U RP
DVVXPSW LRQV�RQO\

RU GHU �RI
PDJQLW XGH
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7KH�WDEOH��GHULYHG�IURP�WKH�81(&(�(0(3���&25,1$,5�*XLGHERRN��VKRZV�WKH�GHIDXOW�GDWDTXDOLW\�UDWLQJV�E\�PDLQ�VRXUFH�VHFWRU�,Q�JUHHQKRXVH�JDV�HPLVVLRQ�LQYHQWRULHV�
� XQFHUWDLQWLHV�DUH�WKH�VPDOOHVW�IRU�WKH�PRVW�LPSRUWDQW�JDV�&2�

� XQFHUWDLQWLHV�DUH�VPDOOHVW�LQ�WKH�PRVW�LPSRUWDQW�VHFWRUV��FRPEXVWLRQ�UHODWHG����������� DQG���
1HYHUWKHOHVV��WKH�UHGXFWLRQ�WDUJHWV�IRU��������������.\RWR��PLJKW�EH�ZHOO�LQ�WKH�UDQJH�RI�RUHYHQ�EHORZ�WKH�RYHU�DOO�XQFHUWDLQW\�7KHVH� GHIDXOW� XQFHUWDLQW\� UDQJHV�� FRPELQHG�ZLWK� WKH� W\SLFDO� HUURU� UDQJHV�� VXJJHVWHG� LQ� WKHSUHYLRXV�WDEOH��KDYH�EHHQ�XVHG�WHQWDWLYHO\�LQ�D�VWXG\�PDGH�IRU�WKH�,3&&�:RUNLQJ�*URXS�RQ0DQDJHPHQW�RI�8QFHUWDLQWLHV��XVLQJ�WKH�VLPSOH�PDWKHPDWLFDO�WUHDWPHQW�WKDW�IROORZV�

��

'HI DXOW �TXDOLW \�U DW LQJV
6RXUFH�VHFWRU &2� &+� 1�2
��� SXEOLF�SRZHU ��FRJHQHU DW LRQ�DQG�GLVW U LFW �KHDW LQJ $ & (
��� FRPPHUFLDO��LQVW LW XW LRQDO�	�U HVLGHQW LDO�FRPEXVW LRQ % & (
��� LQGXVW U LDO�FRPEXVW LRQ $ & (
��� LQGXVW U LDO�SU RFHVVHV % ' '
��� H[W U DFW LRQ�	�GLVW U LEXW LRQ�RI �I RVVLO�I XHOV ' '
��� VROYHQW �XVH
��� U RDG�W U DQVSRU W % & (
��� RW KHU �PRELOH�VRXU FHV�DQG�PDFKLQHU \ & ' '
��� ZDVW H�W U HDW PHQW
� GLVSRVDO�DFW LYLW LHV

%
&

&
'

(
(

����DJU LFXOW XU H�DFW LYLW LHV & ' (
���� QDW XU H ' ( (
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6OLGH���

,Q� WKH� IROORZLQJ� D� VLPSOH� PDWKHPDWLFDO� WUHDWPHQW� RI� HUURU� SURSDJDWLRQ� LQ� DQ� HPLVVLRQLQYHQWRU\�LV�SUHVHQWHG�
$Q\�HPLVVLRQ�LQYHQWRU\�ZLOO�EH�LQDFFXUDWH�E\� LWV�YHU\�QDWXUH��7KH�GDWD�FROOHFWHG�DUH�PRVWO\EDVHG�XSRQ�H[WUDSRODWLRQ�RI� VDPSOH�PHDVXUHPHQWV� RU� XSRQ� WKH�XVH� RI� HPLVVLRQ� IDFWRUV� DQGDFWLYLW\�GDWD��7KH� DFFXUDF\�RI� WKH�GDWD�ZLOO� EH� GHWHUPLQHG�E\�XQFHUWDLQWLHV� RFFXUULQJ� LQ� DOOVWDJHV�RI�WKH�LQYHQWRU\LQJ�SURFHVV��)RXU�VRXUFHV�RI�XQFHUWDLQWLHV�DUH�GLVFHUQHG�
� 8QFHUWDLQWLHV�RULJLQDWLQJ�IURP�WKH�UHDO�YDULDQFH�RI�WKH�HPLVVLRQV�LQ�WLPH�DQG�EHWZHHQGLIIHUHQW�FRPSDUDEOH�XQLWV��VRPH�FDUV�KDYH�KLJKHU�HPLVVLRQV�WKDQ�RWKHUV�DQGHPLVVLRQV�RI�LQGLYLGXDO�FDUV�ZLOO�YDU\�GHSHQGLQJ�RQ�WKH�VWDWH�RI�PDLQWHQDQFH�
� 8QFHUWDLQWLHV�RULJLQDWLQJ�IURP�YDULDELOLW\�LQ�WKH�H[WHUQDO�FRQGLWLRQV�LQ�ZKLFK�WKH�XQLWVDUH�ZRUNLQJ��KHDWLQJ�HPLVVLRQV�ZLOO�EH�KLJKHU�LQ�D�FROG�ZLQWHU�DV�FRPSDUHG�WR�DZDUP�ZLQWHU�

7KHVH� XQFHUWDLQWLHV� DUH� GXH� WR� ³QDWXUDOO\´� RFFXUULQJ� YDULDQFHV� LQ� WKH� HPLVVLRQV�� $VHPLVVLRQV�DUH�PRVWO\�EHLQJ�HVWLPDWHG�E\�PHDQV�RI�VDPSOLQJ��H[WUDSRODWLRQ�RI�WKH�VDPSOHWR� WKH� WRWDO�HPLVVLRQ�PLJKW� LQGXFH�HUURUV��7ZR�RWKHU�VRXUFHV�RI�XQFHUWDLQWLHV�VWHP�IURPWKH�IDFW�WKDW�QR�PHDVXUHPHQW�DQG�QR�LQYHQWRU\�FDQ�EH�SHUIHFW�
� 8QFHUWDLQWLHV�LQ�WKH�PHDVXUHPHQWV�RI�HPLVVLRQV��HPLVVLRQ�IDFWRUV�DQG�DFWLYLW\�GDWD�LQFOXGLQJ�³XQNQRZQ�VRXUFHV´�
� 3RVVLEOH�HUURUV�LQ�WKH�GDWDEDVHV�WKHPVHOYHV� LQFOXGLQJ�³IRUJHWWLQJ´�VRXUFHV�
7KH�XQFHUWDLQWLHV�ZLOO�FDXVH�D�FHUWDLQ�OHYHO�RI�LQDFFXUDF\�RI�WKH�GDWD�FROOHFWHG��DQ\�YDOXH� LQWKH�LQYHQWRU\�PD\�FRQWDLQ�DQ�HUURU��$OO�XQFHUWDLQWLHV�LQ�ERWK�HQHUJ\�GDWD�DQG�HPLVVLRQ�IDFWRUVDSSOLHG�WR�FDOFXODWH�D�QDWLRQDO�HPLVVLRQ�LQYHQWRU\�ZLOO�EH�UHIOHFWHG�LQ�XQFHUWDLQWLHV�LQ�WKH�ILQDOUHVXOW�

��

8QFHU W DLQW LHV�LQ�LQSXW
n $UH�SUHVHQW �LQ�

± LQ�³YDU LDEOHV´�� �DFW LYLW \�VW DW LVW LFV�
± LQ�³SDUDPHW HUV´�� �HPLVVLRQ�I DFW RU V�
± LQ�GLU HFW �PHDVXUHPHQW V

n , Q�I RUPXOD�

() ()UHDO ZRUOG PHDVXUHG ()= + e
$FWLYLW\ UDWH $FWLYLW\ UDWHUHDO ZRUOG PHDVXUHG $FWLYLW\ UDWH= + e
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6OLGH���

7KH� DOJRULWKP� DV� SUHVHQWHG� DERYH� FDQ� EH� DSSOLHG� ZKHQHYHU� WKH� VWDQGDUG� GHYLDWLRQV� RI� WKHHUURUV� LQ� DOO� YDULDEOHV� DQG�SDUDPHWHUV� DUH� DYDLODEOH��7R� ILQG� WKH� VWDQGDUG�GHYLDWLRQ�� ILQG� DQLQWHUYDO�� ZKLFK� DSSUR[LPDWHV� D� ���� FRQILGHQFH� LQWHUYDO�� ,Q� D� QRUPDO� GLVWULEXWLRQ� WKH� ���FRQILGHQFH�LQWHUYDO�LV�DOPRVW�HTXDO�WR�WZR�VWDQGDUG�GHYLDWLRQV�WR�ERWK�VLGHV�RI�WKH�PHDQ�YDOXH�,I�VXFK�GDWD�DUH�QRW�DYDLODEOH��DV�D�ILUVW�HVWLPDWH�WKH�YDOXHV�IURP�WKH�WDEOHV�FRXOG�EH�XVHG��,IVWDQGDUG�GHYLDWLRQV�DUH�DYDLODEOH�WKH�IROORZLQJ�SURFHGXUH�FRXOG�EH�DSSOLHG�
� :KLOH� FDOFXODWLQJ� WKH� HPLVVLRQ� IRU� HDFK�DFWLYLW\� DQG� IXHO� FRPELQDWLRQ�� WKH� UHODWLYHXQFHUWDLQW\� LQ� WKLV� HPLVVLRQ� VKRXOG�EH� FDOFXODWHG� DV� WKH� VTXDUH� URRW� RI� WKH� VXP�RIVTXDUHV� RI� WKH� UHODWLYH� XQFHUWDLQWLHV� LQ� ERWK� WKH� IXHO� XVH� DQG� WKH� HPLVVLRQ� IDFWRUV�PXOWLSOLFDWLYH�RSHUDWLRQ��XVH�UHODWLYH�HUURUV����
� 7KH� DEVROXWH� XQFHUWDLQW\� LQ� WKH� HPLVVLRQ� RI� HDFK� DFWLYLW\� DQG� IXHO� FRPELQDWLRQVKRXOG�EH�GHULYHG�E\�PXOWLSO\LQJ�WKH�UHODWLYH�XQFHUWDLQW\�ZLWK�WKH�HPLVVLRQ�YDOXH
� 7KH�DEVROXWH�XQFHUWDLQW\�LQ�WKH�LQYHQWRU\�VKRXOG�EH�FDOFXODWHG�DV�WKH�VTXDUH�URRW�RIWKH� VXP� RI� VTXDUHV� RI� WKH� DEVROXWH� XQFHUWDLQWLHV� LQ� HDFK� VHSDUDWH� DFWLYLW\� �� IXHOFRPELQDWLRQ��DGGLWLYH�RSHUDWLRQ��XVH�DEVROXWH�HUURUV����
� 7KH� UHODWLYH� XQFHUWDLQW\� LQ� WKH� LQYHQWRU\� VKRXOG� EH� FDOFXODWHG� E\� GLYLGLQJ� WKHDEVROXWH�HUURU�E\�WKH�WRWDO�HPLVVLRQ�
7KLV� SURFHGXUH� FDQ� EH� DSSOLHG� DW� WKH� FRPSOHWH� LQYHQWRU\�� EXW� DOVR� E\� SROOXWDQW� RU� IRU� DQ\VHFWRU�VHSDUDWHO\��7KH�SURFHGXUH�LV�QRW�SURGXFLQJ�PDWKHPDWLFDOO\�FRUUHFW�VWDQGDUG�GHYLDWLRQV�EXW� SURGXFHV� D� QXPEHU� WKDW� LV� KLJKHU� ZKHQ� WKH� XQFHUWDLQW\� LV� KLJKHU� DQG� YLFH� YHUVD� DQGWKHUHIRUH�PLJKW�EH�XVHG�DV�DQ�LQGLFDWRU�RI�XQFHUWDLQW\�

��

8QFHU W DLQW \�LQ�DJJUHJDW H

n $VVXPH�
± HU U RU �GLVW U LEXW LRQ�I XQFW LRQV�LQ�YDU LDEOHV�DQG
SDUDPHW HU V

n (U URU �SURSDJDW LRQ
± VTXDUH�U RRW �RI �VXP�RI �VTXDUHV

ª DGGLW LYH��DEVROXW H�HU U RU V��eYDOXH�
ª PXOW LSOLFDW LYH��U HODW LYH�HU U RU V��eYDOXH� 9DOXH�

± 0RQW H�&DU OR�VLPXODW LRQV

(PLVVLRQ (PLVVLRQU HDO ZRU OG HVW LPDW HG (PLVVLRQ= + e
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��

6OLGH���

8VLQJ� PRUH� FRPSOLFDWHG� PHWKRGV�� OLNH� 0RQWH� &DUOR� VLPXODWLRQV�� D� IXOO� GHVFULSWLRQ� RISUREDELOLW\� GLVWULEXWLRQ� IXQFWLRQV� IRU� DOO� YDULDEOHV� DQG� SDUDPHWHUV� LV� QHHGHG�� 7KLV� DVNV� IRUVHOHFWLQJ�VXFK�IXQFWLRQV��7ZR�SRVVLELOLWLHV�DUH�QRUPDO�RU� ORJQRUPDO��%RWK�GLVWULEXWLRQV�RQO\KDYH�WZR�SDUDPHWHUV�3URV�DQG�FRQV�EHWZHHQ�QRUPDO�DQG�ORJQRUPDO�
� :LWK�ORZ�XQFHUWDLQW\��OHIW�

ä QRW�PXFK�GLIIHUHQFH�EHWZHHQ�WKH�WZR
ä QRUPDO�GLVWULEXWLRQ�HDVLHU�WR�XVH

� :LWK�KLJK�XQFHUWDLQW\��ULJKW�
ä HUURU�GLVWULEXWLRQV�ORRN�TXLWH�GLIIHUHQWO\
ä QRUPDO��]HUR�DQG�QHJDWLYH�YDOXHV�FRXOG�RFFXU��WKLV�LV�XQUHDOLVWLF
ä ORJQRUPDO��KLJKHU�WDLO��KLJKHU�SUREDELOLW\�RI�KLJK�H[WUHPHV�

3OHDVH� QRWH� WKDW� LQ� D� QRUPDO� GLVWULEXWLRQ� WKH� PHDQ� YDOXH� DQG� WKH� PRVW� SUREDEOH� YDOXH�³PRGH´��DUH�HTXDO��,Q�D�ORJQRUPDO�GLVWULEXWLRQ�WKH\�DUH�QRW�

��

(U URU �GLVW U LEXW LRQ�I XQFW LRQV
6WDQG�'HY����

�

����

����

����

����

����

����

� � � � � �

1250$/ /2*1250$/

6WDQG�'HY����

�

����

����

����

����

����

� ��� � ��� � ��� �

1250$/ /2*1250$/



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

��

6OLGH���

7KH� HIIHFW� RI� FKRRVLQJ� SUREDELOLW\� GLVWULEXWLRQ� IXQFWLRQV� IRU� SDUDPHWHUV� LQ� D� FRPSOLFDWHGHPLVVLRQ�HVWLPDWLRQ�PHWKRG��1�2 IURP�DJULFXOWXUH�LQ�WKH�1HWKHUODQGV��
� 7KH�PHDQ�YDOXH�RI�DOO�WKHVH�JUDSKV�LV�PRUH�RU�OHVV�WKH�VDPH�
� 7KLV�LV�QRW�WUXH�IRU�WKH�PRVW�SUREDEOH�YDOXH��WKH�PRGH�RI�WKH�GLVWULEXWLRQ�
� 7KH�WULDQJXODU�GLVWULEXWLRQ�FOHDUO\�OHDGV�WR�WKH�KLJKHVW�HVWLPDWH�RI�XQFHUWDLQW\��7KLVLV�SUREDEO\�WRR�KLJK�
7KLV� DQDO\VLV� DOVR� SRLQWV� RXW� WKDW� WKH� LQWHUSUHWDWLRQ� RI� GHIDXOW� HPLVVLRQ� IDFWRUV� DQG� WKHXQFHUWDLQW\�UDQJHV�DV�SUHVHQWHG�LQ�WKH�OLWHUDWXUH�LV�QRW�WULYLDO��+RZHYHU�WKH�OLWHUDWXUH�GRHV�QRWVSHFLI\� ZKHWKHU� WKHVH� GHIDXOWV� VKRXOG� EH� XQGHUVWRRG� DV� PHDQ� YDOXHV� RU� DV� PRVW� SUREDEO\YDOXHV�

6HSW HPEHU ��������

'LI I HU HQW �3')V�I RU �HU U RU V

� �� �� �� �� ��� ��� ���� �� �� �� �� ��� ��� ���� �� �� �� �� ��� ��� ���
*J�1 1�2�HPLVVLRQV�IURP�DJULFXOWXUH

SU
RE
DE
LOL
W\

7U LDQJXODU

QRUPDO�
GLVW U LEXW LRQV

ORJQRUPDO�
GLVW U LEXW LRQV
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��

6OLGH���

$ ILQDO�LWHP�RQ�XQFHUWDLQWLHV�RI�DQ�HPLVVLRQ�LQYHQWRU\�LV�SUHVHQWHG�LQ�WKH�JUDSK�DERYH��,I�WKHUHVXOW�RI�DQ�HPLVVLRQ�LQYHQWRU\�VKRZV�WKH�DERYH�SUREDELOLW\�GLVWULEXWLRQ�IXQFWLRQ��RQH�VKRXOGFRQFOXGH�WKDW
� WKH�SUREDELOLW\�LV������WKDW�WKH�WRWDO�HPLVVLRQ�LV�EHORZ����
� WKH�SUREDELOLW\�LV������WKDW�WKH�WRWDO�HPLVVLRQ�LV�DERYH����
6R�LW�GHSHQGV�XSRQ�ZKDW�WKH�XVHU�ZDQWV�WR�SURYH��FRPSOLDQFH�RU�H[FHHGDQFH��ZKDW�WKH�YDOXHLQ�WKH�FRQFOXVLRQ�VKRXOG�EH�
7KLV�REVHUYDWLRQ�PLJKW�EH�UDWKHU�UHOHYDQW�IRU�WKH�GLVFXVVLRQV�RQ�WKH�FRPSOLDQFH�PHFKDQLVP�:KHQ�LW�LV�GHFLGHG�WR�UHSRUW�TXDQWLWDWLYHO\�RQ�XQFHUWDLQWLHV��,�H������FRQILGHQFH�LQWHUYDOV��WKLVSUREOHP�RI�SURYLQJ�FRPSOLDQFH�YHUVXV�SURYLQJ�H[FHHGDQFH�LV�LPSRUWDQW�

��

3URYH�FRPSOLDQFH�� �H[FHHGDQFH"
$YHUDJH� ����VWDQGDUG�GHYLDWLRQ� ����

�

�

�

�

�

��� ��� � ��� ���

���FRQILGHQFH�
WKDW�YDOXH�LV�
EHORZ����

���FRQILGHQFH�
WKDW�YDOXH�LV�
DERYH����
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6OLGH���

7KH�JUDSK�DERYH�VKRZV�D�UHVXOW�RI�HVWLPDWLQJ�WKH�GLIIHUHQFH�EHWZHHQ������DQG������DQG�WKHDVVRFLDWHG�XQFHUWDLQW\��7KH�WDEOH�SURYLGHV�WKH��DVVXPHG��QXPEHUV�
,I�ZH�DSSO\�VLPSOH�HUURU�SURSDJDWLRQ� WKHRU\�� DQG�FDOFXODWH� WKH�XQFHUWDLQW\� LQ� WKH�GLIIHUHQFHEHWZHHQ�ERWK�EDVH�\HDUV�LV�FDOFXODWHG�ZH�ILQG�����������DQG�����������IRU�7LHU���DQG�7LHU��UHVSHFWLYHO\��7KHVH�DUH�SORWWHG�LQ�WKH�WKLQ�OLQHV��,Q�WKDW�FDVH�ERWK�UHVXOWV�DUH�FRPSDWLEOH��7LHU��SURYLGHV� D� ORZHU� UHGXFWLRQ� ZLWK� D� VPDOOHU� ���� FRQILGHQFH� LQWHUYDO�� EXW� ERWK� DUH� QRWVLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU�
+RZHYHU��LW�LV�QRW�XQOLNHO\�WKDW�WKH�HUURUV�LQ�WKH�HVWLPDWHV�IRU�ERWK�EDVH�\HDUV�DUH�FRUUHODWHG�PHDQLQJ�WKDW�LI�WKH������HPLVVLRQ�LV�XQGHUHVWLPDWHG��SUREDELOLW\�LV�KLJK�WKDW�WKH������LV�DOVRXQGHUHVWLPDWHG��6R�DVVXPLQJ�WKDW�DERXW������RI�WKH�HUURUV�LQ�ERWK�EDVH�\HDUV�DUH�FRUUHODWHG�WKH� WKLFN� OLQHV� UHVXOW��1RZ�WKH�SUREDELOLW\� WKDW� WKH�7LHU���DQG�7LHU���HVWLPDWHV�DUH�GLIIHUHQWLQFUHDVHV�� ,Q� WKLV� K\SRWKHWLFDO� H[DPSOH� KRZHYHU�� WKH� SUREDELOLW\� WKDW� ERWK� 7LHUV� DUHFRPSDWLEOH�VWLOO�LV�TXLWH�KLJK�

6HSW HPEHU ��������

8QFHU W DLQW \�LQ�W U HQGV
DQ�H[DPSOH

7LHU�� 7LHU��
���� ��� � ��� ��� � ���
���� ��� � �� ��� � ���

5HGXFWLRQ ��� � ��� ��� � ���

(U U RU V������
DQG������DU H
FRU U HODW HG�

� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����

(PLVVLRQ�5HGXFWLRQ���������������$�8��

3U
RE
DE
LOL
W\

7LHU��
7LHU��
7LHU��
7LHU��
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6OLGH���

� :KLOH� FRPSLOLQJ� GDWD� IRU� UHSRUWLQJ� WR� 81)&&&�� WKH� SROLF\� SHUVSHFWLYH� RQ� GDWDTXDOLW\�LV�WR�EH�XVHG�
� ,W�LV�QRW�H[SHFWHG�WKDW�81)&&&�ZLOO�DFFHSW�DQ\�FKDQJHV�LQ�WKH�,3&&�*XLGHOLQHV�LQWKH� QHDU� IXWXUH�� +RZHYHU� WKH� UHSRUWLQJ� IRUPDW� ZLOO� EH� FKDQJHG� WR� D� VHW� RI� PXFKPRUH�GHWDLOHG�WDEOHV�WKDQ�KDV�EHHQ�SXEOLVKHG�LQ�QDWLRQDO�FRPPXQLFDWLRQV�XQWLO�QRZ�
� 3DUWLHV� QHHG� WR� PDQDJH� WKH� XQFHUWDLQWLHV�� QRW� QHFHVVDULO\� GHFUHDVLQJ� WKHP�8QFHUWDLQWLHV�QHHG�WR�EH�HVWDEOLVKHG�DQG�UHSRUWHG�

6HSW HPEHU ��������

&RQFOXVLRQV
n 3ROLF\�U HODW HG�TXDOLW \��
n 81)&&&�KDV�*XLGHOLQHV�I L[HG��
n 3DU W LHV�DUH�W R�0$1$*(�XQFHU W DLQW LHV�

ª HVW DEOLVK
ª UHSRU W
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��

6OLGH���

7RROV�IRU�PDQDJHPHQW�RI�XQFHUWDLQWLHV�DUH�SDUWO\�DYDLODEOH�
� 9DOLGDWLRQ

ä 4XDOLW\�&RQWURO���4XDOLW\�$VVXUDQFH�V\VWHPV�ZLOO�KHOS�SDUWLHV�WR�SURSHUO\�SHUIRUP�DQGGRFXPHQW�WKHLU�LQYHQWRU\��DVVXULQJ�WUDQVSDUHQF\�DQG�FRPSOLDQFH�ZLWK�WKH�*XLGHOLQHVDQG� UHSRUWLQJ� IRUPDW�� WKLV� DOVR� ZLOO� LQFOXGH� LQGHSHQGHQW� DXGLWLQJ� �³LQ� GHSWKUHYLHZV´"�
ä 2QFH�GDWD�DUH�DYDLODEOH�DW�WKH�81)&&&�VHFUHWDULDW�FRXQWU\�FRPSDULVRQV�ZLOO�EH�XVHGWR�YDOLGDWH�WKH�LQYHQWRULHV�DJDLQVW�HDFK�RWKHU��³FRPSDUDELOLW\´�

� 9HULILFDWLRQ
ä ,QYHQWRULHV� FDQ� EH� FRPSDUHG� ZLWK� EXGJHW� VWXGLHV�� DLU� TXDOLW\� PHDVXUHPHQWV� DQGPRGHOV��IRUZDUG�DQG�LQYHUVH�PRGHOOLQJ��HWF�
ä ,QGHSHQGHQW�FKHFNV�RQ�WKH�WRWDO�RU�SDUW�RI�WKH�LQYHQWRU\�FDQ�EH�SHUIRUPHG
ä 7KH�SURSDJDWLRQ�RI�XQFHUWDLQWLHV� LQ� WKH� LQYHQWRU\�� JLYHQ� WKH� XQFHUWDLQWLHV� LQ� LQSXWV�FDQ� EH� HVWDEOLVKHG� E\� HUURU� SURSDJDWLRQ� VWXGLHV� RU� 0RQWH� &DUOR� VLPXODWLRQV�� 7RHQDEOH� WKLV� VRPH� LVVXHV� UHJDUGLQJ� WKH� SUREDELOLW\� GLVWULEXWLRQ� IXQFWLRQV� DQG� WKHLQWHUSUHWDWLRQ�RI�³GHIDXOW�YDOXHV´�QHHG�WR�EH�VROYHG�

6HSW HPEHU ��������

&RQFOXVLRQV��FW G��
n 7RROV�DU H�DYDLODEOH�

± YDOLGDW LRQ
ª4$� 4&��, 62������FHU W LI LFDW LRQ
ª FRXQW U \�FRPSDU LVRQV

± YHU LI LFDW LRQ��QRW �GHDOW �ZLW K�LQ�W KLV
SUHVHQW DW LRQ��
ª FRPSDUH�ZLW K�PHDVXU HPHQW V�
ª LQGHSHQGHQW �FKHFNV
ª HU U RU �SU RSDJDW LRQ
ª0RQW H�&DU OR�PHW KRGV
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�����&203$5,621�2)�&28175<�5(32576�:,7+�('*$5�*(,$
$QGUp�YDQ�$PVWHO
:DJHQLQJHQ�8QLYHUVLW\��(QYLURQPHQWDO�6\VWHPV�$QDO\VLV
.H\�ZRUGV��FDUERQ�GLR[LGH��PHWKDQH��QLWURXV�R[LGH��HPLVVLRQ�LQYHQWRULHV
$EVWUDFW1DWLRQDO� HPLVVLRQ� LQYHQWRULHV� DUH� VXUURXQGHG� ZLWK� XQFHUWDLQWLHV�� ZKLFK� FDQQRW� EH� HOLPLQDWHGFRPSOHWHO\�EXW�FDQ�EH�PDQDJHG��,Q�WKLV�VWXG\�PHWKRGV�ZHUH�GHYHORSHG�IRU�WKH�UHYLHZ�DQG�DVVHVVPHQWRI� WKH� TXDOLW\� RI� QDWLRQDO� LQYHQWRULHV� IRU� WKH� .\RWR� 3URWRFRO�� )RXU� GLIIHUHQW� DSSURDFKHV� FDQ� EHGLVWLQJXLVKHG�� TXDOLW\� FRQWURO�� LQYHQWRU\� FRPSDULVRQV�� PRGHO� FRPSDULVRQV� DQG� GLUHFW� HPLVVLRQPHDVXUHPHQWV�� ,Q� WKLV� SDSHU� WKH� UHVXOWV� RI� D� FRPSDULVRQ� RI� QDWLRQDO� LQYHQWRULHV�ZLWK�('*$5�DQG� DFRPSDULVRQ�RI�DJJUHJDWHG�QDWLRQDO�HPLVVLRQV�ZLWK�JOREDO�EXGJHWV�DUH�SUHVHQWHG��,W�ZDV�FRQFOXGHG�WKDW('*$5�LV�D� JRRG�VFUHHQLQJ� WRRO� IRU� FRPSOHWHQHVV� DQG�FRPSDUDELOLW\��:LWK�('*$5� ODUJH�JDSV� DQGGLIIHUHQFHV�ZLWK� WKH� QDWLRQDO� LQYHQWRULHV� DV� UHSRUWHG� WR� WKH� &OLPDWH� &RQYHQWLRQ� FRXOG� EH� LGHQWLILHG�'LIIHUHQFHV� FRXOG�EH� H[SODLQHG� LQ� WHUPV�RI� WKH� XVH� RI� GLIIHUHQW� HPLVVLRQ� IDFWRUV� RU� GLIIHUHQW� DFWLYLW\GDWD�$JJUHJDWHG�WRWDOV�FRPSDUH�ZHOO�ZLWK�PRGHOOHG�EXGJHWV��KRZHYHU�XQFHUWDLQWLHV� LQ�ERWK�DUH� ODUJH�0RVW� 1DWLRQDO� &RPPXQLFDWLRQV� ZHUH� QRW� WUDQVSDUHQW� DQG� D� QHZ� FRPPRQ� UHSRUWLQJ� IRUPDW� ZLOO� EHUHTXLUHG�WR�LPSURYH�WKH�GHWDLOHG�UHSRUWLQJ�QHHGHG�IRU�D�SURSHU�UHYLHZ�DQG�DVVHVVPHQW�IRU�FRPSOLDQFH�WRWKH�.\RWR�3URWRFRO�

,QWURGXFWLRQ
7UDQVSDUHQW�UHSRUWLQJ�RI�FUHGLEOH�HPLVVLRQ�HVWLPDWHV�LV�FRQVLGHUHG�FUXFLDO�IRU�WKH�VXFFHVV�RIWKH�.\RWR�SURWRFRO��,Q�DGGLWLRQ��XQFHUWDLQWLHV�LQ�JUHHQKRXVH�JDV�HPLVVLRQ�HVWLPDWHV�QHHG�WR�EHPDQDJHG��5HFHQW�HPLVVLRQ�LQYHQWRULHV�DUH�SURGXFHG�XVLQJ�WKH�5HYLVHG������,3&&�*XLGHOLQHVIRU� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV� �,3&&�2(&'�,($�� ������� 7KH\� DUH� JHQHUDOO\FKDUDFWHULVHG�E\�UHODWLYHO\�ODUJH�XQFHUWDLQW\�UDQJHV��6RPH�HYDOXDWLRQ�PHFKDQLVP�LV�WKHUHIRUHQHHGHG�IRU�WKH�HPLVVLRQ�HVWLPDWHV�RI�WKH�VL[��JURXSV�RI��JUHHQKRXVH�JDVHV�UHSRUWHG�XQGHU�WKH.\RWR� 3URWRFRO� �FDUERQ� GLR[LGH�� PHWKDQH�� QLWURXV� R[LGH�� K\GURIOXRURFDUERQV�SHUIOXRURFDUERQV�DQG�VXOSKXU�KH[DIOXRULGH���'LIIHUHQW�DSSURDFKHV�IRU�WKH�DVVHVVPHQW�RI�GDWDTXDOLW\� DUH� SRVVLEOH�� LQFOXGLQJ� D� ERWWRP�XS� FRPSDULVRQ� RI� QDWLRQDO� LQYHQWRULHV�ZLWK� �VHPL��LQGHSHQGHQW�LQWHUQDWLRQDO�GDWDEDVHV�DQG�DQ�LQGHSHQGHQW�WRS�GRZQ�FKHFN�WKURXJK�FRPSDULVRQZLWK�JOREDO�EXGJHWV�GHULYHG�IURP�DWPRVSKHULF�FRQFHQWUDWLRQ�PHDVXUHPHQWV��9DQ�$PVWHO�HW�DO�HGV���������*HRJUDSKLF�H[SOLFLW�FRPSDULVRQ�ZLWK�JOREDO�EXGJHWV�DQG�PHDVXUHG�FRQFHQWUDWLRQILHOGV�LV�GLIILFXOW�EHFDXVH�RI�WKH�XQFHUWDLQWLHV�LQ�WKH�PHDVXUHPHQWV�DQG�PRGHOV�DQG�WKH�ODFN�RIVXIILFLHQW�PRQLWRULQJ� VLWHV� DURXQG� WKH�ZRUOG� DQG� LQ� SDUWLFXODU� LQ� SROOXWHG� FRQWLQHQWDO� DUHDV�&RPSDULVRQ�RI�QDWLRQDO�LQYHQWRULHV�ZLWK�LQGHSHQGHQW�GDWDEDVHV�LV�D�JRRG�DOWHUQDWLYH�PHWKRGIRU� LQYHQWRU\� YDOLGDWLRQ�� +HUH� ZH� PDGH� D� FRPSDULVRQ� ZLWK� WKH� ('*$5� ���� 
(PLVVLRQV'DWDEDVH� IRU� *OREDO� $WPRVSKHULF� 5HVHDUFK
� GHYHORSHG� MRLQWO\� E\� WKH� 1DWLRQDO� ,QVWLWXWH� RI3XEOLF�+HDOWK� DQG� WKH�(QYLURQPHQW� �5,90�� DQG� WKH�1HWKHUODQGV�2UJDQLVDWLRQ� IRU�$SSOLHG6FLHQWLILF�5HVHDUFK��712���2OLYLHU�HW�DO���������������

&DUERQ�GLR[LGH
1DWLRQDO� LQYHQWRULHV� DV� UHSRUWHG� WR� WKH� &OLPDWH� &RQYHQWLRQ� 6HFUHWDULDW� DQG� FRPSLOHG� E\� WKH6HFUHWDULDW�LQ�WDEOHV��81)&&&�������DQG�������DQG�FRXQWU\�UHVXOWV��DV�FLWHG�LQ�%UDDW]�HW�DO�������� DUH� FRPSDUHG� ZLWK� ('*$5� ���� HPLVVLRQ� HVWLPDWHV� �2OLYLHU� HW� DO��� ������ ������5HODWLYHO\�ODUJH�GLIIHUHQFHV�ZHUH�LQYHVWLJDWHG�IXUWKHU��(YHQWXDOO\��WKLV�NLQG�RI�FRPSDULVRQ�ZLWKLQGHSHQGHQW�GDWDEDVHV�PD\�FRQWULEXWH�WR�WKH�YDOLGDWLRQ�RI�ERWK�QDWLRQDO�LQYHQWRULHV�DQG�JOREDOHPLVVLRQ� LQYHQWRULHV� OLNH� WKRVH� RI� ('*$5� DQG� *(,$�� ,Q� DGGLWLRQ�� LW� PD\� FRQWULEXWH� WRLPSURYHPHQW� RI� SUHVHQW� ,3&&�PHWKRGRORJLHV� DQG� UHFRPPHQGHG� GHIDXOW� HPLVVLRQ� IDFWRUV� IRUHVWLPDWLQJ�HPLVVLRQV��7KXV��LW�PD\�DOVR�LPSURYH�UHSRUWLQJ�WR�WKH�&OLPDWH�&RQYHQWLRQ�
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7KH� GLIIHUHQFH� EHWZHHQ� WKH� HVWLPDWHG� JOREDO� EXGJHW� RI� HPLVVLRQV� IURP� IRVVLO� IXHO� XVH� SOXVLQGXVWULDO� SURFHVVHV� DQG� WKH� VXP� RI� WKH� DYDLODEOH� LQYHQWRULHV� LV� ���������� 7J�� 7KLV� LV� DUHODWLYHO\� VPDOO� GLIIHUHQFH� ������� �7DEOH� ����7KH� JOREDO� EXGJHW� SXEOLVKHG� E\� WKH� ,3&&� LQ�����ZDV�REWDLQHG�IURP�D�VLPLODU�JOREDO�GDWDEDVH�RI�HPLVVLRQ�HVWLPDWHV��7KH�WRWDO�EXGJHW�LVODUJHU�EHFDXVH�RI�HPLVVLRQV�IURP�IRUHVW�ILUHV��GHIRUHVWDWLRQ��DQG�RI�ODUJH�DQQXDO�QDWXUDO�IOX[HVIURP�WKH�ELRVSKHUH�DQG�WKH�RFHDQV��7KLV�PDNHV�WKH�FRPSDULVRQ�RI�&2� HPLVVLRQV�ZLWK�EXGJHWVGHULYHG� IURP� DWPRVSKHULF�PRGHOV� YHU\� GLIILFXOW��ZKLOH� WKH� DQWKURSRJHQLF� IOX[� LV� EXW� D� WLQ\SRUWLRQ�RI�WKH�WRWDO�
7DEOH����*OREDO�HPLVVLRQV�RI�FDUERQ�GLR[LGH�LQ�������PRGLILHG�IURP�/LP�HW�DO��������
6RXUFH 1XPEHU�RIFRXQWULHV 7RWDO���7J&2��\HDU�

7RWDO���7J&2��\HDU�
*OREDO�EXGJHWD�7J�&2��\HDU�

$QQH[���FRXQWULHVE �� ����� ����� �&RXQWU\�VWXGLHVF �� ������ ������ �*OREDO�GDWDEDVHG ��� ���� ���� �7RWDO ��� ����� ����� �����
D ,3&&�������������*W&�[���������E 81)&&&���������F %UDDW]�HW�DO����������G 2OLYLHU�HW�DO����������������7RWDO���LVWKH�DJJUHJDWH�IURP�ILUVW�QDWLRQDO�UHSRUWV�DQG�7RWDO���LV�WKH�DJJUHJDWH�IURP�VHFRQG�QDWLRQDO�UHSRUWV�
'LIIHUHQFHV� WKDW� ZHUH� IRXQG� EHWZHHQ� WKH� HVWLPDWHV� LQ� WKH� ILUVW� DQG� VHFRQG� 1DWLRQDO&RPPXQLFDWLRQV� FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� FRXQWULHV� KDYH� XSGDWHG� HVWLPDWHV� XVLQJLPSURYHG�PHWKRGRORJ\��LQFOXGLQJ�HPLVVLRQ�IDFWRUV���)RU�('*$5�HVWLPDWHV�RI�FDUERQ�GLR[LGHHPLVVLRQV�WR�EHFRPH�FRPSDUDEOH�±�IRU�LQVWDQFH�ZLWKLQ������WR�HPLVVLRQV�RIILFLDOO\�UHSRUWHGE\� WKH� LQGLYLGXDO� FRXQWULHV�� WKH� ,($� HQHUJ\� GDWD� IRU�PDQ\� FRXQWULHV� �LQFOXGLQJ� FRQYHUVLRQIDFWRUV��XVHG�LQ�('*$5�DV�GDWD�VRXUFH�IRU�DFWLYLW\�GDWD�DV�ZHOO�DV�FRXQWU\�VSHFLILF�HPLVVLRQIDFWRUV�QHHG�D�WKRURXJK�HYDOXDWLRQ��7KH�DFWLYLW\�GDWD�IRU�LQGXVWULDO�SURFHVVHV�LQ�('*$5�DOVRQHHG� LPSURYHPHQW� IRU� VRPH� FRXQWULHV�� &OHDUHU� GHILQLWLRQV� DUH� QHHGHG� IRU� WKH� DOORFDWLRQ� RIHPLVVLRQV� IURP� FRJHQHUDWLRQ��&RPELQHG�+HDW� DQG� 3RZHU� �&+3�� VKRXOG� EH� UHSRUWHG�ZLWKLQLQGXVWU\�� 7KH� DPELJXLW\� LQ� WKH� ,3&&� *XLGHOLQHV� DERXW� DOORFDWLRQ� WR� SURFHVV� HPLVVLRQV� RUFRPEXVWLRQ�HPLVVLRQV�RI�&2� IURP�FRNLQJ�FRDO�XVH� LQ� WKH� LURQ�DQG�VWHHO� LQGXVWU\�VKRXOG�EHGHDOW�ZLWK�LQ�RUGHU�WR�PDNH�QDWLRQDO�LQYHQWRULHV�FRPSDUDEOH�DW�WKH�VHFWRU�OHYHO�

0HWKDQH
)RU�PHWKDQH��WKH�GLVFUHSDQF\�EHWZHHQ�WKH�JOREDO�EXGJHW�DQG�WKH�VXP�RI�QDWLRQDO�LQYHQWRULHV�LVODUJH�� ,W� LV�DERXW�����LQ� WKH�7RWDO���FROXPQ��DQG�����LQ� WKH�7RWDO���FROXPQ��7DEOH�����7KHJOREDO�EXGJHW�ZDV�GHULYHG�IURP�DWPRVSKHULF�PHDVXUHPHQWV�DQG�LV�WKHUHIRUH�LQGHSHQGHQW�RI�WKHLQYHQWRU\�GDWD��7KH�DJJUHJDWH�RI�QDWLRQDO�UHSRUWV�LV�DURXQG� WKH� ORZHU�HQG�RI� WKH� ,3&&�UDQJH�7KLV�PHDQV�WKDW�RQ�DYHUDJH�WKH�HPLVVLRQ�IDFWRUV�XVHG�LQ�VRPH�RI�WKH�ODUJHU�VRXUFH�FDWHJRULHV�DUHUDWKHU�ORZ�
'LIIHUHQFHV�EHWZHHQ�QDWLRQDO�UHSRUWV�DQG�('*$5�HVWLPDWHV�ZHUH�IRXQG�EHFDXVH�RI�WKH�XVH�RIGLIIHUHQW�HPLVVLRQ�IDFWRUV��GLIIHUHQW�DFWLYLW\�GDWD��GLIIHUHQW�PHWKRGRORJ\�RU�GLIIHUHQW�GHILQLWLRQVRI�WKH�QDWXUDO�DQG�DQWKURSRJHQLF�SDUW�RI�WKH�HPLVVLRQ��,Q�PRVW�FDVHV�('*$5�XVHG�GHIDXOW�,3&&PHWKRGRORJ\�ZLWK� DFWLYLW\� GDWD� IURP� LQWHUQDWLRQDOO\� DYDLODEOH� VWDWLVWLFV�� IURP� ,($� IRU� HQHUJ\DQG�IURP�)$2�IRU�DJULFXOWXUH��1DWLRQDO�VWDWLVWLFV�RIWHQ�GLIIHUHG�VOLJKWO\�IURP�WKH� LQWHUQDWLRQDOVWDWLVWLFV��,Q�VRPH�FDVHV�WKH�GLIIHUHQFH�LQ�HPLVVLRQ�IDFWRUV�EHWZHHQ�('*$5�DQG�D�QDWLRQDO�VWXG\ZHUH�ODUJH��$�UHYLHZ�RI�DOO�HPLVVLRQ�IDFWRUV�XVHG�LV�UHFRPPHQGHG��:KHQ�FRPSDULQJ�QDWLRQDOLQYHQWRULHV� DQG� ('*$5� HVWLPDWHV� IRU� ������ WKH� QHW� ODUJH� GLIIHUHQFHV� IRU� PHWKDQH� EHWZHHQQDWLRQDO�UHSRUWV�DQG�('*$5�DUH����7J��7KLV�PD\�EH�DQ� LQGLFDWLRQ� IRU� WKH�XQFHUWDLQW\�RI� WKHPHWKDQH�HPLVVLRQ�LQYHQWRULHV��7KH�DJJUHJDWHG�ZRUOG�WRWDO�DQWKURSRJHQLF�PHWKDQH�HPLVVLRQ�RI�������� 7J� FRPSDUHV� ZLWK� WKH� ORZ� HQG� RI� WKH� UDQJH� RI� �������� 7J� PHWKDQH� SHU� \HDU� DVSXEOLVKHG�E\� ,3&&� ��������7KLV�PD\� LQGLFDWH� WKDW� IRU� VRPH�PDMRU� VRXUFH� FDWHJRULHV� VXFK� DV
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DJULFXOWXUH�� IRVVLO� IXHO� SURGXFWLRQ� DQG� GLVWULEXWLRQ� DQG� ODQGILOOV� WKH� ,3&&� GHIDXOW� HPLVVLRQIDFWRUV� IURP� WKH� �5HYLVHG�� ,3&&� *XLGHOLQHV� DQG�RU� HPLVVLRQ� IDFWRUV� XVHG� LQ� QDWLRQDOFRPPXQLFDWLRQV��LQ�RWKHU�QDWLRQDO�UHSRUWV�DQG�LQ�('*$5�DUH�JHQHUDOO\�UDWKHU�ORZ�
7DEOH����*OREDO�HPLVVLRQV�RI�PHWKDQH�LQ�������PRGLILHG�IURP�/LP�HW�DO��������
6RXUFH 1XPEHU�RIFRXQWULHV 7RWDO���7J&+��\HDU�

7RWDO���7J&+��\HDU�
*OREDO�EXGJHWD�7J�&+��\HDU�

$QQH[���FRXQWULHVE �� ��� ��� �&RXQWU\�VWXGLHVF �� �� �� �*OREDO�GDWDEDVHG ��� ��� ��� �7RWDO ��� ��� ��� �������������
D ,3&&����������E 81)&&&���������F %UDDW]�HW�DO���������DQG�0LWUD�DQG�%DWWDFKDU\D��������� G 2OLYLHU�HW�DO���������������7RWDO���LV�WKH�DJJUHJDWH�RI�ILUVW�QDWLRQDO�UHSRUWV��7RWDO���LV�WKH�DJJUHJDWH�RI�VHFRQG�QDWLRQDO�UHSRUWV�

1LWURXV�R[LGH
7KH�VXP�RI� LQYHQWRULHV� IRU�QLWURXV�R[LGH� �1�2�� LV�FORVH� WR� WKH� ORZHU� HQG�RI� WKH� UDQJH�RI� WKHJOREDO� EXGJHW� �7DEOH� ���� 7KH� JOREDO� EXGJHW� ZDV� REWDLQHG� IURP� WKH� REVHUYHG� DWPRVSKHULFLQFUHDVH��LQGHSHQGHQWO\�RI�WKH�LQYHQWRU\�GDWD��7KH�HVWLPDWH�RI�WKH�EXGJHW�IRU�WRWDO�DQWKURSRJHQLFHPLVVLRQV�RI���7J�1�2 LQ�7DEOH���ZDV�EDVHG�RQ�SUHYLRXV�,3&&�HVWLPDWHV��,3&&���������8VLQJWKH� 5HYLVHG� ����� ,3&&� *XLGHOLQHV� �,3&&�� ������� WKH� PLG�SRLQW� HVWLPDWH� IRU� ZRUOGZLGHDQWKURSRJHQLF�HPLVVLRQV�LV�WKRXJKW�WR�EH�KLJKHU��������7J�1�2�\U��0RVLHU�HW�DO���������.URH]HHW� DO��� ������� EXW� VWLOO� ZLWKLQ� WKH� UDQJH� GHGXFHG� IURP� WUHQGV� LQ� DWPRVSKHULF� 1�2�� 7KHPHWKRGRORJ\� GHVFULEHG� LQ� WKH� 5HYLVHG� ,3&&� *XLGHOLQHV� KDV� EHHQ� XVHG� WR� HVWLPDWH� KLVWRULFHPLVVLRQV� RI�1�2��ZKLFK� LQ� WXUQ�ZHUH� XVHG� DV� LQSXW� WR� D� VLPSOH� DWPRVSKHULF� ER[�PRGHO� IRUVLPXODWLQJ� WUHQGV� LQ� DWPRVSKHULF�1�2 LQ� OLQH�ZLWK� WKH� REVHUYHG� WUHQGV� �.URH]H� HW� DO��� ������7KHVH�UHVXOWV�LQGLFDWH�WKDW�RQ�D�JOREDO�VFDOH��WKH�5HYLVHG�,3&&�*XLGHOLQHV�DUH�FRQVLVWHQW�ZLWKWUHQGV�LQ�DWPRVSKHULF�FRQFHQWUDWLRQV�
7DEOH����*OREDO�HPLVVLRQ�RI�QLWURXV�R[LGH�LQ�������PRGLILHG�IURP�/LP�HW�DO��������
6RXUFH 1XPEHU�RIFRXQWULHV 7RWDO���7J1�2�\HDU�

7RWDO���7J�1�2�\HDU�
*OREDO�EXGJHWD�7J�1�2�\HDU�

$QQH[���FRXQWULHVE �� ��� ��� �&RXQWU\�VWXGLHVF �� ��� ��� �*OREDO�GDWDEDVHG ��� ��� ��� �7RWDO ��� ��� ��� ��������
D ,3&&�������������7J�1�\HDU���PLGSRLQW������[��������� E 81)&&&���������F %UDDW]�HW�DO����������G 2OLYLHU�HW�DO���������������7RWDO���LV�WKH�DJJUHJDWH�RI�ILUVW�QDWLRQDO�UHSRUWV��7RWDO���LV�WKH�DJJUHJDWH�RI�VHFRQG�QDWLRQDO�UHSRUWV�
1DWLRQDO�HVWLPDWHV�RI�1�2 HPLVVLRQ�ZHUH�DQDO\VHG��:H�FRPSDUHG�HVWLPDWHV�DV�SUHVHQWHG�LQ�WKHILUVW�DQG�VHFRQG�1DWLRQDO�&RPPXQLFDWLRQV� �1&��DQG�1&��� UHVSHFWLYHO\��ZLWK�HVWLPDWHV� IURP('*$5��$JULFXOWXUH�LV�WKH�PRVW�LPSRUWDQW�DQWKURSRJHQLF�VRXUFH�RI�1�2 RQ�D�JOREDO�VFDOH�DVZHOO�DV�LQ�PRVW�FRXQWU\�HVWLPDWHV��)XHO�FRPEXVWLRQ��LQGXVWULDO�SURFHVVHV�DQG�ELRPDVV�EXUQLQJDUH�OHVV�LPSRUWDQW�VRXUFHV�RI�1�2�
)RU�DERXW�WZR�WKLUGV�RI�WKH�FRXQWULHV�WKH�('*$5�HVWLPDWH�IRU�DJULFXOWXUDO�HPLVVLRQV�RI�1�2 LVORZHU�WKDQ�WKH�HVWLPDWH�UHSRUWHG�LQ�WKH�VHFRQG�QDWLRQDO�FRPPXQLFDWLRQV��,Q�DGGLWLRQ��LW�LV�FOHDUWKDW�PRVW�1&��HVWLPDWHV�DUH�KLJKHU�WKDQ�1&��HVWLPDWHV��%RWK�ILQGLQJV�PD\�EH�LQGXFHG�E\�WKHSXEOLFDWLRQ�RI�WKH�5HYLVHG������,3&&�*XLGHOLQHV� ZKLFK�LQFOXGH�PRUH�DJULFXOWXUDO�VRXUFHV�DQGUHYLVHG� �KLJKHU�� HPLVVLRQ� IDFWRUV� WKDQ� WKH� ����� ,3&&� *XLGHOLQHV� $ERXW� RQH�WKLUG� RI� DOOFRXQWULHV�UHSRUW�DJULFXOWXUDO�HPLVVLRQV�WKDW�GR�QRW�H[FHHG�('*$5�HVWLPDWHV��ZKLFK�FRXOG�EH�DQLQGLFDWLRQ�WKDW�WKHVH�FRXQWULHV�GR�QRW�UHSRUW�DOO�DJULFXOWXUDO�VRXUFHV�RI�1�2��,Q�GHSWK�DQDO\VLV�RI
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D QXPEHU�RI� FRXQWULHV� VKRZV� WKDW� FRXQWU\� HVWLPDWHV� FRXOG� LQFUHDVH� FRQVLGHUDEO\� LI� HPLVVLRQVZHUH�HVWLPDWHG�IROORZLQJ�WKH�5HYLVHG������,3&&�*XLGHOLQHV�FRPSOHWHO\�
)RU� 1�2 IURP� IXHO� XVH� WKH� DQDO\VLV� LQGLFDWHV� WKDW� WKH� ('*$5� HVWLPDWHV� IRU� IRVVLO� IXHOFRPEXVWLRQ� DUH� UHODWLYHO\� ORZ�� ZKLOH� WKH� HVWLPDWHV� IRU� ELRIXHO� DUH� UHODWLYHO\� KLJK� ZKHQFRPSDUHG�WR�WKH�1DWLRQDO�&RPPXQLFDWLRQV��,Q�DGGLWLRQ��WKH�('*$5�HVWLPDWH�IRU�1�2 IURPWUDIILF�LV�ORZHU�WKDQ�LQ�WKH�1DWLRQDO�&RPPXQLFDWLRQV�LQ�DOO�FRXQWULHV�VWXGLHG��)XUWKHUPRUH��WKHFRPSDULVRQ�UHYHDOV�WKDW�IRU�DOO�FRXQWULHV�FRQVLGHUHG�WKH�('*$5�HVWLPDWHV�DUH�ORZHU�WKDQ�WKH1DWLRQDO� &RPPXQLFDWLRQ�� LQGLFDWLQJ� WKDW� WKH� ('*$5� HVWLPDWHV� IRU� LQGXVWULDO� VRXUFHV�PD\DOVR�EH�RQ�WKH�ORZ�VLGH�

&RQFOXVLRQV
('*$5�SURRIHG�WR�EH�D�XVHIXO�VFUHHQLQJ�WRRO�IRU�FKHFNLQJ�FRPSOHWHQHVV�DQG�FRPSDUDELOLW\�E\LGHQWLI\LQJ� ODUJH� JDSV� DQG� PDQ\� GLIIHUHQFHV� ZLWK� WKH� QDWLRQDO� UHSRUWV�� )RXU� W\SHV� RIGLIIHUHQFHV� ZHUH� IRXQG�ZKHQ� HPLVVLRQ� HVWLPDWHV� IURP� QDWLRQDO� LQYHQWRULHV� DQG� ('*$5� ���ZHUH�FRPSDUHG�
'LIIHUHQFHV�DV�D�UHVXOW�RI�GLIIHUHQW�HPLVVLRQ�IDFWRUV7KHVH�GLIIHUHQFHV�FDQ�EH�UHODWLYHO\�ODUJH��IRU�LQVWDQFH��LQ�WKH�FDVH�RI�PHWKDQH�HPLVVLRQV�IURPFRDO��RLO�DQG�JDV��PDQXUH�� ULFH�DQG�ZDVWH��0HDVXUHPHQWV�PD\�EH�QHHGHG�WR� LPSURYH�FRXQWU\�VSHFLILF�HPLVVLRQ�IDFWRUV��7KLV� LQIRUPDWLRQ�PD\�EH�QHHGHG�IRU� WKH�GHYHORSPHQW�RI�QHZ� ,3&&GHIDXOW�HPLVVLRQ�IDFWRUV�
'LIIHUHQFHV�EHFDXVH�RI�WKH�XVH�RI�GLIIHUHQW�DFWLYLW\�OHYHOV7KHVH� GLIIHUHQFHV� SRLQW� WR� WKH� IDFW� WKDW� ('*$5� XVHV� LQWHUQDWLRQDOO\� DYDLODEOH� DFWLYLW\� GDWD�ZKLFK��LQ�VRPH�FDVHV��GLIIHU�IURP�QDWLRQDO�VWDWLVWLFV�
'LIIHUHQFHV�GXH�WR�JDSV�LQ�QDWLRQDO�HVWLPDWHV�RU�('*$5�9DULRXV� QDWLRQDO� FRPPXQLFDWLRQV� DQG� FRXQWU\� VWXG\� UHSRUWV� DUH� QRW� FRPSOHWH� RU� QRW� \HWDYDLODEOH� �FROOHFWLRQ� RI� UHSRUWV� LQ� ������ DQDO\VLV� WRRN� SODFH� LQ� �������:KHQ� FRPSDUHG�ZLWK('*$5��WKHVH�JDSV�DUH�YHU\�GLVWLQFW��&RXQWU\�VWXGLHV� LQ�GHYHORSLQJ�FRXQWULHV�ZHUH�PDGH�IRUFDSDFLW\�EXLOGLQJ�DQG�WR�OHDUQ�DERXW�,3&&�PHWKRGRORJ\��:H�H[SHFW�D�PRUH�FRPSOHWH�UHSRUWLQJZKHQ�PRUH�RIILFLDO�QDWLRQDO�FRPPXQLFDWLRQV�FRPH�GXH�
'LIIHUHQFHV�GXH�WR�GLIIHUHQW�GHILQLWLRQV�RQ�WKH�DQWKURSRJHQLF�SDUW�RI�HPLVVLRQV7KHVH�GLIIHUHQFHV�RFFXU�LQ�HVWLPDWHV�RI�PHWKDQH�IURP�VRLO��ZHWODQGV�DQG�ODQG�XVH�FKDQJH��,3&&*XLGHOLQHV�VKRXOG�PDNH�WKHVH�GHILQLWLRQV�FOHDUHU�
&RPSDULVRQ�ZLWK�JOREDO�EXGJHWV7KH� FRPSDULVRQ� RI� DJJUHJDWHV� RI� DYDLODEOH� LQYHQWRULHV�ZLWK� ,3&&� EXGJHWV�ZDV�PHDQLQJIXORQO\�IRU�PHWKDQH�DQG�QLWURXV�R[LGH��ZKLOH�WKH�XQFHUWDLQWLHV�RI�LQYHQWRULHV�DQG�EXGJHWV�ZHUHFRPSDUDEOH�� )RU� FDUERQ�GLR[LGH� WKH� DQWKURSRJHQLF� HPLVVLRQV�FRXOG� RQO\� EH� FRPSDUHG�ZLWKRWKHU� �VHPL��� LQGHSHQGHQW� LQYHQWRULHV� GHYHORSHG� RQ� D� SHU� FRXQWU\� EDVLV�� )RU� PHWKDQH� ZHFRQFOXGHG� WKDW� WKH� DJJUHJDWH� LV� DW� WKH� ORZ� HQG� RI� WKH� ,3&&� EXGJHW�� SRVVLEO\� EHFDXVH� RIJHQHUDOO\� ORZ�HPLVVLRQ� IDFWRUV� LQ�VRPH�PDMRU�VRXUFHV��)RU�QLWURXV�R[LGH�ZH�FRQFOXGHG�WKDWFRXQWULHV�WKDW�GLG�QRW�UHSRUW�FRPSOHWH�LQYHQWRULHV�FDXVHG�WKH�GLIIHUHQFH�
7R�PDNH�LQYHQWRULHV�PRUH�WUDQVSDUHQW��WKH�81)&&&�LV�UHFRPPHQGHG�WR�SXEOLVK�QHZ�VWDQGDUGGDWD�WDEOHV�LQ�WKHLU�*XLGHOLQHV�IRU�UHSRUWLQJ��DQG�FRXQWULHV�DUH�DGYLVHG�WR�LPSURYH�WKH�GHWDLOHGUHSRUWLQJ�RQ�HPLVVLRQ�IDFWRUV�DQG�DFWLYLW\�GDWD�LQ�WKH�QDWLRQDO�LQYHQWRU\�UHSRUWV�
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5HIHUHQFHV
$PVWHO�� $�5�� YDQ�� &�� .URH]H�� /�+�-�0�� -DQVVHQ�� -�*�-�� 2OLYLHU�� ������ *UHHQKRXVH� *DV� (PLVVLRQ$FFRXQWLQJ� ��� 8SGDWH� LQFOXGLQJ� FRPSDULVRQ� ZLWK� 6HFRQG� 1DWLRQDO� &RPPXQLFDWLRQV�:,0(.�5,90��UHSRUW�������������5,90��%LOWKRYHQ��WKH�1HWKHUODQGV�
$PVWHO�� $�5�� YDQ�� /�� -DQVVHQ� DQG� %�� /LP� �HGV��� ������ *UHHQKRXVH� *DV� ,QYHQWRU\� 4XDOLW\�(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\���� ��������
$PVWHO��$�5�� YDQ�� -�*�-��2OLYLHU� DQG� /�+�-�0�� -DQVVHQ�� ������$QDO\VLV� RI� GLIIHUHQFHV� EHWZHHQ� QDWLRQDOLQYHQWRULHV� DQG� DQ�(PLVVLRQV�'DWDEDVH� IRU� *OREDO� $WPRVSKHULF� 5HVHDUFK� �('*$5���(QYLURQPHQWDO6FLHQFH�DQG�3ROLF\����� ��������
0RVLHU�$���&��.URH]H��&��1HYLVRQ��2��2HQHPD��6��6HLW]LQJHU�DQG�2��YDQ�&OHHPSXW���������&ORVLQJ�WKHJOREDO� DWPRVSKHULF� 1�2 EXGJHW�� QLWURXV� R[LGH� HPLVVLRQV� WKURXJK� WKH� DJULFXOWXUDO� QLWURJHQ� F\FOH��2(&'�,3&&�,($� 3KDVH� ,,� 'HYHORSPHQW� RI� ,3&&� *XLGHOLQHV� IRU� 1DWLRQDO� *UHHQKRXVH� *DV,QYHQWRULHV���1XWULHQW�&\FOLQJ�LQ�$JURHFRV\VWHPV�������������
0RVLHU��$���&��.URH]H��&��1HYLVRQ��2��2HQHPD��6��6HLW]LQJHU�DQG�2��YDQ�&OHHPSXW��������$Q�RYHUYLHZ�RIWKH�UHYLVHG������,3&&�JXLGHOLQHV�IRU�QDWLRQDO�JUHHQKRXVH�JDV�LQYHQWRU\�PHWKRGRORJ\�IRU�QLWURXV�R[LGHIURP�DJULFXOWXUH��(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\��� �������
2OLYLHU��-�*�-���$�)��%RXZPDQ��-�-�0��%HUGRZVNL��&��9HOGW��-�3�-��%ORRV��$�-�+��9LVVFKHGLMN��&�:�0�YDQ� GHU�0DDV� DQG� 3�<�-�� =DQGYHOG�� ������ 6HFWRUDO� HPLVVLRQ� LQYHQWRULHV� RI� JUHHQKRXVH� JDVHV� IRU�����RQ�D�SHU�FRXQWU\�EDVLV�DV�ZHOO�DV�RQ��R[�R� (QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\����������
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����� (9$/8$7,1*� (0,66,216�� )$&76+((76� )25� *5((1+286(*$6(6
0DULDQQH�.XLMSHUV�/LQGH1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��5,90�/DERUDWRU\�IRU�:DVWH�0DWHULDOV�DQG�(PLVVLRQV��/$(�3�2��%R[����1/������%$��%LOWKRYHQ��7KH�1HWKHUODQGV
>3DSHU�EDVHG�RQ� WKH�5,90�UHSRUW� 
0HDVXULQJ��0RGHOOLQJ� DQG�8QFHUWDLQW\
� �LQ�'XWFK��� 5,90
WHFKQ��UHSRUW��������������@

(PLVVLRQ�5HJLVWUDWLRQ�V\VWHP
(PLVVLRQV�RI�SROOXWLQJ�VXEVWDQFHV�WR�DLU��ZDWHU�DQG�WKH�VRLO�DUH�FRPSLOHG�FROODERUDWLYHO\�LQ�WKHµ(PLVVLRQ� 5HJLVWUDWLRQ¶� SURMHFW� XQGHU� WKH� DXVSLFHV� RI� WKH� &KLHI� ,QVSHFWRUDWH� IRU� WKH(QYLURQPHQW� RI� WKH�0LQLVWU\� RI� 9520� E\� 6WDWLVWLFV� 1HWKHUODQGV� �&%6��� WKH� 1HWKHUODQGV2UJDQLVDWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK��712���WKH�1DWLRQDO�,QVWLWXWH�IRU�,QODQG�:DWHU0DQDJHPHQW� DQG� :DVWHZDWHU� 7UHDWPHQW� �5,=$�� 1DWLRQDO� 5HIHUHQFH� &HQWUH�� $JULFXOWXUDO5HVHDUFK�'HSDUWPHQW��'/2��DQG�WKH�1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW�5,90��� 0HWKRGRORJ\� UHSRUWV� GHVFULEH� WKH� SURFHGXUHV� RI� KRZ� WKLV� LV� GRQH�� :LWKLQ� WKLVFROODERUDWLRQ�� PHWKRGRORJ\� DQG� ILJXUHV� DUH� FRQVWDQWO\� XQGHU� GLVFXVVLRQ�� � MXVW� DV� LQ� HYHU\VFLHQWLILF� SURFHVV�� :RUNLQJ� IURP� WKHLU� RZQ� FRQWH[WV�� SRVLWLRQV� DQG� GLYHUVH� EDFNJURXQGV�LQVWLWXWHV� VWULYH� WR� REWDLQ� FROOHFWLYH� HVWLPDWHV�� &RRSHUDWLRQ� RIWHQ� WDNHV� SODFH� ZLWK� VXFKLQWHUQDWLRQDO�ERGLHV�DV�WKH�8QLWHG�1DWLRQV�DQG�WKH�(XURSHDQ�8QLRQ�WR�HVWDEOLVK�VFLHQWLILFDOO\VRXQG�SURWRFROV��7KH�5,90�KDV�XQGHUWDNHQ�WR�DUFKLYH�DQG�PDQDJH� WKH�EDVH�GDWD� ILOHV�RQFHWKH\�KDYH�EHHQ�FRPSLOHG�E\�WKH�LQVWLWXWHV��FHUWLILHG�XQGHU�,622������7KLV�ZLOO�JXDUDQWHH�WKHVWRUDJH�DQG�UHWULHYDO�RI�WKH�FRUUHFW�HPLVVLRQ�GDWD�LQ�WKH�(5�GDWDEDVH�
'DWD�DUH�SXEOLVKHG�LQ�WKH�$QQXDO�5HSRUW�RQ�(PLVVLRQ�DQG�:DVWH��($-5���9520���������RIZKLFK�DQ�H[FHUSW�LV�LQFOXGHG�WKH�(QYLURQPHQWDO�%DODQFH�DQQXDOO\�UHOHDVHG�E\�5,90��5,90�����D�E���2QO\�LQ�H[FHSWLRQDO�FDVHV��IRU�H[DPSOH��LQ�WKH�SUHVHQWDWLRQ�RI�WKH�PRVW�UHFHQW�GDWDWR�WKH�'XWFK�/RZHU�+RXVH�RWKHU�GDWD�WKDQ�WKH�($-5�ILJXUHV�DUH�XVHG�

'HWHUPLQLQJ�HPLVVLRQV
(PLVVLRQV� FDQQRW� JHQHUDOO\� EH� PHDVXUHG� GLUHFWO\� EXW� DUH� XVXDOO\� FRPSLOHG� IURPPHDVXUHPHQWV� DQG� VWDWLVWLFV�� )RU� WKH� PRVW� LPSRUWDQW� VXEVWDQFHV� 5,90� KDV� FRPSLOHGIDFWVKHHWV� FRQWDLQLQJ� VXPPDU\� LQIRUPDWLRQ� RQ� WKH� PHWKRGRORJ\� IRU� FRPSLOLQJ� HPLVVLRQHVWLPDWHV��DV�ZHOO�DV�WKHLU�UHOLDELOLW\�DQG�YDOLGDWLRQ��H�J��VHH�DWWDFKHG�IDFWVKHHW�RQ�&2���
,Q� WKH� 1HWKHUODQGV� HPLVVLRQ� ILJXUHV� RULJLQDWH� LQ� WZR� ZD\V�� � LQGLYLGXDO� UHJLVWUDWLRQ� DQGFROOHFWLYH� UHJLVWUDWLRQ�� 3RLQW� VRXUFHV� XVHG� WR� EH� WKH� PRVW� LPSRUWDQW� VRXUFHV� RI� HPLVVLRQV�7DUJHWHG�HQYLURQPHQWDO�SROLF\�KDV� LQFUHDVHG�WKH� � LPSRUWDQFH�RI�GLIIXVH�VRXUFHV� IRU�PRVW�RIWKH�HQYLURQPHQWDO� � WKHPHV��7KLV�LQ�WXUQ�KDV�SODFHG�KLJKHU�GHPDQGV�RQ� � WKH�GDWD�EHKLQG� WKHSROLFLHV�
� )RU� ODUJH� LQGXVWULDO� SODQWV� WKH� HPLVVLRQ� ILJXUHV� DUH� UHSRUWHG� E\� WKH� LQGLYLGXDO� SODQWVWKHPVHOYHV� �WKH�&2�� 62� DQG�12[ FRQWULEXWLRQV� RI� ODUJH� LQGXVWULDO� SODQWV� � WR� WKH� WRWDOHPLVVLRQ�RI�WKH�LQGXVWULDO�WDUJHW�JURXS�DUH����������7KHVH�ILJXUHV�DUH�SDUWO\�WKH�UHVXOW�RIPHDVXUHPHQWV� DQG� SDUWO\� RI� FDOFXODWLRQV�� 7KHLU� TXDOLW\� LV� YHULILHG� E\� WKH� RIILFLDODXWKRULWLHV�DQG�RQ�WKH�PDLQ�LWHPV�SHUWDLQLQJ�WR�TXDOLW\�E\�712�XQGHU�WKH�UHVSRQVLELOLW\�RI
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WKH�&KLHI�,QVSHFWRUDWH�IRU�WKH�(QYLURQPHQW��7KLV�SURFHGXUH�LQYHVWLJDWHV�WKH�PHWKRGV�XVHGE\�D�FRPSDQ\� LQ�GHWHUPLQLQJ� � WKH�HPLVVLRQV��IRU� WUDFHDELOLW\� DQG� V\VWHPDWLF� DSSURDFK��:KHUH�HPLVVLRQV�DUH�FDOFXODWHG��WKH�FDOFXODWLRQ�PHWKRG�LV�FRPSDUHG�ZLWK�PHWKRGV�IRXQGLQ�WKH�QDWLRQDO�DQG�LQWHUQDWLRQDO�OLWHUDWXUH��7KH�SODXVLELOLW\�RI�WKH�HPLVVLRQ�FRPSDUHG�ZLWKWKH� WUHQG� LQ� SUHFHGLQJ� \HDUV� LV� DOVR� LQYHVWLJDWHG� � SHU� FRPSDQ\� RU� LQVWDOODWLRQ�� $OO� WKHILJXUHV� DUH� DSSURYHG� E\� WKH� RIILFLDO� DXWKRULWLHV� EHIRUH� LQWHJUDWLRQ� LQWR� WKH� (PLVVLRQ5HJLVWUDWLRQ� V\VWHP�� 7KH� RIILFLDO� DXWKRULW\� GRHV� QRW� SURYLGH� DQ\� MXGJHPHQW� RQ� WKHXQFHUWDLQW\�RI�WKHVH�ILJXUHV�
� &ROOHFWLYH� HPLVVLRQV� IURP� WUDIILF�� KRXVHKROGV�� VPDOO� FRPSDQLHV� DQG� DJULFXOWXUH� DUHGHWHUPLQHG� DFFRUGLQJ� WR� VWDWLVWLFDO� GDWD� RIWHQ� WDNHQ� IURP� 6WDWLVWLFV� 1HWKHUODQGV� �6%6��,QFOXGHG�KHUH�DUH�WKH�QXPEHU�RI�YHKLFOHV��LQKDELWDQWV��QXPEHU�RI�OLYHVWRFN��WKH�QXPEHU�RIMREV�� WKH� XVH� RI� IRVVLO� IXHOV�� HWF�� 7KHVH� GDWD� DUH� WUDQVODWHG� LQWR� HPLVVLRQ� GDWD� E\� WKHZRUNLQJ�JURXSV�RI� WKH�(5�SURMHFW�XVLQJ�HPLVVLRQ� IDFWRUV�ZKLFK�� IRU�H[DPSOH��DUH�DJDLQGHSHQGHQW�RQ�WKH�DYHUDJH�VSHHG�RI�FDUV��WKH�QXPEHU�RI�FDUV�ZLWK�D�FDWDO\WLF�FRQYHUWHU�DQGWKH� UHODWLRQ� EHWZHHQ� VSHHG� DQG� HPLVVLRQV�� ([SHULPHQWDO� PHDVXUHPHQWV� DUH� WDNHQ� WRGHWHUPLQH� WKH� HPLVVLRQ� IDFWRUV�� (PLVVLRQV� IURP� FDUV� DUH�PHDVXUHG� XQGHU� GLIIHUHQW� WHVWFRQGLWLRQV� LQ� H[SHULPHQWDO� LQVWDOODWLRQV� E\� VXFK� RUJDQLVDWLRQV� DV� 712�� $V� DQRWKHUH[DPSOH�� WKH� HPLVVLRQ� RI� DPPRQLD� DIWHU� VSUHDGLQJ� PDQXUH� LV� DOVR� H[SHULPHQWDOO\GHWHUPLQHG�
6RXUFHV� RI� XQFHUWDLQW\� LQ� WKH� FROOHFWLYH� UHJLVWUDWLRQ� DUH� VSRW�FKHFN� IOXFWXDWLRQV�� PHDVXULQJHUURUV�� ZRUNLQJ� ZLWK� GHULYHG� TXDQWLWLHV� DV� LQGLFDWRUV� IRU� SURGXFWLRQ� YROXPHV� LQ� FHUWDLQLQGXVWULDO� VHFWRUV� DQG� DVVXPSWLRQV� UHODWHG� WR� KRPRJHQHLW\� RI� SURFHVVHV� ZLWKLQ� VHFWRUV�$QRWKHU�LPSRUWDQW�YDULDEOH�LV�WKH�H[WHQW�WR�ZKLFK�WHFKQLFDO�PHDVXUHV�KDYH�EHHQ�LPSOHPHQWHGE\ WKH� WDUJHW� JURXS�� $Q� H[WHQVLYH� QHWZRUN� RI� H[SHUWV� HVWLPDWHV� WKHVH� GHJUHHV� RILPSOHPHQWDWLRQ��1RW�PRQLWRULQJ�WKHVH�GDWD�PDNHV�WKH�ILJXUHV�OHVV�UHOLDEOH�
$VVHVVLQJ�HPLVVLRQV�LQ�D�EURDGHU�FRQWH[W,Q� WKH�(QYLURQPHQWDO� %DODQFH� VXEVHTXHQWO\� GHYHORSPHQWV� LQ� HQYLURQPHQWDO� FRQGLWLRQV� DUHGHVFULEHG�IRU�WKHPHV�DV�&OLPDWH�&KDQJH�DQG�$FLGLILFDWLRQ��'HSHQGLQJ�RQ�WKH�REMHFWLYH�WKHVHGHYHORSPHQWV�ZLOO� FHQWUH� RQ� HLWKHU� HPLVVLRQV� RU� HQYLURQPHQWDO� TXDOLW\� �FRQFHQWUDWLRQV� DQGGHSRVLWLRQV� RI� WKH� FRQWDPLQDWHG� VXEVWDQFHV��� � $SDUW� IURP� WKH� HPLVVLRQ� LQYHQWRULHV�� WKH(QYLURQPHQWDO�%DODQFH�LV�ODUJHO\�EDVHG�RQ�PRQLWRULQJ�UHVXOWV�RU�D�FRPELQDWLRQ�RI�PRQLWRULQJDQG�PRGHOV��,Q�RQO\�D�IHZ�FDVHV�LV�WKH�GHYHORSPHQW�RI�HQYLURQPHQWDO�TXDOLW\�PDLQO\�EDVHG�RQPRGHO� FDOFXODWLRQV�� DV� LQ� WKH� WUDQVIHU� RI� PHDVXUHG� FRQFHQWUDWLRQV� WR� HFRV\VWHPV�� WKHGLVSHUVLRQ�RI�DPPRQLD��WKH�GHVFULSWLRQ�RI�QRLVH�SROOXWLRQ�DQG�WKH�H[WHUQDO�VDIHW\�
8QFHUWDLQWLHV,Q� SROLF\�RULHQWHG� RYHUYLHZV� FRPSLOHG� E\� WKH� 5,90�� � OLNH� WKH� (QYLURQPHQWDO� %DODQFH�XQFHUWDLQWLHV� DUH� RQO\� LQGLFDWHG� ZKHUH� WKHVH� DUH� UHOHYDQW� � WR� WKH� FRQFOXVLRQV� GUDZQ�8QFHUWDLQW\�UDQJHV�DUH��KRZHYHU��QRW�H[SOLFLWO\�LQGLFDWHG��EXW�TXDOLWDWLYHO\�SRLQWHG�RXW�LQ�WKHWH[W��6RPHWLPHV�D�FRQILGHQFH�LQWHUYDO�FDQ�EH�VWDWLVWLFDOO\�VXSSRUWHG��EXW�RIWHQ�ZH�KDYH�WR�UHO\RQ�H[SHUW�MXGJHPHQWV��%DFNJURXQG�LQIRUPDWLRQ�RQ�WKH�UHOLDELOLW\�RI�WKH�GDWD�SUHVHQWHG�E\�WKH5,90�LV�DYDLODEOH�DW�WKH�LQVWLWXWH��H�J��LQ�WKH�IRUP�RI�IDFWVKHHWV�LQ�ZKLFK�WKLV�LQIRUPDWLRQ�LVVXPPDULVHG���VHH�DWWDFKHG�H[DPSOH�IRU�WKH�1HWKHUODQGV�WRWDO�&2� HPLVVLRQV���5,90������D��,QIRUPDWLRQ� RQ� WKH� UHOLDELOLW\� RI� GDWD� LV� XVXDOO\� H[FKDQJHG� ZLWKLQ� VFLHQWLILF� FLUFOHV� DQGGHVFULEHG�LQ�YDULRXV�XQGHUO\LQJ�UHVHDUFK�UHSRUWV�DQG�SXEOLFDWLRQV��,Q�VRPH�FDVHV�XQFHUWDLQWLHVDUH� UHSRUWHG� LQ� PHPRUDQGD� SUHVHQWHG� WR� SDUOLDPHQW� DQG� WR� 81� ERGLHV�� DV� LQ� WKH� 6HFRQG1HWKHUODQGV�1DWLRQDO�&RPPXQLFDWLRQ�RQ�&OLPDWH�&KDQJH�3ROLF\��0D\������XSGDWH��SS����������9520��������
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%R[����([DPSOHV�RI�HQYLURQPHQWDO�PHDVXUHV�DQG�UHODWHG�GDWD�IRU�HVWLPDWLQJ�HPLVVLRQV
([DPSOHV�RI�HQYLURQPHQWDO�PHDVXUHV�DUH�WKH�LQWURGXFWLRQ�RI�WKH���ZD\�FDWDO\WLF�FRQYHUWHU�IRUSDVVHQJHU�FDUV��FDUERQ�ILOWHUV�LQ�LQGXVWU\�DQG�LQFRUSRUDWLRQ�RI�PDQXUH�LQWR�WKH�VRLO�RQ�IDUPV��7KH�PHWKRG�WR�HVWDEOLVK�WKH�GHJUHH�RI�LPSOHPHQWDWLRQ�ZLOO�EH�LOOXVWUDWHG�E\�WKH�WZR�H[DPSOHVEHORZ�
��� 7UDIILF��LPSOHPHQWDWLRQ�RI�WKH�UHJXODWHG���ZD\�FDWDO\WLF�FRQYHUWHU,Q� FDOFXODWLRQV� IRU� LPSOHPHQWLQJ� WKH� UHJXODWHG� ��ZD\� FDWDO\WLF� FRQYHUWHU� LW� LV� DVVXPHGWKDW�DOO�QHZ�FDUV��SHWURO�DQG�/3*�IXHOOHG��GDWLQJ�IURP��������KDYH�EHHQ�ILWWHG�ZLWK�D���ZD\� FDWDO\WLF� FRQYHUWHU�� )RU�PRGHOV� ROGHU� WKDQ� ����� WKH� QXPEHU� RI� FDUV�ZLWK� FDWDO\WLFFRQYHUWHUV�KDV�EHHQ�HVWDEOLVKHG�RQ�WKH�EDVLV�RI�FDU�VDOH�ILJXUHV�VXSSOLHG�E\�5$,�%29$*������$JULFXOWXUH��PDQXUH�DSSOLFDWLRQ7KH�PRVW� UHFHQW� GDWD� LV� IRXQG� LQ� WKH� ����� $JULFXOWXUDO� FHQVXV�� LQ� ZKLFK� YLUWXDOO\� DOOIDUPV�ZHUH� REOLJHG� WR� SDUWLFLSDWH��4XHVWLRQV� RQ� WKH� W\SH� RI� HTXLSPHQW�PRVW� FRPPRQO\XVHG� IRU�PDQXUH� DSSOLFDWLRQ�ZHUH� YROXQWDU\��7KH� UHVSRQVH�ZDV� ���� IRU� WRWDO� JUDVVODQGDQG����� IRU� WRWDO� DUDEOH� ODQG��$QVZHUV�ZHUH� SURFHVVHG� E\� WKH�$JULFXOWXUDO� (FRQRPLFV5HVHDUFK� ,QVWLWXWH� �/(,�'/2���ZLWK� WKH�KHOS�RI� GDWD� FROOHFWHG�YLD� VSRW�FKHFNV� IURP� WKH&RPSDQ\�,QIRUPDWLRQ�1HWZRUN�DQG�WUDQVODWHG�LQWR�WKH�VSUHDGLQJ�RI�PDQXUH��LQ����DPRQJPDQXUH� DSSOLFDWLRQ� WHFKQLTXHV� SHU� DJULFXOWXUDO� DUHD�� ,W� LV� DOVR� DVVXPHG� WKDW� RQO\� WKHWHFKQLTXHV�DOORZHG�E\�ODZ�ZLOO�EH�DSSOLHG��$W�WKH�DGYLFH�RI�H[SHUWV��DQG�GXH�WR�D�ODFN�RIPRUH� UHFHQW� ILJXUHV��� WKH�PDQXUH�DSSOLFDWLRQ� WDNHQ� IRU������ LV�XVHG� IRU� FDOFXODWLRQV� IRU�����DQG�������2QO\�IRU�WKH�FXOWLYDWHG�ODQG�LQ�WKH�'UHQWKH�7XUI�&RORQLHV�WKH�FDOFXODWLRQVKDYH� EHHQ� FRUUHFWHG� IRU� WKH� DSSOLFDWLRQ� RI� PDQXUH� VSUHDGLQJ� PHWKRGV� ZLWK� KLJKHUDPPRQLD�HPLVVLRQV��DQ�DUHD�ZKLFK�LV�H[HPSWHG�IURP�WKH�VWULFWHU�UHJXODWLRQV�LQ�IRUFH�VLQFH�����

&RPSDULVRQ�RI�HPLVVLRQV�ZLWK�RWKHU�PHDVXUHPHQWV�LQ�WKH�SK\VLFDO�HQYLURQPHQW
(YHQ� WKRXJK� HPLVVLRQV� DUH� HVWLPDWHG� XVLQJ� DOO� DYDLODEOH� H[SHUWLVH� DQG�PHDVXUHPHQWV�� WKH\ZLOO�DOZD\V�KDYH�DQ�XQFHUWDLQW\�UDQJH��7KH�TXDOLW\�RI�HPLVVLRQ�HVWLPDWLRQV�LV�LQYHVWLJDWHG�E\DSSO\LQJ�DOWHUQDWLYH�FDOFXODWLRQ�PHWKRGV��E\�FRPSDULQJ�HVWLPDWHV�ZLWK�WKRVH�PDGH�DEURDG�DQGE\�PHDQV�RI�VFLHQWLILF�IDFW�VKHHWV��VHH�H[DPSOH�RQ�&2� DWWDFKHG���'LUHFW�PHDVXUHPHQWV�LQ�WKHHQYLURQPHQW� DOVR� RIWHQ� DOORZ� DQ� LQGHSHQGHQW� YDOLGDWLRQ�� 5,90� LV� KLJKO\� IRFXVHG� RQ� WKLVLVVXH�� L�H�� HPLVVLRQ� HVWLPDWHV� �OHYHOV� DQG� WUHQGV�� DUH� FRPSDUHG� DV� PXFK� DV� SRVVLEOH� ZLWKPHDVXUHG� FRQFHQWUDWLRQV� LQ� WKH� HQYLURQPHQW��PDNLQJ� XVH� RI� LQVLJKWV� LQWR� WKH� GLVSHUVLRQ� RIVXEVWDQFHV� LQ� WKH� HQYLURQPHQW�� &RPSDULQJ� HPLVVLRQV� ZLWK� FRQFHQWUDWLRQV� UHFHLYHG� H[WUDDWWHQWLRQ�LQ�WKH�(QYLURQPHQWDO�%DODQFH�RI������
8QFHUWDLQWLHV� DOVR� RFFXU� ZKHQ� WHVWLQJ� HQYLURQPHQWDO� TXDOLW\� PHDVXUHPHQWV� �� 7KH� VFDOH� RQZKLFK�PHDVXUHPHQWV�DUH�SRVVLEOH�PD\�GHYLDWH�IURP�WKH�PRVW�SROLF\�UHOHYDQW�VFDOH�±�DQG�IRUWKH�HQYLURQPHQW�±�QHFHVVLWDWLQJ� WUDQVODWLRQ�RI� WKHVH�PHDVXUHPHQWV� WR� ILW� WKH�SROLF\�FRQWH[W�)RU�H[DPSOH��LW�LV�LPSRVVLEOH�WR�WDNH�FRPSUHKHQVLYH�DQG�FRQWLQXRXV��PHDVXUHPHQWV�RI�DLU��VRLODQG�ZDWHU��:KHQHYHU� WKH�5,90� IRXQG� WKDW� WKH� WUDQVODWLRQ� RI� QDWLRQDO� HPLVVLRQ� WRWDOV� LQWRFRQFHQWUDWLRQV�ZDV�QRW��\HW��IHDVLEOH��WKLV�ZDV�H[SOLFLWO\�VWDWHG�LQ�WKH�(QYLURQPHQWDO�%DODQFH�

8QFHUWDLQW\�LQ�HVWLPDWLQJ�OHYHOV�DQG�WUHQGV
,Q� GHVFULELQJ� XQFHUWDLQWLHV�� OHYHOV� DQG� WUHQGV� LQ� HPLVVLRQ� HVWLPDWHV�� D� GLVWLQFWLRQ� PXVW� EHPDGH� EHWZHHQ� WKH� XQFHUWDLQW\� LQ� WKH� OHYHO� DQG� WKH� XQFHUWDLQW\� LQ� WKH� WUHQG� RI� D� SDUWLFXODUHPLVVLRQ� HVWLPDWH�� 3ROLF\� REMHFWLYHV� IRU� HPLVVLRQV� DUH� XVXDOO\� IRUPXODWHG� LQ� WHUPV� RIUHGXFWLRQ� SHUFHQWDJHV�� LQ� RWKHU� ZRUGV�� WUHQGV�� 7KH� 6HFRQG� 1HWKHUODQGV� 1DWLRQDO&RPPXQLFDWLRQ� RQ� &OLPDWH� &KDQJH� 3ROLF\� �0D\� ����� XSGDWH�� JLYHV� DQ� LQGLFDWLRQ� RI� WKH
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XQFHUWDLQW\� LQ� WKH� WRWDO� \HDUO\� HPLVVLRQ� LQ� WKH�1HWKHUODQGV�� LQFOXGLQJ��&2� DW������12[ DW�����DQG�62� DW�������9520���������5,90�KDV�H[WHQVLYHO\�LQYHVWLJDWHG�WKH�UHODWLRQVKLSEHWZHHQ�HPLVVLRQV�DQG�PHDVXUHG�FRQFHQWUDWLRQV���2Q�WKLV�EDVLV��WKH�WUHQGV�LQ�FRQFHQWUDWLRQVFRXOG� EH� DFFXUDWHO\� IROORZHG�� ,Q� WKH� ����V� DQG� ��V�� 5,90� FDUULHG� RXW� DLU� WUDIILF
PHDVXUHPHQWV�IRU�12[ DQG�62� DERYH�WKH�1HWKHUODQGV��DIWHU�ZKLFK�DQ�LQSXW-RXWSXW�EDODQFHZDV� FRPSLOHG�� &RQFHQWUDWLRQV� IRU� 1+� VKRZ� D� VHQVLWLYLW\� DQDO\VLV� ZLWK� D� ����� UDQJH�+RZHYHU��FRQIURQWDWLRQ�ZLWK�PHDVXUHPHQW�LQ�DLU�LPSOLHV�WKDW�WKH�1+� HPLVVLRQ�LV�PRUH�OLNHO\WR�EH�KLJKHU�WKDQ�ORZHU�WKDQ�WKH�FXUUHQW�UHSRUWHG�YDOXH��$Q�LQLWLDO�HVWLPDWH�IRU�WKH�XQFHUWDLQW\
LQ�1�DQG�3�HPLVVLRQV�WR�WKH�VRLO�LV�������$W�WKH�PRPHQW�UHVHDUFK�RQ�GLIIHUHQW�VXEVWDQFHV�LVEHLQJ� FDUULHG� RXW� WR� LPSURYH� LQVLJKW� LQWR� WKH� XQFHUWDLQW\� �5,90�� ����D��� )RU�PDQ\� SROLF\WKHPHV�� WKH� GLVWDQFH� RI� HPLVVLRQV� WR� PDQ\� SROLF\� WDUJHWV� LV� VWLOO� JUHDW� FRPSDUHG� WR� WKHXQFHUWDLQW\�UDQJHV�
&RQFOXVLRQV� RQ� HPLVVLRQ� WUHQGV�DUH� RIWHQ�PRUH� UHOLDEOH� WKDQ� WKRVH� RQ�HPLVVLRQ� OHYHOV��7KHPRUH�\HDUV�VWXGLHG�� � WKH�EHWWHU�WKH�WUHQG�FDQ�EH�HVWLPDWHG��$OWKRXJK�JURZWK�SHUFHQWDJHV�DUHUHSRUWHG� IRU� VHSDUDWH� \HDUV� LQ� WKH� (QYLURQPHQWDO� %DODQFH� UHSRUWV� RQ� HPLVVLRQ� WUHQGV� DUHUDWKHU� H[SUHVVHG� LQ� WHUPV� RI� D� µUDQJH� RI� \HDUV¶�� ,Q� VHYHUDO� FDVHV�� OLNH� FOLPDWH� FKDQJH�DFLGLILFDWLRQ��HXWURSKLFDWLRQ�DQG�ZDVWH�GLVSRVDO��VKRUW�WHUP����\HDU��SURJQRVHV�KDYH�DOVR�EHHQFDUULHG�RXW�WR�VHH�LI�DQ�REVHUYHG�WUHQG�FRQWLQXHV�LQWR�IXWXUH�\HDUV�

5HIHUHQFHV
5,90�� ����D�� (QYLURQPHQWDO� %DODQFH� ����� �LQ� 'XWFK��� 6DPVRQ� +�'�� 7MHHQN� :LOOLQN� 3XEOLVKHUV�$OSKHQ�DDQ�GH�5LMQ�
5,90�� ����E�� %DFNJURXQG� LQIRUPDWLRQ� IRU� WKH� (QYLURQPHQWDO� %DODQFH� ����� �LQ� 'XWFK��� 5,90�%LOWKRYHQ��$YDLODEOH�RQO\�RQ��KWWS���PLOLHX�ULYP�QO�DPE�
5,90��������0HDVXULQJ��0RGHOOLQJ�DQG�8QFHUWDLQW\� �LQ�'XWFK� ���5,90� WHFKQ�� UHSRUW� ������������%LOWKRYHQ��)HEUXDU\��UHSRUW�QR�������������
9520�� ������ 8SGDWH� RI� WKH� 6HFRQG� 1HWKHUODQGV¶� 1DWLRQDO� &RPPXQLFDWLRQ� RQ� &OLPDWH� &KDQJH3ROLFLHV� 0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG� WKH�(QYLURQPHQW��7KH�+DJXH��0D\������$OVR�RQ��KWWS���ZZZ�QDWFRP��ULYP�QO�
9520��������(PLVVLRQV�DQG�ZDVWH�LQ�WKH�1HWKHUODQGV��$QQXDO�UHSRUW������DQG�HVWLPDWHV�IRU�������LQ'XWFK�� (GLWHG� E\��*�3�-��'UDDLMHUV�� -�-�0��%HUGRZVNL�� 3�:�+�*��&RHQHQ��+�� /HQHPDQ�� *�$�5RRG�� '�-�� GH� 9ULHV� DQG� (�$�� =RQQHYHOG�� 0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH(QYLURQPHQW��7KH�+DJXH��5HSRUW�(PLVVLRQ�5HJLVWUDWLRQ�QR������-DQXDU\������

http://milieu.rivm.nl/amb
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$11(;��)DFWVKHHW�&2� IRU�1HWKHUODQGV�7RWDO������������������������������6RXUFH���5,90������D�
� 6XEVWDQFH�WDUJHW�JURXS &2��7RWDO�1HWKHUODQGV
� ,QYHVWLJDWRU�GDWH ,U��-��6SDNPDQ���/$(�����-DQXDU\�����
� 3ROLF\�REMHFWLYH �5HGXFWLRQ�RI����LQ������FRPSDUHG�WR�������LQFO���WHPSHUDWXUHFRUUHFWLRQ��� WKLV�ZLOO�PHDQ�������ELOOLRQ�NJ�IRU�������FRPSDUHG� WR������ELOOLRQ�NJ�IRU�������>UHI����@ 7KHUH�LV�QR�VSHFLILF�&2� JRDO�IRU�WKH�SHULRG�DIWHU�������+RZHYHU�EDUULQJ� XQIRUHVHHQ� FLUFXPVWDQFHV�� WKH� 1HWKHUODQGV� KDV� DJUHHG� WRUHGXFH� LWV� WRWDO� JUHHQKRXVH�JDV� HPLVVLRQV� �&2�� &+�� 1�2��+)&V�3)&V� DQG� 6)�� LQ� WKH� .\RWR� EXGJHW� SHULRG� E\� ���� FRPSDUHG� WR�����
� (PLVVLRQ�OHYHO����� ������ELOOLRQ�NJ��0WRQQH��DIWHU�WHPSHUDWXUH�FRUUHFWLRQ�IRU�HQHUJ\FRQVXPSWLRQ� IRU� VSDFH� KHDWLQJ�� :LWKRXW� WKLV� FRUUHFWLRQ� WKHHPLVVLRQV�PRXQWHG� WR� ������ ELOOLRQ� NJ�� 7KHVH� YDOXHV� DUH� XSGDWHV�GHYLDWLQJ�RQO\�VOLJKWO\�IURP�PRUH�UHFHQW�UHSRUWV�>UHIV����������@�
� &DOFXODWLRQ�VFKHPH 7KH�WRWDO�&2� HPLVVLRQ�ILJXUH�LQ�WKH�1HWKHUODQGV�LV�WKH�VXP�RI�&2�HPLVVLRQV� RI� DOO� WDUJHW� JURXSV� SOXV� WKH� HPLVVLRQV� GXH� WR� HQHUJ\FRQVXPSWLRQ�QRW�DOORFDWHG�WR�VSHFLILF�XVHUV��WKH�VR�FDOOHG�µVWDWLVWLFDOGLIIHUHQFHV¶�LQ�WKH�1HWKHUODQGV�(QHUJ\�6WDWLVWLFV��1(+��RI�6WDWLVWLFV1HWKHUODQGV��&%6���7KH�LQYHQWRU\�DQG�UHSRUW�FRQIRUP�WR�WKH�,3&&JXLGHOLQHV�>UHI���@�DQG�ZLOO�EH�LQFOXGHG�LQ�GHWDLO�LQ�>UHI���@�7KH�PHWKRG�IRU�WHPSHUDWXUH�FRUUHFWLRQ�LV�VLPLODUO\�GHVFULEHG�LQ�>UHI��@�� 7KH� WRWDO� &2� ILJXUH� IRU� WKH� 1HWKHUODQGV� FRQWDLQV� DOO� WKHHPLVVLRQV� IURP� KXPDQ� DFWLYLWLHV� ZLWK� FDUERQ� IURP� IRVVLO�PLQHUDORULJLQ��(PLVVLRQV� IURP� LQFLQHUDWLRQ� RI� ELRPDVV�� VOXGJH��ZRRG� DQGIHUPHQWDWLRQ�DUH�QRW�LQFOXGHG�2WKHU� IDFWVKHHWV� RQ�&2� SHU� WDUJHW� JURXS� VKRZ� WKH� UHOHYDQW� JLYHQFDOFXODWLRQ�VFKHPHV�
� ,QSXW �(QHUJ\�FRQVXPSWLRQ�ILJXUHV�IRU�VHFWRUV�DQG�WRWDO�HQHUJ\�VXSSO\�&%6�� HQHUJ\� VWDWLVWLFV�� DQQXDO� UHSRUW� ILJXUHV� >UHI�� �@�� 7KHXQFHUWDLQW\�PDUJLQ�IRU�WRWDO�HQHUJ\�FRQVXPSWLRQ������>UHI���@� (PLVVLRQ� IDFWRUV� IRU� LQFLQHUDWLRQ� HPLVVLRQV�� (1,1$� ZRUNLQJJURXS�>UHI���@�8QFHUWDLQW\�PDUJLQ�LV�IXHO�GHSHQGHQW��EXW�RQ�WKH�DYHUDJH�FRPHV�WR���RQ�WKH�EDVLV�RI�OLPLWHG�GLVSHUVLRQ�LQ�WKH�UDWLR�RI�&�OHYHO��HQHUJ\FRQWHQW�RI�WKH�IRVVLO�IXHOV�>UHI���@��� ,QGLFDWRUV� IRU� WHPSHUDWXUH� FRUUHFWLRQ�� KHDWLQJ� GHJUHH�GD\V�+''��� XQFHUWDLQW\�� ������ �.10,��� 8QFHUWDLQW\� UDQJH� LQ� WKHFRQWULEXWLRQ� RI� QDWXUDO� JDV� FRQVXPSWLRQ� WR� WKH� VSDFH� KHDWLQJVHFWRUV�����>UHI���@��1RWH�DGGHG�0D\������ WRWDO�XQFHUWDLQW\�LQ�WKH7�FRUUHFWLRQ��ZKLFK�LV�DW�PD[LPXP����RI�WKH�1HWKHUODQGV�WRWDO��GXHWR�WKH�FKRLFH�RI�UHIHUHQFH�WHPSHUDWXUH�DQG�UHIHUHQFH�OHYHOV�RI�+''VLV�HVWLPDWHG�DW�DERXW�����
� 8QFHUWDLQW\�LQ�HPLVVLRQ� ,QGLFDWLRQ�RI�WKH�XQFHUWDLQW\�UDQJH�IRU�WKH�WRWDO�&2� ILJXUH�IRU�WKH1HWKHUODQGV� WRWDO�� ��� >UHI�� ��@�� %HWWHU� LQVLJKW� LQWR� WKH� XQGHUO\LQJXQFHUWDLQWLHV�RI�HQHUJ\�ILJXUHV�DQG�HPLVVLRQ�IDFWRUV�>UHIV����������@�LQ� SDUWLFXODU� RQ� IHHGVWRFN� XVH� RI� HQHUJ\� FDUULHUV�� OHDGV� WR� DVRPHZKDW�KLJKHU�XQFHUWDLQW\�UDQJH�RI�DERXW����

(PLVVLRQV������ ��������� ELOOLRQ�NJ��LQFO��WHPSHUDWXUH�FRUUHFWLRQ�
&RPPHQW����DQ�HVVHQWLDO�GLIIHUHQFH�ZLWK�WKH�WDUJHW�JURXS�ILJXUHV�LVWKDW�WKH�WRWDO�ILJXUH�IRU�&2� IRU�WKH�1HWKHUODQGV�XVHV�WKH�WRWDO�VXSSO\RI�IRVVLO�IXHOV�LQ�WKH�1HWKHUODQGV��ZKLOH�&2� WDUJHW�JURXS�ILJXUHV�DUH
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EDVHG� RQ� WKH� HQHUJ\� GHPDQG�ZLWKLQ� WKH� WDUJHW� JURXSV�� ,Q� JHQHUDO�WKH� WRWDO� HQHUJ\� VXSSO\� LV� EHWWHU� NQRZQ� WKDQ� WKH� GLYLVLRQ� LQWR� WKHGHPDQG� VHFWRUV�� )RU� WKLV� UHDVRQ� WKH� XQFHUWDLQWLHV� LQ� HQHUJ\FRQVXPSWLRQ�DQG�&2� HPLVVLRQV�RI�WDUJHW�JURXSV�DUH�HLWKHU�XVXDOO\FRXSOHG�RU�VWDWLVWLFDOO\�GHSHQGHQW�DQG�FDQQRW�EH�VXPPHG�DFFRUGLQJWR�VLPSOH�VWDQGDUG�HUURU�SURSDJDWLRQ�VXPPDWLRQ�IRUPXOD�
&RPPHQW����LQ������WKH�&2� HPLVVLRQ�FRUUHVSRQGLQJ�WR�µVWDWLVWLFDOGLIIHUHQFHV¶�ZDV� ���� ELOOLRQ� NJ�� ZKLFK� LV� ����� RI� WKH�1HWKHUODQGVWRWDO�� ,Q� ����� DQG� ����� WKHUH� LV� D� VWURQJ� JURZWK� LQ� WKH� VWDWLVWLFDOGLIIHUHQFHV�� ,W� LV� H[SHFWHG� WKDW� WKLV� FDWHJRU\� FDQ� DQG� ZLOO� EHDGMXVWHG� GRZQZDUG��ZLWK� UHWURDFWLYH� HIIHFW�� 7KH� FXUUHQW� HPLVVLRQVDUH�SUREDEO\�DW�WKH�WRS�RI�WKH�UHSRUWHG�XQFHUWDLQW\�UDQJH�

� 9DOLGDWLRQ�LQSXW �7KH��µRIILFLDO¶��LVVXLQJ�ERG\��XVXDOO\�WKH�SURYLQFH��KDV�WKH�WDVN�RIYDOLGDWLQJ�HPLVVLRQV�UHJLVWHUHG�IRU�FRPSDQLHV�WKDW��KDYH�D�SHUPLW�WKLV�DPRXQWV�WR�FD�����ELOOLRQ�NJ�&2�� PRUH�WKDQ�����RI�WKH�WRWDO� 7KHUH�LV�QR�YDOLGDWLRQ�GRQH�WKURXJK�VWDFN�JDV�PHDVXUHPHQWV� 7KH� IDFW� VKHHWV�RQ�&2��7DUJHW�*URXSV� LQGLFDWH�ZKLFK� YDOLGDWLRQSURFHGXUHV�WDNH�SODFH� (PLVVLRQ�IDFWRUV�LQ�LQFLQHUDWLRQ��UHYLHZ�RQ�FKHPLFDO�FRPSRVLWLRQRI�IXHO� )&&&�,3&&� FDUU\� RXW� VWUXFWXUDO� UHYLHZV� RQ� UHSRUWHG� QDWLRQDOHPLVVLRQV�>UHIV�����@�
� &XUUHQW�DFWLRQV ��5,90�LQLWLDWHG�DQG�RUJDQLVHG�D�ZRUNVKRS�RQ�LQGLFDWRUV�DQGPHWKRGRORJ\�7�FRUUHFWLRQ� &%6� LV� ZRUNLQJ� RQ� UHGXFLQJ� XQFHUWDLQWLHV� LQ� HQHUJ\� VWDWLVWLFV�UHJLVWUDWLRQ�RI�HQHUJ\�FRQVXPHUV�� &%6� ZLOO� DSSO\� FRUUHFWLRQV� LQ� HQHUJ\� VWDWLVWLFV� UHWURDFWLYHO\� WRWRWDO� GRPHVWLF� FRQVXPSWLRQ�� WKHUHE\� GHFUHDVLQJ� WKH� VWDWLVWLFDOGLIIHUHQFHV���� 5HIHUHQFHV
>�@�6SDNPDQ��-��HW�DO���������*UHHQKRXVH�JDV�HPLVVLRQV�LQ�WKH�1HWKHUODQGV������������XSGDWHG�PHWKRGRORJ\��5,90��%LOWKRYHQ�

5HSRUW�������������'HFHPEHU������

>�@�,3&&��������5HYLVHG������,3&&�*XLGHOLQHV�IRU�1DWLRQDO�*UHHQKRXVH�*DV�(PLVVLRQ�,QYHQWRULHV��7KUHH�YROXPHV��5HIHUHQFH
PDQXDO�� 5HSRUWLQJ� *XLGHOLQHV� DQG� :RUNERRN�� ,3&&�2(&'�,($�� ,3&&� :*�� 7HFKQLFDO� 6XSSRUW� 8QLW�� +DGOH\� &HQWUH�
0HWHRURORJLFDO�2IILFH��%UDFNQHOO��8.�

>�@�6SDNPDQ��-���9DQ�/RRQ��0�0�-���9DQ�GHU�$XZHUDHUW��5�-�.���*LHOHQ��'�-���2OLYLHU��-�*�-���DQG�(�$��=RQQHYHOG������D��0HWKRG
IRU�FDOFXODWLRQ�RI�JUHHQKRXVH�JDV�HPLVVLRQV� �LQ�'XWFK���9520�+,0+��7KH�+DJXH��5HSRUW�(PLVVLRQ�5HJLVWUDWLRQ�QR�����
-XO\������

>�@�6WDWLVWLFV�1HWKHUODQGV��YDULRXV�\HDUV��1HWKHUODQGV�(QHUJ\�6WDWLVWLFV��1(+���DQQXDO�ILJXUHV��6'8�&%6�SXEOLFDWLRQ��9RRUEXUJ�

>�@�:��7LQEHUJHQ���������SHUV��FRPP��&%6�HVWLPDWH��-DQXDU\������

>�@�(�$��=RQQHYHOG���������SHUV��FRPP��&%6�HVWLPDWH��-DQXDU\������

>�@�*RYHUQPHQW��������8SGDWH�RI� WKH�6HFRQG�1HWKHUODQGV¶�1DWLRQDO�&RPPXQLFDWLRQ�RQ�&OLPDWH�&KDQJH�3ROLFLHV��0LQLVWU\�RI
+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW��7KH�+DJXH��0D\�������9520�������E������

>�@�81)&&&��������,Q�GHSWK�UHYLHZ�UHSRUW�RQ�1HWKHUODQGV
�1DWLRQDO�&RPPXQLFDWLRQ��%RQQ�

>�@�81)&&&��������&RPPXQLFDWLRQV�IURP�SDUWLHV�LQFOXGHG�LQ�$QQH[�,�WR�WKH�&RQYHQWLRQ��)LUVW�FRPSLODWLRQ�DQG�V\QWKHVLV�RI�VHFRQG
QDWLRQDO�FRPPXQLFDWLRQV�IURP�$QQH[�,�3DUWLHV��81)&&&�6HFUHWDULDW��%RQQ��'RF��QR��)&&&�6%,���������

>��@�2OLYLHU��-�*�-��������7UHQGV�HQ�RQ]HNHUKHGHQ�LQ�GH�HPLVVLHV�YDQ�EURHLNDVJDVVHQ��LQ�'XWFK���/XFKW���������������

>��@�9520��������/HWWHU�IURP�0LQLVWHU�RI�9520�WR�6HFRQG�&KDPEHU�RI�3DUOLDPHQW��<HDU������������QR������������6HSWHPEHU
�����

>��@�5,90��������(QYLURQPHQWDO�%DODQFH�������LQ�'XWFK���6DPVRQ�+�'��7MHHQN�:LOOLQN�3XEOLVKHUV��$OSKHQ�DDQ�GH�5LMQ�

>��@�*RYHUQPHQW��������8SGDWH�RI�WKH�6HFRQG�1HWKHUODQGV¶�1DWLRQDO�&RPPXQLFDWLRQ�RQ�&OLPDWH�&KDQJH�3ROLFLHV��7KH�+DJXH�
0D\������

��5HJLVWUDWLRQ�RI�H[SRUW�RI�VPDOO�TXDQWLWLHV�RI�RLO�DQG�FRDO�SURGXFWV�KDV�QRW�EHHQ�VR�JRRG�VLQFH�(XURSHDQ�LQWHUQDO�ERUGHUV�KDYH
GLVDSSHDUHG��7KLV�ODFN�RI�H[SRUW�IORZV�OHDGV�±�LQ�WKH�VWDWLVWLFV�±�WR�D�KLJKHU�ILJXUH�LQ�GRPHVWLF�XVH��7KLV�H[WUD�FRQVXPSWLRQ�ODQGV
XS�LQ�WKH�µVWDWLVWLFDO�GLIIHUHQFH¶��DQ�LQGLFDWLRQ�RI�WKH�UHVHDUFK�PDUJLQ�LQ�WKH�FRQVXPSWLRQ�ILJXUHV��7KLV�PDUJLQ�LV�WHPSRUDULO\
JUHDWHU���KRZHYHU��6WDWLVWLFV�1HWKHUODQGV�LV�ZRUNLQJ�RQ�D�VROXWLRQ�WR�WKH�SUREOHP��



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

��

�����'(7(50,1$7,21�2)�(0,66,216�2)�*5((1+286(�*$6(6�86,1*$70263+(5,&�0($685(0(176�$1'�75$163257�02'(/6

/HRQ�+�-�0��-DQVVHQ��� -RV�*�-��2OLYLHU���DQG�$QGUp�5��YDQ�$PVWHO��
���1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��5,90�3�2��%R[���������%$�%LOWKRYHQ��7KH�1HWKHUODQGV
���:DJHQLQJHQ�,QVWLWXWH�IRU�(QYLURQPHQW�DQG�&OLPDWH�5HVHDUFK��:,0(.�3�2��%R[������������+%�:DJHQLQJHQ��7KH�1HWKHUODQGV

,QWURGXFWLRQ
9DULRXV�PHWKRGV�H[LVW�WR�FRPSOHWH�DQ�HPLVVLRQ�HVWLPDWH��%RWWRP�XS�HPLVVLRQ�LQYHQWRULHV�DUHSURGXFHG� E\� XVLQJ� SURFHVV� LQIRUPDWLRQ� DQG� DSSO\LQJ� VRPH� HPLVVLRQ� HVWLPDWLRQ� DOJRULWKP�PRVW�IUHTXHQWO\�³DFWLYLW\� UDWH�[�HPLVVLRQ�IDFWRU´�EXW�PRUH�FRPSOLFDWHG�DOJRULWKPV�DUH�DOVRXVHG�IRU�VRPH�VRXUFH�FDWHJRULHV��7KH�PRVW� LPSRUWDQW� FKDUDFWHULVWLF� RI� ERWWRP�XS� HPLVVLRQ� LQYHQWRULHV� LV� WKDW� WKH� ILJXUHV� DUHEDVHG�RQ�WKH�XSVFDOLQJ�RI��SURFHVV�LQIRUPDWLRQ�WR�D�KLJKHU�OHYHO�RI�DJJUHJDWLRQ�L�H��WR�ILJXUHVZKLFK�DUH�JHQHUDOO\� UHSUHVHQWDWLYH� IRU� WKDW� HPLVVLRQ�SURFHVV� DW� D� ODUJHU� �JOREDO�� UHJLRQDO� RUQDWLRQDO��VFDOH��,Q�XSVFDOLQJ��WKH�³EHVW�DYDLODEOH´�DYHUDJH�HPLVVLRQ�IDFWRU�DSSURSULDWH�IRU�WKHDYDLODEOH�VWDWLVWLFV��LV�XVHG�WR�DJJUHJDWH�DW�D�JOREDO��UHJLRQDO�RU�QDWLRQDO�VFDOH��6WDWLVWLFDO�GDWD�QRWDEO\�YDOXHV�RI�WKH�DFWLYLW\�LQGH[�³$S´���DUH�XVHG�IRU�XSVFDOLQJ�
(PLVVLRQ��S�U�W�� �(IS [ $S ���
ZKHUH� (PLVVLRQ��S�U�W��� �HPLVVLRQ�RI�SURFHVV�S�DW�ORFDWLRQ�U�DQG�DW�WLPH�W�H�J��1�NJ�&2��\HDU�E\�FDUV�LQ�WKH�1HWKHUODQGV�(IS� �� HPLVVLRQ�IDFWRU�UHSUHVHQWDWLYH�IRU�$FWLYLW\�RI�SURFHVV�S�H�J��&2��HPLVVLRQ�NP�$S� � �DFWLYLW\�LQGH[�RI�SURFHVV�S�H�J��QXPEHU�RI�FDU�NP�LQ�WKH�1HWKHUODQGV�
7RS�GRZQ� HPLVVLRQ� HVWLPDWHV� DUH� SURGXFHG� E\� XVLQJ� DSSURSULDWH� SUR[LHV� WR� GHULYH� KLJKHUUHVROXWLRQ� �LQ� VSDFH�� WLPH� RU� VRXUFH� FDWHJRU\�� LQYHQWRULHV� IURP� DJJUHJDWHG� HVWLPDWHV�� $QH[DPSOH�RI�D�WRS�GRZQ�HPLVVLRQ�HVWLPDWH�LV�WKH�UHVXOW�RI�GRZQVFDOLQJ�RI�D�OLPLWHG�QXPEHU�RIDWPRVSKHULF�PHDVXULQJ�SRLQWV�LQ�D�ODUJH��FRQWLQHQWDO��DUHD�WR�DQ�HPLVVLRQ�HVWLPDWH�RQ�D�PXFKVPDOOHU�VSDWLDO��QDWLRQDO��VFDOH��$WPRVSKHULF�WUDQVSRUW�PRGHOV�DUH�XVHG�IRU�GRZQVFDOLQJ�
(PLVVLRQ��V�U�W�� �G0�U�W��GW�±�Í 7�U¶�W¶� ���
ZKHUH�

(PLVVLRQ��V��UL�W��� �HPLVVLRQ�RI�VRXUFH�V�DW�JULGSRLQW�UL DQG�DW�WLPH�W�H�J��NJ�&2��\HDU�LQ�JULG�UL��G0�UL�W��GW���������� ��FKDQJH�RI�PDVV�LQ�JULG�UL DW�WLPH�W��H�J��NJ�&2��\HDU�Í 7�UL¶�W¶�  ��WUDQVSRUW�RI�PDVV�IURP�DOO�RWKHU�JULGV�IURP�W� �W¶�WR�W
7KH� WHUP� G0�UL�W��GW� FDQ� EH� GHULYHG� IURP� PHDVXUHPHQWV� RU� IURP� D� FRPELQDWLRQ� RIPHDVXUHPHQWV� DQG� PRGHO� FDOFXODWLRQV� H�J�� VSDWLDO� LQWHUSRODWLRQ� DOJRULWKPV�� 7KH� WHUP� Í7�UL¶�W¶��LV�GHULYHG�IURP�PRGHO�FDOFXODWLRQV�
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$OO�PHWKRGV�KDYH� WKHLU�RZQ�XQFHUWDLQWLHV��(UURUV�DUH�PDGH� LQ�XS�� DQG�GRZQVFDOLQJ�DQG� WKHDYDLODELOLW\�DQG�DFFXUDF\�RI�WKH�GDWD�PD\�GLIIHU��,Q�WKH�QH[W�ZH�FRQFHQWUDWH�RQ�DQ�DQDO\VLV�RIHPLVVLRQ�HVWLPDWHV�GHULYHG�IURP�DWPRVSKHULF�PRGHOOLQJ�

8VH�RI�DWPRVSKHULF�PHDVXUHPHQWV�DQG�PRGHO�FDOFXODWLRQV
7KH�TXHVWLRQV�WKDW�FDQ�EH�DGGUHVVHG�E\�XVLQJ�LQIRUPDWLRQ�RI�DWPRVSKHULF�PHDVXUHPHQWV�DQGDWPRVSKHULF�WUDQVSRUW�PRGHOV�DUH�
��� $JUHHV� WKH� JOREDO� DWPRVSKHULF� EXGJHW�� ZKLFK� KDV� EHHQ� GHULYHG� IURP� DWPRVSKHULFPHDVXUHPHQWV��ZLWK�WKH�WRWDO�RI�WKH�YDULRXV�VHSDUDWH�HPLVVLRQ�HVWLPDWHV�$UH�VRXUFHV�RU�VLQNV�PLVVLQJ"��� :KDW� LV� WKH� HIILFLHQF\� RI� HPLVVLRQ� UHGXFWLRQ� PHDVXUHV� LQ� WHUPV� RI� WKH� UHVXOWLQJDWPRVSKHULF�FRQFHQWUDWLRQV��� 7RS�GRZQ� PHWKRGV� FDQ� EH� XVHG� WR� HVWLPDWH� WKH� HPLVVLRQ� RI� GLIIXVH� VRXUFHV� RI� ODUJHVSDWLDO� VFDOH� RU� ZKLFK� KDYH� YHU\� LQKRPRJHQHRXV� HPLVVLRQ� IDFWRUV� �H�J�� 1�2 HPLVVLRQIURP�VRLOV�RU�&+� HPLVVLRQ�IURP�ULFH����� 9HULILFDWLRQ�RI�ERWWRP�XS�HPLVVLRQ�HVWLPDWHV�
7KHVH�RSWLRQV�ZLOO�EH�DGGUHVVHG�PRUH� LQ�GHWDLO�DQG�DQ�H[DPSOH�RI�RSWLRQ��� �YHULILFDWLRQ�� LVHODERUDWHG�LQ�WKH�QH[W�FKDSWHU�

7KH�DWPRVSKHULF�EXGJHW
)LJXUH� �� EHORZ� VKRZV� VDPSOLQJ� VLWHV� RI� WKH� 12$$�&0'/� QHWZRUN�� 7KHVH� VLWHV� DUHFRQVLGHUHG�DV�EDFNJURXQG�VWDWLRQV��,QIRUPDWLRQ�RI�FRQFHQWUDWLRQV�LQ�VRXUFH�DUHDV�RQ�D�JOREDOVFDOH�LV�ODFNLQJ�LQ�PDQ\�RFFDVLRQV�

)LJXUH����6DPSOLQJ�VLWHV�RI�WKH�12$$�&0'/�QHWZRUN
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&DUERQ�GLR[LGH
7KH�WDEOH�EHORZ�VKRZV�WKH�IUDFWLRQV�RI�WKH�JOREDO�EXGJHW�RI�&2�

7DEOH����7KH�JOREDO�EXGJHW�RI�&2�(PLVVLRQ�UHVHUYRLU *W&�\U3HULRG����������
)RVVLO�)XHO�FHPHQW ������
'HIRUHVWDWLRQ �����
$WPRVSKHUH �������
2FHDQ �
%LRVSKHUH ���
:KHUHDV� WKH� YDOXHV� RI� IRVVLO� IXHO� XVH� DQG� FHPHQW� SURGXFWLRQ� FDQ� EH� HVWDEOLVKHG� ZLWKUHDVRQDEO\� DFFXUDF\� ZLWK� ERWWRP�XS� PHWKRGV� DQG� WKH� FKDQJH� LQ� PDVV� RI� &2� LQ� WKHDWPRVSKHUH� DQG� WKH� RFHDQV� FDQ� EH� HVWDEOLVKHG� E\� DFFXUDWH� PHDVXUHPHQWV�� WKH� ODUJHVWXQFHUWDLQWLHV�LQ�WKH�EXGJHW�DUH�WKH�QHW�HIIHFW�RI�FKDQJHV�LQ�WKH�ELRVSKHUH��&ORVXUH�RI�WKH�JOREDOEXGJHW�RI�&2� ZLOO�RQO\�EH�SRVVLEOH�E\�XVH�DQG�DQDO\VLV�RI� DWPRVSKHULF�PHDVXUHPHQWV� DQGPRGHOV�
0HWKDQH
7KH�WDEOH�EHORZ�VKRZV�WKH�IUDFWLRQV�RI�WKH�JOREDO�EXGJHW�RI�&+�

7DEOH����7KH�JOREDO�EXGJHW�RI�&+�
�

&+� EXGJHW 7J�\U3HULRG����������
1DWXUDO�VRXUFHV ���
$QWKURSRJHQLF�VRXUFHV ���
7RWDO�LGHQWLILHG�VRXUFHV ���
2+ ���
6WUDWRVSKHUH ��
6RLOV ��
7RWDO�VLQNV ���
$WPRVSKHULF�LQFUHDVH �����
,PSOLHG�VRXUFHV��VLQNV���DWPRVSKHULF�LQFUHDVH ���
0LVILW�VRXUFHV�VLQNV ��
7DEOH���VKRZV�WKDW� WKHUH�H[LVW�D�PLVILW�RI�DERXW����7J�\U�EHWZHHQ� VRXUFHV�DQG� VLQNV�RI� WKHDWPRVSKHULF�EXGJHW�RI�&+�� &ORVXUH�RI�WKH�JOREDO�EXGJHW�RI�&+� ZLOO�RQO\�EH�SRVVLEOH�E\�DFRPELQDWLRQ�RI�ERWWRP�XS�HVWLPDWHV�DQG�XVH�RI�DWPRVSKHULF�PHDVXUHPHQWV�DQG�PRGHOV�

� 6HH�IRU�D�GLVFXVVLRQ�RI�WKH�XQFHUWDLQWLHV�RI�WKHVH�ILJXUHV�³�&RPSDULVRQ�RI�&+� LQYHQWRU\�GDWD�DQGHPLVVLRQ�HVWLPDWHV�IURP�DWPRVSKHULF�WUDQVSRUW�PRGHOV�DQG�FRQFHQWUDWLRQ�PHDVXUHPHQWV´���-DQVVHQ�2OLYLHU�DQG�YDQ�$PVWHO�������
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1LWURXV�R[LGH
7KH�WDEOH�EHORZ�VKRZV�WKH�IUDFWLRQV�RI�WKH�JOREDO�EXGJHW�RI�1�2�
7DEOH����7KH�JOREDO�EXGJHW�RI�1�2 �EDVHG�RQ�.URH]H�HW�DO�������
1�2 EXGJHW 7J1�\U��SHULRG�����������
(QHUJ\ ���
,QGXVWU\ ���
%LRPDVV�EXUQLQJ ���
$JULFXOWXUDO ���
7RWDO�DQWKURSRJHQLF �
1DWXUDO ���
*OREDO�WRWDO ����
$WPRVSKHULF�LQFUHDVH �
*OREDO� EXGJHW� VWXGLHV� VKRZHG� KRZ� GLIILFXOW� LW� LV� WR� H[SODLQ� WKH� REVHUYHG� LQFUHDVH� LQDWPRVSKHULF�QLWURXV�R[LGH��1RWDEO\�WKH�TXDQWLILFDWLRQ�RI�WKH�ELRJHQLF�1�2 HPLVVLRQV�DQG�WKHLUFKDQJHV�RYHU�WLPH�LV�QRW�ZHOO�FRQVWUDLQHG��$�FDUHIXO�DQDO\VLV�RI�1�2 VRXUFHV�FRQVWUDLQHG�E\DWPRVSKHULF�PHDVXUHPHQWV�RI�WKH�1�2 LQFUHDVH�OHDG�WR�D�UHYLVLRQ�DQG�D�SUHOLPLQDU\�FORVXUH�RIWKH�JOREDO�1�2 EXGJHW�

7KH�HIILFLHQF\�RI�HPLVVLRQ�UHGXFWLRQ�PHDVXUHV
7R�HYDOXDWH�WKH�HIILFLHQF\�RI�HPLVVLRQ�UHGXFWLRQ�PHDVXUHV�LQ�WHUPV�RI�FKDQJHV�LQ�DWPRVSKHULFFRQFHQWUDWLRQV��ZKLFK� LV� WKH� REMHFW� RI� WKH�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH�� �ZHDQDO\VH�WKH�FKDQJH�LQ�HPLVVLRQV�RI�WKH�PDLQ�JUHHQKRXVH�JDVHV�DQG�WKH�FKDQJH�RI�PDVV�RI�WKHJUHHQKRXVH�JDV�LQ�WKH�DWPRVSKHUH��XVLQJ�DWPRVSKHULF�PHDVXUHPHQWV�DQG�WKH�JOREDO�EXGJHW�DVVKRZQ�LQ�WKH�7DEOHV�����
&DUERQ�GLR[LGH
)LJXUH���VKRZV�WKH�LQFUHDVH�RI�WKH�DYHUDJH�&2� FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�
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&2��FRQFHQWUDWLRQ
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\HDU

&2
���S

SP
�

)LJXUH����7KH�LQFUHDVH�RI�WKH�&2� FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�

,I�ZH�DQDO\VH�WKLV�DWPRVSKHULF�LQFUHDVH�DV�D�IXQFWLRQ�RI�FKDQJHV�LQ�&2� HPLVVLRQV��VHH�7DEOH���ZH�PD\�QRWLFH�
� DERXW�����RI�IRVVLO�&2� HPLVVLRQ�LV�DEVRUEHG�LQ� WKH�FOLPDWH�V\VWHP��ELRVSKHUH�DQG� WKHRFHDQV�� WKLV�SHUFHQWDJH�PD\�YDU\�IURP�\HDU�WR�\HDU�GHSHQGLQJ�RQ�YDULRXV�SURFHVVHV�LQ�WKH�FOLPDWHV\VWHP
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7DEOH����5DWLR�RI�DWPRVSKHULF�LQFUHDVH�DQG�IRVVLO�IXHO�HPLVVLRQ��IURP�YDQ�$PVWHO�HW�DO�������
$XWKRU 3HULRG HPLVVLRQ��*W&� $WP�LQFUHDVH��*W&� 5DWLR$WP�LQFU�HPLVVLRQ
,3&&����� ��������� ��� ��� ����
,3&&���� ��������� ��� ��� ����
+RXJKWRQ ��������� ��� ��� ����
7DQV�HW�DO� ��������� ��� � ����
(QWLQJ�HW�DO� ��������� ���� ��� ����
(QWLQJ�HW�DO� ��������� ��� � ����
6��)DQ�HW�DO� ��������� ��� ��� ����
&LDLV�HW�DO� ���� ��� ��� ����
+HLPDQQ ��������� ��� ��� ����

:H�PD\� FRQFOXGH� IURP�7DEOH� �� WKDW� WKH� HPLVVLRQ� RI� �� NJ�&2� OHDGV� WR� EHWZHHQ� ����� DQGDERXW������NJ�&2��LQ�WKH�DWPRVSKHUH��$V�WKLV�UDWLR��GXH�WR�QDWXUDO�YDULDELOLW\�YDULHV�IURP�\HDUWR� \HDU�� LW�PD\� EH� SRVVLEOH� WR� GHULYH� D� EHVW� HVWLPDWH� RI� WKH� HIIHFW� RI� &2 � HPLVVLRQ� RQ� WKHDWPRVSKHULF� UHVHUYRLU� E\� DYHUDJLQJ� RYHU� D� FHUWDLQ� UHSUHVHQWDWLYH� RU� W\SLFDO� SHULRG� DQG� WKHQRWLRQ�RI�UHSUHVHQWDWLYH�RU�W\SLFDO�WR�EH�GHILQHG�
1�%�7KH������0RXQW�3LQDWXER�HUXSWLRQ�OHG�WR�FRROHU��ZHWWHU�FRQGLWLRQV�DQG�D�PXFK�KLJKHUJOREDO�FDUERQ�XSWDNH��:H�PD\��FRQFOXGH�WKDW�LQ�WKH�SHULRG�����������WKH�DWP�LQFUHDVH�&2�HPLVVLRQ� UDWLR� ZDV� VXEVWDQWLDOO\� KLJKHU� WKDQ� LQ� WKH� SHULRG� ����������� 7KH� FDXVH� RI� WKLVGLIIHUHQFH�LV�ODUJHO\�XQNQRZQ�
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0HWKDQH
)LJXUH���VKRZV�WKH�LQFUHDVH�RI�WKH�DYHUDJH�&+� FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�

$YHUDJH�&+��FRQFHQWUDWLRQ
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����

�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
\HDU

&+
���S

SE�

)LJXUH����7KH�LQFUHDVH�RI�WKH�DYHUDJH�&+� FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�

,I�ZH�DQDO\VH�WKLV�DWPRVSKHULF�LQFUHDVH�DV�D�IXQFWLRQ�RI�FKDQJHV�LQ�&+� HPLVVLRQV��VHH�DOVR7DEOH����ZH�PD\�QRWLFH�
� DERXW�����RI�DQWKURSRJHQLF�&+� HPLVVLRQ�LV�DEVRUEHG�LQ�WKH�FOLPDWH�V\VWHP��QRWDEO\FRQYHUWHG�E\�2+�UDGLFDOV�� WKLV�SHUFHQWDJH�PD\�YDU\�IURP�\HDU�WR�\HDU�GHSHQGLQJ�RQ�YDULRXV��PRVWO\�XQNQRZQ�SURFHVVHV�LQ�WKH�FOLPDWH�V\VWHP�
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1LWURXV�R[LGH
)LJXUH���VKRZV�WKH�LQFUHDVH�RI�WKH�DYHUDJH�1�2 FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�

1�2�FRQFHQWUDWLRQ

�����
�����
�����
�����
�����
�����

�� �� �� �� �� �� �� �� �� �� ��
\HDU

1�
2��

SS
E�

)LJXUH����7KH�LQFUHDVH�RI�WKH�DYHUDJH�1�2 FRQFHQWUDWLRQ�LQ�WKH�DWPRVSKHUH�

,I�ZH�DQDO\VH�WKLV�DWPRVSKHULF�LQFUHDVH�DV�D�IXQFWLRQ�RI�FKDQJHV�LQ�1�2 HPLVVLRQV��VHH�DOVR7DEOH����ZH�PD\�QRWLFH�� DERXW� ����RI� DQWKURSRJHQLF�1�2 HPLVVLRQ� LV� DEVRUEHG� LQ� WKH� FOLPDWH� V\VWHP� �QRWDEO\GHVWUR\HG�LQ�WKH�VWUDWRVSKHUH�� WKLV� SHUFHQWDJH� PD\� YDU\� IURP� \HDU� WR� \HDU� GHSHQGLQJ� RQ� YDULRXV� �PRVWO\� XQNQRZQ�SURFHVVHV�LQ�WKH�FOLPDWH�V\VWHP�

&RQFOXVLRQV
:H� FRQFOXGH� WKDW� D� YHU\� VXEVWDQWLDO� SDUW� RI� DQWKURSRJHQLF� JUHHQKRXVH� JDV� HPLVVLRQV� LVDEVRUEHG�DQG�FRQYHUWHG�LQ�WKH�FOLPDWH�V\VWHP�
� 7KHVH� SHUFHQWDJHV� DUH� DW� WKH� PRPHQW� ����� ���� DQG� ���� IRU� &2�� &+� DQG� 1�2UHVSHFWLYHO\�
� 7KLV� SHUFHQWDJHV� FDQ� RQO\� EH� GHWHUPLQHG� E\� DQDO\VLQJ� WKH� DWPRVSKHULF� EXGJHW� XVLQJPHDVXUHPHQWV�DQG�FOLPDWH�PRGHOV�
� 7KHVH�SHUFHQWDJHV�GHWHUPLQH�WKH�HPLVVLRQ�UHGXFWLRQ�HIIRUW�WKDW�VKRXOG�EH�XQGHUWDNHQ�E\FOLPDWH�SROLF\�WR�DJUHH�ZLWK�WKH�$UWLFOH���RI�WKH�)&&&�
� 7KHVH�SHUFHQWDJHV�YDU\�IURP�\HDU�WR�\HDU�GXH�WR�ODUJHO\�XQNQRZQ�SURFHVVHV�LQ�WKH�FOLPDWHV\VWHP�
,W�LV� WKHUHIRUH�QRW�FOHDU�ZKHWKHU�WKHVH�SHUFHQWDJHV�ZLOO� UHPDLQ�DERXW� WKH�VDPH�LQ�WKH�IXWXUH�QRWDEO\�LI�KXPDQ�LQIOXHQFH�RQ�WKH�FOLPDWH�V\VWHPV�FRQWLQXHV�RU�HYHQ�JURZV�
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(VWLPDWLRQ� RI� WKH� HPLVVLRQ� RI� GLIIXVH� VRXUFHV� RI� ODUJH� VSDWLDO� VFDOH� DQG�RU� YHU\LQKRPRJHQHRXV�HPLVVLRQ�IDFWRUV
(TXDWLRQ�����LV�D�JHQHUDO�HTXDWLRQ�WR�FDOFXODWH�WKH�HPLVVLRQ�D�ERWWRP�XS�PHWKRG�
� (PLVVLRQ��S�U�W�� �(IS [ $S ���
,I�WKH�SURFHVVHV�ZKLFK�GHWHUPLQH�WKH�HPLVVLRQ��LQFOXGHG�LQ�WKH�HPLVVLRQ�IDFWRU�(IS � DUH�ZHOONQRZQ� DQG� GR� QRW� YDU\� WRR� PXFK� IRU� WKH� VHSDUDWH� VRXUFHV� RI� D� SDUWLFXODU� W\SH�� DQG� WKHLUQXPEHU��LQFOXGHG�LQ�WKH�DFWLYLW\�LQGH[�$S� LV�DFFXUDWHO\�NQRZQ�WKH�HPLVVLRQ�FDQ�EH�FDOFXODWHGZKLFK�UHDVRQDEOH�DFFXUDF\��%XW�LI�QRWWKH� SDUDPHWHU�$S FRXOG� EH� HVWLPDWHG�PRUH� HDVLO\� RU� DFFXUDWHO\� E\� WRS� GRZQ�PHWKRGV� RU� DFRPELQDWLRQ�RI�ERWWRP�XS�DQG�WRS�GRZQ�PHWKRGV�LI�
� VRXUFHV�RU�VLQNV�DUH�H[WHQGHG�RYHU�D�ODUJH�DUHD��VXFK�DV�IRUHVWV�RU�RFHDQV��RU� DUH�VFDWWHUHG�� QRW�HDVLO\�EH�LGHQWLILDEOH�RU� VLPSO\�KDYH�WRR�ODUJH�D�QXPEHU�WR�EH�PHDVXUHG�LQGLYLGXDOO\
WKDQ�WRS�GRZQ�PHWKRGV�XVLQJ�DWPRVSKHULF�PHDVXUHPHQWV�DQG�PRGHOV�FDQ�EH�XVHG�WR�HVWLPDWHWKH�HPLVVLRQ�PXFK�DFFXUDWHO\�WKDQ�E\�XVLQJ�WRS�GRZQ�PHWKRGV�$OVR�LI�HPLVVLRQ�IDFWRUV�(IS�YDU\�YHU\�PXFK�LQ�VSDFH�DQG�WLPH��VXFK�DV�&2� DEVRUSWLRQ�E\�WKHELRVSKHUH��1�2 HPLVVLRQ� IURP� VRLOV� RU�&+� HPLVVLRQ� IURP� ULFH�� WRS� GRZQ�PHWKRGV� FDQ� EHXVHG�WR�HVWLPDWH�WKH�HPLVVLRQ�PRUH�DFFXUDWHO\�RU�DW�D�PRUH�DJJUHJDWHG�OHYHO

9HULILFDWLRQ�RI�ERWWRP�XS�HPLVVLRQ�HVWLPDWHV
$V�GLVFXVVHG�EHIRUH��XVLQJ��VWDWLVWLFDO��ERWWRP�XS�GDWD�DORQH�ZLOO�QHYHU�SURYH�WKDW�DOO�VRXUFHVDQG� WKHLU�HPLVVLRQ�VWUHQJWKV�DUH�FRYHUHG�DQG�FDOFXODWHG�FRUUHFWO\��:H� WKHUHIRUH�QHHG�D� WRS�GRZQ� DQDO\VLV� XVLQJ� DWPRVSKHULF� PHDVXUHPHQWV� DQG� DQDO\VLV� RI� WKHVH� PHDVXUHPHQWV� E\PRGHOV� WR� YHULI\� ERWWRP�XS� HPLVVLRQ�HVWLPDWHV��7KH� XVH� RI� DWPRVSKHULF�PHDVXUHPHQWV� DQGPRGHOV� WR� YHULI\� ERWWRP�XS�&+� HPLVVLRQ� HVWLPDWHV� LV� GLVFXVVHG� LQ�GHWDLO� E\� -DQVVHQ�HW� DO��������DQG�DQ�H[DPSOH�RI�DQ�DSSOLFDWLRQ�LV�SUHVHQWHG�E\�%HUGRZVNL�HW�DO���������LQ�WKH�QH[WFKDSWHU� RI� WKLV� UHSRUW�� :H� UHIHU� WR� WKHVH� SXEOLFDWLRQV� DQG� OLPLW� RXUVHOYHV� KHUH� WR� VRPHUHPDUNV�
,I� VROHO\� UHVXOWV�RI�DWPRVSKHULF�PRGHOOLQJ�DUH�XVHG� LQ�SULQFLSOH�RQO\� WRWDO�HPLVVLRQV� �DGGHGQDWXUDO� DQG� DQWKURSRJHQLF� HPLVVLRQV� VXPPHG� RYHU� D� QXPEHU� RI� VRXUFH� FDWHJRULHV�� FDQ� EHFDOFXODWHG�� $GGLWLRQDO� LQIRUPDWLRQ� RI� LVRWRSHV�� WHPSRUDO� DQG� VSDWLDO� YDULDWLRQV� LQ� HPLVVLRQVWUHQJWKV��FRUUHODWLRQ�ZLWK�RWKHU�VSHFLHV��ILQJHUSULQWV��DQG�³D�SULRUL´�HPLVVLRQ�HVWLPDWHV�HWF�LVQHHGHG�WR�GHULYH�LQIRUPDWLRQ�DERXW�WKH�ORFDWLRQV�DQG�VWUHQJWKV�RI�VSHFLILF�VRXUFHV�RU�VRXUFHFDWHJRULHV��$Q� DFFXUDWH� HVWLPDWLRQ� RI� HPLVVLRQ� LQSXWV� IURP� DWPRVSKHULF�PHDVXUHPHQWV� DQGWUDQVSRUW� PRGHOV� LV� PRVW� RI� WKH� WLPH� VHYHUHO\� KDPSHUHG� EHFDXVH� RI� ODFN� RI� VXIILFLHQWPHDVXUHPHQWV��7KLV�PDNHV�WKDW�WKH�V\VWHP�KDV�GHJUHHV�RI�IUHHGRP��WKH�QXPEHU�RI�YDULDEOHV�LVODUJHU� WKHQ� WKH� QXPEHU� RI� HTXDWLRQV�� DQG� VHYHUDO� VROXWLRQV��ZKLFK� DOO� VDWLVI\� WKH� ERXQGDU\FRQGLWLRQV�� DUH� SRVVLEOH�� 7KHUHIRUH� WKH� HVWLPDWLRQ� LV� FRQVLGHUHG� DV� DQ� ³LOO�FRQGLWLRQHG´� RU³XQGHU�GHWHUPLQDWHG´�SUREOHP��1H[W�FRPSDULQJ�ERWWRP�XS�DQG�WRS�GRZQ�HPLVVLRQ�HVWLPDWHVLV�QRW�WULYLDO�EHFDXVH�WKH�ZD\�E\�ZKLFK�HPLVVLRQV�DUH�DYHUDJHG�LQ� WLPH�DQG�VSDFH�GLIIHUV�DVZHOO� DV� WKH� VXEGLYLVLRQ� RI� HPLVVLRQV� LQWR� VHFWRUV� �ERWWRP�XS�� DQG� VRXUFH� FDWHJRULHV� �WRS�GRZQ���7KH�GLIIHUHQFHV�EHWZHHQ�WKH�PHWKRGV�GHFUHDVH�WKH�DFFXUDF\�RI�WKH�FRPSDULVRQ��1H[WVRPH� H[SHUW� MXGJHPHQWV� LV� RIWHQ� LQYROYHG� LQ� FKRRVLQJ� WKH� ³EHVW� HVWLPDWH´�� $Q� LQYHQWRU\H[SHUW�XVHV�YDULRXV�VRXUFHV�RI�LQIRUPDWLRQ�WR�VHOHFW�WKH�EHVW�HPLVVLRQ�IDFWRU��WKH�DWPRVSKHULFPRGHOOHU� FDQ� XVH� GLIIHUHQW� DSSURDFKHV� WR� DGMXVW� WKH� HPLVVLRQV� DVVXPHG� WR� WKH� DYDLODEOHREVHUYDWLRQV�� %HFDXVH� RI� � DOO� WKHVH� GHJUHHV� RI� IUHHGRP�� WKH� TXHVWLRQ� DULVHV� ZKHWKHU� D
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FRPSDULVRQ� RI� HPLVVLRQ� LQYHQWRULHV� FRPSLOHG� E\� GLIIHUHQW� PHWKRGV� FDQ� EH� XVHG� WRLQGHSHQGHQWO\�YHULI\�HPLVVLRQ�GDWD��:H�DUH�REYLRXVO\�GHDOLQJ�ZLWK�D�FRPSDULVRQ�SURFHVV�DQGDW� WKLV� VWDJH� RI� VFLHQWLILF� NQRZOHGJH� ZH� VKRXOG� QRW� FRQVLGHU� WKH� UHVXOWV� RI� WKLV� FURVV�H[DPLQLQJ�DV�D�PHWKRG�WR�DUULYH�DW�D�³WUXH� UHVXOW´�EXW�DV�D�ZD\� WR� UHGXFH�XQFHUWDLQWLHV� DQGUHLQIRUFH�WKH�VFLHQWLILF�FUHGLELOLW\�RI�WKH�YDULRXV�HPLVVLRQ�HVWLPDWHV�
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0HWKRGV
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��[��� �DERXW���[��NP����UHVSHFWLYHO\��%HUGRZVNL�HW�DO����������7KH�DUHD�FRYHUHG�LQFOXGH�WKHFRXQWULHV�1RUZD\��6ZHGHQ�� ,UHODQG��8QLWHG�.LQJGRP�� WKH�1HWKHUODQGV��'HQPDUN��*HUPDQ\�%HOJLXP�/X[HPERXUJ�DQG�)UDQFH�
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2Q�ILYH�ORFDWLRQV�LQ�WKH�1HWKHUODQGV�DPELHQW�DLU�FRQFHQWUDWLRQV�RI�&+� KDYH�EHHQ�PHDVXUHGRQ�KRXUO\�EDVLV�GXULQJ�D�QXPEHU�RI�\HDUV��DW�$UQKHP�������±��������&DEDXZ������P�KHLJKW������ �� ������� 'HOIW� ������ �� ������� .ROOXPHUZDDUG� ������ �� ������� 3HWWHQ� ������ ±� ������+ROODQGHU� 	�9RVEHHN�� ������ 9HUPHXOHQ� HW� DO��� ������ 9HUPHXOHQ�� +ROODQGHU� 	� 9RVEHHN������� -DQVVHQ� HW� DO��� ������� $V� D� UHIHUHQFH� VWDWLRQ�� FRQFHQWUDWLRQV� DW�0DFH�+HDG� �,UHODQG�KDYH�EHHQ�XVHG�������±��������7KHVH�PHDVXUHPHQW�GDWD�KDYH�EHHQ�XVHG�LQ�WUHQG�DQDO\VLV�
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�$3$�LV�FDOFXODWHG�IURP�ZLQG�VSHHG��PL[LQJ�KHLJKW�DQG�VWUHQJWK�RI� WKH� LQYHUVLRQ� OD\HU��7KH����� PL[LQJ� KHLJKWV� DQG� $3$� LQGLFHV� KDYH� EHHQ� FDOFXODWHG� DQG� YDOLGDWHG� DFFRUGLQJ� WR(UEULQN��������
7KH�PHDVXUHPHQW�GDWD�KDYH�EHHQ�DQDO\VHG�LQ�IRXU�VWHSV�- $QDO\VLV�RI� WKH� WHPSRUDO�YDULDELOLW\� �IRU�GLXUQDO��ZHHNO\�DQG�VHDVRQDO�F\FOHV�� DQG�ZLQGGLUHFWLRQ�GHSHQGHQF\�RI�PHWKDQH�FRQFHQWUDWLRQV�- $QDO\VLV�RI�WKH�WHPSRUDO�YDULDWLRQ�RI�PDLQ�HPLVVLRQ�VRXUFHV�LQ�7KH�1HWKHUODQGV�- 'HWHUPLQDWLRQ� RI� WKH� UHODWLRQ� EHWZHHQ� WKH� WHPSRUDO� YDULDWLRQ� LQ� FRQFHQWUDWLRQV� DQGDWPRVSKHULFDO�FRQGLWLRQV�- 7KH� GDLO\� DYHUDJHG�&+�� FRQFHQWUDWLRQV� DUH�PRGHOOHG� E\� D� VWUXFWXUDO� WLPH� VHULHV�PRGHOZLWK�WKH�$3$�LQGH[��$3$W� DV�D�VLQJOH�H[SODQDWRU\�YDULDEOH�- 7HVW�IRU�WKH�SRVVLELOLW\�RI�VRXUFH�DSSRUWLRQPHQW�IURP�FRQFHQWUDWLRQ�SDWWHUQV�
7R� HVWLPDWH� WUHQGV�� F\FOHV� DQG� WKH� LQIOXHQFH� RI� H[SODQDWRU\� YDULDEOHV� ZH� KDYH� XVHG� WKHDSSURDFK� RI� VWUXFWXUDO� WLPH� VHULHV� PRGHOV� LQ� FRPELQDWLRQ� ZLWK� WKH� .DOPDQ� ILOWHU�� )RU� WKHWKHRU\�ZH�UHIHU�WR�+DUYH\��������DQG�9LVVHU�DQG�0ROHQDDU��������
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$ (QWHULF�IHUPHQWDWLRQ ���� ����
% $QLPDO�ZDVWH ���� ���

� &�5LFH �� ���
� '�$JULFXOWXUDO�VRLOV ����
� (�$JULFXOWXUDO�ZDVWH�EXUQLQJ ��� ���
� )�)RUHVW�ILUHV � ����
� :DVWH ���� ����
� $�/DQGILOOV ���� ����
� %�:DVWH�ZDWHU �� ���
� &�:DVWH�LQFLQHUDWLRQ Q�L� ����
� '�2WKHU�ZDVWH Q�L� ����
� 2WKHU�VRXUFHV Q�L� ����
� 1DWXUDO�VRXUFHV ��� ���
� $�)UHVK�ZDWHUV �� ���
� %�2FHDQV�DQG�FRDVWDO�ZDWHUV �� ���
� &�:HWODQGV ��� ���
7RWDO ����� ���
Q�L�� �QRW�LQFOXGHG

,Q�7DEOH� �� WKH�0(7'$7�GDWD� DUH� FRPSDUHG� WR� WKH� QDWLRQDO� WRWDO� HPLVVLRQV� RI�PHWKDQH� DVUHSRUWHG�LQ�WKH�1DWLRQDO�&RPPXQLFDWLRQV��7KHUH�LV�RQO\������GLIIHUHQFH�LQ�WKH�WRWDO�HPLVVLRQVEHWZHHQ�WKH�0(7'$7�GDWD�DQG�WKH�1DWLRQDO�&RPPXQLFDWLRQ�GDWD�IRU�WKH�UHJLRQ�DV�D�ZKROH�+RZHYHU�� IRU� WKH� LQGLYLGXDO�FRXQWULHV��GLVWLQFW�GLIIHUHQFHV�FDQ�EH�VHHQ��7KH�0(7'$7�&+�HPLVVLRQV�DUH�PXFK�ORZHU�IRU�*HUPDQ\��1RUZD\�DQG�'HQPDUN�DQG�PXFK�KLJKHU�IRU�%HOJLXP�)UDQFH��WKH�8QLWHG�.LQJGRP��,UHODQG�DQG�6ZHGHQ�
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7DEOH�� &RPSDULVRQ�RI�WKH�0(7'$7�LQYHQWRU\�GDWD�ZLWK�WKH�GDWD�SUHVHQWHG�LQ1DWLRQDO�&RPPXQLFDWLRQV�RI�WKH�GLIIHUHQW�FRXQWULHV�LQ�1RUWKZHVW�(XURSH
0(7'$7
*J�\HDU

1DW��&RP�
*J�\HDU

'LIIHUHQFH
�

%HOJLXP ��� ��� ��
'HQPDUN ��� ��� ���
)UDQFH ���� ���� ��
*HUPDQ\ ���� ���� ���
,UHODQG ��� ��� ��
/X[HPERXUJ �� Q�L� �
1HWKHUODQGV ��� ���� ��
1RUZD\ ��� ��� ���
6ZHGHQ ��� ��� ��
8QLWHG�.LQJGRP ���� ���� ��
727$/ ����� ����� ����
Q�L�� �QRW�LQFOXGHG

7KH�WLPH�VHULHV�RI�JURXQG�OHYHO�PHWKDQH�FRQFHQWUDWLRQV�FDQ�EH�FKDUDFWHULVHG�E\�D�VHDVRQDOO\YDU\LQJ�EDFNJURXQG�RI� DERXW� ����� SSE� �0DFH�+HDG� FRQFHQWUDWLRQV��ZLWK� VXSHULPSRVHG�RQWKDW�RFFDVLRQDOO\�HOHYDWHG�FRQWULEXWLRQV�RI����������SSE�ODVWLQJ�D�IHZ�GD\V�DQG�RU�HOHYDWHGVKRUW� WHUP� FRQWULEXWLRQV� RI� ���������� SSE�� 2Q� DQ� DQQXDO� DYHUDJH� WKH� DERYH� EDFNJURXQGHOHYDWLRQ�UDQJHV�IURP���������SSE��7KH�ODWWHU�KDYH�D�W\SLFDO�WLPH�VFDOH�RI�D�IHZ�KRXUV��7KHVDPH�SDWWHUQ�LV�VHHQ�DW�&DEDXZ������P��DERYH�WKH�JURXQG��EXW�ZLWK�WKH�LPSRUWDQW�GLIIHUHQFHWKDW� WKH� VKRUW�WHUP� HOHYDWLRQV� DUH� PXFK� VPDOOHU�� XVXDOO\� ������ SHU� FHQW� RI� WKRVH� VHHQ� DWJURXQG�OHYHO�� $W� 0DFH� +HDG�� ,UHODQG� WKH� VKRUW�WHUP� HOHYDWLRQV� DUH� YLUWXDOO\� DEVHQW�� 7KHPHWKDQH� FRQFHQWUDWLRQV� VKRZ� D� VLJQLILFDQW� ZLQG� GLUHFWLRQ� GHSHQGHQFH�� 7KH�PD[LPXP� OLHVDURXQG�����GHJUHHV��L�H��66(���WKH�PLQLPXP�DURXQG�����GHJUHHV��1::��
(OHYDWHG�FRQFHQWUDWLRQV�GXULQJ�D�IHZ�GD\V�RU�PRUH�DUH�FRQQHFWHG�WR�VWDEOH�HDVWHUO\�IORZV��7KHVKRUW�WHUP� SHDN� FRQFHQWUDWLRQV� DUH� D� PDQLIHVWDWLRQ� RI� ORFDO� VRXUFHV�� &DOFXODWLRQV� ZLWK� DVLPSOH�*DXVVLDQ�SOXPH�PRGHO�VKRZ�WKDW�GLIIHUHQFHV�EHWZHHQ�WKH�SHDN�YDOXHV�DW�&DEDXZ�DQGWKH�JURXQG�OHYHO�VWDWLRQV�FDQ�HDVLO\�EH�H[SODLQHG�DV�D�YHUWLFDO�JUDGLHQW�LQ�D�SOXPH�RI�JURXQGOHYHO�VRXUFHV�ZLWKLQ����NP�RI�WKH�UHFHSWRU�
0RGHOOLQJ� WHPSRUDO� YDULDWLRQV� ZLWK� WKH� $FFXPXODWLQJ� 3RWHQWLDO� RI� WKH� $WPRVSKHUH� �$3$�LQGH[�DV�H[SODQDWRU\�YDULDEOH��LQGLFDWHV�WKDW�WKH�YDULDELOLW\�LQ�PHWKDQH�FRQFHQWUDWLRQV�FDQ�EHDWWULEXWHG�WR�D� ODUJH�H[WHQW� WR�DWPRVSKHULF�FRQGLWLRQV��2I�FRXUVH��WKLV�YDULDWLRQ�LQGLFDWHV�WKHSUHVHQFH�RI�HPLWWLQJ�VRXUFHV�DV�ZHOO��(VSHFLDOO\��FRQFHQWUDWLRQV�DERYH������SSE�DUH�REVHUYHGZKHQ�WKH�DFFXPXODWLQJ�SRWHQWLDO�RI�WKH�DWPRVSKHUH�LV�KLJK��$Q�H[DPSOH�LV�JLYHQ�LQ�)LJXUH�����ZKHUH�GDLO\�DYHUDJHG�&+� FRQFHQWUDWLRQV�DUH�PRGHOOHG�E\�D�VWUXFWXUDO�WLPH�VHULHV�PRGHO�ZLWKWKH� $3$� LQGH[� �$3$W� DV� D� VLQJOH� H[SODQDWRU\� YDULDEOH�� 7KH� )LJXUH� VKRZV� HVWLPDWHV� IRUVWDWLRQ� 'HOIW�� EDVHG� RQ� DOO� GDLO\� GDWD� LQ� WKH� \HDU� ����� �1 � ������ 7KH� VTXDUHG� FRUUHODWLRQEHWZHHQ�PHDVXUHPHQWV�DQG�PRGHO�SUHGLFWLRQV�LV�5� ������(VSHFLDOO\��WKH�KLJK�FRQFHQWUDWLRQSHDNV�IURP�GD\�QXPEHU�����RQZDUGV�DUH�PRGHOOHG�YHU\�ZHOO�
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7KH�IDFW�WKDW�FRQFHQWUDWLRQV�DUH�YHU\�³VHQVLWLYH´�WR�DWPRVSKHULF�FRQGLWLRQV��)LJXUH�����VKRZVWKDW� ORFDO� HPLVVLRQV� VLJQLILFDQWO\� FRQWULEXWH� WR� FRQFHQWUDWLRQ� OHYHOV� DV� EDFNJURXQGFRQFHQWUDWLRQV�DUH�QRW�LQIOXHQFHG�E\�KRXUO\�YDULDWLRQV�LQ�PL[LQJ�KHLJKWV�

)LJXUH����'DLO\�DYHUDJHG�&+� FRQFHQWUDWLRQV�ZLWK�PRGHO�SUHGLFWLRQV�IRU�VWDWLRQ�'HOIW��'DWD�DUH�IRU�WKH\HDU�������1 ������

$QRWKHU� LQGLFDWLRQ� RI� WKH� ODUJH� LQIOXHQFH� RI� PHWHRURORJ\� RQ� PHWKDQH� FRQFHQWUDWLRQV� DVPHDVXUHG�DW� WKH�JURXQG�VWDWLRQV� LV� WKH�KLJK�FRUUHODWLRQ�EHWZHHQ�&+��DQG�RWKHU� FRPSRQHQWVFRQFHQWUDWLRQV�DW�WKH�VDPH�VWDWLRQ��H�J��&2�� &2��12[��HWKDQH�DQG�DFHW\OHQH���,I�WKH�VWUXFWXUDOWLPH� VHULHV�PRGHO�DERYH� LV� HVWLPDWHG�ZLWK�&2� DV� H[SODQDWRU\� YDULDEOH�� LQVWHDG�RI�$3$ W� DVTXDUHG�FRUUHODWLRQ�LV�IRXQG�DPRXQWLQJ�WR������IRU�$UQKHP�
7KH�LQIHUHQFHV�DERYH�VKRZ�WKDW�YDULDWLRQV� LQ�PHWKDQH�FRQFHQWUDWLRQV� LQ� WKH�1HWKHUODQGV�DUHODUJHO\�GHWHUPLQHG�E\�VRXUFHV�DW�GLVWDQFHV�OHVV�WKDQ�����GD\V�IURP�WKH�UHFHSWRU�SRLQW��WKDW�LVVRXUFHV�LQ�WKH�1HWKHUODQGV�DQG�QHDUE\�FRXQWULHV�
7HPSRUDO�YDULDWLRQ�LQ�&+� FRQFHQWUDWLRQV�GXH�WR�WHPSRUDO�YDULDWLRQ�LQ�HPLVVLRQV�VRXUFHV��H�J�WKH�GLXUQDO�F\FOH�LQ�HQWHULF�IHUPHQWDWLRQ��FRXOG�QRW�EH�GHWHFWHG�GXH�WR�DWPRVSKHULF�YDULDWLRQ�7KHUHIRUH�� ZH� FRQFOXGH� WKDW� WHPSRUDO� FRQFHQWUDWLRQ� SDWWHUQV� RI� PHWKDQH� DUH� QRW� VXLWHG� WRGHWHFWHG�VSHFLILF�HPLVVLRQ�VRXUFHV��$V�D�FRQVHTXHQFH��WKLV�DSSURDFK�LV�QRW�YHU\�ZHOO�VXLWHG�WRYDOLGDWH�HPLVVLRQ�HVWLPDWHV�
,W�VKRXOG�EH�QRWHG�WKDW�WKLV�FRQFOXVLRQ�GRHV�QRW�LPSO\�WKDW�ORFDO�HPLVVLRQV�GR�QRW�FRQWULEXWH�WRFRQFHQWUDWLRQ� OHYHOV�RI�&+�� )LJXUH��� VKRZV� WKDW� ORFDO� HPLVVLRQV� VLJQLILFDQWO\� FRQWULEXWH� WRFRQFHQWUDWLRQ�OHYHOV�
7KHUH� LV� D� JRRG� DJUHHPHQW� EHWZHHQ� WKH� /2726� PRGHOOLQJ� UHVXOWV� DQG� WKH� PHWKDQHFRQFHQWUDWLRQ�PHDVXUHPHQWV�LQ�0DFH�+HDG��7KH�FRUUHODWLRQ�FRHIILFLHQW�RI�PRQWKO\�PHDQV�LV������ WKH� ELDV� DQG� PHDQ� VWDQGDUG� HUURU� DUH� �� DQG� ��� SSE� UHVSHFWLYHO\�� ,W� VKRZV� WKDW� WKHEDFNJURXQG� RI� PHWKDQH� FRQFHQWUDWLRQV�� ZKLFK� LQ� WKH� 1HWKHUODQGV� LV� SUHGRPLQDQWO\GHWHUPLQHG�E\�ZHVWHUQ�ZLQGV��LV�UHDOLVWLFDOO\�LQFRUSRUDWHG�LQ�WKH�PRGHO�
7KH�/2726�FDOFXODWLRQV�VKRZ�WKDW�HPLVVLRQV�LQ�WKH�1HWKHUODQGV��%HOJLXP��)UDQFH��*HUPDQ\DQG�WKH�8QLWHG�.LQJGRP�DFFRXQW�IRU�������SHU�FHQW�RI�WKH�HOHYDWLRQ�RI�PHWKDQH�FRQFHQWUDWLRQDERYH�WKH�EDFNJURXQG��7KLV�LV�LQ�OLQH�ZLWK�WKH�UHVXOWV�RI�WKH�WLPH�VHULHV�DQDO\VLV��2FFDVLRQDOO\�HPLVVLRQV�IURP�WKH�1RUWKVHD�RU�(DVWHUQ�(XURSH�DUH�RI�VLJQLILFDQFH�
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7KH� PHWKDQH� FRQFHQWUDWLRQV� FDOFXODWHG� E\� WKH� PRGHO� QLFHO\� UHSUHVHQW� PDQ\� RI� WKHFKDUDFWHULVWLFV� IRXQG� LQ� WKH� REVHUYDWLRQV�� ,W� UHIOHFWV� WKH� PRGHUDWH� HOHYDWLRQV� RI� PHWKDQHFRQFHQWUDWLRQV�RQ�D�V\QRSWLF�WLPH�VFDOH��+RZHYHU��WKH�VKRUW�WHUP�HOHYDWLRQV�DUH�JHQHUDOO\�ZHOOUHSUHVHQWHG�LQ�WLPH��EXW�QRW�LQ�DPSOLWXGH��7KH�SHDN�YDOXHV�DUH�JURVVO\�XQGHUHVWLPDWHG�E\�WKHPRGHO��7KH�REVHUYDWLRQV�VXJJHVW�D�FRQVLGHUDEOH�JUDGLHQW�RYHU�WKH�ORZHVW�����P�ZLWK�UHJDUG�WRWKH�SHDN�YDOXHV�DQG�WKHUHIRUH�LW�LV�H[SHFWHG�WKDW�D�PRGHO�WKDW�DVVXPHV�KRPRJHQHLW\�LQ�YHUWLFDOGLUHFWLRQ�LV�QRW�FDSDEOH�WR�VLPXODWH�WKH�DPSOLWXGH�RI�WKH�VKRUW�WHUP�SHDNV��0RGHO�UHVXOWV�DQGREVHUYDWLRQV� FRPSDUHG� RQ� WKH� EDVLV� RI� GDLO\� PLQLPD� LQGLFDWH� WKDW� WKH� ORFDO� LQIOXHQFHV� DUHHIIHFWLYH� GXULQJ� D� IHZ� KRXUV� RQO\� OHDYLQJ� WKH� UHVW� RI� WKH� GD\� UHODWLYHO\� IUHH� IURP� ORFDOGLVWXUEDQFHV�
$ VXPPDU\� RI� WKH� PRGHO� UHVXOWV� LV� SUHVHQWHG� LQ� 7DEOH� ��� 7KH� FRUUHODWLRQ� EHWZHHQ� PRGHORXWSXW�DQG�PHDVXUHPHQWV�RQ�DQ�KRXUO\�EDVLV�YDU\�DUH�KLJK�DQG�HYHQ�EHWWHU�RQ�D�PRQWKO\�EDVLV�IURP�7KH�%,$6� YDULHV� IURP� OHVV� WKDQ� ��� SSE� LQ�&DEDXZ� DQG�$UQKHP� WR� ��� SSE� LQ�'HOIW�ZKLFK�LV�D�JRRG�DJUHHPHQW��,QFOXGLQJ�GU\�GHSRVLWLRQ�LQ�WKH�PRGHO�GLG�QRW�QRWLFHDEO\�DIIHFW�WKHFRUUHODWLRQ�SDUDPHWHUV��7KH�%,$6�GURSSHG�E\�DERXW����SSE�DW�WKH�VWDWLRQV�LQ�WKH�1HWKHUODQGV�DQG�E\���SSE�DW�0DFH�+HDG�HTXLYDOHQW�WR�D�UHGXFWLRQ�RI�WKH�DYHUDJH�PHWKDQH�FRQFHQWUDWLRQZLWK���������SHU�FHQW�

7DEOH�� &RUUHODWLRQ�FRHIILFLHQWV�RI�/2726�PRGHO�RXWSXW�DQG�PHWKDQH�FRQFHQWUDWLRQ�PHDVXUHPHQWGDWD��%,$6�DQG�06(�IRU�IRXU�VLWHV�LQ�WKH�1HWKHUODQGV�DQG�0DFH�+HDG�LQ�,UHODQG�
6WDWLRQ &RUUHODWLRQ&RHIILFLHQW�KRXUO\�

&RUUHODWLRQ&RHIILFLHQW�PRQWKO\�
%,$6��

�SSE� 06(�SSE�
$UQKHP ���� ���� ��� ����
'HOIW ���� ���� ����� ����
.ROOXPHUZDDUG ���� ���� ���� ����
&DEDXZ ���� ���� ��� ����
0DFH�+HDG ���� ���� ���� ����

� $ QHJDWLYH�ELDV�PHDQV�WKDW�WKH�PRGHO�XQGHUHVWLPDWHV�WKH�PHWKDQH�FRQFHQWUDWLRQV

,W�LV�FRQFOXGHG�WKDW�WKLV�WHFKQLTXH�RI�HPLVVLRQ�YDOLGDWLRQ�LV�XVHIXO��7KH�PHWKDQH�HPLVVLRQV�RIWKH�0(7'$7�GDWDEDVH� SURGXFHG�PRGHOOHG�PHWKDQH�FRQFHQWUDWLRQV� WKDW�ZHUH� LQ� DFFHSWDEOHDJUHHPHQW�ZLWK�WKH�PHDVXUHPHQWV��7KLV�LQGLFDWHV� WKDW�WKH�RYHUDOO�HPLVVLRQV�HVWLPDWHV�LQ�WKH0(7'$7�GDWDEDVH�DUH�UHDOLVWLF��7KH�WHFKQLTXH�DSSOLHG�VR�IDU�LV�KRZHYHU�QRW�DEOH�WR�LQGLFDWHZKHWKHU� WKH� LQGLYLGXDO� VRXUFHV� DUH� HVWLPDWHG� UHDOLVWLF� DV� ZHOO�� 'XH� WR� WKH� DEVHQFH� RI� DQDGHTXDWH�ORFDO�GLVSHUVLRQ�PRGXOH��GXH�WR�GLIIHUHQFHV�LQ�FDOLEUDWLRQ�VWDQGDUGV�������DQG�GXH�WRPRGHO�XQFHUWDLQWLHV��������WKLV�PHWKRG�RI�HPLVVLRQ�YDOLGDWLRQ�ZLOO�KDYH�DQ�RYHUDOO�LQDFFXUDF\RI�DW�OHDVW�����

&RQFOXVLRQV
7KHUH�LV�D�JRRG�RYHUDOO�FRUUHVSRQGHQFH�EHWZHHQ�WKH�FRQVLVWHQW�ERWWRP�XS�0(7'$7�HPLVVLRQLQYHQWRU\� DQG� WKH� 1DWLRQDO� &RPPXQLFDWLRQ� GDWD�� +RZHYHU�� RQ� D� FRXQWU\� OHYHO� ODUJHGLVFUHSDQFLHV�FRXOG��EHHQ�IRXQG�
7KH�DQDO\VLV�RI�FRQFHQWUDWLRQ�PHDVXUHPHQWV�JLYHV�D�FOHDU�LQGLFDWLRQ�RI�WKH�FRQWULEXWLRQ�IURPWKH�GLIIHUHQW�DUHDV��7LPH�VHULHV�DQDO\VLV�DV� VXFK�DSSHDUHG�QRW� WR�EH�VXLWDEOH�IRU�YHULILFDWLRQSXUSRVHV�LQ�WKLV�VWXG\�
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7KH�WHFKQLTXH�RI�HPLVVLRQ�YDOLGDWLRQ�E\�PRGHOOLQJ�PHWKDQH�FRQFHQWUDWLRQV�ZLWK�WKH�ERWWRP�XS�HVWLPDWHG�HPLVVLRQ�GDWD�DV�LQSXW�IRU�WKH�PRGHO�DQG�FRPSDULQJ�WKH�UHVXOWV�ZLWK�PHDVXUHGFRQFHQWUDWLRQV�KDV�EHHQ�SURYHQ�TXLWH�VXFFHVVIXO��7KH�WHFKQLTXH�DSSOLHG�VR�IDU�LV�KRZHYHU�QRWDEOH�WR�LQGLFDWH�ZKHWKHU�WKH�LQGLYLGXDO�VRXUFHV�DUH�HVWLPDWHG�UHDOLVWLFDOO\�DV�ZHOO��7KH�RYHUDOOLQDFFXUDF\�RI�WKLV�PHWKRG�RI�HPLVVLRQ�YDOLGDWLRQ�ZLOO�EH�����DW�OHDVW�
$ FRPELQDWLRQ� RI� LQGHSHQGHQW� ERWWRP�XS� HPLVVLRQ� HVWLPDWHV�� EDVHG� RQ� FRQVLVWHQWPHWKRGRORJ\�� DWPRVSKHULF� PHDVXUHPHQWV� DQG� DWPRVSKHULF� GLVSHUVLRQ� PRGHOV� DUH� WKHQHFHVVDU\�WRROV�WR�DVFHUWDLQ�WKDW�- WKH� HPLVVLRQ� GDWD� LQFRUSRUDWHG� LQ� WKH� 3URWRFRO� LQGHHG� UHIOHFW� WKH� VFLHQWLILF� HVWDEOLVKHGDWPRVSKHULF� EXGJHW� RI� HPLVVLRQV� RI� JUHHQKRXVH� JDVHV� RQ� D� JOREDO�� UHJLRQDO� DQG� HYHQQDWLRQDO�VFDOH��DQG- WKH� HPLVVLRQ� LQYHQWRULHV� DV� 1DWLRQDO� &RPPXQLFDWLRQV� GHVHUYH� WKH� VFLHQWLILF� FUHGLELOLW\QHHGHG�WR�DVFHUWDLQ�FRPSOLDQFH�ZLWK�WKH�3URWRFRO�

5HIHUHQFHV
%HUGRZVNL��-�-�0���*�3�-��'UDDLMHUV��/�+�-�0��-DQVVHQ��-�&�7K��+ROODQGHU��0��YDQ�/RRQ��0�*�0��5RHPHU�$�7�� 9HUPHXOHQ��0�� 9RVEHHN� DQG� +�� 9LVVHU� �����D��� ,QGHSHQGHQW� &KHFNV� IRU� 9DOLGDWLRQ� RI(PLVVLRQ�(VWLPDWHV�� 7KH�0(7'$7�([DPSOH� IRU�0HWKDQH��0HHWLQJ� RI� WKH� ,3&&�2(&'�,($3URJUDPPH� IRU� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV� RQ� µ0DQDJLQJ� 8QFHUWDLQW\� LQ� 1DWLRQDO*UHHQKRXVH�*DV�,QYHQWRULHV¶��3DULV�������2FWREHU������712�3XEOLFDWLRQ�3��������$SHOGRRUQ�7KH�1HWKHUODQGV�
%HUGRZVNL�� -�-�0��� 'UDDLMHUV�� *�3�-��� -DQVVHQ�� /�+�-�0��� +ROODQGHU�� -�&�7K��� /RRQ�� 0�� YDQ�� 5RHPHU�0�*�0��� 9HUPHXOHQ�� $�7��� 9RVEHHN�� 0�� 	� +�� 9LVVHU� �����E��� ,QGHSHQGHQW� &KHFNV� IRU9DOLGDWLRQ�RI�&+� (PLVVLRQ�(VWLPDWHV��0HHWLQJ�RI�WKH�1DWLRQDO�5HVHDUFK�3URJUDPPH�*OREDO�$LU3ROOXWLRQ� DQG� &OLPDWH� &KDQJH�� *DUGHUHQ� ������ 2FWREHU� �����712� 3XEOLFDWLRQ� 3�������$SHOGRRUQ��7KH�1HWKHUODQGV�
%HUGRZVNL��-�-�0���*�3�-��'UDDLMHUV��-�+�-��+XOVNRWWH��-��2RQN��6�7��7HHXZLVVH��$�-�+��9LVVFKHGLMN��*�&�<SHQEXUJ�� :�� &RUUp� 	�0�� 9RVEHHN� �������� 7KH� 0(7'$7� &+�� HPLVVLRQ� GDWDEDVH� IRU� WKH1HWKHUODQGV�DQG�1RUWKZHVWHUQ�(XURSH��712�UHSRUW��LQ�SUHVV�
%XLOWMHV�3����������7KH�/2726���/2QJ�7HUP�2]RQH�6LPXODWLRQ���PRGHO��VXPPDU\�UHSRUW��712�5�������$SHOGRRUQ��7KH�1HWKHUODQGV�
(UEULQN�� -�-�� ��������8VH� RI� DGYDQFHG�PHWHRURORJ\� LQ� WKH�*DXVVLDQ�PRGHO� ³67$&.6´��%RXQG���/D\HU0HWHRU�������SS����������
+DUYH\��$�&����������$�XQLILHG�YLHZ�RI�VWDWLVWLFDO�IRUHFDVWLQJ�SURFHGXUHV��-RXUQDO�RI�)RUHFDVWLQJ� �����������
+ROODQGHU�� -�&�7K�	�0�(�-�3��9RVEHHN� ��������(YDOXDWLRQ� DQG� YDOLGDWLRQ� RI�PHWKDQH� HPLVVLRQV� LQ� WKH1HWKHUODQGV�DQG�WKH�FRQWULEXWLRQ�IURP�YDULRXV�VRXUFHV��712�5��������'HOIW��7KH�1HWKHUODQGV�
-DQVVHQ��/�+�-�0��� -�7��YDQ�GHU�:DO�� -�&��7K��+ROODQGHU��$��9HUPHXOHQ�	�0�(�-�3�9RVEHHN� ��������$GDWDEDVH�RI�PHWKDQH�FRQFHQWUDWLRQV�DV�PHDVXUHG� LQ� WKH�1HWKHUODQGV�DQG�(XURSH��5,90�UHSRUW������������%LOWKRYHQ��7KH�1HWKHUODQGV�
2OLYLHU��-�*�-���$�)��%RXZPDQ��&�:�0��YDQ�GHU�0DDV��-�-�0��%HUGRZVNL��&��9HOGW��-�3�-��%ORRV��$�-�+�9LVVFKHGLMN�� 3�<�-�� =DQGYHOG� 	� -�/�� +DYHUODJ� �������� 'HVFULSWLRQ� RI� ('*$5� ����� $� VHW� RIJOREDO� HPLVVLRQ� LQYHQWRULHV� RI� JUHHQKRXVH� JDVHV� DQG� R]RQH�GHSOHWLQJ� VXEVWDQFHV� IRU� DOODQWKURSRJHQLF� DQG� PRVW� QDWXUDO� VRXUFHV� RQ� D� SHU� FRXQWU\� EDVLV� DQG� RQ� D� �� [� �� GHJUHH� JULG�712�5,90�UHSRUW�������������%LOWKRYHQ��7KH�1HWKHUODQGV�
5RHPHU�0���*��%RHUVHQ��3��%XLOWMHV�	�3��(VVHU���������7KH�EXGJHW�RI�R]RQH�DQG�SUHFXUVRUV�RYHU�(XURSHFDOFXODWHG�ZLWK�WKH�/2726�PRGHO��712�3��������$SHOGRRUQ��7KH�1HWKHUODQGV�
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9HUPHXOHQ��$7��-�&�7K��+ROODQGHU��	�0�(�-�3��9RVEHHN���������$Q�LQWHUFRPSDULVRQ�ULQJ�WHVW�RI�DPELHQWPHWKDQH�FRQFHQWUDWLRQ�PHDVXUHPHQWV��5HSRUW�(&1�&���������3HWWHQ��7KH�1HWKHUODQGV�
9HUPHXOHQ��$�7���%��%HHPVWHUERHU��:�&�0��9DQ�GHQ�%XON��5��(LVPDQ��$��+HQVHQ��:�0��.LHVNDPS��-�-�0|OV��-��6ODQLQD��$�&��9HOWNDPS��*�3��:\HUV��	�2��=ZDDJVWUD���������9DOLGDWLRQ�RI�PHWKDQHHPLVVLRQ�LQYHQWRULHV�IRU�1:�(XURSH��(&1�UHSRUW�(&1�&²��������3HWWHQ��7KH�1HWKHUODQGV�
9LVVHU��+��	�-��0ROHQDDU���������7UHQG�HVWLPDWLRQ�DQG�UHJUHVVLRQ�DQDO\VLV�LQ�FOLPDWRORJLFDO�WLPH�VHULHV�DQ�DSSOLFDWLRQ�RI� VWUXFWXUDO� WLPH� VHULHV�PRGHOV� DQG� WKH�.DOPDQ� ILOWHU�� -RXUQDO�RI�&OLPDWH�������������
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�����9(5,),&$7,21�2)�121�&2� *5((1+286(�*$6(6
7KH�SRVVLELOLWLHV���DQG�FRVWV���WR�UHGXFH�WKH�XQFHUWDLQWLHV�LQ�HPLVVLRQ�HVWLPDWHV�XVLQJPRGHOOLQJ�DQG�ILHOG�REVHUYDWLRQV

3HWHU�%XLOWMHV���� -DQ�:LOOHP�(ULVPDQ���� 0DDUWHQ�YDQ�/RRQ���� 7LQXV�3XOOHV���� $OH[9HUPHXOHQ���� (UQLH�:HLMHUV�����
��� 712�0(3��$SHOGRRUQ��WKH�1HWKHUODQGV
��� (&1��3HWWHQ��WKH�1HWKHUODQGV

)RU�PRUH�LQIRUPDWLRQ�SOHDVH�FRQWDFW���S�M�K�EXLOWMHV#PHS�WQR�QO

,QWURGXFWLRQ
5HFHQWO\�� D� VWXG\� KDV� VWDUWHG� WR� LQYHVWLJDWH� WKH� SRVVLELOLWLHV� WR� UHGXFH� WKH� FXUUHQW� �RIWHQVXEVWDQWLDO�� XQFHUWDLQWLHV� LQ� HPLVVLRQ� HVWLPDWHV� RI� QRQ�&2� HPLVVLRQV� LQ� WKH� 1HWKHUODQGV� E\PHDQV� RI� VWDWH�RI�WKH�DUW�PRGHOOLQJ� FRPELQHG� ZLWK� LQYHUVH� PRGHOOLQJ� �� GDWD� DVVLPLODWLRQ� DQGDSSURSULDWH�ILHOG�REVHUYDWLRQV��5HGXFLQJ�WKH�XQFHUWDLQWLHV�LQ�HPLVVLRQ�HVWLPDWHV�LV�LPSRUWDQW�WRLQFUHDVH�WKH�OHYHO�RI�DFFHSWDQFH�RI�DEDWHPHQW�PHDVXUHV�IRU�WKH�GLIIHUHQW�VRXUFH�FDWHJRULHV��DQG�WREDVH�HPLVVLRQ�WUDGLQJ�DQG�MRLQW�LPSOHPHQWDWLRQ�RQ�D�UHOLDEOH�DQG�JHQHUDO�DFFHSWHG�PHWKRGRORJ\�8VLQJ� LQGHSHQGHQW� ILHOG� REVHUYDWLRQV� �DQG� SRVVLEO\� DOVR� VDWHOOLWH� REVHUYDWLRQV�� WR� UHGXFH� WKLVXQFHUWDLQW\�LV�D�SRVVLELOLW\�WKDW�GHVHUYHV�IXUWKHU�LQYHVWLJDWLRQ

(OHPHQWV�RI�WKH�UHVHDUFK
7KH�IRFXV�RI�WKH�UHVHDUFK�LV�RQ�WKH�HPLVVLRQ�HVWLPDWHV�LQ�WKH�1HWKHUODQGV��LQ�SULQFLSOH�SHU�VRXUFHFDWHJRU\��RI� WKH�QRQ�&2� JUHHQKRXVH�JDVHV�XQGHU�WKH�.\RWR�SURWRFRO��&+�� 1�2��+)&V��3)&VDQG�6)��$ YHU\� DFFXUDWH� HPLVVLRQ� HVWLPDWH� ZRXOG� EH� FUHDWHG� LQ� FDVH� HYHU\� HPLVVLRQ� VRXUFH� LQ� WKH1HWKHUODQGV�ZRXOG�EH�PHDVXUHG�VHSDUDWHO\�DQG�FRQWLQXRXVO\��%HFDXVH�WKLV�LV�QRW�SRVVLEOH�IURP�DILQDQFLDO�DQG� ORJLVWLF�YLHZSRLQW�� WKH�TXHVWLRQ� LV�ZLWK�KRZ�PDQ\� ILHOG�REVHUYDWLRQV�� DQG�ZKHUHORFDWHG��D�UHOLDEOH�HVWLPDWH�RI�WKH�HPLVVLRQV�LV�SRVVLEOH��7KH�VHW�XS�RI�VXFK�D�PHDVXULQJ�VWUDWHJ\ZLOO�GHSHQG�RQ�D�QXPEHU�RI�DVSHFWV�
7KHVH� DVSHFWV� DUH�ZKHWKHU� WKH� HPLVVLRQ� VRXUFH� LV� DQ� LVRODWHG� SRLQW� VRXUFH� RU� D� GLIIXVLYH� DUHDVRXUFH�� DQG� WKH� UHODWLYH� FRQWULEXWLRQ� RI� WKH� 'XWFK� VRXUFHV� WR� WKH� FRQFHQWUDWLRQ� OHYHO� LQ� WKH1HWKHUODQGV���7KLV�ODVW�DVSHFW�LV�GLUHFWO\�UHODWHG�WR�WKH�DWPRVSKHULF�UHVLGHQFH�WLPH�RI�WKH�WUDFH�JDVXQGHU� FRQVLGHUDWLRQ�� �7KH�SRVVLELOLW\� WR�SHUIRUP� ILHOG�REVHUYDWLRQV�ZLWK� D� VSHFLILF� DFFXUDF\� LVDOVR�RI�LPSRUWDQFH��,W�VKRXOG�DOVR�EH�QRWHG�WKDW�PRQLWRULQJ�RI�WKH�GHYHORSPHQW�RI�WKH�HPLVVLRQVLQ�WLPH��WUHQG�DQDO\VLV��LV�D�YHU\�LPSRUWDQW�LVVXH�WKDW�PLJKW�UHTXLUH�OHVV�DEVROXWH�DFFXUDF\�WKDQ�WKHGHWHUPLQDWLRQ�RI�WKH�FXUUHQW�HPLVVLRQ�HVWLPDWHV�WKHPVHOYHV�
$ PHDVXULQJ�VWUDWHJ\�WR�GHWHUPLQH�WKH�HPLVVLRQ�RI�D�VSHFLILF�VRXUFH�ZLOO�VWURQJO\�GHSHQG�RQ�WKHFKDUDFWHULVWLFV�RI�WKH�VRXUFH���)RU�D�GLIIXVLYH�RU�D�SRLQW�VRXUFH��IRU�D�VRXUFH�WKDW�LV�FRQVWDQW�LQWLPH��RU�KDV�D�YDULDEOH�HPLVVLRQ�RU�KDV�DQ�VSDWLDO�LQKRPRJHQHRXV�FKDUDFWHU��D�GLIIHUHQW�PHDVXULQJVWUDWHJ\�ZLOO�EH�UHTXLUHG���1H[W�WR�FRQFHQWUDWLRQ�PHDVXUHPHQWV��LW�FDQ�EH�H[SHFWHG�WKDW�VSHFLILFPHWHRURORJLFDO�SDUDPHWHUV�KDYH�WR�EH�PHDVXUHG�WR�EH�DEOH�WR�GHWHUPLQH�WKH���ORFDO���GLVSHUVLRQFKDUDFWHULVWLFV�
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,QYHUVH� PRGHOOLQJ� DQG� GDWD� DVVLPLODWLRQ� LV� D� SRZHUIXO� WRRO� WR� XVH� LQ� DQ� REMHFWLYH� ZD\� WKHLQIRUPDWLRQ�FRQWDLQHG�LQ�ERWK�PHDVXUHPHQWV�DQG�PRGHOOLQJ��$V�DQ�H[DPSOH��WKH�&20(7��D�WZR�OD\HU� /DJUDQJLDQ� DWPRVSKHULF� WUDQVSRUW� PRGHO�� LV� DSSOLHG� IRU� &+�� ,Q� WKH� LQYHUVH� PRGH� RI&20(7�D�69'�PDWUL[�LQYHUVLRQ�LV�XVHG�WR�FDOFXODWH�WKH�HPLVVLRQV�RI�D�QXPEHU�RI�VRXUFH�DUHDVXVLQJ�D�ILYH�\HDU�RI���KRXUO\�FRQFHQWUDWLRQ�GDWD�RI�PHWKDQH�DW� WKH�'XWFK�VWDWLRQ�&DEDXZ��7KHFDOFXODWHG�HPLVVLRQV�FRPSDUH�ZHOO�ZLWK�WKH�FXUUHQW�HPLVVLRQ�LQYHQWRU\�GDWD�IRU�WKH�1HWKHUODQGVDQG� LWV� VXUURXQGLQJV�� 6LPLODU� H[SHULHQFHV� KDYH� EHHQ� IRXQG� E\� DSSO\LQJ� GDWD� DVVLPLODWLRQ�H[WHQGHG�.DOPDQ�ILOWHULQJ��DURXQG�WKH�(XOHULDQ�JULG�PRGHO�/2726�

2XWORRN
,QYHUVH�PRGHOOLQJ�DQG�GDWD�DVVLPLODWLRQ�XVLQJ�ERWK�&20(7�DQG�/2726�ZLOO�EH�XVHG�WR�PDNHDQ� HVWLPDWH� RI� WKH� QXPEHU� RI�PHDVXULQJ� VWDWLRQV�PDVWV� UHTXLUHG� WR� GHWHUPLQH� ZLWK� D� VSHFLILFDFFXUDF\� WKH� HPLVVLRQV� RI� QRQ�&2� JDVHV� RYHU� WKH� 1HWKHUODQGV�� ,QGLFDWLRQV� ZLOO� EH� JLYHQFRQFHUQLQJ�D�PHDVXULQJ�VWUDWHJ\�WR�GHWHUPLQH�WKH�HPLVVLRQV�RI�ORFDO�GLIIXVLYH�DQG�SRLQW�VRXUFHV�$WWHQWLRQ�ZLOO�EH�JLYHQ�WR� WKH�IRUPDO�VWUXFWXUH� LQ�ZKLFK�WKHVH�PHDVXULQJ�VWUDWHJLHV�DQG�UHVXOWVEDVHG�RQ�REVHUYDWLRQV�FDQ�EH�KDQGOHG�ZLWKLQ�WKH�IUDPHZRUN�RI�,3&&�
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���$�675$7(*,&�3/$1�)25�7+(�5('8&7,21�2)81&(57$,17,(6
$QGUp�YDQ�$PVWHO
:DJHQLQJHQ�8QLYHUVLW\��(QYLURQPHQWDO�6\VWHPV�$QDO\VLV

7KH�IROORZLQJ�LQVWUXFWLRQV�ZHUH�JLYHQ�MXVW�EHIRUH�WKH�JURXS�VSOLW�XS�LQ�SDUDOOHO�VHVVLRQV�

6(66,216�3(5�7$5*(7�*5283
7KH�VHVVLRQV�LQ�WKH�DIWHUQRRQ�DUH�JURXSHG�DFFRUGLQJ�WR�WDUJHW�JURXS�
� (QHUJ\��FRPEXVWLRQ�HPLVVLRQV�RI�&2�� &+�� 1�2 HQ�&+� IURP�H[SORLWDWLRQ�RI�RLO�DQG�JDV
� ,QGXVWU\��SURFHVV�HPLVVLRQV�&2�� &+�� 1�2��+)&V��3)&V�>��),&V@DQG�6)�

� 7UDQVSRUW�� FRPEXVWLRQ� HPLVVLRQV�� LQFO�� EXQNHUV� >DQG� SRVVLEO\� HYDSRUDWLRQ@� &2�� &+��1�2
� $JULFXOWXUH��&2�>"@��&+�� 1�2
� :DVWH��&RQVXPHUV�DQG�7UDGH�6HUYLFHV�3XEOLF�6HUYLFH��&2�� &+�� 1�2

&+$,53(56216�$1'�5$33257(856
(QHUJ\��&KDLU��-RV�2OLYLHU�5,90�5$33257(856��-DQ�6SDNPDQ�5,90��'ROI�*LHOHQ�(&1
,QGXVWU\��&KDLU��7LQXV�3XOOHV�712�5$33257(856��+DQV�YDQ�GHU�6WHHQ�129(0�'LFN�+HVOLQJD�712
7UDQVSRUW��&KDLU��-DQ�$QQH�$QQHPD�5,90�5$33257(856��-DQ�+XOVNRWWH�712�5REHUW�YDQ�GHQ�%ULQN�5,90
$JULFXOWXUH��&KDLU��2HQH�2HQHPD�5$33257(856��3HWHU�.XLNPDQ�$%�'/2�.ODDV�YDQ�GHU�+RHN�5,90
:DVWH�&RQVXPHUV��2WKHU��&KDLU��7UXG\�5RRG�5$33257(856��+DQV�2RQN�712��$QGUH�YDQ�$PVWHO�:8�06$

5HSRUWLQJ�ZDV�DVNHG�RQ�WKH�IROORZLQJ�
����4XDOLW\�RI�WKH�GRFXPHQWDWLRQ�IRU�HDFK�HVWLPDWH� 0HWKRGRORJ\��VWDWLVWLFV��HPLVVLRQ�IDFWRUV��XQFHUWDLQW\�HVWLPDWHV� 8VLQJ�WKH�5HYLVHG�,3&&�*XLGHOLQHV��FRPSOHWHQHVV�RI�VRXUFHV� 4XDQWLWDWLYH�HVWLPDWH�RI�WKH�XQFHUWDLQW\�LQ�HPLVVLRQV�SHU�VHFWRU�DQG�JDV
����0DJQLWXGH�RI�XQFHUWDLQWLHV
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� 5HIHU�WR�GLVFXVVLRQ�SDSHU�IRU�WKH�WDEOH�RQ�XQFHUWDLQWLHV�LQ�WKH�1HWKHUODQGV� (VVHQWLDO�VXSSOHPHQWDO�UHPDUNV
���,GHQWLILFDWLRQ�RI�LPSRUWDQW�VRXUFHV�RI�XQFHUWDLQW\� 0DJQLWXGH� 5HODWLRQVKLS�WR�UHGXFWLRQ�SROLF\
����7HFKQLFDO�SRVVLELOLWLHV�WR�UHGXFH�WKHVH�XQFHUWDLQWLHV� :KDW�LV�IDVW�DQG�UHODWLYHO\�FKHDS"� :KDW�LV�PRUH�GLIILFXOW�EXW�LPSRUWDQW"
���0DSSLQJ� LQIRUPDWLRQ� IORZV� DQG� SRLQWV� IRU� LPSURYHPHQW� ZLWK� UHVSHFW� WR� WKH� FXUUHQWDSSURDFK�DQG�V\VWHP
��� 6HWWLQJ�XS�D�µ3ODQ�RI�DFWLRQ¶�IRU�UHGXFLQJ�XQFHUWDLQWLHV� :KR"� :KDW"� :KHQ"� $W�ZKDW�FRVW"� 2UGHU�RI�SULRULW\�IRU�DFWLRQV

6XJJHVWLRQ�IRU�FRQWHQW�RI�GLVFXVVLRQ�SDSHU��GUDZQ�XS�E\�WKH�FKDLUSHUVRQV�
� 2YHUYLHZ� RI� HPLVVLRQ� VRXUFHV�� 6KRUW� GHVFULSWLRQ� RI� WKH� FXUUHQW� PHWKRG�DSSURDFK� SHUVHFWRU�DQG�SHU�JDV�LQ�WKH�HPLVVLRQ�LQYHQWRU\��VHH�'XWFK�ODQJXDJH��UHSRUW�RQ�0HWKRGV�IRU(PLVVLRQ�5HJLVWUDWLRQ��QRV�����DQG�����
� 6KRUW�GHVFULSWLRQ�RI�WKH�FXUUHQW�PHWKRG�IRU�HVWLPDWLQJ�WKH�XQFHUWDLQWLHV�SHU�VHFWRU�DQG�SHUJDV��,I�QRW�H[SOLFLWO\�HVWLPDWHG��D��UHIHUHQFH�WR�WKH�OLWHUDWXUH�LV�LQFOXGHG�
� 'HVFULSWLRQ� RI� WKH� PRVW� LPSRUWDQW� VRXUFHV� RI� XQFHUWDLQW\� SHU� VHFWRU� SHU� JDV� H�J�PRQLWRULQJ�ODXJKLQJ�JDV�LQ�LQGXVWULDO�SODQWV�IRU�WKH�SURGXFWLRQ�RI�VDOWSHWUH�
� 6KRUW� RYHUYLHZ� RI� WKH� FXUUHQW� DFWLRQV� �QDWLRQDO� DQG� LQWHUQDWLRQDO�� IRU� UHGXFLQJXQFHUWDLQWLHV�
� ,GHQWLILFDWLRQ� RI� SRVVLELOLWLHV� IRU� UHGXFLQJ� XQFHUWDLQWLHV� DW� QDWLRQDO� OHYHO� LQ� WKH� VKRUW�PLGGOH�DQG�ORQJ�WHUPV��ZLWKLQ��������DQG�!��\HDUV��UHVSHFWLYHO\�

68**(67,216�)25�',6&866,21�,1�6(66,216�
� ,V�WKH�RYHUYLHZ�RI�VRXUFHV�SHU�JDV�SHU�VHFWRU�FRPSOHWH"
� ,I�QRW��ZKHUH�DUH�WKH�SRVVLEOH�JDSV"�+RZ�FDQ�WKH\�EH�ILOOHG�LQ"
� ,V�WKH�XQFHUWDLQW\�SHU�JDV�SHU�VHFWRU�ZHOO�HVWLPDWHG"
� $UH�WKHUH�SRVVLELOLWLHV�IRU�UHGXFLQJ�XQFHUWDLQWLHV"�����������!���\HDUV�
� :KDW�PHWKRGV�QHHG� WR�EH� LPSURYHG� LQ� WKH� VKRUW� WHUP"�:KDW� HPLVVLRQ� IDFWRUV� FRXOG� EHEHWWHU"
� +RZ�FDQ�ZH�DSSURDFK�WKLV�VXEVWDQWLDOO\��PRGHOOLQJ��PRQLWRULQJ��XVLQJ�DQRWKHU�V\VWHP�IRU(PLVVLRQ�5HJLVWUDWLRQ�"
� ,V� LW� SRVVLEOH� WR� HVWLPDWH� ZKDW� UHGXFWLRQ� LQ� XQFHUWDLQWLHV� FDQ� EH� UHDOLVHG� XVLQJ� VXFK� DPHWKRG"
� :KR�VKRXOG�WDNH�DFWLRQ�KHUH"�:KDW�DUH�WKH�SULRULWLHV"
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���6(66,21�5(32576�$1'�',6&866,21�3$3(56
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�����6(66,21����(1(5*<
'LVFXVVLRQ�SDSHU
-RV�2OLYLHU�DQG�-DQ�6SDNPDQ5,90
7KLV�VHVVLRQ�IRFXVHV�RQ�FRPEXVWLRQ�HPLVVLRQV�RI�&2� �LQFOXGLQJ�IHHGVWRFNV���&+� DQG�1�2�DQG�RQ�SURFHVV�HPLVVLRQV�RI�&+� IURP�RLO�DQG�JDV�SURGXFWLRQ�IURP�WKH�7DUJHW�*URXSV�

� (QHUJ\�VHFWRU��RLO�DQG�JDV�SURGXFWLRQ�DQG�WUDQVPLVVLRQ��SRZHU�JHQHUDWLRQ�� 5HILQHULHV� ,QGXVWU\
7KH� FRPEXVWLRQ� HPLVVLRQV� RI� WKHVH� JURXSV� DUH� FRPELQHG� LQ� RQH� VHVVLRQ� EHFDXVH� WKH\� DUHFKDUDFWHULVHG�E\�LQGLYLGXDO�DQQXDO�HPLVVLRQ�UHSRUWLQJ�E\�WKH�ODUJHVW�FRPSDQLHV��WKH�VR�FDOOHG(PLVVLRQ�5HJLVWUDWLRQ�,QGLYLGXDO��(5�,���7KLV�LV�LQ�FRQWUDVW�ZLWK�WKH�RWKHU�HPLVVLRQ�VRXUFHV�RI�ZKLFK�HPLVVLRQV�DUH�FDOFXODWHG�IURP�VWDWLVWLFDO�LQIRUPDWLRQ�RQ�DFWLYLW\�OHYHOV�DQG�HPLVVLRQIDFWRUV�� &RPEXVWLRQ� HPLVVLRQV� IURP�:DVWH� �H[FHSW� ZDVWH� LQFLQHUDWLRQ��� 7UDQVSRUW� DQG� WKH7DUJHW�*URXSV�5HVLGHQWLDOV��6HUYLFHV�DQG�$JULFXOWXUH�DUH�GHDOW�ZLWK�LQ�RWKHU�VHVVLRQV�
7KH�VHVVLRQ�DLPV�DW�
��� 4XDQWLWDWLYH�HVWLPDWH�RI�WKH�XQFHUWDLQW\�LQ�HPLVVLRQV�SHU�VHFWRU�DQG�SHU�IXHO��� &RPSLODWLRQ�RI�D�OLVW�RI�WKH�ODUJHVW�VRXUFHV�RI�XQFHUWDLQW\��� &RPSLODWLRQ�RI�RSWLRQV�IRU�UHGXFLQJ�WKHVH�XQFHUWDLQWLHV��� 'HVFULELQJ�WKH�SURFHGXUHV�RI�WKH�DQQXDO�HPLVVLRQ�XSGDWH�SURFHVV��ILQDO�IRU�W����SUHOLPLQDU\IRU� W���� SRVVLEO\� UHYLVLRQV� IRU� RWKHU� \HDUV�� DQG� LGHQWLI\LQJ� DUHDV� IRU� LPSURYHPHQW� LQSURFHGXUHV�DQG�PHWKRGRORJLHV�XVHG��� 'UDIWLQJ�RI�D�3ODQ�RI�$FWLRQ�IRU�UHGXFLQJ�XQFHUWDLQWLHV
$V�D�EDVLV�IRU�GLVFXVVLRQ�LQ�WKH�EUHDNRXW�JURXS�RQ�(QHUJ\��WKLV�SDSHU�VXPPDULVHV�SHUJDV�WKH�NH\�HOHPHQWV�RI�WKH�HPLVVLRQ�FDOFXODWLRQ�IRU�WKH�WKUHH�7DUJHW�*URXSV�DV�ZHOO�DV� WKHYDULDEOHV�LQIOXHQFLQJ�WKH�HVWLPDWLRQ�RI�WKH�DVVRFLDWHG�XQFHUWDLQWLHV��6LQFH�WLPH�IRU�GLVFXVVLRQ�DQG� IRU� IROORZ�XS� LPSURYHPHQW� WRR�� LV� OLPLWHG�� IRFXV� VKRXOG� EH� RQ� FRPSOHWHQHVV� DQG� WKHODUJHVW�VRXUFHV�LQ�WHUPV�RI�HPLVVLRQV�RU�XQFHUWDLQW\�
&2����:H�ZLOO� ILUVW� FRQVLGHU� QDWLRQDO� WRWDO�&2� HPLVVLRQV�� VLQFH� WRWDO� FRPEXVWLRQ� HPLVVLRQV� RI&2� DUH�FORVHO\�OLQNHG�WR�WRWDO�WRS�GRZQ�GRPHVWLF�HQHUJ\�VXSSO\�DV�UHSRUWHG�DQQXDOO\�E\�WKH1HWKHUODQGV�&HQWUDO�%XUHDX�RI�6WDWLVWLFV��&%6��LQ�WKH�1HWKHUODQGV�(QHUJ\�5HYLHZ��IRUPHUO\µ1(+¶���$OVR�� WRWDO� DSSDUHQW� IXHO� FRQVXPSWLRQ� LV� DOVR� FRQVLGHUHG� E\�81)&&&�,3&&� DV� DQRIILFLDO� DQG� PDQGDWRU\� UHIHUHQFH� FDOFXODWLRQ� WR� FKHFN� WKH� ERWWRP�XS� VHFWRUDO� HPLVVLRQFDOFXODWLRQ��7DEOH���SUHVHQWV�D�VXPPDU\�RI�XQFHUWDLQW\�HVWLPDWHV�SHU�VRXUFH�IXHO�W\SH�EDVHG�RQVWDWLVWLFDO�GDWD�DQG�H[SHUW�MXGJHPHQW�
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7DEOH����6XPPDU\�RI�XQFHUWDLQW\�HVWLPDWHV� IRU�&2� SHU�VRXUFH�IXHO� W\SH�EDVHG�RQ�VWDWLVWLFDO�GDWD�DQGH[SHUW�MXGJHPHQW�
7DUJHW�JURXS�VXEVHFWRU�����������������$FWLYLW\�����8QFHUWDLQW\�(PLVVLRQ�IDFWRU�8QFHUWDLQW\�(PLVVLRQ�8QFHUWDLQW\�$EVROXWH�3ULRULW\

&RPEXVWLRQ �3-��¶��� ��� ��� 7J�&2� ��� ���
&RDO ���� ���� �� �� ���� ���� ��� ��

2LO�SURGXFWV ���� ���� �� �� ���� ���� ��� ��

*DV ���� ���� �� �� ���� ���� ��� ��

)HHGVWRFN

&RDO��H[FO��FRNH�FRQVXPSWLRQ� ������ ���� �� ��� ���� ��� ���

2LO ���� ���� ��� ��� ���� ��� ���� ��

���5HYLVHG�SUHOLPLQDU\�YDOXHV���� ��� ����� ��� ���� ��� ��� ��

*DV ����� ���� ��� ��� ���� ��� ��� ��

2WKHU�VRXUFHV

)ODULQJ ����� ��� YDU� ��� ��� ��� ���

:DVWH�LQFLQHUDWLRQ� ����� ��� DJJU� ��� ��� ��� ���

&HPHQW�HWF� ����� ���� YDU� ���� ��� ���� ���

727$/�.\RWR ����� ���� ���

7HPSHUDWXUH�FRUUHFWLRQ�

�� 6KDUH�RI�,QGXVWU\�������LQ������

�� 6KDUHV�RI�5HVLGHQWLDOV����������VHUYLFHV�������DJULFXOWXUH�����

&KDQJH�IURP�PRYLQJ�WR�IL[HG����\HDU�QRUPDO�������IRU�\HDUV�!������ �������������WR������7J ��WR������������ ����

%LRIXHO�FRPEXVWLRQ

ZRRG��ZRRG�ZDVWH 1RW�$SSOLFDEOH 1RW�$SSOLFDEOH
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�(VWLPDWHG�DV���VLJPD�RU�����FRQILGHQFH�OLPLWV����,QFOXGLQJ�FRNH�FRQVXPSWLRQ�����([DPSOH�FDOFXODWLRQ�RQO\�
���6HH�VHVVLRQ�UHSRUW�

��� ,I�ZH�QRZ� IROORZ� WKH� ERWWRP�XS� VHFWRUDO� DSSURDFK� RI� GHWHUPLQLQJ� HPLVVLRQV� �SHU�7DUJHW*URXS��� HDFK� JURXS� FDQ� EH� VSOLW� LQWR� �D�� D� IUDFWLRQ� FRQVLVWLQJ� RI� WKH� ODUJHVW� FRPSDQLHVLQGLYLGXDOO\�UHSRUWLQJ�WKHLU�DQQXDO�HPLVVLRQV��(5�,��DQG��E��D�IUDFWLRQ�ZLWK�WKH�UHPDLQLQJ�SDUWRI�WKH�7DUJHW�*URXS��VHH�)LJ������(PLVVLRQV�RI�WKH�ODWWHU�SDUW�DUH�FDOFXODWHG�E\�VR�FDOOHG�7DVN*URXSV��RQ�WKH�EDVLV�RI�FDOFXODWHG�UHPDLQLQJ�IXHO�FRQVXPSWLRQ�DQG�VWDQGDUG�HPLVVLRQ�IDFWRUV��
� ,QGXVWU\�����7J�&2� �� �����RI�ZKLFK�����(5�,� (QHUJ\�VHFWRU��RLO�DQG�JDV�SURGXFWLRQ�HQ�WUDQVPLVVLRQ��SRZHU�JHQHUDWLRQ������7J�&2� �������RI�ZKLFK�����(5�,� 5HILQHULHV�����7J�&2� �� �����RI�ZKLFK�����(5�,� 2WKHU�� �VWDWLVWLFDO�GLIIHUHQFHV���EHWZHHQ���7J�LQ������DQG���7J�LQ�����
7KH�VXEPLVVLRQV�E\�LQGLYLGXDO�FRPSDQ\�UHSRUWV��ZKLFK�PDNH�XS�����RI�WKH�WRWDO�RI�WKH�WKUHHWDUJHW�*URXSV��DUH�FRPSDUHG�ZLWK�WKH�VWDQGDUG�1HWKHUODQGV¶�HPLVVLRQ�IDFWRUV�IRU�&2�� ,I�WKH\GLIIHU� PRUH� WKDQ� ���� WKHQ� WKHVH� ODUJH� GHYLDWLRQV� DUH� FRUUHFWHG� YLD� PRGLILFDWLRQ� RI� WKHUHPDLQLQJ�HQHUJ\�FRQVXPSWLRQ�XVHG� IRU� DGGLWLRQDO�HVWLPDWH�RI�&2� HPLVVLRQV� IRU�QRQ�(5�,�UHSRUWLQJ� ILUPV�ZLWKLQ� WKH�7DUJHW�*URXS��7KLV�SURFHGXUH� LV� IROORZHG�EHFDXVH� LW� LV� LPSOLFLWO\DVVXPHG� WKDW� WKH� VXEPLWWHG� IXHO� FRQVXPSWLRQ� GDWD� DUH� LQFRUUHFW� DQG� EHFDXVH� WKH� (5� 7DVN*URXS�µ(1,1$¶�LV�QRW�DOORZHG�WR�UHYLVH�LQGLYLGXDOO\�UHSRUWHG�HPLVVLRQV�ILJXUHV��7KLV�HQVXUHVWKDW�WRWDO�&2� HPLVVLRQV�IRU�WKHVH�WKUHH�7DUJHW�*URXSV�FDQQRW�EH�RII�WKH�UHIHUHQFH�FDOFXODWLRQE\ PRUH� WKDQ� ��� �LQ� SUDFWLFH�� WKH� JURXS� WRWDO� PD\� VKRZ� PXFK� OHVV� GHYLDWLRQ��� 6WDWLVWLFDOGLIIHUHQFHV�DUH�XVXDOO\�OHVV�WKDQ����RI�WKH�WRWDO�IRVVLO�IXHO�FRQVXPSWLRQ��H[FHSW�IRU�������
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&2��(0,66,216�,1�7+(�1(7+(5/$1'6�%<�6285&(�$1'�)8(/������
,3&&�6HFWRU

� 5(6,'(17,$/ �� &200� � $*5,&8/7���

�$��6PDOO�FRPEXVWLRQ �JDV� ���JDV� �JDV�

�� ���RLO�

�$��7UDQVSRUW 75$163257 ��

�� 5RDG��� �RLO� 1RQ�URDG���

,1'8675< ��

�$��,QGXVWU\ (5, )XHO �� (5, )HHGVWRFN��� QRQ�(5,���

�� ���FRDO����RLO� ���RLO����JDV� �JDV�

�$�D�(OHFWU��SURG� 32:(5�*(1(5$7,21��� QRQ�(5,��

�� (5, ����FRDO� ���JDV� �JDV�

�$�F�5HILQHULHV 5(),1(5,(6�����DOO�(5,� ���RLO����JDV�

��

 �JDV

 �RLO

 �FRDO

 �(5�,��LQGLYLGXDOO\�UHSRUWLQJ�ILUPV� �FRPSLOHG�E\�5,90�2OLYLHU�

�$��6WDWLVWLFDO�GLII�

)LJXUH����6FKHPDWLF�RYHUYLHZ�RI�&2� HPLVVLRQV�IURP�IXHO�FRPEXVWLRQ��,3&&�&DWHJRU\��$��VKRZLQJ�WKHUHODWLYH� VKDUHV� RI� VXE�VHFWRUV� DV� ZHOO� DV� PDLQ� IXHO� W\SHV� DQG� WKH� WRWDO� FRQWULEXWLRQ� RI� LQGLYLGXDOO\
UHSRUWLQJ�ILUPV��(5�,���'DWD�DUH�UHSUHVHQWDWLYH�IRU�WKH�SHULRG������WR������
3RVVLEOH�SRLQWV�RI�DWWHQWLRQ��YDOXHV��GRFXPHQWDWLRQ��� 8QFHUWDLQW\�HVWLPDWHV�IRU�HPLVVLRQ�IDFWRUV�DQG�DFWLYLW\�GDWD��LQ�SDUWLFXODU�FRDO�3ULRULWLHV��D�����GHFUHDVH�RI�XQFHUWDLQW\�� LQ�RLO�HPLVVLRQV�ZRXOG�UHGXFH�WKH�XQFHUWDLQW\�LQ�WRWDO�&2� E\������SRLQWV� LQ�FRDO�HPLVVLRQV�ZRXOG�UHGXFH�WKH�XQFHUWDLQW\�LQ�WRWDO�&2� E\������SRLQWV� LQ�JDV�HPLVVLRQV�ZRXOG�HDFK�UHGXFH�WKH�XQFHUWDLQW\�LQ�WRWDO�&2� E\������SRLQWV� LQ�RLO�IHHGVWRFNV�HPLVVLRQV�ZRXOG�UHGXFH�WKH�XQFHUWDLQW\�LQ�WRWDO�&2� E\�������SRLQWV
� 5HVHDUFK�LQWR�SRVVLEOH�WUHQGV�LQ�HPLVVLRQ�IDFWRU�IRU�FRDO
� 'RFXPHQWDWLRQ�RI�VWDQGDUG�HPLVVLRQ�IDFWRUV� 'RFXPHQWDWLRQ�RI�IUDFWLRQV�XQR[LGLVHG� (QVXULQJ�FRQVLVWHQF\�LQ�WLPHV�VHULHV�LQ�(5�,�VXEPLVVLRQV�� (PLVVLRQ�IDFWRU��FRDO�RLO�JDV�(5�,�3RZHU�JHQHUDWLRQ� (PLVVLRQ�IDFWRU�FRDO�RLO�JDV�(5�,�5HILQHULHV� (PLVVLRQ�IDFWRU�FRDO�RLO�JDV�(5�,�,QGXVWU\
� )ODULQJ�YHQWLQJ� 'RFXPHQWDWLRQ�RI�WKH�DPRXQW�IODUHG�YHQWHG�DQG�VHOHFWLRQ�RI�WKH�GDWD�VRXUFH
� )HHGVWRFN� QDWXUDO�JDV��IUDFWLRQ�QRW�R[LGLVHG� RLO�SURGXFWV��DPRXQWV�FRQVXPHG�DQG�IUDFWLRQV�QRW�R[LGLVHG
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� )UDFWLRQ�RI�IRVVLO�FDUERQ�LQ�ZDVWH�LQFLQHUDWLRQ�� 5HVHDUFK�LQWR�SRVVLEOH�WUHQGV�LQ�IRVVLO�FDUERQ�IDFWRUV�DQG�QRQ�(5,�DPRXQWV�� 'HILQLWLRQ�DQG�DPRXQW�RI�LQGXVWULDO�ZDVWH�FRPEXVWLRQ�E\�LQGXVWU\�ILUPV�
� 3�0���7HPSHUDWXUH�FRUUHFWLRQ� PHWKRGRORJ\��PRYLQJ�RU�IL[HG����\HDU�DYHUDJH��SUHVHQW�YV��:02�UHFRPPHQGDWLRQ��WKUHVKROG�WHPSHUDWXUHV� DSSOLFDWLRQ�IDFWRUV
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&+�$OWKRXJK� DJULFXOWXUDO� VRXUFHV� DQG� ODQGILOOV� DUH� LQ� WKH� 1HWKHUODQGV� WKH� ODUJHVW� VRXUFHV� RIPHWKDQH�� WKH�HQHUJ\�VHFWRU�±� LQ�SDUWLFXODU�IXJLWLYH� HPLVVLRQV� IRU�RLO�DQG�JDV�SURGXFWLRQ�DQGWUDQVPLVVLRQ�±�FRQWULEXWHG�ZLWK�����*J�DERXW�����WR�&+� HPLVVLRQV�LQ�������RU�����7J�&2��HT����,Q�7DEOH���ZH�KDYH�VXPPDULVHG�WKH�HPLVVLRQV�RI�WKUHH�WDUJHW�JURXSV�
7DEOH����6XPPDU\�RI�XQFHUWDLQW\�HVWLPDWHV�IRU�&+� IURP�HQHUJ\�VRXUFHV�SHU�VRXUFH�IXHO�W\SH�EDVHG�RQVWDWLVWLFDO�GDWD�DQG�H[SHUW�MXGJHPHQW�
7DUJHW�JURXS�VXEVHFWRU�����������������$FWLYLW\�����8QFHUWDLQW\�(PLVVLRQ�IDFWRU�8QFHUWDLQW\�(PLVVLRQ�8QFHUWDLQW\�$EVROXWH�3ULRULW\
)XJLWLYH�VRXUFHV ���������� ��� *J ��� ���
2LO�SURGXFWLRQ� �����POG��P�������� YDU� ��� �� ��� ��
�� RIIVKRUH
�� RQVKRUH
*DV�SURGXFWLRQ� ���POG�P� ��������� YDU� ��� �� ��� �� ��
�� RIIVKRUH � ����7J�&2�HT�
�� RQVKRUH

*DV�WUDQVPLVVLRQ ��������� ��RI�WRWDO�WUDQVPLWWHG�

�� WUDQVSRUW ���POG�P� ������!������� ���" �� ��� ��

�� GLVWULEXWLRQ ���POG�P�������3- �����!���� ��� �� ��� �� ��

� ����7J�&2�HT�
5HILQHULHV ��RI�WRWDO�92&�
��WRWDO�92&�HPLVVLRQV� �� ,(
&RNH�SURGXFWLRQ
��FRNH�SURGXFHG ���3-�"� ,(

&RPEXVWLRQ�VRXUFHV ��RI�WRWDO�92&�
1DWXUDO�JDV ������ ��� ��� ?�� ��� ���
/3*���RWKHU�JDVHV ��� _
2LO ��� _
&RDO�DQG�FRDO�SURGXFWV ��� �
:RRG 1( ��� 1(

727$/�RI���7DUJHW�*URXSV�����������������������������������������������������������������������������������������������������*J�������������������������������������

 ,QFOXGHG�(OVHZKHUH�����1RW�(VWLPDWHG � ���7J�&2��HT��

3RVVLEOH�SRLQWV�RI�DWWHQWLRQ��YDOXHV��PHWKRGRORJ\��GRFXPHQWDWLRQ��� 8QFHUWDLQW\� HVWLPDWH� IRU� DFWLYLW\� GDWD� �H�J�� OHQJWK� RI� QHWZRUNV�� DQG� HPLVVLRQ� IDFWRUV�3ULRULWLHV��D�����GHFUHDVH�RI�XQFHUWDLQW\�� LQ�JDV�GLVWULEXWLRQ�HPLVVLRQV�ZRXOG�UHGXFH�WKH�XQFHUWDLQW\�LQ�JURXS�&+� E\����SRLQWV� LQ�JDV�SURGXFWLRQ�HPLVVLRQV�ZRXOG�UHGXFH�WKH�XQFHUWDLQW\�LQ�JURXS�&+� E\����SRLQWV
� *DV�WUDQVPLVVLRQ�PHWKRGRORJ\�WKH� PHWKRGRORJ\� �HPLVVLRQ� IDFWRU� SHU� 7J� RI� JDV� WUDQVSRUWHG�� LV� LQ� IDFW� QRW� VXLWHG� IRUPRQLWRULQJ� WUHQGV� LQ� HPLVVLRQV� DQ� DOWHUQDWLYH�PD\� EH� WR� FRQYHUW� HPLVVLRQ� IDFWRUV� DVIROORZV�� JDV� WUDQVSRUW��HPLVVLRQ�IDFWRU�LQ������� WUHQG�LQ�QXPEHU�RI�FRPSUHVVRU�VWDWLRQV�DQGWKHLU�RSHUDWLRQDO�SUDFWLFHV� JDV�GLVWULEXWLRQ��HPLVVLRQ�IDFWRUV�LQ�������WUHQGV�LQ�OHQJWK�RI�QHWZRUN��LQ�SDUWLFXODUVSOLW�LQWR�ROG�FDVW�LURQ�YV��UHVW��PRQLWRUHG""�FRUUHFWLRQ�RI�GLVWULEXWLRQ�IDFWRUV�IRU�SDUWLDO�R[LGDWLRQ�E\�VRLO�EDFWHULD��a�������"
� 2LO�JDV�SURGXFWLRQ��JDV�YHQWLQJ�DQG�IODULQJ��� 'RFXPHQWDWLRQ�RI�WKH�DPRXQW�YHQWHG�DQG�VHOHFWLRQ�RI�WKH�GDWD�VRXUFH��VHH�&2��� 'HWHUPLQDWLRQ�DQG�GRFXPHQWDWLRQ�RI�WUHQGV�LQ�HPLVVLRQ�IDFWRUV�RI�YHQWV�DQG�IODULQJ
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� &RPEXVWLRQ��PLQRU�VRXUFH��� 'RFXPHQW�HPLVVLRQ�IDFWRUV�XVHG�IRU�JDV��IRU�RLO�DQG�IRU�FRDO�1RZ�GHILQHG�DV���RI�WRWDO�92&��GRFXPHQW�WKH�H[SOLFLW�YDOXH�IRU�&+���
� 3�0��&RNH�SURGXFWLRQ7ZR�IDFLOLWLHV��RQH�LQFOXGHG�DV�LQGLYLGXDO�VRXUFH�DQG�RQH�SDUW�RI�WRWDO�VWHHO�VRXUFH�LQ�(5�,�
� %LRIXHO�FRPEXVWLRQ�LQ�SRZHU�JHQHUDWLRQ�DQG�LQGXVWU\��DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV�
1�2)RVVLO� IXHO� FRPEXVWLRQ� VRXUFHV� DUH�RQO\� D�YHU\� VPDOO�� EH� LW� YHU\�XQFHUWDLQW\�� VRXUFH�RI�1 �2�����*J�RU������7J��0WRQ��&2��HT����%\�IDU�WKH�ODUJHVW�GHIDXOW�HPLVVLRQ�IDFWRU�IRU�FRPEXVWLRQLV�UHSRUWHG�IRU�FRDO��(PLVVLRQV�IURP�ELRIXHO�FRPEXVWLRQ�DUH�FXUUHQWO\�QRW�HVWLPDWHG��"��
3RVVLEOH�SRLQWV�RI�DWWHQWLRQ�� 8QFHUWDLQW\�HVWLPDWH�IRU�HPLVVLRQ�IDFWRU�IRU�FRDO� (PLVVLRQ�IDFWRU�IRU�FRDO���� QRW� WR� EH� DSSOLHG� WR� FRNH� FRQVXPSWLRQ� DV� WKDW� LV� SUHGRPLQDQWO\� D� QRQ�FRPEXVWLRQSURFHVV"��UHILQHPHQW�RI�DSSOLFDWLRQ�RI�5HYLVHG�,3&&�*XLGHOLQHV���� VHSDUDWH�IRU�)%&"��RQH�IDFLOLW\�LQ�WKH�1HWKHUODQGV�HVWLPDWHG�DW�����*J���� FRXQWU\�VSHFLILF�YDOXH�RI�a��IRU�SRZHU�JHQHUDWLRQ"��WKHUH�DUH�PHDVXUHG�YDOXHV�a���VHH153�0/.�UHSRUW�
� %LRIXHO�FRPEXVWLRQ�LQ�SRZHU�JHQHUDWLRQ�DQG�LQGXVWU\��DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV�

,VVXHV�WR�EH�GLVFXVVHG�LQ�WKH�EUHDNRXW�JURXS�RQ�(QHUJ\�DQG�FRQFOXVLRQV�WR�EH�GUDZQ
��� 5HYLHZ�RI�XQFHUWDLQW\� HVWLPDWHV�XVHG�� LQ� SDUWLFXODU� IRU� ODUJH� VRXUFHV� DQG� DSSDUHQW� ODUJHXQFHUWDLQWLHV��� ,GHQWLILFDWLRQ�RI�ZHDN�VSRWV�LQ�HVWLPDWLQJ�XQFHUWDLQWLHV��� &RQFOXVLRQV�RQ�WKH�ODUJHVW�XQFHUWDLQWLHV��LQ�WHUP�RI�&2��HT���SHU�JDV��SHU�WDUJHW�JURXS��� ,GHQWLILFDWLRQ�RI�WKH�PDMRU�IDFWRUV�XQGHUO\LQJ�WKH�HVWLPDWHG�XQFHUWDLQW\�LQ�HPLVVLRQV��� 2SWLRQV�IRU�UHGXFLQJ�WKHVH�XQFHUWDLQWLHV��E\�JDV�DQG�VHFWRU�� 5HYLHZ�RI�SURFHGXUHV�RI� WKH�DQQXDO�HPLVVLRQ�XSGDWH�SURFHVV��LQ�SDUWLFXODU�IRU�(5�,� DQG&RPSDQ\� (QYLURQPHQWDO� 3ODQV� DQG� WKHLU� YHULILFDWLRQ��� FRQFOXVLRQ� RQ� DUHDV� IRULPSURYHPHQW�LQ�SURFHGXUHV��PHWKRGRORJLHV�XVHG��RU�SDUWLHV�WR�EH�LQYROYHG
��� 'UDIWLQJ� D� ³3ODQ� RI� $FWLRQ´� IRU� LPSURYHPHQW� RI� WKH� HPLVVLRQ� PRQLWRULQJ� SURFHVV�� L�H�UHGXFLQJ� XQFHUWDLQWLHV�� LQ� (5�,� VRXUFHV�� LQ� DFWLYLW\� GDWD�� HPLVVLRQ� IDFWRUV� DQGPHWKRGRORJ\��LQ�XQFHUWDLQW\�HVWLPDWH�DQG�XQFHUWDLQW\�FDOFXODWLRQ�
,Q�DGGLWLRQ�WR�WKLV�HYDOXDWLRQ�RI�WKH�SUHVHQW�µ1DWLRQDO�6\VWHP¶�IRU�XSGDWLQJ�JUHHQKRXVHJDV�HPLVVLRQV�LQ�WKH�1HWKHUODQGV��RQH�FRXOG�DOVR�FKHFN�WKH�GUDIW�81)&&&�&RPPRQ5HSRUWLQJ�)RUPDW��&5)���ZKLFK�LV�XQGHU�GHYHORSPHQW��7KLV�ZRXOG�EH�WR�VHH�ZKHWKHUWKH�1HWKHUODQGV� IRU� WKHVH� WDUJHW� JURXSV� FDQ�� �D��PHHW� WKH� GDWD� UHTXLUHPHQWV� DQG� �E�MXVWLI\� WKH� DFWLYLW\� GDWD�� HPLVVLRQ� IDFWRUV� DQG� WUHQGV� LQ� HPLVVLRQ� IDFWRUV� XVHG� IRUFDOFXODWLQJ� WKH�1HWKHUODQGV¶�JUHHQKRXVH�JDV�HPLVVLRQV��7KLV��KRZHYHU�� LV� FRQVLGHUHGWR�EH�RXW�RI� WKH�VFRSH�RI� WKH�GLVFXVVLRQ�RI� WKH�EUHDNRXW�JURXS�DV� LW� UHTXLUHV� D�PXFKPRUH�GHWDLOHG�DSSURDFK�
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6HVVLRQ����(QHUJ\���&RQFOXVLRQV
5DSSRUWHXUV��-DQ�6SDNPDQ��5,90��'ROI�*LHOHQ��(&1

0HPEHUV� RI� GLVFXVVLRQ� JURXS� SUHVHQW� -RKQ� YDQ� $DUGHQQH� �:DJHQLQJHQ� 8QLYHUVLW\���0�
%HHOGPDQ��(&1���(��GH�-HX� �0LQLVWU\�RI�(FRQRPLF�$IIDLUV���*HHUW�'UDDLMHUV��712���(��YDQ
*HOGHU� �&%6���'ROI�*LHOHQ� �(&1��� +HOHHQ�*URHQHQEHUJ� �8WUHFKW� 8QLYHUVLW\��� %HUW-DQ�+HLM
�5,90�153��� )UDQV� +RHIQDJHOV� �0LQLVWU\� RI� (QYLURQPHQW��� (YHUW� .DPSHUPDQ� �712��
0DULDQQH� .XLMSHUV� �5,90��� -RRS� 2XGH/RRKXLV� �5,90��� -DQ� YDQ� GHU� 3ODV� �0LQLVWU\� RI
(QYLURQPHQW���(��6FKROV��5,90���$�-�0��6FKRRW8LWHUNDPS��*URQLQJHQ�8QLYHUVLW\���-��YDQ�GHU
6OXLMV��8WUHFKW�8QLYHUVLW\���(�-��6QHHN��.(0$���-DQ�6SDNPDQ��5,90���-DVSHU�9LV��0LQLVWU\
RI� (QYLURQPHQW��� (�-�0�� YDQ� GHU�:HUI� �3URYLQFH� RI� *HOGHUODQG��� %DUW�:HVVHOLQN� �5,90��
5XXG�YDQ�GHQ�:LMQJDDUW��5,90���(G�=RQQHYHOG��&%6��

���,QWURGXFWLRQ
6WDUWLQJ� SRLQW� LV�7DEOH� �� LQ� WKH� GLVFXVVLRQ�SDSHU� �2OLYLHU� DQG�6SDNPDQ���(YHQWXDOO\�� SROLF\
PDNHUV�GHILQH� WKH�UHTXLUHG�DFFXUDF\� RI�&2� HPLVVLRQ�HVWLPDWHV�� )RU� GRPHVWLF� UHDVRQV� WKH\
ZRXOG� OLNH� WR�PRQLWRU� DQG� H[SODLQ� \HDU�E\�\HDU� FKDQJHV� LQ�&2� HPLVVLRQV��2I� FRXUVH� WKHLU
PDLQ�REMHFWLYH�LV�WR�KDYH�HQRXJK�DFFXUDF\�WR�FKHFN�ZKHWKHU�WKH�1HWKHUODQGV�FRPSOLHV�ZLWK�WKH
REOLJDWLRQV�RI�WKH�.\RWR�SURWRFRO������JUHHQKRXVH�JDV�HPLVVLRQV�RYHU�D�SHULRG�RI����\HDUV��
,Q�WKH�ILUVW�FDVH��WKH�UHTXLUHG�XQFHUWDLQW\�LQ�WKH�PXWDWLRQ�ZRXOG�EH�������ZKLFK�LV�SUDFWLFDOO\
LPSRVVLEOH�� ,Q� WKH� VHFRQG� FDVH� WKH� UHTXLUHG� DFFXUDF\� LQ� WKH� HPLVVLRQ�FKDQJH� ZRXOG� EH
W\SLFDOO\� DERXW� ������ RYHU� WKH� ���\HDU� SHULRG�� +RZHYHU�� SDUW� RI� WKH� XQFHUWDLQW\� KDV� D
VWUXFWXUDO� FKDUDFWHU� ZKLOH� WKH� FRQWULEXWLRQ� RI� WUXH� µQRLVH¶� LV� KDUG� WR� TXDQWLI\�� 7KHUHIRUH� LW
DSSHDUV�WR�EH�YHU\�GLIILFXOW�KRZ�WKHVH�UHTXLUHPHQWV�VKRXOG�EH� WUDQVODWHG�LQ�UHTXLUHPHQWV�RQ
WKH�XQFHUWDLQW\�RI�WKH�DQQXDO�&2� HPLVVLRQ�HVWLPDWH�

���8QFHUWDLQW\�LQ�HPLVVLRQ�IDFWRUV�IRU�&2�
$ERXW�WKH�KLVWRU\�RI�WKH�HPLVVLRQ�IDFWRUV�DSSOLHG�LQ�WKH�1HWKHUODQGV�
� )RU� FRDO� �SURGXFWV��ZH� XVH� ��� ±� ���� �NJ�*-��� 7KHVH� YDOXHV� UHVXOW� IURP� DQ� DQDO\VLV� E\

.(0$�RI�DERXW����\HDUV�DJR��7KH�H[FHSWLRQV�WR�WKHVH�YDOXHV�DUH�EODVW�IXUQDFH�JDV��ZH�XVH
����NJ�*-��DQG�FRNH�RYHQ�JDV�����NJ�*-���'HVSLWH�WKH�KXJH�GLIIHUHQFHV�LQ�FRDO�TXDOLW\��WKH
XQFHUWDLQW\�DV�UHSRUWHG�LQ�7DEOH��������GRHV�QRW�VHHP�XQORJLFDO�EHFDXVH�DQ�DOPRVW�OLQHDU
UHODWLRQ�EHWZHHQ�FDUERQ�FRQWHQW�DQG�QHW�FDORULF�YDOXH�FDQ�EH�DVVXPHG�� ,W�LV�UHFRPPHQGHG
WR�DVN�*.(�DERXW�KLVWRULF�GDWD�RQ�FDORULF�YDOXH�DQG�FDUERQ�FRQWHQW�RI�FRDO�XVHG�LQ�WKH
1HWKHUODQGV�
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� )RU�RLO��SURGXFWV��ZH�XVH��������NJ�*-���([FHSWLRQV�DUH�/3*�����NJ�*-��DQG�UHILQHU\�JDV��
UHVLGXDO� FKHPLFDO� JDV� ���� NJ�*-��� 3UHVHQWO\� VRPH� DFWLRQV� DUH� XQGHUZD\� WR� FKHFN� DQG
LPSURYH�RQ�WKH�HPLVVLRQ�IDFWRU�RI�UHILQHU\�JDV��EHFDXVH�RI�WKH�KLJKO\�YDULDEOH�FRPSRVLWLRQ
RI� WKHVH� JDVHV�� 'LVFXVVLRQ� LVVXH�� LV� LW� XVHIXO� WR�PDNH� D� GLVWLQFWLRQ� EHWZHHQ�ZLQWHU� DQG
VXPPHU�GLHVHO"�1R��IRU�WKLV�GLVWLQFWLRQ�LV�DYHUDJHG�RXW�ZKHQ�PDNLQJ�DQ�LQYHQWRU\�RQ�WKH
EDVLV�RI�D�RQH�\HDU�SHULRG�

� )RU�QDWXUDO�JDV�ZH�XVH����NJ�*-��RQ� WKH�EDVLV�RI� DQDO\VHV�E\�*DVXQLH�DQG�*DVWHF��7KLV
YDOXH�LV�EHOLHYHG�WR�EH�KLJKO\�DFFXUDWH�IRU�WKH�*URQLQJHQ�UHVHUYRLU��ZKLFK�SURGXFHV�DERXW
����RI� WKH� WRWDO�1HWKHUODQGV� JDV� SURGXFWLRQ���+RZHYHU�� WKLV� µ*URQLQJHQ¶� IDFWRU� LV� DOVR
XVHG� IRU� DOO� RWKHU� UHVHUYRLUV�� WKRXJK� WKHLU� JDV�FRPSRVLWLRQ�PD\�EH� TXLWH� GLIIHUHQW��+RZ
DERXW� %ULWLVK� DQG� 1RUZHJLDQ� JDV� WKDW� LV� DOUHDG\� XVHG� ZLWKLQ� WKH� 1HWKHUODQGV" ,W� LV
UHFRPPHQGHG�WR�FKHFN�WKH�EDQGZLGWK�RI�HPLVVLRQ�IDFWRUV�WKDW�VKRXOG�EH�XVHG�IRU�QDWXUDO
JDV�GHOLYHUHG�E\�*DVXQLH��)XUWKHUPRUH�WKHUH�LV�D�SRVVLELOLW\�WR�FKHFN�HPLVVLRQ�IDFWRUV�RQ
WKH� EDVLV� RI� LQIRUPDWLRQ� WKDW� FRPSDQLHV� VKRXOG� VXSSO\� DFFRUGLQJ� WKH� VR�FDOOHG� %((6
UHJXODWLRQ��6R�IDU�LW�DSSHDUV�WKDW�WKH�YDOXHV�FDQ�GHYLDWH�PRUH�WKDQ����IURP�WKH�VWDQGDUG
YDOXH� ���� NJ�*-��� $� FRPSOLFDWLRQ� PLJKW� EH� WKDW� JDV�W\SHV� DV� UHJLVWHUHG� LQ� WKH� (5�,
GDWDEDVH��DUH�GLIIHUHQW�IURP�WKH�JDV�W\SHV�DV�LGHQWLILHG�ZLWKLQ�WKH�HQHUJ\�VWDWLVWLFV��&%6�
1(+���7KLV�PLJKW�OHDG�WR�LQFUHDVHG�XQFHUWDLQW\�SHU�JDV�W\SH�RI�FRQVXPSWLRQ�DQG�HPLVVLRQ
IDFWRU��2Q�WKH�RWKHU�KDQG��WKH�GRFXPHQWDWLRQ�DERXW�WKH�XVHG�HPLVVLRQ�IDFWRUV�FDQ�EH�TXLWH
JRRG�

� $OWKRXJK�WKH�XQGHUO\LQJ�HPLVVLRQ�IDFWRUV�H[SUHVVHG�DV�J�&2��SHU�SK\VLFDO�XQLW��NJ�RU�P��
DUH� VSHFLILHG� ZLWK� �� VLJQLILFDQW� GLJLWV� WKH� ILQDO� HPLVVLRQ� IDFWRUV� XVHG� LQ� WKH� HPLVVLRQ
FDOFXODWLRQ�DUH� H[SUHVVHG�SHU�*-�DQG� WKHVH�DUH� URXQGHG� DQG� VSHFLILHG�ZLWK� �� VLJQLILFDQW
GLJLWV��VHH�7DEOH�(��� LQ�WKH�(5�PHWKRGRORJ\�UHSRUW�QR�������$SDUW� IURP�D�SRVVLEOH�HUURU
LGHQWLILHG� LQ� WKH�FDOFXODWHG�YDOXH� IRU�JDVROLQH�� WKLV�SUDFWLFH�PHDQV�D�XQQHFHVVDU\� ORVV�RI
VRPH�DFFXUDF\�LQ�WKH�HPLVVLRQ�FDOFXODWLRQ�

���8QFHUWDLQW\�LQ�FDUERQ�VWRUDJH�LQ�SHWURFKHPLFDO�SURGXFWV
,W� LV�XQFHUWDLQ�KRZ�PDQ\�RLO�SURGXFWV�DUH� DFWXDOO\�XVHG�DV�D� IHHGVWRFN� LQ� WKH� SHWURFKHPLFDO
LQGXVWU\��7KH�HQHUJ\�VWDWLVWLFV�VKRZ�IHHGVWRFN�ILJXUHV�WKDW�GLIIHU�VLJQLILFDQWO\� IURP�GDWD� WKDW
FDQ�EH�FROOHFWHG�IURP�RWKHU�VRXUFHV��7ULJJHUHG�E\�FULWLFDO�UHVHDUFKHUV�RI�88��&%6�KDV�UHFHQWO\
SXEOLVKHG�D�UH�HVWLPDWLRQ�RI�WKH�IHHGVWRFN�YROXPHV��)RU�WKH�\HDUV�����������LW�WXUQHG�RXW�WKDW
WKH�YROXPHV�VKRXOG�EH�WHQV�RI�3-��a�����OHVV�WKDQ�ZDV�SUHYLRXVO\�HVWLPDWHG��+RZHYHU��*LHOHQ
�(&1��QRWLFHV�WKDW�KH�H[SHFWHG�WKH�UH�HVWLPDWLRQ�WR�UHVXOW�LQ�DERXW����3-�PRUH�IHHGVWRFN�XVH�
7KHUHIRUH� *LHOHQ� VWDWHV� WKDW� WKH� XQFHUWDLQW\� LQ� WKH� YROXPH� RI� IHHGVWRFN� IRU� SHWURFKHPLFDO
SURGXFWV�LV�DERXW������LQVWHDG�RI����DV�LQ�WDEOH�����$V�D�FRQVHTXHQFH��WKH�VWRUDJH�SHUFHQWDJH
RI� FDUERQ� LQ� WKHVH�SURGXFWV� FRXOG� EH� ������� �LQVWHDG�RI� ����DV� LV�SUHVHQWO\� XVHG��� DQG� LWV
FRPSOHPHQW��WKH�HPLVVLRQ�SHUFHQWDJH�FRXOG�EH�DV�ORZ�DV��������2EYLRXVO\�WKH�XQFHUWDLQW\�LQ
HPLVVLRQV� IURP� SHWURFKHPLFDO� SURGXFWV� LV� W\SLFDOO\� ����� 'ROI� *LHOHQ� �(&1�� ZLOO� LQLWLDWH
DGGLWLRQDO�UHVHDUFK��FRRUGLQDWHG�ZLWK�VLPLODU�DFWLYLWLHV�DW�(8�OHYHO��1(8�&2��SURMHFW��
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$ VHFRQGDU\� SUREOHP� LV� WKDW� WKH� ,3&&�*XLGHOLQHV� GR� QRW� PDNH� FOHDU� KRZ� WKHVH� µFKHPLFDO
IHHGVWRFN¶�HPLVVLRQV��SDUWO\�IURP��LQWHUPHGLDWH��SURGXFW�PDQXIDFWXUH�DQG�SURGXFW�XVH��VKRXOG
EH�DOORFDWHG� WR� LPSRUWLQJ�RU� H[SRUWLQJ� FRXQWULHV��+RZHYHU�� WKH�&2� 5HIHUHQFH�$SSURDFK� RI
,3&&��ZKHUH�WKH�DSSDUHQW�HQHUJ\�FRQVXPSWLRQ�DW�WKH�OHYHO�RI�HQHUJ\�FDUULHUV�DFFRXQWHG�IRU�LQ
HQHUJ\� VWDWLVWLFV� LV� WKH� EDVLV� RI� DOORFDWLRQ� RI� HPLVVLRQV�� RIIHUV� VRPH� H[SOLFLW� JXLGDQFH��7KLV
KRZHYHU�� VKLIWV� WKH� SUREOHP� RI� WKH� IDWH� RI� LQWHUPHGLDWH� SURGXFWV� WR� GHWHUPLQH� WKH� DYHUDJH
FDUERQ� VWRUDJH� IDFWRU� SHU� HQHUJ\� FDUULHU�� VLQFH� WKHVH� SURGXFWV� FDQ� EH� H[SRUWHG� ZLWKRXW
VXIILFLHQW�NQRZOHGJH�RI�WKH�ILQDO�HQG�XVH�DSSOLFDWLRQV�DEURDG�

���8QFHUWDLQW\�LQ�DFWLYLW\�GDWD��HQHUJ\�ILJXUHV�
� 7KH�HQHUJ\�VWDWLVWLFV��1(+��IURP�&%6�DUH���RQ�DQ�DG�KRF�EDVLV���UHYLHZHG�ZLWK�UHVSHFW�WR

XQFHUWDLQW\��7KH�SUREOHP�LV�WKDW�VRPH�VHFWRUV�DQG�HQHUJ\�FDUULHUV�DUH�RQO\�SDUWO\�FRYHUHG
E\ WKH�&%6�TXHVWLRQQDLUHV� DQG� WKHUHIRUH� UHTXLUH� D� VXLWDEOH� WHFKQLTXH� IRU� HVWLPDWLQJ� WKH
FRPSOHPHQWDU\�SDUW�RI�WKH�HQHUJ\�FRQVXPSWLRQ�

� 1DWXUDO�*DV��7KH�VXSSOLHG�YROXPHV�DUH� �YHU\��ZHOO�NQRZQ��7UDGLWLRQDOO\� WKH� VXUSOXV� RI
GHPDQGHG� �GLVWULEXWHG�� YROXPH� LV� FDXVHG� E\� IURP� GLIIHUHQFHV� LQ� PHDVXUHPHQW�
WHPSHUDWXUHV�� 7KLV� LV� D� VWUXFWXUDO� HUURU��&RDO�� 7KH� UHSRUWHG� XQFHUWDLQW\� RI� ��� IRU� FRDO
�WDEOH���� UHIHUV� WR� WKH� VXSSO\�VLGH� DQG�PDLQO\� UHVXOWV� IURP�XQFHUWDLQWLHV� LQ� �LPSRUW� DQG�
H[SRUW� YROXPHV�� )XUWKHUPRUH�� LQ� WKHRU\� VRPH�PLQRU� ORVVHV� RI� HQHUJ\� FDQ� RFFXU� GXH� WR
IXJLWLYH� HPLVVLRQV� RI� HVSHFLDOO\�PHWKDQH� IURP� VWRUHG� FRDO��2LO�� RQ� WKH� VXSSO\� VLGH� WKH
XQFHUWDLQW\� RI� LPSRUW� DQG� H[SRUW� RI� RLO� SURGXFWV� OHDG� WR� UHODWLYHO\� ODUJH� VWDWLVWLFDO
GLIIHUHQFHV��+RZHYHU��WKHUH�LV�DOVR�D�FRQWULEXWLRQ�IURP�XQFHUWDLQWLHV�RQ� WKH�GHPDQG�VLGH
GDWD��TXDOLW\�DQG�FRYHUDJH�RI�WKH�TXHVWLRQQDLUHV��

� +RZ�VKRXOG�ZH� LQWHUSUHW� WKH� VWDWLVWLFDO�GLIIHUHQFHV"� ,V� LW�SDUW�RI� WKH� LQODQG�FRQVXPSWLRQ
WKDW�FDQ�QRW�EH�DOORFDWHG�WR�RQH�RI�WKH�VHFWRUV"�2U�LV�LW�MXVW�DQ�LQGLFDWLRQ�RI�WKH�XQFHUWDLQW\
RI� WKH� HQHUJ\� ILJXUHV"� 7KH� ODWWHU� H[SODQDWLRQ� ORRNV� VRXQG�� ,QFOXGLQJ� WKH� VWDWLVWLFDO
GLIIHUHQFH�ZLWKLQ�WKH�QDWLRQDO�FRQVXPSWLRQ�ILJXUHV�IRU�FDOFXODWLQJ�QDWLRQDO�&2� HPLVVLRQV
�OLNH�LQ�WKH�5HIHUHQFH�DSSURDFK�RI�WKH�,3&&�*XLGHOLQHV��LV�D�FKRLFH��7KLV�VKRXOG�EH�PDGH
PRUH�H[SOLFLW�DQG�PLJKW�EH�UHFRQVLGHUHG�
3UHVHQWO\�&%6� LV�ZRUNLQJ�RQ� HOLPLQDWLQJ� WKH� VWDWLVWLFDO� GLIIHUHQFHV� 5HPDUN�ZDUQLQJ�� LI
WKLV�HOLPLQDWLRQ�LV�QRW�GRQH�E\�LPSURYLQJ�WKH�DFWXDO�GHPDQG�DQG�VXSSO\�HVWLPDWHV��EXW�LV
VLPSO\�SHUIRUPHG�E\�GLVWULEXWLQJ� WKH�VWDWLVWLFDO�GLIIHUHQFH�RYHU�VXSSO\�DQG�GHPDQG�� WKHQ
VXFK� D� VROXWLRQ� GRHV� QHLWKHU� LPSURYH� WKH� TXDOLW\� QRU� UHGXFH� WKH� XQFHUWDLQW\� RI� WKH
VWDWLVWLFDO�GDWD�

� (5�,�GDWD��DERXW�����RI�WKH�1HWKHUODQGV�&2� HPLVVLRQV�LV�HPLWWHG�E\�ODUJH�SODQWV��7KHVH
HPLVVLRQV� PXVW� EH� UHSRUWHG� WR� WKH� DXWKRULWLHV� �SURYLQFHV��� $IWHU� YDOLGDWLRQ� E\� WKH
SURYLQFHV�WKH�GDWD�DUH�LQSXW�IRU�WKH�(5�,�GDWDEDVH��%XW�FRPSDQLHV�WHQG�WR�DJJUHJDWH�GDWD�LQ
WKHLU�UHSRUWV�DQG�WKXV�KLGH�GHWDLOV�PRUH�DQG�PRUH��$OVR��VRPH�PDMRUV�RQO\�VXSSO\�HPLVVLRQ
GDWD� EXW� UHIXVH� WR� UHSRUW� WKHLU� HQHUJ\� FRQVXPSWLRQ�� )XUWKHUPRUH� WKH� TXDOLW\� RI� WKH
YDOLGDWLRQ� LV� EHOLHYHG� WR� EH� UDWKHU� SRRU� DQG� WKXV� IXQFWLRQV� DV� DQ� DGGLWLRQDO� VRXUFH� RI



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW�

��

XQFHUWDLQW\��$V�D� UHVXOW�RI� WKLV�PLVHU\�� H[SHUWV� IHDU� WKDW� WKH� TXDOLW\� RI� WKH� UHSRUWV� �� DQG
LQSXW� IRU� (5�,� �� ZLOO� JHW� ZRUVH� LQ� WKH� QHDU� IXWXUH�� %HFDXVH� RI� WKH� PXOWLSOLHU� HIIHFW� LQ
HVWLPDWLQJ� WRWDO� �QDWLRQDO�� HPLVVLRQV�� WKLV� PD\� KDYH� VHYHUH� FRQVHTXHQFHV� IRU� WKH
XQFHUWDLQW\�LQ�WRWDO�QDWLRQDO�HPLVVLRQV�
$QRWKHU� SUREOHP�PD\� DULVH� IURP� WKH� DVVXPSWLRQ� WKDW� FHUWDLQ� VHFWRUV� DUH� IXOO\� FRYHUHG
ZLWKLQ�(5�,�� ,QGHHG��GXH�WR�WKH�REOLJDWLRQV�XQGHU�WKH�%((6�UHJXODWLRQ�RQH�PLJKW�H[SHFW
WKDW� DOO� ODUJH� FRPEXVWLRQ�SODQWV� DUH� UHFRUGHG�ZLWKLQ�(5�,��+RZHYHU�� LQ� VRPH� FDVHV� WKLV
PD\�QRW�EH�WKH�FDVH��,W�DSSHDUHG�WKDW�VRPH�ODUJH�SRZHU�SODQWV�DUH�QRW�UHFRUGHG�LQ�(5�,�

���*DV�IODULQJ�YHQWLQJ��JDV�GLVWULEXWLRQ
� 7KHUH� DUH� WZR� GDWD� VRXUFHV� IRU� HVWLPDWLQJ� SURFHVV� HPLVVLRQV� RI� &2� DQG� &+� LQ� WKH

1HWKHUODQGV�RLO�DQG�JDV�LQGXVWU\��7KHUH�LV�WKH�WRS�GRZQ�HVWLPDWH�RI�712�5,90�&%6�RQ
WKH� EDVLV� RI� DJJUHJDWHG� HPLVVLRQ� IDFWRUV� DQG� SURGXFWLRQ� ILJXUHV� YHUVXV� WKH� ERWWRP�XS
LQYHQWRU\�RI�WKH�RLO�FRPSDQLHV�DV�FROOHFWHG�DQG�SUHVHQWHG�E\�12*(3$ � )XUWKHU�VWXG\�RQ
WKHVH�WZR�GDWDVHWV�LV�UHFRPPHQGHG�DQG�ZLOO�UHYHDO��D��ZKDW�GDWDVHW�KDV� WKH�EHVW�TXDOLW\
DQG�VKRXOG�WKXV�EH�VHOHFWHG�IRU�HPLVVLRQ�FDOFXODWLRQV���E��ZLOO�SURYLGH�LQVLJKW�LQ�DSSDUHQW
XQFHUWDLQW\�LQ�WKH�ILJXUHV�UHSRUWHG�LQ�ERWK�GDWDVHWV�

� $OWKRXJK� WKH� UHFRPPHQGDWLRQ� LQ� WKH� GLVFXVVLRQ� SDSHU� WR� FKDQJH� WKH� PHWKRGRORJ\� RI
HVWLPDWLQJ� &+� HPLVVLRQV� IURP� JDV� WUDQVSRUW� DQG� GLVWULEXWLRQ� ZDV� VXSSRUWHG� E\
SDUWLFLSDQWV�� LW�ZDV� DOVR� REVHUYHG� WKDW� GDWD� WR� HVWLPDWH� WKH� DQQXDO� OHDN� SHUFHQWDJH� RYHU
WLPH�LV�QRW�DYDLODEOH�

���&RQFOXVLRQV
2Q�&2��
� 5HTXLUHPHQWV�IRU�XQFHUWDLQW\

7KH�PLQLPXP�XQFHUWDLQW\�LV�GHILQHG�E\�SROLF\�JRDOV��PRQLWRULQJ�RQ�D�\HDU�WR�\HDU�EDVLVDQG� FKHFNLQJ�RQ� ORQJ�WHUP� ���� \HDUV�� UHGXFWLRQ� WDUJHWV��+RZHYHU�� LW� LV� YHU\� GLIILFXOW� WRWUDQVODWH� WKH� QHFHVVDU\� DFFXUDF\� QHHGHG� IRU� PRQLWRULQJ� HPLVVLRQ� UHGXFWLRQ� LQWRVSHFLILFDWLRQV� IRU� WKH� XQFHUWDLQW\� LQ� WKH� DQQXDO� HPLVVLRQ� HVWLPDWH�� 7KLV� LV� EHFDXVH� WKHVWUXFWXUDO�DQG�WKH�UDQGRP�FRQWULEXWLRQV�WR�WKH�XQFHUWDLQW\�DUH�QRW�TXDQWLILHG�� (PLVVLRQ�IDFWRUV
7KH� XQFHUWDLQWLHV� RI� WKH� HPLVVLRQ� IDFWRUV� FDQ� EH� DQG� VKRXOG� EH� UHGXFHG�� $FWLRQV� DUH
DGGUHVVHG�ZLWK� UHVSHFW� WR� WKH� HPLVVLRQ� IDFWRUV�RI� QDWXUDO� JDV�� FRDO� DQG� UHILQHU\� JDV� DV
ZHOO�DV�LQ�WKH�QXPEHU�RI�VLJQLILFDQW�GLJLWV�XVHG�LQ�WKH�ILQDO�HPLVVLRQ�IDFWRUV�

� &DUERQ�VWRUDJH�LQ�SHWURFKHPLFDO�SURGXFWV
7KH� XQFHUWDLQW\� LQ� WKH� YROXPH� RI� IHHGVWRFN� LQ� WKLV� LQGXVWU\� LV� SUHVHQWO\� SUHOLPLQDU\
HVWLPDWHG� DW� ���� �LQVWHDG� RI� ��� DV� ZDV� SUHYLRXVO\� DVVXPHG��� 7KLV� UHVXOWV� LQ� DQ
XQFHUWDLQW\� RI� ���� LQ� WKH� &2� HPLVVLRQ� IURP� SURGXFWLRQ� DQG� XVH� RI� SHWURFKHPLFDO
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SURGXFWV��$GGLWLRQDO� UHVHDUFK� IRU� WKH�1HWKHUODQGV¶� FDVH� LV� LQLWLDWHG� �FRRUGLQDWHG�ZLWK� D
VLPLODU�(8�SURMHFW��

� $FWLYLW\�GDWD��HQHUJ\�VWDWLVWLFV�1DWXUDO� JDV� FRQVXPSWLRQ� LV� ZHOO� NQRZQ�� RQO\� D� VPDOO� VWUXFWXUDO� GLIIHUHQFH� EHWZHHQ
VXSSO\� DQG� GHPDQG� H[LVWV�� 8QFHUWDLQW\� LQ� WRWDO� FRDO� FRQVXPSWLRQ� PDLQO\� FRQFHUQV� WKH
VXSSO\�VLGH�DQG�VWHPV�IURP�XQFHUWDLQWLHV�LQ�H[SRUW�YROXPHV��2LO�FRQVXPSWLRQ�ILJXUHV�DUH
GLIILFXOW�WR�JHQHUDWH�EHFDXVH�RI�WKH�PXOWLWXGH�RI�VPDOO�H[SRUW�YROXPHV�DQG�EHFDXVH�VHFWRUV
DUH�RQO\�SDUWO\�FRYHUHG�E\�WKH�&%6�TXHVWLRQQDLUHV�

� 6WDWLVWLFDO�GLIIHUHQFHV
7KHVH�FDQ�EH�LQWHUSUHWHG�DV�D�ILUVW�RUGHU�LQGLFDWLRQ�RI�WKH�XQFHUWDLQW\��,QFOXGLQJ�VWDWLVWLFDO
GLIIHUHQFHV�IRU�QDWLRQDO�&2� FDOFXODWLRQV��DV�FRXOG�EH� LQIHUUHG�IURP�WKH�,3&&�5HIHUHQFH
$SSURDFK�� LV� D� FKRLFH� WKDW� VKRXOG� EH�PDGH�PRUH� H[SOLFLW� DQG�PLJKW� EH� UHFRQVLGHUHG� LQ
WLPH�� 7KH� SUHVHQW� V\VWHP� RI� FRPSDQLHV� VXSSO\LQJ� HPLVVLRQ� DQG� HQHUJ\� GDWD� WR� WKH
DXWKRULWLHV�LQWURGXFHV�DGGLWLRQDO�XQFHUWDLQWLHV�LQ�HVWLPDWLQJ�WRWDO�QDWLRQDO�&2� HPLVVLRQV�
&%6�LV�FXUUHQWO\�WDNLQJ�DFWLRQ�WR�UHGXFH�WKHVH�GLIIHUHQFHV�LQ�WKH�VWDWLVWLFV�

� 3UHVHQW�XQFHUWDLQW\�HVWLPDWHV
7KH�RUGHU�RI�PDJQLWXGH�RI�WKH�XQFHUWDLQWLHV�SUHVHQWHG�LQ�7DEOH���RI�WKH�GLVFXVVLRQ�SDSHU
ZHUH�HQGRUVHG�E\�WKH�SDUWLFLSDQWV��H[FHSW�IRU�IHHGVWRFN�HPLVVLRQV�ZKLFK�DUH�DVVXPHG�WR�EH
PXFK� ODUJHU� �VHH� QRWH��� 7KH� UDQNLQJ� RI� VRXUFHV� RI� XQFHUWDLQW\� DV� SUHVHQWHG� LQ� WKH
GLVFXVVLRQ�SDSHU�ZHUH�DOVR�HQGRUVHG��ZLWK�WKH�DGGLWLRQDO�UHPDUN�WKDW�WKH�LQGXVWU\�VHFWRU�LV
D VSHFLDO�FDVH�GXH�WR�WKH�YDULDEOH�TXDOLW\�RI�WKHLU�(5�,�HPLVVLRQV�

2Q�&+��
� 2LO�DQG�JDV�SURGXFWLRQ���GLVWULEXWLRQ

8QFHUWDLQWLHV�FDQ�EH�UHGXFHG�E\�FRPSDULQJ�DQG�VWXG\LQJ�WZR�LQGHSHQGHQW�HPLVVLRQV�GDWD
VHWV��7KH�FXUUHQW�PHWKRGRORJ\�IRU�HVWLPDWLQJ�HPLVVLRQV�IURP�OHDNV�LQ�WKH�JDV�GLVWULEXWLRQ
QHWZRUN� VKRXOG� EH� UHFRQVLGHUHG��+RZHYHU�� WKLV� UHTXLUHV� GDWD� RQ� OHDN� SHUFHQWDJHV� WKDW
ZLOO�EH�KDUG�WR�JHW�
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�����6(66,21����,1'8675<
'LVFXVVLRQ�SDSHU
7LQXV�3XOOHV712�0(3
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��� 5HSRUWLQJ�IRUPDW
7KH�EUHDNRXW�JURXS�RQ�,QGXVWU\ZLOO�GLVFXVV� WKH� VWDWXV� TXR� DQGUHTXLUHG� LPSURYHPHQWV� LQUHSRUWLQJ�*+*�HPLVVLRQV�IURPLQGXVWULDO�VRXUFHV�:LWKLQ� WKH� 81)&&&� D� QHZUHSRUWLQJ� IRUPDW� IRU� $QQH[� �SDUWLHV� LV� EHLQJ� GHYHORSHG�³&5)´� RU� ³&RPPRQ5HSRUWLQJ� )RUPDW´��� 7KHREMHFWLYHV�RI�WKLV�QHZ�UHSRUWLQJIRUPDW� DUH� JLYHQ� LQ� %R[� ��FRSLHG� IURP� WKH� UHOHYDQW81)&&&�6%,�GRFXPHQW���2QHRI� WKH� H[SOLFLW� REMHFWLYHV� RIVXFK�D�QHZ� UHSRUWLQJ� IRUPDW� LVWR� HQKDQFH� SRVVLELOLWLHV� RIYHULILFDWLRQ�DQG�YDOLGDWLRQ�)URP� WKLV� LW� LV� SURSRVHG� WRVWUXFWXUH� WKH� GLVFXVVLRQ� DORQJWKH� OLQHV� RI� WKH� GUDIW� UHSRUWLQJIRUPDW�IRU�WKH�VHFWRU�³,QGXVWU\´�DV�UHSURGXFHG�LQ�DQQH[���WR�WKLV�GLVFXVVLRQ�SDSHU�$QQH[� �� UHSURGXFHV� WKH� WDEOHV� IRU� WKH� VHFWRU� ³,QGXVWU\´� IURP� WKH� VHFRQG� 1DWLRQDO&RPPXQLFDWLRQ� IURP� WKH�1HWKHUODQGV�DV�GUDZQ� IURP� WKH�81)&&&�ZHE� VLWH��7KHVHWDEOHV�UHSUHVHQW�WKH�SUHVHQW�UHSRUWLQJ�RQ�HPLVVLRQV�WR�81)&&&��7KH�UHSRUW�RI�FRXUVHFRQWDLQV�ORWV�RI�DGGLWLRQDO�GDWD��LQIRUPDWLRQ�DQG�NQRZOHGJH�7KH�³1DWLRQDO�6\VWHP´�IRU�*+*�UHSRUWLQJ� LQ� WKH�1HWKHUODQGV�VKRXOG�UHVXOW� LQ� WKH� IXOO&5)�WDEOHV�� ,Q� LWV� VLPSOHVW�YHUVLRQ� WKHUHIRUH�� WKH�SUREOHP�IRU� WKLV�GLVFXVVLRQ�FRXOG�EHIRUPXODWHG�DV�

��� :KDW�LQIRUPDWLRQ�LV�QHHGHG�WR
GHYHORS� UHSRUWLQJ� HPLVVLRQV
�IURP�WKH�VHFWRU�³,QGXVWU\´��DV
LQ� WKH� 6HFRQG� 1DWLRQDO
&RPPXQLFDWLRQ� WRZDUGV� WKH
&5)� DQG� KRZ� FRXOG� WKLV
LQIRUPDWLRQ�EH�REWDLQHG"

%R[���UHSURGXFHV�VRPH�GLUHFWLYHVIRU� FRPSOHWLQJ� WKH� &5)� WDEOHV�7KHVH� DUH� WKH� HDV\� WR� DSSO\�� ,WVLPSO\� PHDQV� WKDW�� ZKHUH� LQ� WKHWDEOHV� LQ� WKH� 1DWLRQDO&RPPXQLFDWLRQ�OLQHV�DQG�FROXPQVKDYH� EHHQ� GHOHWHG� RU� UHDUUDQJHG�WKLV� VKRXOG� QR� ORQJHU� EH� GRQH�,QVWHDG�HLWKHU

%R[�� FCCC/SB/1999/1
Page 9

DRAFT GUIDELINES FOR THE PREPARATION OF
NATIONAL COMMUNICATIONS BY PARTIES

INCLUDED IN ANNEX I TO THE CONVENTION
PART I: INVENTORIES

A. Objectives
1. The objectives of these guidelines for the preparation and
reporting of national inventories of greenhouse gas emissions by
sources and removals by sinks for the purposes of the United
Nations Framework Convention on Climate Change (UNFCCC)
by Parties included in Annex I to the Convention (Annex I
Parties), referred to below as the UNFCCC reporting guidelines
on inventories, are:
(a) To assist Annex I Parties in meeting their commitments

under Articles 4 and 12 of the Convention and in preparing
to meet possible future commitments under Articles 3, 5 and
7 of the Kyoto Protocol;

(b) To facilitate the process of considering annual national
inventories and national inventories included in national
communications, including the preparation of technical
analysis and synthesis documentation; and

(c) To facilitate the process of verification and technical
assessment and expert review of the inventory information.

%R[�� FCCC/SB/1999/1/Add.1
Page 10��� $OO�3DUWLHV�VKRXOG�UHSRUW�WKHLU�LQYHQWRU\LQIRUPDWLRQ�XVLQJ�WKH�WDEOHV�RI�WKH�FRPPRQUHSRUWLQJ�IRUPDW��7KLV�LQIRUPDWLRQ�VKRXOG�LQFOXGHDFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV��LQ�WKHVSHFLILHG�XQLWV��DV�ZHOO�DV�RWKHU�QXPHULFDO�DQGWH[WXDO�LQIRUPDWLRQ���� 3DUWLHV�VKRXOG�QRW�FKDQJH�WKH�RUGHU�RU�QRWDWLRQ�RIWKH�WDEOH�FHOOV��DV�WKLV�ZLOO�ZRUN�DJDLQVW�WKHSXUSRVHV�RI�WKH�FRPPRQ�UHSRUWLQJ�IRUPDW�E\FRPSOLFDWLQJ�WKH�KDQGOLQJ�RI�WKH�GDWD�E\�WKHVHFUHWDULDW��,I�DGGLWLRQV�WR�WKH�H[LVWLQJ�FDWHJRU\VSOLW�RI�VRXUFHV�DQG�VLQNV�DUH�QHFHVVDU\��WKHVHVKRXOG�EH�PDGH�XVLQJ�WKH�HPSW\�URZV��RUFROXPQV��SURYLGHG�IRU�WKLV�SXUSRVH��,I�LW�LVDEVROXWHO\�QHFHVVDU\�WR�PDNH�FKDQJHV�WR�WKHRUGHU�RU�QRWDWLRQ�RI�WKH�WDEOHV��WKLV�VKRXOG�EHLQGLFDWHG�E\�FKDQJLQJ�WKH�FRORXU�RI�WKH�IRQW�WRUHG�IRU�WKH�FKDQJHG�FHOOV�
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� D ]HUR�LI�WKH�HPLVVLRQV�DUH�QHJOLJLEOH�
� 12��LI�QRW�RFFXUULQJ��
� 1(��LI�QRW�HVWLPDWHG�
� 1$��LI�QRW�DSSOLFDEOH�
� ,(��LI�LQFOXGHG�HOVHZKHUH��RU
� & �LI�FRQILGHQWLDO�
VKRXOG�EH�HQWHUHG�81)&&&� IRUHVHHV� SDUWLHV� WR� GHOLYHU� WKH� GDWD� LQ� HOHFWURQLF� IRUPDWV� �06� ([FHO� "��UDWKHU�WKDQ�DV�KDUG�FRSLHV�

��� 'DWD�RQ�³,QGXVWU\´
7KH� GDWD� RQ� HPLVVLRQV� IURP� WKH� VHFWRU� ³,QGXVWU\´� WR� EH� LQFOXGHG� LQWR� WKH� QDWLRQDOLQYHQWRU\� DQG� WKH� QDWLRQDO� FRPPXQLFDWLRQV� DUH� FROOHFWHG� LQ� WKH� IUDPHZRUN� RI� WKH'XWFK� HPLVVLRQ� ,QYHQWRU\� �LQ� 'XWFK�� ³(PLVVLHUHJLVWUDWLH´��� 3DUW� RI� WKH� GDWD� RQLQGLYLGXDO� FRPSDQLHV� LQ� WKLV� LQYHQWRU\� RULJLQDWHV� IURP� HQYLURQPHQWDO� UHSRUWVSURGXFHG�E\�WKHVH�FRPSDQLHV�WKHPVHOYHV�LQ�UHVSRQVH�WR�REOLJDWLRQV�IRUPXODWHG�LQ�WKH/DZ�RQ�(QYLURQPHQWDO�5HSRUWLQJ��LQ�'XWFK��³:HW�0LOLHXYHUVODJ´��7KH� UHVXOWLQJ� LQYHQWRU\� FRQWDLQV�GDWD�RQ�HPLVVLRQV�RQO\��ZLWKRXW�GLUHFW� LQIRUPDWLRQRQ� DFWLYLW\� UDWHV� DQG� IXHO� XVHG�� ,Q� SUHSDULQJ� WKH� ILUVW� DQG� VHFRQG� QDWLRQDOFRPPXQLFDWLRQV� WKLV� LQIRUPDWLRQ� LV� DGGHG�ZKHUH� DYDLODEOH�� UHVXOWLQJ� LQ� WKH� GHWDLOHGWDEOHV�DV�SXEOLVKHG�LQ�WKH�VHFRQG�QDWLRQDO�FRPPXQLFDWLRQ��VHH�DQQH[��&RPSDULVRQ�EHWZHHQ�WKH�WDEOHV�DV�UHSRUWHG�E\�WKH�1HWKHUODQGV�DQG�WKRVH�UHTXLUHG�LQWKH�&5)��VKRZV� WKDW� WKH�PDLQ�DGGLWLRQV� WR� WKH� W\SH�RI� LQIRUPDWLRQ�QHHGHG�FRQFHUQVWKH� SURGXFWLRQ�� XVH� DQG� HPLVVLRQV� RI� WKH� KLJK� *:3� �RU� ³QHZ´�� JDVHV�� +)&V� ��VSHFLILF�FRPSRXQGV�SOXV�RQH�UHVW�JURXS���3)&V����VSHFLILF�FRPSRXQGV�SOXV�RQH�UHVWJURXS��DQG�6)�� 6RPH�VSDFH�LQ�WKH�WDEOHV�LV�DYDLODEOH�WR�VSHFLI\�³RWKHU´�� ,Q�DGGLWLRQIRU� WKH� ³ROG� JDVHV´� �&2�� &+�� 1�2�� WKH� DFWLYLW\� GDWD� DQG� WKH� DJJUHJDWH� HPLVVLRQIDFWRUV�IRU�LQGXVWULDO�VHFWRUV�DUH�UHTXHVWHG�LQ�VRPHZKDW�KLJKHU�GHWDLO�7KH�LVVXH�WR�EH�GLVFXVVHG�KHUH�WKHQ�LV�

�,V� DOO� LQIRUPDWLRQ� RQ� LQGXVWULDO� *+*� HPLVVLRQV�� QHHGHG� IRU� UHSRUWLQJ� WR
81)&&&��REWDLQHG�ZLWKLQ� WKH�QDWLRQDO�HPLVVLRQ� LQYHQWRU\�SURFHGXUH�RI�WKH
³(PLVVLHUHJLVWUDWLH´"

,I�QRW��6KRXOG�LW"
,I� VR�� ZKDW� QHHG� WR� EH� FKDQJHG� LQ� LQYHQWRU\� SURFHGXUHV� DQG� PRQLWRULQJ
SURWRFROV
,I�QRW��+RZ�WR�RUJDQLVH�WKH�GDWD�IORZ"
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��� 'DWD�TXDOLW\�DQG�XQFHUWDLQWLHV
,Q� WKH� DERYH�� ZH� FRQFHQWUDWHG� RQ� UHTXLUHPHQWV�� REOLJDWLRQV� DQGSURFHGXUHV�� :LWKLQ� WKH� 81)&&&� KRZHYHU�� WKH� GDWD� TXDOLW\� DQGXQFHUWDLQWLHV�DUH�PRUH�DQG�PRUH� LPSRUWDQW�� ,Q�RWKHU�ZRUGV��SDUWLHVDUH� DVNHG� WR� EH�PRUH� DQG�PRUH� H[SOLFLW� RQ� WKH� TXDOLW\� RI� WKH� GDWDGHOLYHUHG�WR�WKH�81)&&&�VHFUHWDULDW�6%67$�KDV�DVNHG�,3&&�WR�SURGXFH�D�UHSRUW�RQ�³JRRG�SUDFWLFH´�DQGRQ� PDQDJLQJ� XQFHUWDLQWLHV� LQ� *+*� LQYHQWRULHV� LQ� UHODWLRQ� WR� WKHUHGXFWLRQ� WDUJHWV� VHW� LQ� WKH�.\RWR�SURWRFRO�� ,W� LV� H[SHFWHG� WKDW� WKLVDFWLYLW\�ZLOO�OHDG�WR�WKH�HVWDEOLVKPHQW�RI�D�UHSRUWLQJ�IRUPDW�RQ�XQFHUWDLQWLHV�DQG�GDWDTXDOLW\�

2EYLRXVO\�GDWD�TXDOLW\�ILUVW�KDV� WR�EH�NQRZQ��EHIRUH� LW� FDQ�EH� LPSURYHG��$W�SUHVHQWGDWD�TXDOLW\�LV�DOUHDG\�DVNHG�IRU�LQ�WKH�,3&&�UHSRUWLQJ�JXLGHOLQHV��VXPPDU\�WDEOH����DVUHSURGXFHG�IRU�1/������EHORZ�LQ�7DEOH�����,Q�WKLV�WDEOH�FRXQWULHV�KDYH�WR�UHSRUW�GDWDTXDOLW\�LQ�D�WKUHH�OHYHO�TXDOLWDWLYH�ZD\��³KLJK´��³PHGLXP´��³ORZ´���,W�LV�H[SHFWHG�WKDWRQ� WKH� EDVLV� RI� WKH� RQJRLQJ� ZRUN� LQ� WKH� ,3&&� ZRUNLQJ� JURXS� RQ� PDQDJHPHQW� RIXQFHUWDLQWLHV��WKH�UHSRUWLQJ�UHTXLUHPHQWV�ZLOO�EH�IXUWKHU�HODERUDWHG�$V�VKRZQ�LQ�7DEOH��� WKH�'XWFK��QG�1DWLRQDO�FRPPXQLFDWLRQ�UHSRUWHG�GDWD�TXDOLW\�IRU
7DEOH�� 2YHUYLHZ�WDEOH�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV�LQ�������*J�\HDU�IXOO�PROHFXODUZHLJKW�LQFOXGLQJ�WHPSHUDWXUH�FRUUHFWLRQ�IRU�&2���TXDOLW\�DQG�GRFXPHQWDWLRQ�IRU������DQG������LV�WKH�VDPH�DV�IRU��������>,3&&�7DEOH��$@��+��KLJK��0��PHGLXP��/��ORZ��IURP���QG�1DWLRQDO�&RPPXQLFDWLRQ
*UHHQKRXVH�JDV�HPLVVLRQV��*J�D���� &2� �&+� 1�2� 12[� &2� 1092&� 62�� 'RFXPHQWDWLRQ
6RXUFH�FDWHJRULHV (VWLPDWH 4� (VWLPDWH 4� (VWLPDWH 4� (VWLPDWH 4� (VWLPDWH 4� (VWLPDWH 4� (VWLPDWH 4�

7RWDO�QHWW�QDWLRQDO�HPLVVLRQV ������ + ������ 0 ���� / ����� 0 ������ 0 ����� 0 ����� +

���$OO�HQHUJ\��FRPEXVWLRQ�DQG�IXJLWLYH� ������ + ����� 0 ��� / ����� 0 ����� 0 ����� 0 ����� +

�$��)XHO�FRPEXVWLRQ�WRWDO ������ + ���� 0 ��� / ����� 0 ����� 0 ����� 0 ����� +
�$���(QHUJ\�	�7UDQVIRUP��,QGXVWULHV� ����� + ��� 0 ��� / ���� 0 ���� 0 ,( ��� +
�
$���,QGXVWU\��RQO\�HQHUJ\�� ����� + ��� 0 ��� / ���� 0 ����� 0 ,( �� +
�$�I��$FWXDO�IURP�IHHGVWRFNV ����� 0 1( 0 1( 1( 1( 1( 1(
�$���7UDQVSRUW� ����� + ��� 0 ��� 0 ����� 0 ����� 0 ����� 0 ���� +
�$���6PDOO�FRPEXVWLRQ ����� + ���� 0 � / ���� 0 ���� 0 ��� 0 ��� +
�$���2WKHU� ���� + � 0 1$ 1$ 1$ ��� 0 1$
�$���%LRPDVV�EXUQHG�IRU�HQHUJ\ ������ / ��� / � / ��� / ���� / ��� / ��� /

�%��)XJLWLYH�IXHO�HPLVVLRQV 1$ ����� 0 1$ 1$ 1$ ���� 0 1(
�%���6ROLG�IXHOV 1$ 1$ 1$ 1$ 1$ 1$ 1$
�%���2LO�DQG�QDWXUDO�JDV 1( ����� 0 1$ 1$ 1$ ���� 0 1(

���,QGXVWULDO�SURFHVVHV ���� + ��� ���� / ���� 0 ����� ����� 0 �� +

���6ROYHQWV�DQG�RWKHU�SURGXFW�XVH 1( 1( ��� ,( � ����� 0 1$

���$JULFXOWXUH � ����� 0 ���� / 1$ 1$ 1$ 1$

�$��(QWHULF�IHUPHQWDWLRQ � ����� 0 1$ 1$ 1$ 1$ 1$
�%��$QLPDO�ZDVWHV � ��� / ,( 1$ 1$ 1$ 1$ +
�&��5LFH�FXOWLYDWLRQ 1$ 1$ 1$ 12 12 12 12 +
�'��$JULFXOWXUDO�VRLOV � � / ���� / 1$ 1$ 1$ 1$
�(��6DYDQQD�EXUQLQJ 1$ 1$ 1$ 1$ 1$ 1$ 1$
�)��$JULFXOWXUDO�ZDVWH�EXUQLQJ � 1( 1( 1( 1( 1( 1(

���/DQG�XVH�FKDQJH�DQG�IRUHVWU\ ������� 0 1( 0 1( / 1( 0 1( 0 1( 1(

���:DVWH ��� 0 ����� 0 ��� / ��� 0 ��� 0 ��� 0 � 0

�$��/DQGILOOV��VROLG�ZDVWH�GLVSRVDO� 1( ����� 0 1( 1$ 1$ ��� 0 1$
�%��:DVWHZDWHU��VHZDJH��WUHDWPHQW 1( � 0 ��� / ,( 0 ,( 0 ,( ,( 0 +

�&��:DVWH�LQFLQHUDWLRQ ��� 0 � 0 ��� / ��� 0 ��� 0 � 0 � 0

���2WKHU�VRXUFHV��VSHFLILHG� ,( � 0 ��� / 1$ 1$ 1$ 1$

$��'ULQNLQJ�ZDWHU�WUHDWPHQW ,( � 0 1( 1$ 1$ 1$ 1$
%��3ROOXWHG�VXUIDFH�ZDWHUV 1$ 1( ��� / 1$ 1$ 1$ 1$

,QWHUQDWLRQDO�EXQNHUV ����� +
1DWXUH�� �� ��� / ��� / ���� / ���� / ��� / ��
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WKH������LQYHQWRU\� LQ� WKH� WKUHH� OHYHO�TXDOLWDWLYH�V\VWHP�DV�UHTXLUHG�E\� WKH� UHSRUWLQJIRUPDW IRU�WKH�³RULJLQDO´�JUHHQKRXVH�JDVHV�DQG�WKH�R]RQH�SUHFXUVRUV��,Q�DGGLWLRQ�VRPHXQFHUWDLQW\� HVWLPDWHV� IRU� WKH� ³KLJK�*:3´� JDVHV� LV� JLYHQ��1R� VLPLODU� WDEOH� IRU� ODWHULQYHQWRULHV�KDV�EHHQ� LQFOXGHG��7KH�XQFHUWDLQWLHV� IRU������DQG������DUH� VWDWHG� WR�EHWKH VDPH�)URP�7DEOH���LW�FDQ�EH�VHHQ�WKDW�IRU�WKH�VHFWRU�³,QGXVWU\´�RQO\�YHU\�OLWWOH�LQIRUPDWLRQRQ�WKH�XQFHUWDLQWLHV�DQG�GDWD�TXDOLW\�KDV�EHHQ�UHSRUWHG��,W�PLJKW�EH�H[SHFWHG�WKDW�PRUHLQIRUPDWLRQ� LQ� WKLV� UHVSHFW� ZLOO� EH� UHTXHVWHG�� RQFH� WKH� ,3&&� ZRUNLQJ� JURXS� KDVILQDOLVHG� LWV� ZRUN� DQG� 6%67$� DQG� &23� DJUHHG� RQ� UHSRUWLQJ� UHTXLUHPHQWV� IRUXQFHUWDLQWLHV�

,VVXHV�WR�EH�GLVFXVVHG�LQ�WKH�EUHDNRXW�JURXS�,QGXVWU\�PLJKW�EH�WKH�IROORZLQJ�
��� +RZ� FRXOG� GDWD� TXDOLW\� IRU� LQGXVWULDO� *+*� HPLVVLRQV� EH� EHWWHU� FKDUDFWHULVHG� DQG

UHSRUWHG"
��OHYHO�RI�GHWDLO��DFWLYLW\�UDWHV��HPLVVLRQ�IDFWRUV��TXDOLWDWLYH�RU�TXDQWLWDWLYH�DSSURDFK�
��� :KDW�TXDOLW\�LV�QHHGHG�IRU�LQGXVWULDO�*+*�HPLVVLRQV�GDWD"
��� +RZ�FRXOG�WKH�GDWD�TXDOLW\�IRU�LQGXVWULDO�*+*�HPLVVLRQV�EH�LPSURYHG"

��� 2WKHU�XVDJH
$SDUW� IURP� WKH� UHSRUWLQJ� UHTXLUHPHQWV� WR� 81)&&&�� *+*� HPLVVLRQGDWD�DUH�DOVR�QHHGHG� IRU�QDWLRQDO�SROLF\�XVH��7KHVH�GDWD�QHHG� WR�EH�RIVXIILFLHQW� TXDOLW\� WR� HQDEOH� SULRULWLVDWLRQ� ZLWKLQ� WKH� QDWLRQDOHQYLURQPHQWDO� SROLF\� DQG� GHFLVLRQ� PDNLQJ� DQG� WR� FRQYLQFH� UHOHYDQWWDUJHW�VHFWRUV�RI�DEDWHPHQW�PHDVXUHV�WR�EH�WDNHQ�
7KH IROORZLQJ�LVVXHV�VKRXOG�EH�GLVFXVVHG�LQ�WKLV�UHVSHFW�
��� 'RHV�QDWLRQDO�XVH�RI�HPLVVLRQ�GDWD�DVN�IRU�D�GLIIHUHQW�TXDOLW\�FRPSDUHG� WR

81)&&&�XVH"
��� ,I�VR��KRZ�WR�JHW�WKLV�LQIRUPDWLRQ"
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�6HVVLRQ����,QGXVWU\���&RQFOXVLRQV
+DQV�YDQ�GHU�6WHHQ��129(0��DQG�'LFN�+HVOLQJD��712�0(3�

3URFHVV�HPLVVLRQV��H[FO��IHHGVWRFN�&2� HPLVVLRQV�IURP�HQHUJ\�FDUULHUV

3DUWLFLSDQWV�RI�WKLV�GLVFXVVLRQ�JURXS�SUHVHQW�
À -XOLD�:LOOLDPV��9520�'*0�/(�
À +DQV�+ROWULQJ��9520�'*0�/(�
À %DUW�:HVVHOLQN��5,90�/$(�
À -RRS�YDQ�+DDVWHUHQ��9520�'*0�,&%�
À .HHV�3HHN��5,90�/$(�
À (PLOH�6FKROV��5,90�/$(�
À %DV�*XLV��&%6�
À 5HLQRXG�YDQ�GHU�$XZHUDHUW��7HERGLQ�
À -DQ�-RQNHU��712�0(3�
À (OO\�GH�-HX��(=�,	'�
À 0DUJUHHW�YDQ�%UXPPHOHQ��(FRI\V�
À 5HQH�:LVPHLMHU��1RYHP�
À 0HLQGHUW�7LPPHU��9520�'*0�,&%�
À 'LFN�+HVOLQJD��712�0(3���UHSRUWHU��RUDO�
À +DQV�YDQ�GHU�6WHHQ��1RYHP���UHSRUWHU��ZULWWHQ�
À 7LQXV�3XOOHV��712�0(3���&KDLU�
7KH�GLVFXVVLRQ�IROORZHG�WKH�JXLGHOLQHV�EHORZ���� 4XDOLW\�RI�WKH�GRFXPHQWDWLRQ� 0HWKRGRORJ\��DFWLYLWLHV��HPLVVLRQ�IDFWRUV��XQFHUWDLQW\�HVWLPDWHV� 8VH�RI�WKH�5HYLVHG�,3&&�*XLGHOLQHV��FRPSOHWHQHVV�RI�VRXUFHV
��� 0DJQLWXGH�RI�XQFHUWDLQW\�IDFWRUV� 4XDQWLWDWLYH�HVWLPDWHV� (VVHQWLDO�VXSSOHPHQWDO�UHPDUNV
��� ,GHQWLILFDWLRQ�RI�LPSRUWDQW�VRXUFHV�RI�XQFHUWDLQW\� 2UGHU�RI�SULRULW\�DQG�WHFKQLFDO�FDXVHV��SHU�WDUJHW�JURXS�� 5HODWLRQVKLS�WR�UHGXFWLRQ�SROLF\
�� 7HFKQLFDO�SRVVLELOLWLHV�WR�UHGXFH�XQFHUWDLQWLHV� :KDW�LV�IDVW�DQG�UHODWLYHO\�FKHDS"� :KDW�LV�PRUH�GLIILFXOW�EXW�LPSRUWDQW"
��� 6HWWLQJ�XS�D�µ3ODQ�RI�DFWLRQ¶� :KR"� :KDW"� :KHQ"� (IIHFWLYHQHVV"� 2UGHU�RI�SULRULW\�IRU�DFWLRQV
�
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�7KH�GLVFXVVLRQ�ZDV�FDUULHG�RXW�SDUWO\�ZLWK�WKH�KHOS�RI�VHYHUDO�SDJHV�IURP�&RPPRQ�5HSRUWLQJ
)RUPDW�IRU�SURYLGLQJ�LQYHQWRU\�GDWD�WR�WKH�81)&&�E\�$QQH[���3DUWLHV� SDUWLFXODUO\�WKH�WDEOHV
VKRZLQJ�LQGXVWULDO�SURFHVVHV�
�
7ZR�SUHOLPLQDU\�UHPDUNV�
� ,W� ZDV� D� SLW\� WKDW� WKH� DXWKRULWLHV� �,QWHU� 3URYLQFLDO� &RRUGLQDWLRQ� �,32�� WKH� 9HUHQLJLQJ

1HGHUODQGVH�*HPHHQWHQ��91*���2UJDQLVDWLRQ�RI�PXQLFLSDOLWLHV�LQ�WKH�1HWKHUODQGV�ZHUH
QRW UHSUHVHQWHG�

� +RZ�ZHUH�ZH�WR�WDFNOH�HPLVVLRQV�IURP�SURGXFWV��FRROLQJ�V\VWHPV��VSUD\�FRQWDLQHUV��HWF���
VLQFH� WKHVH� GR� QRW� UHSUHVHQW� SURFHVV� HPLVVLRQV�� 7KH� LQFRQVLVWHQFLHV� DSSHDULQJ� LQ� WKH
&RPPRQ�5HSRUWLQJ�)RUPDW�RQ�SDJHV����DQG����ZHUH�FLWHG��DOWKRXJK�SDJH����GRHV�LQGHHG
GHDO�ZLWK�LQGXVWULDO�SURGXFWLRQ�SURFHVVHV��SDJH����GHDOV�ZLWK�HPLVVLRQ�HVWLPDWHV�IURP�WKH
SURGXFWLRQ��XVH�DQG�VFUDS�SKDVHV�

��� 4XDOLW\�RI�WKH�GRFXPHQWDWLRQ
� 0HWKRGRORJ\��DFWLYLWLHV��HPLVVLRQ�IDFWRUV��XQFHUWDLQW\�HVWLPDWHV
� 8VLQJ�WKH�5HYLVHG�,3&&�*XLGHOLQHV��FRPSOHWHQHVV�RI�VRXUFHV
�
,Q�WKH�GLVFXVVLRQ��OLPLWHG�LQ�WKLV�FRQWH[W�WR�SURFHVV�HPLVVLRQV��FRQVLGHULQJ� WKDW� �FRPEXVWLRQ
HPLVVLRQV�DUH�GHDOW�ZLWK�E\� WKH�µWDUJHW�JURXS¶�RQ�HQHUJ\�� WKH� IROORZLQJ� UHPDUNV�ZHUH�PDGH
XQGHU�WKH�DERYH�KHDGLQJV�
À 7KH�3)&�HPLVVLRQV� LQ� WKH�DOXPLQLXP�LQGXVWU\�DUH�ZHOO�NQRZQ�DQG�FDQ�EH�JLYHQ�ZLWK�D

PDUJLQ�RI��HUURU�RI�����WKLV�LV�DOVR�WUXH�IRU�+)&�HPLVVLRQV�LQ�+&)&�SURGXFWLRQ�E\� WKH
RQO\�'XWFK�PDQXIDFWXUHU��'X�3RQW��'RUGUHFKW��

À 7KH�UHOLDELOLW\�RI�HPLVVLRQ�GDWD�LV�JHQHUDOO\�XQNQRZQ�
À 2QH�RI�WKH�SUREOHPV�LV�WKDW�GDWD�REWDLQHG�WKURXJK�6WDWLVWLFV�1HWKHUODQGV��&%6��LV�SXEOLF�

EHFDXVH�WKH�1HWKHUODQGV�LV�D�VPDOO�FRXQWU\��SURGXFWLRQ�RU��IRU�WKDW�PDWWHU��HPLVVLRQ�GDWD
DUH�HDVLO\�WUDFHG�WR�LQGLYLGXDO�FRPSDQLHV�

À ,I�WKH�1HWKHUODQGV��LQ�FRQIRUPDQFH�ZLWK�LQWHUQDWLRQDO�DJUHHPHQWV�WDNHV�RQ�WKH�REOLJDWLRQ
WR�UHSRUW�DFFRUGLQJ�WR��WKH�&RPPRQ�5HSRUWLQJ�)RUPDW� WKH�TXHVWLRQ�LV�ZKHWKHU�LQGLYLGXDO
FRPSDQLHV�DUH�ZLOOLQJ�WR�FRRSHUDWH�LQ�WKH�FDVH�RI�VHQVLWLYH�HPLVVLRQV�IURP�D�FRPSHWLWLYH
DQJOH��+RZ�FDQ�VXFK�D�VLWXDWLRQ�EH�VROYHG"�,V� OHJLVODWLRQ�QHFHVVDU\�KHUH"�'HVSLWH�VRPH
FRPSDQLHV��EHLQJ�PRUH�RSHQ�RQ�WKLV�PDWWHU��SURGXFWLRQ�ILJXUHV�DUH�XVXDOO\�QRW�JLYHQ�LQ
HQYLURQPHQWDO� UHSRUWV�� 6LPLODU� SUREOHPV� QRZ� RFFXU� EHFDXVH� FHUWDLQ� HQHUJ\� GDWD� DUH
ODFNLQJ�LQ�HQYLURQPHQWDO�UHSRUWV�RU�EHFDXVH�WKHUH�DUH�JDSV�LQ�WKH�PRQLWRULQJ�HVWLPDWHV�

Ë 7KH�TXDOLW\�RI�HQYLURQPHQWDO�UHSRUWLQJ�LV�GHFUHDVLQJ�

&RQFOXVLRQ��VRPH�RI�WKH�WDEOHV�LQ�WKH�&RPPRQ�5HSRUWLQJ�)RUPDW�FDQQRW�EH�ILOOHG�LQ�EHFDXVH
RI� WKH� SUREOHPV� RI� UHOLDELOLW\� DQG� GHILQLWLRQ�� 7KHUH� LV� QR� SURYLVLRQ� LQ� WKH� 1HWKHUODQGV� WR
GHOLYHU� EDFNJURXQG� GDWD� IRU� HPLVVLRQ� HVWLPDWHV� ZLWK� D� UHTXLUHG� OLPLWHG� XQFHUWDLQW\�� 7KH
(QYLURQPHQWDO�5HSRUW� OHJLVODWLRQ�RQO\� DVNV� IRU� HPLVVLRQ�HVWLPDWHV�� QRW� KRZ� WKH� HVWLPDWH� LV
DUULYHG�DW�
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��� 0DJQLWXGH�RI�XQFHUWDLQW\�IDFWRUV
� 4XDQWLWDWLYH�HVWLPDWHV
� (VVHQWLDO�VXSSOHPHQWDO�UHPDUNV
�
7KH�IROORZLQJ�UHPDUNV�ZHUH�PDGH�KHUH�
À 7KHUH� LV� D� GLIIHUHQFH� EHWZHHQ� FRPEXVWLRQ� DQG� SURFHVV� HPLVVLRQV�� WKH� ODVW� JURXS� LV

JHQHUDOO\�FKDUDFWHULVHG�E\�D�ODUJHU�XQFHUWDLQW\�PDUJLQ�
À 7KHUH�LV�D�ODUJH�GLIIHUHQFH�EHWZHHQ�SRLQW��DQG�GLIIXVH�HPLVVLRQV�
À ,W�LV�XQFHUWDLQ�LI�WKHUH�DUH�DOUHDG\�HQRXJK�VRXUFHV�DERXW�ZKLFK�OLWWOH�RU�QRWKLQJ�LV�NQRZQ

�XQNQRZQ�VRXUFHV��
À $ VWDUW�ZLOO�KDYH�WR�EH�PDGH�ZLWK�TXDQWLI\LQJ�HPLVVLRQV�DFFRUGLQJ�WR�PDJQLWXGH��ZRUNLQJ

IURP� WKLV� VLWXDWLRQ� � ZLOO� DOORZ� D� PRUH� DFFXUDWH� HVWLPDWH�� 0DJQLWXGH� HVWLPDWHV� DUH
DYDLODEOH��5,90�IDFW�VKHHWV��H[SHUW�MXGJHPHQWV��

��� ,GHQWLILFDWLRQ�RI�LPSRUWDQW�VRXUFHV�RI�XQFHUWDLQW\
� 2UGHU�RI�SULRULW\�DQG�WHFKQLFDO�FDXVHV��SHU�WDUJHW�JURXS�
� 5HODWLRQVKLS�WR�UHGXFWLRQ�SROLF\
�
7KH�IROORZLQJ�UHPDUNV�ZHUH�PDGH�KHUH�
À 6RXUFH� RI� XQFHUWDLQW\� IRUPV� WZR� UHIHUHQFH� \HDUV� ������ DQG� ������ IRU� WKH� YDULRXV

JUHHQKRXVH�JDVHV��7KH�.\RWR�3URWRFRO�DFFRPPRGDWHV�+)&V��3)&V�DQG�6)� IRU�ERWK�EDVH
\HDUV�

À 1�2 HPLVVLRQV�IRUPHG�GXULQJ�FDWDO\WLF�UHGXFWLRQ�IRUPV�DQ�XQFHUWDLQW\�
À ,ELGHP� IRU� &2��&+� HPLVVLRQV� IURP� WRUFKHV�� LW� LV� QRW� FOHDU� LI� WKHVH� HPLVVLRQV� DUH

DOORFDWHG�WR�WKH�WDUJHW�JURXS�RI�LQGXVWULDO�HPLVVLRQV�RU�QRW�
À 2QH�XQFHUWDLQW\� LV� IRUPHG�E\� WKH�KXJH�DPRXQW�RI� �JUHHQKRXVH��JDVHV� WKDW�DUH�VWRUHG�RU

XVHG� LQ� DOO� VRUWV� RI� SURGXFWV�� WKHVH� DUH� SRWHQWLDO� HPLVVLRQV�� +RZ� VKRXOG� WKH\� EH
FRQVLGHUHG"�5HIHUULQJ�LQ�SDUW�WR�WKH�UHPDUN�DERYH�DERXW�SDJHV����DQG����RI�WKH�&RPPRQ
5HSRUWLQJ�)RUPDW��WKH�TXHVWLRQ�DULVHV�KHUH�LI�WKHVH�DUH�LQGXVWULDO�HPLVVLRQV�

��� 7HFKQLFDO�SRVVLELOLWLHV�WR�UHGXFH�XQFHUWDLQWLHV
� :KDW�LV�IDVW�DQG�UHODWLYHO\�FKHDS"
� :KDW�LV�PRUH�GLIILFXOW�EXW�LPSRUWDQW"
�
7KH�IROORZLQJ�UHPDUNV�ZHUH�PDGH�KHUH�
�
À 6HW������DQG������DV�UHIHUHQFH�\HDUV�DQG�WKHQ�YHULI\�WKH�HPLVVLRQ�GDWD�
À 7KH� XQFHUWDLQWLHV� LQ� WKH�&2��&+� HPLVVLRQV� IURP� �LQGXVWULDO�� IODUHV� DUH� DW� WKH�PRPHQW

EHLQJ�GHDOW�ZLWK�LQ�DQ�LQYHVWLJDWLRQ�E\�12*(3$�
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À ,ELGHP� IRU� WKH�1�2 HPLVVLRQ� IURP�6&5��ZKLFK�� IRU� H[DPSOH�� LV�PRQLWRUHG� DW� WKH�$9,
LQFLQHUDWLRQ�SODQW�

À ,W�LV�LPSRUWDQW�WR�JDLQ�LQVLJKW�LQWR�WKH�UHODWLRQVKLS�EHWZHHQ�12[ DQG�1�2 �WKLV�FDQ�KDYH
LQIOXHQFH�RQ�WKH�SROLF\��

À 7KH�1�2 GHWHUPLQDWLRQ� KDV� EHHQ� LQFRUSRUDWHG� LQWR� WKH� .(0$� SURWRFRO� E\�PRQLWRULQJ
12[�HPLVVLRQV� LQ� VXEVLGLVHG� SURJUDPPH�5HGXFWLRQ�(PLVVLRQV� WR�$LU� IURP�&RPSDQLHV�
XQGHU�WKH�VHFWLRQ��HQG�RI�SLSH�WHFKQLTXHV��5HGXFWLH�/XFKWHPLVVLHV�%HGULMYHQ�LQ�'XWFK��

À ,W� PD\� EH� LPSRUWDQW� WR� JDLQ� PRUH� LQVLJKW� LQWR� LQWHUQDWLRQDO� GHYHORSPHQWV�� 7HFKQLFDO
SUREOHPV�DUH�WKH�VDPH�HYHU\ZKHUH�

�� 3URSRVHG�SODQ�RI�DFWLRQ
� :KR�ZKDW�ZKHQ�HIIHFWLYHQHVV
�
7KH�IROORZLQJ�UHPDUNV�ZHUH�PDGH�LQ�WKLV�FRQWH[W�
À ,W�ZDV�SURSRVHG�WR�LQYROYH�WKH�SURYLQFHV�LQ�WKH�QHWZRUN�RI�GDWD�FROOHFWLRQ�DQG�PRQLWRULQJ

�WKH�VKRUWHU�URXWHV��DV�ZHOO�DV� WKH�VKRUW�URXWHV�WR� WKH�)2�LQGXVWU\�>WKLV� LV�� LQ�SULQFLSOH�
DOUHDG\�WKH�FDVH�IRU�HPLVVLRQ�UHJLVWUDWLRQ�DQG�WKH�QHZ�$QQXDO�5HSRUW�(QYLURQPHQW�WKDW
FRPSDQLHV�KDYH�WR�GHOLYHU@

À 0RQLWRULQJ�GDWD�XVHG�WR�EH�VHW�GRZQ�E\�D�UHJXODU�JURXS�RI�H[SHUWV�DIWHU�FRQVXOWDWLRQ�ZLWK
WKH� FRPSDQ\� DQG� WKH� DXWKRULWLHV��1RZDGD\V� WKH� FRPSDQ\� VXSSOLHV� WKH� GDWD�� ZKLFK� DUH
FKHFNHG�E\�WKH�DXWKRULWLHV��PRVWO\�WKH�SURYLQFHV���WKH�ORVV�RI�TXDOLW\�XVLQJ�WKLV�SURFHGXUH
FRPSDUHG�WR�WKH�HDUOLHU�VLWXDWLRQ�LV�UHPDUNHG�RQ��D�VXEVWDQWLDO�FHQWUDO�IDFLOLWDWLQJ�UROH�LQ
GDWD�FROOHFWLRQ�IRU�WKH�DXWKRULWLHV�LV�GHVLUDEOH��2QO\�HPLVVLRQV�DUH�JLYHQ�QRW�DFWLYLW\�GDWD
RU�HPLVVLRQ�IDFWRUV�

Ë 7KH�SUREOHP�RI�FRQILGHQWLDOLW\�VKRXOG�EH�VROYHG�
Ë $ ORW�RI�UHVHDUFK��D�ORW�RI�PRQLWRULQJ��
À :KR�GHFLGHV�ZKLFK�PRQLWRULQJ�PHWKRG�LV�WKH�ULJKW�RQH"��&R3��
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�����6(66,21����75$163257
'LVFXVVLRQ�SDSHU
7UDQVSRUW�DQG�WKH�PRQLWRULQJ�RI�JUHHQKRXVH�JDV�HPLVVLRQV
-DQ�$QQH�$QQHPD�DQG�5REHUW�YDQ�GHQ�%ULQN
5,90

,QWURGXFWLRQ7KH� JRDO� RI� WKLV� SDSHU� LV� WR� VWLPXODWH� GLVFXVVLRQ� RQ� WKH� TXDOLW\� RI� FXUUHQW� PRQLWRULQJ� RIJUHHQKRXVH�JDV�HPLVVLRQV�IURP�WUDQVSRUW�LQ�WKH�1HWKHUODQGV�DQG�DERXW�ZD\V�WR�LPSURYH�WKLVTXDOLW\�� 7KLV� SDSHU� ZLOO� EH� GLVFXVVHG� DW� WKH� :RUNVKRS�� µ0RQLWRULQJ� JUHHQKRXVH� JDVHPLVVLRQV¶�� WR� EH� KHOG� LQ�%LOWKRYHQ� RQ� ��6HSWHPEHU� ������7KH� DLP� RI� WKLV�ZRUNVKRS� LV� WRLPSOHPHQW�WKH�.\RWR�3URWRFRO��ZKLFK�LV�SDUW�RI�WKH�8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ&OLPDWH� &KDQJH� �81)&&&��� 7KH� DXWKRUV� RI� WKLV� SDSHU� ZLOO� SUHVHQW� DQ� H[SOLFLW� RXWOLQHH[SUHVVLQJ��WKHLU�RZQ�YLHZV�RQ�WKH�PDWWHU�WR�JHW�WKH�GLVFXVVLRQ�JRLQJ�
+HUH�WKH�DXWKRUV�VXJJHVW�ILYH�ZD\V�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�PRQLWRULQJ��IURP�KLJK�WR�ORZSULRULW\���,PSRUWDQW�TXHVWLRQV�GXULQJ�WKH�ZRUNVKRS�ZLOO�EH�WKH�IROORZLQJ��µ$UH�WKH�HVWLPDWHGXQFHUWDLQW\�UDQJHV�FRUUHFW"¶�¶$UH�WKH�UHVHDUFK�UHFRPPHQGDWLRQV�FRPSOHWH"¶��µ,V�PRUH�RU�RWKHUUHVHDUFK�UHTXLUHG"¶��µ,V�WKH�SULRULWLVDWLRQ�SURSRVHG�IRU�WKH�UHVHDUFK�FRUUHFW"¶��µ+RZ�ORQJ�ZLOO�LWWDNH� EHIRUH� WKH� UHVHDUFK� SURSRVHG� ZLOO� UHVXOW� LQ� LPSURYHPHQWV"¶� DQG� µKRZ� ZLOO� WKHVHLPSURYHPHQWV�DIIHFW�WKH�FXUUHQW�XQFHUWDLQW\�UDQJHV"¶
&RPSOHWH�RYHUYLHZ<HDUO\� RYHUYLHZV� IRU� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� WUDQVSRUW� LQ� WKH� 1HWKHUODQGV� FDQ� EHPDGH� IRU� WKH� ����� WR� ����� SHULRG� �&%6�� HPPRE�ILOHV��� 7KH� ����� HPLVVLRQV� DUH� OLVWHG� LQ7DEOH����7RWDO�HPLVVLRQV� LQ������DPRXQW� WR�DSSUR[LPDWHO\�������[���� NJ�&2� HTXLYDOHQWV�PHWKRG�� ,3&&�JXLGHOLQHV���5RDG� WUDQVSRUW� LV�E\� IDU� WKH�PRVW� LPSRUWDQW� FRQWULEXWRU��ZLWK� DVKDUH�RI�����LQ�WKH�WRWDO�HPLVVLRQV��&2� LV� WKH�GRPLQDWLQJ�JUHHQKRXVH�JDV��ZLWK�D�VKDUH�RI����LQ�WKH�WRWDO�HPLVVLRQV��ZKLOH�1�2 KDV�D�VKDUH�RI�����7KH�&+� DQG�+)&�HPLVVLRQV�DUH�RIPLQRU� LPSRUWDQFH��7KH� LQWHUQDWLRQDO� HPLVVLRQV� DUH� LQFOXGHG� �7DEOH� ��� EHFDXVH� RI� EXQNHUHGIXHOV� RQ� 'XWFK� WHUULWRU\�� 7KHVH� �EXQNHU�� HPLVVLRQV� DUH� H[FOXGHG� IURP� WKH� QDWLRQDO� WRWDOV�7DEOH����LQ�DFFRUGDQFH�ZLWK�WKH�,3&&�IRUPDW�
9LHZ� ��� 7KH� FXUUHQW� PRQLWRULQJ� RI� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� WUDQVSRUW� UHVXOWV� LQ� D
GHWDLOHG� DQG� FRPSOHWH� HPLVVLRQ� RYHUYLHZ�� )RFXV� RQ� URDG� WUDQVSRUW� DQG� WKH� &2� DQG� 1�2
HPLVVLRQV�LV�DGYLVDEOH�IRU�LPSURYLQJ�PRQLWRULQJ�PHWKRGV�
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7DEOH����*UHHQKRXVH�JDV�HPLVVLRQV�IURP�WUDQVSRUW��LQ�������LQ���� NJ�&2� HTXLYDOHQWVD��
���� NJ�&2��HT�� &2�$FFRUGLQJ

WR�,3&&
*XLGHOLQHV

&2�$FFRUGLQJ
WR�'XWFK
WHUULWRU\
PHWKRG

1�2$FFRUGLQJ
WR�,3&&
*XLGHOLQHV

1�2$FFRUGLQJ
WR�'XWFK
WHUULWRU\
PHWKRG

&+�$FFRUGLQJ
WR�,3&&
*XLGHOLQHV

&+�$FFRUGLQJ
WR�'XWFK
WHUULWRU\
PHWKRG

+)&V

&DUV ����� ���� �� ��
9DQV ���� �� �
/RUULHV ���� ��� �
%XVHV ��� �� �
6SHFLDO�YHKLFOHV ��� �� �
0RWRU�ELNHV ��� � �
0RSHGV �� � �
5RDG�WUDQVSRUW ����� ����� ���� ���� ��� ��� ��

5DLO�WUDQVSRUW ��� ��� � � � �
,QODQG�VKLSSLQJ ��� ���� �� ��� � �
$TXDWLF�VSRUWV � ��� � �� � �
6HD�VKLSSLQJ � ���� � �� � �
$LU�WUDQVSRUW ��� ��� � �� � �
0RELOH�RII�URDG
YHKLFOHV

���� ���� ��� ��� � �

2WKHU�WUDQVSRUW ���� ��� ���
1DWLRQDO�WRWDO ����� ����� ���� ���� ��� ��� ��
D��*:3V�XVHG�1�2�������&+�� ����+)&����D�������NJ�&2��HT��NJ
6RXUFH��&%6��5,90��712

7DEOH��� ,QWHUQDWLRQDO�HPLVVLRQV�GXH�WR�EXQNHUHG�IXHOV�RQ�'XWFK�WHUULWRU\�LQ�
���� �LQ���� NJ�&2� HTXLYDOHQWVD��

���� NJ�&2��HT�� &2�$FFRUGLQJ
WR�,3&&
*XLGHOLQHV

&2�$FFRUGLQJ
WR�'XWFK
WHUULWRU\
PHWKRG

1�2$FFRUGLQJ
WR�,3&&
*XLGHOLQHV

1�2$FFRUGLQJ
WR�'XWFK
WHUULWRU\
PHWKRG

&+�$FFRUGLQJ
WR�,3&&
*XLGHOLQHV

&+�$FFRUGLQJ
WR�'XWFK
WHUULWRU\
PHWKRG

+)&V

0DULQH�EXQNHUV �����
$LU�EXQNHUV ����
7RWDO �����
6RXUFH��&%6��5,90��712

0HWKRGV7ZR�PHWKRGV�DUH�XVHG�WR�HVWLPDWH�&2� HPLVVLRQV�IURP�WUDQVSRUW�LQ�WKH�1HWKHUODQGV�
D�� RQH EDVHG�RQ�IXHOV�VROG�DFFRUGLQJ�WR�,3&&�JXLGHOLQHV��DQG
E� E��RQH�EDVHG�RQ�IXHO�XVHG�RQ�'XWFK�WHUULWRU\�
7KH�PHWKRG�IRU�HVWLPDWLQJ�+)&�HPLVVLRQV�ZLOO�EH�WUHDWHG�VHSDUDWHO\�EHORZ�
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D��$FFRUGLQJ�WR�,3&&�JXLGHOLQHV7KH�PHWKRG�LV�EDVHG�RQ�&%6� GDWD��IXHOV�VROG�IRU�URDG�DQG�UDLO�WUDQVSRUW��LQODQG�DQG�VHD�JRLQJVKLSV��DLU�WUDQVSRUW�DQG�PRELOH�RII�URDG�YHKLFOHV��,Q�WKH�VWDWLVWLFV�IXHOV�DUH�GLVWLQJXLVKHG�LQWRSHWURO�� GLHVHO� RLO�� /LTXHILHG� 3HWUROHXP�*DV� �/3*��� OLJKW� DQG� KHDY\� RLO� IXHOV�� DQG� MHW� IXHOV�%DVHG�RQ�,3&&�GHIDXOW�HPLVVLRQ�IDFWRUV��LQ�NJ�*-��� WKH�GLIIHUHQW� IXHO�VDOHV�DUH�FRQYHUWHG� WR&2� HPLVVLRQV�� $OO� LQWHUQDWLRQDO� VKLSSLQJ� DQG� DLUFUDIW� HPLVVLRQV� DFFRUGLQJ� WR� EXQNHU� IXHOVDOHV� LQ� WKH�1HWKHUODQGV�DUH�H[FOXGHG�IURP�WKH�µQDWLRQDO�WRWDO¶� �7DEOH�����EXW�DUH� �SUHVHQWHGVHSDUDWHO\� � LQ�7DEOH����)ROORZLQJ� ,3&&�JXLGHOLQHV�� WKH�SUHVHQWHG�&2� HPLVVLRQV� IRU� LQODQGVKLSSLQJ� DQG� DLUFUDIW� LQ� 7DEOH� �� DUH� RQO\� UHODWHG� WR� WULSV� ZLWKLQ� WKH� 1HWKHUODQGV� �LQODQGVKLSSLQJ��DQG�WR�GRPHVWLF�IOLJKWV��DLUFUDIW���6LQFH������LQODQG�VNLSSHUV�QR�ORQJHU�KDYH�WR�SD\DQ�H[FLVH�GXW\�RQ��GLHVHO��RLO�ERXJKW�IRU�LQODQG�WULSV��6LQFH�WKHQ�LW�KDV�EHFRPH�PRUH�GLIILFXOWWR�PDNH� D� GLVWLQFWLRQ� EHWZHHQ� GRPHVWLF� DQG� LQWHUQDWLRQDO� LQODQG� VKLSSLQJ�� VR� WKDW� WKH� &2�HPLVVLRQ� ILJXUH� IRU� GRPHVWLF� LQODQG� VKLSSLQJ� LV� XQUHOLDEOH�� 7KH� ILJXUH� IRU� UDLO� WUDQVSRUWLQFOXGHV� RQO\� GLHVHO� VDOH� HPLVVLRQV�� HPLVVLRQV� GXH� WR� HOHFWULFLW\� XVH� DUH� QRW� UHSRUWHG� DVWUDQVSRUW�HPLVVLRQV�EXW�DUH�FODVVLILHG�XQGHU�HOHFWULFLW\�SURGXFWLRQ�HPLVVLRQV�
7KH� FDOFXODWLRQ� RI� WKH�1�2 DQG�&+� HPLVVLRQV� GLIIHUV� IURP� WKH� &2� FDOFXODWLRQ�� 7KH� IXHOVDOHV�DUH�FRQYHUWHG�WR�1�2 DQG�&+� HPLVVLRQV�XVLQJ�HPLVVLRQ�IDFWRUV�GHULYHG�IURP�WKH�µ'XWFKWHUULWRU\�PHWKRG¶��VHH�EHORZ���7KH�UHDVRQ�LV�WKDW�WKH�HPLVVLRQ�IDFWRUV�IRU�WKHVH�VXEVWDQFHV��LQNJ�*-�� DUH� UHODWHG� WR� YHKLFOH� WHFKQRORJ\� DQG� IXHO� W\SH�� LQ� FRQWUDVW� WR� &2�� ZKLFK� LV� RQO\UHODWHG� WR� IXHO� W\SH�� 7KHUHIRUH� WKH� WRWDO� IXHO� VDOH� WR� URDG� WUDQVSRUW� LV� GLYLGHG� RYHU� YHKLFOHFDWHJRULHV� �EDVHG�RQ� WKHLU� VKDUH� LQ�HQHUJ\�XVH�GHWHUPLQHG� LQ� WKH� µ'XWFK� WHUULWRU\�PHWKRG¶��&RQVHTXHQWO\��WKH�UHVXOWLQJ�IXHO�VDOHV�SHU�YHKLFOH�FDWHJRU\��LQ�*-��DUH�PXOWLSOLHG�E\�HPLVVLRQIDFWRUV� SHU� YHKLFOH� FDWHJRU\� �LQ� NJ�*-��� 7KHVH� HPLVVLRQ� IDFWRUV� DUH� EDVHG� RQ� OLPLWHGPHDVXUHPHQWV�DQG�OLWHUDWXUH�VWXGLHV��7KHLU�TXDOLW\�LV�UHODWLYHO\�SRRU�
9LHZ���� 7KH�WUDQVSRUW�IXHO�VDOHV�VWDWLVWLFV�LQ�WKH�1HWKHUODQGV�LV�RI�D�VXIILFLHQW�TXDOLW\�DV�WR
SURYLGH�D�UHOLDEOH�RYHUYLHZ�RI�WKH�&2� HPLVVLRQ�WUHQG��7KH�TXDOLW\�RI�WKH�VDOHV�GDWD�IRU�RII�
URDG�PRELOH�YHKLFOHV��UDLO�WUDQVSRUW�DQG�LQODQG�VKLSSLQJ�LV�UHODWLYHO\�SRRU��,W�LV�UHFRPPHQGHG
WR�VWDUW�UHVHDUFK�DLPHG�DW�LPSURYLQJ�WKH�VDOHV�GDWD�IRU�WKHVH�FDWHJRULHV��%DVHG�RQ�YLHZ����WKH
SULRULW\�IRU�WKLV�W\SH�RI�UHVHDUFK�LV�ORZ��(PLVVLRQ�IDFWRUV�RI�1�2 DQG�&+� DUH�RI�SRRU�TXDOLW\�
6HH�YLHZ���IRU�D�GHVFULSWLRQ�RI�UHVHDUFK�WR�LPSURYH�WKHVH�IDFWRUV�
E� $FFRUGLQJ�WR�µ'XWFK�WHUULWRU\¶�PHWKRG7KH�µQDWLRQDO�WRWDO¶�RI�&2� HPLVVLRQV�FDOFXODWHG�DFFRUGLQJ�WR�,3&&�JXLGHOLQHV�LV�UHOLDEOH�EXWKDV�RQH�PDLQ�GLVDGYDQWDJH��D�EUHDNGRZQ� LQ�&2� HPLVVLRQ�SHU� URDG�YHKLFOH� FDWHJRU\� LV� QRWSRVVLEOH��7KLV�EUHDNGRZQ�LV�UHTXLUHG�IRU�SROLF\�HYDOXDWLRQ�EHFDXVH�PRVW�SROLF\�PHDVXUHV�DQGLQVWUXPHQWV� IRFXV� RQ� RQH� VSHFLILF� YHKLFOH� FDWHJRU\�� )XUWKHUPRUH�� DV� PHQWLRQHG� DERYH�� WRFDOFXODWH�WKH�HPLVVLRQV�RI�VXEVWDQFHV�UHODWHG�WR�YHKLFOH�WHFKQRORJ\��1�2��&+� EXW�DOVR�12[�1092&��&2�HWF����LQVLJKW�LQWR�WUDQVSRUW�YROXPHV�SHU�URDG�YHKLFOH�FDWHJRU\�LV�UHTXLUHG��7KHHPLVVLRQ�FDOFXODWLRQ�PHWKRG�µDFFRUGLQJ�WR�'XWFK�WHUULWRU\¶�LV�EDVHG�RQ�FDOFXODWLQJ�HPLVVLRQVSHU� VSHFLILF� YHKLFOH� FDWHJRU\�� ,Q� JHQHUDO�� WKH� PHWKRG� FRPELQHV� YROXPH� GDWD� �YHKLFOHNLORPHWUHV�RQ�'XWFK�WHUULWRU\��ZLWK�VSHFLILF�HPLVVLRQ�IDFWRUV��LQ�J�NP��DQG�HQHUJ\�XVH�IDFWRUV�LQ�0-�NP���7KH�µUHDO¶�FDXVHV�RI�HPLVVLRQ�IURP�URDG�WUDQVSRUW�DUH�LGHQWLILHG�LQ�WKLV�PHWKRG��� )RU� FDUV�DQG�FRPPHUFLDO� YHKLFOHV�� WKH� HPLVVLRQ� IDFWRUV��1�2��&+� DQG�RWKHU� VXEVWDQFHVWKDW� DUH� WHFKQRORJ\� UHODWHG�� DUH� GHVDJJUHJDWHG� LQWR� URDG� FODVVHV� �EXLOW�XS� DUHDV�� FRXQWU\URDGV�DQG�PRWRUZD\V���\HDU�RI�FRQVWUXFWLRQ�RI�YHKLFOH��WKH�H[WHQW�RI�SHQHWUDWLRQ�RI�µFOHDQ¶WHFKQRORJ\�DFFRUGLQJ�WR�FRQVWUXFWLRQ�\HDU�RI�YHKLFOH� �H�J�� WKUHH�ZD\�FDWDO\VWV��DQG� �NLQGRI IXHO� XVHG�� 'HVDJJUHJDWLRQ� WR� URDG� FODVVHV� LV� UHTXLUHG� EHFDXVH� WULS� FKDUDFWHULVWLFV� RQWKHVH� URDGV� OLNH� FROG� VWDUW�� VSHHG� DQG�GULYLQJ�EHKDYLRXU� DIIHFW� WKH� HPLVVLRQ� IDFWRUV��7KHµGHWDLOHG¶�HPLVVLRQ�IDFWRUV�IRU�&+� DQG�1�2 DUH�URXJKO\�HVWLPDWHG�RQ�WKH�EDVLV�RI�OLPLWHG
� 6WDWLVWLFV�1HWKHUODQGV
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PHDVXUHPHQWV� �&+���� WKH� OLWHUDWXUH� �1�2�� DQG� RQ� PRGHO� FDOFXODWLRQV�� 7KH� HPLVVLRQIDFWRUV� IRU� &2� DUH� GHULYHG� IURP� LQTXLULHV�� HYHU\� \HDU� D� UDQGRP� VDPSOH� RI� FDU� RZQHUV�&%6��3HUVRQHQ$XWR3DQHO��DQG�HYHU\�IRXU�\HDUV�D�UDQGRP�VDPSOH�RI�FRPPHUFLDO�YHKLFOHRZQHUV��&%6��%HGULMIV9RHUWXLJHQ�(QTXrWH��DUH�DVNHG�ZKDW�WKHLU�VSHFLILF�HQHUJ\�XVH�LV��LQO�NP���7KHVH�VSHFLILF�HQHUJ\�XVH�GDWD�FDQ�EH�HDVLO\�FRQYHUWHG�WR�&2� HPLVVLRQ�IDFWRUV��VHHDERYH���ZKLFK�DUH�DOVR�GHVDJJUHJDWHG�WR�URDG�FODVVHV� XVLQJ�PRGHO�FDOFXODWLRQV�� &%6� FROOHFWV� YROXPH� GDWD� XVLQJ� D� FRPELQDWLRQ� RI� LQTXLULHV�� WUDIILF�FRXQWLQJ� GDWD� DQGH[WUDSRODWLRQ�WHFKQLTXHV��7KH�PDFUR�ILJXUHV���WRWDO�YHKLFOH�NLORPHWUHV�RQ�'XWFK�WHUULWRU\��DUH�GHVDJJUHJDWHG�E\�&%6�WR�WKH�WKUHH�GLIIHUHQW�URDG�FODVVHV��YHKLFOH�NLORPHWUHV�LQ�EXLOW�XSDUHDV�� RQ� FRXQWU\� URDGV� DQG� RQ� PRWRUZD\V��� WR� YHKLFOH� DJH�� IXHO� W\SH�� HWF�� LQ� RUGHU� WRFRPELQH�WKHVH�GHWDLOHG�YROXPH�GDWD�ZLWK�WKH�GHWDLOHG�HPLVVLRQ�IDFWRUV�
�,W�ZRXOG�WDNH�WRR�ORQJ�WR�H[SODLQ�WKH�HPLVVLRQ�FDOFXODWLRQ�PHWKRG�IRU�URDG�WUDQVSRUW�LQ�GHWDLO�7KH� PRVW� LPSRUWDQW� DVSHFW� LV� WKDW� WKH� UHTXLUHG� GHVDJJUHJDWLRQ� VWHSV� ZLOO� UHVXOW� LQ� ORVV� RITXDOLW\��VHH�µXQFHUWDLQW\¶�EHORZ��
�)RU�QRQ�URDG�WUDQVSRUW��WKH�µ'XWFK�WHUULWRU\�PHWKRG¶�DOVR�GLIIHUV�IURP�WKH�PHWKRG�µDFFRUGLQJWR� ,3&&¶�� +RZHYHU�� WKH� PDLQ� GLIIHUHQFHV� KDYH� WR� GR� ZLWK� WKH� DVVLJQPHQW� RI� WUDQVSRUWDFWLYLWLHV�WR�'XWFK�WHUULWRU\��ZKLFK�LV�RI�PLQRU�LPSRUWDQFH�KHUH�IRU�WKH�GLVFXVVLRQ�
�9LHZ����7KH�PHWKRG�µDFFRUGLQJ�WR�'XWFK�WHUULWRU\¶�LV�UHTXLUHG�WR�HYDOXDWH�SROLF\�DQG�HVWLPDWH
1�2 DQG�&+� HPLVVLRQV��6HYHUDO�PDMRU�LPSURYHPHQWV�LQ�WKLV�PHWKRG�FDQ�EH�LGHQWLILHG�
� ,Q�-XQH�D�GLVFXVVLRQ�ZDV�ODXQFKHG�RQ�LPSURYLQJ�WKH�LQTXLULHV��3$3���UHVXOWLQJ�LQ�VSHFLILF
HQHUJ\� XVH� �LQ� O�NP�� IRU� FDUV� DQG� FRPPHUFLDO� YHKLFOHV�� ,W� LV� LPSRUWDQW� WR� FRQWLQXH� WKLV
GLVFXVVLRQ� �ZKDW� LV� SRVVLEOH"�� DW� ZKDW� SULFH"�� ZKR� DUH� WKH� DFWRUV"�� �� )XUWKHUPRUH�
UHVHDUFK�LV�UHFRPPHQGHG�LQ�ZKLFK�WKH�ILJXUHV�IURP�WKH�LQTXLULHV�DUH�FRPSDUHG�ZLWK�PRGHO
UHVXOWV��&2� PHDVXUHPHQWV� LQ� WHVW� F\FOHV� DQG�&2� PHDVXUHPHQWV� GXULQJ� µUHDO¶� WULSV� RQ
URDGV��FXUUHQW�712�:7�UHVHDUFK���7KH�DLP�RI�WKLV�GLVFXVVLRQ�DQG�UHVHDUFK�LV�WR�LPSURYH
WKH�&2� HPLVVLRQ�IDFWRUV�IRU�URDG�WUDQVSRUW��,Q�YLHZ�RI�WKH�LPSRUWDQFH�RI�WKH�&2� HPLVVLRQ
IURP� URDG� WUDQVSRUW� LQ� WKH� QDWLRQDO� WRWDO�� WKH� SULRULW\� IRU� FDUU\LQJ� RXW� � WKLV� W\SH� RI
UHVHDUFK�ZLOO�EH�KLJK�

� 7KH�1�2 DQG�&+� HPLVVLRQ�IDFWRUV�FRXOG�EH�LPSURYHG�E\�FDUU\LQJ�RXW�PHDVXUHPHQWV��&+�

LV�RI�PLQRU�LPSRUWDQFH�WR�WRWDOV��VR�UHVHDUFK�LQ�LPSURYLQJ�WKH�HPLVVLRQ�IDFWRUV�IRU�WKHVH
VXEVWDQFHV� KDV� OHVV� SULRULW\�� 1�2 LV� RI� PRUH� LQWHUHVW�� 7KH�0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO
3ODQQLQJ� DQG� WKH�(QYLURQPHQW�ZLOO� VWDUW� D�PHDVXUHPHQW� SURJUDPPH� IRU�1�2 HPLVVLRQV
IURP�URDG�WUDQVSRUW�WR�EH�FDUULHG�RXW�LQ������������,W�LV�UHFRPPHQGHG�WR�ZDLW�DQG�VHH�LI�LW
UHVXOWV�LQ�XVHIXO�DQG�UHODWLYHO\�UHOLDEOH�GDWD�IRU�QDWLRQDO�HPLVVLRQ�VWDWLVWLFV�DQG�ZKHWKHU�D
IROORZ�XS�VWXG\�LV�UHTXLUHG�

F��+)&V7KH� +)&� HPLVVLRQV� LQ� WUDQVSRUW� DUH� UHODWHG� WR� WKH� XVH� RI� DLU� FRQGLWLRQHUV� LQ� FDUV�� 7KHVHHPLVVLRQV� DUH� HVWLPDWHG� XVLQJ� WKH�PHWKRG� GHVFULEHG� LQ�0DWWKLMVHQ� DQG�.URH]H� �������� WKHHPLVVLRQV�LQ�\HDU��W��DUH�����VWRFNW � ����XVH�IRU�QHZ�DLUFRVW����
VWRFNW� WRWDO�+)&�VWRFN�LQ�FDUV�LQ�\HDU�WXVH�IRU�QHZ�DLUFRVW���� WKH�WRWDO�DPRXQW�RI�+)&V�XVHG�WR�ILOO�FDU�DLUFRQGLWLRQHUV�LQ�\HDU�W���

�
712�:7��6WHHNSURHIFRQWUROHSURJUDPPD¶V�SHUVRQHQDXWR¶V�HQ�YUDFKWDXWR¶V��'HOIW��712�:7�

�� 712�:7��9(56,7
�� 7KLV�GLVDJJUHJDWLRQ�LV�QRW�UHTXLUHG�WR�HYDOXDWH�'XWFK�SROLF\�JRDOV��ZKLFK�VWDWH�WKDW�WKH�OHYHO�RI�&2��HPLVVLRQV�IURP

URDG�WUDQVSRUW�LQ������PXVW�EH�����FRPSDUHG�WR�WKH�OHYHO�LQ�������+RZHYHU��GLVDJJUHJDWLRQ�KHOSV�SROLF\�HYDOXDWLRQ�
IRU�H[DPSOH��LQ�HVWLPDWLQJ�VSHFLILF�HIIHFWV�RI�PRELOLW\�PHDVXUHV�LQ�EXLOW�XS�DUHDV�
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9LHZ� ���+)&� HPLVVLRQV� LQ� WUDQVSRUW� DUH� RI� PLQRU� LPSRUWDQFH� ZLWK� UHIHUHQFH� WR� WKH� WRWDO
JUHHQKRXVH� JDV� HPLVVLRQV� IURP� WUDQVSRUW�� +RZHYHU�� WKH� XVH� RI� FDU� DLU� FRQGLWLRQHUV� LV
JURZLQJ�� 7KHUHIRUH� LW� LV� UHFRPPHQGHG� WR� VWDUW� UHVHDUFK� WR� HYDOXDWH� WKH� FXUUHQW� HVWLPDWLRQ
PHWKRG��ZKHUH�LW�ZLOO�EH�LPSRUWDQW��SUREDEO\�HYHQ�PRUH�LPSRUWDQW�WKDQ�IRU�+)&�HPLVVLRQV�
WR� LQFOXGH� WKH� FRQVHTXHQFHV� RI� WKH� FXUUHQW� DQG� IXWXUH� DLUFR� XVH� RQ� FDU� HQHUJ\� XVH� DQG�
VXEVHTXHQWO\��RQ�&2� HPLVVLRQV�
8QFHUWDLQW\5,90�KDV�PDGH�D�URXJK�HVWLPDWH�RI�WKH�XQFHUWDLQW\�RI�WKH�JUHHQKRXVH�JDV�HPLVVLRQV��7DEOH���

7DEOH����5RXJK�HVWLPDWH�RI�XQFHUWDLQW\�LQ�&2�� 1�2��&+� DQG�+)&�HPLVVLRQ�GDWDµ,3&&¶ µ'XWFK�WHUULWRU\¶
&2�WRWDO�WUDQVSRUW �����������[���� NJ�&2��HT�� ������������[���� NJ�&2��HT��
1�2WRWDO�WUDQVSRUW �������������[���� NJ�&2��HT�� �������������[���� NJ�&2��

HT��
&+�WRWDO�WUDQVSRUW �����������[���� NJ�&2��HT�� �����������[���� NJ�&2��HT��
+)&V
WRWDO�WUDQVSRUW �����������[���� NJ�&2��HT�� �����������[���� NJ�&2��HT��
6RXUFH��5,90

7KHVH� XQFHUWDLQW\� HVWLPDWHV� KDYH� WR� EH� FRQVLGHUHG� DV� µH[SHUW� MXGJHPHQWV¶�� WKHUH� LV� QRVWDWLVWLFDO�DQDO\VLV� WR�XQGHUVFRUH� WKH�UHVXOWV��7KH� UHVXOWV�VKRZ� LQGLFDWLYHO\� WKDW� WR� ORZHU� WKHXQFHUWDLQW\� LQ� WRWDO� WUDQVSRUW�JUHHQKRXVH�JDV�HPLVVLRQ�GDWD��RQH� VKRXOG� IRFXV�RQ� LPSURYLQJ&2� �HVSHFLDOO\� LQ� WKH� µ'XWFK� WHUULWRU\¶� PHWKRG�� DQG� 1�2 HPLVVLRQ� PRQLWRULQJ�� 7KHGLIIHUHQFH� LQ� WKH� XQFHUWDLQW\� UDQJHV� EHWZHHQ� µ,3&&¶� DQG� µ'XWFK� WHUULWRU\¶� IRU� &2� UHVXOWVIURP�WKH�µ,3&&�PHWKRG¶�XVLQJ�WRWDO�IXHO�VDOHV�DV�LQSXW�DQG�µ'XWFK�WHUULWRU\¶�GHWDLOHG�HPLVVLRQIDFWRUV� DQG� WUDQVSRUW� YROXPHV� �VHH� DERYH��� 7RWDO� VDOHV� ILJXUHV� IURP� WKH� IXHO� WUDGH� LQ� WKH1HWKHUODQGV� DUH� UHODWLYHO\� UHOLDEOH�� µ7KH� 'XWFK� WHUULWRU\� PHWKRG¶� UHTXLUHV� IDLUO\� GHWDLOHGLQIRUPDWLRQ��VHH�DERYH���,Q�GHWHUPLQLQJ�WKHVH�GHWDLOHG�ILJXUHV��D�UHTXLUHPHQW�LV�DGDSWDWLRQ�RILQTXLU\�DQG�PHDVXUHPHQW�UHVXOWV��ZKLFK�ZLOO�UHVXOW�LQ�VRPH�ORVV�RI�TXDOLW\�
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9LHZ����,W�LV�SUREDEO\�QRW�YHU\�FRVW�HIIHFWLYH�WR�LPSURYH�IXHO�VDOHV�GDWD�GHWHUPLQLQJ�WKH�&2�

HPLVVLRQV� DFFRUGLQJ� WR� ,3&&�� 7KH� XQFHUWDLQW\� UDQJH� LQ� UHVXOWV� XVLQJ� WKH� ,3&&�PHWKRG� LV
FRQVLGHUHG�WR�EH�UHODWLYHO\�ORZ��������+RZHYHU��WKLV�SRLQW�RI�YLHZ�LV�RSHQ�WR�GHEDWH��2WKHU
UHVHDUFK�SRVVLELOLWLHV��DUUDQJHG�EHORZ��IURP�KLJK�WR�ORZ�SULRULW\�� ��DUH�SUREDEO\�PRUH�FRVW�
HIIHFWLYH�
��� UHVHDUFK�WR� LPSURYH�HQHUJ\�XVH� ILJXUHV� LQ� WKH�&%6� LQTXLULHV�DQG� WR�FRPSDUH� WKHVH�GDWD
ZLWK�PRGHO�UHVXOWV��&2� PHDVXUHPHQWV�LQ�WHVW�F\FOHV�DQG�&2� PHDVXUHPHQWV�GXULQJ�µUHDO¶
WULSV�RQ�URDGV��FXUUHQW�712�:7�UHVHDUFK��

��� FDUU\LQJ�RXW�PHDVXUHPHQWV�WR�LPSURYH�1�2 HPLVVLRQ�IDFWRUV�
��� UHVHDUFK�RQ�WKH�XVH��HPLVVLRQV��DQG�FRQVHTXHQFHV�RI�FDU�DLU�FRQGLWLRQLQJ�
��� UHVHDUFK� WR� LPSURYH� WKH� IXHO� VDOHV� GDWD� IRU� RII�URDG�PRELOH� YHKLFOHV�� UDLO� WUDQVSRUW� DQG
LQODQG�VKLSSLQJ�

��� UHVHDUFK�WR�HYDOXDWH�WKH�SRVVLELOLWLHV�RI�LPSURYLQJ�&+� HPLVVLRQ�IDFWRUV�
'LIIHUHQFH�EHWZHHQ�WKH�µ,3&&�PHWKRG¶�DQG��WKH�µ'XWFK�WHUULWRU\�PHWKRG¶7R� FRPSO\�ZLWK� WKH�&RQYHQWLRQ� RQ�&OLPDWH�&KDQJH� RQO\� WKH� HPLVVLRQ�PRQLWRULQJ�PHWKRGDFFRUGLQJ�WR�,3&&�LV�DFFHSWDEOH��2QH�FRXOG�DUJXH�WKHUHIRUH�WKDW�WR�DYRLG�FRQIXVLRQ�LW�ZRXOGEH EHWWHU� QRW� WR� XVH� D� VHFRQG� PRQLWRULQJ� PHWKRG� LQ� WKH� 1HWKHUODQGV� HLWKHU�� +RZHYHU�� WKHµ'XWFK�WHUULWRU\�PHWKRG¶�LV�XVHIXO�DQG�UHTXLUHG��IRU�WKUHH�UHDVRQV��D��RQO\�WKH�µ'XWFK�WHUULWRU\PHWKRG¶�ZLOO�UHVXOW�LQ�&2� HPLVVLRQV�SHU�URDG�WUDQVSRUW�FDWHJRU\��ZKLFK�LV�LQGLVSHQVDEOH�IRU'XWFK� SROLF\� HYDOXDWLRQ�� E�� WKH� &2� SHU� FHQW� HPLVVLRQ� VKDUH� SHU� URDG� WUDQVSRUW� FDWHJRU\GHWHUPLQHG�E\� WKH� µ'XWFK� WHUULWRU\�PHWKRG¶� LV� UHTXLUHG� WR�GLYLGH� WKH� WRWDO�&2� HPLVVLRQ� RIURDG�WUDQVSRUW�FDOFXODWHG�ZLWK�WKH�µ,3&&�PHWKRG¶�DPRQJ�WKH�GLIIHUHQW�URDG�FDWHJRULHV�DQG�F�WKH�WZR�LQGHSHQGHQW�&2� HPLVVLRQ�HVWLPDWLRQ�PHWKRGV�IRU�URDG�WUDQVSRUW�LQ�WKH�1HWKHUODQGV�ZKLFK�FDQ�EH�XVHG�WR�HYDOXDWH�WKH�SODXVLELOLW\�RI�WKH�&2� HPLVVLRQ�HVWLPDWH�
7KH� GLIIHUHQFH� EHWZHHQ� WKH� &2� HPLVVLRQV� FDOFXODWHG� ZLWK� � µ,3&&¶� DQG� µ'XWFK� WHUULWRU\¶PHWKRG�IRU�URDG�WUDQVSRUW�LV�����IRU�������VHH�7DEOH�����7KLV�SHUFHQWDJH�YDULHV�SHU�\HDU��,QWKH�SHULRG������������WKH�GLIIHUHQFH�UDQJHG�IURP����WR������9DQ�GHQ�%ULQN�DQG�$QQHPD��������6LQFH�WKH�GLIIHUHQFH�LV�UHODWLYHO\�VPDOO��ERWK�PRQLWRULQJ�PHWKRGV�VHHP�IDLUO\�UHOLDEOH�$OWKRXJK� WKH� SURSRVHG� UHVHDUFK� LWHPV� LQ� YLHZ� �� ZLOO� SUREDEO\� GLPLQLVK� WKH� GLIIHUHQFHEHWZHHQ�WKH�PHWKRGV��VRPH�GLIIHUHQFHV�ZLOO�EH�XQDYRLGDEOH��&%6���������L�H��� VWRFNLQJ�RI�VXSSOLHV�LV�RQO\�LQFOXGHG�LQ�IXHO�VDOHV�� PLOLWDU\�YHKLFOHV�DQG�FDUV�IURP�GLSORPDWV�DUH�QRW�LQFOXGHG�LQ�WKH�µ'XWFK�WHUULWRU\¶�PHWKRG�� GLIIHUHQFHV�DUH�LQWURGXFHG�EHFDXVH�VRPH�PRWRULVWV�WDQN�SHWURO�DQG�GLHVHO�RQ�WKH�RWKHU�VLGHRI WKH�ERUGHU�
9LHZ����7KH�XVH�RI� WZR�PRQLWRULQJ�PHWKRGV� LQ� WKH�1HWKHUODQGV� LV� VRPHWLPHV�FRQIXVLQJ�EXW
XQDYRLGDEOH� ,W�LV�UHFRPPHQGHG�WR�FRQWLQXH�PRQLWRULQJ�XVLQJ�WZR�PHWKRGV�
5HIHUHQFHV��LQ�'XWFK�
&%6���������0DDQGVWDWLVWLHN�YHUNHHU�HQ�YHUYRHU��VHSWHPEHU������ +HHUOHQ�9RRUEXUJ��&HQWUDO

%XUHDX�IRU�6WDWLVWLFV�
0DWWKLMVHQ��$�&�-�0�DQG�&��.URH]H� ��������(PLVVLHV� YDQ�+).¶V��3).¶V��),.¶V�DQG�6)� LQ

1HGHUODQG� LQ� ������ ������ ������ ����� DQG� ����� %LOWKRYHQ�� 5,90�� 5HSRUW
����������

9DQ�GHQ�%ULQN�� 5�0�0�� DQG� -�$��$QQHPD� ��������9HUNHHU� HQ� 9HUYRHU� LQ� GH�0LOLHXEDODQV
����� %LOWKRYHQ��5,90��5HSRUW�����������
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6HVVLRQ����7UDQVSRUW���&RQFOXVLRQV
-DQ�$QQH�$QQHPD��5,90�
3UHVHQW��+DQV�1LHXZHQKXLV��9520���)ORRUWMH�+DQQHPDQ��$99���$OH[�9HUPHXOHQ��(&1��
(G�YDQ�*HOGHU��&%6���3HWHU�-DQVVHQ��5,90���-RKQ�.OHLQ��&%6���-DQ�+XOVNRWWH� �712���-DQ
$QQH�$QQHPD��5,90�

��� 4XDOLW\�RI�GRFXPHQWDWLRQ
��D��0HWKRGRORJ\�DQG�XQFHUWDLQW\�DQDO\VLV
7ZR�PHWKRGV�DUH�XVHG� WR�HVWLPDWH�&2� HPLVVLRQV�IURP�WUDQVSRUW� LQ� WKH�1HWKHUODQGV��D��RQH
EDVHG�RQ� IXHOV� VROG� DFFRUGLQJ� WR� ,3&&�JXLGHOLQHV� DQG�E��RQH�EDVHG�RQ� IXHO�XVHG�RQ�'XWFK
WHUULWRU\��7KH�PHWKRGV�DUH�URXJKO\�GHVFULEHG�LQ�VHYHUDO�SDSHUV��VHH�IRU�H[DPSOH�WKH�GLVFXVVLRQ
SDSHU�RI�$QQHPD�HQ�9DQ�GHQ�%ULQN���������DQG��LQ�PRUH�GHWDLO��LQ�D�GUDIW�PHWKRGRORJ\�UHSRUW
�LQ�'XWFK���7KH�PHHWLQJ�UHFRPPHQGV�LQ�JLYLQJ�KLJK�SULRULW\�WR�ILQLVKLQJ�WKLV�GUDIW�UHSRUW��VR
WKDW�WKH�PHWKRGRORJLHV�FDQ�EH�UHYLHZHG�VFLHQWLILFDOO\��,W�LV�DOVR�QRWHG�WKDW�WKH�GHVFULSWLRQ�RI
WKH�PHWKRGRORJ\�VKRXOG�EH�DV�GHWDLOHG�DV�SRVVLEOH��QRW�RQO\�WKH�ZD\�RI�GHWHUPLQLQJ�HPLVVLRQ
IDFWRUV� VKRXOG� EH� GLVFXVVHG� EXW� LW� LV� DOVR� LPSRUWDQW� WR� EH� YHU\� FOHDU� DERXW� WKH� ZD\� RI
HVWLPDWLQJ�DFWLYLW\�OHYHOV�
�%\� GRLQJ� VR�� WKH� PHWKRGRORJ\� UHSRUW� FRXOG� IRUP� D� VRXQG� EDVLV� IRU� VWDWLVWLFDO� DQDO\VLV� RI
XQFHUWDLQWLHV��5LJKW�QRZ�WKH�XQFHUWDLQW\�HVWLPDWHV�RI�JUHHQKRXVH�JDV�HPLVVLRQV��$QQHPD�DQG
9DQ�GHQ�%ULQN�� ������ KDYH� WR� EH� FRQVLGHUHG� DV� µH[SHUW� MXGJHPHQWV¶�� WKHUH� LV� QR� VWDWLVWLFDO
DQDO\VLV�WR�XQGHUVFRUH�WKH�UHVXOWV��,W� LV�UHFRPPHQGHG�WR�FDUU\�RXW�VXFK�D�VWDWLVWLFDO�DQDO\VLV�
7KLV� DQDO\VLV� VKRXOG� QRW� RQO\� OHDG� WR� DQ� XQFHUWDLQW\� HVWLPDWH� RI� WKH� DJJUHJDWHG� &2��
HTXLYDOHQW�HPLVVLRQ�RI�WRWDO�WUDQVSRUW�LQ�7KH�1HWKHUODQGV��EXW�DOVR�WR�XQFHUWDLQW\�HVWLPDWHV�RI
WKH�HPLVVLRQV�RI�WKH�GLIIHUHQW�YHKLFOH�FDWHJRULHV�DQG�JUHHQKRXVH�JDVHV��$V�D�UHVXOW�RI�ZKLFK
WKLV�DQDO\VLV�FDQ�EH�XVHG�WR�SULRULWLVH�UHVHDUFK�WR�LPSURYH�WKH�PRQLWRULQJ�PHWKRGRORJ\�
�7KH� PHHWLQJ� VWUHVVHV� WKDW� LQ� HVWLPDWLQJ� XQFHUWDLQW\� UDQJHV� EXQNHU� HPLVVLRQV� VKRXOG� EH
LQFOXGHG�� ,Q� WKH� FXUUHQW� PHWKRG� WKH� GLYLVLRQ� EHWZHHQ� QDWLRQDO� DQG� LQWHUQDWLRQDO� LQODQG
VKLSSLQJ�HPLVVLRQV�LV�HVSHFLDOO\�KLJKO\�XQFHUWDLQ��,W�LV�DOVR�UHFRPPHQGHG�WR�VWXG\�WKH�FXUUHQW
GHILQLWLRQV� RI� QDWLRQDO� DQG� LQWHUQDWLRQDO� VHD� VKLSSLQJ� DQG� DLUFUDIW� HPLVVLRQV� LQ� WKH� 'XWFK
PRQLWRULQJ�V\VWHP�� ,W� LV�SRVVLEOH� WKDW� WKH�FXUUHQW�XVHG�GHILQLWLRQV�GLIIHU�VRPHZKDW� IURP� WKH
,3&&�IRUPDW�
�
�E�$SSOLFDWLRQ�RI�5HYLVHG�,3&&�JXLGHOLQHV�DQG�FRPSOHWHQHVV�RI�HPLVVLRQ�VRXUFHV
7KH� HPLVVLRQV� DUH� HVWLPDWHG� DFFRUGLQJ� WR� ,3&&� JXLGHOLQHV�� 1�2 DQG� &+� HPLVVLRQV� RI
EXQNHUV� DUH� QRW� HVWLPDWHG�� +RZHYHU� LW� DSSHDUHG� LQ� WKH� FHQWUDO� PHHWLQJ� WKDW� ,3&&� KDV
GHYHORSHG�GHIDXOW�HPLVVLRQ�IDFWRUV�IRU�WKHVH�VXEVWDQFHV�
�7KH� PHHWLQJ� FRQFOXGHV� WKDW�� H[FHSW� IRU� 1�2 DQG� &+� HPLVVLRQV� RI� EXQNHUV�� WKH� HPLVVLRQ
RYHUYLHZ�VHHPV�FRPSOHWH�
�
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�����8QFHUWDLQW\�HVWLPDWHV
,Q� WKH� GLVFXVVLRQ� SDSHU� �$QQHPD� DQG� 9DQ� GHQ� %ULQN�� ������ WKH� DXWKRUV� VXJJHVW� VRPH
XQFHUWDLQW\�UDQJHV��7KH�PHHWLQJ�MXGJHV�
� WKDW�LW�LV�UHTXLUHG�WR�XQGHUVFRUH�WKH�HVWLPDWHV�IRU�&2� ZLWK�VWDWLVWLFDO�DQDO\VLV��7KHUH�LV

FRQVLGHUDEOH�GRXEW� WKDW� WKH� SUHVHQWHG� ILJXUHV�� EDVHG� RQ� H[SHUW� MXGJHPHQW�� DUH� FRUUHFW�
2Q�WKH�RWKHU�KDQG�WKHUH�LV�DOVR�VRPH�GRXEW�LI�D�VRXQG�VWDWLVWLFDO�DQDO\VLV�FDQ�EH�FDUULHG
RXW�DW�DOO��+RZHYHU��LW�LV�FRQFOXGHG�WKDW�LW�LV�ZRUWK�WKH�HIIRUW�WR�WU\�

� WKDW� WKH� SUHVHQWHG� 1�2 XQFHUWDLQW\� HVWLPDWHV� ������� DUH� SUREDEO\� WRR� ORZ�
0HDVXUHPHQWV�RI�1�2 HPLVVLRQV�RI�YHKLFOHV�DUH�FXUUHQWO\�FDUULHG�RXW�

� WKDW�+)&�HPLVVLRQV�DV�D�UHVXOW�RI�DLU�FRQGLWLRQHUV�LQ�FDUV�DUH�KLJKO\�XQFHUWDLQ�

����,GHQWLILFDWLRQ�RI�LPSRUWDQW�FDXVHV�RI�XQFHUWDLQW\
3DUWO\� EDVHG� RQ� WKH� GLVFXVVLRQ� SDSHU�� WKH� PHHWLQJ� LGHQWLILHV� VL[� LPSRUWDQW� FDXVHV� RI
XQFHUWDLQW\��IURP�LPSRUWDQW�WR�OHVV�LPSRUWDQW��

� µ'XWFK� WHUULWRU\¶�� WKH�TXDOLW\�RI�SDVVHQJHU� FDU�NLORPHWUH�GDWD�DQG�FDU�HQHUJ\�XVH�GDWD
�0-�NP��LV�GHFUHDVLQJ�EHFDXVH�RI�SRRU�LQVLJKW�LQ�WKH�OHDVH�DQG�EXVLQHVV�FDU�PDUNHW��7KH
VKDUH�RI�OHDVH�FDUV�LQ�WKH�IOHHW�LV�LQFUHDVLQJ�

� µ'XWFK� WHUULWRU\¶�� WKH� TXDOLW\� RI� YDQ� DQG� ORUU\� NLORPHWUH� GDWD� DQG� HQHUJ\� XVH� GDWD� LV
GHFUHDVLQJ�EHFDXVH�UHVSRQVHV�WR�VXUYH\V�DUH�SRRU�

� µ,3&&¶��IXHO�VDOHV�GDWD�IRU�RII�URDG�YHKLFOHV��UDLO�DQG�LQODQG�VKLSSLQJ�DUH�UDWKHU�SRRU

� 1�2��HPLVVLRQ�IDFWRUV�DUH�KLJKO\�XQFHUWDLQ

� +)&V��XVH�DQG�HPLVVLRQV�DUH�KLJKO\�XQFHUWDLQ

� &+�� HPLVVLRQ�IDFWRUV�DUH�KLJKO\�XQFHUWDLQ

3RLQWV���DQG���DUH�ZRUU\LQJ�EHFDXVH�HPLVVLRQ�UHGXFWLRQ�SROLF\�LV�DLPHG�DW�GLIIHUHQW�YHKLFOH
FDWHJRULHV��2QO\�µ'XWFK� WHUULWRU\¶�PHWKRG�UHVXOWV� LQ�&2� HPLVVLRQ�PRQLWRULQJ�GDWD�SHU� URDG
WUDQVSRUW�FDWHJRU\��6R��ZKHQ�WKH�TXDOLW\�RI�WKHVH�PRQLWRULQJ�GDWD�GHFUHDVHV��SROLF\�HYDOXDWLRQ
ZLOO� EHFRPH�PRUH� GLIILFXOW�� 3RLQW� �� LV� IRU� SROLF\� HYDOXDWLRQ� RI� OHVV� LPSRUWDQFH� EHFDXVH� QR
SROLF\�ULJKW�QRZ�LV�DLPHG�DW�UHGXFLQJ�&2� HPLVVLRQV�RI�WKHVH�WUDQVSRUW�FDWHJRULHV��+RZHYHU�
WKH� VKDUH� RI� WKHVH� WUDQVSRUW� FDWHJRULHV� LQ� WKH� WRWDO� &2� HPLVVLRQ� LV� ����� VR� WKH\� DUH� QRW
QHJOLJLEO\��7KHUHIRUH��WKH�PHHWLQJ�UHFRPPHQGV�VRPH�UHVHDUFK�LQ�WKHVH�WUDQVSRUW�FDWHJRULHV�
1�2 LV�SUREDEO\�WKH�PRVW�LPSRUWDQW�QRQ�&2� JUHHQKRXVH�JDV�LQ�WUDQVSRUW��6R�LW�LV�FRQFOXGHG
WKDW�LW�LV�ZRUWK�WKH�HIIRUW�WR�FDUU\LQJ�RXW�UHVHDUFK�WR�LPSURYH�WKH�1�2 HPLVVLRQ�IDFWRUV��7KH
RWKHU�WZR�JDVHV��+)&V�DQG�&+�� DUH�RI�OHVV�LPSRUWDQFH�
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����7HFKQLFDO�SRVVLELOLWLHV�WR�LPSURYH�TXDOLW\
�7ZR�TXHVWLRQV�KDYH�WR�EH�DQVZHUHG�LQ�WKLV�VHFWLRQ��D��ZKDW�DUH�WKH�SRVVLELOLWLHV�WR�LPSURYH�WKH
TXDOLW\�HDVLO\�DQG�TXLFNO\��E��ZKDW�LV�PRUH�GLIILFXOW�EXW��QHYHUWKHOHVV��LPSRUWDQW�WR�VROYH"
�7KH�XQFHUWDLQWLHV�LQ�WKH�WUDQVSRUW�DFWLYLW\�GDWD��HQHUJ\�XVH�GDWD�DQG�IXHO�VDOHV�GDWD��SRLQW�����
DQG� ��� LQ� WKH� SUHYLRXV� VHFWLRQ� DUH� GLIILFXOW� WR� LPSURYH�� +RZHYHU�� WKH� 1DWLRQDO� %XUHDX� RI
6WDWLVWLFV� LV� DZDUH� RI� WKH� GHFUHDVLQJ� TXDOLW\� RI� WKH�GDWD� DQG� WKH�%XUHDX� KDV� DOUHDG\� VWDUWHG
UHVHDUFK�DQG�GLVFXVVLRQ�ZLWK�RWKHU�LQVWLWXWHV�WR�LPSURYH�WKH�TXDOLW\�RI�WKH�GDWD�
�7KH�0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW� ZLOO� VWDUW� D� PHDVXUHPHQW
SURJUDPPH� IRU� 1�2 HPLVVLRQV� IURP� URDG� WUDQVSRUW� WR� EH� FDUULHG� RXW� LQ� ����������� 6R�
SHUKDSV�� EDVHG� RQ� WKHVH�PHDVXUHPHQWV� LW�ZLOO� EHFRPH� HDVLO\� WR� LPSURYH� WKH�1�2 HPLVVLRQ
IDFWRUV�LQ�WKH�IXWXUH�
�7KH� PHHWLQJ� PHQWLRQV� VRPH� VRXUFHV� RI� LQIRUPDWLRQ� ZKLFK� FRXOG� OHDG� SRVVLEO\� HDVLO\� WR
LPSURYHPHQW�RI�WKH�+)&�HPLVVLRQ�HVWLPDWHV�
�
��� �3URSRVDO�WR�LPSURYH�WKH�TXDOLW\�RI�JUHHQKRXVH�JDV�PRQLWRULQJ�LQ
WKH�VHFWRU�RI�WUDQVSRUW
7KH�PHHWLQJ�SURSRVHV�WKH�IROORZLQJ�SODQ�WR�LPSURYH�WKH�TXDOLW\�RI�JUHHQKRXVH�JDV�HPLVVLRQ
PRQLWRULQJ�
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:KDW :KR ZKHQ
���ILQLVKLQJ�D�GHWDLOHG�PHWKRGRORJ\
UHSRUW��&RPSDULQJ�XVHG�GHILQLWLRQV�RI
QDWLRQDO�DQG�LQWHUQDWLRQDO�HPLVVLRQV
ZLWK�,3&&�IRUPDW��LQODQG�VKLSSLQJ��VHD
VKLSSLQJ��DLUFUDIW�

7DDNJURHSD��9HUNHHU �����EHJLQQLQJ�����

���HVWLPDWLQJ�XQFHUWDLQW\�EDVHG�RQ
VWDWLVWLFDO�PHWKRGV

5,90��LQ�FR�RSHUDWLRQ
ZLWK�7DDNJURHS�DQG
$99

HQG�RI�����

��UHVHDUFK�DQG�GLVFXVVLRQ�WR�LPSURYH
&%6�GDWD��DFWLYLW\�GDWD��HQHUJ\�XVH�GDWD�
IXHO�VDOHV��3$3�29*��1(+��HWF���
SDVVHQJHU�FDUV��YDQV��ORUULHV��EXQNHUV
�HVSHFLDOO\�LQODQG�VKLSSLQJ���RII�URDG
WUDQVSRUW

&%6��LQ�FR�RSHUDWLRQ
ZLWK�7DDNJURHS�DQG
9520

�����RQJRLQJ

�� LPSURYLQJ�HQHUJ\�XVH�GDWD�SHU
NLORPHWUH�IRU�URDG�WUDQVSRUW�XVLQJ
PHDVXUHPHQWV�RI�712�:7

7DDNJURHS ������PLG�����

���HVWLPDWLQJ�1�2 DQG�&+� HPLVVLRQV�RI
EXQNHUV

7DDNJURHS �����±�PLG�����

���FDUU\LQJ�RXW�1�2 PHDVXUHPHQWV 9520 HQG�RI�����
�� +)&�HPLVVLRQ�GHVN�UHVHDUFK 7DDNJURHS �����±�PLG�����
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�����6(66,21����$*5,&8/785(
'LVFXVVLRQ�SDSHU
0RQLWRULQJ�*UHHQKRXVH�*DV�(PLVVLRQV�)URP�$JULFXOWXUH�,GHQWLILFDWLRQ�2I�8QFHUWDLQWLHV
2HQH�2HQHPD�DQG�3HWHU�.XLNPDQ$%�:DJHQLQJHQ

���,1752'8&7,21
$QQH[���FRXQWULHV�RI�WKH�.\RWR�3URWRFRO�KDYH�DJUHHG�WR�UHSRUW�WKHLU�WRWDO�DQQXDO�HPLVVLRQ�RIJUHHQKRXVH� JDVHV� LQWR� WKH� DWPRVSKHUH� WR� WKH� 8QLWHG� 1DWLRQV� )UDPHZRUN� &RQYHQWLRQ� RQ&OLPDWH�&KDQJH��81)&&&��RQ�DQ�DQQXDO�EDVLV��$V�D�FRQVHTXHQFH��FRXQWULHV�KDYH�WR�VHW�XS�DPRQLWRULQJ� SURJUDPPH�� 0RQLWRULQJ� ZLOO� DOORZ� HYDOXDWLRQ� RI� WKH� SURJUHVV� LQ� HPLVVLRQUHGXFWLRQ�DV�DJUHHG�LQ�WKH�UHGXFWLRQ�WDUJHWV�RI�WKH�.\RWR�SURWRFRO��(YLGHQWO\��WKH�PRQLWRULQJV\VWHP�QHHGV�WR�EH�FRPSOHWH�DQG�FRQVLVWHQW��DFFXUDWH�DQG�SUHFLVH��WUDQVSDUHQW�DQG�YHULILDEOH�
&XUUHQW�HVWLPDWHV�RI�JUHHQKRXVH�JDV�HPLVVLRQV�LQGLFDWH�WKDW�WKH�XQFHUWDLQWLHV�LQ�WKH�HVWLPDWHVRQ D�FRXQWU\�EDVLV�DUH�DV�KLJK�RU�KLJKHU�WKDQ�WKH�HPLVVLRQ�UHGXFWLRQ�WDUJHWV�VHW�LQ�WKH�.\RWR3URWRFRO��8QFHUWDLQWLHV� DUH� HVSHFLDOO\� ODUJH� IRU� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� DJULFXOWXUDOVRXUFHV��7KLV� LV�GXH� WR� WKH� IDFW� WKDW� WKHVH� VRXUFHV� DUH�GLIIXVHO\� VSUHDG�RYHU� WKH� FRXQWU\VLGHDQG��IXUWKHUPRUH��FRQWUROOHG�E\�PDQ\�LQWHUDFWLQJ�IDFWRUV�
7KH� 0LQLVWU\� RI� (QYLURQPHQW� �9520��� LQ� FR�RSHUDWLRQ� ZLWK� 1DWLRQDO� ,QVWLWXWH� RI� 3XEOLF+HDOWK�DQG�WKH�(QYLURQPHQW��5,90��HQ�:DJHQLQJHQ�,QVWLWXWH�IRU�(QYLURQPHQW�DQG�&OLPDWH5HVHDUFK� �:,0(.��� KDV� RUJDQLVHG� WKH� ZRUNVKRS� ³0RQLWRULQJ� RI� JUHHQKRXVH� JDVHV´� RQ6HSWHPEHU����������7KH�DLP�RI�WKH�ZRUNVKRS�LV�
�L��WR�DVVHVV�WKH�XQFHUWDLQW\�RI�PDMRU�VRXUFHV�RI�JUHHQKRXVHV�JDVHV�LL��WR�LGHQWLI\�ZD\V�WR�PLQLPLVH�WKHVH�XQFHUWDLQWLHV�DQG�LLL��WR�LQGLFDWH�KRZ��ZKHQ�DQG�E\�ZKRP�WKH�PRQLWRULQJ�V\VWHP�ZLOO�EH�LPSURYHG�
7KLV� GLVFXVVLRQ� SDSHU� KDV� EHHQ� SUHSDUHG� WR� VWLPXODWH� GLVFXVVLRQ� DW� WKH� DIRUHPHQWLRQHGZRUNVKRS� RQ� ³PRQLWRULQJ� RI� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� DJULFXOWXUDO� VRXUFHV´�6XJJHVWLRQV�DUH�SURYLGHG�IRU�GHFUHDVLQJ� WKH�XQFHUWDLQWLHV� LQ�HVWLPDWHV�RI�HPLVVLRQV�RI�&2��&+� DQG�1�2 IURP�DJULFXOWXUH��8VHIXO�DGGLWLRQDO� LQIRUPDWLRQ�FDQ�EH�IRXQG� LQ�³%DFNJURXQGQRWHV�IRU�WKH�:RUNVKRS´��ZKLFK�KDYH�EHHQ�SUHSDUHG�E\�$QGUp�YDQ�$PVWHO�HW�DO�

���29(59,(:�2)�0$-25�$*5,&8/785$/�6285&(6�,1�7+(�1(7+(5/$1'6
)XHO� FRPEXVWLRQ� IRU� WKH� KHDWLQJ� RI� JUHHQKRXVH� JDVHV� ZDV� WKH� VLQJOH� ODUJHVW� VRXUFH� RIJUHHQKRXVH�JDV�HPLVVLRQV�IURP�DJULFXOWXUH�LQ�������ZKHQ�H[SUHVVHG�LQ�0WRQ�&2��HTXLYDOHQWV�7J�&2����6HFRQG�ZDV�WKH�HPLVVLRQ�RI�1�2 IURP�DJULFXOWXUDO�VRXUFHV�DQG�WKLUG�WKH�HPLVVLRQRI &+� IURP�UXPLQDQWV��7DEOH����
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7DEOH����2YHUYLHZ�RI�HPLVVLRQV�IURP�DJULFXOWXUDO�VRXUFHV�LQ�������LQ�*J��LQ�EROG� �0WRQ�&2��HT��� �6RXUFH�6LQN�������������������������&2� &+� LQ�&2��HT�������������1�2 LQ�&2��HT�����
6RXUFHV+HDWLQJ�RI�JUHHQKRXVHV ��� � � � �5XPLQDQWV � ��� ��� � �$QLPDO�ZDVWH � ���� ��� ��� ���$JULFXOWXUDO�VRLOV � �1( � �� ���$JULFXOWXUDO�ZDVWH�EXUQLQJ� ����� ���3ROOXWHG�VXUIDFH�ZDWHU � ����� ��� ���
6LQNV:RRG\�ELRPDVV���������������������� �������������������������������������������������������������������� $OVR�LQFOXGLQJ�VRPH�LQGLUHFW�HPLVVLRQV�IURP�1�GHSRVLWLRQ�IURP�QRQ�DJULFXOWXUDO�VRXUFHV�
6RXUFH��-RV�2OLYLHU��5,90
�����&DUERQ�GLR[LGH7KH� FDUERQ� F\FOH� LQ� DJULFXOWXUH� LV� GRPLQDWHG� E\� WKH� DQQXDO� F\FOLQJ� RI� &2� EHWZHHQDJULFXOWXUDO�ODQG�DQG�DWPRVSKHUH��+RZHYHU��WKH�QHW�VWRUDJH�RI�&2� LQ�DJULFXOWXUDO�SURGXFWV�LVD WHPSRUDU\� VLQN�� EHFDXVH� QHDUO\� DOO� RI� WKH� IL[HG� RUJDQLF� FDUERQ� LV� GLJHVWHG�� ,Q� HPLVVLRQDFFRXQWLQJ��RQO\�WKH�QHW�HPLVVLRQ�LV�WDNHQ�LQWR�FRQVLGHUDWLRQ�
7KH�QHW�HPLVVLRQ�RI�&2��IURP�WKH�DJULFXOWXUH�LV�WKH�UHVXOW�RI�D�QXPEHU�RI�VRXUFHV�DQG�VLQNV�7KH�IROORZLQJ�VRXUFHV�RI�&2� LQ�DJULFXOWXUH�PD\�EH�GLVWLQJXLVKHG�� KHDWLQJ�RI�JUHHQKRXVHV� HQHUJ\�FRPEXVWLRQ�IRU�WUDQVSRUW�DQG�WUDFWRU�SRZHU� HQHUJ\�FRPEXVWLRQ�IRU�XVH�RI�HOHFWULFLW\� QHW� PLQHUDOLVDWLRQ� RI� VRLOV� �SHDW� DIWHU� GUDLQDJH�� SORXJKLQJ� DQG� PDQDJHPHQW�� GUDLQDJHSROGHU�VRLOV��LQ�ODQG�XVH� ELRPDVV�EXUQLQJ��FURS�UHVLGXHV�6R�IDU��WKH�VRXUFH�³HQHUJ\�FRPEXVWLRQ�IRU�WUDQVSRUW�DQG�WUDFWRU�SRZHU´�KDV�EHHQ�DWWULEXWHG�WR³7DUJHW� *URXS� 7UDQVSRUW´�� EXW� ZRXOG� KDYH� WR� EH� DWWULEXWHG� WR� WKH� LWHP� µ&RPEXVWLRQ�$JULFXOWXUH¶� DFFRUGLQJ� WR� WKH� 5HYLVHG� ����� 5HYLVHG� *XLGHOLQHV�� 7KH� LWHP� ³HQHUJ\FRPEXVWLRQ�IRU�XVH�RI�HOHFWULFLW\´�LV�DWWULEXWHG�WR�WKH�VHFWRU�(QHUJ\��7KH�LWHP�ELRPDVV�EXUQLQJLV� QHJOLJLEOH� LQ� WKH� 1HWKHUODQGV�� ,QGLUHFW� VRXUFHV� OLNH� WKH� HQHUJ\� FRQVXPSWLRQ� GXULQJ� WKHSURGXFWLRQ�RI�IHUWLOLVHUV�DQG�PDFKLQHU\�DUH�QRW�LQFOXGHG�KHUH�
0DMRU�VLQNV�RI�&2� LQ�DJULFXOWXUH�DUH�� QHW�LQFUHDVH�LQ�DERYHJURXQG�ZRRG\�WLVVXH�LQ�ELRPDVV�SURGXFWLRQ� QHW�LQFUHDVH�LQ�EHORZJURXQG��VRLO��RUJDQLF�PDWWHU�7KH�QHW�LQFUHDVH�LQ�DERYHJURXQG�ZRRG\�WLVVXH�LQ�IRUHVWV�LQ�1/�KDV�EHHQ�HVWLPDWHG�DW������*J&2� SHU�\HDU�
,W�VKRXOG�EH�QRWHG�WKDW�QR�DWWHQWLRQ�ZLOO�EH�SDLG�WR�VLQNV�RI�&2� RQ�WKH�:RUNVKRS�³0RQLWRULQJRI�JUHHQKRXVH�JDVHV´�RQ�6HSWHPEHU��������
�����0HWKDQH7KH�HVWLPDWHG�WRWDO������HPLVVLRQ�RI�&+� IURP�DJULFXOWXUH�ZDV�����*J�&+�� 0DMRU�VRXUFHVRI &+��LQ�DJULFXOWXUH�DUH��ZLWK�D�URXJK�LQGLFDWLRQ�RI�WKH�UHODWLYH�FRQWULEXWLRQ��� HQWHULF�IHUPHQWDWLRQ�LQ�UXPLQDQWV��DERXW������ VWRUDJH�XQLWV�RI�DQLPDO�PDQXUH��DERXW������ ZHWODQGV��DERXW����:HOO�GUDLQHG� VRLOV� DUH� D� VLQN� RI� &+�� EXW� WKLV� FRQVXPSWLRQ� LV� OHVV� WKDQ� ��� RI� WKH� WRWDOHPLVVLRQ��(PLVVLRQV�DUH�FRQVLGHUHG�QHW�HPLVVLRQV�
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�����1LWURXV�R[LGH7KH�HVWLPDWHG�WRWDO������HPLVVLRQ�RI�1�2 IURP�DJULFXOWXUH�ZDV������*J�1�2�1��7KH�PDMRUVRXUFH�LV�WKH�VRLO��!������)ROORZLQJ�WKH�5HYLVHG������,3&&�*XLGHOLQHV��DJULFXOWXUDO�VRXUFHVDUH�SDUWLWLRQHG�LQWR��ZLWK�D�URXJK�LQGLFDWLRQ�RI�WKH�UHODWLYH�FRQWULEXWLRQ��� GLUHFW�HPLVVLRQV�IURP�FURS�SURGXFWLRQ�V\VWHPV��DV�WKH�UHVXOW�RI�WKH�LQSXW�RI�QLWURJHQ��1�LQWR� WKH� V\VWHP�YLD� IHUWLOLVHU�� DQLPDO�PDQXUH��FURS� UHVLGXHV��FRPSRVW�� OHJXPLQRXV�FURSVDQG�WKH�QHW�PLQHUDOLVDWLRQ�RI�IDUPHG�SHDW�VRLOV��DERXW������� GLUHFW�HPLVVLRQV�IURP�DQLPDO�SURGXFWLRQ�V\VWHPV��L�H��GLUHFWO\�IURP�PDQXUH�VWRUDJH�EDVLQVDQG�IURP�VRLO�IROORZLQJ�GHSRVLWLRQ�RI�XULQH�DQG�GXQJ�IURP�JUD]LQJ�DQLPDOV��DERXW������DQG� LQGLUHFW� VRXUFHV�� DV� WKH� UHVXOW� RI� WKH� OHDNDJH� RI� 1� IURP� DJULFXOWXUH� YLD� DPPRQLDYRODWLOLVDWLRQ� DQG� QLWUDWH� OHDFKLQJ� WR� VXUURXQGLQJ� QRQ�DJULFXOWXUDO� HQYLURQPHQWV� �DERXW�����6RLO� FDQ� SRWHQWLDOO\� EH� D� VLQN� RI�1�2 DV�ZHOO�� EXW� WKLV� LQIOX[� LV� VPDOO� DQG� LQFOXGHG� LQ� WKHHPLVVLRQ�HVWLPDWHV��+HQFH��HPLVVLRQV�DUH�FRQVLGHUHG�WR�EH�QHW�HPLVVLRQV�

��� 29(59,(:� 2)� 0(7+2'6� )25� (67,0$7,1*� &2�� &+� $1'� 1�2 )520
$*5,&8/785(
7KH�5HYLVHG������ ,3&&�*XLGHOLQHV�SURYLGHV�PHWKRGV� IRU� WKH� FDOFXODWLRQ� RI�&2�� &+� DQG1�2 HPLVVLRQV�IURP�DJULFXOWXUH��7KHVH�PHWKRGV�DUH�UDWKHU�VLPSOH�DQG�WUDQVSDUHQW��DV�IROORZVIURP�WKH�EULHI�RYHUYLHZ�SUHVHQWHG�EHORZ��6R�IDU��HPLVVLRQ�HVWLPDWHV�IRU�7KH�1HWKHUODQGV�DUHEDVHG�RQ��YDULRXV�DSSURYHG�PRGLILFDWLRQV�RI��WKLV�PHWKRGRORJ\�
%DVLFDOO\��&2� HPLVVLRQV�UHODWHG�WR�IRVVLO�IXHO�EXUQLQJ�DUH�HVWLPDWHG�LQ�D�VLPLODU�ZD\�DV�WKHHPLVVLRQV�IURP�WKH�,QGXVWU\�DQG�7UDQVSRUW�VHFWRUV��VHH�H�J��$QQHPD�	�YDQ�GHQ�%ULQN���������&2� HPLVVLRQV� GXH� WR� FKDQJHV� LQ� ELRPDVV� DQG�RU� VRLO� RUJDQLF� FDUERQ� DUH� HVWLPDWHG� IURP>�QXPEHU�RI�KD��[��QHW�FKDQJH�LQ�ELRPDVV�� LQ�NJ�SHU�KD��[��&�FRQWHQW�RI�ELRPDVV�� LQ�NJ�SHUNJ�@��(PLVVLRQV�GXH�WR�EXUQLQJ�RI�ELRPDVV�LQ�DJULFXOWXUH�DUH�FDOFXODWHG�LQ�D�VLPLODU�ZD\��EXWWKLV�VRXUFH�LV�FRQVLGHUHG�QHJOLJLEOH�LQ�7KH�1HWKHUODQGV��LW�LV�µQRW�GRQH¶��
(PLVVLRQV� RI� &+� IURP� UXPLQDQWV� DQG� VWRUHG� GXQJ� DUH� FDOFXODWHG� IURP� >WRWDO� LQSXW� RIGLJHVWLEOH�FDUERQ�[�HPLVVLRQ�IDFWRU@��7KH�HPLVVLRQ�IDFWRU�H[SUHVVHV�WKH�IUDFWLRQ�RI�FDUERQ�WKDWLV� UHOHDVHG�DV�&+��7KH� LQSXW�RI�GLJHVWLEOH�FDUERQ� LV�HVWLPDWHG�IURP�QXPEHU�� W\SH�� VL]H� DQGSURGXFWLRQ�OHYHO�RI�WKH�DQLPDOV�DQG�FRUUHFWHG�IRU�LWV�GLJHVWLELOLW\�XVLQJ�HPSLULFDO�FRQYHUVLRQIDFWRUV��&+��IURP�ZHWODQG�LV�HVWLPDWHG�IURP�>DUHD�RI�ZHWODQG��LQ�KD��[�HPLVVLRQ�IDFWRU@��7KHHPLVVLRQ�IDFWRU�H[SUHVVHV�WKH�DPRXQW��NJ��RI�&+��UHOHDVHG�SHU�KD�
(PLVVLRQV� RI�1�2 IURP�DJULFXOWXUDO� VRXUFHV� ERWK� GLUHFW� DQG� LQGLUHFW�� DUH� FDOFXODWHG� IURP>LQSXW� RI� 1� IURP� GLIIHUHQW� VRXUFHV� LQWR� D� V\VWHP� �VRLO�� PDQXUH� VWRUDJH� EDVLQ�� VXUURXQGLQJHQYLURQPHQWV��HWF���[�HPLVVLRQ�IDFWRU@��7KH�HPLVVLRQ�IDFWRU�UHIOHFWV� WKH�IUDFWLRQ�RI�1�WKDW� LVORVW�LQ�WKH�IRUP�RI�1�2�LQWR�WKH�DWPRVSKHUH�
7KH�5HYLVHG������,3&&�*XLGHOLQHV�IRU�(PLVVLRQ�,QYHQWRU\�SURYLGH�FRXQWULHV�ZLWK�IOH[LELOLW\LQ�WKH�DSSOLFDWLRQ�RI�WKH�PHWKRGRORJ\��)RU�H[DPSOH��FRXQWULHV�PD\�FKRRVH�WR�DSSO\�D�VLPSOHPHWKRG�� XVLQJ�7LHU� ,�� RU� D�PRUH� DGYDQFH�PHWKRG�� XVLQJ� 7LHU� ��� IRU� WKH� HVWLPDWLRQ� RI� &+�HPLVVLRQV�IURP�UXPLQDQWV�DQG�GXQJ��GHSHQGLQJ�RQ�WKH�DYDLODEOH�LQIRUPDWLRQ���'HIDXOW�YDOXHVIRU�DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV�RU��DV�LV�UHFRPPHQGHG�E\�,3&&��RZQ�HVWLPDWHV�PD\�EHXVHG�IRU�VRPH�RI�WKH�DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV��+RZHYHU��FRXQWULHV�GR�KDYH�WR�MXVWLI\WKH�PHWKRGRORJ\�VHOHFWHG�
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7KH� PHWKRGV� IRU� HVWLPDWLRQ� RI� &+� DQG� 1�2 IURP� DJULFXOWXUH� KDYH� EHHQ� GLVFXVVHG� DW� DZRUNVKRS� LQ� :DJHQLQJHQ�� )HEUXDU\� ������� ������ 8VHIXO� JXLGHOLQHV� IRU� JRRG� SUDFWLFH� LQLQYHQWRU\� SUHSDUDWLRQ� KDYH� EHHQ� SUHVHQWHG� DQG� XVHIXO� VXJJHVWLRQV� KDYH� EHHQ� SURSRVHG� IRULPSURYLQJ� WKH� PHWKRGV� SUHVHQWHG� LQ� WKH� 5HYLVHG� ����� ,3&&� *XLGHOLQHV�� 0DQ\� RI� WKHVHVXJJHVWLRQV�DUH�WR�EH�LQFRUSRUDWHG�LQWR�WKH�H[LVWLQJ�PHWKRGV�
:LWK� WLPH�� WKH� DYDLODEOH� LQIRUPDWLRQ� DQG� LQVLJKW� ZLOO� LQFUHDVH�� DQG� WKLV� PD\� OHDG� WR� DFRQWLQXRXV� UHILQHPHQW� RI�PHWKRGV� DQG� FKDQJH� WKH� WRWDO� HVWLPDWH�� ,GHDOO\�� WKHUH� KDV� WR� EH� DVWDQGDUG� PHWKRGRORJ\� DSSOLHG� RYHU� WKH� \HDUV� DQG� SURSHU� GRFXPHQWDWLRQ� GHDOLQJ� ZLWK� WKHRULJLQ�DQG�DFFXUDF\�RI�WKH�GDWD�IRU�YHULILFDWLRQ�DQG�TXDOLW\�FRQWURO�SXUSRVHV�
7KXV�IDU��WKH�1HWKHUODQGV�KDV�XVHG�,3&&�OLNH�PHWKRGV��$�UDQJH�RI�HVWLPDWHV�IRU�WKH�HPLVVLRQVRI JUHHQKRXVH�JDVHV� IURP�DJULFXOWXUDO� VRXUFHV� FDQ� QRZ�EH� IRXQG� LQ� UHVHDUFK� SDSHUV��7KHVHHVWLPDWHV� PD\� GLIIHU� E\� D� IDFWRU� �� GXH� WR� VOLJKW� GLIIHUHQFHV� LQ� VRXUFHV�� DFWLYLW\� GDWD� DQGHPLVVLRQ� IDFWRUV�� &OHDUO\�� WKH� XQFHUWDLQW\� LQ� HVWLPDWHV� RI� JUHHQKRXVH� JDV� HPLVVLRQV� IURPDJULFXOWXUDO�VRXUFHV�LV�ODUJH��%\�QRZ��WKH�XQFHUWDLQW\�UDQJH��VHH�DOVR�7DEOH����LQ�HVWLPDWHV�RIHPLVVLRQV� LV�PXFK� ODUJHU� WKDQ� WKH� UDQJH� RI� HPLVVLRQ� UHGXFWLRQ� WDUJHWV� DV� VHW� LQ� WKH� .\RWR3URWRFRO�

���25,*,1�2)�81&(57$,17,(6�,1�(0,66,21�(67,0$7(6
$VVHVVPHQWV�RI�XQFHUWDLQW\�UHTXLUH�WKDW�DOO�SRVVLEOH�VRXUFHV�RI�XQFHUWDLQW\�DUH�HYDOXDWHG�LQ� WKHFRPSOHWH�FKDLQ�IURP�WKH�YHU\�EHJLQQLQJ�RI�WKH�PHDVXUHPHQW�RI�SULPDU\�GDWD��DFWLYLW\�GDWD���WKHGHULYDWLRQ� RI� HPLVVLRQ� IDFWRUV� XS� WR� WKH� FRPSLODWLRQ� RI� HPLVVLRQ� HVWLPDWHV� IRU� WKH� ZKROHDJULFXOWXUDO�VHFWRU��%DVLFDOO\��XQFHUWDLQWLHV�PD\�DULVH�IURP�ELDVHV�DQG�HUURUV��%LDV�LV�GHILQHG�KHUHDV� PLVUHSUHVHQWDWLRQ�� OHDGLQJ� WR� D� V\VWHPDWLF� GHYLDWLRQ� RI� WKH� HVWLPDWHG� PHDQ� IURP� WKH� WUXH�VFLHQWLILF�� PHDQ��:H� XVH� 
$FFXUDF\
 DV� D� PHDVXUH� IRU� ELDV�� D� KLJK� DFFXUDF\� PHDQV� WKDW� WKHGHYLDWLRQ�RI�WKH�HVWLPDWHG�PHDQ�IURP�WKH�WUXH�PHDQ�LV�VPDOO�
(UURU� LV� UDQGRP� YDULDWLRQ� DURXQG� WKH� WUXH�PHDQ�� OHDGLQJ� WR� D� FRQILGHQFH� LQWHUYDO� DURXQG� WKHHVWLPDWHG� PHDQ��:H� XVH� 
SUHFLVLRQ
 DV� D� PHDVXUH� IRU� HUURU�� D� KLJK� SUHFLVLRQ� PHDQV� WKDW� WKHYDULDQFH�RI�UHSHDWHG�GHWHUPLQDWLRQV�LV�VPDOO�
7KHUH� DUH� ILYH� SRVVLEOH� VRXUFHV� RI� ELDVHV�� ZKLFK� PD\� OHDG� WR� LQDFFXUDFLHV� LQ� HPLVVLRQHVWLPDWHV��L�H��L�� SHUVRQDO� ELDVHV�� GXH� WR� GLIIHUHQW� DQG� LQFRPSOHWH� YLHZV� SUHVHQWHG� LQ�ZRUN� RQ� HPLVVLRQHVWLPDWHV�LL�� VDPSOLQJ�ELDVHV��GXH�WR�VDPSOLQJ�RI�QRQ�UHSUHVHQWDWLYH�SRSXODWLRQV��VLWHV��HWF��LLL� PHDVXUHPHQW�ELDVHV��GXH�WR�DUWHIDFWV�LQ�DQDO\WLFDO�HTXLSPHQW�RU�VDPSOLQJ�SURFHGXUHV�IRUWKH�PHDVXUHPHQWV��LY� GDWD�PDQLSXODWLRQ�ELDVHV��GXH�WR�DUWHIDFWV�LQ�WKH�DYHUDJLQJ��JHQHUDOLVDWLRQ��JXHVWLPDWLRQ�XSVFDOLQJ��URXQGLQJ�RII��HWF��DQG�Y� IUDXG��ZKLFK�LV�FRQVFLRXVO\�LQWURGXFLQJ�ELDVHV�
(UURUV� RFFXU� DV� D� UHVXOW� RI� UDQGRP� YDULDWLRQV�� DQG� VKRZ� XS� DV� YDULDQFH� LQ� UHSHDWHGGHWHUPLQDWLRQV��7ZR�W\SHV�RI�HUURUV�FDQ�EH�GLVWLQJXLVKHG��L�� VDPSOLQJ�HUURUV��RULJLQDWLQJ�IURP�µZLWKLQ�DUHD¶�KHWHURJHQHLW\��DQG�LL�� PHDVXUHPHQW�HUURUV��RULJLQDWLQJ�IURP�YDULDWLRQV�LQWURGXFHG�GXULQJ�GHWHUPLQDWLRQV�
*HQHUDOO\�� ELDVHV� DUH� D�PRUH� VHULRXV� SUREOHP� WKDQ� HUURUV�� %LDVHV� GHIHU� IURP� EHVW� HPLVVLRQHVWLPDWHV�� 3UHYHQWLQJ� ELDVHV� UHTXLUHV� LQ�GHSWK� DQDO\VHV� RI� VRXUFHV� DQG� VLQNV� RI� DOO� WKHJUHHQKRXVH�JDV�HPLVVLRQV�DQG�RI�LWV�FRQWUROOLQJ�IDFWRUV��,W�DOVR�UHTXLUHV�WHVWLQJ�RI�DVVXPSWLRQVDQG�SURSHU�GDWD�DFTXLVLWLRQ�DQG�KDQGOLQJ��(UURUV�VKRZ�XS�DV�D�FRQILGHQFH�LQWHUYDO�DURXQG�WKH
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PHDQ�� 0LQLPLVLQJ� HUURU� UHTXLUHV� LPSURYHG� VDPSOLQJ� DQG� PHDVXUHPHQW� VWUDWHJLHV�� 7KHFRQVHTXHQFH� RI� ORZ�SUHFLVLRQ� HVWLPDWHV� LV� WKDW� VPDOO� FKDQJHV� LQ� WKH� DQQXDO� HPLVVLRQV� RYHUWLPH�ZLOO�EH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��XQOHVV�WKH�SHULRG�FRQVLGHUHG�LQYROYHV�D�ODUJH�QXPEHURI \HDUV

�� +2:�72�0,1,0,=(�81&(57$,17,(6
7DEOH���SURYLGHV�SURYLVLRQDO�XQFHUWDLQW\�UDQJHV�IRU�WKH�HVWLPDWHV�RI�WKH�PDMRU�VRXUFHV�RI�&2��&+� DQG�1�2 IURP�DJULFXOWXUH��7KHVH� HVWLPDWHV� DUH�PRUH� RU� OHVV� LQ� OLQH�ZLWK� WKH� HVWLPDWHVJLYHQ�LQ�WKH�5HYLVHG������,3&&�*XLGHOLQHV��7KH�UDQJHV�IRUP�D�EDVLV�IRU�GLVFXVVLRQ��DQG�PD\UHIOHFW� ERWK� ELDVHV� DQG� HUURUV�� $V� QRWHG� EHIRUH�� WKH� XQFHUWDLQW\� UDQJH� RI�PRVW� HVWLPDWHV� LVODUJH��GXH�WR�WKH�IDFWV�WKDW�L�� KHWHURJHQHLW\�LQ�WKH�QXPHURXV�VRXUFHV�LQ� WKH�FRXQWU\VLGH�WKDW�FRQWULEXWH�WR� WKH� WRWDOHPLVVLRQ��LL�� D FRPSOH[�VHW�RI�LQWHUDFWLQJ�IDFWRUV�FRQWUROV�WKH�HPLVVLRQ�VWUHQJWK�RI�WKHVH�VRXUFHV�
7DEOH� ��� 3URYLVLRQDO� UDQJHV� RI� XQFHUWDLQW\� LQ� HVWLPDWHV� RI� HPLVVLRQV� RI� &2�� &+� DQG� 1�2 IURP
DJULFXOWXUDO�VRXUFHV��8QFHUWDLQW\�LV�H[SUHVVHG�LQ�SHUFHQW�RI�WKH�PHDQ�HVWLPDWH�DQG�FDQ�EH�FRQVLGHUHG�DV�DQ
DSSUR[LPDWLRQ�RI�WKH�����FRQILGHQFH�LQWHUYDO��� � WLPHV�WKH�VWDQGDUG�GHYLDWLRQ���7HQWDWLYH�GDWD��EDVHG�RQ
D TXDOLWDWLYH�DVVHVVPHQW��JXHVWLPDWHV���XVLQJ�WKUHH�FODVVHV��������������HQ���������
6RXUFHV�RI�JUHHQKRXVH�JDVHV 0HDQ�HVWLPDWH 8QFHUWDLQW\�UDQJH

LQ�*J�SHU�\ LQ��
&DUERQ�GLR[LGH
� KHDWLQJ�RI�JUHHQKRXVHV ���� ����
� WUDQVSRUW��WUDFWRU�SRZHU��HOHFWULFLW\ " ����
� QHW�PLQHUDOLVDWLRQ�RI�SHDW�VRLOV ���� ������
� ELRPDVV�EXUQLQJ QHJOLJLEOH ������
� DERYHJURXQG�ZRRG\�WLVVXH� ���� �����
� EHORZJURXQG�RUJDQLF�PDWWHU� " ������
0HWKDQH
� HQWHULF�IHUPHQWDWLRQ�LQ�UXPLQDQWV� ��� �����
� VWRUDJH�XQLWV�RI�DQLPDO�PDQXUH ��� �����
� ZHWODQG� ���� �����
� XSODQG ���� ������
1LWURXV�R[LGH
� GLUHFW�HPLVVLRQV�IURP�FURS�SURGXFWLRQ�� ������

� IHUWLOLVHU��
� DQLPDO�PDQXUH�
� FURS�UHVLGXHV�
� FRPSRVW�
� OHJXPLQRXV�FURSV
� QHW�PLQHUDOLVDWLRQ�RI�SHDW�VRLOV

� GLUHFW�HPLVVLRQV�IURP�DQLPDO�SURGXFWLRQ ������
� PDQXUH�VWRUDJH�EDVLQV
� JUD]LQJ�DQLPDOV

� LQGLUHFW�VRXUFHV�GXH�WR�1�ORVVHV�YLD�� �!��������
� DPPRQLD�YRODWLOLVDWLRQ
� QLWUDWH�OHDFKLQJ
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3UHUHTXLVLWH� WR� PLQLPLVH� XQFHUWDLQWLHV� LV� IRUPDO� V\VWHPV� DQDO\VHV�� LQ� ZKLFK� WKH� IROORZLQJTXHVWLRQV�KDYH�WR�EH�DGGUHVVHG�� DUH�DOO�SRVVLEOH�VRXUFHV� LQFOXGHG�� LQFOXGLQJ�VRXUFHV� WKDW�KDYH�\HW� WR�DSSHDU� DQG� VR�PD\EHFRPH�LPSRUWDQW�RQO\�ZLWK�WLPH"� ZKDW�DUH�WKH�GULYLQJ�DQG�FRQWUROOLQJ�IDFWRUV�DQG�KRZ�GR� WKHVH� IDFWRUV� LQWHUDFW�� L�H��ZKDWDUH�OLQHDU�DQG�QRQ�OLQHDU�UHODWLRQV�ZLWK�WLPH"� KRZ DUH� HPLVVLRQ� IDFWRUV� DIIHFWHG� E\� WKH� DIRUHPHQWLRQHG� LQWHUDFWLRQV� DQG� FRQWUROOLQJIDFWRUV"� ZKDW�DUH�WKH�DVVXPSWLRQV�LQ�WKH�HPLVVLRQV�HVWLPDWHV�DQG�DUH�WKH\�WHVWHG"� KRZ DFFXUDWH�DUH�WKH�DFWLYLW\�GDWD�DQG�ZKDW�DUH�IXWXUH�WUHQGV"6XFK�DQ�DQDO\VLV�VKRXOG�EH�FDUULHG�RXW�IRU�DOO�JDVHV��DQG�VKRXOG�EH�UHSHDWHG�RQFH�LQ�D�ZKLOH�WRILQG�RXW�ZKHWKHU�QHZ�VRXUFHV�KDYH�DSSHDUHG�DQG�RWKHU�KDYH� IDGHG�DZD\�� ,GHQWLILFDWLRQ� DQGTXDQWLILFDWLRQ�RI�GULYLQJ�IRUFHV��LQFOXGLQJ�SROLFLHV�DQG�PHDVXUHV��DW�YDULRXV�VFDOHV�LV�QRWDEO\LPSRUWDQW��DV�WKHVH�GULYLQJ�IRUFHV�WULJJHU�FKDQJHV�LQ�WKH�HPLVVLRQ�UDWH�
&XUUHQW�UHVHDUFK�DFWLYLWLHV�PD\�FRQWULEXWH�WR�D�IXUWKHU�TXDQWLILFDWLRQ�RI�XQFHUWDLQWLHV��DQG�WR�DGHFUHDVH� RI� WKH� XQFHUWDLQW\� UDQJH� RI� WKH� HPLVVLRQ� HVWLPDWHV�� ,Q� 7KH� 1HWKHUODQGV�� WKHVHUHVHDUFK� DFWLYLWLHV� DUH� FDUULHG�RXW�E\�XQLYHUVLWLHV� DQG� UHVHDUFK� LQVWLWXWHV�� DQG� DUH� IXQGHG� E\YDULRXV� DJHQFLHV� �H�J�� (8�� 0LQLVWULHV�� 153�0/.�� ,3&&�� ,*%3�� HWF�� 7KH� UHVHDUFK� SODQ³5HGXFWLHSODQ� 2YHULJH� %URHLNDVJDVVHQ´� �52%�� LV� PHDQW� HVSHFLDOO\� IRU� WKH� LQWURGXFWLRQ� RIHDV\�WR�LPSOHPHQW� PHDVXUHV� DQG� WHFKQRORJLHV� WR� GHFUHDVH� WKH� HPLVVLRQV� RI� &+� DQG� 1�2IURP� PDMRU� VRXUFHV� LQ� WKH� 1HWKHUODQGV� �LQGXVWULDO� DQG� DJULFXOWXUDO� VRXUFHV��� )XUWKHU�,3&&�2(&'�DUH�RUJDQL]LQJ�ZRUNVKRSV�WKDW�VSHFLILFDOO\�DGGUHVV�³JRRG�SUDFWLFH� LQ�LQYHQWRU\SUHSDUDWLRQ´� DQG� ³GLPLQLVKLQJ� XQFHUWDLQWLHV� LQ� HPLVVLRQ� HVWLPDWHV´�� 7KHVH� ZRUNVKRSV� KDYHGHOLYHUHG�D�QXPEHU�RI�VXJJHVWLRQV�IRU�GHFUHDVLQJ�XQFHUWDLQW\��PRUH�ZLOO�FRPH�LQ�IXWXUH��DQGVKRXOG�EH�FRQVLGHUHG�DW�WKLV�ZRUNVKRS�

���67$7(0(176�)25�',6&866,21
��� %DVLFDOO\�� WKH�FXUUHQW� ,3&&�LQYHQWRU\�JXLGHOLQHV� LQFOXGH�DOO�PDMRU�VRXUFHV�RI�&2�� &+�DQG�1�2 IURP�DJULFXOWXUH��6RPH�PLQRU� VRXUFHV� VKRXOG�EH� LQFOXGHG�DV�ZHOO� �H�J�� FORYHUJUDVVODQG��WUDQVIRUPDWLRQ�RI�JUDVVODQG�LQWR�DUDEOH�ODQG�IRU�WKH�1�2�EXGJHW���RWKHU�VRXUFHVPD\�UHTXLUH�PRUH�GHWDLOHG�VSHFLILFDWLRQ��GLVWLQJXLVK�PRUH�VXE�FODVVHV�DQG�VXE�JURXSV��
��� 7KH�XQFHUWDLQW\�LQ�PRVW�RI�WKH�HPLVVLRQV�HVWLPDWHV�IRU�DJULFXOWXUDO�VRXUFHV�LV�ODUJH��7KLVODUJH�OHYHO�RI�XQFHUWDLQW\�LV�LQWULQVLFDOO\�UHODWHG�WR�WKH�GLYHUVH�QDWXUH�DQG�G\QDPLFV�RI�WKHVRXUFHV��SDUWO\�DOVR�WR�ODFN�RI�GDWD�
��� %LDVHV�LQ�WKH�HPLVVLRQ�HVWLPDWHV�DUH�D�PRUH�VHULRXV�SUREOHP�WKDQ�HUURUV�DQG�DUH�WKRXJKW�WRDULVH�IURP�L��SHUVRQDO�ELDV��LL��VDPSOLQJ�ELDV�DQG�LLL��GDWD�PDQLSXODWLRQ��7KLV�PD\�OHDG�WRRYHUORRNLQJ� VRXUFHV� RU� GULYHUV� RI� HPLVVLRQV�� 3URSHU� V\VWHP� DQDO\VHV� FRPELQHG� ZLWKPHDVXUHPHQWV�DUH�UHTXLUHG�WR�LGHQWLI\�WKHVH�ELDVHV�
��� 0HDVXUHPHQWV� RI� QHW� HPLVVLRQ� RI� FDUERQ� GLR[LGH� IURP� DJULFXOWXUH� UHTXLUHV� ORQJ� WHUPPRQLWRULQJ� RI� FKDQJHV� LQ� SRROV� ZKHUHDV� PHDVXUHPHQWV� RI� QLWURXV� R[LGH� DQG� PHWKDQHHPLVVLRQV�UHTXLUH�FRQWLQXRXV�IOX[�PHDVXUHPHQWV�
��� 1HW�HPLVVLRQV�RI�FDUERQ�GLR[LGH�IURP�VRLO�DQG�WHUUHVWULDO�ELRVSKHUH�DUH�KDUG�WR�TXDQWLI\�RQD SHU�\HDU�EDVLV��7KH�DFFXUDF\�PD\�LPSURYH�E\�XVLQJ�PHDVXUHPHQWV�RI�FKDQJHV�LQ�SRROVRYHU� ORQJHU�WLPH�IUDPHV��GXH� WR�WKH�FXPXODWLYH�HIIHFW�RI�FDUERQ�VHTXHVWUDWLRQ�RU� ORVVHV�ERWK�DERYH��DQG�EHORZJURXQG�
��� )RU�PHWKDQH��WKH�XQFHUWDLQW\� LQ�DFWLYLW\�GDWD�DQG�HPLVVLRQV�IDFWRUV�LV�HTXDOO\� ODUJH��)RUQLWURXV�R[LGH��WKH�XQFHUWDLQW\�LQ�DFWLYLW\�GDWD�LV�VPDOOHU�WKDQ�WKH�XQFHUWDLQW\�LQ�HPLVVLRQVIDFWRUV
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��� $ PDMRU�VRXUFH�RI�XQFHUWDLQW\�LQ�WKH�DFWLYLW\�GDWD�DQG�LQ�TXDQWLILFDWLRQ�RI�HPLVVLRQ�IDFWRUVOLHV� LQ� WKH� ODFN� RI� LQVLJKW� LQ� IDUPHUV¶� DFWLYLWLHV�� L�H�� ³ZKDW� GR� IDUPHUV� DFWXDOO\� GR´�$FTXLVLWLRQ�RI�DFWXDO�QXPEHUV�RI�DQLPDOV� �ZKHUH�XS� WR�����FDQ�EH�PLVVLQJ��� WKHLU� UHDOQXWULWLRQ�� WLPLQJ� DQG� PDQDJHPHQW� RI� PDQXUH� VWRUDJH� DQG� DSSOLFDWLRQ� DQG� LQ� IHUWLOLVHUDSSOLFDWLRQ�ZLOO�LPSURYH�WKH�DFFXUDF\�RI�DFWLYLW\�GDWD�
�� 7KHUH�DUH�UHDVRQV�WR�GHYLDWH�WKH�HPLVVLRQ�IDFWRUV�IRU�DJULFXOWXUDO�VRXUFHV�RI�&+� DQG�1�2IURP� WKH� GHIDXOW� YDOXHV� SURSRVHG� E\� ,3&&�� 7KHVH� UHODWH� WR� WKH� LQWHQVLYH� QDWXUH� RIDJULFXOWXUDO� SUDFWLFHV� LQ� WKH�1HWKHUODQGV�� WR� WKH� HIIHFWLYHQHVV� RI� HQYLURQPHQWDO� SROLFLHVDQG�PHDVXUHV�DQG�WKH�QDWXUH�RI�VRLO�DQG�K\GURORJLFDO�FRQGLWLRQV�DQG�DOO�HIIHFW�WKH�OHYHO�RIFRQWURO�RYHU�WKH�QLWURJHQ�F\FOLQJ�DQG�QLWURJHQ�ORVVHV�IURP�DJULFXOWXUDO�SUDFWLFHV�
�� 6\VWHP�DQDO\VHV�ZLOO�UHYHDO�PDMRU��PLQRU�DQG�XQNQRZQ�VRXUFHV�IRU�JUHHQKRXVH�JDVHV��,WZLOO� GLUHFW� WKH� GHVLJQ� RI� IDFWRULDO� H[SHULPHQWV� DQG� ORQJ�WHUP� ��� \HDUV�� IOX[� DQG� SRROPHDVXUHPHQWV� WKDW� IRUP� WKH� EDVLV� IRU� HPLVVLRQ� IDFWRUV�� 6LPXODWLRQ�PRGHOOLQJ� H[HUFLVHVZLOO�LPSURYH�WKH�DFFXUDF\�RI�HVWLPDWHV�IRU�YDULRXV�HPLVVLRQ�IDFWRUV��7KLV�ZLOO�HQDEOH�WKHDFFHSWDWLRQ� DQG� XVH� RI� PRUH� DFFXUDWH� HPLVVLRQ� IDFWRUV� WKDW� DUH� D� IXQFWLRQ� RIHQYLURQPHQWDO�FRQGLWLRQV�DQG�DFWXDO�PDQDJHPHQW�
����$ FRRUGLQDWHG�UHVHDUFK�HIIRUW�DW�VSDWLDOO\�VXIILFLHQW�GHWDLO��VLPLODU�WR�WKDW�RI�IRU�H[DPSOH³/DQGHOLMN�%RGHPPHHWQHW´�DQG�³/DQGHOLMN�*URQGZDWHUPHHWQHW´�RI�5,90��ZLOO�EH�PRVWHIILFLHQW��L��IRU�WKH�HVWDEOLVKPHQW�RI�DFFXUDWH�HPLVVLRQ�IDFWRUV�IRU�&2�� &+� DQG�1�2 DQG�LL�� IRU� WKH� HYDOXDWLRQ� RI� SROLFLHV� DQG� PHDVXUHV�� DQG� WKH� DFKLHYHPHQW� RI� HPLVVLRQUHGXFWLRQ�WDUJHWV�
���� ,PSURYLQJ� WKH� DFFXUDF\� RI� WKH� HPLVVLRQ� IDFWRUV� IRU� LQGLUHFW� 1�2 HPLVVLRQV� KDV� KLJKSULRULW\��FRRUGLQDWHG�LQWHUQDWLRQDO�DFWLRQV�DUH�QHFHVVDU\�WR�SURYLGH�D�EDVLV�IRU�DFFHSWDWLRQDQG�HFRQRPLFDOO\�HIIHFWLYH�LPSOHPHQWDWLRQ�RI�PHDVXUHV�DW�WKH�IDUP�OHYHO
����7KH� LGHDO� JUHHQKRXVH� JDV� HPLVVLRQ� LQYHQWRU\� LV� VXIILFLHQWO\� GHWDLOHG� DQG� WUDQVSDUHQW� WRHQDEOH�MXVWLILFDWLRQ�RI�SROLFLHV�DQG�PHDVXUHV�DQG�WR�IDFLOLWDWH�LPSOHPHQWDWLRQ�LQ�SUDFWLFH�3URSHU� GLVVHPLQDWLRQ� RI� WKH� UHVXOWV� RI� WKH� LQYHQWRULHV� WR� WKH� DFWRUV� LQYROYHG� ZLOO� DOVRIDFLOLWDWH�VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�SROLFLHV�DQG�PHDVXUHV�DQG�JHQHUDWH�D�UHGXFWLRQ�RIJUHHQKRXVH�JDV�HPLVVLRQV�
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6HVVLRQ����$JULFXOWXUH���&RQFOXVLRQV
3HWHU�.XLNPDQ��$OWHUUD.ODDV�YDQ�GHU�+RHN��5,90

3DUWLFLSDQWV�SUHVHQW�2HQH�2HQHPD��:DJHQLQJHQ�85�±�$%�$OWHUUD��Y]����.ODDV�YDQ�GHU�+RHN��5,90��UHSRUW��HQ3HWHU� .XLNPDQ� �:DJHQLQJHQ� 85� ±� $%�$OWHUUD�� UHSRUW��� (GZLQ� .RHNNRHN� �9520� ±'*0�/(���2ODI�YDQ�.RRWHQ��:DJHQLQJHQ�85���337���&DUROLHQ�.URH]H��:DJHQLQJHQ�85�±(QYLURQPHQWDO� 6\VWHPV� $QDO\VLV� *URXS��� -RDQQH� 0DDVNDQW� �/19��� 3LHWHU� YDQ� GHU� 0RVW�9520� ±� +,0+��� 3DXO� 6SLHUW]� �:DJHQLQJHQ� 85� ±� 73(��� *LMV� YDQ� 7RO� �,.&� QDWXUHPDQDJHPHQW���/HR�9OHHVKRXZHUV��:DJHQLQJHQ�85�±�73(���-DQ�:LOOHP�(ULVPDQ��(&1��

���$FWLYLWLHV�GHDOW�ZLWK�LQ�WKH�VHVVLRQV
0DJQLWXGH�RI�XQFHUWDLQW\���7DEOH�O�
� 6RXUFHV
� $FWLYLWLHV
� (PLVVLRQ�IDFWRUV
+RZ�FDQ�WKH�XQFHUWDLQW\�EH�UHGXFHG�DQG�WR�ZKDW�H[WHQW"
:KR�FDQ�FRQWULEXWH�WR�UHGXFLQJ�WKLV�XQFHUWDLQW\"

���0DJQLWXGH�DQG�XQFHUWDLQW\
7DEOH���VKRZV�WKH�XQFHUWDLQW\��WZLFH�WKH�VWDQGDUG�GHYLDWLRQ��LQ���FODVVHV����������������DQG
����������� ,Q� WKH�GLVFXVVLRQ� LW� LV�VXJJHVWHG� WR�GLVWLQJXLVK�EHWZHHQ�XQFHUWDLQW\� VXUURXQGLQJ
WKH�DFWLYLW\��DPRXQW�IURP�VRXUFH�RU�VLQN��DQG�VXUURXQGLQJ�WKH�HPLVVLRQ�IDFWRU��7KLV�KDV�OHG�WR
WKH�IROORZLQJ��VHH�7DEOH����
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7DEOH�����([SHUW�MXGJHPHQW�RQ�WKH�XQFHUWDLQWLHV�LQ�WKH�DFWLYLW\�GDWD�DQG�HPLVVLRQ�IDFWRUV�IRU�GLIIHUHQWVHFWRUV�ZLWKLQ�DJULFXOWXUH�LQ�WKH�1HWKHUODQGV�
6RXUFH�RI�JUHHQKRXVH�JDVHV $FWLYLW\ (PLVVLRQIDFWRU

&2� +HDWLQJ�JUHHQKRXVHV �� ��
7UDQVSRUW�ZLWKLQ�DJULFXOWXUH �� ����
0LQHUDOLVDWLRQ�RI�SHDW�VRLOV �� ������
2UJDQLF�PDWWHU�LQ�VRLOV (VWLPDWH�Q�D� �����

&+� (QWHULF�IHUPHQWDWLRQ�LQ�UXPLQDQWV �� ����
6WRUDJH�RI�DQLPDO�PDQXUH ����� �����
:HWODQGV �� ����
8SODQG �� ����

1�2 &URS�SURGXFWLRQ
� )HUWLOLVHU��DQLPDO�PDQXUH��FURS�UHVLGXHV��FRPSRVW��OHJXPHV ����� �������
� 1HW�PLQHUDOLVDWLRQ�RI�SHDW�VRLOV ������ �������
$QLPDO�SURGXFWLRQ �
� 6WRUDJH�RI�DQLPDO�PDQXUH��JUD]LQJ�DQLPDOV ������ �������
,QGLUHFW�VRXUFHV�DIWHU�1�ORVVHV �
� $PPRQLD�YRODWLOLVDWLRQ��QLWUDWH�OHDFKLQJ ��� �������
$GGLWLRQDO�VRXUFHV �
1RQ�JUHHQKRXVH�HQHUJ\�XVH ����� �����
&RQYHUVLRQ�RI�FURS��DQG�JUDVVODQG�DQG�YLFH�YHUVD �
/DQG�XVH��FKDQJHV���L�H��FORYHU�JUDVVODQG��GHIRUHVWDWLRQ�WUDQVIRUPLQJ��FURS��WR�JUDVVODQG�DQG�YLFH�YHUVD �1RWDYDLODEOH �1RWDYDLODEOH
� &2� 	 1�2 ���� �������
� &+� ���� �����

&RQFOXGLQJ�UHPDUNV�
&2�� +HDWLQJ��DQG�FRROLQJ��LQ�QRQ�JUHHQKRXVH�KRUWLFXOWXUH�DQG�ODQG�XVH�FKDQJHV�KDYH�QRW

\HW�EHHQ�TXDQWLILHG�
&+�� 5HSRUWLQJ�RQ�ODQG�XVH�LV�XQFOHDU��XQFHUWDLQW\�LQ�HVWLPDWHV�FDQ�EH�KLJKO\�YDULDEOH�DV�D

FRQVHTXHQFH�RI�XQFHUWDLQW\�LQ�UDWLRQV�LQ�IHHGLQJ�RI�DQLPDOV��DQG�XQFHUWDLQW\�LQ�OHQJWK
RI VWRUDJH�DQG�FRQGLWLRQV�GXULQJ�PDQXUH�VWRUDJH�

1�2� &RQYHUWLQJ�FURS��LQWR�JUDVVODQG�LV�QRW�LQFOXGHG�KHUH��HPLVVLRQ�IURP�QDWXUH�DUHDV�DQG
IRUHVW��DV�ZHOO�DV�LQGLUHFW�HPLVVLRQV��DUH�VXUURXQGHG�ZLWK�XQFHUWDLQW\��HPLVVLRQ�IDFWRUV
DUH�LQIOXHQFHG�E\�ERWK�PDQDJHPHQW�DQG�WKH�HQYLURQPHQW���S+��UDLQ��

���5HGXFLQJ�XQFHUWDLQW\
� 5HGXFLQJ� WKH� XQFHUWDLQW\� LQ� HVWLPDWHV� WR� ��� RU� HYHQ� ORZHU� LV� VHHQ� DV� DQ� H[WUHPHO\

GLIILFXOW� WDVN��ZKLFK�ZLOO�QRW�EH�DFFRPSOLVKHG�LQ�WKH�VKRUW� WHUP��7KH�XQFHUWDLQW\�FDQ�EH
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UHGXFHG� E\� LQFUHDVLQJ� GDWD� DYDLODELOLW\� RQ� PDJQLWXGH� RI� DFWLYLWLHV�� 7KLV� LV� UHODWLYHO\
VLPSOH�EXW�ZLOO�OHDG�WR�D�OLPLWHG�UHGXFWLRQ�LQ�XQFHUWDLQW\�

� $Q� LPSRUWDQW� FRQWULEXWLRQ� WR� WKH� UHGXFWLRQ� RI� XQFHUWDLQW\� PD\� EH� H[SHFWHG� IURP
UHSUHVHQWDWLYH�PHDVXUHPHQWV��1HZ�HPLVVLRQ�IDFWRUV�FDQ�WKHQ�EH�GHYHORSHG�IRU�FOXVWHUHG
DFWLYLWLHV��$�PRUH� DFFXUDWH�GHWHUPLQDWLRQ�RI�HPLVVLRQ� IDFWRUV� DQG� GRVH� UHVSRQVH� FXUYHV
IRU� GLIIHUHQW� SURFHVVHV� DQG� VHFWRUV� PD\� UHSUHVHQW� DQ� LPSRUWDQW� FRQWULEXWLRQ� WR� WKH
HVWLPDWHV�RI�HPLVVLRQV�DQG�VLQNV�IURP�GLIIHUHQW�SURFHVVHV�DQG�VHFWRUV�

� &RXSOLQJ�PRQLWRULQJ�WR�V\VWHP�DQDO\VLV�FDQ�OHDG�WR�WKH�FDWHJRULVDWLRQ�RI�WKH�VRXUFHV�LQWR
ORZ��PLGGOH�DQG�KLJK�

���:KR�FDQ�FRQWULEXWH�DQG�ZKHQ"
� $ JURXS� FDOOHG� WKH� $JULFXOWXUDO� WDVN� IRUFH� IURP� :DJHQLQJHQ� �$%�� $OWHUUD��� ,0$*(�

5,90�LQ�%LOWKRYHQ�DQG�(&1�LQ�3HWWHQ��ZKR�FDQ�SRWHQWLDOO\�FDUU\�RXW�WKLV�WDVN�ZDQWV�WR
VHW� XS� D� SODQ� RI� DFWLRQ� WR� LQFOXGH� D� VWHS�E\�VWHS� SODQ�� DQG� SULRULWLVLQJ� DQG� SKDVLQJ� RI
DFWLYLWLHV�

� &RQFHUQ� DERXW� WKH� �OLPLWHG�� LQSXW� IURP� WKH� DFWRUV� �IURP� WKH� WDUJHW� JURXSV��� VSHFLDO
DWWHQWLRQ� VKRXOG� EH� JLYHQ� WR� SXEOLF� LQIRUPDWLRQ� DQG� EDVH� VHFWRUV�� ,W� LV� LPSRUWDQW� WR
GHYHORS� D� WUDQVSDUHQW� DQG� XQGHUVWDQGDEOH� PHWKRGRORJ\� IRU� ERWK� PHDVXUHPHQWV� DQG
UHSRUWLQJ�
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���� 6(66,21� ��� 27+(5� 6285&(6�� :$67(�5(6,'(17,$/��75$'(�$1'�6(59,&(�6(&7256
'LVFXVVLRQ�SDSHU
'LFN�1DJHOKRXW��-RV�2OLYLHU�DQG�7UXG\�5RRG5,90

,QWURGXFWLRQ
7KLV�VHVVLRQ�FRQFHQWUDWHV�RQ�WKH�SURFHVV�HPLVVLRQV�RI�&2�� &+��DQG�1�2 IURP�WKH�IROORZLQJVHFWRUV�� 6ROLG�DQG�OLTXLG�ZDVWH�WUHDWPHQW��UHPRYDO�VHZDJH�WUHDWPHQW�� 5HVLGHQWLDO� 7UDGH��VHUYLFHV�DQG�JRYHUQPHQW� 7KH�KLJKHVW�VRXUFH�LV�PHWKDQH�IURP�ZDVWH�WUHDWPHQW�7KHUHIRUH� WKLV� VHVVLRQ�ZLOO�PDLQO\� FRQFHQWUDWH� RQ� WKLV� VRXUFH�� (PLVVLRQV� IURP� FRPEXVWLRQZLOO�PDLQO\�EH�WUHDWHG�LQ�VHVVLRQ���RQ�(QHUJ\�
7KH�DLP�RI�WKLV�VHVVLRQ�LV�� 7R�PDNH�D�TXDQWLWDWLYH�HVWLPDWH�RI�WKH�XQFHUWDLQW\�LQ�WKH�HPLVVLRQV�SHU�VHFWRU�DQG�SHU�JDV�� 7R�PDNH�DQ�LQYHQWRU\�RI�WKH�ODUJHVW�VRXUFHV�RI�XQFHUWDLQW\�� 7R�PDNH�DQ�LQYHQWRU\�RI�WKH�SRVVLELOLWLHV�WR�UHGXFH�WKHVH�XQFHUWDLQWLHV�� 7R�PDS�WKH�LQIRUPDWLRQ�IORZV�DQG�VXJJHVW�LPSURYHPHQWV�IRU�WKH�FXUUHQW�QDWLRQDO�V\VWHP�� 7R�PDNH�D�SODQ�RI�DFWLRQ�IRU�WKH�UHGXFWLRQ�RI�XQFHUWDLQWLHV�

��� :DVWH�WUHDWPHQW
�����,QWURGXFWLRQ
7KLV� 81)&&&�,3&&� FDWHJRU\� FRQVLVWV� RI� ODQGILOOV�� ZDVWH� LQFLQHUDWLRQ� SODQWV� DQG� VHZDJHWUHDWPHQW�SODQWV��$�FDWHJRU\�RWKHU�LV�DGGHG�IRU�FRXQWULHV�WR�XVH�IRU�RWKHU�UHOHYDQW�VRXUFHV��7KHGHILQLWLRQ�RI�0XQLFLSDO�6ROLG�:DVWH��06:��LV�UDWKHU�EURDG��,Q�WKH�HPLVVLRQ�LQYHQWRU\�RI�WKH1HWKHUODQGV� WKH�HPLVVLRQV� IURP� ODQGILOOV�DQG�ZDVWH� LQFLQHUDWLRQ�SODQWV� DUH� HVWLPDWHG�E\� WKHWDVN�IRUFH�JURXS�(1,1$��DQG�WKH�HPLVVLRQV�IURP�VHZDJH�WUHDWPHQW�DUH�HVWLPDWHG�E\�WKH�WDVNIRUFH�JURXS�0(:$7�

7DEOH����2YHUYLHZ�RI�HPLVVLRQV�LQ������LQ�WKLV�WDUJHW�JURXS��LQ�*J�DQG�LQ�0WRQ�&2��HTXLYDOHQW�6RXUFH &2� �0WRQ� &+� �*J� DV�&2��HT� 1�2 �*J� DV�&2��HT�/DQGILOOV � ��� ���� �:DVWH�LQFLQHUDWLRQ ����0WRQ S�P� ��� ���6HZDJH�WUHDWPHQW � ����� � ��� ��� ���

�����/DQGILOOV
�$FFRUGLQJ� WR� WKH� 81)&&&�,3&&� JXLGHOLQHV� WKHUH� VKRXOG� EH� D� GLIIHUHQFH� PDGH� EHWZHHQPDQDJHG�DQG�XQPDQDJHG�ZDVWH�GLVSRVDO��)RU�WKH�1HWKHUODQGV�RQO\�µFRQWUROOHG�GXPSLQJ�VLWHV
KDYH� EHHQ� LQ� H[LVWHQFH� IRU� \HDUV�� ,OOHJDO� GXPSLQJ� WDNHV� SODFH�� EXW� DV� IDU� DV� HQYLURQPHQWDOSUHVVXUH�LV�FRQFHUQHG�WKLV�LV�QHJOLJLEOH�
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�0RQLWRULQJ�SXWV�WKH�HPSKDVLV�RQ�&+�� 0HWKDQH�IURP�GXPSLQJ�VLWHV�LV�FDOFXODWHG�ZLWK�D�ILUVW�RUGHU�PRGHO��ZKLFK�JRHV�IXUWKHU�WKDQ� WKH� ,3&&�VWDQGDUG��)RU�WKH�DOJRULWKP�VHH�$SSHQGL[���)DFW� 6KHHW� RQ� &+� IURP� GXPSLQJ� VLWHV� 8QFHUWDLQWLHV� DUH�� IUDFWLRQ� RI� WKH� ELRGHJUDGDEOHRUJDQLF� FDUERQ� WKDW� LV� DFWXDOO\� GHFRPSRVHG�� WKH� GHFD\� FRQVWDQW� DQG� WKH� SHUFHQWDJH� RIR[LGDWLRQ�LQ�WKH�WRS�OD\HU��7R�LPSURYH�RQ�WKRVH�H[SHQVLYH�UHVHDUFK�LV�QHHGHG�IRU�LPSURYHPHQWRI GDWD��7KH�HPLVVLRQ�OHYHO�LV�DOVR�RI�OHVV�LQWHUHVW�WKDQ�WKH�WUHQG�
�(YHU\�\HDU�LQIRUPDWLRQ�RQ�WKH�DPRXQW�RI�GXPSHG�ZDVWH�LV�FROOHFWHG�E\�WKH�:RUNLQJ�*URXS�RQ:DVWH� 5HJLVWUDWLRQ� �:$5� LQ� 'XWFK��� D� FRRSHUDWLYH� HIIRUW� RI� :DVWH� &RQVXOWDWLRQ� *URXS�$22��� &RRSHUDWLRQ� RI� :DVWH� +DQGOHUV� �99$9��� 3URYLQFLDO� &RQVXOWDWLRQ� *URXS� �,32���6&*���0LQLVWU\�RI�+RXVLQJ�3K\VLFDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW�DQG�WKH�1DWLRQDO�,QVWLWXWHRI 3XEOLF�+HDOWK�DQG� WKH�(QYLURQPHQW� �5,90���7KH� WRWDO� DPRXQW�RI�GXPSHG�ZDVWH� LV� KDUGDQG�IDVW��7KH�FRPSRVLWLRQ�RI�WKH�ZDVWH�GXPSHG�LV�HVWLPDWHG��EXW�WKLV�LQIRUPDWLRQ�FDQQRW�EHUHOLDEO\�GHULYHG�IURP�WKH�LQIRUPDWLRQ�IURP�WKH�GXPSLQJ�VLWH�RZQHUV��%\�5,90��ZLWK�WKH�KHOSRI VHYHUDO�VRXUFHV� OLNH� WKRVH�RI� WKH�&HQWUDO�%XUHDX�RI�6WDWLVWLFV� WKH�1HWKHUODQGV� �&%6��� WKHH[WHQW�WR�ZKLFK�WKH�ZDVWH�FDWHJRULHV�DUH�UHSUHVHQWHG�LQ�WKH�GXPSHG�ZDVWH�LV�HVWLPDWHG��7KLV�LVIROORZHG�E\�DQ�HVWLPDWH�RI� WKH�FRPSRVLWLRQ�RI�GXPSHG�ZDVWH�DFFRUGLQJ� WR�FRPSRXQG�XVLQJLQIRUPDWLRQ� IURP� 6WDWLVWLFV� 1HWKHUODQGV�� 5,90� DQG� RWKHU� VRXUFHV�� 7KLV� LV� GHWHUPLQHGDQQXDOO\�IRU�KRXVHKROG�ZDVWH�� IRU�RWKHU�FDWHJRULHV�� WKLV� WDNHV�SODFH� OHVV� IUHTXHQWO\��'DWD�RQWKH� FRPSRVLWLRQ� RI� WKH� ZDVWH� DUH� OLQNHG� WR� HVWLPDWHV� RI� WKH� RUJDQLF� FDUERQ� OHYHOV� RI� WKHGLIIHUHQW�ZDVWH�FRPSRXQGV�IURP�D�UHSRUW�PDGH�E\�(FRI\V��������
�(YHU\�\HDU�WKH�99$9�UHSRUWV�WKH�DPRXQW�RI�ZDVWH�JDV�H[WUDFWHG��IODUHG�DQG�XVHG���7KHUH�LVVRPH�XQFHUWDLQW\�DERXW�WKH�&+� FRQWHQW�RI�WKH�ZDVWH�JDV��7KH�DQQXDO�HPLVVLRQV�RI�&+� �DQGRUJDQLF�&2�� DUH�REWDLQHG�E\�FRPELQLQJ�WKH�DOJRULWKP�DQG�WKH�LQSXW�GDWD��6HYHUDO�JUHHQKRXVHJDVHV� DUH� UHOHDVHG� GXULQJ� WKH� LQFLQHUDWLRQ� RI� WKH� ZDVWH� JDV��:H� DUH� FRQFHUQHG� ZLWK� VPDOODPRXQWV�KHUH��KRZHYHU��WKH�LQIRUPDWLRQ�FRXOG�EH�LPSURYHG�
�
�����:DVWH�LQFLQHUDWLRQ�LQVWDOODWLRQV
�7KH� LQFLQHUDWLRQ� SODQWV� DUH� LQFRUSRUDWHG� LQWR� WKH� (PLVVLRQ� 5HJLVWUDWLRQ�� 7KH� DPRXQW� RILQFLQHUDWHG� ZDVWH� LV� GHULYHG�� LQ� SDUWLFXODU�� IURP� WKH�:$5� GDWD�� 7KH� FRQWULEXWLRQ� RI� IRVVLOFDUERQ�LQ�WKH�LQFLQHUDWHG�ZDVWH��IURP�SODVWLFV�PDLQO\���LV�GHWHUPLQHG�DQDORJRXV�WR�WKH�PHWKRGGHVFULEHG�IRU�WKH�GXPSLQJ�VLWHV��7KLV�LQIRUPDWLRQ�LV�XVHG�E\�712�WR�GHWHUPLQH�WKH�DPRXQW�RIELRORJLFDO�DQG�QRQ�ELRORJLFDO�&2��

�����2WKHU�VRXUFHV
�:LWKLQ� WKH� WDUJHW� VHFWRU��ZDVWH�GLVSRVDO�FRPSDQLHV�� WKHUH� DUH� VWLOO� VHYHUDO�FRPSDQLHV�ZKRVHFRQWULEXWLRQ�WR�WKH�GLVSRVDO�RI�VRPH�JUHHQKRXVH�JDVHV�LV�PLQLPDO��,Q�WKH�VSULQJ�RI������WKH(1,1$�7DVN�)RUFH� DJUHHG� WR� DQ� LQYHVWLJDWLRQ� ODWHU� WKDW� \HDU� �DXWXPQ�� WR� GHWHUPLQH�ZKLFKFRPSDQLHV� ZHUH� LQ� TXHVWLRQ� KHUH�� ,W� ZRXOG� DOVR� EH� LQYHVWLJDWHG� LI� WKH� HPLVVLRQV� IURP� WKHLQGXVWULDO�WDUJHW�VHFWRU�VKRXOG�EH�LQFOXGHG���7R�FRPSOHWH�WKH�SLFWXUH�ZH��VKRXOG�PHQWLRQ�WKDWVHYHUDO� HPLVVLRQV�RI�&+� DQG�1�2 IURP�SURFHVVHV�PDNH� WKHLU� DSSHDUDQFH� LQ� OLTXLG� VHZDJHWUHDWPHQW�SODQWV��5:=,
V��EXW�ZLOO�QRW�EH�GLVFXVVHG�KHUH�
�
�����&ORVLQJ�UHPDUNV7KH�ILUVW�RUGHU�PRGHO�IRU�&+� IRU�GXPSLQJ�VLWHV�LV�SUREDEO\�EHWWHU�WKDQ�D�]HUR�RUGHU�PRGHO�8QFHUWDLQWLHV�GR�QRW�OLH�LQ�WKH�DPRXQW�RI�GXPSHG�ZDVWH�EXW�HVSHFLDOO\�LQ�WKH�HVWLPDWLRQ�RI�WKHFRPSRVLWLRQ� RI� WKH� GXPSHG� ZDVWH� �PDWHULDO� DQG� RUJDQLF� FDUERQ� FRQWHQW�� 5HGXFLQJ� WKLVXQFHUWDLQW\�ZLOO� UHTXLUH� D� FRQWULEXWLRQ� WR� WKH� WXQH�RI� VHYHUDO�PLOOLRQ�'XWFK� JXLOGHUV� \HDUO\�:KLFK�ZLWK�UHVSHFW�WR�WKH�SUHYLRXV�\HDUV�ZLOO��RI�FRXUVH��EH�GLIILFXOW�WR�UHDOLVH�
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��� 5HVLGHQWLDO��WUDGH�DQG�VHUYLFH�VHFWRUV
7KH� ODUJHVW�SDUW�RI� WKH�HPLVVLRQ�RI�JUHHQKRXVH�JDVHV� LV� IURP�FRPEXVWLRQ�RI� IRVVLO� IXHOV� IRUKHDWLQJ��7KDW�LV�WUHDWHG�LQ�WKH�HQHUJ\�VHVVLRQ��+HUH�RQO\�VRPH�VSHFLILF�HPLVVLRQV�DUH�WUHDWHGOLNH�PHWKDQH�IURP�WKH�VPRXOGHULQJ�RI�ZRRG�DQG�FKDUFRDO�ILUHV��HVSHFLDOO\�LQ�RSHQ�KHDUWKV�DQGELRIXHO� VWRYHV��7KH� RWKHU� DVSHFW� WR� EH� WUHDWHG� KHUH� LV� WKH� QHZ� JUHHQKRXVH� JDVHV��7KH�+)&HPLVVLRQV� IURP� UHVLGHQWLDO� DQG� FRPPHUFLDO� VHUYLFHV� DUH� QRZ� �� DQG� ��� UHVSHFWLYHO\� RI� WKHWRWDO�+)&V�HPLVVLRQ�LQ�WKH�1HWKHUODQGV��LQ�&2��HTXLYDOHQWV���$OWKRXJK�WKH�FRQWULEXWLRQ�WR�WKHWRWDO�+)&�HPLVVLRQ� IURP� WKHVH� VRXUFHV� LQ� WKH�1HWKHUODQGV� LV� VPDOO�� WKH�XQFHUWDLQWLHV� LQ� WKHLQSXW� IDFWRUV� LQ� WKH� PRGHOV� LV� UDWKHU� ODUJH�� DPRXQWV� XVHG� SHU� DSSOLFDWLRQ�� OHDNLQJ� UDWHV�OLIHWLPHV�RI�DSSOLDQFHV��HWF��7KLV�LV�HVSHFLDOO\�WKH�FDVH�LQ�FRROLQJ�LQ�WKH�FRPPHUFLDO�VHFWRU�
7DEOH� ��� 2YHUYLHZ� RI� SURFHVV� DQG� FRPEXVWLRQ� HPLVVLRQV� LQ� ����� LQ� WKH� 1HWKHUODQGV� IURP� WKHUHVLGHQWLDO��FRPPHUFLDO�DQG�VHUYLFHV�VHFWRU��LQ�*J��DQG�0WRQ�&2��HTXLYDOHQW�6HFWRU &2� &+� DV�&2��HT� 1�2 DV�&2��HT� +)&�DV�&2��HT�3URFHVV >LQ�����@5HVLGHQWLDO � ��� � ���
6HUYLFHV � ��� ���� ��� ��� ���
&RPEXVWLRQ5HVLGHQWLDO�IRVVLO ���� ���� ��� ���� � �5HVLGHQWLDO�ELRIXHO � � � ��� ��� � � �6HUYLFHV�IRVVLO � ��� � ��� ���� ���� � �6HUYLFHV�ELRIXHO � � � " " " " �

�����5HVLGHQWLDO
3URFHVV�HPLVVLRQV�RI�PHWKDQH�DQG�QLWURXV�R[LGH�LQ�WKH�UHVLGHQWLDO�VHFWRU�DUH�IURP�VPRNLQJ�RIWREDFFR�DQG�ILUH�FUDFNHUV�DW�QHZ�\HDU
V�HYH�DQG�DUH�QHJOLJLEOH��+)&�HPLVVLRQV�LQ�WKLV�VHFWRUDUH�IURP�UHIULJHUDWRUV�DQG�DHURVRO�VSUD\LQJ�FDQV��8QWLO�QRZ�HPLVVLRQV�IURP�VSUD\LQJ�FDQV�DUHHVWLPDWHG� EDVHG� RQ� DQQXDO� LQIRUPDWLRQ� IURP� .30*� &RQVXOWDQWV�� 7KLV� LV� RQO\� +)&����D�+)&�HPLVVLRQV�IURP�KRXVHKROG�UHIULJHUDWRUV�DUH�QHJOLJLEOH�DW�WKH�PRPHQW�
0HWKDQH�HPLVVLRQV� IURP�KRXVHKROGV� �IRU� VSDFH�KHDWLQJ��KRW�ZDWHU� DQG� FRRNLQJ�� DUH�PDLQO\FDXVHG�E\�QDWXUDO�JDV�VOLS�GXULQJ�FRRNLQJ��1H[W�WR�WKLV�VRPH�PHWKDQH�HPLVVLRQV�RFFXU�GXULQJFRPEXVWLRQ� RI� ZRRG� DQG� FKDUFRDO� LQ� ZRRG� VWRYHV�� RSHQ� KHDUWKV� DQG� EDUEHFXHV�� 7KHXQFHUWDLQW\� LQ� WKH�HVWLPDWH� LV� ODUJHO\� UHODWHG� WR� WKH�XQFHUWDLQW\� LQ� WKH�GHYHORSPHQW� LQ�ZRRGDQG� FKDUFRDO� XVH�� ,W� LV� QRW� SDUW� RI� WKH� (QHUJ\� 0RQLWRU� RI� &%6� �(QHUJ\� EDODQFHV� RI� WKH1HWKHUODQGV���,W�KDV�WR�EH�PRQLWRUHG�VHSDUDWHO\��5HFHQWO\�D�FHQVXV�ZDV�PDGH�RI�WKH�QXPEHU�RIRSHQ�ILUHSODFHV�DQG�ZRRG�VWRYHV�DQG�WKHLU�XVH��7KLV�KDV�OHDG�WR�WKH�UHYLVLRQ�RI�WKH�GHJUHH�RISHQHWUDWLRQ�DQG�WKH�DVVXPHG�XVH�
7KH�VXPPDU\�RI�WKH�LPSRUWDQW�HPLVVLRQV�LQ�WKH�UHVLGHQWLDO�VHFWRU�LV�� &DUERQ�GLR[LGH� IURP� FRPEXVWLRQ�RI� IRVVLO� IXHOV�� 6HH�6HVVLRQ� �� IRU� D�GLVFXVVLRQ� RQ� WKHXQFHUWDLQWLHV�� +)&�HPLVVLRQV��2QO\�+)&����D�IURP�VSUD\LQJ�FDQV�LV�PRQLWRUHG�� 0HWKDQH� IURP� FRPEXVWLRQ� RI� IRVVLO� IXHOV�� PDLQO\� QDWXUDO� JDV�� 8QFHUWDLQW\� PDLQO\� LQOHDNLQJ�RI�QDWXUDO�JDV�GXULQJ�FRRNLQJ�� 0HWKDQH�IURP�EXUQLQJ�RI�ZRRG�DQG�FKDUFRDO��8QFHUWDLQWLHV�DUH�LPSRUWDQW�LQ�WKH�DPRXQWVRI ELRPDVV� XVHG� DQG� WKH� HPLVVLRQ� IDFWRUV� IRU� HDFK� W\SH� RI� LQVWDOODWLRQ� �RSHQ� ILUHSODFH�ZRRG� VWRYH� ZLWK� DQG� ZLWKRXW� FHUWLILFDWLRQ�� EDUEHFXH��� 7UHQGV� LQ� WKH� XVH� RI� ZRRG� DQGFKDUFRDO�VKRXOG�EH�PRQLWRUHG�
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�����&RPPHUFLDO�DQG�SXEOLF�VHUYLFH�VHFWRU
3URFHVV�HPLVVLRQV�IURP�WKLV�VHFWRU�RI�PHWKDQH�DUH�PDLQO\�GXULQJ�WKH�SUHSDUDWLRQ�RI�GULQNLQJZDWHU��6RPH�GULQNLQJ�ZDWHU�ZHOOV�FRQWDLQ�PHWKDQH��7KH�SURFHVV� HPLVVLRQV�RI�QLWURXV�R[LGHDUH� IURP� DQDHVWKHVLD� LQ� KRVSLWDOV� DQG� IURP� VSUD\LQJ� FDQV� IRU� H[DPSOH� IRU� FUHDP�� +)&HPLVVLRQV�DUH�IURP�VWDWLRQDU\�FRROLQJ��DV�VROYHQW�DQG�FOHDQLQJ�DJHQW�LQ�WKH�HOHFWURQLFV�DQG�DVDHURVRO�� 'LIIHUHQW� +)&V� DUH� PRQLWRUHG� E\� .30*� FRQVXOWDQWV� EXW� PDLQO\� IURP� WKHFRPPHUFLDO�VWDWLRQDU\�FRROLQJ�VHFWRU��7KLV�LV�EDVHG�RQ�DQ�LQYHQWRU\�RI�WKH�XVH�SHU�FDWHJRU\�7KH�XQFHUWDLQWLHV�LQ�WKH�PRGHO�IDFWRUV�XVHG�IRU�SUDFWLFHV�LV�TXLWH�ODUJH��HVSHFLDOO\�IRU�FRROLQJ�IDFWRUV�IRU�XVH�SHU�FDWHJRU\��OHDNLQJ�UDWHV��PDLQWHQDQFH�ORVVHV��DSSOLDQFHV�OLIH�F\FOHV��HWF��$QXQFHUWDLQW\� DQDO\VLV� DQG� D� VHQVLWLYLW\� DQDO\VLV� IRU� WKH� PRGHOV� XVHG� FRXOG� EH� D� SRLQW� RIDWWHQWLRQ�LQ�WKH�HVWLPDWHV�RI�DFWXDO�+)&�HPLVVLRQV�
0RVW� FRPEXVWLRQ� HPLVVLRQV� LQ� WKLV� VHFWRU� DUH� IURP� VSDFH� KHDWLQJ�ZLWK� QDWXUDO� JDV��&DUERQGLR[LGH� LV�GLVFXVVHG� LQ� VHVVLRQ����0HWKDQH�HPLVVLRQV�DUH�IURP� OHDNLQJ�DQG�QDWXUDO�JDV�VOLS�6RPH� VPDOO� HPLVVLRQV� RI�PHWKDQH� DUH� H[SHFWHG� GXULQJ� WKH� XVH� RI� RSHQ� ILUHSODFHV� DQG� WKHSUHSDUDWLRQ�RI�IRRG�RQ�ZRRG�RU�FKDUFRDO�LQ�UHVWDXUDQWV��LQ�UHFUHDWLRQDO�SDUNV�DQG�KRWHOV��7KLVLV�QRW�\HW�PRQLWRUHG��,W�LV�H[SHFWHG�WR�EH�VPDOO��7KH�XQFHUWDLQW\�LV�UHODWHG�WR�WKH�DPRXQWV�RIELRPDVV�XVHG��,W�LV�QRW�SDUW�RI�WKH�(QHUJ\�PRQLWRU�RI�&%6�
$ VXPPDU\�RI�HPLVVLRQV�DQG�XQFHUWDLQWLHV�WKDW�DUH�LPSRUWDQW�LQ�WKLV�VHFWRU�� &DUERQ� GLR[LGH� IURP� FRPEXVWLRQ� RI� IRVVLO� IXHOV�� 6HH� VHVVLRQ� �� IRU� D� GLVFXVVLRQ� RIXQFHUWDLQWLHV�LQ�WKH�HVWLPDWHV�� +)&�HPLVVLRQV��2QO\�+)&����D�LQ� WKH�VWDWLRQDU\�FRROLQJ� LV�PRQLWRUHG��7KH�XQGHUO\LQJIDFWRUV�XVHG�LQ�WKH�PRGHOV�IRU�HVWLPDWLQJ�WKH�DFWXDO�HPLVVLRQV�DUH�UDWKHU�XQFHUWDLQ�� 1�2 IURP�SURFHVVHV��7KH� ODUJHVW� XQFHUWDLQW\� LV� WKH� DPRXQW� XVHG� IRU� DQDHVWKHVLD� DQG� LQVSUD\LQJ�FDQV��,Q������WKLV�LV�HVWLPDWHG�IURP�D�IDFWRU�IRU�FRQVXPSWLRQ�SHU�FDSLWD�� 0HWKDQH�IURP�FRPEXVWLRQ�RI�ZRRG�DQG�FKDUFRDO��7KH�XVH�RI�ZRRG�DQG�FKDUFRDO�LQ�RSHQILUHSODFHV�� ZRRGVWRYHV� DQG� EDUEHFXHV� LQ� UHVWDXUDQWV�� UHFUHDWLRQDO� SDUNV� DQG� KRWHOV� LVXQNQRZQ�
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$33(1';�����)$&76+((7�0(7+$1(�)520�/$1'),//6
� &RPSRXQG�WDUJHW�VHFWRU &+� � :DVWH�GLVSRVDO�FRPSDQLHV��GXPSLQJ�VLWHV�

� 1DPH� RIUHSRUWHU���GDWH
'UV��'��1DJHOKRXW���/$(�����)HEUXDU\�������IRU�VPDOO�GHWDLOV��VXSSOHPHQWHGRQ����$XJXVW������

� 3ROLF\�DLP 7KHUH� LV� QR� VHSDUDWH� &+� REMHFWLYH� IRU� ZDVWH� GLVSRVDO�� 7KH� REMHFWLYH� IRUPHWKDQH� �WRWDO� IRU� WKH�JURXS�� LV� � D�����UHGXFWLRQ� LQ�������$�ZDVWH� SROLF\REMHFWLYH�LV� WR�GXPS�DV�OLWWOH�ZDVWH��LQFOXGLQJ�RUJDQLF�PDWHULDO��DV�SRVVLEOHDQG�H[WUDFW� DV�PXFK�ZDVWH�JDV�DV�SRVVLEOH��$� UHGXFWLRQ�RI�PRUH� WKDQ����KDV�EHHQ�UHDOLVHG��WDNLQJ�UH�FDOFXODWLRQ�RI�ILJXUHV�IRU������LQWR�DFFRXQW��
� (PLVVLRQ� OHYHO���� ����PLOOLRQ�NJ

� $OJRULWKP 7KH�DOJRULWKP�LV�EDVHG�RQ�D�PHWKRG�GHVFULEHG�HDUOLHU�E\�+RHNV��������>UHI��@� DQG� PRUH� UHFHQWO\� LQ� &RRSV� HW� DO�� ������� >UHI�� �@�� &DOFXODWLRQV� SHUGXPSLQJ� VLWH� ZHUH� QRW� FDUULHG� RXW�� 7KH� JHQHUDO� IRUP� RI� WKH� HTXDWLRQ� LVVKRZQ�EHORZ�
(PLVVLRQ� ��JDV�SURGXFWLRQ���JDV�H[WUDFWLRQ���R[LGDWLRQ�LQ�FRYHU�OD\HU
7KH�PHWKRG�WDNHV�WKH�IROORZLQJ�DVSHFWV�LQWR�DFFRXQW�� WKH�DPRXQW�RI�ZDVWH�GXPSHG�SHU�\HDU�VLQFH������>UHIV�������@�� WKH�ELRGHJUDGDEOH�RUJDQLF�FDUERQ�FRQWHQW�LQ�WKH�ZDVWH�GXPSHG�>UHIV������@�� WKH� IUDFWLRQ� RI� WKH� ELRGHJUDGDEOH� RUJDQLF� FDUERQ� WKDW� LV� DFWXDOO\GHFRPSRVHG��VHW�DW������IRU�WKH�1HWKHUODQGV�>UHI���@�� GHFD\� FRQVWDQW� ������� SHU� \HDU� XS� WR� ������ GHFUHDVLQJ� WR� ������� IURP���������� EHFDXVH� RI� LQFUHDVHG� ELRZDVWH� FROOHFWLRQ�� WKHUHDIWHU� DVVXPHGFRQVWDQW��>UHI����@�� WKH�DPRXQW�RI�ZDVWH�JDV�H[WUDFWHG�>UHI���@�� ����R[LGDWLRQ�LQ�WKH�WRS�OD\HU�RI�WKH�GXPSLQJ�VLWH�>UHI���@
6HH�UHSRUW�RQ�PHWKRGV�IRU�JUHHQKRXVH�JDVHV��>UHI��@�
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� ,QSXW (VWLPDWHV�RQ�WKH�DPRXQW�RI�ZDVWH�GXPSHG�VLQFH������>UHIV���������@(VWLPDWHV�RQ�WKH�FRPSRVLWLRQ�RI�ZDVWH�GXPSHG�>UHIV�����@$PRXQWV�RI�H[WUDFWHG�ZDVWH�JDV�UHSRUWHG�E\�WKH�99$9�>UHI���@
� 8QFHUWDLQW\� RIHPLVVLRQHVWLPDWH

8QFHUWDLQW\�PDUJLQ��������UHI������5HOHYDQW� IDFWRUV�� WLPH� ODJ��ELRGHJUDGDEOH�RUJDQLF�&�FRQWHQW� LQ�YDULRXV�ZDVWHVXEVWDQFHV��PHFKDQLVPV�RQ�WKH�GXPSLQJ�VLWH�
� 9DOLGDWLRQLQSXW�

0HDVXUHPHQWV�ZHUH�FDUULHG�RXW�WR�GHWHUPLQH�ZDVWH�JDV�UHOHDVHG�IURP�GXPSLQJVLWHV�>VHH��IRU�H[DPSOH���UHI���@�7KH�ELRGHJUDGDEOH�RUJDQLF�&�FRQWHQW�LV�VHW�GRZQ�LQ�D�VWRFNWDNLQJ�VWXG\�>UHI��@�)LJXUHV� RQ� WKH� DPRXQW� RI�ZDVWH� GXPSHG� KDYH� LQ� WKH� ODVW� IHZ� \HDUV� EHFRPHPRUH�UHOLDEOH��DQQXDO�LQYHQWRU\�RI�WKH�:RUNLQJ�*URXS�RQ�:DVWH�5HJLVWUDWLRQ��)LJXUHV�RQ� WKH�FRPSRVLWLRQ�RI� �GXPSHG��ZDVWH� KDYH�EHHQ�PRUH� DFFXUDWH� WKHODVW�IHZ�\HDUV�FRPSDUHG�WR������>UHIV�������������������DQG���@�7KH� DPRXQW� RI� ZDVWH� JDV� H[WUDFWHG� LV� UHSRUWHG� \HDUO\� WR� WKH� 99$9� E\� WKHRZQHUV�RI�WKH�H[WUDFWLRQ�LQVWDOODWLRQV�9DOLGDWLRQ�RI� LQSXW� ILJXUHV� WDNHV� SODFH�ZLWKLQ� WKH�(1,1$�7DVN� IRUFH� RI� WKH&(,�

� &XUUHQWDFWLRQV � 1R�DFWLRQV�SODQQHG�IRU�ILQDQFLDO�UHDVRQV

�� 5HIHUHQFHV � -�6SDNPDQ�HW�DO���0HWKRGH�YRRU�GH�EHUHNHQLQJ�YDQ�EURHLNDVJDV�HPLVVLHV�9520� �� +RRIGLQVSHFWLH� 0LOLHXK\JLpQH�� 3XEOLFDWLHUHHNV(PLVVLHUHJLVWUDWLH�QU������7KH�+DJXH��-XO\������� -�+RHNV�� 6LJQLILFDQFH� RI� ELRJDV� SURGXFWLRQ� LQ� ZDVWH� WLSV�� :DVWH0DQDJHPHQW�DQG�5HVHDUFK����������������� 2�&RRSV�� /� /XQLQJ�� +�2RQN�� -�%RRP�� (PLVVLHV� YDQ� VWRUWSODDWVHQ�9520�+RRIGLQVSHFWLH�0LOLHXK\JLsQH��3XEOLFDWLHUHHNV�(PLVVLHUHJLVWUDWLHQU������7KH�+DJXH��'HFHPEHU������� 6WLFKWLQJ� 9HUZLMGHULQJ� $IYDOVWRIIHQ��2YHU]LFKW� DIYDOYHUZLMGHULQJ� 69$������$PHUVIRRUW�������� 6WLFKWLQJ� 9HUZLMGHULQJ� $IYDOVWRIIHQ�� ,QYHQWDULVDWLH� EHQRGLJGHVWRUWUXLPWH� 69$��$PHUVIRRUW������� :HUNJURHS�$IYDOUHJLVWUDWLH��$IYDO�LQ�1HGHUODQG��8WUHFKW� '��GH�-DJHU��.��%ORN��.RROVWRIEDODQV�YDQ�KHW�DIYDOV\VWHHP�LQ�1HGHUODQG�(FRI\V��8WUHFKW�������� $�$�-�&RUQHOLVVHQ�� 2QGHU]RHN� QDDU� GH� I\VLVFKH� VDPHQVWHOOLQJ� YDQ� KHW1HGHUODQGVH� KXLVKRXGHOLMN� DIYDO� 5,90�� %LOWKRYHQ�� 7KH� 1HWKHUODQGV�$QQXDO�UHSRUWV�� 99$9��-DDUYHUVODJHQ��DQQXDO�UHSRUWV�IRU�VHYHUDO�\HDUV����� 9520�� 6HFRQG� 1HWKHUODQGV¶� 1DWLRQDO� &RPPXQLFDWLRQ� RQ� &OLPDWH&KDQJH�3ROLFLHV� 9520��7KH�+DJXH��������� 5,90�� 5DSSRUWDJH� SULRULWDLUH� DIYDOVWRIIHQ� GLYHUVH� MDUHQ�� 5,90�%LOWKRYHQ��7KH�1HWKHUODQGV���� &%6�� 9DQ� JHPHHQWHZHJH� LQJH]DPHOG� DIYDO� &%6�9RRUEXUJ�� 7KH1HWKHUODQGV��� &%6��%HGULMIVDIYDOVWRIIHQ��&%6��9RRUEXUJ��WKH�1HWKHUODQGV��� 5,90��,QGXVWULHHO�DIYDO� 5,90��%LOWKRYHQ��7KH�1HWKHUODQGV
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6HVVLRQ����2WKHU�VRXUFHV���&RQFOXVLRQV
5HSRUW� RI� 6HVVLRQ� �� RI� WKH� :RUNVKRS� 
0RQLWRULQJ� RI� JUHHQKRXVH� JDV� HPLVVLRQV� LQ� WKH1HWKHUODQGV����6HSWHPEHU�������LQFOXGLQJ�WKH�IROORZ�XS�VHVVLRQ�RQ���1RYHPEHU������
$QGUp� YDQ� $PVWHO�� :DJHQLQJHQ� 8QLYHUVLW\�� ,QVWLWXWH� IRU� (QYLURQPHQW� DQG� &OLPDWH5HVHDUFK�DQG�+DQV�2RQN��712�0(3
'LVFXVVLRQ� VHVVLRQ� PHPEHUV� 0LHNH� %DNNHU� �9520�'*0�,&%�3&��� $OEHUW� )DEHU�5,90�//2���-RKDQ�$SHOGRRUQ��9520�/(���3HWHU�%XLOWMHV��712�,068���0DULsOOH�9RVEHHN�.(0$��� 7UXG\� 5RRG� �5,90�/$(��� +DQV� 2RQN� �712�0(3��� 'LFN� 1DJHOKRXW�5,90�/$(��� -RKDQ� $SHOGRRUQ� �9520�/(��� 3DXO� 5X\VVHQDDUV� �9520�/(��� $QGUp� YDQ$PVWHO��:DJHQLQJHQ�8QLYHUVLWHLW�:,0(.��
7KLV�VHVVLRQ�FRQFHQWUDWHG�RQ�SURFHVV�HPLVVLRQV�RI�FDUERQ�GLR[LGH��PHWKDQH�DQG�QLWURXV�R[LGHIURP�VROLG�DQG�OLTXLG�ZDVWH�WUHDWPHQW��UHVLGHQWLDO��DQG�FRPPHUFLDO�VHUYLFHV�JRYHUQPHQW�
7KH�GLVFXVVLRQ�IROORZHG�WKH�LQVWUXFWLRQV�EHORZ�VHSDUDWHO\�IRU�VROLG�ZDVWH�DQG�UHVLGHQWLDO�FRPPHUFLDO�VHUYLFHV�JRYHUQPHQW�
��� 4XDOLW\�RI�GRFXPHQWDWLRQ�� 0HWKRGV��DFWLYLWLHV��HPLVVLRQ�IDFWRUV�DQG�XQFHUWDLQW\�HVWLPDWHV� $UH�,3&&�UHYLVHG�JXLGHOLQHV�DSSOLHG��DUH�DOO�VRXUFHV�UHSRUWHG"��� 8QFHUWDLQW\�HVWLPDWHV��� ,GHQWLILFDWLRQ�RI�LPSRUWDQW�FDXVHV�RI�XQFHUWDLQW\�� 7HFKQLFDO�SRVVLELOLWLHV�WR�LPSURYH�TXDOLW\��� 3URSRVDO�WR�LPSURYH�WKH�TXDOLW\�RI�JUHHQKRXVH�JDV�PRQLWRULQJ�RI�RWKHU�VRXUFHV

���6ROLG�ZDVWH
7KH�PHWKDQH� HPLVVLRQV� IURP� ODQGILOOV� DUH�HVWLPDWHG�XVLQJ� D�PHWKRG� WKDW�ZDV�GHYHORSHG�E\
+RHNV���������,Q�&RRSV�HW�DO���������WKLV�PHWKRG�LV�DSSOLHG�WR�DOO� LQGLYLGXDO�ODQGILOOV�LQ�WKH
1HWKHUODQGV��7KLV�VWXG\�XVHG�LQIRUPDWLRQ�RQ�06:�ODQGILOOHG�DW�HDFK�VLWH��7KH�HVWLPDWH�LQ�WKH
1DWLRQDO�&RPPXQLFDWLRQV� FRQVLGHUV� WKH� DJJUHJDWH� RI� DOO� ODQGILOOV� LQ� WKH�1HWKHUODQGV�� ,QSXW
SDUDPHWHUV�DUH�GHVFULEHG� LQ�6SDNPDQ�HW� DO�� �������� ,QIRUPDWLRQ�RQ� WKH� WUHQG� LQ� WLPH�RI� WKH
TXDQWLW\�DQG�TXDOLW\�RI�WKH�ZDVWH�DQG�WKH�RUJDQLF�DQG�IRVVLO�FDUERQ�FRQWHQW�LV�IURP�(&2)<6
�'H�-DJHU�DQG�%ORN���������7KH�PHWKRG�LV�EDVHG�RQ�D�WLPH�GHSHQGHQW�GHJUDGDWLRQ�IXQFWLRQ�RI
WKH�FDUERQ�LQ�WKH�ZDVWH�
$  �I��N��3��H�NW
:KHUH� $  �JDV�SURGXFWLRQ��LQ�WRQ�&�SHU�WRQ�ODQGILOOHG�ZDVWH�SHU�\HDU�I  �WKH�IUDFWLRQ�RI�WKH�ELRGHJUDGDEOH�ZDVWH�WKDW�DFWXDOO\�WDNHV�SDUW�LQ�WKH�GHJUDGDWLRQ�LQ�WKH�1HWKHUODQGV�WKLV�IUDFWLRQ�LV�VHW�DW������N  �WKH�GHJUDGDWLRQ�FRQVWDQW�RI�������SHU�\HDU��KDOI�OLIH�LV�����\HDU��XQWLO�������)URP�����WR������N�LV�GHFUHDVLQJ�WR���������KDOI�OLIH�LV����\HDU��EHFDXVH�RI�D�GHFUHDVH�RIFDUERQ�LQ�WKH�ODQGILOOHG�ZDVWH�EHFDXVH�RI�UHF\FOLQJ�RI�RUJDQLF�ZDVWH�
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3  � WKH� FRQFHQWUDWLRQ� RI� ELRGHJUDGDEOH� RUJDQLF� FDUERQ� LQ� ODQGILOOHG� ZDVWH� ������WRQ�WRQ� RI�ZDVWH� LQ� ����� GHFUHDVLQJ� WR� ������ WRQ�WRQ� RI� ZDVWH� LQ� ����� EHFDXVH� RIUHF\FOLQJ�RI�RUJDQLF�ZDVWH�W  �WLPH�DIWHU�ODQGILOOLQJ�
,W�LV�DVVXPHG�WKDW�RQO\������RI�WKH�FDUERQ�LQ�WKH�ODQGILOO�DUH�DFWXDOO\�GHJUDGLQJ��:KDW�UHPDLQV
FDQ�EH�UHJDUGHG�DV�D�FDUERQ�VLQN��7KLV�LV�GLVFXVVHG�LQ�WKH�VLQNV�ZRUNVKRS�KHOG�LQ�:DJHQLQJHQ
���1RYHPEHU������
2QFH� GHJUDGHG�� WKH� DVVXPSWLRQ� LV� WKDW� ���� RI� WKH� FDUERQ� LQ� WKH� ODQGILOO� JDV� HVFDSHV� DV
PHWKDQH��WKH�RWKHU�����HVFDSHV�DV�FDUERQ�GLR[LGH��VKRUW�F\FOH���7KH�PDVV�RI� �&�WR�PDVV�RI
PHWKDQH�UHFDOFXODWLRQ�IDFWRU� LV��������7KH�JURVV�PHWKDQH�SURGXFWLRQ� W�\HDU�DIWHU� ODQGILOOLQJ
FDQ�EH�FDOFXODWHG�DV�IROORZV�
*URVV�0HWKDQH��W���NWRQ�� �$�W���ODQGILOOHG�ZDVWH��NWRQ�������������

$ JURZLQJ�DPRXQW� LV�FDSWXUHG�IRU�HQHUJ\�SXUSRVHV�RU� IODUHG�� ,W� LV�DVVXPHG� WKDW�����RI� WKH
PHWKDQH�LQ�WKH�XQFDSWXUHG�JDV�LV�R[LGLVHG�LQ�WKH�ODQGILOO�FRYHU�DQG�WKDW�����LV�HPLWWHG��7KH
PHWKDQH�HPLVVLRQ�LV�FDOFXODWHG�DV�IROORZV�

0HWKDQH�HPLVVLRQ� �>*URVV�PHWKDQH�±�FDSWXUHG�PHWKDQH@�����

7KH�WRWDO�JURVV�SURGXFWLRQ�RI�ODQGILOO�JDV�LQ�D�\HDU�IURP�ZDVWH�WKDW�ZDV�ODQGILOOHG�LQ�WKH�SDVW�LV
FDOFXODWHG�E\�LQWHJUDWLRQ�RYHU�DOO�\HDUV��7KH�PHWKDQH�IRUPHG�LV�PDLQO\�IURP�HDUOLHU�ODQGILOOHG
ZDVWH�

�����4XDOLW\�RI�GRFXPHQWDWLRQ
0HWKDQH�HPLVVLRQV� IURP�VROLG�ZDVWH� GLVSRVDO� DUH� FDOFXODWHG� XVLQJ� WKH�PHWKRG� DV�GHVFULEHG
DERYH� �6SDNPDQ� HW� DO��� ������� /DQGILOO� RZQHUV� QRZ� PHDVXUH� WKH� TXDQWLW\� RI� VROLG� ZDVWH
GLVSRVHG�RI�LQ�ODQGILOOV��$OO�ZDVWH�ORUULHV�FRPLQJ�LQ�DUH�ZHLJKWHG��7R�JHW�PRUH�LQIRUPDWLRQ�RQ
WKH� ZDVWH� FRPSRVLWLRQ�� WKLV� LQIRUPDWLRQ� LV� FRPELQHG� ZLWK� LQIRUPDWLRQ� IURP� WKH� &HQWUDO
%XUHDX� RI� 6WDWLVWLFV� �&%6�� SHU� HFRQRPLF� VHFWRU� RQ� TXDQWLWLHV� EXUQHG�� ODQGILOOHG� DQG
FRPSRVWHG��)URP�D�VWXG\�E\�(&2)<6��'H�-DJHU�DQG�%ORN��������RQ� WKH�FDUERQ�EDODQFH�RI
WKH�ZDVWH�ZH� NQRZ�PRUH� DERXW� WKH� TXDOLW\� RI� WKH� RUJDQLF� IUDFWLRQV� LQ� WKH�ZDVWH� DQG� IURP
FDUERQ�IURP�IRVVLO�RULJLQ��SODVWLFV�HWF����$�WRWDO�RI����0WRQ��RU������WRQ�FDSLWD�LV�ODQGILOOHG�LQ
����� DV� HVWLPDWHG� E\� 5,90�� 7KLV� LQFOXGHV� LQHUW� GHPROLWLRQ� ZDVWH�� 7KLV� ZDVWH� GRHV� QRW
JHQHUDWH�PXFK�PHWKDQH��2QO\� ��0WRQ�PXQLFLSDO� VROLG�ZDVWH� �06:�� LV� ODQGILOOHG� LQ� ����
DFFRUGLQJ� WR� 5,90�� 7KLV� HTXDOV� DERXW� ����� WRQ�FDSLWD�� ,Q� (XURSH� WKH� DYHUDJH� DPRXQW� RI
06:�ODQGILOOHG�SHU�FDSLWD�LV�����WRQ��,Q�WKH�1HWKHUODQGV�WKHUH�LV�D�VKDUS�GHFUHDVH�RI�ODQGILOOHG
ZDVWH�EHWZHHQ������DQG������������WR�����0WRQ���7KLV�FDQ�EH�H[SODLQHG�E\�SROLF\�PHDVXUHV�
0XFK�GHPROLWLRQ�ZDVWH� LV� UHF\FOHG�VLQFH�������5HF\FOHG�RUJDQLF�ZDVWH� LV� DERXW���0WRQ� LQ
WKDW�SHULRG��/DQGILOO�JDV�WKDW�LV�FROOHFWHG�IRU�HQHUJ\�XVH�LV�VXEWUDFWHG�IURP�WKH�HPLVVLRQ��%DUW
YDQ�=DQWHQ�UHSRUWV�WKH�UHFRYHUHG�ODQGILOO�JDV�TXDQWLW\�LQ�WKH�\HDUO\�UHSRUW�RI�WKH�99$9��WKH
ODQGILOO�RZQHUV���,W�LV�LPSRUWDQW�WKDW�WKLV�UHSRUWLQJ�LV�PDGH�VWUXFWXUDO������RI�WKH�XQUHFRYHUHG
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PHWKDQH� LV� R[LGLVHG� LQ� WKH� FRYHUOD\HU� RI� WKH� ODQGILOO�� 7KH� DPRXQW� RI� WKH� PHWKDQH� WKDW� LV
R[LGLVHG�LQ�WKH�FRYHU�OD\HU�LV�HVWLPDWHG�EDVHG�RQ�&RRSV�HW�DO���������

�����8QFHUWDLQW\
7KH�XQFHUWDLQW\�KDV�LQFUHDVHG�EHWZHHQ������DQG�������,Q������WKH�HVWLPDWHG�XQFHUWDLQW\� LQ
WKH�HPLVVLRQ�IDFWRU�ZDV������7KH�HVWLPDWHG�XQFHUWDLQW\�LQ�WKH�DFWLYLW\�GDWD�ZDV������,Q�����
WKH� XQFHUWDLQW\� LQ� WKH� HPLVVLRQ� IDFWRU� LV� HVWLPDWHG� ����EHFDXVH� RI� WKH� SRRU� NQRZOHGJH� RQ
ZDVWH� FRPSRVLWLRQ�� 7KH� XQFHUWDLQW\� LQ� WKH� DFWLYLW\� GDWD� LV� DERXW� ��� LQ� ����� EHFDXVH� WKH
TXDQWLWLHV� DUH�ZHLJKWHG� QRZ��7KH� TXDQWLW\� RI� GHPROLWLRQ� ZDVWH� DQG� VHZDJH� VOXGJH� LV� ZHOO
NQRZQ��7KH�TXDOLW\�RI� VRPH�ZDVWH�FDWHJRULHV� LV� OHVV�ZHOO� NQRZQ��$Q� H[DPSOH� LV� VZHHSLQJ
ZDVWH�

�����,GHQWLILFDWLRQ�RI�LPSRUWDQW�VRXUFHV�IRU�XQFHUWDLQW\�
,Q�WKH�ILUVW�RUGHU�GHFD\�IXQFWLRQ�WKH�HVWLPDWH�LV�EDVHG�RQ�DQ�DYHUDJH�GHJUDGDWLRQ�WLPH�FRQVWDQW
N RI�������LQ������DQG��������LQ������RI�WKH�RUJDQLF�FDUERQ�LQ�WKH�ZDVWH��+DOI�RI�WKH�FDUERQ
LV� GHJUDGHG� LQ� ���� \HDUV� LQ� ����� DQG� LQ� ��� \HDUV� LQ� ������� 7KLV� LV� YHU\� XQFHUWDLQ�� 7KH
R[LGDWLRQ�LQ�WKH�WRS�OD\HU�LV�XQFHUWDLQ�DV�ZHOO�

,I�LQ�WKH�IXWXUH�D�PRUH�GHWDLOHG�PHWKRG�LV�XVHG�ZLWK�WKUHH�GLIIHUHQW�GHJUDGDWLRQ�FRQVWDQWV�IRU
WKH�GLIIHUHQW�RUJDQLF�FDUERQ�IUDFWLRQV�LQ�WKH�ZDVWH��WKHQ�HYHQ�PRUH�LQIRUPDWLRQ�LV�QHHGHG�RQ
WKH� DPRXQWV� RI� IDVW�� PHGLXP� DQG� VORZO\� GHJUDGDEOH� RUJDQLF� FDUERQ�� 7KH� PRVW� LPSRUWDQW
VRXUFH�IRU�XQFHUWDLQW\�LV�WKH�SRRU�NQRZOHGJH�RQ�ZDVWH�FRPSRVLWLRQ��DQG�WKXV�RQ�WKH�DPRXQW
RI FDUERQ� LQ� WKH� YHJHWDEOH�IUXLW� �IDVW��� SDSHU� �PHGLXP�� DQG� ZRRG� �VORZO\� GHJUDGDEOH�
IUDFWLRQV�LQ�WKH�ZDVWH�

�����7HFKQLFDO�RSWLRQV�WR�LPSURYH�WKH�TXDOLW\�RI�HVWLPDWHV
:H�QHHG�PRUH�PHDVXUHPHQWV�IRU�PRQLWRULQJ�WR�YDOLGDWH�WKH�WLPH�FRQVWDQWV�LQ�WKH�ILUVW�RUGHU
GHFD\�IXQFWLRQ�EXW�WKLV�LV�FRVWO\�DQG�WDNHV�WLPH��$IYDO]RUJ�1RRUG�+ROODQG��+DMR�6FKDUI��ZLOO
VWDUW�PHDVXUHPHQWV�RQ�DOO���ELJJHU�ODQGILOOV�LQ�1RUWK�+ROODQG��7KH�9$0�LQ�'UHQWKH�QHHGV�WR
PHDVXUH�DV�ZHOO��$�JRRG�PHDVXUHPHQW�SURJUDP�RQ�H[WUDFWHG�ODQGILOO�JDV�LV�QHHGHG�WR�YDOLGDWH
WKH�WLPH�GHSHQGHQW�PHWKRGV�IRU�PHWKDQH�HPLVVLRQ�HVWLPDWHV�LQ�WKH�5HYLVHG�,3&&�*XLGHOLQHV�
7KLV�LV�SRVVLEOH��:H�QRZ�KDYH�DERXW����ZDVWH�JDV�SURMHFWV�DQG�DOO�DUH�LQ�RSHUDWLRQ�IRU�PRUH
WKDQ���\HDUV��6RPHWKLQJ�FRXOG�EH�GRQH�ZLWK�WKH�LQIRUPDWLRQ�RQ�WRWDO�ZDVWH�JDV�FROOHFWHG�SHU
\HDU��,W�LV�VXJJHVWHG�WR�XVH�WKLV�LQIRUPDWLRQ�IRU�D�YDOLGDWLRQ�RI�WKH�ILUVW�RUGHU�GHFD\�IXQFWLRQ��,W
FDQ� DOVR�EH�XVHG� LQ� WKH� IXWXUH� WR� GHYHORS� D� VHFRQG�RUGHU� GHFD\� IXQFWLRQ�ZLWK� D�PXOWLSKDVH
DSSURDFK�ZLWK�WKUHH�WLPH�FRQVWDQWV�IRU�WKH�GHFD\�RI�WKH�WKUHH�PRVW�LPSRUWDQW�FDUERQ�VRXUFHV
LQ�ZDVWH��YHJHWDEOH�IUXLW��SDSHU�DQG�ZRRG��ZLWK�GLIIHUHQW�GHFD\�EHKDYLRXU��IDVW��PHGLXP�DQG
VORZ�GHFD\��0RQLWRULQJ�RI�R[LGDWLRQ�LV�QHHGHG��0RQLWRULQJ�RI�ZDVWH�FRPSRVLWLRQ�LV�QHHGHG��,W
LV�GRQH�E\�5,90�EXW�WKH�DFWLYLW\�LV�YLFWLP�RI�EXGJHW�FXWV�

-RKDQ�$SHOGRRUQ�RI�WKH�0LQLVWU\�RI�9520�KDV�IRUPXODWHG�D�VPDOO�SURMHFW�IRU�712�WR�FODULI\
WKH�IROORZLQJ�TXHVWLRQV�
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��� :KDW� DUH� WKH� HIIHFWV� RI� WKH� SROLF\� WR� EDQ� ODQGILOOLQJ� RI� RUJDQLF� ZDVWH� RQ� WKH�PHWKDQH
HPLVVLRQV"� &DQ� WKH� SURMHFWLRQ� RI� PHWKDQH� HPLVVLRQV� IRU� ����� EH� XSGDWHG� ZLWK� EHWWHU
LQIRUPDWLRQ�RQ�WKH�FKDQJH�LQ�FRPSRVLWLRQ�RI�WKH�ZDVWH�WR�ODQGILOOV"

��� &DQ� D� PXOWLSKDVH� PRGHO� EH� XVHG� IRU� PHWKDQH� HPLVVLRQ� HVWLPDWLRQ"� $UH� WKH� FRVWV� IRU
GHYHORSPHQW�DQG�XVH�LQ�WKH�IXWXUH�UHDVRQDEOH�FRPSDUHG�WR�WKH�LPSURYHPHQW�RI�WKH�TXDOLW\
RI WKH�HVWLPDWHV"

��� :KDW�DUH�WKH�RSWLRQV�IRU�UHGHVLJQ�IRU�QHZ�ODQGILOOV�IRU�]HUR�PHWKDQH�HPLVVLRQV"
�� &DQ�D�OLVW�EH�PDGH�RI�LPSRUWDQW�ODQGILOOV�ZKHUH�����RI�WKH�PHWKDQH�HPLVVLRQV�LQ������DUH

H[SHFWHG"�:KDW�LV�WKH�RUGHU�RI�LPSRUWDQFH�ZLWK�UHVSHFW�WR�UHGXFWLRQ�PHDVXUHV"

5HVXOWV�RI�WKLV�VWXG\�ZLOO�EH�SXEOLVKHG�E\�+DQV�2RQN�LQ�HDUO\������

7KH�ZDVWH� SROLF\� LQ� WKH�1HWKHUODQGV� LV� WR� SUHYHQW� DQG� UHXVH� DV�PXFK� DV� SRVVLEOH�� 7KH� GU\
RUJDQLF� IUDFWLRQ� LV� EXUQHG�� 7KLV� UHGXFHV� WKH� DPRXQW� RI� RUJDQLF�ZDVWH� WR� ODQGILOOV��0XFK� LV
DOUHDG\�XVHG�WR�JHQHUDWH�HQHUJ\��+RZHYHU��QR�LQFUHDVH�LQ�FDSDFLW\�RI�ZDVWH�LQFLQHUDWRUV�LQ�WKH
1HWKHUODQGV�LV�IRUHVHHQ��7KHUHIRUH��WKHUH�LV�D�ULVN�WKDW�WKH�RUJDQLF�ZDVWH�ZLOO�EH�H[SRUWHG�DQG
EXUQHG�LQ�FRXQWULHV�RXWVLGH�WKH�1HWKHUODQGV�

,V�LW�QHFHVVDU\�WR�GHYHORS�QHZ�SROLFLHV�RQ�ODQGILOOV�DV�WKH�RUJDQLF�IUDFWLRQ�LV�JRLQJ�GRZQ"�<HV�
LW�LV�VXJJHVWHG�WKDW�D�ODQGILOO�ZLWK�RUJDQLF�PDWHULDO�FRXOG�EH�FRQVLGHUHG�DV�D�VLQN�LQ�WKH�.\RWR
SURWRFRO�

����� 3URSRVDO� IRU� LPSURYHPHQW� RI� WKH� TXDOLW\� RI� PRQLWRULQJ� RI� JUHHQKRXVH� JDVHV� LQ
ODQGILOOV

� ,PSURYHPHQW� RI� H[LVWLQJ� OLVW� RI� ODQGILOO� VLWHV�� LQFOXGLQJ� LQIRUPDWLRQ� RQ� TXDQWLW\� DQG
TXDOLW\�RI�ZDVWH��0DNH�LW�DYDLODEOH�IRU�XVH�IRU�PRQLWRULQJ�SHU�ODQGILOO�VLWH�

� 'HYHORSPHQW�RI�D�QHZ�OLVW�RI�ODQGILOOV�WKDW�DUH�H[SHFWHG�WR�VWLOO�EH�LPSRUWDQW�LQ����������
RI PHWKDQH�HPLVVLRQV�LQ�������

� ,PSURYHPHQW�RI�UHSRUWLQJ�RI�ODQGILOO�JDV�UHFRYHU\��LQFOXGLQJ�PHWKDQH�FRQWHQW��1RW�RQO\�LQ
99$9�\HDUO\�UHSRUW�EHFDXVH�QRW�DOO�ODQGILOO�RZQHUV�DUH�PHPEHUV��0DNH�LW�D�:$5�VXUYH\
TXHVWLRQ"

� 0RQLWRULQJ�RI�WKH�ZDVWH�FRPSRVLWLRQ�E\�5,90�
� )HDVLELOLW\� VWXG\� IRU� GHYHORSPHQW� RI�PXOWLSKDVH�PRGHO� IRU�PRQLWRULQJ� RI� HPLVVLRQV� E\

712�
� 8VH� RI� LQIRUPDWLRQ� RQ� UHFRYHUHG� DPRXQWV� RI� PHWKDQH� DW� ODQGILOO� JDV� UHFRYHU\� VLWHV� WR

YDOLGDWH�ILUVW�DQG�VHFRQG�RUGHU�GHFD\�PRGHO�WR�HVWLPDWH�PHWKDQH�HPLVVLRQV�E\�712�
� 'HYHORS�D�PHDVXUHPHQW�SURJUDPPH�ZLWK�LQWHUHVWHG�SDUWLHV��1RW�RQO\�:DVWH�&DUH�1RUWK

+ROODQG�
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���5HVLGHQWLDO��WUDGH�DQG�VHUYLFH�VHFWRUV��0HWKDQH�IURP�EXUQLQJ�RI
ZRRG�DQG�FKDUFRDO
�����4XDOLW\�RI�GRFXPHQWDWLRQ
)RVVLO� IXHO�XVH� LV�FRYHUHG� LQ� WKH�(QHUJ\�VHVVLRQ��0HWKDQH�HPLVVLRQV� IURP�EXUQLQJ�RI�ZRRG
DQG�ZRRGVWRYHV� LQ� WKH�1HWKHUODQGV�DUH�HVWLPDWHG�IURP� WKH�TXDQWLW\�RI�ZRRG\�PDWHULDO�XVHG
DQG�DQ�HPLVVLRQ�IDFWRU�DV�GHVFULEHG�LQ��6SDNPDQ�HW�DO��������

�����8QFHUWDLQW\
7KH�XQFHUWDLQW\�LQ�WKH�HPLVVLRQ�IDFWRU�LV������

�����,GHQWLILFDWLRQ�RI�LPSRUWDQW�VRXUFHV�IRU�XQFHUWDLQW\�
7KH�HPLVVLRQ�IDFWRU�LV�EDVHG�RQ�DQ�HVWLPDWH�RI������RI�WKH�IUDFWLRQ�RI�WKH�WRWDO�92&�HPLVVLRQV
IURP�ZRRG�

�����7HFKQLFDO�SRVVLELOLWLHV�WR�LPSURYH�WKH�TXDOLW\�RI�HVWLPDWHV
7KH� TXDOLW\� RI� WKH� HVWLPDWH� FDQ� EH� LPSURYHG� E\� GHYHORSLQJ� D� EHWWHU� HVWLPDWH� RI� WKH� WRWDO
TXDQWLW\� RI� ZRRG� DQG� FKDUFRDO� EXUQHG� LQ� WKH� 1HWKHUODQGV�� 7KH� HVWLPDWH� LV� QRZ� EDVHG� RQ
UHVLGHQWLDO�EXUQLQJ�RQO\��0LVVLQJ�VRXUFHV�DUH�EDUEHFXHV�LQ�UHVWDXUDQWV�DQG�UHFUHDWLRQDO�SDUNV�
0RUH�GLIILFXOW�ZLOO�EH�WKH�LPSURYHPHQW�RI�WKH�HPLVVLRQ�IDFWRU��0HDVXUHPHQWV�DUH�QHHGHG�

�����3URSRVDO�IRU�LPSURYHPHQW�RI�WKH�TXDOLW\�RI�PRQLWRULQJ�RI�JUHHQKRXVH�JDVHV
1HZ� HVWLPDWH� RI� WRWDO� TXDQWLW\� RI� ZRRG� DQG� FKDUFRDO� EXUQHG� LQ� WKH� 1HWKHUODQGV�
0HDVXUHPHQWV�RI�PHWKDQH�UHOHDVH�IURP�VPRXOGHULQJ�ILUHV�

���6RPH�RWKHU�VPDOO�VRXUFHV��+)&V�IURP�FRROLQJ�DQG�VSUD\LQJ�FDQV�
1�2 IURP�GLIIHUHQW�VPDOO�VRXUFHV
�����4XDOLW\�RI�GRFXPHQWDWLRQ
0LVVLQJ�VRXUFHV�DUH�+)&V�IURP�OHDNLQJ�UHIULJHUDWRUV��+)&V�IURP�UHVLGHQWLDO�DLU�FRQGLWLRQLQJ�
+)&V� IURP�ILUH�H[WLQJXLVKHUV��1�2�DV�D�SDUW\�GUXJ��1�2�IRU�EDOORRQV��1�2�IURP�VSUD\LQJ
FDQV�H�J��IRU�ZKLSSHG�FUHDP�

�����8QFHUWDLQW\
7KH�XQFHUWDLQW\�LV�ODUJH��6PDOO�VRXUFHV�VR�LQYHQWRU\�LV�ODFNLQJ�

�����,GHQWLILFDWLRQ�RI�LPSRUWDQW�VRXUFHV�IRU�XQFHUWDLQW\�
8QFHUWDLQWLHV�EHFDXVH�RI�XQFHUWDLQ�DFWLYLW\�GDWD�DQG�XQFHUWDLQ�OHDNDJH�UDWHV�
7HFKQLFDO�SRVVLELOLWLHV�WR�LPSURYH�WKH�TXDOLW\�RI�HVWLPDWHV
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.30*� LV� ORRNLQJ� LQWR� WKH� ERRNNHHSLQJ� RI� FRPSDQLHV� IRU� &)&V�� +&)&V� DQG� +)&V�
,PSURYHPHQW�E\�EHWWHU�GDWD�RQ�WKH�VDOHV� WR�UHVLGHQWV�RI�FRROLQJ�DQG�DLU�FRQGLWLRQLQJ�IRU� WKH
XVH�DQG�OHDNDJH�RI�+)&V�IURP�UHVLGHQWLDO�FRROLQJ�DQG�DLU�FRQGLWLRQLQJ��6RXUFHV�WRR�VPDOO�WR
PDNH�D�ODUJH�HIIRUW�

�����3URSRVDO�IRU�LPSURYHPHQW�RI�WKH�TXDOLW\�RI�PRQLWRULQJ�RI�JUHHQKRXVH�JDVHV
)DVW�DQG�FKHDS�PD\�EH�DQ�LQYHQWRU\�RI�XQNQRZQ�VRXUFHV�DQG�JDVHV��/LWHUDWXUH�VHDUFK�IRU�WKH
GLVFRYHU\�RI�QHZ�VRXUFHV�DQG�JDVHV�DQG�WKHLU�*:3V�
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���:25.6+23�&21&/86,216
$QGUp�YDQ�$PVWHO�DQG�-RV�2OLYLHU

*HQHUDO�FRQFOXVLRQV
7KH� QDWLRQDO� V\VWHP� RI� WKH� 1HWKHUODQGV� IRU� WKH� .\RWR� SURWRFRO� LV� GHVFULEHG� LQ� GLIIHUHQWUHSRUWV�� VRPH� RI� ZKLFK� DUH� LQ� WKH� 'XWFK� ODQJXDJH�� 7KLV� ZRUNVKRS� RQ� WKH� PRQLWRULQJ� RIJUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV�ZDV�RUJDQLVHG�WR�LPSURYH�WKH�QDWLRQDO�V\VWHP�DQG�PDNHWKLV�PDWHULDO�DYDLODEOH�LQ�WKH�(QJOLVK�ODQJXDJH��5HSRUWLQJ�E\�WKH�1HWKHUODQGV�LV�GRQH�WKURXJKWKH� QDWLRQDO� (PLVVLRQ�5HJLVWUDWLRQ� SURMHFW�� $Q� DGGLWLRQDO� SURMHFW� LV� IRUPXODWHG� QH[W� WR� WKHQDWLRQDO�(PLVVLRQ�5HJLVWUDWLRQ� WR� LPSURYH� RQ� WKH�PRQLWRULQJ� RI� WKH� JUHHQKRXVH� JDVHV��7KHUHFRPPHQGDWLRQV�IURP�WKLV�UHSRUW�ZLOO�EH�XVHG�WR�LPSURYH�WKH�PRQLWRULQJ�LQ�WKH�1HWKHUODQGVRYHU� WKH� FRPLQJ� \HDUV�� &XUUHQW� PRQLWRULQJ� DFWLYLWLHV� KDYH� UHVXOWHG� LQ� UHDVRQDEO\� DFFXUDWHHPLVVLRQ� LQYHQWRULHV� DQG� WKH� HPLVVLRQ� HVWLPDWHV�� PHWKRGV� DQG� SURFHVVHV� DUH� UDWKHU� ZHOOGHVFULEHG��+RZHYHU��V\VWHPDWLF�UHYLHZ�DQG�GRFXPHQWDWLRQ�RI�SURFHGXUHV��PHWKRGV�DQG�GDWDZLOO�UHVXOW�LQ�D�PRUH�HIILFLHQW�HPLVVLRQ�FRPSLODWLRQ�SURFHVV�DQG�D�TXDQWLWDWLYHO\�PRUH�DFFXUDWHDQG� TXDOLWDWLYHO\� EHWWHU� JUHHQKRXVH� JDV� HPLVVLRQ� LQYHQWRU\�� 7KH� QH[W� JHQHUDO� LWHPV� ZHUHUHFRJQLVHG�IRU�IXUWKHU�UHYLHZ�DQG�LPSURYHPHQW�GXULQJ�WKH�ZRUNVKRS�
� WKH�UHSRUWLQJ�DQG�GRFXPHQWDWLRQ�RQ HPLVVLRQ�IDFWRUV�DQG�DFWLYLW\�GDWD�XVHG�HDFK�\HDU�WRUHSRUW�JUHHQKRXVH�JDV�HPLVVLRQV�DQG�VLQNV�
� WKH�XQFHUWDLQW\�HVWLPDWHV�IRU�HDFK�VXEFDWHJRU\�LQ�WKH�HPLVVLRQ�LQYHQWRU\�DQG�WR�PDNH�DVHSDUDWH�HVWLPDWH�IRU� WKH�XQFHUWDLQW\� LQ� WKH�HPLVVLRQ�IDFWRU� ��ZKHQ�GLIIHUHQW� IURP�,3&&GHIDXOWV���DQG�LQ�WKH�DFWLYLW\�GDWD�
� WKH� TXDOLW\� FRQWURO� RQ� HDFK� QHZ� \HDUV� HVWLPDWHV� DQG� RQ� UHFDOFXODWLRQV� EDVHG� RQ� QHZPHWKRGRORJ\�RU�EHWWHU�DFWLYLW\�GDWD�DQG�RU�HPLVVLRQ�IDFWRU�GDWD�DQG�GRFXPHQW�WKH�EDVLV�RIWKHVH�HVWLPDWHV�
� WKH�PDLQWHQDQFH�RI�WLPH�VHULHV� )RU�H[DPSOH��LW�VKRXOG�EH�FOHDU�IRU�ZKLFK�UHDVRQ�DQG�DWZKDW� PRPHQW� LQ� WLPH� QHZ� PHWKRGV� ZHUH� LQWURGXFHG� WKDW� HIIHFWHG� WKH� WLPH� VHULHV�� $GHFLVLRQ� PD\� EH� QHHGHG� RQ� IUHTXHQF\� DQG� WLPLQJ� RI� UHFDOFXODWLRQV�� IRU� H[DPSOHUHFDOFXODWLRQV�RQO\�DIWHU�WKUHH�RU�ILYH�\HDUV�RU�VSHFLILF�FULWHULD�WR�EH�PHW�H�J��RQ�PLQLPXPGLIIHUHQFHV�EHWZHHQ�VXEVHTXHQW�YHUVLRQV�
� NQRZOHGJH� JDSV� VKRXOG� EH� FORVHG�� /DUJH� VHFWRUDO� HPLVVLRQV� ZLWK� ODUJH� XQFHUWDLQWLHVVKRXOG�EH�PDGH�WRS�SULRULW\��H�J��JDV�GLVWULEXWLRQ�OHDNDJH��DJULFXOWXUH��6)� XVH���7KHUHE\LPSURYLQJ�WKH�PRQLWRULQJ�RI�HPLVVLRQV�WKDW�FDQ�KDYH�D�JUHDW�LPSDFW�RQ�WKH�WLPH�WUHQG�
� LQ�VRPH�FDVHV�LPSURYHG�DSSOLFDWLRQ�RI�WKH�5HYLVHG�,3&&�*XLGHOLQHV�ZLOO�SURGXFH�PRUHFRPSDUDEOH� HPLVVLRQ� HVWLPDWHV� �H�J�� LQ� WKH� HVWLPDWHV� RI�&2� IURP� IHHGVWRFNV�� QRQ�&2�IURP�EXQNHU�IXHOV�DQG�QLWURXV�R[LGH�IURP�DJULFXOWXUH�DQG�SROOXWHG�VXUIDFH�ZDWHUV��
� WKH� FRRSHUDWLRQ� ZLWK� WKH� WDUJHW� JURXSV� WR� HQKDQFH� WKH� PRQLWRULQJ� RI� HPLVVLRQV� LQSDUWLFXODU� ZKHQ� UHGXFWLRQV� DUH� H[SHFWHG�� ,W� VKRXOG� EH� DYRLGHG� WKDW� HDFK� WDUJHW� JURXSGHYHORSV� LWV� RZQ�PHWKRGRORJLHV�� ,I�PHDVXUHPHQWV� DUH� FRPPLVVLRQHG�� H�J�� LQ� WKH� SROLF\SODQ�IRU�WKH�UHGXFWLRQ�RI�JUHHQKRXVH�JDVHV��QHZ�HPLVVLRQ�IDFWRUV�PD\�EH�GHYHORSHG� IRUVSHFLILF�VXE�VHFWRUV�
0RUH� VSHFLILFDOO\�� FRXQWU\�VSHFLILF� HPLVVLRQ� IDFWRUV� DQG��ZKHUH� DSSOLFDEOH�� WKHLU� WLPH� WUHQGFRXOG�EH� EHWWHU�GRFXPHQWHG�DQG� MXVWLILHG��$Q� HPLVVLRQ� IDFWRU� FDQ� EH� UHGXFHG� E\� LPSURYHG
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SURFHVV� WHFKQRORJ\�DQG�E\� HQG�RI�SLSH�PHDVXUHV�� ,W� LV� LPSRUWDQW� WR�KDYH�GRFXPHQWDWLRQ� RQWKH�PRPHQW�RI�LQWURGXFWLRQ��WKH�GHJUHH�RI�SHQHWUDWLRQ�DQG�RI�RWKHU�WHFKQRORJ\�DQG�PHDVXUHVDQG� WKHLU�HIIHFW�RQ�HPLVVLRQ� IDFWRUV��$FWLYLW\�GDWD�DQG��ZKHUH� UHOHYDQW�� � WLPH� WUHQGV� LQ� VXE�DFWLYLWLHV��FRXOG�EH�GRFXPHQWHG�EHWWHU��'DWD� VRXUFHV�DQG�GDWD� FROOHFWLRQ�PHWKRGV� VKRXOG�EHFOHDU�LQFOXGLQJ�DQ�XQFHUWDLQW\�HVWLPDWH�SUHIHUDEO\�EDVHG�RQ�VWDWLVWLFDO�DQDO\VLV�RI�WKH�VDPSOH�7KH�XQFHUWDLQW\� HVWLPDWHV�RQ� DFWLYLW\�GDWD� DQG�HPLVVLRQ� IDFWRUV� FRXOG� EH� FRPSOHWHG� DQG� EHPDGH� VXEMHFW� WR� H[WHUQDO� UHYLHZ��7KH� VDPH� DSSOLHV� WR� WKH�PHWKRGRORJLHV� XVHG� IRU� HPLVVLRQHVWLPDWLRQV�
7KH�SURFHVV�RI�LQIRUPDWLRQ�IORZ�IRU�WKH�HPLVVLRQ�UHJLVWUDWLRQ�DQG�WKH�FDOFXODWLRQ�RI�WKH�DFWXDOHPLVVLRQ�HVWLPDWHV�VKRXOG�EH�DQDO\VHG��H�J��IRU�URDG�WUDQVSRUW�DQG�LQGLYLGXDO�SRLQW�VRXUFHV��$Q�DVVHVVPHQW�RI�WKH�ZHDN�SRLQWV�FRXOG�EH�PDGH��,PSOHPHQWDWLRQ�RI�4XDOLW\�$VVXUDQFH�DQG4XDOLW\�&RQWURO��4$�4&��LQ�WKH�(PLVVLRQ�5HJLVWUDWLRQ�SURFHVV�FRXOG�EH�SXUVXHG�E\�LQFOXGLQJH[SOLFLW�4$�4&�SURFHGXUHV�ZLWKLQ�WKH�SURFHVV�VWHSV�
,Q� VRPH� VHFWRUV� PHDVXUHPHQWV� PD\� EH� QHHGHG� WR� UHGXFH� XQFHUWDLQWLHV�� 3ULRULWLHV� DUH� ODUJHHPLVVLRQV� ZLWK� ODUJH� XQFHUWDLQWLHV�� ([DPSOHV� DUH�� FDUERQ� GLR[LGH� IURP� SURFHVV� HPLVVLRQV�IHHGVWRFNV���PHWKDQH�HPLVVLRQV�IURP�QDWXUDO�JDV�SURGXFWLRQ�DQG�GLVWULEXWLRQ��PHWKDQH�IURPDQLPDOV�� +)&�� 3)&� DQG� 6)� HPLVVLRQV� IURP� DOO� VHFWRUV�� 6RPH� PHWKRGV� XVHG� WR� HVWLPDWHHPLVVLRQV�DUH�QRW�VHQVLWLYH�WR�SODQQHG�UHGXFWLRQ�PHDVXUHV��7KHVH�PHWKRGV�FRXOG�EH�LPSURYHG�&RRSHUDWLRQ�LV�QHHGHG�WR�LPSOHPHQW�LPSURYHPHQWV�LQ�WKH�DQQXDO�(PLVVLRQ�5HJLVWUDWLRQ��)RU�DJRRG� PRQLWRULQJ� RI� SODQQHG� UHGXFWLRQV� DQG� IRU� DQ� LQWHUQDOLVDWLRQ� RI� WKH� QHHG� IRU� WKHVHUHGXFWLRQV�D�YHU\�JRRG�FRRSHUDWLRQ� LV�QHHGHG�ZLWK� WKH� VHFWRUV� LQ� WKH� HFRQRP\�� WKH� µ� WDUJHWJURXSV¶� WR� ZKLFK� HQYLURQPHQWDO� SROLF\� SODQV� DUH� GLUHFWHG��� 7KH\� DUH� WKH� PRVW� LPSRUWDQWSOD\HUV�ZKHQ�LW�FRPHV�WR�ODVWLQJ�HPLVVLRQ�UHGXFWLRQV�
$ QHZ�&RPPRQ�5HSRUWLQJ�)RUPDW� �&5)��KDV�EHHQ�GHYHORSHG� IRU� UHSRUWLQJ� WR� WKH�&OLPDWH&RQYHQWLRQ�DQG� WKH�.\RWR�SURWRFRO��7KLV�&5)�ZDV� DGRSWHG� IRU� D� WULDO� SHULRG�RI� WZR�\HDUV�7KH�PRQLWRULQJ�LQ�WKH�1HWKHUODQGV�VKRXOG�EH�DGDSWHG�WR�WKH�QHZ�GDWD�QHHGV�RI�WKLV�&5)��7KLVPD\�UHVXOW� LQ�QHZ�GDWD�JDWKHULQJ�VWUHDPV�DW�WKH�LQVWLWXWHV�LQYROYHG�LQ�WKH�PRQLWRULQJ��7KHVHLQWHUQDWLRQDO� UHSRUWLQJ� REOLJDWLRQV� PD\� KDYH� UHSHUFXVVLRQV� IRU� WKH� (PLVVLRQ� 5HJLVWUDWLRQ�HVSHFLDOO\�ZLWK� UHVSHFW� WR� WKH� LQGLYLGXDO� FRPSDQLHV��0RQLWRULQJ� DFWLYLWLHV� RI� LQGXVWULHV� DQGFRPSDQLHV�VKRXOG�FRPSO\�ZLWK�LQWHUQDWLRQDO�REOLJDWLRQV�

3ULRULWLHV
3ULRULWLHV� IRU� WKH� LPSURYHPHQW� RI� HPLVVLRQ� HVWLPDWHV� FDQ� EH� GHULYHG� IURP� WKH� IROORZLQJVHOHFWLRQ�FULWHULD�HLWKHU�IRU�WKH�QDWLRQDO�WRWDO�&2��HT��HPLVVLRQV�RU�SHU�JUHHQKRXVH�JDV�DQG�RUSHU�VHFWRU�� ,PSRUWDQFH��7KH�LPSRUWDQW�VRXUFHV�FDQ�EH�VHOHFWHG�IURP�WKH�VKDUH�LQ�WKH�WRWDO�HPLVVLRQVLQ�WKH�1HWKHUODQGV�H[SUHVVHG�LQ�0WRQ�&2��HTXLYDOHQW��DQG�IURP�WKH�DEVROXWH�XQFHUWDLQW\LQ�VRXUFH�H[SUHVVHG�LQ�&2��HTXLYDOHQWV��VHH�WKH�WDEOH�ZLWK�LQLWLDO�XQFHUWDLQW\�HVWLPDWHV�LQWKH�LQWURGXFWLRQ��� (IIHFW� RQ� WUHQGV�� 7KH� VRXUFHV� WKDW� KDYH� WKH� ODUJHVW� FRQWULEXWLRQ� WR� WKH� XQFHUWDLQW\� LQHPLVVLRQ��WUHQGV�DUH�WKRVH�LGHQWLILHG�LQ�WKH�,3&&�7LHU��� WUHQG�XQFHUWDLQW\�FDOFXODWLRQ�RUWKRVH� WKRXJKW� WR� EH� KHDYLO\� LQIOXHQFHG� E\� PHWKRGRORJLFDO� FKDQJH�� FRPSOH[LW\� RIPHWKRGRORJ\�� 3ODQQHG�UHGXFWLRQ�PHDVXUHV��7KH�PRQLWRULQJ�VKRXOG�EH�EHVW�GHYHORSHG�LQ�VRXUFH�VHFWRUVZKHUH�WKH�ODUJHVW�UHGXFWLRQV�FDQ�EH�DFKLHYHG��0RQLWRULQJ�VKRXOG�EH�SDUW�RI�WKH�PHDVXUH�
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&RQFOXVLRQV�IURP�WKH�VHVVLRQV
:H�QRWH�WKDW�GXH�WR�WLPH�FRQVWUDLQWV�GXULQJ�WKH�VHVVLRQV��WKH�UHDGHU�VKRXOG�NHHS�LQ�PLQG�WKDWWKH�LVVXHV�DGGUHVVHG�LQ�WKH�VHFWRUDO�FRQFOXVLRQV�PD\�QRW�DOZD\V�EH�FRPSOHWH�

6(66,21����(1(5*<
'RFXPHQWDWLRQ7KH�HPLVVLRQ�IDFWRU�GRFXPHQWDWLRQ�RQ�&2� HPLVVLRQV�IURP�FRPEXVWLRQ�RI�FRDO��RLO�DQG�JDVFDQ�EH�LPSURYHG��7KH�XQFHUWDLQWLHV�LQ�WKH�HPLVVLRQ�IDFWRUV�FDQ�EH�GRFXPHQWHG�EHWWHU��,Q�WKHDFWLYLW\�GDWD�WKH�GRFXPHQWDWLRQ�VKRXOG�EH�LPSURYHG�RQ�WKH�DPRXQW�RI�IHHGVWRFNV�XVHG�LQ�WKHSHWURFKHPLFDO� LQGXVWU\� HDFK� \HDU�� 7KH� VWDWLVWLFDO� GLIIHUHQFH� EHWZHHQ� GHPDQG� DQG� VXSSO\VWDWLVWLFV�VKRXOG�EH�GRFXPHQWHG��7KLV� VWDWLVWLFDO�GLIIHUHQFH�FDQ�EH� UHJDUGHG�DV�D�PHDVXUH�RIXQFHUWDLQW\�LQ�WKH�DFWLYLW\�GDWD��7KH�TXDOLW\�RI�GRFXPHQWDWLRQ�LQ�WKH�(PLVVLRQ�5HJLVWUDWLRQ�IRULQGLYLGXDO�FRPSDQLHV�FDQ�EH�LPSURYHG�
8QFHUWDLQWLHV7KH�JURXS�DJUHHG�RQ�WKH�XQFHUWDLQWLHV�DV�JLYHQ�LQ� WKH�GLVFXVVLRQ�SDSHU��ZLWK�RQH�H[FHSWLRQ�WKH�XQFHUWDLQW\�LQ�WKH�IHHGVWRFN�&2� HPLVVLRQV�LV�ODUJHU�DQG�VKRXOG�EH�GRFXPHQWHG�EHWWHU�
0HWKRGRORJ\,PSURYHPHQWV�LQ�WKH�PHWKRGRORJ\�DQG�LQ�WKH�DSSOLFDWLRQ�RI�H[LVWLQJ�PHWKRGRORJ\�DUH�QHHGHGLQ� WKH� LQGLYLGXDO� UHJLVWUDWLRQ� RI� &2� HPLVVLRQV� E\� FRPSDQLHV�� ,PSURYHPHQWV� LQ� WKHPHWKRGRORJ\� DUH� QHHGHG� LQ� WKH� HPLVVLRQ� HVWLPDWLRQ� IRU� &2� DQG� &+� IURP� IODULQJ� DQGYHQWLQJ��$�QHZ�LQYHQWRU\�LV�QHHGHG�RI�WKH�OHQJWK�DQG�W\SHV�RI�SLSHOLQHV�IRU�WKH�WUDQVSRUW�DQGGLVWULEXWLRQ� RI� QDWXUDO� JDV� LQ� WKH� 1HWKHUODQGV�� 7KHQ� DQ� XSGDWH� FDQ� EH� PDGH� RI� PHWKDQHHPLVVLRQV� IURP� WUDQVSRUW� DQG� GLVWULEXWLRQ�� 7KH� UHVXOWV� RI� � (XURSHDQ� PHDVXUHPHQWV� E\� WKHLQGXVWU\�FDQ�EH�LQFRUSRUDWHG�
5DQNLQJ�RI�XQFHUWDLQWLHV7KH� JURXS� DJUHHG� RQ� WKH� UDQNLQJ� DV� JLYHQ� LQ� WKH� GLVFXVVLRQ� SDSHU� ZLWK� VRPH� H[FHSWLRQV�IHHGVWRFN� HPLVVLRQV� DUH� PRUH� XQFHUWDLQ�� DOVR� RWKHU� LQGXVWULDO� SURFHVV� HPLVVLRQV� DUH� PRUHXQFHUWDLQ�
3ODQ�RI�DFWLRQ�IRU�UHGXFWLRQ�RI�XQFHUWDLQWLHV��� $FWLRQ�VKRXOG�EH�WDNHQ�WR�LPSURYH�HPLVVLRQ�IDFWRUV�IRU�FRDO�DQG�QDWXUDO�JDV���� 5HVHDUFK� VKRXOG� EH� VWDUWHG� WR� LPSURYH� WKH� HVWLPDWHV� RQ� IHHGVWRFN� HPLVVLRQV� DQG� VLQNVIURP�WKH�SHWURFKHPLFDO�LQGXVWU\���� 7KH� HQHUJ\� VWDWLVWLFV� RI� WKH� 1HWKHUODQGV� DV� D� ZKROH� FDQ� EH� LPSURYHG�� $OWKRXJK� WKHXQFHUWDLQW\� LV� RQO\� ��� LQ� WKH� 1HWKHUODQGV�� PXFK� FDQ� EH� JDLQHG� ZLWK� EHWWHU� HQHUJ\VWDWLVWLFV��EHFDXVH�WKH�DEVROXWH�HPLVVLRQ�LV�YHU\�ODUJH�FRPSDUHG�WR�WKH�RWKHU�HPLVVLRQV�

6(66,21����,1'8675<
'RFXPHQWDWLRQ4XDOLW\� RI� GRFXPHQWDWLRQ� LV� GHWHULRUDWLQJ� EHFDXVH� RI� UHFHQW� GHYHORSPHQWV� LQ� WKH� IORZ� RILQIRUPDWLRQ�� (DUOLHU� D� JURXS� RI� H[SHUWV� GLVFXVVHG� GUDIW� HVWLPDWHV�ZLWK� WKH� FRPSDQLHV�� QRZDQQXDO�HQYLURQPHQWDO�UHSRUWV�DUH�PDGH�E\�WKH�FRPSDQLHV�IRU�WKH�DXWKRULWLHV��1R�H[SHUW�JURXSH[LVWV� WR� FKHFNV� WKH� FRQVLVWHQF\� DQG� WKH� PHWKRGRORJ\�� 'LIILFXOWLHV� DUH� H[SHFWHG� ZLWK� WKHFRPPRQ�UHSRUWLQJ�IRUPDW��EHFDXVH�RI�FRQILGHQWLDOLW\�



0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

���

8QFHUWDLQWLHV$ GLVWLQFWLRQ� FDQ� EH� PDGH� EHWZHHQ� HPLVVLRQV� IURP� FRPEXVWLRQ� DQG� IURP� SURFHVVHV� LQLQGXVWU\��7KH�XQFHUWDLQWLHV�LQ�WKH�SURFHVV�HPLVVLRQV�DUH�ODUJHU��5HVHDUFK�LV�QHHGHG�WR�LPSURYHRQ XQFHUWDLQW\�HVWLPDWHV�ZLWKLQ�LQGXVWU\�
0HWKRGRORJ\,Q� WKH�1HWKHUODQGV� WKH�DQQXDO�HQYLURQPHQWDO� UHSRUWV� IURP�FRPSDQLHV�FRQWDLQ�RQO\�HPLVVLRQHVWLPDWHV�� &RPSDQLHV� GR� QRW� UHSRUW� WKH� PHWKRGRORJLHV� DQG� RWKHU� LQIRUPDWLRQ� RQ� KRZHVWLPDWHV�ZHUH�PDGH�
5DQNLQJ�RI�XQFHUWDLQWLHV7KH� XQFHUWDLQW\� LV� ODUJH� LQ� WKH� QLWURXV� R[LGH� HPLVVLRQV� IURP� QLWULF� DFLG� SODQWV�� 7KHXQFHUWDLQWLHV�DUH� ODUJH� LQ� WKH�QHZ�JDVHV�� HVSHFLDOO\� WKH�SRWHQWLDO� HPLVVLRQV� IURP�VWRFNV� DQGILQLVKHG�SURGXFWV�
3ODQ�RI�DFWLRQ�IRU�UHGXFWLRQ�RI�XQFHUWDLQWLHV,W�LV�YLWDO�WKDW�SURYLQFLDO�DXWKRULWLHV�DUH�PRUH�LQYROYHG�LQ�WKH�GDWD�JDWKHULQJ�IURP�FRPSDQLHV�,Q� SULQFLSOH� WKH\� DUH� LQYROYHG� LQ� WKH�(PLVVLRQ�5HJLVWUDWLRQ�� EXW� UHFHQW� GHYHORSPHQWV�PDGHWKLV� OLQN�ZHDNHU�� EHFDXVH� WKH� JURXS�RI� H[SHUWV� DUH� QR� ORQJHU� LQYROYHG� LQ� FKHFNLQJ��&HQWUDOILQDQFLQJ�WR�LPSURYH�WKH�SURYLQFLDO�DXWKRULW\�LV�QHHGHG�

6(66,21����75$163257
'RFXPHQWDWLRQ7ZR�PHWKRGV�DUH�FXUUHQWO\�XVHG�WR�HVWLPDWH�&2� HPLVVLRQV�IURP�WUDQVSRUW��7KH�ILUVW�LV�EDVHGRQ IXHOV�VROG��7KLV�PHWKRG�LV�IURP�WKH�5HYLVHG�,3&&�*XLGHOLQHV� WKH�VHFRQG�LV�EDVHG�RQ�WKHIXHOV�XVHG�RQ�WKH�'XWFK�WHUULWRU\��7KH�PHWKRGV�DUH�GHVFULEHG�LQ�D�GUDIW�PHWKRGRORJ\�UHSRUW��LQ'XWFK���7KH�PHHWLQJ� UHFRPPHQGHG� WR� ILQLVK� WKLV� UHSRUW� DQG� WR�PDNH� LW� VXEMHFW� WR� VFLHQWLILFUHYLHZ�
8QFHUWDLQWLHV$ VWDWLVWLFDO� DQDO\VLV� LV� UHFRPPHQGHG� EDVHG� RQ� WKH� WZR� PHWKRGRORJLHV� WR� HVWLPDWH� WKHXQFHUWDLQWLHV��,Q�HVWLPDWLQJ�XQFHUWDLQWLHV��EXQNHU�HPLVVLRQV�VKRXOG�EH�LQFOXGHG��,W�LV�SRVVLEOHWKDW� WKH�FXUUHQW�GHILQLWLRQV�RQ�QDWLRQDO�DQG�LQWHUQDWLRQDO� WUDQVSRUW�GLIIHU�VRPHZKDW� IURP� WKH,3&&�GHILQLWLRQV��7KLV�VKRXOG�EH�VROYHG�
0HWKRGRORJ\,W�LV�VWUHVVHG�WKDW�ERWK�PHWKRGRORJLHV�KDYH�WKHLU�SURV�DQG�FRQV��$�GHWDLOHG�PHWKRGRORJ\�ZLWKYHKLFOH�FDWHJRULHV��LV�QHHGHG�IRU�HVWLPDWHV�RI�HPLVVLRQV�RI�DOO�NLQGV�RI�SROOXWDQWV�
5DQNLQJ�RI�XQFHUWDLQWLHV7KH�PHHWLQJ�LGHQWLILHG�VL[�LPSRUWDQW�FDXVHV�IRU�XQFHUWDLQW\�LQ�RUGHU�RI�GHFUHDVLQJ�LPSRUWDQFH���� 7KH� TXDOLW\� RI� DFWLYLW\� GDWD� RQ� FDU� NLORPHWUHV� DQG� HQHUJ\� XVH� SHU� FDU� LV� GHFUHDVLQJEHFDXVH�RI�SRRU�LQVLJKW�LQ�WKH�OHDVH�DQG�EXVLQHVV�FDU�PDUNHW��7KH�VKDUH�RI�OHDVH�FDUV�LQ�WKHIOHHW�LV�LQFUHDVLQJ���� 7KH�TXDOLW\�RI�WKH�VDPH�DFWLYLW\�GDWD�LQ�WKH�IUHLJKW�WUDQVSRUW�VHFWRU��RI�YDQV�DQG�ORUULHV��LVDOVR�GHFUHDVLQJ�EHFDXVH�RI�SRRU�UHVSRQVHV�WR�VXUYH\V���� )XHO�VDOHV�GDWD�IRU�RII�URDG�YHKLFOHV��UDLO�DQG�LQODQG�VKLSSLQJ�DUH�UDWKHU�SRRU��� 1LWURXV�R[LGH�HPLVVLRQ�IDFWRUV�DUH�KLJKO\�XQFHUWDLQ���� +)&V�XVH�DQG�HPLVVLRQV�DUH�KLJKO\�XQFHUWDLQ���� 0HWKDQH�HPLVVLRQ�IDFWRUV�DUH�KLJKO\�XQFHUWDLQ�$Q�XQFHUWDLQW\�DQDO\VLV�XVLQJ�ERWK�IXHOV� VDOHV�DQG� IXHO�XVH�PHWKRGV� LV�QHHGHG��7KH�SUHVHQWXQFHUWDLQW\�HVWLPDWH�IRU�1�2 IURP�YHKLFOHV� ������� LV�SUREDEO\� WRR� ORZ��0HDVXUHPHQWV� DUHFXUUHQWO\�FDUULHG�RXW�WR�LPSURYH�WKH�HVWLPDWH�
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3ODQ�RI�DFWLRQ�IRU�UHGXFWLRQ�RI�XQFHUWDLQWLHV7KH�IROORZLQJ�DFWLRQV�DUH�SURSRVHG���� )LQDOLVH�PHWKRGRORJ\�UHSRUW�E\�7DVN�*URXS�7UDQVSRUW�EHIRUH�VSULQJ��������� 6WDWLVWLFDO�XQFHUWDLQW\�DQDO\VLV�E\�5,90�EHIRUH�WKH�HQG�RI��������� ,PSURYHPHQW�RI�&%6�DFWLYLW\�GDWD�E\�&%6��RQJRLQJ�DFWLRQ��� ,PSURYHPHQW� RI� GDWD� RQ� HQHUJ\� XVH� SHU� NLORPHWUH� IRU� URDG� WUDQVSRUW� E\� 7DVN� *URXS7UDQVSRUW�EHIRUH�VXPPHU��������� (VWLPDWH�QLWURXV�R[LGH� DQG�PHWKDQH�HPLVVLRQV�RI� EXQNHU� XVH� E\�7DVN�*URXS�7UDQVSRUWEHIRUH�VXPPHU��������� 0HDVXUHPHQWV�RI�QLWURXV�R[LGH�IURP�URDG�WUDQVSRUW�E\�9520�EHIRUH�WKH�HQG�RI�������� 'HVN� UHVHDUFK�RQ�+)&� HPLVVLRQV� IURP� URDG� WUDQVSRUW� E\�7DVN�*URXS�7UDQVSRUW� EHIRUHVXPPHU������

6(66,21����$*5,&8/785(
'RFXPHQWDWLRQ7KH�HPLVVLRQ�HVWLPDWHV�IURP�DJULFXOWXUH�KDYH�XVHG�,3&&�PHWKRGRORJ\�PDLQO\��'RFXPHQWHGLQ� GLIIHUHQW� PHWKRGRORJ\� UHSRUWV� LQ� WKH� 1HWKHUODQGV�� 'RFXPHQWDWLRQ� LV� QRW� FHQWUDOLVHG�GRFXPHQWDWLRQ�RI�GLIIHUHQFHV�ZLWK�,3&&�PHWKRGV�VRXUFHV�FRXOG�EH�LPSURYHG�
8QFHUWDLQWLHV7KH�XQFHUWDLQW\� LQ�WKH�HVWLPDWHV�RI�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�DJULFXOWXUDO�VRXUFHV��L�H�RWKHU� WKDQ� IXHO� FRPEXVWLRQ�� LV� ODUJH�� ,Q� JHQHUDO� WKH� DFWLYLW\� GDWD� DUH�PRUH� SUHFLVH� WKDQ� WKHHPLVVLRQ� IDFWRUV�� ,W� LV� QRW� HDV\� WR� UHGXFH� WKH� XQFHUWDLQWLHV� LQ� WKH� HPLVVLRQ� IDFWRUV� WR� ��EHFDXVH�RI�WKH�YDULDELOLW\�LQ�VSDFH�DQG�WLPH�
0HWKRGRORJ\5HFHQWO\� WKH� :DJHQLQJHQ� 8QLYHUVLW\� DW� WKH� UHTXHVW� RI� ,3&&� RUJDQLVHG� D� *RRG� 3UDFWLFHPHHWLQJ� WR� LPSURYH� WKH� DSSOLFDWLRQ� RI� WKH� ,3&&�PHWKRGRORJ\��5HVXOWV�ZHUH� SXEOLVKHG� LQ� D*RRG�3UDFWLFH�5HSRUW�IURP�,3&&��7KLV�UHSRUW�LV�FXUUHQWO\�XQGHU�UHYLHZ�DQG�ZLOO�EH�SXEOLVKHGLQ�VSULQJ������
5DQNLQJ�RI�XQFHUWDLQWLHV7KH�PHHWLQJ�PDGH�D� WDEOH� LQ�ZKLFK� WKH� XQFHUWDLQWLHV�ZHUH� HVWLPDWHG� VHSDUDWHO\� IRU� DFWLYLW\GDWD�DQG�HPLVVLRQ�IDFWRUV��,Q�JHQHUDO�WKH�XQFHUWDLQWLHV�DUH�ODUJH�IRU�ODQG�XVH�UHODWHG�HPLVVLRQVDQG�VLQNV��7KH�XQFHUWDLQWLHV�DUH�ODUJH�LQ�HPLVVLRQV�IURP�DQLPDOV�DQG�PDQXUH�EHFDXVH�QR�JRRGGDWD�DUH�DYDLODEOH�RQ�WKH�DFWXDO�PDQDJHPHQW�RI�WKH�IDUPHUV��)RU�H[DPSOH��ZKDW�GR�WKH\�IHHGWKHLU�DQLPDOV��ZKDW�NLQG�RI�PDQXUH�PDQDJHPHQW�LV�DSSOLHG"�+RZ�ORQJ�LV�WKH�PDQXUH�VWRUHG"
3ODQ�RI�DFWLRQ�IRU�UHGXFWLRQ�RI�XQFHUWDLQWLHV7KH�:DJHQLQJHQ� 8QLYHUVLW\� DQG� 5HVHDUFK� &HQWUH� SURSRVHV� WR� LQVWDOO� DQ� $JULFXOWXUDO� 7DVN)RUFH�WR�VHW�XS�DQ�DFWLRQ�SODQ�IRU� UHGXFWLRQ�RI�XQFHUWDLQWLHV��7KH�JURXS�ZDV�FRQFHUQHG� WKDWLQSXW�IURP�WKH�DFWRUV�ZDV�OLPLWHG�LQ�WKHVH�GLVFXVVLRQV�

6(66,21����27+(5�6285&(6
:$67(
3OHDVH�QRWH�WKDW�HPLVVLRQV�IURP�ZDVWH�FRPEXVWLRQ�� LQ�SDUWLFXODU�&2�� ZHUH�QRW�GLVFXVVHG�DWWKH�VHVVLRQ�
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'RFXPHQWDWLRQ7KH�PHWKRGRORJ\�LV�GRFXPHQWHG�LQ�YDULRXV�UHSRUWV�IURP�5,90�DQG�712��7KH�GRFXPHQWDWLRQRI WKH� DFWLYLW\� GDWD�KDV� LPSURYHG� RYHU� WKH� ODVW� \HDUV��7KH� GRFXPHQWDWLRQ� RI� WKH� DPRXQW� RIPHWKDQH�UHFRYHUHG�IURP�ODQGILOO�JDV�LV�GRQH�E\� WKH�*URXS�RI�ODQGILOO�RZQHUV� LQ� WKHLU�\HDUO\UHSRUW��7KLV�VKRXOG�EH�FRQWLQXHG�
8QFHUWDLQWLHV7KH�XQFHUWDLQWLHV� LQ� WKH�HVWLPDWHV�RI�PHWKDQH�IURP� ODQGILOOV�KDYH�GHFUHDVHG��7KH�TXDOLW\�RIWKH� DFWLYLW\� GDWD� KDV� LPSURYHG�� WKDW� LV��ZH� NQRZ� WKH� TXDQWLWLHV� RI�ZDVWH� ODQGILOOHG�� EXW� WKHPHDVXUHPHQWV�KDYH�QRW�LPSURYHG�EHFDXVH�RI�WKH�SRRU�NQRZOHGJH�RQ�WKH�FRPSRVLWLRQ�RI�WKHZDVWH�
0HWKRGRORJ\$ PRUH� GHWDLOHG� PHWKRGRORJ\� ZLWK� WKUHH� GLIIHUHQW� GHJUDGDWLRQ� FRHIILFLHQWV� LV� QRWUHFRPPHQGHG��EHFDXVH�LQIRUPDWLRQ�RQ�WKH�FRPSRVLWLRQ�RI�WKH�ZDVWH�LV�ODFNLQJ�WR�LPSOHPHQWVXFK�GHWDLOHG�PHWKRGRORJ\�
5DQNLQJ�RI�XQFHUWDLQWLHV7KH� PRVW� XQFHUWDLQ� IDFWRUV� DUH� WKH� FRPSRVLWLRQ� RI� WKH� ZDVWH� LQ� ODQGILOOV�� WKH� GHJUDGDWLRQIDFWRU��WKH�FRPSRVLWLRQ�RI�WKH�ODQGILOO�JDV�DQG�WKH�R[LGDWLRQ�RI�PHWKDQH�LQ�WKH�WRS�OD\HU�
3ODQ�RI�DFWLRQ�IRU�UHGXFWLRQ�RI�XQFHUWDLQWLHV��� ,W� LV�VXJJHVWHG�WR�YDOLGDWH�WKH�ILUVW�RUGHU�GHFD\�IXQFWLRQ�ZLWK�WKH�LQIRUPDWLRQ�RQ�ODQGILOOJDV� IRUPDWLRQ� IURP� VHYHQ� \HDUV� RI� H[SHULHQFH� ZLWK� ��� ZDVWH� JDV� UHFRYHU\� SURMHFWV�0RQLWRULQJ� RI� ODQGILOO� JDV� IRUPDWLRQ� DQG�PHWKDQH� HPLVVLRQ� FRXOG� EH� GHYHORSHG� E\� FR�RSHUDWLRQ� EHWZHHQ� WKH� GLIIHUHQW� ODQGILOO� RZQHUV�� 0RQLWRULQJ� RI� ZDVWH� PDQDJHPHQW� LVQHHGHG�LQ�*URQLQJHQ�ZKHUH�QHZ�WHFKQLTXHV�DUH�GHYHORSHG���� ,PSURYHPHQW� RI� H[LVWLQJ� OLVW� RI� ODQGILOO� VLWHV�� LQFOXGLQJ� LQIRUPDWLRQ� RQ� TXDQWLW\� DQGTXDOLW\�RI�ZDVWH��0DNH�LW�DYDLODEOH�IRU�XVH�IRU�PRQLWRULQJ�SHU�ODQGILOO�VLWH���� 'HYHORSPHQW�RI�D�QHZ�OLVW�RI�ODQGILOOV�WKDW�DUH�H[SHFWHG�WR�VWLOO�EH�LPSRUWDQW�LQ����������RI PHWKDQH�HPLVVLRQV�LQ��������� ,PSURYHPHQW�RI�UHSRUWLQJ�RI�ODQGILOO�JDV�UHFRYHU\��LQFOXGLQJ�PHWKDQH�FRQWHQW��1RW�RQO\�LQ99$9�\HDUO\�UHSRUW�EHFDXVH�QRW�DOO�ODQGILOO�RZQHUV�DUH�PHPEHUV��0DNH�LW�D�:$5�VXUYH\TXHVWLRQ"��� 0RQLWRULQJ�RI�WKH�ZDVWH�FRPSRVLWLRQ�E\�5,90��3�0��0RQLWRULQJ�ZDVWH�FRPSRVLWLRQ�RIFRPEXVWHG�ZDVWH���� )HDVLELOLW\� VWXG\� IRU� GHYHORSPHQW� RI�PXOWLSKDVH�PRGHO� IRU�PRQLWRULQJ� RI� HPLVVLRQV� E\712��� 8VH� RI� LQIRUPDWLRQ� RQ� UHFRYHUHG� DPRXQWV� RI� PHWKDQH� DW� ODQGILOO� JDV� UHFRYHU\� VLWHV� WRYDOLGDWH�ILUVW�DQG�VHFRQG�RUGHU�GHFD\�PRGHO�WR�HVWLPDWH�PHWKDQH�HPLVVLRQV�E\�712��� 'HYHORS�D�PHDVXUHPHQW�SURJUDPPH�ZLWK�LQWHUHVWHG�SDUWLHV��QRW�RQO\�E\�WKH�ILUP�µ:DVWH&DUH�1RUWK�+ROODQG¶��

5(6,'(17,$/��75$'(�$1'��6(59,&(�6(&7256��121�)266,/�)8(/�
'RFXPHQWDWLRQ7KH�HVWLPDWH�RI�PHWKDQH�HPLVVLRQV�IURP�ZRRG�DQG�FKDUFRDO�EXUQLQJ�LQ�WKH�1HWKHUODQGV�FRXOGEH LPSURYHG�
8QFHUWDLQWLHV7KH�XQFHUWDLQW\�LQ�WKH�HPLVVLRQ�IDFWRU�RI�PHWKDQH�LV�ODUJH��+RZHYHU��DOVR�FRQVXPSWLRQ�GDWDRI ELRIXHOV�DUH�YHU\�XQFHUWDLQ�
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0HWKRGRORJ\7KH�PHWKDQH�HPLVVLRQ�IDFWRU�LV�EDVHG�RQ�DQ�HVWLPDWH�RI������RI�WKH�WRWDO�92&�HPLVVLRQV�IURPZRRG�EXUQLQJ�
5DQNLQJ�RI�XQFHUWDLQWLHV7KH�ODUJHVW�XQFHUWDLQW\�LV�LQ�WKH�PHWKDQH�HPLVVLRQ�IDFWRU��$FWLYLW\�GDWD�RQ�ZRRG�DQG�FKDUFRDOXVH�FRXOG�EH�LPSURYHG�
3ODQ�RI�DFWLRQ�IRU�UHGXFWLRQ�RI�XQFHUWDLQWLHV��� $ QHZ�HVWLPDWH�FRXOG�EH�PDGH�RI�PHWKDQH�IURP�ZRRG�DQG�FKDUFRDO�XVH��0HDVXUHPHQWVFRXOG�EH�PDGH�RI�PHWKDQH�UHOHDVH�IURP�VPRXOGHULQJ�ILUHV���� 7R�FRYHU�WKH�JDSV�WKDW�FRXOG�VWLOO�H[LVW�LQ�WKH�LQYHQWRU\�RI�WKH�1HWKHUODQGV��DQ�LQYHQWRU\FRXOG�EH�PDGH�RI�XQNQRZQ�VRXUFHV�DQG�JDVHV�
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$SSHQGL[�$��3DUWLFLSDQWV�OLVW
:RUNVKRS�0RQLWRULQJ�RI�*UHHQKRXVH�*DVHV�LQ�WKH�1HWKHUODQGV�%LOWKRYHQ����6HSWHPEHU�����
2UJDQLVHUV
$QGUp�YDQ�$PVWHO :DJHQLQJHQ�8QLYHUVLW\3DXO�5X\VVHQDDUV 0LQLVWU\�RI�(QYLURQPHQW-RV�2OLYLHU 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW
&KDLU
+DUU\�%DD\HQ 0LQLVWU\�RI�(QYLURQPHQW
6HVVLRQ����(QHUJ\
-RKQ�YDQ�$DUGHQQH :DJHQLQJHQ�8QLYHUVLW\0��%HHOGPDQ 1HWKHUODQGV�(QHUJ\�5HVHDUFK�)RXQGDWLRQ(��'H�-HX 0LQLVWU\�RI�(FRQRPLF�$IIDLUV*HHUW�'UDDLMHUV 1HWKHUODQGV�2UJDQLVDWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK'ROI�*LHOHQ 1HWKHUODQGV�(QHUJ\�5HVHDUFK�)RXQGDWLRQ+HOHHQ�*URHQHQEHUJ 8WUHFKW�8QLYHUVLW\%HUW�-DQ�+HLM 1DWLRQDO�5HVHDUFK�3URJUDPPH)UDQV�+RHIQDJHOV 0LQLVWU\�RI�(QYLURQPHQW(YHUW�.DPSHUPDQ 1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK0DULDQQH�.XLMSHUV�/LQGH 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW-RRS�2XGH�/RRKXLV 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW-RV�2OLYLHU 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW-DQ�YDQ�GHU�3ODV 0LQLVWU\�RI�(QYLURQPHQW(PLOH�6FKROV 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW$�-�0��6FKRRW�8LWHUNDPS *URQLQJHQ�8QLYHUVLW\-HURHQ�YDQ�GHU�6OXLMV 8WUHFKW�8QLYHUVLW\(�-��6QHHN (OHFWULFLW\�5HVHDUFK-DQ�6SDNPDQ 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW-DVSHU�9LV 0LQLVWU\�RI�(QYLURQPHQW(�-�0��YDQ�GHU�:HUI 3URYLQFH�RI�*HOGHUODQG%DUW�:HVVHOLQN 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW5XXG�YDQ�GHQ�:LMQJDDUW 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW(G�=RQQHYHOG &HQWUDO�%XUHDX�RI�6WDWLVWLFV
6HVVLRQ����,QGXVWU\
5HLQRXG�YDQ�GHU�$XZHUDHUW 7(%2',1�&RQVXOWDQWV+DUU\�%DD\HQ 0LQLVWU\�RI�WKH�(QYLURQPHQW(��GH�%DHGWV 67(.�&RQVXOWDQWV0DUJUHHW�YDQ�%UXPPHOHQ (&2)<6�&RQVXOWDQWV%DV�*XLV &HQWUDO�%XUHDX�RI�6WDWLVWLFV-��YDQ�+DDVWHUHQ 0LQLVWU\�RI�WKH�(QYLURQPHQW'LFN�+HVOLQJD 1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK+DQV�+ROWULQJ 0LQLVWU\�RI�WKH�(QYLURQPHQW:�-��-RQNHU 1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK/HR�0H\HU 0LQLVWU\�RI�WKH�(QYLURQPHQW.HHV�3HHN 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW7LQXV�3XOOHV 1HWKHUODQGV�2UJDQLVDWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK
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+DQV�YDQ�GHU�6WHHQ (QHUJ\�DQG�WKH�(QYLURQPHQW0HLQGHUW�7LPPHU 0LQLVWU\�RI�WKH�(QYLURQPHQW:LP�7RXZ .30*-XOLD�:LOOLDPV 0LQLVWU\�RI�WKH�(QYLURQPHQW5HQH�:LVPHLMHU (QHUJ\�DQG�WKH�(QYLURQPHQW
6HVVLRQ����7UDQVSRUW
-DQ�$QQH�$QQHPD 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW5REHUW�YDQ�GHQ�%ULQN 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW(G�YDQ�*HOGHU &HQWUDO�%XUHDX�RI�6WDWLVWLFV��+HHUOHQ1�/�-��*HQVH 1HWKHUODQGV�2UJDQLVDWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK)ORRUWMH�+DQQHPDQ $GYLVRU\�%RDUG�7UDQVSRUW-DQ�+XOVNRWWH 1HWKHUODQGV�2UJDQLVDWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK-RKQ�.OHLQ &HQWUDO�%XUHDX�RI�6WDWLVWLFV+DQV�1LHXZHQKXLV 0LQLVWU\�RI�WKH�(QYLURQPHQW$OH[�9HUPHXOHQ 1HWKHUODQGV�(QHUJ\�5HVHDUFK�)RXQGDWLRQ
6HVVLRQ����$JULFXOWXUH
-DQ�:LOOHP�(ULVPDQ 1HWKHUODQGV�(QHUJ\�5HVHDUFK�)RXQGDWLRQ.ODDV�YDQ�GHU�+RHN 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW(GZLQ�.RHNNRHN 0LQLVWU\�RI�WKH�(QYLURQPHQW2ODI�YDQ�.RRWHQ :DJHQLQJHQ�8QLYHUVLW\&DUROLHQ�.URH]H :DJHQLQJHQ�8QLYHUVLW\3HWHU�.XLNPDQ $OWHUUD/HQ\�/HNNHUNHUN 1DWLRQDO�5HIHUHQFH�&HQWHU�IRU�$JULFXOWXUH-RDQQH�0DDVNDQW 0LQLVWU\�RI�$JULFXOWXUH-�-��0HVX 1DWLRQDO�5HIHUHQFH�&HQWHU�IRU�$JULFXOWXUH3LHWHU�YDQ�GHU�0RVW 0LQLVWU\�RI�WKH�(QYLURQPHQW2HQH�2HQHPD $OWHUUD/HR�2SUHO 1DWLRQDO�5HIHUHQFH�&HQWHU�IRU�$JULFXOWXUH3DXO�5X\VVHQDDUV 0LQLVWU\�RI�WKH�(QYLURQPHQW3DXO�6SLHUW] :DJHQLQJHQ�8QLYHUVLW\*LMV�YDQ�7RO 1DWLRQDO�5HIHUHQFH�&HQWHU�IRU�1DWXUH/HR�9OHHVKRXZHUV :DJHQLQJHQ�8QLYHUVLW\:LONR�9HUZHLM 1DWLRQDO�5HVHDUFK�3URJUDPPH
6HVVLRQ����2WKHU�VRXUFHV��:DVWH�5HVLGHQWLDO�7UDGH�DQG6HUYLFH�6HFWRUV
$QGUH�YDQ�$PVWHO :DJHQLQJHQ�8QLYHUVLW\-RKDQ�$SHOGRRUQ 0LQLVWU\�RI�WKH�(QYLURQPHQW:�-��%UXULQJ 0LQLVWU\�RI�WKH�(QYLURQPHQW3HWHU�%XLOWMHV 1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK$OEHUW�)DEHU 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW/HRQ�-DQVVHQ 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW3�+�0��-DQVVHQ 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW'LFN�1DJHOKRXW 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW+DQV�2RQN 1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�5HVHDUFK7UXG\�5RRG 1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW0DULHOOH�9RVEHHN (OHFWULFLW\�5HVHDUFK��.(0$
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$SSHQGL[�%��0DLOLQJ�OLVW
����
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,U��$�-��%DD\HQ��'LUHFWHXU�.OLPDDWYHUDQGHULQJ�HQ�,QGXVWULH�YDQ�KHW�'*�YRRU�0LOLHXEHKHHU'U�,U��%�&�-��=RHWHPDQ��SOY��'LUHFWHXU�*HQHUDDO�0LOLHXEHKHHU0U��+�$�3�0��3RQW��'LUHFWHXU�*HQHUDDO�0LOLHXEHKHHU0U��*�-�5��:ROWHUV��+RRIG�,QVSHFWHXU�0LOLHXK\JLsQH
0UV��'UV��7�&��)RJHOEHUJ��'*0�.Y,,U��3�*��5X\VVHQDDUV��'*0�.Y,0UV��'UV��0��%DNNHU��'*0�.Y,'UV��:�-��%UXULQJ��'*0�.Y,'U��-�$��YDQ�+DDVWHUHQ��'*0�.Y,'UV��)�(�7��+RHIQDJHOV��'*0�.Y,,U��+��+ROWULQJ��'*0�.Y,,U��(�%�-��.RHNNRHN��'*0�.Y,'UV��+��.UDDLM��'*0�.Y,0U��:�-��/HQVWUD��'*0�.Y,'U��/�$��0H\HU��'*0�.Y,,U��-�:��1LHXZHQKXLV��.Y,'UV��0�(��7LPPHU��'*0�.Y,,U��-��9LV��'*0�.Y,,U��-��:LOOLDPV�-DFREVH��'*0�.Y,,U��*��YDQ�*URRWYHOG��'*0�+,0+�0,,QJ��0�0�-��YDQ�/RRQ��'*0�+,0+�0,'UV��3�)�-��YDQ�GHU�0RVW��'*0�+,0+�0,,U��-��YDQ�GHU�3ODV��'*0�+,0+�0,'KU��<��GH�%RHU��'*0�,0=,U��/�:�0��=XLGJHHVW��'*0�/09,U��+�/��%DDUEp��'*0�/09,QJ��/�-�:�0��%HUJPDQ��'*0�6$6'UV��3��$XEHUW��0LQ��YDQ�(FRQRPLVFKH�]DNHQ��'HQ�+DDJ0UV��,U��(�-��'H-HX��0LQ��YDQ�(FRQRPLVFKH�]DNHQ��'HQ�+DDJ'UV��*�.��5RXNHQV��0LQ��YDQ�(FRQRPLVFKH�=DNHQ��'HQ�+DDJ,U��+��6PLW��0LQ��YDQ�/DQGERXZ��1DWXXUEHKHHU�HQ�9LVVHULM��'HQ�+DDJ,U��-��9LV��0LQ��YDQ�/DQGERXZ��1DWXXUEHKHHU�HQ�9LVVHULM��'HQ�+DDJ,U��*��:HVWHQEULQN��0LQ��YDQ�/DQGERXZ��1DWXXUEHKHHU�HQ�9LVVHULM��'HQ�+DDJ,U��5��%UDNHQEXUJ��0LQ��YDQ�9HUNHHU�HQ�:DWHUVWDDW��'HQ�+DDJ'UV��$��WH�%RHNKRUVW��0LQ��YDQ�%XLWHQODQGVH�=DNHQ��'HQ�+DDJ,U��*�-��+HLM��123�0/.��%LOWKRYHQ'UV��0��.RN��6HFUHWDULDDW�123�0/.��%LOWKRYHQ3URJUDPPDUDDG�1:2�:HUNJHPHHQVFKDS�&2��SUREOHPDWLHN.1$:�.OLPDDWFRPPLVVLH��$PVWHUGDP
3DUWLFLSDQWV�RI�ZRUNVKRS������H[FOXGLQJ�PLQLVWULHV���VHH�GHWDLOV�EHORZ�2WKHU�PHPEHUV�RI�([SHUW�*URXSV�RQ�$LU�(PLVVLRQV�RI�WKH�(PLVVLRQ�5HJLVWUDWLRQ�3URMHFWDQG�RWKHU�SHUVRQV�LQWHUHVWHG�LQ�JUHHQKRXVH�JDV�HPLVVLRQV��LQ�WKH�1HWKHUODQGV�DQG�DEURDG�0UV��.��$EHO��$XVWUDOLDQ�*UHHQKRXVH�*DV�2IILFH��&DQEHUUD��$86�,U��-�$��YDQ�$DUGHQQH��:DJHQLQJHQ�85��:DJHQLQJHQ'U��$�3�0��%DHGH��.10,��'H�%LOW'UV��,QJ��-��%DNNHU��712�0(3��$SHOGRRUQ'U�:��%DUERXU��(3$��:DVKLQJWRQ�'&��86$�'U��.��%ORN��588��8WUHFKW'U��-�&��%ORP��/(,�'/2��'HQ�+DDJ'U��-�-�0��%HUGRZVNL��712�0(3��$SHOGRRUQ0U��$�-�0��YDQ�GHQ�%LJJHODDU��6W��1DWXXU�	�0LOLHX��8WUHFKW,QJ��-�*�+��%URXZHU��712�0(3��$SHOGRRUQ'U��-�&��%UXJJLQN��(&1��3HWWHQ
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3URI�GU�LU��3�-�+��%XLOWMHV��712�0(3��$SHOGRRUQ0U��5��&KULVW��(8��'*�;,��%UXVVHOV��%�,U��3�:�+�*��&RHQHQ��712�0(3��$SHOGRRUQ0UV��-��&RUIHH�0RUORW��,($�2(&'��3DULV��)�'U��+�-��'LMNHUPDQ��&%6��9RRUEXUJ'U��$�-��'ROPDQ��$OWHUUD��:DJHQLQJHQ'U��:��'H%UX\Q��9,72��0RO��%�'U��&�'��(EHUW��,&)�,QF���:DVKLQJWRQ�'&��86$�0UV��'UV��0�0��YDQ�(HUGW��&16��9RRUEXUJ'U��6��(JJOHVWRQ��$($�7HFKQRORJ\��&XOKDP��$ELQJGRQ��*%�0U��6��(PPDQXHO��,3&&�768�1**,3��+D\DPD��-31�,U��-�:��(ULVPDQ��(&1��3HWWHQ'UV��-��)HHQVWUD��,90�98��$PVWHUGDP'U��-�3��)RQWHOOH��&,7(3$��3DULV��)�'U��-��<��*DUQLHU��,($��3DULV��)�'UV��5�-�0��YDQ�*HUZHQ��712��$SHOGRRUQ0U��0��*LEEV��,&)�,QF���:DVKLQJWRQ�'&��86$�'UV��:��*URRW��&3%��'HQ�+DDJ'UV��$�.��YDQ�+DUPHOHQ��712�0(3��$SHOGRRUQ'U��*�:��+HLO��588��8WUHFKW'U��.��+RJDQ��(3$��:DVKLQJWRQ�'&��86$�,QJ��-�+��+RRJNDPHU��19./��=RHWHUPHHU3URI�GU��/��+RUGLMN��/8:��:DJHQLQJHQ0U��%��+DUH��*UHHQSHDFH�,QWHUQDWLRQDO��$PVWHUGDP0UV��,U��0�-�0��+DUPHOLQN��(FRI\V��8WUHFKW'U��$��+HUROG��gNR�,QVWLW�W��%HUOLQ��'�'U��1��+HZLWW��/DQFDVWHU��*%�'U��$��-DFTXHV��(QYLURQPHQW�&DQDGD��+XOO��4XHEHF��&$1�'UV��-��-DQVVHQ��(&1��3HWWHQ'U��$��-RO��(($��&RSHQKDJHQ��'1.�'U��1��.LOGH��5,6���5RVNLOGH��'.�,U��&��YDQ�GHU�.OHLM��5:6�5,=$��/HO\VWDG'U��-�-��YDQ�GHU�.RRLM��6(3��$UQKHP0UV��'��.UXJHU��(3$��:DVKLQJWRQ�'&��86$�,U��+��/HQHPDQ��/(,�'/2��'HQ�+DDJ'U��.��0DUHFNRYD��6ORYDN�+\GURPHWHRURORJLFDO�,QVWLWXWH��%UDWLVODYD��6/2�'U��7��0DUWLQVHQ��2(&'�(QYLURQPHQW�'LUHFWRUDWH��3DULV��)�'U��9��0DWVDUVNL��)&&&�VHFUHWDULDW��%RQQ��'�'U��,��0F,QQHV��(($��&RSHQKDJHQ��'.�'U��'��0REOH\��(3$��5HVHDUFK�7ULDQJOH�3DUN��86$�'UV��*�-��1DEXXUV��$OWHUUD��:DJHQLQJHQ,U��,�*�$�0��1RLM��$OWHUUD��:DJHQLQJZQ'U��6��1RQKHEHO��,9(0�58*��*URQLQJHQ'U��.��2OVHQ��(QYLURQPHQW�&DQDGD��+XOO��4XHEHF��&$1�,U��7��2RPV��$22'U��-��3HQPDQ��0LQ��RI�(QYLURQPHQW��/RQGRQ��8.�,QJ��$�$��5DDPV��,320U��0��5DTXHW��(8��'*�;,��%UXVVHO��%�3URI�GU��/��5HLMQGHUV��,9$0�8Y$��$PVWHUGDP'UV��0�*�0��5RHPHU��712��'HOIW'U��(��5RGHQEXUJ��:5,��:DVKLQJWRQ�'&��86$�'U��$��5RVODQG��1RUZHJLDQ�3ROOXWLRQ�&RQWURO�$XWKRULW\��2VOR��1�'UV��-�&��YDQ�GHQ�5RRYDDUW��5:6�5,=$��/HO\VWDG'U��.��5\SGDO��6WDWLVWLFV�1RUZD\��2VOR��1�,U��-�-�'��YDQ�GHU�6WHHQ��1RYHP��8WUHFKW'U��0��6WURJLHV��8%$��%HUOLQ��'�,U��3�$�-��7KRPDVVHQ��2&&��'HQ�+DDJ
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'UV��:��7LQEHUJHQ��&%6��9RRUEXUJ'U��'��7LUSDFN��)&&&�VHFUHWDULDW��%RQQ��'�0UV��.��7UHDWRQ��,($��3DULV��)�3URI�GU��:��7XUNHQEXUJ��588��8WUHFKW0U��3�*�+��8JHV��199.��$SHOGRRUQ,QJ��1�-�$��YDQ�GHU�9HOGHQ��/(,�'/2��'HQ�+DDJ3URI�GU�LU��3��9HOOLQJD��98�,90��$PVWHUGDP'U��$��9HUPHXOHQ��(&1��3HWWHQ,U��*�*�&��9HUVWDSSHQ��5:6�5,=��/H\VWDG,U��+��9LVVHU��.(0$��$UQKHP,U��'�-��GH�9ULHV��5:6�5,=$��/HO\VWDG,U��(��:HLMHUV��712�0(3��$SHOGRRUQ,QJ��-�:��:RXGD��(OLQ�+ROHF��$PHUVIRRUW'U��/��:ROWKXLV��*DVXQLH��*URQLQJHQ,U��5��<EHPD��(&1��3HWWHQ'U��0��=ZHWVORRW��(QHUJLH1HG��$UQKHP'HSRW�1HGHUODQGVH�SXEOLFDWLHV�HQ�1HGHUODQGVH�%LEOLRJUDILH
'LUHFWLH�5,90'U��7K�*��$DOEHUV'U��5�0��YDQ�$DOVW,U��5�$�:��$OEHUV'UV��-�$��%DNNHV,U��'��%HNHU'UV��0�0��%HUN,QJ��+��%RRLM,U��*�-��YDQ�GHQ�%RUQ'U��/�&��%UDDW'UV��/�-��%UDQGHV,U��+�6�0�$��'LHGHUHQ'U��(��'ULVVHQ3URI�LU��1�'��YDQ�(JPRQG'UV��%��YDQ�(VFK0UV��3��)HLPDQQ'UV��2�-��YDQ�*HUZHQ'U��-�3��+HWWHOLQJK0UV��'U��-�$��+RHNVWUD,U��1�-�3��+RRJHUYRUVW,U��(��+RQLJ'UV��-�0��-RRVWHQ'UV��:��GH�/DQJH,U��)��/DQJHZHJ'U��)�$�$�0��GH�/HHXZ'U��5��/HHPDQV'U�LU��'��YDQ�/LWK'U��5�-�0��0DDV'UV��$�-�&�0��0DWWKLMVHQ'UV��$��0LQGHUKRXW'U��%��0HW]0UV��,QJ��-�$��0RQWIRRUW,QJ��'�6��1LMGDP'U��'��2QGHUGHOLQGHQ,QJ��-�$�+�:��3HWHUV'UV��-�3�0��5RV,U��:�/�0��6PHHWV0UV��,QJ��'��6WHLQ'U�,U��5�-��6ZDUW
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'U��5��7KRPDV'U��,U��*�-�0��9HOGHUV,U��+��9HUKDJHQ'U��+�-�0��GH�9ULHV'UV��&�5��9ULQJHU3URI�'U��*�3��YDQ�:HH
$XWKRUV
6%'�9RRUOLFKWLQJ�	�3XEOLF�5HODWLRQV%XUHDX�5DSSRUWHQUHJLVWUDWLH%LEOLRWKHHN�5,90%XUHDX�5DSSRUWHQEHKHHU5HVHUYH�H[HPSODUHQ�/$(

:25.6+23�3$57,&,3$176
25*$1,6$7,21
,U��$�-��%DD\HQ��&KDLUPDQ�0LQLVWHULH�YDQ�9520�'*0�/(3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������+DUU\�EDD\HQ#GOH�GJP�PLQYURP�QO
3DXO�5X\VVHQDDUV��2UJDQLVDWLRQ�0LQLVWHULH�YDQ�9520�'*0�/(3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������3DXO�UX\VVHQDDUV#GOH�GJP�PLQYURP�QO
$QGUp�YDQ�$PVWHO��2UJDQLVDWLRQ�:DJHQLQJHQ�8QLYHUVLWHLW�0LOLHXV\VWHHPDQDO\VH3RVWEXV����������+%�:DJHQLQJHQ7HO�������������)D[�������������DQGUH�YDQDPVWHO#DOJHPHHQ�FPNZ�ZDX�QO
-RV�2OLYLHU��2UJDQLVDWLRQ�5,903RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������-RV�ROLYLHU#ULYP�QO

mailto:Jos.olivier@rivm.nl
mailto:andre.vanamstel@algemeen.cmkw.wau.nl
mailto:Paul.ruyssenaars@dle.dgm.minvrom.nl
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6HVVLRQ����(1(5*<
-RV�2OLYLHU��&KDLU�����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������-RV�ROLYLHU#ULYP�QO
-RKQ�YDQ�$DUGHQQH�����(QHUJLH�:DJHQLQJHQ8QLYHUVLWHLW�0LOLHXV\VWHHPDQDO\VH3RVWEXV����������+%�:DJHQLQJHQ7HO�������������)D[�������������-RKQ�YDQDDUGHQQH#DOJHPHHQ�FPNZ�ZDX�QO
0��%HHOGPDQ�����(QHUJLH�(&13RVWEXV�������=*�3HWWHQ7HO�������������)D[�������������%HHOGPDQ#HFQ�QO
(�*��'H-HX�����(QHUJLH�0LQLVWHULH�YDQ�(=3RVWEXV�����*;�'HQ�+DDJ7HO�������������)D[������������(�*�GHMHX#PLQH]�QO
*HHUW�'UDDLMHUV�����(QHUJLH�712�0(33RVWEXV���������$+�$SHOGRRUQ7HO��������������)D[��������������J�S�M�GUDDLMHUV#PHS�WQR�QO
(��YDQ�*HOGHU�����(QHUJLH�&%6�+HHUOHQ3RVWEXV����������&=�+HHUOHQ7HO��������������)D[��������������(JOU#FEV�QO
'ROI�*LHOHQ��5DSSRUWHXU������(QHUJLH�(&13RVWEXV�������=*�3HWWHQ7HO�������������)D[�������������*LHOHQ#HFQ�QO

+HOHHQ�*URHQHQEHUJ�����(QHUJLH�8QLYHULVWHLW�8WUHFKW�1:163DGXDODDQ��������&+�8WUHFKW7HO�������������)D[�������������K�JURHQHQEHUJ#FKHP�XX�QO
,U��*�-��+HLM�����(QHUJLH�5,90�1233RVWEXV�������%$�%LOWKRYHQ7HO��������������)D[��������������%HUWMDQ�KHLM#ULYP�QO
)UDQV�+RHIQDJHOV�����(QHUJLH�0LQLVWHULH�YDQ�9520�'*0�/(3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������)UDQV�KRHIQDJHOV#GOH�GJP�PLQYURP�QO
3URI��/HHQ�+RUGLMN�����(QHUJLH�:DJHQLQJHQ8QLYHUVLWHLW�0LOLHXV\VWHHPDQDO\VH3RVWEXV����������+%�:DJHQLQJHQ7HO������������)D[������������/HHQ�KRUGLMN#ZLPHN�FPNZ�ZDX�QO
(YHUW�.DPSHUPDQ�����(QHUJLH�712�0(3/DDQ�YDQ�:HVWHQHQN����$SHOGRRUQ7HO�������������)D[�������������HPVWDJ�#PHS�WQR�QO
0DULDQQH�.XLMSHUV�����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQ7HO���������)D[�������������0DULDQQH�NXLMSHUV#ULYP�QO
-RRS�2XGH�/RRKXLV�����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQ-RRS�RXGHORRKXLV#ULYP�QO

mailto:Joop.oudeloohuis@rivm.nl
mailto:Marianne.kuijpers@rivm.nl
mailto:emstag2@mep.tno.nl
mailto:Leen.hordijk@wimek.cmkw.wau.nl
mailto:Frans.hoefnagels@dle.dgm.minvrom.nl
mailto:Bertjan.heij@rivm.nl
mailto:h.groenenberg@chem.uu.nl
mailto:Gielen@ecn.nl
mailto:g.draaijers@mep.tno.nl
mailto:E.G.dejeu@minez.nl
mailto:Beeldman@ecn.nl
mailto:John.vanaardenne@algemeen.cmkw.wau.nl
mailto:Jos.olivier@rivm.nl
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-DQ�YDQ�GHU�3ODV�����(QHUJLH�0LQLVWHULH�YDQ�9520�+,0+3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������-DQ�YDQGHUSODV#LPK�KL�GJP�PLQYURP�QO
( 6FKROV�����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQH�VFKROV#ULYP�QO
$�-�0��6FKRRW�8LWHUNDPS�����(QHUJLH�5LMNVXQLYHUVLWHLW�*URQLQJHQ�,9(01LMHQERUJ�������$*�*URQLQJHQWHO��������������)D[��������������D�M�P�VFKRRW�XLWHUNDPS#IZQ�UXJ�QO
-��YDQ�GHU�6OXLMV�����(QHUJLH�8QLYHUVLWHLW�8WUHFKW�1:163DGXDODDQ��������&+�8WUHFKW7HO���������)D[�������������M�YDQGHUVOXLMV#FKHP�XX�QO
(�-��6QHHN�����(QHUJLH�.(0$3RVWEXV����������(7�$UQKHP7HO�������������)D[�������������H�M�VQHHN#NHPD�QO
-DQ�6SDNPDQ��5DSSRUWHXU����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQ7HO���������)D[�������������-DQ�6SDNPDQ#ULYP�QO
,U��-��9LV�����(QHUJLH�0LQLVWHULH�YDQ�9520�'*0�/(������3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������-DVSHU�YLV#GOH�GJP�PLQYURP�QO
(�-�0��YDQ�GHU�:HUI�����(QHUJLH�3URYLQFLH�*HOGHUODQG3RVWEXV����������*;�$UQKHP7HO��������������)D[��������������

H�ZHUI#SUY�JHOGHUODQG�QO
%DUW�:HVVHOLQN�����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQ7HO���������)D[�������������%DUW�ZHVVHOLQN#ULYP�QO
5XXG�YDQ�GHQ�:LMQJDDUW�����(QHUJLH�5,903RVWEXV�������%$�%LOWKRYHQ5XXG�YDQGHQZLMQJDDUW#ULYP�QO
(G�=RQQHYHOG�����(QHUJLH�&%6�0LOLHX3RVWEXV����������-0�9RRUEXUJ7HO��������������)D[��������������H]QG#FEV�QO

6HVVLRQ����,1'8675<
7LQXV�3XOOHV��&KDLU����,QGXVWULH�712�0(33RVWEXV���������$+�$SHOGRRUQ7HO�������������)D[�������������P�S�M�SXOOHV#PHS�WQR�QO
,U��5�-�.��YDQ�GHU�$XZHUDHUW�����,QGXVWULH�7(%2',1/DDQ�YDQ�1LHXZ�2RVW�,QGLH��������%-�'HQ�+DDJ7HO�������������)D[�������������U�YDQGHUDXHUDHUW#WHERGLQ�QO
(��GH�%DHGWV�����,QGXVWULH�67(.3RVWEXV����������5&�8WUHFKW7HO�������������)D[�������������6WHN#HLM�QO
%DV�*XLV�����,QGXVWULH�&%6�0LOLHX3RVWEXV����������-0�9RRUEXUJ7HO��������������)D[��������������%JXV#FEV�QO

mailto:Bgus@cbs.nl
mailto:Stek@eij.nl
mailto:r.vanderaueraert@tebodin.nl
mailto:m.p.j.pulles@mep.tno.nl
mailto:Jken@cbs.nl
mailto:Ruud.vandenwijngaart@rivm.nl
mailto:Bart.wesselink@rivm.nl
mailto:e.werf@prv.gelderland.nl
mailto:Hans.Holtring@dle.dgm.minvrom.nl
mailto:Jan.Spakman@rivm.nl
mailto:e.j.sneek@kema.nl
mailto:h.groenenberg@chem.uu.nl
mailto:a.j.m.schoot-uiterkamp@fwn.rug.nl
mailto:e.schols@rivm.nl
mailto:Jan.vanderplas@imh-hi.dgm.minvrom.nl
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-��YDQ�+DDVWHUHQ�����,QGXVWULH�0LQLVWHULH�YDQ�9520��'*0�,&%3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������9DQKDDVWHUHQ#LFE�GJP�PLQYURP�QO
'�&�+HVOLQJD��5DSSRUWHXU���,QGXVWULH�712�0(33RVWEXV���������$+�$SHOGRRUQ7HO��������������)D[��������������'�&�+HVOLQJD#PHS�WQR�QO
+DQV�+ROWULQJ�����,QGXVWULH�0LQLVWHULH�YDQ�9520�'*0�/(������3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������+DQV�+ROWULQJ#GOH�GJP�PLQYURP�QO
:�-��-RQNHU�����,QGXWULH�712�0(33RVWEXV���������$+�$SHOGRRUQWHO�������������)D[�������������Z�M�MRQNHU#PHS�WQR�QO
/HR�0H\HU�����,QGXVWULH�0LQLVWHULH�YDQ�9520�'*0�/(3RVWEXV�����������*;�'HQ�+DDJ7HO��������������)D[�������������/HR�0H\HU#GOH�GJP�PLQYURP�QO
.HHV�3HHN�����,QGXVWULH�5,903RVWEXV�������%$�%LOWKRYHQ7HO���������)D[�������������.HHV�SHHN#ULYP�QO

,U��+DQV�YDQ�GHU�6WHHQ�����,QGXVWULH�129(03RVWEXV����������5(�8WUHFKWWHO������±��������ID[������±��������+�YDQ�GHU�6WHHQ#QRYHP�QO
0HLQGHUW�7LPPHU�����,QGXVWU\�

0LQLVWHULH�YDQ�9520�'*0�,&%3RVWEXV�����������*;�'HQ�+DDJ7HO��������������)D[��������������0HLQGHUW�WLPPHU#LFE�GJP�PLQYURP�QO
-XOLD�:LOOLDPV��5DSSRUWHXU���,QGXVWULH�0LQLVWHULH�YDQ�9520�'*0�/(3RVWEXV�����������*;�'HQ�+DDJ7HO��������������)D[��������������-XOLD�ZLOOLDPV#GOH�GJP�PLQYURP�QO
'UV��5HQH�:LVPHLMHU�����,QGXVWULH�129(03RVWEXV����������5(�8WUHFKWWHO������±��������ID[������±��������5�:LVPHLMHU#QRYHP�QO
:LP�7RXZ.30*3RVWEXV�����������/7�'HQ�+DDJ
0DUJUHHW�YDQ�%UXPPHOHQ(&2)<63RVWEXV����������5.�8WUHFKWWHO������±��������ID[������±��������0�YDQ%UXPPHOHQ#HFRI\V�QO

6HVVLRQ����75$163257
-DQ�$QQH�$QQHPD��&KDLU����7UDQVSRUW�5,903RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������MDQ�DQQH�DQQHPD#ULYP�QO
+�/��%DDUEp�����7UDQVSRUW�0LQLVWHULH�YDQ�9520�'*93RVWEXV�����������*;�'HQ�+DDJ7HO������±���������)D[������±���������+HQN�%DDUEH#GJY�GJP�PLQYURP�QO

mailto:Henk.Baarbe@dgv.dgm.minvrom.nl
mailto:M.vanBrummelen@ecofys.nl
mailto:R.Wismeijer@novem.nl
mailto:Julia.williams@dle.dgm.minvrom.nl
mailto:Meindert.timmer@icb.dgm.minvrom.nl
mailto:H.van.der.Steen@novem.nl
mailto:Kees.peek@rivm.nl
mailto:Leo.Meyer@dle.dgm.minvrom.nl
mailto:w.j.jonker@mep.tno.nl
mailto:Hans.Holtring@dle.dgm.minvrom.nl
mailto:D.C.Heslinga@mep.tno.nl
mailto:Vanhaasteren@icb.dgm.minvrom.nl
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5REHUW�YDQ�GHQ�%ULQN��5DSSRUWHXU���7UDQVSRUW�5,903RVWEXV�������%$�%LOWKRYHQ5REHUW�YDQGHQEULQN#ULYP�QO
-DQ�:LOOHP�(ULVPDQ�����7UDQVSRUW�(&13RVWEXV�������=*�3HWWHQ7HO�������������)D[�������������(ULVPDQ#HFQ�QO
1�/�-��*HQVH�����7UDQVSRUW�712�:HJWUDQVSRUW6FKRHPDNHUVWUDDW���3RVWEXV����������-$�'HOIWWHO�������������)D[�������������*HQVH#ZW�WQR�QO
)�$��+DQQHPDQ�����7UDQVSRUW�$GYLHVGLHQVW�9HUNHHU�HQ�9HUYRHU3RVWEXV����������%$�5RWWHUGDPWHO�������������ID[�������������I�D�KDQQHPDQ#DYY�UZV�PLQYHQZ�QO
,U��-�+�-��+XOVNRWWH�����7UDQVSRUW�712�0(33RVWEXV���������$+�$SHOGRRUQWHO�������������)D[�������������-DQ�KXOVNRWWH#PHS�WQR�QO
-RKQ�.OHLQ�����7UDQVSRUW�&%6�0LOLHX3RVWEXV����������-0�9RRUEXUJ7HO��������������)D[��������������-NHQ#FEV�QO

6HVVLRQ����$*5,&8/785(
2HQH�2HQHPD��&KDLU����/DQGERXZ�$%�'/23RVWEXV��������$$�:DJHQLQJHQ7HO�������������)D[�������������R�RHQHPD#DE�GOR�QO

.ODDV�YDQ�GHU�+RHN�����/DQGERXZ�5,903RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������.ODDV�YDQ�GHU�KRHN#ULYP�QO
(GZLQ�.RHNNRHN�����/DQGERXZ�0LQLVWHULH�YDQ�9520�'*0�/(������3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������(GZLQ�.RHNNRHN#GOH�GJP�PLQYURP�QO
2ODI�YDQ�.RRWHQ�����/DQGERXZ�:DJHQLQJHQ�8QLYHUVLWHLW�3370DULMNHZHJ��������3*�:DJHQLQJHQ7HO�������������)D[�������������2ODI�YDQNRRWHQ#XVHUV�WESW�ZDX�QO
&DUROLHQ�.URH]H�����/DQGERXZ�:DJHQLQJHQ8QLYHUVLWHLW�0LOLHXV\VWHHPDQDO\VH3RVWEXV����������+%�:DJHQLQJHQ7HO�������������)D[�������������&DUROLHQ�NURH]H#ZLPHN�FPNZ�ZDX�QO
3HWHU�.XLNPDQ�����/DQGERXZ�$%�'/23RVWEXV��������$$�:DJHQLQJHQWHO�������������ID[�������������3�-�.XLNPDQ#DE�GOR�QO
/HQ\�/HNNHUNHUN�����/DQGERXZ�,.&�/DQGERXZ3RVWEXV��������%/�(GH7HO�������������)D[�������������(PDLO���
-RDQQH�0DDVNDQW�����/DQGERXZ�0LQLVWHULH�YDQ�/193RVWEXV�����������(.�'HQ�+DDJ7HO��������������)D[��������������M�PDDVNDQW#GO�DJUR�QO
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-�-��0HVX�����/DQGERXZ�,.&�/DQGERXZ3RVWEXV���������%/�(GH7HO�������������)D[�������������M�M�PHVX#LNFOE�DJUR�QO
3LHWHU�YDQ�GHU�0RVW�����/DQGERXZ�0LQLVWHULH�YDQ�9520�+,0+3RVWEXV�����������*;�'HQ�+DDJ3LHWHU�YDQGHUPRVW#KLPK�GJP�PLQYURP�QO
+DQV�1LHXZHQKXLV�����/DQGERXZ�0LQLVWHULH�YDQ�9520�'*0�/(������3RVWEXV�����������*;�'HQ�+DDJ7HO�������������)D[�������������+DQV�1LHXZHQKXLV#GOH�GJP�PLQYURP�QO
/��2SUHO�����/DQGERXZ�,.&�/DQGERXZ3RVWEXV���������%/�(GH7HO�������������)D[�������������O�RSUHO#LNFOE�DJUR�QO
3DXO�6SLHUW]�����/DQGERXZ�:DJHQLQJHQ�8QLYHUVLWHLW�73(3RVWEXV���������$.�:DJHQLQJHQ7HO�)D[�������������3DXO�6SLHUW]#VWDII�WSH�ZDX�QO

*LMV�YDQ�7RO������/DQGERXZ�,.&�1DWXXUEHKHHU3RVWEXV��������$$�:DJHQLQJHQ7HO�������������)D[�������������J�YDQ�WRO#LNFQ�DJUR�QO
/HR�9OHHVKRXZHUV:DJHQLQJHQ�8QLYHUVLWHLW�73(3RVWEXV���������$.�:DJHQLQJHQ7HO�)D[�������������/HR�9OHHVKRXZHUV#VWDII�WSH�ZDX�QO

:LONR�9HUZHLM�����/DQGERXZ�5,90�1233RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������:LONR�YHUZHLM#ULYP�QO

6HVVLRQ����27+(5�6285&(6
7UXG\�5RRG��&KDLU����2YHULJ�$IYDO�5,903RVWEXV�������%$�%LOWKRYHQ7HO�)D[��������������7UXG\�URRG#ULYP�QO
-RKDQ�$SHOGRRUQ�����2YHULJ�$IYDO�0LQLVWHULH�YDQ�9520�'*0�/(�%HGULMYHQ3RVWEXV�����������*;�'HQ�+DDJ7HO��������������)D[��������������-RKDQ�DSHOGRRUQ#GOH�GJP�PLQYURP�QO
:�-��%UXULQJ�����2YHULJ�$IYDO�0LQLVWHULH�YDQ�9520�,&%3RVWEXV�����������*;�'HQ�+DDJ7HO��������������)D[��������������:LOOHP�EUXULQJ#LFE�GJP�PLQYURP�QO
3HWHU�%XLOWMHV�����2YHULJ�$IYDO�712�0(33RVWEXV���������$+�$SHOGRRUQ7HO�������������)D[�������������S�M�K�EXLOWMHV#PHS�WQR�QO
-�)��)HHQVWUD�����2YHULJ�$IYDO�98�,90'H�%RHOHODDQ����������+9�$PVWHUGDP7HO�������������)D[�������������-DQ�IHHQVWUD#LYP�YX�QO

mailto:Jan.feenstra@ivm.vu.nl
mailto:p.j.h.builtjes@mep.tno.nl
mailto:Willem.bruring@icb.dgm.minvrom.nl
mailto:Johan.apeldoorn@dle.dgm.minvrom.nl
mailto:Trudy.rood@rivm.nl
mailto:Wilko.verweij@rivm.nl
mailto:Leo.Vleeshouwers@staff.tpe.wau.nl
mailto:g.van.tol@ikcn.agro.nl
mailto:Paul.Spiertz@staff.tpe.wau.nl
mailto:l.oprel@ikclb.agro.nl
mailto:Edwin.Koekoek@dle.dgm.minvrom.nl
mailto:Pieter.vandermost@himh.dgm.minvrom.nl
mailto:j.j.mesu@ikclb.agro.nl


0RQLWRULQJ�RI�JUHHQKRXVH�JDVHV�LQ�WKH�1HWKHUODQGV��������������8QFHUWDLQW\�DQG�SULRULWLHV�IRU�LPSURYHPHQW

���

/HRQ�-DQVVHQ�����2YHULJ�$IYDO�5,903RVWEXV�������%$�%LOWKRYHQ7HO��������������)D[��������������/HRQ�MDQVVHQ#ULYP�QO
3�+�0��-DQVVHQ�����2YHULJ�$IYDO�5,903RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������3HWHU�-DQVVHQ#ULYP�QO
'LFN�1DJHOKRXW�����2YHULJ�$IYDO�5,903RVWEXV�������%$�%LOWKRYHQ7HO�������������)D[�������������'LFN�QDJHOKRXW#ULYP�QO

+DQV�2RQN�����2YHULJ�$IYDO�712�0(33RVWEXV���������$+�$SHOGRRUQ7HO�������������)D[�������������+DQV�RRQN#PHS�WQR�QO
$OH[�9HUPHXOHQ�����2YHULJ�$IYDO�(&1:HVWHUGXLQZHJ�������/(�3HWWHQ7HO�������������)D[�������������$�YHUPHXOHQ#HFQ�QO
0DULHOOH�9RVEHHN�����2YHULJ�$IYDO�.(0$3RVWEXV����������(7�$UQKHP7HO�������������)D[�������������P�H�M�S�YRVEHHN#NHPD�QO
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$SSHQGL[�&��6HOHFWHG�SXEOLFDWLRQV�RQ�HPLVVLRQ�LQYHQWRULHVE\�YDULRXV�RUJDQLVDWLRQV
1HWKHUODQGV�*RYHUQPHQW0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW��9520�$LU�DQG�(QHUJ\�'LUHFWRUDWH����&OLPDWH�&KDQJH�'LYLVLRQ3�2��%R[������1/������*;��7KH�+DJXH3KRQH���������������)D[�������������������(PDLO����PHODQLH�SHWHUV#GOH�GJP�PLQYURP�QO)RU�RUGHULQJ�RIILFLDO�GRFXPHQWV�'LVWULEXWLRQ�&HQWUH�RI�*RYHUQPHQW�3XEOLFDWLRQV=RHWHUPHHU3KRQH���������������)D[�������������������,QIRUPDWLRQ�RQ�UHSRUWV�SXEOLVKHG�E\�WKH�PLQVWU\�FDQ�EH�IRXQG�DW��KWWS���ZZZ�PLQYURP�QO�

*RYHUQPHQW��������1HWKHUODQGV
�)LUVW�1DWLRQDO�&RPPXQLFDWLRQ�RQ�&OLPDWH�&KDQJH�3ROLFLHV�3UHSDUHG� IRU� WKH� &RQIHUHQFH� RI� WKH� 3DUWLHV� XQGHU� WKH� )UDPHZRUN� &RQYHQWLRQ� RQ&OLPDWH� &KDQJH�� 0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW�� 7KH+DJXH�
*RYHUQPHQW�� ������ 6HFRQG� 1HWKHUODQGV
� 1DWLRQDO� &RPPXQLFDWLRQ� RQ� &OLPDWH� &KDQJH3ROLFLHV��3UHSDUHG�IRU�WKH�&RQIHUHQFH�RI�WKH�3DUWLHV�XQGHU�WKH�)UDPHZRUN�&RQYHQWLRQRQ�&OLPDWH�&KDQJH��0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW��7KH+DJXH��$OVR�RQ��KWWS���ZZZ�QDWFRP��ULYP�QO�
*RYHUQPHQW��������8SGDWH�RI�WKH�6HFRQG�1HWKHUODQGV¶�1DWLRQDO�&RPPXQLFDWLRQ�RQ�&OLPDWH&KDQJH� 3ROLFLHV� 0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW�� 7KH+DJXH��0D\�������$OVR�RQ��KWWS���ZZZ�QDWFRP��ULYP�QO�

(PLVVLRQ�5HJLVWUDWLRQ��+,0+�0LQLVWU\�RI�+RXVLQJ��6SDWLDO�3ODQQLQJ�DQG�WKH�(QYLURQPHQW��9520�,QVSHFWRUDWH�IRU�(QYLURQPHQWDO�3URWHFWLRQ����'HSDUWPHQW�(PLVVLRQ�0RQLWRULQJ�DQG�,QIRUPDWLRQ�0DQDJHPHQW3�2��%R[������1/������*;��7KH�+DJXH3KRQH�����������������

6SDNPDQ��-���9DQ�/RRQ��0�0�-���9DQ�GHU�$XZHUDHUW��5�-�.���*LHOHQ��'�-���2OLYLHU��-�*�-���DQG(�$�� =RQQHYHOG�� ����D�� 0HWKRG� IRU� FDOFXODWLRQ� RI� JUHHQKRXVH� JDV� HPLVVLRQV� �LQ'XWFK���9520�+,0+��7KH�+DJXH��������5HSRUW�(PLVVLRQ�5HJLVWUDWLRQ�QR�� ���� -XO\�����
9520��������0HWKRGV�IRU�GHWHUPLQDWLRQ�RI�HPLVVLRQV�WR�DLU�DQG�ZDWHU��LQ�'XWFK�� (GLWHG�E\�3�)�-��YDQ�GHU�0RVW��0�0�-��YDQ�/RRQ��-�$�:��$XOEHUV��+�-�$�0��YDQ�'DHOHQ��0LQLVWU\RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG� WKH� (QYLURQPHQW�� 7KH� +DJXH�� 5HSRUW� (PLVVLRQ5HJLVWUDWLRQ�QR������-XO\������
9520��������(PLVVLRQV�DQG�ZDVWH�LQ�WKH�1HWKHUODQGV��$QQXDO�UHSRUW������DQG�HVWLPDWHV�IRU������LQ�'XWFK�� (GLWHG�E\��*�3�-��'UDDLMHUV��-�-�0��%HUGRZVNL��3�:�+�*��&RHQHQ��+�/HQHPDQ��*�$��5RRG��'�-��GH�9ULHV�DQG�(�$��=RQQHYHOG��0LQLVWU\�RI�+RXVLQJ��6SDWLDO
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3ODQQLQJ� DQG� WKH� (QYLURQPHQW�� 7KH� +DJXH�� 5HSRUW� (PLVVLRQ� 5HJLVWUDWLRQ� QR�� ���-DQXDU\������

5,90
3�2��%R[����1/������%$��%LOWKRYHQ��7KH�1HWKHUODQGV9LVLWLQJ�DGGUHVV���$QWRQLH�YDQ�/HHXZHQKRHNODDQ����%LOWKRYHQ)RU�RUGHULQJ�UHSRUWV�7HO����������������)D[���������������(�PDLO��ULYP�UHSRUWV#ULYP�QO5,90�UHSRUWV�FDQ�EH�IRXQG�DQG�RUGHUHG�DW��KWWS���ZZZ�ULYP�QO�

9DQ�$PVWHO��$�5����.URH]H��&���-DQVVHQ��/�+�-�0���2OLYLHU��-�*�-��DQG�-��9DQ�GHU�:DO�������*UHHQKRXVH�*DV�$FFRXQWLQJ��3UHOLPLQDU\�VWXG\�DV�'XWFK�LQSXW�WR�D�MRLQW�,QWHUQDWLRQDO,3&&� ([SHUW� 0HHWLQJ�&.2�&&%� :RUNVKRS� RQ� &RPSDULVRQ� RI� 7RS�GRZQ� YHUVXV%RWWRP�XS�(PLVVLRQ�(VWLPDWHV��:,0(.�UHSRUW���5,90�UHSRUW�QU��������������5,90�%LOWKRYHQ�
9DQ�$PVWHO��$�5���&��.URH]H��/�+�-�0��-DQVVHQ��-�*�-��2OLYLHU��������*UHHQKRXVH�*DV�(PLVVLRQ$FFRXQWLQJ����8SGDWH�LQFOXGLQJ�6HFRQG�1DWLRQDO�&RPPXQLFDWLRQV�:,0(.�UHSRUW���5,90�UHSRUW�QU��������������5,90��%LOWKRYHQ�
5,90�� ����D�� (QYLURQPHQWDO� %DODQFH� ����� �LQ� 'XWFK��� 6DPVRQ� +�'�� 7MHHQN� :LOOLQN3XEOLVKHUV��$OSKHQ�DDQ�GH�5LMQ�
5,90�� ����E�� %DFNJURXQG� LQIRUPDWLRQ� IRU� WKH� (QYLURQPHQWDO� %DODQFH� ����� �LQ� 'XWFK��5,90��%LOWKRYHQ�
2OLYLHU��-�*�-���6SDNPDQ�� -�� DQG�-�&��YDQ�GHQ�%HUJ��������*UHHQKRXVH�JDV�HPLVVLRQV� LQ� WKH1HWKHUODQGV� ���������� �,3&&� 7DOHV� �$��� 5,90�� %LOWKRYHQ�� 5HSRUW� ������� ����)HEUXDU\������
5,90��������0HWHQ�UHNHQHQ�HQ�RQ]NHUKHGHQ��'H�ZHUNZLM]H�YDQ�KHW�5,90�0LOLHXRQGHU]RHN�5,90��%LOWKRYHQ��)HEUXDU\��UHSRUW�QR�������������

81)&&&�6HFUHWDULDW
6HFUHWDULDW�RI�WKH�8QLWHG�1DWLRQV�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH3�2��%R[�������'�������%RQQ*HUPDQ\3KRQH������������������)D[����������������������(�PDLO��VHFUHWDULDW#XQIFFF�GH$OO�RIILFLDO�GRFXPHQWV�DUH�HOHFWURQLFDOO\�DYDLODEOH�DW��ZZZ�XQIFFF�GH�
81)&&&�� ����D��.\RWR�3URWRFRO� WR� WKH�8QLWHG�1DWLRQV�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ� RQ&OLPDWH�&KDQJH� 81)&&&�6HFUHWDULDW��%RQQ��'RF��QR��)&&&�&3������/���$GG���
81)&&&������E��&RPPXQLFDWLRQV�IURP�SDUWLHV�LQFOXGHG�LQ�$QQH[�,� WR� WKH�&RQYHQWLRQ��)LUVWFRPSLODWLRQ� DQG� V\QWKHVLV� RI� VHFRQG� QDWLRQDO� FRPPXQLFDWLRQV� IURP� $QQH[� ,� 3DUWLHV�81)&&&�6HFUHWDULDW��%RQQ��'RF��QR��)&&&�6%,���������
81)&&&��������5HSRUW�RQ�WKH�ZRUNVKRS�RQ�PHWKRGRORJRFLDO�LVVXHV�UHODWHG�WR�JUHHQKRXVH�JDVLQYHQWRULHV�� 1RWH� E\� WKH� VHFUHWDULDW� 81)&&&� 6HFUHWDULDW�� %RQQ�� 'RF�� QR)&&&�6%67$������,1)��

http://www.unfccc.de/
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81)&&&��������5HSRUW�RQ�WKH�ZRUNVKRS�RQ�PHWKRGRORJRFLDO�LVVXHV�UHODWHG�WR�JUHHQKRXVH�JDVLQYHQWRULHV��1RWH� E\� WKH� VHFUHWDULDW� $GGHQGXP�� '5$)7� 5(9,6('� 7(;7� 2)� 7+(81)&&&� *8,'(/,1(6� )25� 5(3257,1*� ,19(1725<� '$7$� %<� $11(;� ,3$57,(6��81)&&&�6HFUHWDULDW��%RQQ��'RF��QR�)&&&�6%67$������,1)���$GG��

,3&&�768�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQWRU\�3URJUDPPH
,QVWLWXWH�IRU�*OREDO�(QYLURQPHQWDO�6WUDWHJLHVPLZD#LJHV�RU�MSWHO����������������ID[����������������
0DQ\�RIILFLDO�GRFXPHQWV��VXFK�DV�JXLGHOLQHV�DQG�PHHWLQJ�UHSRUWV��DUH�FXUUHQWO\�DYDLODEOH�HOHFWURQLFDOO\DW��KWWS���ZZZ�LSFF�QJJLS�LJHV�RU�MS
,3&&�� ������ 5HYLVHG� ����� ,3&&� *XLGHOLQHV� IRU� 1DWLRQDO� *UHHQKRXVH� *DV� (PLVVLRQ,QYHQWRULHV��7KUHH�YROXPHV��5HIHUHQFH�PDQXDO��5HSRUWLQJ�*XLGHOLQHV�DQG�:RUNERRN�,3&&�2(&'�,($��,3&&�:*��7HFKQLFDO�6XSSRUW�8QLW��+DGOH\�&HQWUH��0HWHRURORJLFDO2IILFH��%UDFNQHOO��8.�
,3&&��������([SHUW�*URXS�0HHWLQJ�RQ�0HWKRGV�IRU�WKH�$VVHVVPHQW�RI�,QYHQWRU\�4XDOLW\��FR�VSRQVRUHUG� E\� &.2�&&%��� � 0HHWLQJ� 5HSRUW�� %LOWKRYHQ�� 7KH� 1HWKHUODQGV�� ���1RYHPEHU� ������ ,3&&�2(&'�,($� 3URJUDPPH� RQ� 1DWLRQDO� *UHHQKRXVH� JDV,QYHQWRULHV��3DULV�
,3&&�� ������ 0DQDJLQJ� 8QFHUWDLQW\� LQ� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV�� 0HHWLQJ5HSRUW��3DULV�)UDQFH��������2FWREHU�������,3&&�2(&'�,($�3URJUDPPH�RQ�1DWLRQDO*UHHQKRXVH�JDV�,QYHQWRULHV��3DULV�
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6SHFLDO�,VVXHV�RI�6FLHQWLILF�MRXUQDOV
� (QYLURQPHQWDO�6FLHQFH�	�3ROLF\������������
2OLYLHU��-�*�-��$�)��%RXZPDQ��-�-�0��%HUGRZVNL��&��9HOGW��-�3�-��%ORRV��$�-�+��9LVVFKHGLMN�&�:�0�� YDQ� GHU� 0DDV�� 3�<�-�� =DQGYHOG�� ������ 6HFWRUDO� HPLVVLRQ� LQYHQWRULHV� RIJUHHQKRXVH�JDVHV�IRU������RQ�D�SHU�FRXQWU\�EDVLV�DV�ZHOO�DV�RQ��R [ �R� (QYLURQPHQWDO6FLHQFH�	�3ROLF\� �� ��������
$PVWHO��$�5�� YDQ�� -�*�-��2OLYLHU�� /�+�-�0�� -DQVVHQ�� ������$QDO\VLV� RI� GLIIHUHQFHV� EHWZHHQQDWLRQDO� LQYHQWRULHV� DQG� DQ� (PLVVLRQV� 'DWDEDVH� IRU� *OREDO� $WPRVSKHULF� 5HVHDUFK�('*$5���(QYLURQPHQWDO�6FLHQFH�	�3ROLF\� �����������
-DQVVHQ�� /�+�-�0��� -�*�-�� 2OLYLHU�� $�5�� YDQ� $PVWHO�� ������ &RPSDULVRQ� RI� &+� HPLVVLRQLQYHQWRU\� GDWD� DQG� HPLVVLRQ� HVWLPDWHV� IRUP� DWPRVSKHULF� WUDQVSRUW� PRGHOV� DQGFRQFHQWUDWLRQ�PHDVXUHPHQWV��(QYLURQPHQWDO�6FLHQFH�	�3ROLF\� �����������
/LP�� %��� 3�� %RLOHDX�� <�� %RQGXNL�� $�5�� YDQ� $PVWHO�� /�+�-�0�� -DQVVHQ�� -�*�-�� 2OLYLHU�� &�.URH]H�� ������ ,PSURYLQJ� WKH� TXDOLW\� RI� QDWLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHV�(QYLURQPHQWDO�6FLHQFH�	�3ROLF\� �����������
0DUODQG��*���$��%UHQNHUW��-�*�-��2OLYLHU��������&2� IURP�IRVVLO�IXHO�EXUQLQJ��D�FRPSDULVRQ�RI251/�DQG�('*$5�HVWLPDWHV�RI�QDWLRQDO�HPLVVLRQV� (QYLURQPHQWDO�6FLHQFH�	�3ROLF\������������

� /XFKW�������'HFHPEHU��������LQ�'XWFK��
9DQ� *HUZHQ�� 2�-��� (�� 1RRUGLMN�� %�� :HVVHOLQN�� ������ (PLVVLH�LQYHQWDULVDWLH� LQ� 1HGHUODQG�SURFHV��WRHSDVVLQJ�HQ�YHULILFDWLH��/XFKW���������������
3XOOHV��7��HQ�-��%HUGRZVNL��������(PLVVLHJHJHYHQV�YRRU�LQWHUQDWLRQDOH�PLOLHXPRQLWRULQJ��/XFKW��������������
2OLYLHU��-���������7UHQGV�HQ�RQ]HNHUKHGHQ�LQ�GH�HPLVVLHV�YDQ�EURHLNDVJDVVHQ��/XFKW���������������
$QQHPD�� -�$��� 5�� YDQ� GHQ� %ULQN�� -�� +XOVNRWWH�� -�� .OHLQ�� -�� YDQ� GHQ� 5RRYDDUW�� ������ 'HRUJDQLVDWLH� URQG� KHW� MDDUOLMNV� YDVWVWHOOHQ� YDQ� GH� YHUNHHUVHPLVVLHV� LQ� 1HGHUODQG�� /XFKW��������������
+HVOLQJD��'�&��� ������+HW�PLOLHXMDDUYHUVODJ� LQ�GH�PRQLWRULQJ� YDQ� LQGXVWULsOH� HPLVVLHV��/XFKW��������������
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