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2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
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5(9$/,0��D�)UHQFK�QHWZRUN�IRU�WKH�HQYLURQPHQWDO�DVVHVVPHQW�RI�DJULFXOWXUDO�
DQG�IRRG�SURGXFWV 

 
0HOLVVD�&RUQHOXV�����9LQFHQW�&RORPE���(PHULF�(PRQHW���&KDQWDO�*DVFXHO�2GRX[������$UQDXG�

+HOLDV�����'LGLHU�0DMRX���+D\R�0*�YDQ�GHU�:HUI� 
 

� ,7$3��8QLY�0RQWSHOOLHU��,15$(��,QVWLWXW�$JUR��0RQWSHOOLHU��)UDQFH� 
�$'(0(��$QJHUV��)UDQFH  
�$&7$��3DULV��)UDQFH 
��,15$(��$JURFDPSXV�2XHVW��805�6$6��5HQQHV��)UDQFH 
�$&7,$��3DULV��)UDQFH 
�,15$(��(QYLURQQHPHQW�HW�$JURQRPLH�3DULV��)UDQFH 
��(OVD��5HVHDUFK�JURXS�IRU�(QYLURQPHQWDO�/LIHF\FOH�DQG�6XVWDLQDELOLW\�$VVHVVPHQW��0RQWSHOOLHU��)UDQFH� 
 
 
.H\ZRUGV��$*5,%$/<6(��HFRHIILFLHQW��DJULFXOWXUDO�DQG�IRRG�SURGXFWV��VXVWDLQDEOH�SURGXFWLRQ�DQG�FRQVXPSWLRQ��/&$��
GDWDEDVH 
 
&RUUHVSRQGLQJ�DXWKRU��������������PHOLVVD�FRUQHOXV#LQUDH�IU 
 
7KH�)UHQFK� QDWLRQDO� UHVHDUFK� LQVWLWXWH� IRU� DJULFXOWXUH�� IRRG� DQG� HQYLURQPHQW� ,15$(�� WKH� )UHQFK�
HQYLURQPHQWDO� DJHQF\�$'(0(�� DQG� WKH� )UHQFK� QHWZRUNV� IRU� DJULFXOWXUDO� DQG� IRRG� WHFKQRORJ\�
LQVWLWXWHV�$&7$�DQG�$&7,$�ODXQFKHG�D�6FLHQWLILF�,QWHUHVW�*URXS��*,6��LQ�6HSWHPEHU�������FDOOHG�
5(9$/,0��³5pVHDX�G¶(9DOXDWLRQ�HQYLURQQHPHQWDOH�GHV�SURGXLWV�DJULFROHV�HW�$/,0HQWDLUHV´�� IRU�
DJULFXOWXUDO�DQG�IRRG�SURGXFWV�HQYLURQPHQWDO�DVVHVVPHQW�QHWZRUN���,W�IROORZV�DQ�LQIRUPDO�SDUWQHUVKLS�
RQ�WKH�$*5,%$/<6(�SURJUDP�WKDW�SUH�H[LVWHG�VLQFH�������7KH�IRXU�PHPEHUV�LQWHJUDWH�GH�IDFWR����
WHFKQLFDO� LQVWLWXWHV� VSHFLDOL]HG� LQ� DJULFXOWXUDO� RU� IRRG� VHFWRUV�� 5(9$/,0¶V� PDLQ� REMHFWLYH� LV� WR�
GHYHORS�QHZ�PHWKRGRORJLHV�IRU�WKH�HQYLURQPHQWDO�DVVHVVPHQW�RI�DJULFXOWXUDO�DQG�IRRG�SURGXFWV�DQG�
WR�H[SDQG� WKH�$*5,%$/<6(�UHIHUHQFH�GDWDEDVH�RQ� WKH�HQYLURQPHQWDO� LPSDFWV�RI� WKHVH�SURGXFWV��
7RGD\��$*5,%$/<6(�IDFHV�PDMRU�FKDOOHQJHV�UHODWHG�WR�WKH�VKDUS�LQFUHDVH�RI�H[SHUW�DQG�QRQ�H[SHUW�
XVHUV�� WKH�XSGDWLQJ�DQG�GHYHORSPHQW�RI� WUDQVSDUHQW�DQG�KLJK�TXDOLW\�GDWD�RYHU� WLPH��7KLV� LVVXH� LV�
SDUWLFXODUO\� LPSRUWDQW� DV� UHFHQW� OHJLVODWLRQ� SUHSDUHV� DQ� HQYLURQPHQWDO� ODEHOOLQJ� VFKHPH� IRU� IRRG�
SURGXFWV�FRQVXPHG� LQ�)UDQFH� DQG�JLYHQ� WKH�GHYHORSPHQW�RI� WKH�3URGXFW�(QYLURQPHQWDO�)RRWSULQW�
�3()�� IUDPHZRUN� DW� (XURSHDQ� OHYHO�� 7KH� JRYHUQPHQW�� VRFLHW\� VWDNHKROGHUV� DQG� WKH� VFLHQWLILF�
FRPPXQLW\�WKHUHIRUH�ZDQW�WR�TXDQWLI\�WKH�HQYLURQPHQWDO�LPSDFWV�RI�DJUL�IRRG�SURGXFWV�XVLQJ�VFLHQFH�
EDVHG� HQYLURQPHQWDO� DVVHVVPHQW� PHWKRGV�� :H� SUHVHQW� WKH� 5(9$/,0� ���������� URDGPDS�� :H�
GLVFXVV� LQ�PRUH�GHWDLO� WKH�ZRUN�SODQQHG� WR� H[SDQG�DQG� LPSURYH� WKH�$*5,%$/<6(�GDWDEDVH�DQG�
HQYLURQPHQWDO�DVVHVVPHQW�PHWKRGV��LQ�SDUWLFXODU�/LIH�&\FOH�$VVHVVPHQW��/&$�� 
 
5(9$/,0� PHPEHUV� KDYH� GUDZQ� D� URDGPDS� GHILQLQJ� DFWLRQV� WR� DGGUHVV� LVVXHV� DQG� OLPLWDWLRQV�
LGHQWLILHG�LQ�WKH�FXUUHQW�$*5,%$/<6(�GDWDEDVH�DQG�LQ�WKH�LPSDFW�DVVHVVPHQW�PHWKRGV�XVHG�IRU�IRRG�
DQG� DJULFXOWXUDO� SURGXFWV�� 5(9$/,0� LGHQWLILHG� RQH�WLPH� DFWLRQV�� EDFNJURXQG� DFWLRQV� DQG�
PHWKRGRORJLFDO�SURMHFWV�� 
5HJDUGLQJ�RQH�WLPH�DFWLRQV�� D�PDMRU� WDVN� LV� WKH�XSGDWLQJ�RI� WKH� DJULFXOWXUDO� SURGXFWLRQ� OLIH� F\FOH�
LQYHQWRULHV� �/&,V��� ZKLFK� DUH� EDVHG� RQ� GDWD� IRU� WKH� ���������� UHIHUHQFH� SHULRG�� $JULFXOWXUDO�
SURGXFWLRQ�V\VWHPV�KDYH�HYROYHG�LQ�WHUPV�RI�IDUPHU�SUDFWLFHV��SHVWLFLGHV�XVHG��\LHOGV��HWF��$QRWKHU�
NH\�DFWLRQ�LV�WR�GHYHORS�WKH�GDWDEDVH�E\�LQWURGXFLQJ�/&,V�IRU�QHZ�IRRG�SURGXFWV�RU�QHZ�SURGXFWLRQ�
PRGHV��RUJDQLF��FHUWLILHG�«��$*5,%$/<6(�QRZ�LQWHJUDWHV�DOO�VWDJHV�RI�WKH�IRRG�FKDLQ��5(9$/,0�
SODQV� WR� LPSURYH� WKH� DFFXUDF\� RI� WKH� SRVW�IDUP� VWDJHV�� SDUWLFXODUO\� ZLWK� UHJDUG� WR� LQGXVWULDO�
WUDQVIRUPDWLRQ�SURFHVVHV��WKH�XVH�SKDVH�DQG�SDFNDJLQJ� 
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 � 

%DFNJURXQG�DFWLRQV�ZLOO�WDNH�SODFH�RYHU�VHYHUDO�\HDUV��$V�DQ�H[DPSOH��GDWD�TXDOLW\�SURFHGXUHV�ZLOO�
EH�VHW�XS�WR�HQVXUH�DQG�PDLQWDLQ�WKH�TXDOLW\�RI�WKH�$*5,%$/<6(�/&,�GDWDEDVH��2WKHU�EDFNJURXQG�
DFWLRQV�DV�WKH�LQWHJUDWLRQ�RI�WKH�PRVW�FRQVHQVXDO�DJULFXOWXUDO�HPLVVLRQ�PRGHOV��WKH�DUWLFXODWLRQ�ZLWK�
LQWHUQDWLRQDO�GDWDEDVHV�WR�HQVXUH�WKH�KDUPRQL]DWLRQ�RI�WKH�ZRUN�RU�WKH�FRQWLQXRXV�XSGDWLQJ�RI�/&,V�
DUH�DOVR�HVVHQWLDO�IRU�WKH�TXDOLW\�RI�WKH�GDWDEDVH� 
,Q� DGGLWLRQ� WR� WKHVH� DFWLRQV�� 5(9$/,0� IRFXVHV� RQ� GDWD� DQG� PHWKRGRORJLFDO� LVVXHV� FRQFHUQLQJ�
ELRGLYHUVLW\�� SHVWLFLGHV� DQG� VRLO� FDUERQ� VHTXHVWUDWLRQ� LQ� /&$�� 2Q� WKHVH� LVVXHV�� GHGLFDWHG� ZRUN�
VHVVLRQV�KDYH�EHHQ�FRQGXFWHG�WR�VKDUH�NQRZOHGJH�EHWZHHQ�PHPEHUV��WR�GLVFXVV�VFLHQWLILF�TXHVWLRQV�
DQG�WR�SULRULWL]H�WKH�WDVNV�DW�KDQG�� 
$V�VRPH�PHWKRGRORJLFDO�WDVNV�UHTXLUH�IDVW�DFWLRQ��5(9$/,0�SURSRVHV�D�WZR�VWDJH�DSSURDFK��WKH�ILUVW�
LQWHULP� OHYHO� SURYLGHV� D� EDVLF� EXW� UDSLG� VROXWLRQ�� WKH� VHFRQG� OHYHO� SURYLGHV� D�PRUH� GHWDLOHG� DQG�
VFLHQWLILFDOO\�UREXVW�VROXWLRQ�� 
5HJDUGLQJ�SHVWLFLGHV� LQ�/&$��5(9$/,0�KDV� LGHQWLILHG�VHYHUDO� WDVNV� UHJDUGLQJ� WKH�/&,V�� VXFK�DV�
XSGDWLQJ�SHVWLFLGH�XVH��FRUUHFWLQJ�QHJDWLYH�PHWDO�HPLVVLRQV��DQG�FRQVLGHULQJ�WKH�HYROXWLRQ�RI�LRQLF�
IRUPV�RI�PHWDOV��2Q�WKH�LPSDFW�DVVHVVPHQW�VWHS��5(9$/,0�ZLOO�SURSRVH�DQ��DGDSWHG�(QYLURQPHQWDO�
)RRWSULQW��PHWKRG�WR�FRUUHFW�VRPH�FKDUDFWHUL]DWLRQ�IDFWRUV��WR�DOORZ�WKH�DVVHVVPHQW�RI�PHWDOV�ZLWK�D�
����\HDU�KRUL]RQ��DQG�SRWHQWLDOO\�WKH�DVVHVVPHQW�RI�LPSDFWV�RI�SHVWLFLGH�UHVLGXHV�LQ�IRRG�SURGXFWV��,Q�
D�PRUH� GLVWDQW� IXWXUH��5(9$/,0�ZLOO� DQDO\]H� DQG� WHVW� WKH�PHWKRGV� UHFRPPHQGHG�E\� WKH�*OREDO�
*XLGDQFH�RQ�(QYLURQPHQWDO�/LIH�&\FOH�,PSDFW�$VVHVVPHQW�,QGLFDWRUV��*/$0��LQLWLDWLYH�UHJDUGLQJ�
SROOLQDWRU�LPSDFW�DVVHVVPHQW�DQG�WHUUHVWULDO�DQG�PDULQH�HFRWR[LFLW\�IRU�LQWHJUDWLRQ�LQ�$*5,%$/<6(� 
5HJDUGLQJ�VRLO�FDUERQ�VHTXHVWUDWLRQ��5(9$/,0�ZLOO�DGGUHVV�WKUHH�NH\�TXHVWLRQV�OLQNHG�WR�ODQG�XVH�
DQG�ODQG�XVH�FKDQJH��$V�D�ILUVW�OHYHO��5(9$/,0�ZLOO�XVH�OLWHUDWXUH�YDOXHV�WR�WDNH�LQWR�DFFRXQW�WKH�
WUHQG�LQ�VRLO�FDUERQ�VHTXHVWUDWLRQ�OLQNHG�WR�WKH�W\SH�RI�ODQG�XVH��DUDEOH�YHUVXV�SHUPDQHQW�JUDVVODQG���
7KH�VHFRQG�OHYHO�ZLOO�UHSODFH�WKLV�LQWHULP�DSSURDFK�E\�XVLQJ�D�WRRO�GHYHORSHG�WR�DVVHVV�GLUHFW�ODQG�
XVH�FKDQJH��7KLV�WRRO�FRPELQHG�ZLWK�DQ�DSSURSULDWH�ODQG�XVH�GDWDVHW�ZLWK�VXIILFLHQW�VSDWLDO�DFFXUDF\�
ZLOO�DGGUHVV�VRLO�FDUERQ�G\QDPLFV�GXH�WR�/DQG�8VH�&KDQJH��)LQDOO\��WKH�FDUERQ�VHTXHVWUDWLRQ�OLQNHG�
WR� VSHFLILF�SUDFWLFHV� �H�J�� LQWURGXFWLRQ�RI�FRYHU�FURSV��ZLOO�EH� LQWHJUDWHG�RQ� WKH�EDVLV�RI� OLWHUDWXUH�
YDOXHV�RU�XVLQJ�PRUH�DFFXUDWH�PRGHOV�� 
5HJDUGLQJ�ELRGLYHUVLW\�LQ�/&$��5(9$/,0�DLPV�WR�FRQVLGHU�³ORFDO´�ELRGLYHUVLW\�OLQNHG�WR�IDUPLQJ�
SUDFWLFHV��5(9$/,0�ZLOO�IRFXV�RQ�WKH�ILUVW�GULYHU�RI�ELRGLYHUVLW\�ORVV��ZKLFK�LV�ODQG�XVH��$IWHU�D�TXLFN�
UHYLHZ�RI�WKH�DYDLODEOH�PHWKRGV�EDVHG�RQ�LQWHUQDWLRQDO�VWDWH�RI�DUW��5(9$/,0�ZLOO�VHOHFW�WKH�PRVW�
SURPLVLQJ�PHWKRGV��,Q�RUGHU�WR�LGHQWLI\�ZKHWKHU�D�PHWKRG�FDQ�PHHW�WKH�H[SHFWDWLRQV�DQG�QHHGV�IRU�
WKH� ELRGLYHUVLW\� LPSDFW� DVVHVVPHQW�� 5(9$/,0� ZLOO� WHVW� DQG� FRPSDUH� WKHP� UHJDUGLQJ� VFLHQWLILF�
UREXVWQHVV�DQG�WKHLU�FRPSDWLELOLW\�ZLWK�GDWD�DYDLODEOH�LQ�WKH�$*5,%$/<6(�/&,V��7KH�UHVXOWV�PD\�
DOORZ�$*5,%$/<6(� WR� LQWHJUDWH� D� ELRGLYHUVLW\� DVVHVVPHQW� PHWKRG� WKDW� FDQ� EHWWHU� GLVWLQJXLVK�
DJULFXOWXUDO�LQWHQVLWLHV�DQG�SUDFWLFHV� 
7KLV�URDGPDS�DIILUPV�WKH�ZLOO�DQG�DPELWLRQ�RI�5(9$/,0�WR�LPSURYH�DQG�HQKDQFH�WKH�$*5,%$/<6(�
GDWDEDVH��EXW�DOVR�WR�EHWWHU�DVVHVV�WKH�GLYHUVLW\�RI�WRGD\
V�IDUPLQJ�SUDFWLFHV�E\�UHO\LQJ�RQ�UREXVW�DQG�
FRQVHQVXDO�VFLHQWLILF�UHVXOWV��7KLV�URDGPDS�LV�D�VWUDWHJLF�VWHHULQJ�WRRO�WKDW�ZLOO�EH�XSGDWHG�UHJXODUO\� 
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