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���,QWURGXFWLRQ
7KLV� WKHVLV� GHDOV� ZLWK� WKH� TXDOLW\� RI� LQYHQWRULHV� RIHPLVVLRQV� WR� WKH� DWPRVSKHUH� RQ� WKH� JOREDO� VFDOH�� $QHPLVVLRQ� LQYHQWRU\� UHSUHVHQWV� D� FRPSLODWLRQ� RI� HVWL�PDWHV�RI�DPRXQWV�RI�RQH�RU�PRUH�SROOXWDQWV�WKDW�KDYHEHHQ� HPLWWHG� E\� GLIIHUHQW� HPLVVLRQ� VRXUFHV� ZLWKLQ� DFHUWDLQ�WLPH�SHULRG��H�J��RQH�\HDU��7KHVH�VRXUFH�VSHFLILFILJXUHV� UHIHU� WR�DQ�DUHD� RU� D� VSHFLILF� SRLQW� RI� ORFDWLRQDQG�WR�D�VSHFLILF�SHULRG�LQ�WKH�SDVW��$�VR�FDOOHG�ERWWRP�XS� LQYHQWRU\� JHQHUDOO\� FRQWDLQV�� �D�� DFWLYLW\� GDWD� IRUWKH�VRXUFH��H�J��SHWURO�FRQVXPSWLRQ��NJ��LQ�URDG�WUDQV�SRUW�IRU�D�VSHFLILF�\HDU��� �E��HPLVVLRQ�UDWHV��DOVR�FDOOHG¶HPLVVLRQ�IDFWRUV·��H�J��1�2 �NJ��SHU�NJ�RI�SHWURO�FRP�EXVWLRQ�IRU�D�SDVVHQJHU�FDU���DQG��F��WKH�ORFDWLRQ�RI�WKHHPLVVLRQ� VRXUFHV�� )RU� WKLV�� GDWD� PXVW� HLWKHU� H[LVW� RUZLOO�KDYH�WR�EH�REWDLQHG�LQ�VRPH�ZD\�1HYHUWKHOHVV�� DOO� GDWD� VRXUFHV� KDYH� WKHLU� OLPLWD�WLRQV��WKLV�DSSOLHV�QRW�RQO\� WR�GDWDVHWV�PDGH�DYDLODEOHWKURXJK�WKH� OLWHUDWXUH�EXW�DOVR� WR�RQH·V�RZQ�PHDVXUH�PHQWV��6R�ZH�KDYH�WR�GHDO�ZLWK�LQFRPSOHWH�NQRZOHGJH�7KLV�LV�QRW�D�QHZ�REVHUYDWLRQ��VFLHQWLVWV�WKHUHIRUH�FRQ�VLGHU�XQFHUWDLQW\�LQ�GDWD�DV�D�IDFW�WKDW�PXVW��KRZHYHU�EH�SURSHUO\� FRPPXQLFDWHG��$� NH\� HOHPHQW� LQ� UHSRUWVRI�TXDQWLWDWLYH�VFLHQWLILF�UHVHDUFK�LV�WKHUHIRUH�WKH�TXDOL�ILFDWLRQ� RI� UHSRUWHG� GDWD� ²� PHDVXUHG�� FDOFXODWHG� RURWKHUZLVH� GHULYHG� ²� LQ� WHUPV� RI� DFFXUDF\� RU� XQFHU�WDLQW\�LQ�D�EURDGHU�VHQVH��$�IXUWKHU�LPSOLFDWLRQ�RI�RXUOLPLWHG�NQRZOHGJH�LV�WKDW�WKH�DVVHVVPHQW�RI�WKH�DVVRFL�DWHG�XQFHUWDLQW\�LV�XQFHUWDLQ�WRR��7KXV�WKH�XQFHUWDLQW\RI� VSHFLILF� HVWLPDWHV� LV� XQFHUWDLQ� DV� ZHOO�� :LWKLQ� WKHVFLHQFHV�� ERWK� WKH� SULPDU\� HVWLPDWH� DQG� WKH� XQFHU�WDLQW\� HVWLPDWH� DUH� EDVHG� RQ� VFLHQWLILFDOO\� GHIHQVLEOHSURFHGXUHV�WKDW�KDYH�EHHQ�GHYHORSHG�RYHU�WKH�\HDUV�LQWKH�VSHFLILF�GLVFLSOLQHV��3URYLGLQJ�D�TXDOLW\�ODEHO�LV�WKHRQO\�PHDQV�WR�MXGJH�WKH�UHVXOWV�DJDLQVW� WKRVH�RI�RWKHUVWXGLHV� DQG� WR� LQWHJUDWH� WKHVH� UHVXOWV� LQWR� D� ODUJHUIUDPHZRUN��,Q�WKLV�ZD\�WKH�GDWD�DUH�VXEMHFW�WR�FRQVWDQWUHYLHZ� DQG� UHYLVLRQ� ZKHQ� VXSHUVHGHG� E\� LPSURYHGNQRZOHGJH�8QFHUWDLQW\� DQDO\VLV� LV� DOVR� UHFHLYLQJ� LQFUHDVLQJDWWHQWLRQ� LQ� SROLF\�RULHQWHG� UHVHDUFK�� DV� FDQ� EH� RE�VHUYHG� LQ� OHDGLQJ� QDWLRQDO� DQG� LQWHUQDWLRQDO� SXEOLFD�WLRQV� RQ� HQYLURQPHQWDO� LVVXHV� �5,90�� ������ ,3&&������� ������� 2QH� RI� WKH� UHDVRQV� FDQ� EH� IRXQG� LQ� WKHLQFUHDVLQJ�FRVWV�LQFXUUHG�IRU�DFKLHYLQJ�RU�PDLQWDLQLQJD VSHFLILF� HQYLURQPHQWDO� TXDOLW\� VWDQGDUG�� ([DPSOHVDUH�VSHFLILF�OHYHOV�RI�VHOHFWHG�TXDOLW\�VWDQGDUGV�IRU�HFR�V\VWHPV�� KXPDQ� KHDOWK�ULVNV�� RU� LPSDFWV� RQ� VRFLHW\�GDPDJH�FRVWV���+RZHYHU�� WKH�H[WHQW�RI� HPLVVLRQ� FRQ�WURO�DFWLYLWLHV�DQG�DVVRFLDWHG� FRVWV� WKDW�DUH�EHLQJ� FRQ�VLGHUHG� DV� UHTXLUHPHQWV� WR� JXDUDQWHH� RU� DFKLHYH� WKHVSHFLILHG� PLQLPXP� HQYLURQPHQWDO� TXDOLW\� OHYHO� DUHGHWHUPLQHG�E\�WZR�FRPSOHPHQWDU\�DVSHFWV�

� UREXVWQHVV� DQG� SUHFLVLRQ� RI� HQYLURQPHQWDO� SUHV�VXUHV��H�J��DLU�HPLVVLRQV��
� HQYLURQPHQWDO�TXDOLW\�WDUJHWV��H�J��FRQFHQWUDWLRQ�RIDLU�SROOXWDQWV�RU�GHSRVLWLRQ�IOX[HV�WR�VRLO��:KHQ� FRVWV� LQFUHDVH� EHFDXVH� WKH� FKHDS� RSWLRQV� KDYHDOUHDG\� EHHQ� LPSOHPHQWHG�� WKH� SXEOLF� DQG� SROLWLFDOGHEDWHUV�ZLOO�ULJKWO\�DVN�IRU�MXVWLILFDWLRQ�RI� WKH�VL]H�RIWKH�JDS�EHWZHHQ�SUHVHQW�DQG�¶UHTXLUHG·�HPLVVLRQ�OHYHOV�([DPSOHV� DUH� IRXQG� LQ� WKH� HPLVVLRQV� RI� DFLGLI\LQJJDVHV� LQ� WKH� 1HWKHUODQGV� RU� JOREDO� JUHHQKRXVH� JDVHPLVVLRQV��1HZ�HPLVVLRQ� UHGXFWLRQ�PHDVXUHV� LQ� DJUL�FXOWXUH��VXFK�DV�WKH�ORZ�DPPRQLD�HPLVVLRQ�WHFKQLTXHVIRU� DQLPDO�KRXVLQJ�SUHVHQWO\� FRQVLGHUHG� LQ� WKH�1HWK�HUODQGV��DUH�PXFK�PRUH�FRVWO\� WKDQ�PHDVXUHV�DOUHDG\LPSOHPHQWHG�LQ�WKH�SDVW�VXFK�DV�PDQXUH�LQMHFWLRQ�LQWRWKH�VRLO��,Q�WKH�FDVH�RI�JUHHQKRXVH�JDV�HPLVVLRQV��ODUJHHPLVVLRQ�UHGXFWLRQV�DUH�XOWLPDWHO\�UHTXLUHG��+RZHYHU�UHDOLVLQJ� WKHVH� UHGXFWLRQV� LV� HLWKHU� H[SHQVLYH� RU� UH�TXLUHV�ODUJH�VWUXFWXUDO�FKDQJHV�LQ�VRFLHW\��7KXV�ZH�DUHFRQFHUQHG�KHUH�ZLWK�XQELDVHG�DQDO\VHV� DV�ZHOO� DV� DV�VHVVPHQW�RI�WKH�XQFHUWDLQW\�RI�WKH�HQYLURQPHQWDO�SUHV�VXUH�OHYHOV��H�J��HPLVVLRQV�WR�DLU��DQG�RI�HQYLURQPHQWDOLPSDFWV�� 7KLV� DQDO\VLV� LV� QHHGHG� ERWK� IRU� WKH� SUHVHQWVWDWH�DQG�IRU�IXWXUH�HQYLURQPHQWDO�SUHVVXUH�OHYHOV�WKDWDUH�DUJXHG�WR�EH�QHFHVVDU\�WR�PHHW� WKH�HQYLURQPHQWDOTXDOLW\�WDUJHW�LQ�TXHVWLRQ�
+RZHYHU�� HPLVVLRQ� OHYHOV� DQG� WKHLU� DVVRFLDWHG� XQFHU�WDLQW\� FDQQRW� VLPSO\� EH� H[SUHVVHG� DV� D� VLQJOH� RQH�GLPHQVLRQDO�ILJXUH�DQG�D�VLQJOH�FRQILGHQFH�LQWHUYDO��DQHPLVVLRQ� UDQJH� LQ�ZKLFK� WKH� DFWXDO� HPLVVLRQV� FDQ� EHIRXQG�ZLWK� D� FHUWDLQ� SUREDELOLW\�� H�J�� ������ 7KH� WRWDODQQXDO�HPLVVLRQV�RI�D� VSHFLILF� FKHPLFDO� VSHFLHV� DW�QD�WLRQDO�� UHJLRQDO� RU� JOREDO� OHYHO� DV VXFK� DUH� RIWHQ� QRWGLUHFWO\� UHOHYDQW� IRU� WKH� HQYLURQPHQWDO� TXDOLW\�� 7KHVWUHQJWK�RI�WKH�HPLVVLRQ�VRXUFHV�YDULHV�LQ�VSDFH�DQG�LQWLPH�� WKH� VDPH� DSSOLHV� WR� WKH� OHYHO� RI� HQYLURQPHQWDOTXDOLW\�LQGLFDWRUV��&RPELQHG�ZLWK�WKH�IDFW�WKDW�VRRQHURU�ODWHU�PDQ\�HPLWWHG�JDVHV�RU�SDUWLFOHV�ZLOO�UHDFW�ZLWKRWKHU� FRPSRXQGV�� WHPSRUDU\�DQG� ORFDO� H[FHHGDQFH�RIDLU� TXDOLW\� VWDQGDUGV�PD\� RFFXU��$Q� H[DPSOH� LV� ORFDOIRUPDWLRQ�RI�VHFRQGDU\�HPLVVLRQ�SURGXFWV�E\�FKHPLFDOUHDFWLRQV�LQ�WKH�DLU��7KLV�PD\�KDSSHQ�DW�RWKHU�ORFDWLRQVDQG�DW�DQRWKHU�WLPH�WKDQ�ZKHUH�DQG�ZKHQ�WKH�SULPDU\HPLVVLRQV�RFFXUUHG��ZKLFK�ZLOO�KDYH�FRQVHTXHQFHV�IRUWKH� ILUVW� SDUW� RI� WKH� HQYLURQPHQWDO� DQDO\VLV� XVLQJ� WKHVR�FDOOHG� HQYLURQPHQWDO� 3UHVVXUH�6WDWH�,PSDFW�5HVSRQVHFKDLQ��RU�3�6�,�5�FKDLQ���7KH�HQYLURQPHQWDO�SUHVVXUH�RIDLU� HPLVVLRQV� LQIOXHQFHV� WKH� VWDWH� RI� FRQFHQWUDWLRQ� RISROOXWDQWV� LQ� WKH�DLU�RYHU�VSDFH�DQG�WLPH��7KLV�KDV�DQ
LPSDFW� RQ� WKH�TXDOLW\�RI� WKH�KXPDQ�DQG�QDWXUDO� HQYL�URQPHQW��ZKLFK�UHTXLUHV�D�UHVSRQVH�E\�GHILQLQJ�DSSUR�SULDWH�HQYLURQPHQWDO�SROLFLHV��)RU�PDQ\�SROOXWDQWV�WKH
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���,QWURGXFWLRQ ��
GHG� DQQXDO� LQYHQWRULHV� RI� DQWKURSRJHQLF� VRXUFHV� IRU������ FDOOHG� ('*$5� ����� DQG� D� VHW� RI� JOREDO� DQQXDOLQYHQWRULHV� IRU� VHYHUDO� \HDUV�� SURYLGLQJ� KLVWRULFDOWUHQGV�IRU������������FDOOHG�('*$5������7KLV�LQFOXGHVD GLVFXVVLRQ�RI�PHWKRGRORJLFDO�FRQVWUDLQWV��JOREDO�VWD�WLVWLFV�RU� LQWHUQDWLRQDO� FRXQWU\� VWDWLVWLFV�� HPLVVLRQ� IDF�WRUV� DQG� PDSV� IRU� VSDWLDO� GLVWULEXWLRQ� ZLWKLQ� FRXQ�WULHV���XQFHUWDLQWLHV�LQ�DQQXDO�HPLVVLRQV�DQG�LQ�WUHQGV�DQG� YDOLGDWLRQ� RI� WKH� HPLVVLRQV�� 4XDOLW\� DVSHFWV� RILQSXW�GDWD�FRQVLGHUHG�DUH�
� DFWLYLW\� GDWD�� DFFXUDF\� DQG� FRPSOHWHQHVV� LQ� \HDUVDQG�FRXQWULHV�
� HPLVVLRQ� IDFWRUV�� TXDOLW\� DQG� DFFXUDF\� �DOVR� RIWUHQGV�RYHU�WLPH��
� JULGGHG�PDSV�� TXDOLW\�� DFFXUDF\� DQG� DSSOLFDELOLW\WR WKH�VRXUFH�
&KDSWHU���SURYLGHV�DQ�RYHUYLHZ�RI�H[LVWLQJ�LQYHQWRULHVIRU� QDWXUDO� VRXUFHV� DQG� WKHLU� XQFHUWDLQW\� UDQJHV�� ,Q&KDSWHU���TXDOLW\�DVVHVVPHQW�RI�JOREDO�DQWKURSRJHQLFHPLVVLRQ� LQYHQWRULHV� LV� WKHQ� GLVFXVVHG� E\� FRPSDULQJWZR GLIIHUHQW�JOREDO�LQYHQWRULHV�IRU�&2� DQG�UHYLHZLQJWKH�RSWLRQV�DYDLODEOH�IRU�YDOLGDWLRQ�DQG�YHULILFDWLRQ�RIQDWLRQDO�DQG� LQWHUQDWLRQDO�HPLVVLRQ� LQYHQWRULHV��7KHQ�LQ�&KDSWHU���ILUVW�D�WLHUHG�DSSURDFK�IRU�HVWLPDWLQJ�DQGHYDOXDWLQJ� XQFHUWDLQW\� LQ� DQQXDO� LQYHQWRULHV� DQG� LQHPLVVLRQ� WUHQGV� LQ�SUDFWLFH� LV�SUHVHQWHG�� IRFXVVLQJ�RQ
QDWLRQDO� LQYHQWRULHV�� ,Q� 6HFWLRQ� ���� RI� WKLV� FKDSWHU� WKHXQFHUWDLQWLHV�HQFRXQWHUHG�ZKHQ�FRPSLOLQJ�JOREDO�HPLV�VLRQ� LQYHQWRULHV�²�ERWK�DQQXDO�DQG� LQ� WUHQGV�²�DV�GLV�FXVVHG� LQ� WKH� SUHYLRXV� FKDSWHUV� DUH� DOVR� UHYLHZHG�+HUH�� WKH� EDVLF� VRXUFHV� RI� XQFHUWDLQW\�� WKH� UHODWLRQ�VKLSV� EHWZHHQ� VRXUFHV� DQG� FRXQWULHV� WKDW� QHHG� WR� EHFRQVLGHUHG� LQ�YLHZ�RI�SRVVLEOH�FRUUHODWLRQV�� FKDUDFWHU�LVWLFV� RI� LQSXW� GDWD� TXDOLW\� DQG� GDWD� XQFHUWDLQW\� DUH

GLVFXVVHG��,Q�DGGLWLRQ��H[DPSOHV�DUH�SURYLGHG�RI�KRZXQFHUWDLQW\�FDQ�EH�HVWLPDWHG�DQG�PDQDJHG�LQ�SUDFWLFH�DQG� ZKDW� LQYHQWRU\� FRPSLOHUV� DQG� XVHUV� VKRXOG� EHDZDUH� RI�ZKHQ� FRQVWUXFWLQJ� RU� XVLQJ� D� JOREDO�� RU� QD�WLRQDO��HPLVVLRQ�LQYHQWRU\��)LQDOO\��&KDSWHU���VXPPD�ULVHV� WKH�DQVZHUV� WR� WKH� ILUVW� WKUHH� UHVHDUFK� TXHVWLRQVRQ�WKH�EDVLV�RI�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKH�SUHYL�RXV�FKDSWHUV��7KLV�FKDSWHU�DOVR�SURYLGHV�DQ�DQVZHU�WRWKH�ODVW�TXHVWLRQ�RQ�ZKDW�WKH�SUHIHUUHG�DSSURDFK�LV�IRUFRPSLOLQJ�D�JOREDO�HPLVVLRQ�LQYHQWRU\��7KLV�LV�GRQH�LQWKH� FRQWH[W� WKH� SUDFWLFDO� OLPLWDWLRQV� GLVFXVVHG� KHUH�OLPLWHG�KXPDQ�UHVRXUFHV�DQG�OLPLWHG�LQSXW�GDWD�TXDO�LW\��DQG�WKH�GHVLUHG�LQYHQWRU\�TXDOLW\�IRU�DWPRVSKHULFPRGHOOHUV� DQG� SROLF\�PDNHUV� �D� PL[WXUH� RI� TXDOLW\DVSHFWV�GLVFXVVHG� LQ�&KDSWHU� ���� 7KH� WKHVLV� FRQFOXGHVZLWK� UHFRPPHQGDWLRQV� WR� WKH� VFLHQWLILF� DQG� SROLF\�PDNLQJ�FRPPXQLW\�WR�JLYH�SULRULW\�WR�LQYHQWRU\�TXDO�LW\�DQG�TXDOLW\�DVVHVVPHQW�
5HIHUHQFHV
2OLYLHU�� -�*�-��� %RXZPDQ�� $�)��� 9DQ� GHU� 0DDV�� &�:�0��� DQG

%HUGRZVNL�� -�-�0�� ������� (PLVVLRQ� 'DWDEDVH� IRU� *OREDO
$WPRVSKHULF�5HVHDUFK� �('*$5���(QYLURQPHQWDO�0RQLWRU�
LQJ�DQG�$VVHVVPHQW������������

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

,3&&� ������� 6SHFLDO� 5HSRUW� RQ� (PLVVLRQV� 6FHQDULRV�� ,QWHUJRY�
HUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&��� *HQHYD
�&+(�� �� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� 3RUW� &KHVWHU��1<
�86$��

,3&&��������&OLPDWH�&KDQJH�������7KH�6FLHQWLILF�%DVLV��,QWHUJRY�
HUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&��� *HQHYD
�&+(�� �� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� 3RUW� &KHVWHU��1<
�86$��
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'LJQRQ�� (�&�� 9ROGQHU�� 3�$�� 6SLUR�� -�$�� /RJDQ�� DQG� 7�(�
*UDHGHO� ������� *OREDO� JULGGHG� LQYHQWRULHV� RI� DQWKURSR�
JHQLF� HPLVVLRQV� RI� VXOIXU� DQG� QLWURJHQ�� -RXUQDO� RI� *HR�
SK\VLFDO�5HVHDUFK�������'�����������������

)RHOO�:���*UHHQ��&���$PDQQ��0���%KDWWDFKDU\D��6���&DUPLFKDHO�
*��� &KDGZLFN�� 0��� +DXJODQG�� 7��� +HWWHOLQJK�� -��3��� +RU�
GLMN�� /��� 6KDK�� -��� 6KUHVWKD�� 5��� 6WUHHWV�� '��� DQG� =KDR�� '�
������� (QHUJ\� 8VH�� (PLVVLRQV� DQG� $LU� 3ROOXWLRQ� 5HGXF�
WLRQ�6WUDWHJLHV�LQ�$VLD��:DWHU��$LU�DQG�6RLO�3ROOXWLRQ���������
����������

,3&&� ������� 5HYLVHG� ����� ,3&&� *XLGHOLQHV� IRU� 1DWLRQDO
*UHHQKRXVH�*DV�,QYHQWRULHV��,3&&�2(&'�,($��3DULV�

,3&&� �������*RRG� 3UDFWLFH� *XLGDQFH� DQG� 8QFHUWDLQW\� 0DQDJH�
PHQW� LQ� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV�� 7HFKQLFDO
6XSSRUW� 8QLW� ,3&&� 1**,3�� ,*(6�� +D\DPD�� .DQDJDZD�
-DSDQ�

.DQDNLGRX�� 0��� )�-�� 'HQWHQHU�� *�3�� %UDVVHXU�� 7�.�� %HUQWVHQ�
:�-�� &ROOLQV�� '�$�� +DXJOXVWDLQH�� 6�� +RXZHOLQJ�� ,�6�$�
,VDNVHQ��0��.URO��0�*��/DZUHQFH��-��)��0�OOHU��1��3RLVVRQ�
*�-�� 5RHORIV�� <�� :DQJ� DQG� :�0�)�� :DXEHQ� ������� ��'
JOREDO� VLPXODWLRQV�RI� WURSRVSKHULF�&2�GLVWULEXWLRQV� �� UH�
VXOWV� RI� WKH� *,0�,*$&� LQWHUFRPSDULVRQ� ����� H[HUFLVH�
&KHPRVSKHUH��*OREDO�&KDQJH�6FLHQFH�������������

2OLYLHU��-�*�-��$�)��%RXZPDQ��-�-�0��%HUGRZVNL��&��9HOGW��-�3�-�
%ORRV�� $�-�+�� 9LVVFKHGLMN�� &�:�0�� YDQ� GHU� 0DDV�� 3�<�-�
=DQGYHOG� ������� 6HFWRUDO� HPLVVLRQ� LQYHQWRULHV� RI� JUHHQ�
KRXVH�JDVHV�IRU������RQ�D�SHU�FRXQWU\�EDVLV�DV�ZHOO�DV�RQ
�R�[��R��(QYLURQPHQWDO�6FLHQFH�	�3ROLF\�������������

2OLYLHU�� -�� ������� (PLVVLRQ� LQYHQWRULHV� RI� QDWXUDO� VRXUFHV�
,*$&WLYLWLHV�����������'HFHPEHU������

2OLYLHU�� -�*�-�� DQG� -�� %DNNHU� ������� +LVWRULFDO� HPLVVLRQV� RI
+)&V��3)&V�DQG� 6)�� �����������&RQVXPSWLRQ� DQG� HPLV�
VLRQ� HVWLPDWHV� SHU� FRXQWU\� ���������� DQG� JOREDO� HPLV�
VLRQV�RQ��R[�R��,Q�SUHS�

2OLYLHU�� -�*�-�� DQG� -�$�+�:�� 3HWHUV� ������� 8QFHUWDLQWLHV� LQ
JOREDO�� UHJLRQDO� DQG� QDWLRQDO� HPLVVLRQ� LQYHQWRULHV�� 3UR�
FHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 1RQ�&2

�

*UHHQKRXVH�*DVHV��0DDVWULFKW��1HWKHUODQGV�������� -DQXDU\
�����

5\SGDO��.��DQG�:��:LQLZDUWHU��������8QFHUWDLQWLHV�LQ�*UHHQ�
KRXVH� *DV� (PLVVLRQ� ,QYHQWRULHV�� (YDOXDWLRQ�� &RPSDUD�
ELOLW\�DQG�,PSOLFDWLRQV��(QYLURQPHQWDO�6FLHQFH�	�3ROLF\����
��������

81)&&&� �������81)&&&� JXLGHOLQHV� RQ� UHSRUWLQJ� DQG� UHYLHZ�
'RFXPHQW� QR�� )&&&�&3��������� 81)&&&� 6HFUHWDULDW�
%RQQ�

http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://unfccc.int/resource/docs/cop5/07.pdf
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$FURQ\PV�

,*%3 ,*%3 ,QWHUQDWLRQDO�*HRVSKHUH�%LRVSKHUH
3URJUDPPH

,$0$3 ,QWHUQDWLRQDO�$VVRFLDWLRQ�RI
0HWHRURORJ\�DQG

,$0$3 $WPRVSKHULF�3K\VLFV

&$&*3 &RPPLVVLRQ�RQ�$WPRVSKHULF
&KHPLVWU\�DQG�*OREDO�3ROOXWLRQ

,*$& ,QWHUQDWLRQDO�*OREDO�$WPRVSKHULF
&KHPLVWU\�3URJUDPPH

&$&*3 ,*$& *(,$ *OREDO�(PLVVLRQ�,QYHQWRU\�$FWLYLW\

('*$5 (PLVVLRQ�'DWDEDVH�IRU�*OREDO
$WPRVSKHULF�5HVHDUFK

)2&86�� *OREDO�'LVWULEXWLRQV��7UDQVIRUPDWLRQV��7UHQGV
DQG�0RGHOOLQJ

$FWLYLW\�� 'HYHORSPHQW�RI�*OREDO
(PLVVLRQ��,QYHQWRULHV

*(,$

6WXG\�*URXSV ('*$5

&2���&+���1�2��62[�12[��1092&��&)&V�����
ELRPDVV�EXUQLQJ��DLU�WUDIILF����
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Ac ronyms:

IGBP IGBP Interna tiona l Geosphere
Biosphere Prog ramme

IAMAP Interna tiona l Assoc ia tion of
Meteorology and

IAMAP Atmospheric  Physic s

CACGP Commission on Atmospheric
Chemistry and  Globa l
Pollution

IGAC Interna tiona l Globa l Atmospheric
Chemistry Programme

CACGP IGAC GEIA Globa l Emission
Inventory Ac tivity

EDGAR Emission Da tabase for Globa l
Atmospheric  Resea rc h

FOCUS 5 Globa l Distributions, Transforma tions,
Trends and  Modelling

Ac tivity 3 Development of Global
Emission  Inventories

GEIA

Stud y Groups EDGAR

CO , CH , N O, SO / NO , NMVOC, CFCs, ..,
b iomass burning, a ir tra ffic , ..
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)LJ�����$QWKURSRJHQLF�HPLVVLRQV�RI�QLWURJHQ�JDVHV��12[��1+��DQG
1�2�� IRU� GLIIHUHQW� ZRUOG� UHJLRQV� SUHVHQWHG� IRU� PDMRU
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2OLYLHU�� -�*�-���$�-�+��9LVVFKHGLMN�� -�$�+�:��3HWHUV�� -��%DNNHU�� -�-�0��%HUGRZVNL�� -�3�-�� %ORRV� �������$�JOREDO� HPLVVLRQ� LQYHQWRU\� RI
PHWKDQH�VRXUFHV�ZLWK�WUHQG�GDWD�IRU�WKH�SHULRG�����������DQG�RXWORRN�WR������
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��$�JOREDO�LQYHQWRU\�RI�DQQXDO�PHWKDQH�HPLVVLRQV�ZDV�GHYHORSHG�IRU�WKH�����������SHULRG�ZLWK�D�IRFXV�RQ�WKH�KLVWRUL�
FDO�PHWKDQH� HPLVVLRQ� WUHQG� RI� DQWKURSRJHQLF� VRXUFHV�RQ� D� SHU� FRXQWU\� EDVLV� DQG�RQ�D� �[�� GHJUHH� JULG�� VXSSOHPHQWHG�ZLWK
HVWLPDWHV�IRU�QDWXUDO�VRXUFHV�PRGHOOHG�E\�RWKHUV��7KH�JOREDO�UHIHUHQFH�GDWDVHW�IRU�����������ZDV�FRPSLOHG�XVLQJ�D�WUDQVSDUHQW
PHWKRGRORJ\�DQG��ZKHQHYHU�SRVVLEOH��ZHOO�HVWDEOLVKHG�DQG�ZHOO�GRFXPHQWHG�HPLVVLRQ�IDFWRUV���UHILQHG�ZKHUH�QHFHVVDU\�WR�WDNH
LQWR�DFFRXQW�VWUXFWXUDO�FKDQJHV�RYHU�WLPH��7KLV�ZRUN�ZDV�SDUW�RI�WKH�FRQVWUXFWLRQ�RI�WKH�('*$5�����GDWDVHW��6SHFLDO�DWWHQWLRQ
ZDV�SDLG�WR�LQFRUSRUDWLQJ�VWUXFWXUDO�FKDQJHV�LQ�FRDO�PLQLQJ��ULFH�SURGXFWLRQ�DQG�FRPSRVLWLRQ�RI�ODQGILOOHG�ZDVWH�WKDW�DIIHFW�WKH
HPLVVLRQ�IDFWRUV�RYHU�WLPH�DQG�WR�PHWKDQH�UHFRYHU\�IURP�FRDO�PLQHV��ODQGILOOV�DQG�ZDVWHZDWHU�WUHDWPHQW�SODQWV��0RUHRYHU��WR
HVWLPDWH�WKH�HPLVVLRQV�IURP�ODQGILOOV�DQG�ZDVWHZDWHU�GLVSRVDO��ZH�XVHG�VHFWRU�VSHFLILF�PRGHOV��2WKHU�VRXUFHV�LQFOXGHG�DUH�IRVVLO
IXHO�XVH��ELRIXHO�XVH��DQLPDOV��DJULFXOWXUDO�ZDVWH�EXUQLQJ��ODUJH�VFDOH�ELRPDVV�EXUQLQJ�LQ�WURSLFDO�DQG�WHPSHUDWH�UHJLRQV��ODQG�

ILOOV�DQG�ZDVWHZDWHU�KDQGOLQJ��$FFRUGLQJ�WR�RXU�DQDO\VLV� LQ� WKLV�SHULRG�DQWKURSRJHQLF�HPLVVLRQV� LQFUHDVHG�E\������������RU
DERXW����7J�\U�IURP�����7J�\U�WR�����7J�\��DQQXDO�XQFHUWDLQW\�������ZKHUHDV�WKH�LQFUHDVLQJ�WUHQG�LV�OHYHOOLQJ�RII�VLQFH�WKH�ODWH
����V� �����FRQILGHQFH� LQWHUYDO���&RPELQHG�ZLWK� DQ� HVWLPDWH�RI�QDWXUDO� VRXUFHV�RI� DERXW� ���� 7J�\U�ZH� HVWLPDWH� JOREDO� WRWDO
VRXUFH�VWUHQJWK�DW�����7J�DQQXDO�HPLVVLRQV�LQ�WKH�����V�
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Fit excluding three outliers on top (indicated by circles): Y = b X m

with b = 15.53, m = 0.3248      (R2 = 0.75)
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�������IRVVLO�IXHO�
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IRU�8QGHUJURXQG�6XUIDFH�

3RVW�PLQLQJ���UHVSHFWLYHO\

�3�0��UHFRYHUHG�IUDFWLRQ�

�������������
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VFDOLQJ�IDFWRUV�IRU�
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��RUJDQLF�DPHQGPHQWV������

��VRLO�W\SH������

5HVXOW������

!����
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0D[LPXP� PHWKDQH� SURGXFLQJ
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��5HIHUV�WR�QRQ�FRPEXVWLRQ�DFWLYLWLHV��IRU�PHWKDQH�VPDOO�VRXUFHV�VXFK�DV�SURGXFWLRQ�RI�SLJ�LURQ��VLQWHU��HWKHQH�DQG�VW\UHQH�
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$�%��&��������	��� &RQVWUXFWLQJ� WKHVH� JOREDO� HPLVVLRQ
LQYHQWRULHV�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW� WKH� IXQG�
LQJ�DQG�FR�RSHUDWLRQ�RI�PDQ\�RUJDQLVDWLRQV�DQG�LQGLYLGXDOV�
%HVLGHV�WKH�IXQGLQJ�E\�WKH�'XWFK�1DWLRQDO�5HVHDUFK�3URJUDPPH
RQ�*OREDO�$LU�3ROOXWLRQ�DQG�&OLPDWH�&KDQJH��SURMHFW�QR���������
DQG�WKH�32(7�SURMHFW�RI�WKH�)LIWK�)UDPHZRUN�3URJUDPPH�RI
WKH�(XURSHDQ�8QLRQ��QR��(9.��������������ZH�ZRXOG�OLNH�WR
PHQWLRQ� WKH�'XWFK�0LQLVWU\� RI� +RXVLQJ�� 6SDWLDO� 3ODQQLQJ� DQG
WKH�(QYLURQPHQW��9520��IRU�IXQGLQJ��7KLV�ZRUN�LV�DOVR�SDUW�RI
WKH�,QWHUQDWLRQDO�*HRVSKHUH�%LRVSKHUH�3URJUDPPH��,*%3��DQG�LWV
,QWHUQDWLRQDO�*OREDO�$WPRVSKHULF�&KHPLVWU\�3URJUDPPH� �,*$&��
LQ�SDUWLFXODU� WKH�*OREDO�(PLVVLRQV� ,QYHQWRU\�$FWLYLW\� �*(,$���D
FRPSRQHQW�RI� ,*$&��:H�JUHDWO\�DSSUHFLDWH� WKH�FR�RSHUDWLRQ
ZLWK� YDULRXV� *(,$� 6WXG\� *URXSV� DQG� RWKHU� SHUVRQV� DQG
RUJDQLVDWLRQV� DV�ZHOO� DV� WKH� LQWHUHVW� LQ� WKH�GDWDVHWV� UHFHLYHG
IURP�WKH�,*$&�PRGHOOLQJ�FRPPXQLW\�DW�ODUJH�

'�(�������

$GOHU��0�-���������,QWHUQDWLRQDO�DQWKURSRJHQLF�PHWKDQH�HPLV�
VLRQV�� HVWLPDWHV� IRU� ������ (3$��:DVKLQJWRQ�� '&� �86$��
(3$�UHSRUW�QR������5���������-DQXDU\������

$QGUHDH��0��2��DQG�3��0HUOHW� �������(PLVVLRQ�RI� WUDFH�JDVHV
DQG�DHURVROV�IURP�ELRPDVV�EXUQLQJ��*OREDO�%LRJHRFKHPLFDO
&\FOHV��������������������

$UWKXU�'��/LWWOH��������0HWKDQH�HPLVVLRQV�IURP�WKH�2LO�DQG�*DV
3URGXFWLRQ� ,QGXVWULHV�� )LQDO� UHSRUW� WR�5XKUJDV�$*��5HIHU�
HQFH�������

%HUGRZVNL�� -���2OLYLHU�� -���9HOGW��&�� �������0HWKDQH� IURP� IXHO
FRPEXVWLRQ�DQG�LQGXVWULDO�SURFHVVHV��,Q��$�5��YDQ�$PVWHO
�������3URFHHGLQJV�RI�ZRUNVKRS�RQ�PHWKDQH�DQG�QLWURXV
R[LGH��$PHUVIRRUW������)HEUXDU\������

%LEOHU�� &�-��� 0DUVKDOO�� -�6�� DQG� 5�&�� 3LOFKHU� ������� 6WDWXV� RI
ZRUOGZLGH�FRDO�PLQH�PHWKDQH�HPLVVLRQV�DQG�XVH��,QW��-��RI
&RDO�*HRORJ\��������������

%RXZPDQ�� $�)��� /HH�� '�6��� $VPDQ�� :�$�+��� 'HQWHQHU�� )�-��
9DQ� 'HU� +RHN�� .�:�� DQG� -�*�-�� 2OLYLHU� ������� $� *OREDO
+LJK�5HVROXWLRQ�(PLVVLRQ�,QYHQWRU\�IRU�$PPRQLD��*OREDO
%LRJHRFKHPLFDO�&\FOHV��������������

%URFDUG��'���/DFDX[��&��DQG�-��3��/DFDX[��������(PLVVLRQ�IURP
WKH�FRPEXVWLRQ�RI�ELRIXHOV� LQ�ZHVWHUQ�$IULFD�� ,Q�� -�6��/H�
YLQH��HG����������%LRPDVV�EXUQLQJ�DQG�JOREDO�FKDQJH��0,7
3UHVV��&DPEULGJH��0DVV�

%XLOWMHV��3�-�+���������7KH�/2726���/RQJ�7HUP�2]RQH�6LPXODWLRQ
��SURMHFW��6XPPDU\�UHSRUW��712�,QVWLWXWH�RI�(QYLURQPHQWDO
6FLHQFHV��'HOIW��712�UHSRUW�,0:�5�������

&(&��������&RVW�%HQHILW�$QDO\VLV�RI�'LIIHUHQW�0XQLFLSDO�6ROLG
:DVWH�0DQDJHPHQW�6\VWHPV��2EMHFWLYHV�DQG�,QVWUXPHQWV
IRU�WKH�<HDU�������(XURSHDQ�&RPPLVVLRQ��%UXVVHOV��%��

&UXW]HQ�� 3�-�� ������� 7KH� UROH� RI� PHWKDQH� LQ� DWPRVSKHULF
FKHPLVWU\�DQG�FOLPDWH��,Q��5XPLQDQW�3K\VLRORJ\��'LJHVWLRQ�
0HWDEROLVP�� *URZWK� DQG� 5HSURGXFWLRQ�� 3URFHHGLQJV� RI� WKH
(LJKWK� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� 5XPLQDQW� 3K\VLRORJ\�
(GV��:�� YRQ�(QJHOKDUGW�� 6�� /HRQKDUGW�0DUHN�� *�� %UHYHV
DQG� '�� *LHVHFNH�� SS�� ��������� )HUGLQDQG� (QNH� 9HUODJ�
6WXWWJDUW��*HUPDQ\�

'DUUDV�� 6���0LFKRX��0�� DQG�&�� 6DUUDW� �������� ,*%3�',6�:HW�
ODQG�'DWD� ,QLWLWLDWLYH�� $� ILUVW� VWHS� WRZDUGV� LGHQWLI\LQJ� D
JOREDO�GHOLQHDWLRQ�RI�ZHWODQGV��,*%3�',6�:RUNLQJ�3DSHU
1R������)HEUXDU\������

'HOPDV�� 5�� ������� $Q� RYHUYLHZ� RI� SUHVHQW� NQRZOHGJH� RQ
PHWKDQH� HPLVVLRQ� IURP� ELRPDVV� EXUQLQJ�� ,Q�� $�5�� YDQ
$PVWHO��������3URFHHGLQJV�RI�ZRUNVKRS�RQ�PHWKDQH�DQG
QLWURXV�R[LGH��$PHUVIRRUW������)HEUXDU\������

'HOPDV��5���-�3��/DFDX[�DQG��'��%URFDUG��������'HWHUPLQDWLRQ
RI�ELRPDVV�EXUQLQJ�HPLVVLRQ�IDFWRUV��PHWKRGV�DQG�UHVXOWV�
(QY��0RQ��DQG�$VVHVVPHQW�������������

'HQLHU�YDQ�GHU�*RQ��+���������&KDQJHV�LQ�&+��HPLVVLRQ�IURP
ULFH� ILHOGV� IURP������WR�����V����7KH�GHFOLQLQJ�XVH�RI�RU�
JDQLF�LQSXWV�LQ�ULFH� IDUPLQJ��*OREDO�%LRJHRFKHPLFDO�&\FOHV�
��������������

'HQLHU�YDQ�GHU�*RQ��+���������&KDQJHV�LQ�&+��HPLVVLRQ�IURP
ULFH� ILHOGV� IURP������ WR� ����V� ��� ,PSDFWV� RI�PRGHUQ� ULFH
WHFKQRORJ\��*OREDO�%LRJHRFKHPLFDO�&\FOHV������������

'HQWHQHU�� )���0�� YDQ�:HHOH��0�� .URO�� 6�� +RXZHOLQJ�� DQG� 3�
YDQ�9HOWKRYHQ��������7UHQGV�DQG�LQWHU�DQQXDO�YDULDELOLW\
RI� PHWKDQH� HPLVVLRQV� GHULYHG� IURP� ���������� JOREDO
&70�VLPXODWLRQV��$WPRV��&KHP��3K\V��'LVFXVV�������������

'OXJRNHQFN\��(�-���.�� $��0DVDULH�� 3�0�� /DQJ�� DQG� 3�3�� 7DQV
������� &RQWLQXLQJ� GHFOLQH� LQ� WKH� JURZWK� UDWH� RI� WKH� DW�
PRVSKHULF�PHWKDQH�EXUGHQ��1DWXUH���������������

'RRUQ��0�5�-���6WUDLW��5�3���%DUQDUG��:�5��DQG�%��(NOXQG�������
(VWLPDWHV�RI�JOREDO�JUHHQKRXVH�JDV�HPLVVLRQV� IURP�LQGXV�
WULDO� DQG� GRPHVWLF� ZDVWH� ZDWHU� WUHDWPHQW�� 5HSRUW� QR�
1505/�573������5����������3HFKDQ�	�$VV���'XUKDP�

'RRUQ�� 0�-�� DQG� '�6�� /LOHV� ������� 4XDQWLILFDWLRQ� RI� PHWKDQH
HPLVVLRQV� DQG� GLVFXVVLRQ� RI� QLWURXV� R[LGH�� DQG� DPPRQLD
HPLVVLRQV� IURP� VHSWLF� WDQNV�� ODWULQHV�� DQG� VWDJQDQW� RSHQ
VHZHUV�LQ�WKH�ZRUOG��(3$��:DVKLQJWRQ�'&��86$��(3$�UH�
SRUW�(3$�����5���������2FWREHU������

'R\OH��*���������&KLQD
V�SRWHQWLDO�LQ�LQWHUQDWLRQDO�FRDO�WUDGH��,($
&RDO� 5HVHDFK�� /RQGRQ�� 5HSRUW� QR�� ,($&5����� 2FWREHU
�����

(EHUW��&��'��3LFDUG��3��3RSH� DQG�$��5RVODQG� �������0HWKDQH
HPLVVLRQV� IURP� RLO� DQG� JDV�� ,Q�� $�5�� YDQ� $PVWHO� �HG���
3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�:RUNVKRS�0HWKDQH�DQG
1LWURXV�2[LGH��0HWKRGV�LQ�1DWLRQDO�(PLVVLRQ�,QYHQWRULHV
DQG�2SWLRQV� IRU� &RQWURO�� $PHUVIRRUW�� 7KH� 1HWKHUODQGV�
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)HEUXDU\������������SS���������5,90�%LOWKRYHQ��5,90�UH�
SRUW�QR������������

,($��������%H\RQG��������5HOHDVH������(QHUJ\�%DODQFHV�RI�2(&'
&RXQWULHV�� (QHUJ\� %DODQFHV� RI� 121�2(&'� &RXQWULHV�� ,YD�
WLRQ�'DWDV\VWHPV,QF�������

,($� ������� &2�� HPLVVLRQV� IURP� IXHO� FRPEXVWLRQ� ����������
����� (GLWLRQ�� ,QWHUQDWLRQDO� (QHUJ\� $JHQF\��2(&'�,($�
3DULV�

(OOHJDUG��$��DQG�(JQHXV��+���������+HDOWK�HIIHFWV�RI�FKDUFRDO
DQG�ZRRGIXHO�XVH� LQ� ORZ�LQFRPH�KRXVHKROGV� LQ� /XVDND�
=DPELD��6(,��(('6�1R������,6%1���������������

)$2��������)RUHVW�UHVRXUFHV�DVVHVVPHQW�������7URSLFDO�FRXQ�
WULHV��)$2��5RPH��5HSRUW�)3�����

)$2��������)RUHVW�UHVRXUFHV�DVVHVVPHQW�������*OREDO�DQDO\VLV�
)$2��5RPH��5HSRUW�)3�����

)$2��������������)$267$7�$JULFXOWXUDO�'DWD�

)$2������D��6WDWH�RI�WKH�:RUOGV�)RUHVWV�������)$2��5RPH�

)$2������E��)$267$7�)RUHVWU\�'DWD��'DWD�GRZQORDGHG�IURP
ZZZ�DSSV�IDR�RUJ�RQ�����������

)OHJRQ��$���������7UDGH�GLUHFWRU\�RI� WKH� IRUPHU�6RYLHW�8QLRQ���UG

XSGDWHG�HGLWLRQ��9RO�����&RDO�LQGXVWU\��)OHJRQ�3UHVV��/RQGRQ�
,6%1���������������

)XQJ��,���-��-RKQ��-��/HUQHU��(��0DWWKHZV��0��3UDWKHU��/�3��6WHHOH
DQG�3�-�� )UDVHU�������7KUHH�GLPHQVLRQDO�PRGHO� V\QWKHVLV
RI� WKH� JOREDO� PHWKDQH� F\FOH�� -�� *HRSK\V�� 5HV�� ���� ������
������

*UDHGHO��7�)���7�6��%DWHV��$�)��%RXPDQ��'��&XQQROG��-��'LJQRQ�
,��)XQJ��'�-��-DFRE��%�.��/DPE��-�$��/RJDQ��*��0DUODQG��3�
0LGGOHWRQ�-��0��3DF\QD��0��3ODFHW�DQG�&��9HOGW� �������$
FRPSLODWLRQ�RI�QYHQWRULHV�RI�HPLVVLRQV�WR�WKH�DWPRVSKHUH�
*OREDO�%LRJHRFKHP��&\FOHV����������

+DOO�� '�2��� )�� 5RVLOOR�&DOOH� DQG� -�� :RRGV� ������� %LRPDVV
XWLOLVDWLRQ� LQ� KRXVHKROGV� DQG� LQGXVWU\�� HQHUJ\� XVH� DQG
GHYHORSPHQW��&KHPRVSKHUH������������������

+DR��:�0��� /LX��0�+�� DQG�&UXW]HQ�� 3�-�� ������� (VWLPDWHV� RI
DQQXDO�DQG�UHJLRQDO�UHOHDVHV�RI�&2��DQG�RWKHU�WUDFH�JDVHV
WR�WKH�DWPRVSKHUH�IURP�ILUHV� LQ� WKH�WURSLFV��EDVHG�RQ�WKH
)$2�VWDWLVWLFV�IRU�WKH�SHULRG������������,Q��*ROGKDPPHU�
-�*�� �HG����)LUH� LQ� WKH�7URSLFDO�%LRWD��(FRORJLFDO� 6WXGLHV� ���
6SULQJHU�9HUODJ��%HUOLQ��SS��+HLQ��5���3�-��&UXW]HQ�DQG�0�
+HLQPDQQ�� ������ $Q� LQYHUVH� PRGHOLQJ� DSSURDFK� WR� LQ�
YHVWLJDWH� WKH� JOREDO� DWPRVSKHULF� PHWKDQH� F\FOH�� *OREDO
%LRJHRFKHP��&\FOHV������������

+HLQ�5���&UXW]HQ�3�-���+HLPDQQ�0���������$Q�LQYHUVH�PRGHO�
LQJ�DSSURDFK�WR�LQYHVWLJDWH�WKH�JOREDO�DWPRVSKHULF�PHWK�
DQH�F\FOH��*OREDO�%LRJHRFKHP�&\FOHV������������

+RXZHOLQJ��6���)��'HQWHQHU�DQG�-��/HOLHYHOG��������7KH�LPSDFW
RI� QRQ�PHWKDQH� K\GURFDUERQ� FRPSRXQGV� RQ� WURSR�
VSKHULF�SKRWRFKHPLVWU\��-��*HRSK\V��5HV��������������������

+RXZHOLQJ��6���7��.DPLQVNL��)��'HQWHQHU��-��/HOLHYHOG�DQG�0�
+HLPDQQ��������,QYHUVH�PRGHOLQJ�RI�PHWKDQH�VRXUFHV�DQG
VLQNV�XVLQJ�WKH�DGMRLQW�RI�D�JOREDO�WUDQVSRUW�PRGHO��-��*HR�
SK\V��5HV��������������������

+RXZHOLQJ�� 6��� )�� 'HQWHQHU�� -�� /HOLHYHOG�� %�� :DOWHU� DQG� (�
'XJORNHQFN\��������7KH�PRGHOLQJ�RI�WURSRVSKHULF�PHWK�
DQH��+RZ�ZHOO�FDQ�SRLQW�PHDVXUHPHQWV�EH�UHSURGXFHG�E\
D� JOREDO� PRGHO"�� -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK�� ����'��
����������

+XUVW��'�)���'�:�7��*ULIILWK�DQG�*�'��&RRN� ������� 7UDFH�JDV
HPLVVLRQV�IURP�ELRPDVV�EXUQLQJ�LQ�$XVWUDOLD�� ,Q�� -�6��/H�
YLQH��HG����������%LRPDVV�EXUQLQJ�DQG�JOREDO�FKDQJH��0,7
3UHVV��&DPEULGJH��0DVV�

,3&&� ������� 5HYLVHG� ����� ,3&&� *XLGHOLQHV� IRU� 1DWLRQDO
*UHHQKRXVH�*DV�,QYHQWRULHV��,3&&�2(&'�,($��3DULV�

,3&&� ������� *RRG� 3UDFWLFH�*XLGDQFH� DQG�8QFHUWDLQW\�0DQ�
DJHPHQW� LQ�1DWLRQDO�*UHHQKRXVH�*DV� ,QYHQWRULHV�� ,3&&�
768�1**,3��-DSDQ�

,3&&��������&OLPDWH�&KDQJH�������7KH�6FLHQWLILF�%DVLV��,QWHU�
JRYHUQPHQWDO�3DQHO� RQ�&OLPDWH�&KDQJH� �,3&&���*HQHYD
�&+(�� �� &DPEULGJH� 8QLYHUVLW\� 3UHVV�� 3RUW� &KHVWHU��1<
�86$��

-RVKL�� 9��� 9HQNDWDUDPDQ�� &��� $KXMD�� '�5�� ������� (PLVVLRQV
IURP� EXUQLQJ� ELRIXHOV� LQ� PHWDO� FRRNVWRYHV�� (QY�� 0DQ�
DJHPHQW���������������

.KDOLO��0�$�.��DQG�5�$��5DVPXVVHQ� �������*OREDO� HPLVVLRQV
RI�PHWKDQH�GXULQJ�WKH�ODVW�VHYHUDO�FHQWXULHV��&KHPRVSKHUH
������������

.OHLQ�*ROGHZLMN��.����������(VWLPDWLQJ�JOREDO�ODQG�XVH�FKDQJH
RYHU� WKH� SDVW� ���� \HDUV�� WKH�+<'(� GDWDEDVH��*OREDO� %LR�
JHRFKHPFLDO�&\FOHV�����������������

/HH�� '�6�� DQG� '�+�)�� $WNLQV� ������� $WPRVSKHULF� DPPRQLD
HPLVVLRQV� IURP� DJULFXOWXUDO� ZDVWH� FRPEXVWLRQ�� *HRSK\V�
5HV��/HWW���������������

/HHPDQV�� 5�� ������� 7KH� ,0$*(� 8VHU� 6XSSRUW� 6\VWHP�� *OREDO
&KDQJH�6FHQDULRV�IURP�,0$*(������5,90�&'�520�QR�����
���������5,90��%LOWKRYHQ�

/HUQHU�� -��� (�� 0DWWKHZV�� ,�� )XQJ�� ������� 0HWKDQH� (PLVVLRQV
IURP�$QLPDOV�� D� JOREDO� KLJK� UHVROXWLRQ� GDWDEDVH��*OREDO
%LRJHRFKHPLFDO�&\FOHV������������

/L�� <��)�� ������� *OREDO� 3RSXODWLRQ� 'LVWULEXWLRQ� 'DWDEDVH�� $
5HSRUW� WR� 81(3�� 81(3� 6XE�3URMHFW� QR�� )3������������
0DUFK� ������ $OVR� GHVFULEHG� LQ�� /L�� <�� )��� 0F0LOODQ�� $��
DQG�6FKROW]��0��7�� �������*OREDO�+&+�XVDJH�ZLWK� ��GH�
JUHH� [� �� GHJUHH� ORQJLWXGH�ODWLWXGH� UHVROXWLRQ�� (QYLURQ�
PHQWDO�6FLHQFH�	�7HFKQRORJ\����������������

/LWWOH�� $�'��� 0HWKDQH� HPLVVLRQV� IURP� WKH� 2LO� DQG� *DV� 3UR�
GXFWLRQ�,QGXVWULHV��)LQDO�UHSRUW�WR�5XKUJDV�$*��5HIHUHQFH
������������

0DWWKHZV�� (��� DQG� ,�� )XQJ� ������ 0HWKDQH� HPLVVLRQV� IURP
QDWXUDO�ZHWODQGV��*OREDO� GLVWULEXWLRQ�� DUHD� DQG� HQYLURQ�
PHQWDO�FKDUDFWHULVWLFV�RI�VRXUFHV��*OREDO�%LRJHRFKHP��&\FOHV
���������

0DWWKHZV��(��������$VVHVVPHQW�RI�PHWKDQH�VRXUFHV�DQG�WKHLU
XQFHUWDLQWLHV��3XUH�$SSO��&KHP��������������

0DWWKHZV��(������������:HWODQGV�� ,Q�$WPRVSKHULF�0HWKDQH�� ,WV
5ROH� LQ� WKH� *OREDO� (QYLURQPHQW� �0�$�.�� .KDOLO�� (G���� SS�
���������6SULQJHU�9HUODJ��%HUOLQ�+HLGHOEHUJ�

0HQDXOW�� -�&��� /�� $EEDGLH�� )�� /DYHQX�� 3�� /RXGKDQL� DQG� $�
3RGDLUH� ������� %LRPDVV� EXUQLQJ� LQ�:HVW� $IULFDQ� 6DYDQ�
QDV�� �� ,Q�� -�6�� /HYLQH� �HG��� ������� %LRPDVV� EXUQLQJ� DQG
JOREDO�FKDQJH��0,7�3UHVV��&DPEULGJH��0DVV�

0LQLQJ�-RXUQDO� �������'DWDERRN�RI� FRDO�DQG� OLJQLWH�PLQHV� LQ� WKH
PDUNHW� HFRQRP\� FRXQWULHV�� �WK� HGLWLRQ�� 9RO�� ��� 7KH� $PHULFDV�
9RO�����$IULFD��$VLD��$XVWUDODVLD�DQG�(XURSH��0LQLQJ�-RXUQDO
/WG��/RQGRQ��1RYHPEHU������

http://www.apps.fao.org/
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
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1HXH�� +�8�� ������� )OX[HV� RI� PHWKDQH� IURP� ULFH� ILHOGV� DQG
SRWHQWLDO�IRU�PLWLJDWLRQ��6RLO�8VH�DQG�0DQDJHPHQW����������
����

1HZ��0�*��� +XOPH�� 0�� DQG� 3�'�� -RQHV� ������� 5HSUHVHQWLQJ
��WK� FHQWXU\� VSDFH�WLPH� FOLPDWH� YDULDELOLW\�� ,�� 'HYHORS�
PHQW� RI� D� ���������� PHDQ� PRQWKO\� WHUUHVWULDO� FOLPDWRO�
RJ\��-��&OLPDWH��������������

2/)� >1RUZHJLDQ�2LO� ,QGXVWU\�$VVRFLDWLRQ@� �������2/)�(QYL�
URQPHQWDO�SURJUDP��3KDVH�,,��6XPPDU\�UHSRUW�

2OLYLHU�� -�*�-��� %RXZPDQ�� $�)��� 9DQ� GHU�0DDV�� &�:�0��� %HU�
GRZVNL��-�-�0���9HOGW��&���%ORRV���-�3�-���9LVVFKHGLMN��$�-�+��
=DQGYHOG��3�<�-��DQG�+DYHUODJ�� -�/�� �������'HVFULSWLRQ�RI
('*$5�9HUVLRQ������$�VHW�RI�JOREDO�HPLVVLRQ�LQYHQWRULHV
RI� JUHHQKRXVH�JDVHV�DQG�R]RQH�GHSOHWLQJ� VXEVWDQFHV� IRU
DOO� DQWKURSRJHQLF� DQG� PRVW� QDWXUDO� VRXUFHV� RQ� D� SHU
FRXQWU\� EDVLV� DQG� RQ� �R[�R� JULG�� 5,90�� %LOWKRYHQ�� 'H�
FHPEHU�������5,90�UHSRUW�QU���������������712�0(3�UH�
SRUW�QU��5�������

2OLYLHU��-�*�-��$�)��%RXZPDQ��-�-�0��%HUGRZVNL��&��9HOGW��-�3�-�
%ORRV�� $�-�+�� 9LVVFKHGLMN�� &�:�0�� YDQ� GHU� 0DDV�� 3�<�-�
=DQGYHOG� ������� 6HFWRUDO� HPLVVLRQ� LQYHQWRULHV� RI� JUHHQ�
KRXVH�JDVHV�IRU������RQ�D�SHU�FRXQWU\�EDVLV�DV�ZHOO�DV�RQ
�R�[��R��(QYLURQPHQWDO�6FLHQFH�	�3ROLF\�������������

2OLYLHU�� -�� ������� (PLVVLRQ� LQYHQWRULHV� RI� QDWLRQDO� VRXUFHV�
,*$&WLYLWLHV�����������'HFHPEHU������

2OLYLHU�� -�*�-�� DQG� -�-�0�� %HUGRZVNL� ������� *OREDO� HPLVVLRQV
VRXUFHV�DQG�VLQNV��,Q��%HUGRZVNL��-���*XLFKHULW��5��DQG�%�-�
+HLM� �HGV����7KH�&OLPDWH�6\VWHP���SS���������$�$��%DONHPD
3XEOLVKHUV�6ZHWV� 	� =HLWOLQJHU� 3XEOLVKHUV�� /LVVH�� 7KH
1HWKHUODQGV��,6%1���������������

2OLYLHU�� -�*�-��� -�-�0�� %HUGRZVNL�� -�$�+�:�� 3HWHUV�� -�� %DNNHU�
$�-�+��9LVVFKHGLMN�HQ� -�3�-�� %ORRV� �����E��$SSOLFDWLRQV�RI
('*$5�� ,QFOXGLQJ� D� GHVFULSWLRQ� RI� ('*$5� 9����� UHIHU�
HQFH�GDWDEDVH�ZLWK�WUHQG�GDWD�IRU������������5,90�UHSRUW
�������������153�UHSRUW������������

2OLYLHU�� -�*�-�� DQG� -�$�+�:�� 3HWHUV� ������� 8QFHUWDLQWLHV� LQ
JOREDO�� UHJLRQDO� DQG� QDWLRQDO� HPLVVLRQ� LQYHQWRULHV�� �3UR�
FHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�1RQ�&2�
*UHHQKRXVH�*DVHV��0DDVWULFKW��1HWKHUODQGV�������� -DQXDU\
�����

6DQGHUVRQ�0�*�� ������� %LRPDVV� RI� WHUPLWHV� DQG� WKHLU� HPLV�
VLRQV�RI�PHWKDQH�DQG�FDUERQ�GLR[LGH��$�JOREDO�GDWDEDVH�
*OREDO�%LRJHRFKHPLFDO�&\FOHV��������������

6PLOO�� 9�� �������1LWURJHQ� LQ� FURS� SURGXFWLRQ�� DQ� DFFRXQW� RI
JOREDO�IORZV��*OREDO�%LRFKHPLFDO�&\FOHV��������������

6PLWK�� .�5�� � DQG� -�� 5DPDNULVKQD� ������� %LRPDVV� IXHOV� DQG
KHDOWK��LQ��-��/DPSWH\�HW�DO���������%LRHQHUJ\��:LOH\�(DVW�
HUQ�/WG��,'5&��2WWDZD�

6PLWK��,�0��DQG�6ORVV��/�/���������0HWKDQH�HPLVVLRQV� IURP�FRDO�
,($�&RDO�5HVHDUFK��/RQGRQ��1RYHPEHU��������5HSRUW�QR�
,($3(5�����,6%1���������������

6PLWK��.�5���.KDOLO��0�$�.���5DVPXVVHQ��5�$���7KRUQORH��6�$��
0DQHJGHJ��)��DQG�$SWH��0���������*UHHQKRXVH�JDV�HPLV�
VLRQV� IURP�ELRPDVV� DQG� IRVVLO� IXHO� VWRYHV� LQ� GHYHORSLQJ
FRXQWULHV��D�0DQLOD�SLORW�VWXG\��&KHPRVSKHUH�������������
����

6WHUQ�� '��� DQG� .DXIPDQQ�� 5�� ������� (VWLPDWHV� RI� JOREDO� DQ�
WKURSRJHQLF� PHWKDQH� HPLVVLRQV� ����²������ &KHPRVSKHUH�
���������������

7KDNXU�� 3�� &��� +�� *�� /LWWOH� DQG� :�� *�� .DULV� ������� *OREDO
&RDOEHG�0HWKDQH�5HFRYHU\� DQG�8VH�� LQ�� 5LHPHU�� 3�� DQG
$�� 6PLWK� �HGV��� �������3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� (Q�
HUJ\� $JHQF\� *UHHQKRXVH� *DVHV� 0LWLJDWLRQ� 2SWLRQV� &RQIHU�
HQFH��3HUJDPRQ�(OVHYLHU����������

81� ������� ,QGXVWULDO� FRPPRGLW\� SURGXFWLRQ� VWDWLVWLFV� �����
������ 81� 6WDWLVWLFDO� 'LYLVLRQ�� 1HZ� <RUN�� 'DWD� ILOH� UH�
FHLYHG�����������

81� ������� 81�:RUOG� 3RSXODWLRQ� 3URVSHFWV�� ����� 5HYLVLRQ�
81�3RSXODWLRQ�'LYLVLRQ��1HZ�<RUN�

81�(&(�)$2� >8QLWHG� 1DWLRQV� (FRQRPLF� &RPPLVVLRQ� IRU
(XURSH� 	� )RRG� DQG� $JULFXOWXUH� 2UJDQLVDWLRQ� RI� WKH
8QLWHG� 1DWLRQV@� ������� )RUHVW� )LUH� 6WDWLVWLFV� ����������
7LPEHU� %XOOHWLQ�� 9RO�� ;/,;�� 1R�� ��
(&(�7,0�%8//�������8QLWHG�1DWLRQV�������

81)&&&��������6\QWKHVLV�DQG�$VVHVVPHQW�5HSRUW�RI�*UHHQ�
KRXVH� *DV� �*+*�� ,QYHQWRULHV� VXEPLWWHG� LQ� �����
81)&&&� 'RFXPHQW� QR�� )&&&�:(%�6$,������� GDWHG
���-XO\������

86(3$� ������� &RPSLODWLRQ� RI� $LU� 3ROOXWDQW� (PLVVLRQ� )DFWRUV�
86(3$��5HVHDUFK�7ULDQJOH�3DUN��1RUWK�&DUROLQD��3XEOLFD�
WLRQ�1R�$3�����6HSWHPEHU��������WK�(GLWLRQ�

9DQ� $DUGHQQH�� -�$��� 'HQWHQHU�� )�-��� 2OLYLHU�� -�*�-��� .OHLQ

*ROGHZLMN��&�*�0��DQG�-��/HOLHYHOG��������$����[����UHVR�
OXWLRQ�GDWDVHW�RI�KLVWRULFDO�DQWKURSRJHQLF� WUDFH�JDV�HPLV�
VLRQV� IRU� WKH� SHULRG� �����������*OREDO� %LRJHRFKHPLFDO� &\�
FOHV����������������

9DQ� %HHN�� 5��� ������ +RXVHKROG� ZDVWH� ILJXUHV� RI� GLIIHUHQW
(XURSHDQ� FRXQWULHV� FRPSDUHG�� 0LQLVWU\� RI� 9520�� 7KH
+DJXH��1/���5HSRUW�QR���������$�

9HOGW��&��DQG�-�-�0��%HUGRZVNL��������*(,$�QRWH�RQ�WKH�FRPEXV�
WLRQ� RI� ELRPDVV� IXHOV� �(PLVVLRQ� IDFWRUV� IRU� &2�� &+�� DQG
1092&���712�0:��'HOIW����)HEUXDU\�������712�UHSRUW
712�0:�5�������

:DOWHU��%�3���0��+HLPDQQ��DQG�(��0DWWKHZV�������0RGHOLQJ
PRGHUQ� PHWKDQH� HPLVVLRQV� IURP� QDWXUDO� ZHWODQGV�� ��
0RGHO�GHVFULSWLRQ�DQG�UHVXOWV��-��*HRSK\V��5HV�������������
������

:DOWHU��%�3���0��+HLPDQQ��DQG�(��0DWWKHZV�������0RGHOLQJ
PRGHUQ�PHWKDQH�HPLVVLRQV�IURP�QDWXUDO�ZHWODQGV�����,Q�
WHUDQQXDO�YDULDWLRQV������������-��*HRSK\V��5HV�������������
������

http://www.rivm.nl/bibliotheek/rapporten/771060002.html
http://www.rivm.nl/bibliotheek/rapporten/410200051.html
http://www.rivm.nl/bibliotheek/rapporten/410200051.html
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<HDU������

�%��&RDO�PLQLQJ �� �� � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�%��*DV�SURGXFWLRQ�WUDQVPLVVLRQ �� �� � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$��%��2WKHU�IRVVLO�IXHO�XVH �� � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�%�%LRIXHO�XVH � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��,QGXVWU\��QRQ�FRPEXVWLRQ � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�%�$QLPDOV �� �� �� �� ��� ��� ��� ��� ��� ��� ��� ���� ��� ��� ���� ��� ���

�&�5LFH�FXOWLYDWLRQ �� � � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� ���

�)�$JULFXOWXUDO�ZDVWH�EXUQLQJ � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�(�6DYDQQDK�EXUQLQJ � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�7URSLFDO�IRUHVW�ILUHV � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�7HPSHUDWH�IRUHVW�ILUHV � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�/DQGILOOV �� �� � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�%�:DVWH�ZDWHU�KDQGOLQJ �� � � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

7RWDO ��� �� �� ��� ��� ���� ���� ��� ��� ��� ���� ���� ���� ��� ���� ���� ����

<HDU������

�%��&RDO�PLQLQJ �� �� �� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�%��*DV�SURGXFWLRQ�WUDQVPLVVLRQ �� �� �� � ��� ��� ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� ���

�$��%��2WKHU�IRVVLO�IXHO�XVH �� � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�%�%LRIXHO�XVH �� � � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

��,QGXVWU\��QRQ�FRPEXVWLRQ � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�%�$QLPDOV �� �� �� �� ��� ��� ��� ��� ��� ��� ��� ���� ��� ��� ���� ��� ���

�&�5LFH�FXOWLYDWLRQ �� � � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� ���

�)�$JULFXOWXUDO�ZDVWH�EXUQLQJ � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�(�6DYDQQDK�EXUQLQJ � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�7URSLFDO�IRUHVW�ILUHV � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�7HPSHUDWH�IRUHVW�ILUHV � � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�$�/DQGILOOV �� �� � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�%�:DVWH�ZDWHU�KDQGOLQJ �� � � �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

7RWDO ��� �� �� ��� ��� ���� ���� ��� ��� ���� ���� ���� ���� ��� ���� ���� ����
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<HDU������

�%��&RDO�PLQLQJ �� �� � �� ��� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

�%��*DV�SURGXFWLRQ�WUDQVPLVVLRQ �� �� �� � ��� ��� ��� ��� ��� ��� ���� ��� ��� ��� ��� ��� ���

�$��%��2WKHU�IRVVLO�IXHO�XVH �� � � � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���
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���4XDOLW\�$VVHVVPHQW�RI�JOREDO�HPLVVLRQ�LQYHQWRULHV� ��

���4XDOLW\�$VVHVVPHQW�RI�*OREDO�(PLVVLRQ�,QYHQWRULHV
����,QWURGXFWLRQ
(PLVVLRQ� LQYHQWRULHV� FRPSLOHG� XVLQJ� D� GLUHFW� HVWLPD�WLRQ�DSSURDFK�PD\�EH�EDVHG�RQ�GLIIHUHQW�GDWD�VRXUFHV�7KH�VHOHFWLRQ�RI�WKH�GDWDVHWV�IRU�NH\�HOHPHQWV��DFWLYLW\GDWD�� HPLVVLRQ� IDFWRUV� DQG� �� LQ� WKH� FDVH� RI� VSDWLDOO\GLVWULEXWHG�HPLVVLRQV� ��JULG�PDSV� IRU�DOORFDWLQJ�HPLV�VLRQV�RQ�D�VSHFLILF�JULG��PD\�EH�EDVHG�RQ�GLIIHUHQW�FUL�WHULD��2IWHQ�WKHUH�DUH�PXOWLSOH�GDWDVHWV�RI�LQWHUQDWLRQDOVWDWLVWLFV� DYDLODEOH� WKDW� FDQ� EH� XVHG� IRU� DFWLYLW\� GDWD�H�J�� HQHUJ\�� LQGXVWULDO� SURGXFWLRQ� RI� EDVLF� FRPPRGL�WLHV�� SRSXODWLRQ� DQG� JURVV� GRPHVWLF� SURGXFW� �*'3��)RU� HPLVVLRQ� IDFWRUV� WKHUH� DUH� PDQ\� GDWD� VRXUFHV�&HUWDLQO\�DW�QDWLRQDO�OHYHO��EXW�DOVR�DW�UHJLRQDO�JOREDOOHYHO��PXOWLSOH� JXLGHOLQHV� IRU� GHIDXOW� HPLVVLRQ� IDFWRUVGR�H[LVW��([DPSOHV�DUH�WKH�(XURSHDQ�(&(�&25,1$,5KDQGERRN� IRU� HPLVVLRQ� IDFWRUV�� WKH� 1RUWK� $PHULFDQ$3����HPLVVLRQ�IDFWRU�KDQGERRN�DQG�WKH� ,3&&�JXLGH�OLQHV� IRU� QDWLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHV�� )RUHPLVVLRQ�IDFWRUV�LQ�SDUWLFXODU��RQH�KDV�WR�EH�FDUHIXO� WRLGHQWLI\� WKH� HPLVVLRQ� IDFWRUV� WKDW� KDYH� LQGHHG� EHHQLQGHSHQGHQWO\� HVWDEOLVKHG�� 4XLWH� RIWHQ� UHIHUHQFHV� IRUHPLVVLRQ�IDFWRUV�GR�QRW�UHIHU�EDFN�WR�WKH�SULPDU\�UHIHU�HQFH��ZKLFK�PHDQV� WKDW� LW�PD\� JR� XQREVHUYHG� WKDW� DIDFWRU�PD\�KDYH� DQ� RULJLQ� LGHQWLFDO� WR� DQRWKHU� IDFWRU�ERWK�VHHP�WR�KDYH� WKH� VDPH�YDOXH�E\�DFFLGHQW�DQG� WREH� LQGHSHQGHQWO\� GHULYHG�� 0RUHRYHU�� WKHUH� LV� DOVR� DSRVVLELOLW\� WKDW�GLIIHUHQW�JULG�PDSV� FRXOG�EH�XVHG� IRUVSDWLDOO\�DOORFDWLQJ�SDUWLFXODU�VRXUFHV��VXFK�DV�GLIIHUHQWSRSXODWLRQ�GHQVLW\�PDSV� RU�PDSV� IRU� RQH� WRSLF� FRP�SLOHG�IRU�GLIIHUHQW�\HDUV�*LYHQ� WKLV� SRUWIROLR� RI� FKRLFHV� WKDW� WKH� LQYHQWRU\FRPSLOHU� FDQ� DQG� KDV� WR�PDNH�� NH\� TXHVWLRQV� DULVLQJDUH�
� :KDW�GLIIHUHQFH�GRHV�WKH�VHOHFWLRQ�RI�DQ�DOWHUQDWLYHGDWDVHW�PDNH�LQ�WKH�ILQDO�HPLVVLRQ�LQYHQWRU\"

� 2U��DOWHUQDWLYHO\��KRZ�GR�WKH�UHVXOWV�RI�WZR�LQYHQ�WRULHV�FRPSDUH�WR�HDFK�RWKHU"
� &DQ�RQH�LQYHQWRU\�EH�UHJDUGHG�DV�D�EHWWHU�HVWLPDWHWKDQ�WKH�RWKHU"
� :KDW�PHDQV�DUH�DYDLODEOH�IRU�YDOLGDWLRQ�DQG�YHULIL�FDWLRQ�RI�HPLVVLRQ�LQYHQWRULHV"
,Q� WKLV�FKDSWHU� WKH�UHVXOWV�RI�FRPSDULQJ�GLIIHUHQW�HVWL�PDWHV�IRU�QDWLRQDO�&2� HPLVVLRQV�IURP�IRVVLO�IXHO�FRP�EXVWLRQ� DQG� FHPHQW� SURGXFWLRQ� DUH� ILUVW� SUHVHQWHG�ZKHUH� WKH�PDLQ�GLIIHUHQFHV�RULJLQDWH� LQ�GLIIHUHQFHV� LQWKH�LQWHUQDWLRQDO�VWDWLVWLFDO�GDWDVHWV�RI�WKH�DFWLYLW\�GDWD�7KHVH�GLIIHUHQFHV�PD\� LQGLFDWH� WKH� �UHODWLYH�� DFFXUDF\RI�VSHFLILF�SDUWV�RI�WKH�GDWDVHWV��FRXQWULHV��IXHO� W\SHV��6XEVHTXHQWO\��DQ�RYHUYLHZ�LV�SUHVHQWHG�RI�WKH�YDULRXVRSWLRQV� IRU� YDOLGDWLRQ� �FKHFNLQJ� WKH� LQWHUQDO� FRQVLV�WHQF\� DQG� FRUUHFWQHVV�� DQG� YHULILFDWLRQ� �FRPSDULQJZLWK� LQGHSHQGHQW� GDWD�� WKDW� FDQ� EH� SHUIRUPHG� DW� QD�WLRQDO�DQG�DW� LQWHUQDWLRQDO�OHYHO�� ,QWHUHVWLQJO\��ZKHQ�DJURXS�RI� FRXQWULHV� FRPSLOHV� WKHLU� RZQ�QDWLRQDO� HPLV�VLRQ� LQYHQWRULHV� LQGHSHQGHQWO\�� LQWHUFRPSDULVRQ� RIHPLVVLRQ� IDFWRUV�XVHG�E\�GLIIHUHQW� FRXQWULHV� LV� DQ� DG�GLWLRQDO� RSWLRQ�� ZKLFK� FDQ� YHU\� HIILFLHQWO\� VKRZ� WKHVSUHDG�LQ� �DJJUHJDWHG��HPLVVLRQ� IDFWRUV�RU�UHYHDO�RXW�OLHUV� LQ� HPLVVLRQ� IDFWRUV��2XWOLHU� YDOXHV� GR� QRW� QHFHV�VDULO\�PHDQ�WKDW�WKRVH�HPLVVLRQ�IDFWRUV�DUH�LQ�HUURU��EXWPHUHO\� WKDW� FRXQWU\�VSHFLILF� FLUFXPVWDQFHV� FRXOG� EHLPSRUWDQW�IRU�WKDW�SDUWLFXODU�VRXUFH��7KH�VSUHDG�FRXOGDOVR� EH� LQWHUSUHWHG� DV� LQGLFDWRU� RI� WKH� XQFHUWDLQW\� LQHPLVVLRQ�IDFWRUV��+RZHYHU��DOVR�LQ�UHYHUVH��WKH�DEVHQFHRI� D� ODUJH� VSUHDG� LQ� HPLVVLRQ� IDFWRUV� XVHG� GRHV� QRWQHFHVVDULO\�PHDQ� WKDW� WKH� UHVXOWV�DUH� YHU\� DFFXUDWH�� LWFRXOG� ZHOO� EH� WKDW� FRXQWULHV� KDYH� DSSOLHG� LGHQWLFDOHPLVVLRQ�IDFWRUV�IURP�WKH�VDPH�GDWD�VRXUFH�



�� �����&RPSDULVRQ�RI�WZR�LQGHSHQGHQWO\�GHYHORSHG�JOREDO�LQYHQWRULHV

����&RPSDULVRQ�RI�WZR�LQGHSHQGHQWO\�GHYHORSHG�JOREDO�LQYHQWRULHV
7KLV�SDSHU�KDV�EHHQ�SXEOLVKHG�DV�
0DUODQG��*���%UHQNHUW��$��DQG�-�*�-��2OLYLHU��������&2��IURP�IRVVLO�IXHO�EXUQLQJ��D�FRPSDULVRQ�RI�251/�DQG�('*$5�HVWLPDWHV�RI
QDWLRQDO�HPLVVLRQV��(QYLURQPHQWDO�6FLHQFH�	�3ROLF\�������������
�������(OVHYLHU�6FLHQVH�/WG�

&2� IURP�IRVVLO�IXHO�EXUQLQJ��D�FRPSDULVRQ�RI�251/�DQG�('*$5HVWLPDWHV�RI�QDWLRQDO�HPLVVLRQV
*UHJJ�0DUODQGD� $QWRLQHWWH�%UHQNHUWD� -RV�2OLYLHUE

D�2DN�5LGJH�1DWLRQDO�/DERUDWRU\��251/���(QYLURQPHQWDO�6FLHQFHV�'LYLVLRQ��2DN�5LGJH��71�������������86$
E�1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��5,90���%LOWKRYHQ��1HWKHUODQGV

$EVWUDFW

7KHUH�LV�LQFUHDVLQJ�LQWHUHVW�DQG�LPSRUWDQFH�LQ�HVWLPDWLQJ�QDWLRQDO�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��:H�HQTXLUH�ZKHWKHU
WZR��SDUWLDOO\��LQGHSHQGHQW�HVWLPDWHV�RI�HPLVVLRQV�RI�&2��IURP�IRVVLO�IXHO�FRPEXVWLRQ�SURYLGH�LQVLJKW�LQWR�WKH�TXDOLW\�RU
XQFHUWDLQW\�RI�HPLVVLRQV�HVWLPDWHV��8VLQJ�WZR�SXEOLVKHG�GDWD�VHWV�WKDW�HVWLPDWH�&2��HPLVVLRQV�IRU�DOO�FRXQWULHV��ZH�VKRZ
WKDW� WKH� WZR�RVWHQVLEO\� VLPLODU� HIIRUWV� WR� HVWLPDWH� HPLVVLRQV� XVLQJ� RVWHQVLEO\� VLPLODU� HQHUJ\� VWDWLVWLFV� KDYH�SURGXFHG
UHVXOWV�WKDW�GLIIHU�VLJQLILFDQWO\�IRU�PDQ\�FRXQWULHV��7KHUH�LV�QR�REYLRXV�V\VWHPDWLF�ELDV�EHWZHHQ�WKH�WZR�GDWD�VHWV�DQG�WKH
WZR�SURGXFH�YHU\�VLPLODU�HVWLPDWHV�IRU�WKH�WRWDO�RI�JOREDO�HPLVVLRQV��$EVROXWH�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�HVWLPDWHV�DUH
ODUJHVW� IRU�D� IHZ�FRXQWULHV�ZLWK�YHU\�ODUJH� WRWDO�HPLVVLRQV��EXW� WKH� ODUJHVW� UHODWLYH�GLIIHUHQFHV�RFFXU� LQ�FRXQWULHV�ZLWK
VPDOO� WRWDO�HPLVVLRQV�DQG�ZHDNHU�QDWLRQDO�V\VWHPV�RI�HQHUJ\�VWDWLVWLFV��7KH�PDJQLWXGH�RI� WKH�GLIIHUHQFHV� UHSRUWHG�KDV
LPSRUWDQW�LPSOLFDWLRQV�IRU�PRQLWRULQJ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�HPLVVLRQV�DQG�SRWHQWLDO�QDWLRQDO�FRPPLWPHQWV�

:LWK� LQFUHDVLQJ� FRQFHUQ� DERXW� JUHHQKRXVH� JDV� HPLV�VLRQV� WKHUH� LV� LQFUHDVLQJ� FRPPLWPHQW� IRU� FRXQWULHV� RURWKHU�HQWLWLHV�WR�HVWLPDWH�QDWLRQDO�HPLVVLRQV��:LWK�WKLVFRPHV�DQ�LQFUHDVLQJ�QXPEHU�RI�HVWLPDWHV�WKDW�SXUSRUWWR UHSUHVHQW� WKH� HPLVVLRQV� IURP� D� JLYHQ� FRXQWU\� RUDUHD�� 5DWLILFDWLRQ� RI� WKH� .\RWR� 3URWRFRO� �81)&&&������� ZRXOG� SODFH� ELQGLQJ� FRPPLWPHQWV� RQ� VRPHFRXQWULHV�WR�KROG�JUHHQKRXVH�JDV�HPLVVLRQV�WR�TXDQWL�ILHG�OLPLWV�DQG�ZRXOG�UDLVH�DGGLWLRQDO� LVVXHV�RI�PRQL�WRULQJ�DQG�YHULILFDWLRQ�ZLWK�UHVSHFW�WR�WKHVH�OLPLWV�*LYHQ� PXOWLSOH� HVWLPDWHV� IRU� HPLVVLRQV� IURP� WKHVDPH� DUHD�� FDQ� ZH� HLWKHU� GHWHUPLQH� ZKLFK� HVWLPDWHEHVW�UHSUHVHQWV�UHDOLW\�RU�XVH�WKH�PXOWLSOH�HVWLPDWHV�WROHDUQ�VRPHWKLQJ�DERXW�WKH�TXDOLW\�RU�XQFHUWDLQW\�RI�WKHHVWLPDWHV�UHSRUWHG"�)RU�&2� HPLVVLRQV�IURP�IRVVLO�IXHOFRPEXVWLRQ� WKHUH� DUH� QRZ� WZR� VWXGLHV� WKDW� UHSRUWHPLVVLRQV� IRU� DOO� FRXQWULHV� LQ� ����� DQG� DUH� DYDLODEOHHOHFWURQLFDOO\� LQ� FRPSDWLEOH� IRUPDW�� DQG� WKXV� SURYLGHXV� DQ� RSSRUWXQLW\� WR� GR� D� V\VWHPDWLF� FRPSDULVRQ�7KHVH� WZR� VWXGLHV� DUH� QRW� IXOO\� LQGHSHQGHQW� DQG� \HWWKH\�KDYH�VXIILFLHQW�LQGHSHQGHQFH�WKDW�ZH�EHOLHYH� WKHFRPSDULVRQ� SURYLGHV� XVHIXO� LQVLJKW� LQWR� WKH� XQFHU�WDLQW\� RI� WKH� HPLVVLRQV� HVWLPDWHV�� 7KH� FRPSDULVRQ� RIHVWLPDWHV�DOVR�KHOSV�XV�WR�XQGHUVWDQG�ZKHUH�UHVRXUFHV

VKRXOG� EHVW� EH� GHYRWHG� LI�ZH�ZLVK� WR� UHGXFH� WKH� XQ�FHUWDLQW\�RI�HPLVVLRQV�HVWLPDWHV��7KH� WZR�HVWLPDWHV� WREH�FRPSDUHG�FRPH�IURP�WKH�&DUERQ�'LR[LGH�,QIRUPD�WLRQ� DQG� $QDO\VLV� &HQWHU� �&',$&�� DW� WKH� 2DN� 5LGJH1DWLRQDO� /DERUDWRU\� LQ� WKH� 86�� DQG� WKH� 1DWLRQDO� ,Q�VWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW�DQG�7KH1HWKHUODQGV� 2UJDQL]DWLRQ� IRU� $SSOLHG� 6FLHQWLILF� 5H�VHDUFK��5,90�DQG�712��LQ�WKH�1HWKHUODQGV�(VWLPDWHV�RI�&2� HPLVVLRQV�DUH�EDVHG�RQ�PHDVXUHVRI� HQHUJ\� XVH� DQG� RQ� FRHIILFLHQWV� WR� UHSUHVHQW� HPLV�VLRQV� SHU� XQLW� RI� HQHUJ\� XVH�� (PLVVLRQV� FRHIILFLHQWVGHSHQG� RQ� IXHO� FKHPLVWU\� DQG� FRPEXVWLRQ� HIILFLHQF\DQG�WKXV�YDU\�ZLWK�IXHO�W\SH�DQG�RIWHQ�ZLWK�WKH�VRXUFHRI� WKH� IXHO� DQG�ZLWK� WLPH�� 7KH� WZR�PDMRU� VRXUFHV� RILQWHUQDWLRQDO� VWDWLVWLFV� RQ� HQHUJ\� SURGXFWLRQ�� WUDGH�DQG�XVH� DUH� WKH�8QLWHG�1DWLRQV� DQG� WKH� ,QWHUQDWLRQDO(QHUJ\�$JHQF\��DOWKRXJK�RWKHU�JURXSV�VXFK�DV�%ULWLVK3HWUROHXP� &RPSDQ\� DQG� WKH� :RUOG� (QHUJ\� &RXQFLODOVR�PDLQWDLQ�H[WHQVLYH�DQG�XVHIXO� FRPSLODWLRQV��7KLVDQDO\VLV�FDOOV�RQO\�RQ�WKH�81�DQG�,($�GDWD�VHWV��7KHVHDUH�QRW�LQGHSHQGHQW�GDWD�VHWV�DV�WKH\�UHO\�RQ�VRPH�RIWKH�VDPH�VRXUFHV�IRU�QDWLRQDO�HQHUJ\�GDWD��DQG�\HW�WKH\GHSHQG�XOWLPDWHO\�RQ�WKH�UHVRXUFHV�DQG�LQVLJKWV�RI�WKHUHVSHFWLYH� VWDWLVWLFDO� RIILFHV�� &XUUHQWO\� WKH� ,($� FLUFX�
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RQGDU\�IXHOV��2QH�FRQVHTXHQFH�LV�WKDW�UHILQHU\�JDV��IRUH[DPSOH��ZLOO� VKRZ� XQGHU� WKH� SULPDU\� OLTXLG� IXHO� LQWKH�251/�GDWD�EXW�DV�D�VHFRQGDU\�JDVHRXV�IXHO�LQ�WKH('*$5�GDWD��7KH�251/�QDWLRQDO�GDWD�VHWV�GR�QRW�LQ�FOXGH� R[LGDWLRQ� RI� K\GURFDUERQV� XVHG� IRU� QRQ�IXHOSXUSRVHV� �VXFK� DV� OXEULFDQWV� DQG� DVSKDOWV�� VR� IRU� WKHFRPSDULVRQ�WKHVH�HPLVVLRQV�KDYH�EHHQ�VXEWUDFWHG�IURPWKH� ('*$5� HPLVVLRQV� HVWLPDWHV�� %RWK� GDWD� VHWV� H[�FOXGH�HPLVVLRQV� IURP�PDULQH�EXQNHU� IXHOV�DV� WKH�FXU�UHQW�JXLGHOLQHV�IRU�HVWLPDWLQJ�QDWLRQDO�JUHHQKRXVH�JDVHPLVVLRQV� �,3&&�2(&'�� ������ VXJJHVW� WKDW� EXQNHUIXHOV� QRW� EH� LQFOXGHG� LQ� QDWLRQDO� WRWDOV�� 7KH� 251/GDWD� DOVR� H[FOXGH� VRPH� LQWHUQDWLRQDO� DLUFUDIW� IXHOV�� DVSHUPLWWHG�LQ�WKH�,3&&�2(&'�*XLGHOLQHV��,Q�WKH�JULG�GHG� ('*$5�GDWD� VHW� LW� LV� QRW� SRVVLEOH� WR� GLVWLQJXLVKEHWZHHQ�GRPHVWLF�DQG�LQWHUQDWLRQDO�DLUFUDIW�IXHOV�VR�DOODLUFUDIW�IXHO�FRQVXPSWLRQ�LV�VXEWUDFWHG�RXW��251/�KDVWDNHQ�GDWD�IRU�FHPHQW�SURGXFWLRQ�IURP�WKH�86�%XUHDXRI�0LQHV� �6RORPRQ�� ������ZKLOH� ('*$5�XVHV� FHPHQWGDWD� IURP� WKH� 8QLWHG� 1DWLRQV� �81�� ������� $OWKRXJK('*$5�SODFHV�SULPDU\� UHOLDQFH�RQ� HQHUJ\�GDWD� IURPWKH� ,($�� LW� GRHV� XVH�81� GDWD� IRU� VRPH� FRXQWULHV� QRWLQFOXGHG� LQ� ,($�WDEXODWLRQV��7KH�UHVXOW�RI�PDNLQJ� WKHDGMXVWPHQWV� QRWHG� DERYH� LV� WKDW�ZH� FRPSDUH� QRW� WKHWRWDO�QDWLRQDO�&2� HVWLPDWHV�IURP�WKH�WZR�GDWD�VHWV�EXWUDWKHU� VOLJKWO\� PRGLILHG� WRWDOV� WKDW� FRPH� FORVH� WR� LQ�FOXGLQJ�WKH�H[DFW�VDPH�FRPSRQHQWV��7R�JLYH�DQ�LGHD�RIKRZ�PXFK� FDUERQ� LV� RPLWWHG�E\� WKH� VHOHFWLRQ�SURFHVVGHVFULEHG�� WKH� 251/� HVWLPDWH� RI� JOREDO� WRWDO� &2�HPLVVLRQV� IURP� IRVVLO� IXHO� FRPEXVWLRQ� DQG� FHPHQWPDQXIDFWXUH� LQ� ����� LV� �������� WRQV� RI� FDUERQ�� DQGWKH�VXP�RI�WKH�FRXQWU\�HVWLPDWHV�XVHG�LQ�WKLV�FRPSDUL�VRQ�LV��������� WRQV�RI�FDUERQ�

)LJ�����&RUUHODWLRQ�RI�FRXQWULHV
� WRWDO� HPLVVLRQV� DV� FDOFXODWHG
E\�('*$5�DQG�251/�

*LYHQ� WKXV� WZR� FORVHO\� FRPSDUDEOH� HVWLPDWHV� RIQDWLRQDO�HPLVVLRQV�RI�&2���KRZ�GR�WKH\�FRPSDUH�DQGZKDW� FDQ� ZH� OHDUQ� IURP� WKH� GLIIHUHQFHV"� )LJ�� �� LV� DJUDSK�RI�('*$5�HPLVVLRQV�HVWLPDWHV�IRU�DOO�FRXQWULHV
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SORWWHG� DJDLQVW� WKH� FRPSDUDEOH� YDOXHV� IURP� 251/�%HFDXVH�RI� WKH� ODUJH� UDQJH�RI� YDOXHV�ZH�KDYH� SORWWHGWKH� YDOXHV� RQ�D� ORJDULWKPLF� VFDOH��$OWKRXJK�KDYLQJ� DORJDULWKPLF� SORW� �)LJ�� ��� FDSWXUHV� WKH� ODUJH� UDQJH� RIYDOXHV��LW�JLYHV�D�VOLJKWO\�GLVWRUWHG�YLVXDO�LPSUHVVLRQ�RIWKH� OLQHDU� EHVW� ILW�� 7KH� OLQHDU� UHJUHVVLRQ� SURGXFHV� DEHVW�ILW� UHODWLRQVKLS�RI�\  ����������[� ZKHUH�\ LV� WKH('*$5�YDOXH� DQG�[ WKH�251/� YDOXH��:LWK� DQ� 5� RI������ LW� LV� DSSDUHQW� WKDW� WKH� WZR� HVWLPDWHV� DUH� KLJKO\FRUUHODWHG�DQG�LW�LV�YLVXDOO\�DSSDUHQW�WKDW��DW�WKLV�VFDOH�WKH� SORW� QHDUO\� IROORZV� WKH� ���� UHODWLRQVKLS� H[SHFWHG�7KHUH�DUH�D�IHZ�YDOXHV�WKDW�IDOO�ZHOO�RII�RI�WKH�����OLQH�PRVWO\�DW�WKH�ORZHU�HQG�RI�WKH�HPLVVLRQV�VFDOH�$W�WKH�KLJK�HQG��WKH�ORJ�VFDOH�RI�)LJ����FRQFHDOV�WKHDEVROXWH�PDJQLWXGH� RI� WKH� GLIIHUHQFHV�� ,Q� 7DEOH� ��ZHVKRZ�WKH�DEVROXWH�PDJQLWXGH�RI�WKH�GLIIHUHQFH�IRU�WKHWHQ� ODUJHVW� GLIIHUHQFHV�� 1RWH� WKDW� WKH� GLIIHUHQFH� EH�WZHHQ�WKH�251/�DQG�('*$5�HVWLPDWHV� IRU� WKH�8665LV�RQO\������DQG�\HW�WKLV�DPRXQWV�WR����PLOOLRQ�WRQV�RIFDUERQ��D�QXPEHU�WKDW�H[FHHGV�WKH�WRWDO�HPLVVLRQV�IURPDOO�EXW�WKH����ODUJHVW�HPLWWLQJ�FRXQWULHV��7KH�GLIIHUHQFHEHWZHHQ�WKH�WZR�HVWLPDWHV�IRU�86�HPLVVLRQV�LV����PLO�OLRQ� WRQV� RI� FDUERQ�� RQO\� ����� RI� 86� HPLVVLRQV� EXWODUJHU� WKDQ� WKH� WRWDO� HPLVVLRQV� IURP� ���� RI� WKH� ���FRXQWULHV�IRU�ZKLFK�VRPH�GDWD�DUH�DYDLODEOH��,I�ZH�VXPWKH� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� HVWLPDWHV� ZLWKRXWUHJDUG� WR�VLJQ�� WKH�GLIIHUHQFH� LQ� WKH� WRS��� FRXQWULHV� LVODUJHU� WKDQ� WKH� WRWDO� IRU� WKH� UHPDLQLQJ� ���� FRXQWULHV�7KLV�VXJJHVWV�WKDW�LI�RXU�DLP�LV�WR�LPSURYH�JOREDO�HVWL�PDWHV�RI�&2� HPLVVLRQV�ZH�QHHG�WR�IRFXV�DWWHQWLRQ�RQIXHO�VWDWLVWLFV�LQ�RQO\�D�YHU\�IHZ�FRXQWULHV�

)LJ�����&RXQWU\�WRWDO�HPLVVLRQV�

,Q�VHDUFKLQJ�IRU�D�VXLWDEOH�QXPHULF�WR�FRPSDUH�QD�WLRQDO�HVWLPDWHV�RYHU�WKLV�ODUJH�UDQJH�RI�YDOXHV�ZH�ILQGWKH� ORJDULWKP� RI� WKH� UDWLR� RI� WKH� WZR� HPLVVLRQV� HVWL�PDWHV�WR�EH�XVHIXO��7KH�ORJ�RI�WKH�UDWLR�KDV�WKH�SURSHU�WLHV�VXFK�WKDW�LW�LV�]HUR�ZKHQ�WKH�WZR�YDOXHV�DUH�H[DFWO\WKH�VDPH�DQG�LW�LV�V\PPHWULF�DERXW�]HUR�ZKHQ�WKH�WZRYDOXHV� GLIIHU� E\� D� FRPPRQ� IDFWRU�� L�H�� RQH� YDOXH� LVGRXEOH� RU� KDOI� WKH� RWKHU� YDOXH�� 8VLQJ� WKH� ORJDULWKPSURGXFHV� D� VFDOH� WKDW� OHWV� XV� VHH� ERWK� WKH� VPDOO� DQGODUJH� GLIIHUHQFHV�� %\� SORWWLQJ� WKH� ORJ� RI� WKH� UDWLRDJDLQVW�WKH�PHDQ�RI�WKH�WZR�YDOXHV��)LJ�����ZH�FDQ�VHH

WKH� UHODWLYH� PDJQLWXGH� RI� WKH� WZR� HVWLPDWHV� DJDLQVWWKHLU� DEVROXWH� YDOXH�� :LWK� WKH� KLJKHVW� HPLVVLRQV� IRUDQ\�FRXQWU\��WKH�SRLQW�IRU�WKH�86�WKXV�IDOOV�IXUWKHVW�WRWKH�ULJKW�LQ�)LJ�����WKH�PHDQ�RI�WKH�251/�DQG�('*$5HVWLPDWHV�LV�SORWWHG�RQ�WKH�[ D[LV��ZKLOH�WKH�VPDOO�SRVL�WLYH�YDOXH�RQ� WKH�\�D[LV� VKRZV� WKDW� WKH� WZR� HVWLPDWHVDUH� YHU\� FORVH� DQG� WKDW� WKH� 251/� YDOXH� LV� VOLJKWO\ODUJHU�� %HLQJ� FRQFHUQHG� ZLWK� ERWK� WKH� DEVROXWH� DQGUHODWLYH�PDJQLWXGH� RI� HVWLPDWHV�� QRWH� WKDW� WKH� VHFRQGSRLQW�IURP�WKH�ULJKW�LQ�)LJ����UHSUHVHQWV�HPLVVLRQV�IURPWKH�8665��D�VLQJOH�UHSRUWLQJ�HQWLW\�LQ������
7DEOH����7KH�GLIIHUHQFH�EHWZHHQ�WKH�251/�DQG�('*$5�HVWL�
PDWHV�RI�QDWLRQDO�&2��HPLVVLRQV�IRU�WKH�WHQ�FRXQWULHV�ZLWK�WKH
ODUJHVW�DEVROXWH�GLIIHUHQFHV��LQ�PLOOLRQV�RI�WRQV�RI�FDUERQ�

&DVXDO�REVHUYDWLRQ�RI�)LJ���� VXJJHVWV� WKDW� WKH�YDO�XHV� FOXVWHU� DERXW� DQG� DUH� V\PPHWULF� DERXW� WKH� ]HURSRLQW�RQ�WKH�\ D[LV�DQG�WKDW�WKH�VFDWWHU�LQFUHDVHV�DV�WKHDEVROXWH�PDJQLWXGH�RI�HPLVVLRQV�GHFUHDVHV��6\PPHWU\DERXW�WKH�]HUR�SRLQW�VXJJHVWV� WKDW� WKHUH� LV�QR�V\VWHP�DWLF� ELDV�ZKHUHE\� RQH� VHW� RI� HVWLPDWHV� LV� FRQVLVWHQWO\ODUJHU�RU�VPDOOHU�WKDQ�WKH�RWKHU��7DEOH���VKRZV�WKDW�WKHSORW� RI� )LJ���� LQFOXGHV� FRPSDULVRQV� IRU� ���� FRXQWULHV�ZKHUH�ERWK�251/� DQG�('*$5�SURYLGH� QRQ�]HUR� HV�WLPDWHV�RI�&2� HPLVVLRQV��DQG�WKDW�WKHUH�LV�D�VOLJKW�WHQ�GHQF\�IRU�WKH�251/�YDOXH�WR�EH�ODUJHU��WKH�PHDQ�RI�WKHORJV� LV�SRVLWLYH���5HFDOO� WKDW� WKH�251/�YDOXHV� LQFOXGHHPLVVLRQV� IURP� GRPHVWLF� DLUFUDIW� ZKLOH� WKH� ('*$5YDOXHV� GR� QRW�� VR� D� VPDOO� SRVLWLYH� ELDV� LV� RXU� LQLWLDOH[SHFWDWLRQ��$OO� ORJDULWKPV�KHUH� DUH� QDWXUDO� ORJV� VR� �XQLW� RQ� WKH� \ D[LV� LQ� )LJ�� �� LPSOLHV� WKDW� WKH� WZR� HVWL�PDWHV�GLIIHU�E\�D�IDFWRU�RI������ZKLOH������LQGLFDWHV�WKDWWKH\�GLIIHU�E\�D�IDFWRU�RI�������RQH�YDOXH�LV�����ODUJHUWKDQ�WKH�RWKHU��DQG�������LQGLFDWHV�WKDW�WKH\�GLIIHU�E\�DIDFWRU�RI������)LJ����LV�IRU�WRWDO�&2� HPLVVLRQV�IURP�WKH�UHVSHFWLYHFRXQWULHV��:H�FDQ�VHSDUDWH�WKLV� LQWR� WKH�SULPDU\�FRP�SRQHQWV� DQG� UHSOLFDWH� WKH� DQDO\VLV�� )LJ�� �� VKRZV� QD�WLRQDO� HPLVVLRQV� IURP� JDV� IODULQJ�ZLWK� WKH� ORJ� RI� WKH251/�('*$5� UDWLR� SORWWHG� DJDLQVW� WKH� PHDQ� YDOXHRI� QDWLRQDO� WRWDO� HPLVVLRQV�� DV� LQ� )LJ�� ��� )LJ�� �� VKRZVYHU\�JRRG�DJUHHPHQW� IRU�PRVW� FRXQWULHV�ZLWK�D� VPDOOELDV�WRZDUG�KLJKHU�YDOXHV�LQ�WKH�251/�HVWLPDWHV��)LJ�� SURYLGHV� D� VLPLODU� FRPSDULVRQ� IRU� HPLVVLRQV� IURPFHPHQW�PDQXIDFWXUH�DQG�DJDLQ�FRQILUPV�WKH�VLPLODULW\
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JURXSV�RI�FRXQWULHV�JURXSHG�DFFRUGLQJ�WR�WKH�PDJQLWXGH�RI�WKHLU�HPLVVLRQV��VWDWLVWLFV�DUH�IRU�YDOXHV�RI�/Q��251/�('*$5�

RI�HVWLPDWHV�IRU�PRVW�FRXQWULHV��1HYHUWKHOHVV��LW�LV�FOHDUWKDW� WKH�86�%XUHDX�RI�0LQHV�DQG�81�EDVHG�QXPEHUVGLIIHU�VXEVWDQWLDOO\�IRU�D�QXPEHU�RI�FRXQWULHV�

)LJ�����&RXQWU\�IODULQJ�HPLVVLRQV�

)LJ�����&RXQWU\�FHPHQW�SURGXFWLRQ�HPLVVLRQV�

(PLVVLRQV� IURP� JDV� IODULQJ� DQG� FHPHQW� PDQXIDFWXUHDFFRXQW� IRU� RQO\� D� VPDOO� SRUWLRQ� RI� HPLVVLRQV�� KRZ�HYHU��DQG�LW�LV�LQ�WKH�IXHO�DFFRXQWV�RI�)LJV������WKDW�ZHVHH�WKH�PDMRULW\�RI�WRWDO�&2� HPLVVLRQV�DQG�WKH�RULJLQRI� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� WZR� VHWV� RI� HVWLPDWHV�7DEOH� �� UHSRUWV� WKH�PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� IRUYDOXHV�RI� ORJ��251/�('*$5���DJDLQ�WKH�QDWXUDO� ORJ�

DQG� FRQILUPV� WKDW� WKH� GLIIHUHQFHV� DUH� VPDOOHVW� IRU� FH�PHQW� SURGXFWLRQ� �PHDQ� YDOXH� ������� DQG� ODUJHVW� IRUVROLG�IXHOV��PHDQ�YDOXH����������7KH�VSUHDG�RI�YDOXHV�LVDOVR�JUHDWHVW�IRU�VROLG�IXHOV��VWDQGDUG�GHYLDWLRQ��������)RU�VROLG�DQG�JDVHRXV�IXHOV�WKH�('*$5�YDOXHV�WHQG�WREH�VOLJKWO\�KLJKHU��QHJDWLYH�YDOXHV�IRU�WKH�PHDQ�RI�WKHORJ��� 7KH� WUHDWPHQW� RI� LQWHUQDWLRQDO� DLUFUDIW� IXHOV� SUH�VXPDEO\� FRQWULEXWHV� VOLJKWO\� WR� WKH� KLJKHU� YDOXHV� IRU251/�IRU�OLTXLG�IXHOV� �SRVLWLYH�YDOXH� IRU�PHDQ�RI� WKHORJ���([DPLQDWLRQ�RI�)LJ����VXJJHVWV�WKDW�WKH�VFDWWHU�RIYDOXHV� LQFUHDVHV� DV� WKH� PDJQLWXGH� RI� WKH� HPLVVLRQVGHFUHDVHV�DQG�ZH�WHVWHG��WKLV�E\��VHSDUDWLQJ�WKH��FRXQ�
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GRZVNL�� -�-�0���9HOGW��&���%ORRV�� -�3�-���9LVVFKHGLMN��$�-�+��
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�SXEOLVKHG�DQQXDOO\���81�6WDWLVWLFDO�2IILFH��1HZ�<RUN�

9RQ�+LSSHO��'���5DVNLQ��3���6XEDN��6���������(VWLPDWLQJ�JUHHQ�
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�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
HQFH� FDOFXODWLRQV��ZLWK� HVWLPDWHV�PDGH� E\� RWKHU� ERG�LHV�� ZLWK� DWPRVSKHULF� FRQFHQWUDWLRQV� RU� H[WHUQDO� UH�YLHZ�7KLV�SDSHU�DLPV�DW�SUHVHQWLQJ�FRQFUHWH�RSWLRQV�IRUWKH� LQWHUQDO� FKHFNLQJ� DQG� YHULI\LQJ� QDWLRQDO� JUHHQ�KRXVH�JDV� LQYHQWRULHV��)RU�HDFK�RI� WKH� FRPSRQHQWV� RIWKH� LQYHQWRU\� SURFHVV� ZH� ZLOO� GHVFULEH� UHDGLO\� DYDLO�DEOH� WHFKQLTXHV� IRU�SHUIRUPLQJ� TXLFN� EDVLF� FKHFNV� RQDSSDUHQW� HUURUV� �RUGHU�RI�PDJQLWXGH� FKHFNV��� FRP�SOHWHQHVV�� FRQVLVWHQF\�� DQG� FRPSDUDELOLW\�� 7KLV� SDSHUZLOO�SUHVHQW� WKH�SUDFWLFDO� FKHFNV� DQG�YHULILFDWLRQ�SUR�FHGXUHV� WKDW� ZH� UHFRPPHQG� WR� EH� WDNHQ�� 8VLQJ� WKHLQVWUXFWLRQV�JLYHQ��D�V\VWHP�FDQ�EH�HVWDEOLVKHG�IRU�SUL�RULW\�VHWWLQJ�DQG�IRU�UHSRUWLQJ�WKH�FKHFNV�DQG�YHULILFD�WLRQ� DFWLYLWLHV� SHUIRUPHG� DQG� WKHLU� UHVXOWV� �VHH� HVSH�FLDOO\� 6HFWLRQ� ���� ,Q� DGGLWLRQ�� ZH� ZLOO� GLVFXVV� RWKHU�PRUH�HODERUDWH�PHWKRGV�RI�YHULI\LQJ�WKH�LQYHQWRU\�RQWKHVH�DVSHFWV�WKRURXJKO\��ZKLFK�DUH�EH\RQG�WKH�VFRSHRI�LQYHQWRU\�JXLGHOLQHV�DW�WKLV�WLPH�
���'$7$�48$/,7<�2%-(&7,9(6
,Q� RUGHU� WR� SURYLGH� FRQILGHQFH� WR� WKH� LQYHQWRU\� V\V�WHP� WKH� HVWDEOLVKPHQW� RI� KLJK� TXDOLW\� GDWD� LV� LQGLV�SHQVDEOH��$Q� LQYHQWRU\� V\VWHP�EHFRPHV�XVHIXO� LQ� WKHLQWHUQDWLRQDO�FRQWH[W�RQO\�LI� LW�PD\�EH�SURYHQ�WR�PHHWWKH� REMHFWLYHV� LW� KDV� EHHQ� GHYLVHG� IRU� �� REMHFWLYHV� DVGHILQHG� LQ� WKH� ¶GDWD� TXDOLW\� REMHFWLYHV·�� )RU� QDWLRQDODQG� LQWHUQDWLRQDO� �81)&&&��SXUSRVHV�RI� HVWDEOLVKLQJFUHGLELOLW\� RI� WKH� QDWLRQDO� LQYHQWRULHV�� WKH� 81)&&&SUHSDUDWLRQ�JXLGHOLQHV�GHVFULEH� WKH�GDWD�TXDOLW\� WR�EHDFKLHYHG�LQ�WHUPV�RI�DFFXUDF\�DQG�WKH�WKUHH�&·V��&RP�SOHWHQHVV�� &RQVLVWHQF\� DQG� &RPSDUDELOLW\�� $FFXUDF\UHIHUV� WR�HPLVVLRQV�EHLQJ�FDOFXODWHG� FRUUHFWO\�DQG�XQ�ELDVHG���DV�IDU�DV�FDQ�EH�MXGJHG���DQG�XQFHUWDLQWLHV�EH�LQJ�UHGXFHG�DV�IDU�DV�SUDFWLFDEOH��7KLV�FDOOV�IRU�LGHQWLIL�FDWLRQ� DQG� FRUUHFWLRQ�RI� DSSDUHQW� HUURUV� LQ� LQSXW� DQGFDOFXODWLRQ� �H�J�� RUGHU�RI�PDJQLWXGH� FKHFNV�� DQG� IRUHIIRUWV�EHLQJ�PDGH�WR�UHGXFH�WKH�ODUJHVW�XQFHUWDLQWLHV�&RPSOHWHQHVV�PHDQV� WKDW� DOO� UHOHYDQW� VRXUFHV� DUH� LQ�FOXGHG� LQ� WKH� LQYHQWRU\�� &RQVLVWHQF\�PHDQV� WKDW� SHUVRXUFH� FDWHJRU\� IRU� DOO� \HDUV� WKH� HPLVVLRQV� DUH� FDOFX�ODWHG�ZLWK�WKH�VDPH�HPLVVLRQ�FDOFXODWLRQ�PHWKRGRORJ\DQG�IRU�DOO�\HDUV�WKH�VDPH�VRXUFH�GHILQLWLRQ��DOORFDWLRQ�LV� XVHG�� &RPSDUDELOLW\� PHDQV� WKDW� WKH� HPLVVLRQ� LQ�YHQWRULHV�DUH� FRPSDUDEOH�DFURVV� FRXQWULHV��7KLV� UHIHUVWR ERWK�HPLVVLRQV�DQG�WKH�HVWLPDWHG�XQFHUWDLQW\��(PLV�VLRQV� RI� WZR� FRXQWULHV� DUH� FDOOHG� FRPSDUDEOH� LI� WKH\XVH� WKH� VDPH� VRXUFH� GHILQLWLRQV�� VLPLODU� HPLVVLRQ� FDO�FXODWLRQ�PHWKRGRORJLHV�DQG�VLPLODU�HPLVVLRQ�IDFWRUV�LQVLPLODU� FDVHV�� 7KHUHIRUH�� WKH\� FDQ� DOVR� EH� FRQVLGHUHGFRPSDUDEOH�LI�IRU�PDMRU�QDWLRQDO�VRXUFHV�WKH�FDOFXODWHGDJJUHJDWHG��¶LPSOLHG·��HPLVVLRQ�IDFWRUV�DUH�ZHOO�ZLWKLQWKH� HVWLPDWHG� XQFHUWDLQW\� RU� LI� ODUJH� GHYLDWLRQV� IURPRWKHUV� �D� VHW�RI� IDFWRUV� UHSRUWHG�E\� D�JURXS�RI�DSSDU�HQWO\�¶VLPLODU·�FRXQWULHV��RU���LI�WKHVH�DUH�QRW�DYDLODEOH��,3&&� GHIDXOWV�� DUH� FODULILHG� DQG� MXVWLILHG�� ,Q� RWKHUZRUGV�� YHULI\LQJ� FRPSDUDELOLW\� UHTXLUHV� FKHFNLQJ� IRU

DQG� GRFXPHQWLQJ� RI� REVHUYHG� VHHPLQJO\� GHYLDWLQJILJXUHV�IRU��DJJUHJDWHG��HPLVVLRQ�IDFWRUV�)URP�WKH�GHVFULSWLRQ�JLYHQ�DERYH�LW�VKRZV�WKDW�IRUFKHFNLQJ� FRPSDUDELOLW\� LW� LV� UHTXLUHG� WKDW� HPLVVLRQGDWD�FRPSLOHG�DW�WKH�LQWHUQDWLRQDO�OHYHO�DUH�EHLQJ�PDGHDYDLODEOH�HLWKHU�E\�LQGHSHQGHQW�RUJDQLVDWLRQV�RU�E\�WKH81)&&&�6HFUHWDULDW��,QGLYLGXDO�FRXQWULHV�FDQ�SHUIRUPWKLV�W\SH�RI�YHULILFDWLRQ��EXW�DOVR�RWKHU�RUJDQLVDWLRQV�DVZHOO�DV�LQGLYLGXDO�VFLHQWLVWV��,Q�WKLV�SDSHU�ZH�ZLOO�SUL�PDULO\�IRFXV�RQ�ZKDW�LQGLYLGXDO�FRXQWULHV�FDQ�GR�
���29(59,(:�2)�237,216�21�7+(1$7,21$/�6&$/(
�����$SSURDFKHV�LQ�UHODWLRQ�WR�GDWD�TXDOLW\REMHFWLYHV
$ QXPEHU� RI� DSSURDFKHV� KDYH� EHHQ� LGHQWLILHG� IRUTXDOLW\�FRQWURO�RI�HOHPHQWV�IRU�ZKLFK�WKH�81)&&&�KDVGHILQHG�LWV�REMHFWLYHV��(($��������/LP�HW�DO��������9DQ$PVWHO�HW�DO���������
��� LQWHUQDO�TXDOLW\�FKHFNV��FRPSDULVRQ�EHWZHHQ�\HDUVDQG�LQYHQWRU\�YHUVLRQV����� LQYHQWRU\� LQWHU�FRPSDULVRQV� �FRPSDULVRQ� ZLWKRWKHU� LQGHSHQGHQWO\� FRPSLOHG� HVWLPDWHV��ZLWK� QD�WLRQDO�LQYHQWRULHV�RI�RWKHU�EXW�VLPLODU�FRXQWULHV�DQGZLWK�,3&&�GHIDXOWV����� FRPSDULVRQ�RI�GHQVLW\�LQGLFDWRUV���� YHULILFDWLRQ�E\�FRPSDULVRQ�ZLWK�GLUHFW�DWPRVSKHULFFRQFHQWUDWLRQ�PHDVXUHPHQWV���� FRPSDULVRQ� ZLWK� DWPRVSKHULF� EXGJHWV� GHULYHGIURP�DWPRVSKHULF�PRGHOV�
��� GLUHFW�VRXUFH�WHVWLQJ��RQ�VLWH�PHDVXUHPHQW�RI�ODUJHHPLVVLRQ�VRXUFHV��
7KH�GHJUHH�WR�ZKLFK�WKH\�FKHFN�RU�LQGHSHQGHQWO\�YHU�LI\�WKH�LQYHQWRU\�YDULHV�EHWZHHQ�DSSURDFKHV�²�DV�GRHVWKH� FDSDFLW\� UHTXLUHG� WR� SHUIRUP� WKHVH� DFWLYLWLHV�7KHUHIRUH��ZH�ZLOO�GLVWLQJXLVK�EHWZHHQ�WKH�PRUH�HDV\�OHVV�HODERUDWH�RQHV��UHIHUUHG�WR�DV�¶FKHFNV·��HLWKHU�LQWHU�QDO� RU� XVLQJ� H[WHUQDO� GDWD��� DQG� PRUH� FRPSOH[�� GDWDLQWHQVLYH�� WLPH�FRQVXPLQJ� DFWLYLWLHV�� UHIHUUHG� WR� DV¶YHULILFDWLRQ·�� )RU� H[DPSOH�� GLUHFW� VRXUFH� WHVWLQJ� LV� DPHDQV� RI� JURXQG� WUXWK� YHULILFDWLRQ�� ZKLFK� KRZHYHUZLOO� RIWHQ� QRW� EH� VLPSOH� WR� SHUIRUP�� ,Q� DGGLWLRQ�� IRUSUDFWLFDO�UHDVRQV�ZH�ZLOO�DOVR�GLVWLQJXLVK�EHWZHHQ�RS�WLRQV� XVLQJ� QDWLRQDO� GDWD� RQO\� DQG� RSWLRQV�ZKLFK� UH�TXLUH� WKH� DYDLODELOLW\� RI� LQWHUQDWLRQDO� GDWD�� %DVHG� RQWKH�PHQWLRQHG�DSSURDFKHV� D� QXPEHU� RI� RSWLRQV� KDYHEHHQ�LGHQWLILHG��ZKLFK�DUH�GHVFULEHG� LQ�PRUH�GHWDLO� LQVHSDUDWH�VHFWLRQV��RSWLRQV�IRU��D��FKHFNLQJ�DQG��E��YHUL�ILFDWLRQ�XVLQJ�QDWLRQDO�GDWD�� DQG� �F�� RSWLRQV�XVLQJ� LQ�WHUQDWLRQDO�GDWD�
�����2SWLRQV�IRU�FKHFNLQJ
,Q�WKH�ILHOG�RI�WKH�SUHVHQW�SDSHU��WKH�FKHFNV�DW�QDWLRQDOOHYHO�FRQVLGHUHG�KHUH�UHODWH�WR�FKHFNV�WR�EH�SHUIRUPHG



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
ZKHQ� WKH� LQYHQWRU\� LV� ILQLVKHG� �DV� GUDIW� RU� ILQDO� YHU�VLRQ��� 6R� FRPSDUHG� WR� WKH� 4&� SURFHVVHV�� WKH� VDPHFKHFNLQJ�PHWKRGV�PD\�EH�XVHG��7KH�GLIIHUHQFHV�DULVHIURP� WKH� IDFW� WKDW� WKH� 4&� SURFHVVHV� LQFOXGH� ODUJHUFKHFNV� �H�J�� GDWD� PDQDJHPHQW� V\VWHP� FRQWUROV�� DQGVWDUW� IURP� WKH�EHJLQQLQJ�RI� WKH� LQYHQWRU\�SUHSDUDWLRQDV�GHVFULEHG�LQ�,3&&���������:LWK�UHVSHFW� WR� WKLV�PDW�WHU� ZH�FDQ�ZRQGHU�ZKHWKHU�WKHVH�FRQVLGHUHG�FKHFNV�DWQDWLRQDO� OHYHO�DUH�SDUW�RI�4&�SURFHVVHV�RU�QRW��$� ILUVWUHSO\� FRXOG�EH� ¶\HV·�� LQ� WKH� FDVH� LW� LV� GRQH� E\� WKH� QD�WLRQDO�LQYHQWRU\�WHDP��EXW�¶QR·��LI�LW�LV�SHUIRUPHG�E\�DQH[WHUQDO� WHDP�RU� RUJDQLVDWLRQ�� 7R� LOOXVWUDWH� WKH� SRLQW�ZH� FDQ� JLYH� WKH� H[DPSOH� RI� UHODWHG� SUDFWLFHV� ZLWK&25,1$,5�LQYHQWRULHV��,Q�FDVH�RI�&25,1$,5�LQYHQWR�ULHV� PDQDJHG� E\� WKH� (XURSHDQ� (QYLURQPHQW� $JHQF\�(($��� DIWHU� QDWLRQDO� LQYHQWRU\� FKHFNV�� QDWLRQDO� LQGL�YLGXDO� FKHFNV� DUH� DOVR� SHUIRUPHG� E\� WKH� (7&�$(�(XURSHDQ� 7RSLF� &HQWUH� RQ� $LU� (PLVVLRQV�� >QRZPHUJHG� LQWR�� (7&� RQ� $LU� DQG� &OLPDWH� &KDQJH�(7&�$&&@��%XW� LW� LV� WLPH� �DQG�HIIRUW�� FRQVXPLQJ�� HV�SHFLDOO\� ZKHQ� WKHUH� DUH� IHHGEDFN� SURFHVVHV� DQG� VXF�FHVVLYH�QDWLRQDO�UHYLHZV��6R�WKH�WHQGHQF\�QR�ORQJHU�LVWR SHUIRUP�DW� WKH�(7&�GHWDLOHG�LQGLYLGXDO�FKHFNV��EXWWR H[SHFW� HIIRUWV� IURP� QDWLRQDO� 4$�4&� SURFHVVHV�7KHUH�DUH�D�QXPEHU�RI�RSWLRQV�WR�SHUIRUP�TXLFN�EDVLFFKHFNV�RQ�QHZ�ILJXUHV�XVLQJ�WKH�H[LVWLQJ�LQYHQWRU\�WKDWKDV�DOUHDG\�EHHQ�TXDOLW\�DVVXUHG�DQG�RWKHU�PHDQV�
� &RPSDULVRQ� RI� WUHQGV� DQG�ZLWK� SUHYLRXV� UHSRUWHG� GDWD�HPLVVLRQV��EXW�FDQ�DOVR�EH�DSSOLHG�WR�DFWLYLW\�OHYHOVDQG�HPLVVLRQ�IDFWRUV��3XUSRVH��FRQVLVWHQF\�DQG�FRPSOHWHQHVV�FKHFN�
� &KHFNLQJ� IRU� DQG� GRFXPHQWLQJ� DQ\� PHWKRGRORJLFDO

FKDQJHV� LQ� WKH� FRPSRQHQWV� RI� WKH� LQYHQWRU\� �DFWLYLW\GDWD�� HPLVVLRQ� IDFWRUV�� HPLVVLRQ� FDOFXODWLRQ�PHWK�RGRORJ\��3XUSRVH��FRQVLVWHQF\�FKHFN��GRFXPHQWLQJ�DQG�MXVWL�I\LQJ�GDWD�DQG�PHWKRGV�XVHG�
� 2UGHU�RI�PDJQLWXGH� FKHFNV� �H�J�� E\� FRPSDULVRQ�ZLWK,3&&�7LHU���FDOFXODWLRQV�XVLQJ�,3&&�GHIDXOW�IDFWRUVRU�E\�FRPSDULQJ�DQ�DFWLYLW\�WR�D�UHODWHG�RQH��3XUSRVH�� TXLFN� LQGLUHFW� FKHFN� IRU� SRVVLEOH� PDMRUFDOFXODWLRQ�HUURUV�DQG�LQFOXVLRQ�RI�PDMRU�VRXUFHV�
� 5HIHUHQFH� FDOFXODWLRQ�� VXFK� DV� IRU� &2� �EDVHG� RQ� DS�SDUHQW�FRQVXPSWLRQ��3XUSRVH�� WRS�GRZQ� YV�� ERWWRP�XS� FRPSDULVRQ� WRHQVXUH�FRPSOHWHQHVV�DQG�ULJKW�RUGHU�RI�PDJQLWXGH�LQ� WKH� FDVH�RI� DQ� LQYHQWRU\� EDVHG� RQ� D� ERWWRP�XSDSSURDFK�
� &KHFNLQJ�HVWLPDWHG�XQFHUWDLQWLHV3XUSRVH�� FKHFN� WKH�RUGHU�RI�PDJQLWXGH�RI� WKH� HV�WLPDWHG�XQFHUWDLQW\�IRU�SRVVLEOH�HUURUV�LQ�LQSXW�RUFDOFXODWLRQ� DQG� IRU� DSSDUHQW� FRXQWU\�VSHFLILF� XQ�FHUWDLQW\�OHYHOV�LQ�HLWKHU�DFWLYLW\�GDWD�RU�HPLVVLRQIDFWRUV�

������&RPSDULVRQ�RI�WUHQGV�DQG�SUHYLRXV�UHSRUWHGGDWD
$ FRQVLVWHQF\�DQG�FRPSOHWHQHVV�FKHFN�XVLQJ�WKH�DYDLO�DEOH� KLVWRULFDO� LQYHQWRU\� GDWD� IRU� PXOWLSOH� \HDUV� LVEDVHG�RQ�WKH�H[SHULHQFH�WKDW�WKH�HPLVVLRQ�OHYHO�RI�PRVWVRXUFHV� GRHV� QRW� DEUXSWO\� FKDQJH� IURP� \HDU� WR� \HDU�GXH� WR� JUDGXDO� FKDQJHV� LQ� ERWK� DFWLYLW\� OHYHOV� DQGHPLVVLRQ� IDFWRUV�� LI� DQ\�� ,Q� PRVW� FLUFXPVWDQFHV� WKHFKDQJH� LQ� HPLVVLRQV� ZLOO� EH� OHVV� WKDQ� ���� SHU� \HDU�7KXV� SHUFHQWDJH� FKDQJHV� RI� HPLVVLRQV� LQ� \HDU� W FRP�SDUHG� ZLWK� \HDU� W��� DUH� D� JRRG� LQGLFDWRU� RI� SRVVLEOHLQSXW�RU�FDOFXODWLRQ�HUURUV��$Q�DGGLWLRQDO�UHVXOW�RI�WKLVEDVLF� FRQVLVWHQF\� FKHFN� LV� �� H[FHSW� IRU� FRUUHFWLRQ� RILGHQWLILHG�HUURUV�UHVXOWLQJ� LQ� ODUJH�GLIIHUHQFHV� �� WKDW� LWDXWRPDWLFDOO\� LGHQWLILHV� WKH� DUHDV� LQ� WKH� LQYHQWRU\ZKLFK�FDOO�IRU�D�FODULILFDWLRQ�LI�QRW�MXVWLILFDWLRQ�,Q� FDVH� RI� LPSRUWDQW� HPLVVLRQ� FKDQJHV� EHWZHHQ\HDU�W���DQG�W� DQG�HVSHFLDOO\�LQ�FDVH�RI�PDMRU�HPLVVLRQFRQWULEXWLQJ�VRXUFHV�� IXUWKHU� FKHFNV�ZLWK� WUHQGV� IURPKLVWRULFDO�GDWD�FDQ�EH�SHUIRUPHG�UHVSHFWLYHO\�IRU�DFWLY�LW\� UDWHV�DQG�HPLVVLRQ� IDFWRUV�� )RU� H[DPSOH��KLVWRULFDOWUHQG� DQDO\VLV� RQ� DFWLYLW\� GDWD� FDQ� KHOS� WKH� DFWLYLW\FKHFNV�E\�FRPSDULQJ�WKH�KLVWRULFDO�DFWLYLW\�WUHQG�XS�WRWKH� ODVW� LQYHQWRU\��ZLWK�DQ�H[SHFWHG�DFWLYLW\� WUHQG��RUZLWK� WKH� WUHQG� RI� D� UHODWHG� DQG� FRUUHODWHG� LQGLFDWRU�)RU� HPLVVLRQ� IDFWRU� WUHQG� FKHFNV�� WKH� KLVWRULFDO� HPLV�VLRQ� IDFWRU� IRU� D� JLYHQ� SROOXWDQW� DQG� VHFWRU�� FDQ� EHFRPSDUHG� WR�DQ�H[SHFWHG� WUHQG� �H�J�� IURP�DQ� H[WHUQDOH[SHUW�LQ�WKH�JLYHQ�VHFWRU��GXH�WR�WHFKQRORJ\�HYROXWLRQRU�RWKHU�UHDVRQV�$QRWKHU� URXWLQH� FKHFN� WKDW� FDQ� EH�PDGH�ZLWK� WKHQHZO\� ILQDOLVHG� GDWD� IRU� D� \HDU� W� SURYLGHG� WKDW� WKHSUHYLRXV�YHUVLRQ�RI� WKH� LQYHQWRU\�FRQWDLQV�SUHOLPLQDU\ILJXUHV� IRU� WKDW� \HDU� W� LV� LQVSHFWLRQ� RI� WKH� GLIIHUHQFHEHWZHHQ� WKH� ILQDO� DQG� WKH� SUHOLPLQDU\� ILJXUHV�� 7KHDFWXDO� FKHFNLQJ�SURFHVV� LV� LGHQWLFDO�ZLWK� WKH� FKHFNLQJRI� GLIIHUHQFHV� EHWZHHQ� VXEVHTXHQW� \HDUV�� EXW� LW� LV� DTXDOLWDWLYHO\�RWKHU� W\SH�RI� FKHFN�� VLQFH� LW� FKHFNV� ERWKWKH� DFFXUDF\� RI� WKH� QHZO\� ILQDOLVHG� GDWD� DQG� XWLOLVHVVRXUFH�VSHFLILF�NQRZOHGJH�DERXW�WKH�OLNHO\�WUHQG�LQ�LW�0RUHRYHU�� LW� SURYLGHV� D� UHYLHZ� RI� WKH� TXDOLW\� RI� WKHHVWLPDWLRQ� SURFHGXUH� IRU� WKH� UHSRUWHG� ¶SUHOLPLQDU\HPLVVLRQV·�
3KDVH�LQ�FRPSLODWLRQ�SURFHVV�DQG�XSGDWH�W\SHV5RXWLQH� FKHFNV� XVLQJ� WKH� LQWHUQDO� FRQVLVWHQF\� RI� WKHLQYHQWRU\�PD\�EH�DSSOLHG�DW�WKUHH�SRLQWV�LQ�WLPH�LQ�WKHLQYHQWRU\�XSGDWH�SURFHVV�

$��'UDIW�VHFWRUDO�LQYHQWRULHV��SHU�VHFWRU��SHU�JDV�%��)LQDO�VHFWRUDO�LQYHQWRULHV��SHU�VHFWRU��SHU�JDV�&�� )LQDO� LQYHQWRU\�� SHU� JDV�� WRWDO� LQYHQWRU\�� PDLQVRXUFH�VHFWRUV�
7KH�WHUP�¶GUDIW·�RU�¶ILQDO·�PD\�DSSO\�WR�DOO�SDUWV�RI�WKHXSGDWH�SURFHVV�����QHZO\� ILQDOLVHG� HPLVVLRQV� IRU� \HDU� W �LQ� SUHYLRXVYHUVLRQ� SRVVLEO\� ODEHOOHG� DV� ¶SUHOLPLQDU\·��� FRP�



�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
SDULVRQ�ZLWK�SUHYLRXV�\HDU·V�HPLVVLRQV��L�H��LQ�\HDU
W��� DQG�ZLWK�WKH�¶SUHOLPLQDU\·�HPLVVLRQV�IRU�\HDU� WLQ�ODVW�\HDU·V�YHUVLRQ�RI�WKH�LQYHQWRU\��LI�DYDLODEOH������QHZ�SUHOLPLQDU\�HPLVVLRQV�IRU�D�\HDU�W��� FRPSDUL�VRQ�ZLWK�SUHYLRXV�\HDU·V�HPLVVLRQV��L�H��\HDU�W������ UHYLVLRQV� RI� ROGHU� ¶ILQDO·� HPLVVLRQV�� FRPSDULVRQERWK�ZLWK�SUHYLRXV�\HDU·V�HPLVVLRQV�DQG�ZLWK�HPLV�VLRQV�LQ�ODVW�\HDU·V�YHUVLRQ�RI�WKH�LQYHQWRU\�

3URFHGXUH�IRU�URXWLQH�FRQVLVWHQF\�FKHFNV��� 6WDQGDUG�FKHFNV��VHH�H[DPSOH�EHORZ����� 6WDQGDUG�DFWLRQV��ORJ�RI�FKHFN��FRUUHFWLRQ�RI�GDWD�RUH[SODQDWLRQ�RI�GLIIHUHQFHV����� ,Q�FDVH�RI�FRUUHFWLRQV��UH�DSSO\�VWDQGDUG�FKHFNV�IRUFRUUHFWHG�SDUWV���VWDQGDUG�DFWLRQV�
$IWHU�FDOFXODWLRQ�RI�GLIIHUHQFHV��WKH� ODUJHVW�SHUFHQWDJHGLIIHUHQFHV��LQ�DQ\�GLUHFWLRQ��FDQ�EH�IODJJHG��HLWKHU�E\YLVXDO� LQVSHFWLRQ� RI� WKH� OLVW�� RU� YLVXDO� LQVSHFWLRQ� RIJUDSKLFDO�SUHVHQWDWLRQ�RI�GLIIHUHQFHV��H�J�� LQ�D�VSUHDG�VKHHW�� RU� E\� XVLQJ� D� GHGLFDWHG� VRIWZDUH� SURJUDPPHWKDW�SXWV� IODJV�DQG� UDQNLQJV� WR� WKH� OLVW� RI�GLIIHUHQFHV�:KHQ� GHDOLQJ�ZLWK� YHU\�PDQ\� VXE�VRXUFHV� JUDSKLFDOSUHVHQWDWLRQ�RI�GLIIHUHQFHV�LV�D�YHU\�HIILFLHQW�WRRO�WR�JHWDQ� RYHUYLHZ� RI� WKH� GLIIHUHQFHV� IRU� DOO� VRXUFHV� DQG� WRSRLQW�RXW�WKH�VRXUFHV�ZLWK�WKH�ODUJHVW�GLIIHUHQFHV��,I�DOOGDWD�DUH�DYDLODEOH�HOHFWURQLFDOO\��WKHVH�FKHFNV�FRXOG�EHGRQH� IRU� DOO� VXE�FDWHJRULHV� DYDLODEOH� ZLWKRXW� PXFKDGGLWLRQDO� HIIRUW�� 3RVVLEO\� HUURQHRXV� UHVXOWV� FRXOG� EHIODJJHG�H�J��XVLQJ�D�GHGLFDWHG�SURJUDPPH�RU�VFUHHQLQJWKH�UHVXOWV�
([DPSOH� RI� URXWLQH� FRQVLVWHQF\� FKHFN� �DSSOLFDEOH� WRDQ\�RI�WKH�SRLQWV�$�&�DQG�XSGDWH�W\SHV������&KHFN�DQQXDO�LQFUHDVH�GHFUHDVH�RI�HPLVVLRQV�SHU�VXE�VHFWRU�DYDLODEOH�LQ�WKH�LQYHQWRU\��H[SUHVVHG�DV�SHUFHQW�DJH� >ILJXUHV�DQG�SHUFHQWDJHV�XVHG� WR�EH� HYDOXDWHG�E\WKH� LQGLYLGXDO�FRXQWU\�DFFRUGLQJ� WR�SULRULWLHV�DQG�QD�WLRQDO�H[SHULHQFH@�
��� &KHFN�WKH�ILYH�ODUJHVW�SHUFHQWDJH�GLIIHUHQFHV�IRU�DULWKPH�

WLF� HUURUV��&KHFN� WKH� FDXVH�RI�GLIIHUHQFH� DQG� HLWKHUFRUUHFW�RU�H[SODLQ�WKH�GLIIHUHQFHV��LI�GLIIHUHQFHV�DUHODUJHU�WKDQ�����DQG�DSSHDU�WR�EH�FRUUHFW� WKHQ�MXV�WLI\�WKH�ILJXUHV�:KHQ� H[SODLQLQJ� RU� MXVWLI\LQJ� REVHUYHG� ODUJH� GLI�IHUHQFHV�� RQH� VKRXOG� NHHS� LQ� PLQG� WKDW� IRU� PRUHDJJUHJDWH� VHFWRUV� OHVV� FKDQJH� LV� H[SHFWHG� WKDQ� IRUVXE�VHFWRUV��)RU�H[DPSOH��WRWDO�HPLVVLRQV�IURP�SHW�URO�FDUV�DUH�QRW�OLNHO\�WR�FKDQJH�VXEVWDQWLDOO\�RQ�DQDQQXDO� EDVLV�� EXW� HPLVVLRQV� IURP� VXE�FDWHJRULHV�VXFK� DV� FDWDO\VW�HTXLSSHG� SHWURO� FDUV�� PD\� VKRZVXEVWDQWLDO� FKDQJHV� LI� WKHLU�PDUNHW� VKDUH� LV� QRW� LQHTXLOLEULXP�RU�DYHUDJH�WHFKQRORJ\�DSSOLHG�FKDQJHVTXLFNO\�
��� ,Q�DGGLWLRQ��FKHFN�DOO� FDVHV�ZLWK�GLIIHUHQFHV� ODUJHU� WKDQ����IRU�DULWKPHWLF�HUURUV�,I�FRQVLGHUHG� LPSRUWDQW� IRU� WKH� VRXUFH� FDWHJRU\�RUWKH�TXDOLW\�RI�WKH�XSGDWH�SURFHVV��RQH�FRXOG�H[WHQG

WKH�FKHFN�WR�DOO�FDVHV�WKDW�VKRZ�GLIIHUHQFHV�RI�RYHU�����+RZHYHU��KHUH�WRR��RQH�VKRXOG�NHHS�LQ�PLQGWKDW� DQQXDO� GLIIHUHQFHV� LQ� PLQRU� VXE�VHFWRUV� PD\EH�ODUJHU�WKDQ�LQ�KLJKHU�DJJUHJDWHV�
&DXVHV�WR�EH�FKHFNHG3RVVLEOH�FDXVHV�RI�PDMRU�GLIIHUHQFHV�DUH�
��� SULQWLQJ�RU�DULWKPHWLF�HUURUV�LQ�VWDWLVWLFDO�DQG�HPLVVLRQIDFWRU�GDWD�XVHG�7R�EH�FKHFNHG�E\�FRPSDULQJ�ZLWK�WKH�YDOXHV�XVHGIRU�WKH�SUHYLRXV�\HDU��GDWD�DW�WKLV�OHYHO�FDQ�DOVR�EHURXWLQHO\� FKHFNHG� E\� V\VWHPDWLF� FRPSDULVRQ�ZLWKWKH�YDOXHV�XVHG�IRU�WKH�SUHYLRXV�\HDU�DV�GHVFULEHGIRU� WKH� UHVXOWLQJ� HPLVVLRQV��� ,I� WKHVH� GR� QRW� GLIIHUPXFK��WKDQ�WKH�IROORZLQJ�FKHFNV�VKRXOG�EH�PDGH�

� LQSXW� HUURUV� �WR� EH� FKHFNHG� E\� FRPSDULQJ� LQSXWGDWD�ZLWK�WKH�H[WHUQDO�VRXUFH�RI�WKH�DFWLYLW\�OHYHODQG�HPLVVLRQ�IDFWRU��
� DULWKPHWLF�HUURUV��WR�EH�FKHFNHG�E\�UHFDOFXODWLRQ��

��� ODUJH� GLVFRQWLQXLWLHV� LQ� FDOFXODWLRQ� PHWKRGRORJ\� RUVRXUFH�GHILQLWLRQ�7R�EH�FKHFNHG� IRU� LI� WKH� ILUVW� FKHFN�RQ�SULQWLQJ�RUDULWKPHWLF�HUURUV�GRHV�QRW�SURYLGH�VXIILFLHQW�FODULIL�FDWLRQ�RI�ODUJH�DQQXDO�FKDQJHV�
� VXEVWDQWLDO� FKDQJHV� �GLVFRQWLQXLW\�� LQ�PHWKRGRO�RJ\�IRU�HVWDEOLVKLQJ�WKH�DQQXDO�DFWLYLW\�OHYHO�IRU�DVSHFLILF�FDWHJRU\��WR�EH� FKHFNHG�ZLWK� WKH�DJHQF\WKDW�FRPSLOHG�WKH�VWDWLVWLFV��
� GLVFRQWLQXLWLHV�GXH� WR�D� FKDQJH�RI� VRXUFH�GHILQL�WLRQV� �PD\�EH�UHODWHG� WR�PHWKRGRORJLFDO�FKDQJHVWRR���7KLV�PD\�VKRZ�XS�DV�D�VKLIW�EHWZHHQ�WZR�RUPRUH� VXE�FDWHJRULHV��RQH� LQFUHDVLQJ�DQG�RWKHU�V�GHFUHDVLQJ��ZKLOH�WKH�FKDQJH�LQ�WKH�WRWDO�UHPDLQVVPDOO�� ([DPSOHV� DUH�� GLIIHUHQW� LQFOXVLRQV� RI� RII�URDG� YHKLFOHV�� FRJHQHUDWLRQ� �&+3��� VRPH� ¶PLV�FHOODQHRXV·� FDWHJRULHV� �WR� EH� FKHFNHG� E\� DVNLQJWKH�SHRSOH�RU�RUJDQLVDWLRQ��ZKLFK�DFWXDOO\�GLG�WKHHPLVVLRQ�FDOFXODWLRQ��RU� WKH�RUJDQLVDWLRQ� WKDW�FR�RUGLQDWHV� WKH� RYHUDOO� LQYHQWRU\� SURFHVV� IRU� DQ\FKDQJHV�RI�WKLV�QDWXUH��

��� LQ� FDVH� RI� FRPSDULVRQ� ZLWK� SUHOLPLQDU\� ILJXUHV�� XQH[�SHFWHG�DFWXDO�GHYHORSPHQWV�LQ�WKH�VRXUFH�'LIIHUHQFHV�FDQ�EH�FDXVHG�E\�HLWKHU�D�WUHQG�HVWLPD�WLRQ�PHWKRGRORJ\� IRU� SUHOLPLQDU\� ILJXUHV� WKDW� DS�SHDUV�WR�EH�WRR�VLPSOH�WR�FDSWXUH�WKH�UHDO�GHYHORS�PHQWV� RI� WKH� VRXUFH� RU� E\� XQH[SHFWHG� GHYHORS�PHQWV� LQ� WKH� SDVW� WKDW� WKH� HVWLPDWRUV� ZHUH� QRWDZDUH�RI�DW�WKH�WLPH�ZKHQ�WKH�SUHOLPLQDU\�HVWLPDWHZDV�PDGH�
��� LQ�FDVH�RI�UHYLVLRQV�RI�ROGHU�¶ILQDO·�HPLVVLRQV�'LIIHUHQFHV� PD\� EH� FDXVHG� E\� DQ\� FKDQJH� LQ� XQ�GHUO\LQJ�DFWLYLW\�GDWD��HPLVVLRQ�IDFWRUV�RU�HPLVVLRQFDOFXODWLRQ�PHWKRGRORJ\��*RRG�SUDFWLFH�LV�WR�UHSRUW�D��IRU�ZKLFK�JDVHV�DQG�VHFWRUV�ILJXUHV�DUH�FKDQJHGFRPSDUHG�WR�ODVW�\HDU·V�UHOHDVH�RI�WKH�LQYHQWRU\���E�



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
WKH�VL]H�RI�WKH�ODUJHVW�FKDQJHV���F��WKH�FDXVH�RI�WKHVHFKDQJHV��DQG��G��MXVWLILFDWLRQ�RI�WKH�ODUJHVW�FKDQJHV�

������&KHFNLQJ�IRU�PHWKRGRORJLFDO�FKDQJHV
)RU� UHDVRQV� RI� WUDQVSDUHQF\� DQG� FRQVLVWHQF\�� DQ\PHWKRGRORJLFDO� FKDQJHV� LQ� WKH� FRPSRQHQWV� RI� WKH� LQ�YHQWRU\� FRPSDUHG� WR� WKH� ODVW� \HDU·V� YHUVLRQ�� HLWKHU� LQWKH� H[LVWLQJ� ILQDO� LQYHQWRU\� RU� LQ� WKH� QHZ� RU� QHZO\ILQDOLVHG� SDUWV�� VKRXOG� EH� FKHFNHG� IRU� DQG� UHSRUWHG�DFWLYLW\� GDWD�� HPLVVLRQ� IDFWRUV�� HPLVVLRQ� FDOFXODWLRQPHWKRGRORJ\�� /DUJH� FKDQJHV� LQ� DQ\� RI� WKHVH� VKRXOGKDYH�EHHQ�LGHQWLILHG�DOUHDG\�LQ�WKH�SUHYLRXV�FKHFNV�RIWUHQGV� DQG� RI� GLIIHUHQW� YHUVLRQV�� ,Q� DGGLWLRQ�� WKH� RU�JDQLVDWLRQV�RU�SHRSOH�DFWXDOO\�GRLQJ�WKH�VHFWRUDO�HPLV�VLRQ� FDOFXODWLRQV� VKRXOG� EH� DVNHG� WR� GRFXPHQW� DQGMXVWLI\�DQ\�FKDQJH� LQ�GDWD�DQG�PHWKRGV�XVHG�� ,Q�SDU�WLFXODU��ZKHQ�VRXUFH�GHILQLWLRQV�KDYH�EHHQ�FKDQJHG� LWVKRXOG� EH� FKHFNHG� WKDW� QHLWKHU� RYHUODS� QRU� JDS� KDVEHHQ� FUHDWHG� �H�J�� FKHFN� RI� SURSHU� FR�RUGLQDWLRQ� EH�WZHHQ�WKH�VHFWRU�JURXSV��
������2UGHU�RI�PDJQLWXGH�FKHFNV
7KLV�W\SH�RI�TXLFN�FKHFN�IRU�SRVVLEOH�PDMRU�FDOFXODWLRQHUURUV� DQG� LQFOXVLRQ� RI� PDMRU� VRXUFHV� LV� SDUWLFXODUO\YDOXDEOH� LI� WKH� HPLVVLRQV� KDYH� EHHQ� FDOFXODWHG� DV� WKHVXP�RI�PDQ\�LQGLYLGXDO�VXE�VRXUFHV� �H�J��PDQ\�SRLQWVRXUFHV� LQ� LQGXVWU\� DQG� HQHUJ\� VHFWRUV� RU�PDQ\� VXE�FDWHJRULHV� RI� URDG� WUDQVSRUW��� 7KHQ� FRPSDULVRQ� RIHPLVVLRQV�ZLWK�D�WRS�GRZQ�DSSURDFK�H�J�� ,3&&�7LHU��FDOFXODWLRQV� XVLQJ� QDWLRQDO� WRWDO� VWDWLVWLFV� DV� DFWLYLW\GDWD�DQG�,3&&�GHIDXOW� IDFWRUV� LV�D�SRVVLEOH�FKHFN��)RUDQ� H[DPSOH� RI� WKLV� FRPSDULVRQ� IRU� WKH� 8.� LQYHQWRU\VHH� 6DOZD\� �������� ,Q� FDVH� RI�PDMRU� GLVFUHSDQFLHV� EH�WZHHQ�WKH�HPLVVLRQV��DV�D�IXUWKHU�FKHFN�WKH�XQGHUO\LQJVXP� RI� DFWLYLWLHV� RU� WKH� ZHLJKWHG� DYHUDJH� HPLVVLRQIDFWRUV� FDQ�EH�FRPSDUHG�� ,Q� VRPH� FDVHV� DQRWKHU�EDVLFFKHFN� LV� WR� FRPSDUH� WKH� HPLVVLRQV�ZLWK� D� FRXQWU\� RIVHHPLQJO\� VLPLODU� FKDUDFWHULVWLFV� DQG� VL]H� �FI�� RSWLRQVLQYROYLQJ�LQWHUQDWLRQDO�GDWD��LWHP�����DQG��������&RPSDULQJ�WKH�DFWLYLW\�RI�RQH�W\SH�WR�DQRWKHU� LV�DIXUWKHU� W\SH� RI� RUGHU�RI�PDJQLWXGH� FKHFN� WKDW� FDQ� EHPDGH��([DPSOHV�DUH��FDOFXODWLRQ�RI�DYHUDJH�DQQXDO�IXHOFRQVXPSWLRQ�SHU� FDU� E\�GLYLGLQJ� WRWDO� IXHO� FRQVXPS�WLRQ�RI�URDG�WUDQVSRUW�E\�WKH�QXPEHU�RI�FDUV��GLYLGLQJWRWDO�SURGXFWLRQ�RI�DQLPDO�PDQXUH�E\�WKH�WRWDO�QXPEHURI� OLYHVWRFN�� WRWDO� DPRXQW� RI� ZDVWH� SURGXFHG� E\� WKHQXPEHU� LQKDELWDQWV�� ,I� WKHVH� GR� QRW� UHODWH� WR� VHQVLEOHILJXUHV�SHU� FDU��SHU�DQLPDO�RU�SHU�SHUVRQ�� WKDQ� WKLV� LVDQ�LQGLFDWLRQ�RI�DQ�LQSXW�RU�FDOFXODWLRQ�HUURU�
������5HIHUHQFH�FDOFXODWLRQV
,Q�D�QXPEHU�RI�FDVHV�ZKHUH�HPLVVLRQV�DUH�FDOFXODWHG�DVWKH�VXP�RI�VHFWRUDO�DFWLYLWLHV�EDVHG�RQ�FRQVXPSWLRQ�RID VSHFLILF�FRPPRGLW\��H�J��IXHOV�RU�SURGXFWV�OLNH�+)&V�3)&V�RU�6)�� WKH�HPLVVLRQV�FRXOG�DOWHUQDWLYHO\�EH�HVWL�PDWHG� XVLQJ� DSSDUHQW� FRQVXPSWLRQ� ILJXUHV�� QDWLRQDO

WRWDO�SURGXFWLRQ���LPSRUW���H[SRUW�� VWRFN�FKDQJHV��)RU&2� IURP�IRVVLO�IXHO�FRPEXVWLRQ�D�UHIHUHQFH�FDOFXODWLRQEDVHG� RQ� DSSDUHQW� IXHO� FRQVXPSWLRQ� SHU� IXHO� W\SH� LVPDQGDWRU\�DFFRUGLQJ� WR� WKH� ,3&&�*XLGHOLQHV��$OVR� LQRWKHU�FDVHV�ZKHUH�WKH�LQYHQWRU\�LV�EDVHG�RQ�D�ERWWRP�XS�DSSURDFK�� D� WRS�GRZQ�YHUVXV�ERWWRP�XS� FRPSDUL�VRQ� RI� DFWLYLW\� GDWD� LV� DQ� HIILFLHQW� FKHFN� RI� FRPSOHWH�QHVV�DQG�RUGHU�RI�PDJQLWXGH�RI�WKLV�SDUW�RI�WKH�LQYHQ�WRU\�
������&KHFNLQJ�HVWLPDWHG�XQFHUWDLQWLHV
,UUHVSHFWLYH�RI�WKH�7LHU�XVHG�IRU�HVWLPDWLQJ�XQFHUWDLQW\LQ� UHSRUWHG� HPLVVLRQV�� LW� LV�*RRG�3UDFWLFH� WR� FRPSDUHWKH� TXDQWLWDWLYH� QDWLRQDO� UHVXOWV� IRU� WKH� PDLQ� VRXUFHFDWHJRULHV� ZLWK� WKH� RUGHU� RI� PDJQLWXGH� XQFHUWDLQW\LQGLFDWRU�UHVXOWLQJ�IURP�XVLQJ�WKH�,3&&�7LHU���GHIDXOWXQFHUWDLQWLHV��DV�SURYLGHG�LQ�WKH�*RRG�3UDFWLFH�*XLGDQFHUHSRUW��,3&&��������IRU�VSHFLILF�VHFWRUDO�HPLVVLRQV��,I�WKH�UHVXOWV�SHU�PDLQ�VHFWRU�RU�IRU�WKH�FRXQWU\�WR�WDO�DUH�YHU\�PXFK�GLIIHUHQW��D�FDOFXODWLRQ�RU�LQSXW�HUURUFRXOG�KDYH�RFFXUUHG� LQ� HVWLPDWLQJ� WKH� VHFWRUDO� XQFHU�WDLQW\� SHU� JDV� RU� WKH� QDWLRQDO� WRWDO� SHU� JDV�� ,Q� WKRVHFDVHV� LW� LV� UHFRPPHQGHG� WR� FKHFN� ZKHWKHU� FRXQWU\�VSHFLILF�XQFHUWDLQWLHV�LQ�NH\�SDUWV�RI�WKH�LQYHQWRU\�DUHLQGHHG�PXFK�GLIIHUHQW�WR�WKH�,3&&�GHIDXOWV�IRU�7LHU���,I� WKDW� LV�WKH�FDVH�� LW� LV�*RRG�3UDFWLFH�WR�GRFXPHQW�WKHUHIHUHQFHV� IRU� WKH� XQFHUWDLQWLHV� XVHG� DV� LQSXW� IRU� WKHFDOFXODWLRQ� RI� WKHVH� VHFWRUDO� XQFHUWDLQWLHV� ZHOO�� ,I� LQ�VSHFWLRQ� VKRZV� WKDW� WKH� FRXQWU\�VSHFLILF� XQFHUWDLQWLHVLQ�NH\�SDUWV�RI�WKH�LQYHQWRU\�DUH�QRW�TXLWH�VR�GLIIHUHQW�WKHQ� LW� LV�*RRG�3UDFWLFH� WR� GR� D� FKHFN� RQ� LQSXWV� DQGFDOFXODWLRQ�
�����2SWLRQV�IRU�YHULILFDWLRQ�DW�QDWLRQDO�OHYHO
,Q� VRPH� FRXQWULHV� WKHUH� PD\� EH� PRUH� LQVWLWXWHV� HVWL�PDWLQJ� JUHHQKRXVH� JDV� HPLVVLRQV�� WKXV� SURGXFLQJFRPSOHWH� RU� SDUWLDO� LQYHQWRULHV� WKDW� KDYH� EHHQ� FRP�SLOHG� LQGHSHQGHQWO\�� ZLWK� WKHLU� RZQ� FKRLFH� RI� GDWDVRXUFHV�DQG�PHWKRGRORJLHV��&RPSDULVRQ�RI�WKH�RIILFLDOQDWLRQDO�LQYHQWRU\�ZLWK�WKHVH�LQGHSHQGHQWO\�FRPSLOHGRWKHU� HVWLPDWHV� SURYLGHV� D� TXLFN� FKHFN� IRU� DSSDUHQWHUURUV� VXFK� DV� ODFN� RI� FRPSOHWHQHVV� DQG� LQFRUUHFWVRXUFH� DOORFDWLRQ�� 0RUH� HODERUDWH� RSWLRQV� DW� WKH� QD�WLRQDO� OHYHO� WDNH� DGYDQWDJH� RI� GDWD� DV� LQGHSHQGHQWIURP� WKH� LQYHQWRU\� DV� SRVVLEOH�� 6XFK� GDWD� FDQ� EH� GH�ULYHG�IURP�DFWXDO�PHDVXUHPHQWV��&OLPDWH�JDVHV�JHQHU�DOO\�DUH�FKDUDFWHULVHG�E\�D�ORQJ�KDOI�OLIH� LQ� WKH�DWPRV�SKHUH�� $V� D� FRQVHTXHQFH�� WKHLU� W\SLFDO� DWPRVSKHULFFRQFHQWUDWLRQV�DUH�UHODWLYHO\�VWDEOH��,QFUHPHQWV�GXH�WRVRXUFHV� WKXV�DUH� UHODWLYHO\� VPDOO� FRPSDUHG� WR� D�EDFN�JURXQG�FRQFHQWUDWLRQ��7KH�FKDOOHQJH�LQ�LGHQWLI\LQJ�WKHFRQWULEXWLRQ�RI�D�VRXUFH�RU�VRXUFH�DUHD�LV�WR�LGHQWLI\�DPLQXWH� LQFUHDVH�RYHU�D�VWDEOH�EDVHOLQH�� ,Q�RUGHU� WR�DV�VHVV�WKH�PD[LPXP�LQFUHDVH�SRVVLEOH��RQH�PD\�ZLVK�WRREWDLQ�WKH�SRVVLEO\�VWURQJHVW�VLJQDO��ZKLFK�LV�REYLRXVO\YHU\� FORVH� WR� D� VRXUFH�� 'LUHFW� VRXUFH� WHVWLQJ� LQYROYHVORFDO� PHDVXUHPHQW� RI� NH\� SDUDPHWHUV� DV� D� PHDQV� RI



�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
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������&RPSDULVRQ�ZLWK�RWKHU�QDWLRQDO�GDWD
&RPSDULVRQV� ZLWK� RWKHU�� LQGHSHQGHQWO\� FRPSLOHG�QDWLRQDO� HPLVVLRQV� GDWD� IRU� WKH� FRXQWU\� DUH� D� TXLFNRSWLRQ� WR� YHULI\� FRPSOHWHQHVV�� DSSUR[LPDWH� HPLVVLRQOHYHO� DQG� FRUUHFW� VRXUFH� DOORFDWLRQ� ²� LI� VXFK� DQ� LQGH�SHQGHQW� LQYHQWRU\� LV� DYDLODEOH�� ,W� FDQ� EH� PDGH� SHUFRPSRXQG�DW�QDWLRQDO��VHFWRUDO�DQG�VXE�VHFWRUDO� OHYHO�DV�IDU�DV�WKH�GLIIHUHQFHV�LQ�GHILQLWLRQV�VHFWRUDO�QRPHQ�FODWXUHV� HQDEOH� LW�� 3URFHGXUHV� WR� EH� WDNHQ� UHVHPEOHWKRVH�RI�FRPSDULVRQV�ZLWK�LQWHUQDWLRQDO�GDWD��7KXV�ZHUHIHU�WR�6HFWLRQ�����IRU�PRUH�GHWDLOV�
������'LUHFW�VRXUFH�WHVWLQJ
7KH� IROORZLQJ� DSSURDFKHV� IRU� GLUHFW� VRXUFH� WHVWLQJKDYH�EHHQ�XVHG�SUHYLRXVO\�
� 2Q�OLQH�VWDFN�PHDVXUHPHQWV$OUHDG\� QRZ�� PDQ\� PDMRU� SRZHU� SODQWV� DUHHTXLSSHG� ZLWK� URXWLQH� PRQLWRULQJ� HTXLSPHQW� IRU&2� PHDVXUHPHQWV�� :KLOH� WKLV� LQVWUXPHQWDWLRQKHOSV�PDLQWDLQ�FRPEXVWLRQ�FRQGLWLRQV��XVXDOO\� WKH& FRQWHQW�RI�IXHOV�LV�FRQVLGHUHG�D�PRUH�UHOLDEOH�LQ�GLFDWRU�IRU�&2� HPLVVLRQV�
� ,Q�SOXPH�PHDVXUHPHQWV7KH� LQ�SOXPH� IUHLJKW�RI�D� FRQVWLWXHQW�PD\�EH� HVWL�PDWHG�IURP�LWV�FRQFHQWUDWLRQ�LQ�D�FURVV�VHFWLRQ�DQGWKH� WUDQVSRUW� YHORFLW\�� (PLVVLRQ� HVWLPDWHV� RI� WKLVNLQG�KDYH�EHHQ�PDGH�WR�DVVHVV�YROFDQLF�&2� HPLV�VLRQV��$OODUG�HW�DO���������RU�FRQYHQWLRQDO�SROOXWDQWVLQ� FLW\� SOXPHV� �.OHPP� DQG�=LRPDV�� �������ZKLFKKRZHYHU� DOUHDG\� LQFOXGH� D� PXOWLWXGH� RI� VLQJOHVRXUFHV�
� 5HPRWH�PHDVXUHPHQWV2SHQ�SDWK� )7,5� VSHFWURVFRS\� KDV� EHHQ� VXFFHVV�IXOO\�VKRZQ�WR�DVVHVV�6)� �+DVKPRQD\�HW�DO��������DQG�1+� HPLVVLRQV� RI� GLIIXVH� DUHD� VRXUFHV�� EXW� LWDOVR� KDV� KLJK� SRWHQWLDO� IRU� &2�� &+�� 1�2 DQGRWKHU� JDVHV� �6FKlIHU� HW� DO��� ������� 5HVXOWV� DUH� RE�WDLQHG�ZLWK� WKH� KHOS� RI� LQYHUVH� GLVSHUVLRQ�PRGHO�OLQJ� WR� UHFRQVWUXFW� HPLVVLRQV� IURP� FRQFHQWUDWLRQPHDVXUHPHQWV�
� ,QGLUHFW�PHWKRGV8VLQJ�D�WUDFHU��RU�DGGLQJ�D�WUDFHU�WR�WKH�SOXPH�RI�DVWDFN�� DOORZV� WR� WKH� LGHQWLILFDWLRQ� RI� HYHQ� VPDOODPRXQWV� RI� D� FRPSRXQG�� RQFH� WKH� UDWLR� EHWZHHQWKH�FRPSRXQG�DQG�WKH�WUDFHU�LV�NQRZQ�DQG�WKHUH�LV

VXIILFLHQW�UHDVRQ�WR�EHOLHYH�WKDW�WKH\�EHKDYH�LGHQWL�FDOO\� GXULQJ� DWPRVSKHULF� WUDQVSRUW�� 7KH� PHWKRGDSSOLHG� KDV� EHHQ� XVHG� WR� LGHQWLI\� 62� HPLVVLRQVIURP�SRZHU�SODQWV�E\�DGGLQJ�GHXWHUDWHG�PHWKDQHDV�WUDFHU��0DOP�HW�DO���������
$OO� WKHVH� DSSURDFKHV� DOORZ� WKH� GLUHFW� DWWULEXWLRQ� RIREVHUYHG� FRQFHQWUDWLRQV� WR� WKH� HPLVVLRQV� IURP� D� FHU�WDLQ�VRXUFH��+RZHYHU�WKH\�GR�QRW�DOORZ�IRU�D�FRPSOHWHFRYHUDJH�RI�D�FRXQWU\��DV�QRUPDOO\�RQO\�D�VPDOO�SDUW�RIWKH� HPLVVLRQ� VRXUFHV� RI� D� FRXQWU\� FDQ� DFWXDOO\� EHPHDVXUHG�� (VSHFLDOO\� DVVHVVPHQW� RI� DUHD� HPLVVLRQV� LVYHU\�ODERULRXV�DQG�FRVWO\��DQG�LQ�SUDFWLFH�ZLOO�RQO\�EHGRQH� WR�REWDLQ�HPLVVLRQ� IDFWRUV� ²�PD\EH�ZLWK� WKH� H[�FHSWLRQ� RI� UDUH� DQG� VLQJOH� VRXUFHV� DV� YROFDQRHV�� ,QFDVHV�ZKHQ�LW�LV�XQVXUH�LI�JHQHUDO�HPLVVLRQ�IDFWRUV�PD\EH� DSSOLHG� WR� D� FHUWDLQ� FRXQWU\��PHDVXUHPHQW� RI� WKLVNLQG�DUH�DGYLVDEOH��,Q�GLUHFW�VRXUFH�WHVWLQJ��XQFHUWDLQW\RI� PHDVXUHPHQWV� �LQFOXGLQJ� WKH� DVVRFLDWHG� VWHSV� IRUHPLVVLRQ�FDOFXODWLRQ��OLNH�PRGHO�XQFHUWDLQWLHV��DUH�FRQ�VLGHUHG� WR�EH�DV� ORZ�RU� ORZHU� WKDQ� WKH�XQFHUWDLQW\� LQWKH�HPLVVLRQ�LQYHQWRU\��7KHUHIRUH�UHVXOWV�PD\�EH�XVHGWR UHGXFH�WRWDO�LQYHQWRU\�XQFHUWDLQW\�
�������&RPSDULVRQV�ZLWK�DWPRVSKHULF�PHDVXUHPHQWV
7KH� SURFHVVHV� EHWZHHQ� HPLVVLRQV� DQG� DPELHQW� FRQ�FHQWUDWLRQV�DUH�FRPSOH[�HYHQ�IRU�FOLPDWH�JDVHV��ZKLFKGR�QRW� HDVLO\�XQGHUJR� FRQYHUVLRQ�SURFHVVHV�� 6WLOO� DW� DJLYHQ�VLWH��EDFNJURXQG�FRQFHQWUDWLRQV�PD\�EH�DVVHVVHGIURP�WKH� ORZ�FRQFHQWUDWLRQ� OHYHOV��DQG�HQKDQFHG�FRQ�FHQWUDWLRQV� �SOXPHV�� IURP� KLJK� OHYHOV�� 8QGHU� FHUWDLQFLUFXPVWDQFHV�� HPLVVLRQV� PD\� EH� FRQVLGHUHG� SURSRU�WLRQDO�DOUHDG\�WR�WKH�GLIIHUHQFH�EHWZHHQ�VXFK�ORZ�DQGKLJK� OHYHOV�� 1HYHUWKHOHVV�� WKH� XVH� RI� DQ� DWPRVSKHULFPRGHO�VKRXOG�EH�DGYLVHG�LQ�RUGHU�WR�DGMXVW�IRU�WKH�GL�OXWLRQ� DQG� GHSRVLWLRQ� SURFHVVHV�� DQG� DOVR� WR� FRYHUWUDQVSRUW�GLUHFWLRQ��0HDVXUHPHQWV�DUH�WR�EH�SHUIRUPHGRQ�RQH�RU�VHYHUDO�IL[HG�VLWHV��2QH�RSWLRQ�LV�WR�FRPSDUHPHDVXUHG� FRQFHQWUDWLRQV� ZLWK� PRGHOOHG� FRQFHQWUD�WLRQV�� ,Q� WHUPV� RI� HPLVVLRQ� DVVHVVPHQW� LW� VHHPV�PRUHDSSURSULDWH�KRZHYHU�WR�SHUIRUP�LQYHUVH�PRGHOOLQJ��L�H�HVWLPDWH�HPLVVLRQV�IURP�PHDVXUHG�FRQFHQWUDWLRQV�&OHDUO\�� LQ� FRPSDULVRQ� WR� WKH�GLUHFW� VRXUFH� WHVWLQJWKH� VLJQDO�WR�EDFNJURXQG� UDWLR� PD\� SURYH� WR� EH� DQHYHQ� VWURQJHU� FKDOOHQJH�� 7KLV� PD\� EH� RYHUFRPH� IRUFOLPDWH� JDVHV� WKDW� GR� QRW� KDYH� VR� KLJK� EDFNJURXQGFRQFHQWUDWLRQV��6)�� &)&V���RU�E\�XVLQJ�PDUNHUV�ZLWKLQFRPSRXQGV��ZKLFK�GLIIHU� VWURQJO\� WR� WKH�EDFNJURXQG�6XFK�PDUNHUV� FDQ� EH� VWDEOH� LVRWRSHV�� ZKLFK� RFFXU� LQGLIIHUHQW� DEXQGDQFH� LQ� WKH� EDFNJURXQG� DQG� LQ� WKHHPLVVLRQ� VRXUFH��7KHVH�PDUNHUV� ���&�� KDYH� EHHQ�XVHGIRU�DVVHVVLQJ�&+� HPLVVLRQV� �/HYLQ�HW�DO����������7KHR�UHWLFDOO\��DOVR� DSSOLFDWLRQ� RQ� ��1 �LQ�1�2�� LV� SRVVLEOH�DV�KDV�EHHQ�VKRZQ�IRU�1+� �%UXFNQHU�HW�DO����������$VH�J��WKH�DEXQGDQFH�RI���& LV�QRW�RQO\�GLIIHUHQW�EHWZHHQEDFNJURXQG�DQG�HPLVVLRQV��EXW�DOVR�EHWZHHQ�GLIIHUHQWHPLVVLRQ� VRXUFHV�� FRQFOXVLRQV� PD\� EH� GUDZQ� RQ� WKHUHODWLYH�FRQWULEXWLRQ�RI�HDFK�VXFK�VRXUFH�WR�WKH�WRWDO�



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
7KH�DSSOLFDELOLW\�RI�VXFK�PHWKRGV�REYLRXVO\�LV�QRWOLPLWHG� WR� DUHDV� GHILQHG� E\� QDWLRQDO� ERXQGDULHV�� EXWUDWKHU� WR� DUHDV� WKDW� DUH� FKDUDFWHULVHG� E\� HOHYDWHGVRXUFH� VWUHQJWK�� DV� LW� LV� RQO\� SRVVLEOH� WR� GLIIHUHQWLDWHDUHDV� RI� GLIIHULQJ� HPLVVLRQV� VWUHQJWKV�� $V� LQGXVWULDODQG�SRSXODWLRQ�FHQWUHV�DUH�IUHTXHQWO\�VLWXDWHG�DW�ERWKVLGHV�RI�D�QDWLRQDO� ERXQGDU\��KRZHYHU��DQ� HYDOXDWLRQIRU� MXVW�RQH�FRXQWU\� LV�QRW�SRVVLEOH�EHFDXVH�HPLVVLRQVFDQ�RQO\�EH�DVVHVVHG�IRU�WKH�ZKROH�DUHD��,Q�VXFK�D�FDVH�WKH� PHWKRGV� EHFRPH� YDOXDEOH� RQO\� RQ� D� ELODWHUDO� RULQWHUQDWLRQDO�OHYHO�,Q�SUDFWLFH��GXH�WR�WKH�OLPLWDWLRQV��XQFHUWDLQW\�DVVR�FLDWHG�ZLWK�PHDVXUHPHQWV�DQG�LQYHUVH�PRGHOOLQJ�PD\EHFRPH� UDWKHU� KLJK�� DQG� D� FDUHIXO� HYDOXDWLRQ� RI� WKHPHDVXUHPHQW�PRGHO� V\VWHP�XQFHUWDLQW\�ZLWK� UHVSHFWWR WKH� LQYHQWRU\� XQFHUWDLQW\� EHFRPHV� HVVHQWLDO� >VHH&KDSWHU�¶4XDQWLI\LQJ�XQFHUWDLQWLHV�LQ�SUDFWLFH·�LQ�,3&&������@��:KHQ� SHUIRUPLQJ� D� VLJQLILFDQFH� WHVW�� WKH� IRO�ORZLQJ�UHVXOWV�DUH�SRVVLEOH�

��� 0HDVXUHPHQW�PRGHO� UHVXOWV� DUH� VLJQLILFDQWO\� GLI�IHUHQW�WR�WKH�LQYHQWRU\
� )DOVLILFDWLRQ�RI� WKH� LQYHQWRU\�� VRXUFHV�DUH�PLVV�LQJ�� LQDGHTXDWH�HPLVVLRQ� IDFWRUV�RU� VWDWLVWLFV�XVHG�FDOFXODWLRQ�HUURU��� 0HDVXUHPHQW� DQG� LQYHQWRU\� GR� QRW� GLIIHU� VLJQLIL�FDQWO\�� XQFHUWDLQW\� RI� PHDVXUHPHQW� LV� ORZHU� WKDQXQFHUWDLQW\�RI�LQYHQWRU\
� 0HDVXUHPHQW�UHVXOWV�PD\�EH�XVHG�WR�UHGXFH�LQ�YHQWRU\�XQFHUWDLQW\

��� 0HDVXUHPHQW� DQG� LQYHQWRU\� GR� QRW� GLIIHU� VLJQLIL�FDQWO\��XQFHUWDLQW\�RI�PHDVXUHPHQW� LV�KLJKHU� WKDQXQFHUWDLQW\�RI�LQYHQWRU\
� 0HDVXUHPHQW�UHVXOWV�DUH�QRW�XVHIXO� LQ� WHUPV�RIWKH� LQYHQWRU\�� H[FHSW� WKDW� LW� FRQILUPV�SUHYLRXV� DV�VXPSWLRQV�RQ�FRPSOHWHQHVV�DQG�ODFN�RI�HUURUV�

������� &RPSDULVRQ� ZLWK� VFLHQWLILF� SXEOLFDWLRQV� DQGH[WHUQDO�UHYLHZ
$OWKRXJK� WKH�JRYHUQPHQW� LV� UHVSRQVLEOH� IRU� WKH� FRP�SLODWLRQ�DQG�VXEPLVVLRQ�RI�WKH�QDWLRQDO�JUHHQKRXVH�JDVLQYHQWRU\�� WKHUH� PD\� EH� RWKHU� LQGHSHQGHQW� SXEOLFD�WLRQV�DERXW�WKH�VDPH�VXEMHFW�H�J��SXEOLVKHG�LQ�VFLHQWLILFOLWHUDWXUH�� 7KLV� SURYLGHV� DQRWKHU� RSWLRQ� IRU� FRPSDUL�VRQ� ZLWK� RWKHU� QDWLRQDO� HVWLPDWHV�� $OVR� SXEOLFDWLRQVDQDO\VLQJ�WKH�TXDOLW\�RI�WKH�RIILFLDO�QDWLRQDO�LQYHQWRU\PD\�EH�XVHG� LQ� WKLV�UHVSHFW��:KLOH� VFLHQWLVWV�DUH�EDVL�FDOO\� OLPLWHG� WR� WKH�PHWKRGV� GHVFULEHG� DERYH�� UHVXOWVPD\�EH�DOUHDG\�DYDLODEOH�� ,Q�SUDFWLFH� VXFK�D� FRPSDUL�VRQ�PHDQV�WR�UHYLHZ�WKH�QDWLRQDOO\�DYDLODEOH�OLWHUDWXUHDQG�FRPSDUH�GDWD�RQ�SDSHU��7KH�UHYLHZ�UHSRUW�VKRXOGGRFXPHQW� WKH� UHVXOWV� RI� WKH� FRPSDULVRQ� DQG� EH� LQ�FOXGHG� LQ� WKH� UHSRUW� RQ� 4&� DFWLYLWLHV� SHUIRUPHG�� ,QDGGLWLRQ�� H[WHUQDO� UHYLHZ� RI� WKH� QDWLRQDO� LQYHQWRU\�HLWKHU� SHHU� UHYLHZ� FRPPLVVLRQHG� E\� WKH� FRPSLODWLRQDJHQF\�RU�SXEOLF�UHYLHZ�HQFRXUDJHG�E\�WKH�DJHQF\�� LVDQ�RSSRUWXQLW\�WR�FRPSDUH�PHWKRGV�DQG�GDWD�XVHG�E\WKH� LQYHQWRU\�SUHSDUDWLRQ�DJHQF\�ZLWK� WKH� MXGJHPHQW

RI� VFLHQWLILF� H[SHUWV� RU� VWDNHKROGHUV� DQG� RWKHUV� ZLWKVSHFLILF�NQRZOHGJH�LQ�WKLV�ILHOG�
�����2SWLRQV� IRU� YHULILFDWLRQ� LQYROYLQJ� LQWHUQD�WLRQDO�GDWD
7KHUH� DUH� VHYHUDO� GLIIHUHQW� FRPSDULVRQV� WKDW� FDQ� EHSHUIRUPHG�XVLQJ�LQWHUQDWLRQDO�GDWD�
� &RPSDULVRQ�RI�HPLVVLRQ�GHQVLW\� LQGLFDWRUV�ZLWK�VLPLODU

FRXQWULHV��H�J��HPLVVLRQV�SHU�FDSLWD��LQGXVWULDO�HPLV�VLRQV�SHU���RI�YDOXH�DGGHG��WUDQVSRUW�HPLVVLRQV�SHUFDU�� HPLVVLRQV� IURP�SRZHU�JHQHUDWLRQ�SHU�N:K�RIHOHFWULFLW\�SURGXFHG�E\�IXHO�W\SH��FRDO��RLO��JDV���H[�FOXGLQJ�FRJHQHUDWLRQ���HWF��3XUSRVH��TXLFN�LQGLUHFW�FKHFN�DQG�YHULILFDWLRQ
� 3HUIRUPLQJ� FRPSDULVRQV� RI� HPLVVLRQV� ZLWK� RWKHU� HVWL�PDWHV�� ZLWK� LQGHSHQGHQWO\� FRPSLOHG� DXWKRULWDWLYH� HVWL�

PDWHV��LQWHUQDWLRQDO�GDWDVHWV�H�J��IURP�,($��&',$&�*(,$�('*$5�RU�:5,�3XUSRVH�� FKHFNLQJ� FRPSOHWHQHVV�� FRQVLVWHQF\�� FRU�UHFW�VRXUFH�DOORFDWLRQ��RUGHU�RI�PDJQLWXGH
� &RPSDULVRQV�RI�HPLVVLRQ�IDFWRUV�� ZLWK�,3&&�GHIDXOWV� ZLWK�OLWHUDWXUH�YDOXHV� ZLWK�WKRVH�XVHG�E\�VLPLODU�FRXQWULHV� ZLWK� WKH� VHW� RI� LPSOLHG� IDFWRUV� UHSRUWHG� WR81)&&&� �DV� SURSRVHG� LQ� WKH� ¶&RPPRQ� 5H�SRUWLQJ�)RUPDW·��&5)�3XUSRVH�� FKHFNLQJ� FRPSDUDELOLW\� DQG� FRXQWU\�VSHFLILFLW\
� &RPSDULVRQV�RI�DFWLYLW\�GDWD�� ZLWK� LQGHSHQGHQWO\� FRPSLOHG� HVWLPDWHV� �H�J�IURP�,($��81��)$2�� ZLWK� DFWLYLW\� GHQVLW\� LQGLFDWRUV� IURP� VLPLODUFRXQWULHV� �H�J�� DFWLYLW\� UDWH� SHU� LQKDELWDQW�� SHUHPSOR\HH�� SHU� XQLW� RI� JURVV� GRPHVWLF� SURGXFW�*'3���SHU�QXPEHU�RI�KRXVHKROGV�RU�SHU�QXP�EHU� RI� YHKLFOHV�� HWF��� DFFRUGLQJ� WR� WKH� VRXUFHVHFWRUV�3XUSRVH�� FKHFNLQJ� FRPSOHWHQHVV�� RUGHU�RI�PDJQLWXGH�FKHFN
� &RPSDULVRQV�RI�XQFHUWDLQW\�HVWLPDWHV�RI�GDWD�UHSRUWHG�WR81)&&&3XUSRVH��FKHFNLQJ�RUGHU�RI�PDJQLWXGH�RI�RZQ�XQ�FHUWDLQW\�HVWLPDWHV�DJDLQVW�RWKHUV
,W�ZLOO�EH�FOHDU�WKDW�IRU�D�JLYHQ�VRXUFH��GLIIHUHQW�SDUDOOHOFRPSDULVRQV�FDQ�EH�SHUIRUPHG�
� FRPSDULVRQV� ZLWK� RWKHU� LQGHSHQGHQWO\� FRPSLOHGHPLVVLRQV� GDWD� IRU� WKH� VSHFLILF� FRXQWU\�� FKHFNLQJFRPSOHWHQHVV��PDJQLWXGH�� DQG�SURSHU� VRXUFH� DOOR�FDWLRQ�
� LQWHU�FRXQWU\� FRPSDULVRQV�� IRU� D� VSHFLILF� \HDU�� WKHFRPSDULVRQ� RI� EDFNJURXQG� GDWD� �DFWLYLW\� OHYHOV�



�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
DJJUHJDWHG�HPLVVLRQ�IDFWRUV�RU�RWKHU�IDFWRUV�XVHG�LQWKH�PHWKRGRORJ\��IURP�WKH�GLIIHUHQW�FRXQWULHV�

7KH�ILUVW�NLQG�RI�FRPSDULVRQ�ZLWK�RWKHU� HVWLPDWHV� IRU� WKHFRXQWU\�XQGHU� LQYHVWLJDWLRQ� LV�D�TXLFN�FKHFN�IRU� FRP�SOHWHQHVV�� DSSUR[LPDWH� HPLVVLRQ� OHYHO� DQG� FRUUHFWVRXUFH� DOORFDWLRQ�� ,W� FDQ� EH� PDGH� SHU� FRPSRXQG� DWQDWLRQDO�� VHFWRUDO� DQG� VXE�VHFWRUDO� OHYHO�� DV� IDU� DV� WKHGLIIHUHQFHV� LQ� GHILQLWLRQV�VHFWRUDO� QRPHQFODWXUHV� HQ�DEOH�LW��,Q�6HFWLRQ�������H[DPSOHV�RI�UHIHUHQFH�GDWDEDVHVDUH�SUHVHQWHG��,I�ODUJH�GLVFUHSDQFLHV�VKRZ�WKLV�GRHV�QRWQHFHVVDULO\�PHDQ�WKDW�RQH�RU�ERWK�LQYHQWRULHV�FRQWDLQVIODZV��EXW�UDWKHU�SRLQWV�WR�SRVVLEOH�LQDGYHUWHQW�HUURUV�ZKLFK�DUH� DOVR� DVSHFWV� RI� XQFHUWDLQW\�ZLWKLQ� LQYHQWR�ULHV� WKDW� FDQ�RQO\�EH� HYDOXDWHG�XVLQJ� WKLV�PHWKRG�� ,QWKRVH� FDVHV�� RQH� PD\�ZLVK� WR� GR� D� IXUWKHU� FKHFN� RQDFWLYLW\�OHYHOV�RU�HPLVVLRQ�IDFWRUV�LQ�WKDW�VHFWRU��,Q�FDVHRI�ODUJH�GLIIHUHQFHV�IRU�VXE�VHFWRUV��RQH�VKRXOG�DOVR�EHDZDUH� WKDW� LQ� HLWKHU� LQYHQWRU\� WKH� VXP� RI� WKH� VXE�VRXUFHV�PLJKW�ZHOO� EH� FRPSDUDEOH�E\�KLGLQJ� VKLIWV� RISDUW�RI�WKH�HPLVVLRQV�EHWZHHQ�WKHVH�VHFWRUV��&RPSDUL�VRQ� ZLWK� UHIHUHQFH� LQYHQWRULHV� GHYHORSHG� E\� RWKHUDXWKRULWDWLYH� VRXUFHV� LV� DOVR� D� FKHFN� RI� WKH� FRPSDUD�ELOLW\�� ZKHQ� WKH� UHIHUHQFH� LQYHQWRU\� XVHV� D� FRPPRQPHWKRGRORJ\� IRU� DOO� FRXQWULHV�� ,I� WKHVH� LQYHQWRULHVKDYH� FDOFXODWHG� QDWLRQDO� HPLVVLRQV� XVLQJ� WKH� 7LHU� �PHWKRGRORJLHV� RI� WKH� 5HYLVHG� ����� ,3&&� *XLGHOLQHV�,3&&�� ������ WKHQ� FRPSDULQJ� HPLVVLRQV� PHDQV� DXWR�PDWLFDOO\� DOVR� D� FKHFN� DJDLQVW� WKH� GHIDXOW� HPLVVLRQIDFWRUV�UHFRPPHQGHG�E\�,3&&����LI�DFWLYLW\�OHYHOV�XVHGLQ�WKH�UHIHUHQFH�GDWDVHW�DUH�VLPLODU�WR�QDWLRQDO�GDWD�&RQFHUQLQJ�WKH�ODWWHU�NLQG�RI�LQWHU�FRXQWU\�FRPSDUL�
VRQ�RI� HPLVVLRQV�� HPLVVLRQ� GHQVLW\�� UHSRUWHG� RU� EDFN�JURXQG� HPLVVLRQ� IDFWRUV�� DFWLYLW\� RU� DFWLYLW\� GHQVLW\�VXFK�FKHFNV�FDQ�EH�EDVHG�RQ�UHSRUWHG�UHVXOWV�IURP�LQ�WHUQDWLRQDO� FKHFNV� �FI�� RSWLRQV� RQ� WKH� LQWHUQDWLRQDOVFDOH��LWHP��������EXW�ZLWK�D�GHOD\�LQ�WLPH��RU�EDVHG�RQQDWLRQDO� LQLWLDWLYHV� WR�JHW�FDOFXODWH� VXFK�GDWD�GHQVLW\LQGLFDWRUV�IRU�WKH�PRUH�UHFHQW�LQYHQWRULHG�\HDU�DQG�IRUWKH� RWKHU� FRXQWULHV�� 7KH� LQWHU�FRXQWU\� FRPSDULVRQ� RIUHSRUWHG� DJJUHJDWHG� HPLVVLRQ� IDFWRUV� FRXOG� EH� FRP�ELQHG� E\� SORWWLQJ� LQ� D� VLQJOH� JUDSK�� IRU� WKH� GLIIHUHQWFRXQWULHV�� WKH�UHIHUHQFH�\HDU�GDWD� �������� WKH�PRUH� UH�FHQW�\HDU�GDWD��DQG�WKH�PLQLPXP�DQG�PD[LPXP�YDOXH�IRU� HDFK� VRXUFH� VHFWRU� DQG� SRVVLEOH� DJJUHJDWLRQV� DQGDFFRUGLQJ� WR� WKH� IXHO� W\SHV�ZKHQ�UHOHYDQW� �VHH�)LJXUH������7KH�FRPSDULVRQ�RI�GDWD�LV�UHOHYDQW�LI�WKH�GDWD�DUHFRPSDUDEOH��&RQVLVWHQF\�FKHFNV�RI� WUHQGV� LQ�HPLVVLRQIDFWRUV�DW�QDWLRQDO�OHYHO�DQG�FURVV�FRXQWU\�FRPSDULVRQVRI�HPLVVLRQ�IDFWRUV�FDQ�EH�SURFHVVHG�DV�IDU�DV�XQLWV�DUHIL[HG��WKHUH�DUH�D�IHZ�H[FHSWLRQV���7KHVH�FDQ�EH�EDVHGRQ� WKH� VHFWRUDO� EDFNJURXQG� WDEOHV� RI� WKH� ¶&RPPRQ5HSRUWLQJ�)RUPDW·� �&5)�� WUHQG��7KXV�� FRPSDULVRQV�RI�DJJUHJDWHG��HPLVVLRQ�IDFWRUV�FDQ�EH�PDGH�ZLWK�WKH�VHWRI� LPSOLHG� IDFWRUV� UHSRUWHG� WR�81)&&&� �DV�SURSRVHGLQ�WKH�¶&RPPRQ�5HSRUWLQJ�)RUPDW·��&5)���,I�VRPH�QD�WLRQDO� HPLVVLRQ� IDFWRUV� DSSHDU� WR� EH� RXWOLHUV�� IXUWKHUFRPSDULVRQ� FRXOG� EH� PDGH� E\� FKHFNLQJ� ZLWK� WKRVH

XVHG� E\� DSSDUHQWO\� VLPLODU� FRXQWULHV�� )XUWKHUPRUHFRPSDULVRQ�ZLWK�WKH�UHFRPPHQGHG�,3&&�7LHU�,�GHIDXOWYDOXHV� DQG�ZLWK� OLWHUDWXUH�YDOXHV�PD\�EH� LQIRUPDWLYHLQ� HVWDEOLVKLQJ� WKH� FRPSDUDELOLW\� RU� WKH� FRXQWU\�VSHFLILFLW\�RI�WKH�HPLVVLRQ�IDFWRUV�XVHG�
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1�%����WKH�(�)��UDQJH�IRU�D�JLYHQ�FRXQWU\�UHODWHV�KHUH�WR�WKH�PLQLPXP�DQG�PD[LPXP�(�)��GXULQJ�WKH�SHULRG������

)LJXUH����([DPSOH�JUDSK� IRU�DQ� LQWHU�FRXQWU\�FRPSDULVRQ�RI
HPLVVLRQ�IDFWRUV�

&RQFHUQLQJ� FKHFNLQJ� RI� DFWLYLW\� UDWHV� RQ� WKH� EDVLV� RIWKH� &5)�� FRPPRQ� FRPSDUDEOH� LQGLFDWRUV� VKRXOG� EHGHILQHG� IRU� WKH� SXUSRVH� RI� LQWHUQDWLRQDO� FRPSDULVRQ�H�J��� DFWLYLW\� UDWH� SHU� LQKDELWDQW�� SHU� HPSOR\HH�� SHUXQLW�RI�*'3��SHU�QXPEHU�RI�KRXVHKROGV�RU�SHU�QXPEHURI�YHKLFOHV��HWF���DFFRUGLQJ� WR� WKH� VRXUFH�VHFWRUV���7KLVZLOO� HQDEOH� RUGHU�RI�PDJQLWXGH� FKHFNV� DV� ZHOO� DVFKHFNV�IRU�RXWOLHUV�WKDW�PD\�EH�FDXVHG�E\�LQSXW�RU�FDO�FXODWLRQ�HUURUV��&RPSDULQJ�ZLWK�LQWHUQDWLRQDO�VWDWLVWLFVIRU� QDWLRQDO� FRXQWULHV�� ZKLFK� ZHUH� LQ� SULQFLSOH� LQGH�SHQGHQWO\�FRPSLOHG�IURP�WKH�DJHQF\�WKDW�SUHSDUHV�WKHJUHHQKRXVH� JDV� LQYHQWRU\�� FDQ�PDNH� D� VLPLODU� FKHFN�&RXQWULHV� KDYH� WR� VXEPLW� XQFHUWDLQW\� HVWLPDWHV� E\VRXUFH�RU�VLQN�FDWHJRULHV�IRU�HDFK�FRPSRXQG�JLYHQ��$QLQWHUQDWLRQDO� FRPSDULVRQ� RI� WKH� ILJXUHV� VXEPLWWHGFRXOG�EH�SHUIRUPHG�RQ�WKH�EDVLV�RI�UHODWLYH�XQFHUWDLQ�WLHV� �DV� SHUFHQWDJH��� )RU� WKLV� SXUSRVH� WKH� IROORZLQJVWHSV�FRXOG�EH�WDNHQ�QH[W�
��� &KHFN� IRU� HDFK� FDWHJRU\�FRPSRXQG� FRPELQDWLRQWKH� XQFHUWDLQW\� JLYHQ� E\� WKH� LQGLYLGXDO� FRXQWU\�7KRVH� ZKLFK� KDYH� DQ� XQXVXDOO\� ORZ� XQFHUWDLQW\DVVRFLDWHG�ZLWK� WKHLU�HPLVVLRQV�VKRXOG�EH�FKHFNHGLQGLYLGXDOO\�IRU�FRQVLVWHQF\�RI�WKHLU�UHSRUWLQJ���� &KHFN�FDOFXODWH�WRWDO�XQFHUWDLQW\�RI�D�FRXQWU\�IRU�DJLYHQ�FRPSRXQG���� &KHFN� FRQVLVWHQF\� RI� JLYHQ� QXPEHU�XQFHUWDLQW\ZLWK�YHULILFDWLRQ�PHDVXUHPHQW�XQFHUWDLQW\�
7KHVH� FRPSDULVRQ� SURFHVVHV� GR� QRW� DOZD\V� UHSUHVHQWYHULILFDWLRQV�RI�WKH�GDWD�WKHPVHOYHV��EXW�YHULILFDWLRQ�RI
WKH�UHOLDELOLW\�DQG�WKH�FRQVLVWHQF\�RI�GDWD��LQ�WUHQG�DQGDFURVV� FRXQWULHV���3UDFWLFDOO\�� WKHVH� FRPSDULVRQ� SURF�HVVHV�ZLOO� HQDEOH� UHYLHZHUV� WR� IRFXV� RQ�PRUH� OLPLWHG



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
FDVHV� RI� LQFRQVLVWHQFLHV� RU� GRXEWV� IRU� ZKLFK� GHHSHUGDWD� YHULILFDWLRQV� ZLOO� QHHG� WR� EH� SHUIRUPHG�� 2EYL�RXVO\�� WKH� DPRXQW�RI� WLPH� WR� EH� VSHQW� RQ� WKHVH� LQGH�SHQGHQW�YDOLGDWLRQ�DQG�YHULILFDWLRQ�DFWLYLWLHV�VKRXOG�EHSULRULWLVHG��VHH�6HFWLRQ����

���29(59,(:�2)�237,216�$7�7+(,17(51$7,21$/�6&$/(
81� ERGLHV�� JRYHUQPHQWV�� LQGLYLGXDO� VFLHQWLVWV�� VFLHQ�WLILF� UHVHDUFK� SURJUDPPHV� DQG� QRQ�JRYHUQPHQWDODJHQFLHV� �1*2·V��PD\�VKRZ�LQWHUHVW� LQ� VFLHQWLILF�SHHUUHYLHZ� RU� SXEOLF� UHYLHZ� RI� QDWLRQDO� LQYHQWRULHV� E\DQDO\VLQJ�DQG�FRPSDULQJ�YDULRXV�GDWD�VRXUFHV��RIILFLDOQDWLRQDO� LQYHQWRULHV�� RWKHU� HVWLPDWHV�� LQIRUPDWLRQDYDLODEOH�IURP�WKH�81)&&&�VHFUHWDULDW��HWF���� ,Q�DGGL�WLRQ��ERWK�,3&&�:*�,�DQG�WKH�,3&&�7HFKQLFDO�6XSSRUW8QLW� �768�� RQ� *UHHQKRXVH� *DV� ,QYHQWRULHV� ZLOO� EHHQFRXUDJLQJ� WKHVH� DFWLYLWLHV� IURP� WKH� SHUVSHFWLYH� RILPSURYLQJ� FXUUHQW� NQRZOHGJH� RQ� JOREDO� EXGJHWV�VRXUFH� VWUHQJWKV� DQG� UHSUHVHQWDWLYH� GHIDXOW� HPLVVLRQIDFWRUV��7KH�IROORZLQJ�DSSURDFKHV�FDQ�EH�LGHQWLILHG���D�LQWHUQDWLRQDO� FRPSDULVRQV�� �E�� FRPSDULVRQV� ZLWK� VFL�HQWLILF� SXEOLFDWLRQV�� �F�� HYDOXDWLRQ� RI� EXGJHWV� DQGVRXUFH� VWUHQJWKV�� �G�� XSGDWLQJ� ,3&&� UHSRUWV�� (DFK� RIWKHVH�ZLOO�EH�GHVFULEHG�EHORZ�LQ�PRUH�GHWDLO�(YHU\� FRPSDULVRQ� RI� HPLVVLRQV� FDQ� QRW� EH� LQWHU�SUHWHG� ZLWKRXW� VRPH� TXDQWLWDWLYH� NQRZOHGJH� RI� WKHDVVRFLDWHG�XQFHUWDLQW\��$V� WKH� DUW� RI� HVWLPDWLQJ� FRXQ�WU\� HPLVVLRQV� DQG� WKHLU� DVVRFLDWHG� XQFHUWDLQW\� LV� DWGLIIHUHQW�OHYHOV�RI�VRSKLVWLFDWLRQ�LQ�GLIIHUHQW�FRXQWULHV�WKH� *RRG� 3UDFWLFH� *XLGHOLQHV� UHFRPPHQG� D� 7LHUHG$SSURDFK� DLPLQJ� DW� TXDQWLILHG� XQFHUWDLQW\� HVWLPDWHV>VHH�&KDSWHU� ¶4XDQWLI\LQJ�XQFHUWDLQWLHV�LQ�SUDFWLFH·� LQ,3&&� ������@��7LHU� �� LV�D� VLPSOLILHG�PHWKRG� IRU� FDOFX�ODWLQJ�D�TXDQWLWDWLYH� LQGLFDWLRQ�RI� WKH�XQFHUWDLQW\� LQ� WKHWRWDO�QDWLRQDO�HPLVVLRQV�E\�PHDQV�RI�FODVVLFDO�DULWKPH�WLF� PHWKRGV� RI� FRPELQLQJ� XQFHUWDLQWLHV� �DVVXPLQJVWDQGDUG�� *DXVVLDQ� GLVWULEXWLRQV�� LQGHSHQGHQW� YDUL�DEOHV�DQG�XQFHUWDLQWLHV�VPDOOHU�WKDQ�������6XEVHTXHQW7LHUV�XVH�PRUH�GHWDLOHG��GDWD�LQWHQVLYH�PHWKRGV�IRU�WKHXQFHUWDLQW\�HVWLPDWHV��+RZHYHU��IRU�SHUIRUPLQJ�D�7LHU� FDOFXODWLRQ�RI�LQGLFDWRU�RI�XQFHUWDLQW\�RQH�DOVR�QHHGVDQ�HVWLPDWH�RI�WKH�XQFHUWDLQW\�LQ�DOO�XQGHUO\LQJ�DFWLYLW\

GDWD� DQG� HPLVVLRQ� IDFWRUV�� ,W� UHTXLUHV� DW� OHDVW� H[SHUW�MXGJHPHQW� RI� WKH� XQFHUWDLQW\� DV� RUGHU� RI� PDJQLWXGH�VHH�7DEOH�����H[FHSW�IRU�FDVHV�ZKHUH�EHWWHU�LQIRUPDWLRQLV� UHDGLO\� DYDLODEOH� >H�J�� VHOHFWHG� IURP� D� UDQJH� DV� GH�VFULEHG� LQ� WKH� &KDSWHU� ¶4XDQWLI\LQJ� XQFHUWDLQWLHV� LQSUDFWLFH·�LQ�,3&&�������@�)RU� JUHHQKRXVH� JDVHV� RQH� FRXOG� VHHN� JXLGDQFHIURP� WKH� TXDOLILFDWLRQV� DQG� YDOXHV� DOUHDG\� XVHG� LQ81)&&&� VXEPLVVLRQV�� H�J�� DV� UHSRUWHG� LQ� 81)&&&��������7KLV�ZLOO�SURYLGH�D�PHDQV�IRU�JHQHUDWLQJ�TXDQ�WLWDWLYH�XQFHUWDLQW\� ILJXUHV� IRU�PDQ\� FRXQWULHV� RQ� WKHVKRUW� WHUP� WKDW� FDQ� EH� FRPSDUHG� EHWZHHQ� WKHP�� ,QDGGLWLRQ��LW�ZLOO�DOORZ�UHSRUWHG�OHYHOV�RI�XQFHUWDLQW\�WREH� HYDOXDWHG� VRRQ� LQ� D� PRUH� FRPSUHKHQVLYH� ZD\� LQDVVHVVPHQWV�RI�XQFHUWDLQWLHV� LQ�D�EURDGHU� FRQWH[W�� )RUH[DPSOH� LQ� UHJLRQDO� RU� VHFWRUDO� FRPSDULVRQV� DQG� LQ¶FKDLQ�FDOFXODWLRQV·� IURP�HPLVVLRQV� WR� FOLPDWH� FKDQJH�ZKLFK�DGGUHVV�XQFHUWDLQW\�LQ�DOO�HOHPHQWV�RI�WKH�FKDLQLQ� D� KDUPRQLVHG�ZD\�� H�J�� WKURXJK� WKH� XVH� RI� XQFHU�WDLQW\� IDFWRUV�� ([DPSOHV� RI� DSSOLFDWLRQV� LQ�ZKLFK� XQ�FHUWDLQW\�HVWLPDWHV�DUH�DQ�HVVHQWLDO�HOHPHQW�DUH�
� FURVV�FRXQWU\� FRPSDULVRQ� IRU� DOO� FRXQWULHV� ZKHUHLQYHQWRULHV�DUH�DYDLODEOH��IRU�FKHFNLQJ�FRPSDUDELO�LW\�� LQDGYHUWHQW� HUURUV� RU� LGHQWLI\LQJ� KLJKO\� GHYL�DWLQJ� HPLVVLRQ� IDFWRUV� DQG�RU� DSSDUHQW� FRXQWU\�VSHFLILF�FLUFXPVWDQFHV��
� SURYLGLQJ�XQFHUWDLQW\� HVWLPDWHV� IRU�ZRUOG� UHJLRQV�H�J��$QQH[�,�FRXQWULHV�WR�WKH�81)&&&��
� SURYLGLQJ� �E\� H[WUDSRODWLRQ�� LI� UHTXLUHG�� XQFHU�WDLQW\�HVWLPDWHV�IRU�WKH�ZRUOG�
� SURYLGLQJ� LQVLJKW� LQ� WKH� UREXVWQHVV� RI� UHSRUWHGPXOWL�\HDU�HPLVVLRQ�WUHQGV�
� FRPSDULVRQ� ZLWK� UHIHUHQFH� LQYHQWRULHV� GHYHORSHGE\� RWKHU� DXWKRULWDWLYH� VRXUFHV� �IRU� FKHFNLQJ� FRP�SOHWHQHVV�� FRQVLVWHQF\�� FRUUHFW� VRXUFH� DOORFDWLRQ�DQG� IRU� LQDGYHUWHQW� HUURUV��ZKLFK�DUH� DOVR� DVSHFWVRI�XQFHUWDLQW\�ZLWKLQ� LQYHQWRULHV� WKDW� FDQ� RQO\� EHHYDOXDWHG�XVLQJ� WKLV�PHWKRG�� FRPSDULVRQ�ZLWK� LQ�GHSHQGHQW� WRS�GRZQ� HVWLPDWHV� E\� UHYHUVH�PRGHO�OLQJ� RI� DWPRVSKHULF� FRQFHQWUDWLRQ� PHDVXUHPHQWV�IRU�FKHFNLQJ�IRU�SRVVLEOH�ELDVHV�LQ�FRXQWU\�WRWDOV�RUJOREDO�RU�UHJLRQDO�VHFWRUDO�WRWDOV��

7DEOH�����([DPSOH�RI�D�FODVVLILFDWLRQ�RI�XQFHUWDLQWLHV
5DQJH��� 8QFHUWDLQW\����� 8QFHUWDLQW\�)DFWRU
 &RQILGHQFH 4XDOLWDWLYH�GHVFULSWLRQ
��������� ����� ���� KLJK YHU\�VPDOO
�������� ���� ��� KLJK VPDOO
������� ���� ���� PHGLXP�KLJK PHGLXP
��������� ���� O�� PHGLXP�ORZ ODUJH
�������� ���� �� ORZ YHU\�ODUJH
�������� ���� �� ORZ H[WUHPHO\�ODUJH

�$Q�XQFHUWDLQW\�IDFWRU�8)�FRUUHVSRQGV�ZLWK�WKH�IROORZLQJ�UDQJH�DURXQG�WKH�HPLVVLRQV�OHYHO�(0���IURP�(0�8)�WR�(0
8)�



�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
�����,QWHUQDWLRQDO�FRPSDULVRQV
&RPSDULVRQ� RI� QDWLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHVZLWK� LQWHUQDWLRQDO�GDWD� VRXUFHV� FDQ�EH� D�PHDQV� WR� LQ�GHSHQGHQWO\� YHULI\� WKH� UHSRUWHG� ILJXUHV�� LQ� SDUWLFXODUZLWK�UHVSHFW�WR�FRPSDUDELOLW\�DQG�SRVVLEOH�JURXS�ELDV�,Q� DGGLWLRQ� WR� WKH� DFWLYLWLHV� GHVFULEHG� LQ� 6HFWLRQ� ����ZKLFK� DUH� GRQH� IURP� WKH� SHUVSHFWLYH� RI� D� VSHFLILFFRXQWU\��ZH�DOVR�GR�D�PRUH�V\VWHPDWLF�FRPSDULVRQ�IRUD ODUJHU� JURXS� RI� FRXQWULHV� DQG� GUDZ� FRQFOXVLRQV� DWDQRWKHU� OHYHO��+HUH�ZH� FDQ�GLVWLQJXLVK� EHWZHHQ� FRP�SDULVRQ�ZLWK� RWKHU�� EXW� LQGHSHQGHQWO\� FRPSLOHG�� ERW�
WRP�XS�HPLVVLRQ�HVWLPDWHV�DQG�FRPSDULVRQ�ZLWK�HPLV�VLRQV� EDVHG� RQ� WRS�GRZQ� HVWLPDWHV� IURP� DWPRVSKHULFFRQFHQWUDWLRQ�PHDVXUHPHQWV�
������&RPSDULVRQV�ZLWK�HPLVVLRQ��HPLVVLRQ�IDFWRU�RUDFWLYLW\�GDWD
7\SLFDOO\��WKH�FRPSDULVRQV�DUH�VLPLODU�WR�WKRVH�DOUHDG\LQWURGXFHG�LQ�6HFWLRQ�����
� 5HIHUHQFH� FDOFXODWLRQ� IRU� &2� �EDVHG� RQ� LQWHUQD�WLRQDO�HQHUJ\�VWDWLVWLFV��FI��6HFWLRQ���������
� &RPSDULVRQV� RI� HPLVVLRQV� ZLWK� LQGHSHQGHQWO\FRPSLOHG�HVWLPDWHV��JOREDO�HPLVVLRQ�LQYHQWRULHV��
� &RPSDULVRQV�RI�HPLVVLRQ� IDFWRUV� �RXWOLHU�GHWHFWLRQLQ�LPSOLHG�IDFWRUV�UHSRUWHG�WR�81)&&&��
� &RPSDULVRQ� RI� HPLVVLRQ� GHQVLW\� LQGLFDWRUV� �DV� DTXLFN�LQGLUHFW�FKHFN�YHULILFDWLRQ��
� &RPSDULVRQV� RI� DFWLYLW\� GDWD� �LQFOXGLQJ� DFWLYLW\GHQVLW\�LQGLFDWRUV��
&RPSDUHG�WR�WKH�6HFWLRQ������RSWLRQV�DW�QDWLRQDO�VFDOH��WKHUH� LV� KHUH� DQ� LPSRUWDQW� FRQVWUDLQW� WR� IRFXV� RQ�ZKLFK�LV�WKH�QHFHVVLW\�IRU�KDUPRQLVHG�UHSRUWHG�LQYHQ�WRU\� GDWDVHWV� �/LP� DQG� %RLOHDX�� ������� 7KH� GLIIHUHQWGHWDLOHG� FURVV�FRXQWU\� FRPSDULVRQV� �RI� VHFWRUDO�VXE�VHFWRUDO�HPLVVLRQ�IDFWRUV�RU�DFWLYLWLHV��DVVXPH�WKDW�VXFKGHWDLOHG� KDUPRQLVHG� UHSRUWHG� LQYHQWRULHV� DW� LQWHUQD�WLRQDO� OHYHO� DUH� DYDLODEOH�� &RPSDULVRQ� RI� QDWLRQDOHPLVVLRQ� LQYHQWRULHV� ZLWK� LQGHSHQGHQWO\� FRPSLOHGDXWKRULWDWLYH� LQWHUQDWLRQDO� GDWDVHWV� ZLOO� DVVLVW� LQFKHFNLQJ� FRPSOHWHQHVV�� FRQVLVWHQF\�� FRUUHFW� VRXUFHDOORFDWLRQ�DQG�PDJQLWXGH�RI�ERWK�LQYHQWRULHV��QDWLRQDODQG� LQWHUQDWLRQDO��6XFK�JOREDO�GDWDEDVHV� FXUUHQWO\�H[�LVW��H�J��RQ�&2� IURP�IRVVLO� IXHO�FRPEXVWLRQ�RQO\�FRP�SLOHG�E\�,QWHUQDWLRQDO�(QHUJ\�$JHQF\��,($��DQG�E\�WKH&DUERQ� 'LR[LGH� ,QIRUPDWLRQ� DQG� $QDO\VLV� &HQWUH�&',$&���JOREDO�WRWDO�DQWKURSRJHQLF�LQYHQWRULHV�RI�DOOJUHHQKRXVH� JDVHV� RI� WKH� *OREDO� (PLVVLRQ� ,QYHQWRU\$FWLYLW\� �*(,$�� D� FRPSRQHQW� RI� ,*$&�,*%3�� DQG� RIWKH� (PLVVLRQ� 'DWDEDVH� IRU� *OREDO� $WPRVSKHULF� 5H�VHDUFK��('*$5��FRPSLOHG�E\�712�DQG�5,90�LQ�FORVHFR�RSHUDWLRQ�ZLWK�*(,$�� RU� GDWDVHWV� FRPSLOHG� E\� WKH:RUOG�5HVRXUFHV� ,QVWLWXWH� �:5,�� �,($�� ������0DUODQGHW DO��� ������ *UDHGHO� HW� DO��� ������ 2OLYLHU� HW� DO��� ������(PLVVLRQV�RI�D�JURXS�RI�FRXQWULHV��H�J��$QQH[�,��WKDW�LV2(&'�FRXQWULHV�DQG�(FRQRPLHV� LQ�7UDQVLWLRQ� LQ�&HQ�

WUDO� DQG� (DVWHUQ� (XURSH�� FDQ� EH� FRPSDUHG� ZLWK� UH�JLRQDO� WRWDOV�RI�JOREDO� LQYHQWRULHV� WKDW�ZHUH�YDOLGDWHGDJDLQVW�JOREDO��UHJLRQDO�DQG�]RQDO�EXGJHWV��,Q�SDUWLFX�ODU� ZKHQ� HPLVVLRQ� HVWLPDWHV� GLIIHU� VXEVWDQWLDOO\�� WKHHPLVVLRQ�IDFWRUV�XVHG�FRXOG�EH�FRPSDUHG� LQ�PRUH�GH�WDLO�� DOVR� ZLWK� WKH� GHIDXOWV� WKDW� WKH� 5HYLVHG� ,3&&*XLGHOLQHV� UHFRPPHQG�� )URP� WKHVH� HYDOXDWLRQV� FRQ�FOXVLRQV�FDQ�EH�GUDZQ�UHJDUGLQJ�FRPSDUDELOLW\��DSSOL�FDELOLW\� RI� GHIDXOWV� DQG� FRXQWU\�VSHFLILFLW\�� 7KH� VDPHW\SH�RI� FRPSDULVRQ�DV�GHVFULEHG� IRU�HPLVVLRQV�FDQ�EHGRQH� ZLWK� WKH� XQGHUO\LQJ� DFWLYLW\� GDWD� LQ� RUGHU� WRFKHFNLQJ� FRPSOHWHQHVV� DQG� DV� DQ� RUGHU�RI�PDJQLWXGHFKHFN��WKHVH�FDQ�EH�FRPSDUHG�ZLWK�GH�IDFWR�LQGHSHQG�HQWO\�FRPSLOHG�LQWHUQDWLRQDO�VWDWLVWLFV��H�J��PDLQWDLQHGE\�,($��81��)$2��$)($6���2QH�VKRXOG��KRZHYHU��QRWDOZD\V�H[SHFW� WR� ILQG�H[DFW�PDWFKHV� VLQFH� WKH�DFWLYLW\GDWD�XVHG�E\� WKH� LQYHQWRU\� FRPSLODWLRQ� WHDP�PD\�EHWDNHQ�IURP�GLIIHUHQW�GDWD�VRXUFH�RU�GLIIHUHQW�YHUVLRQ�RILW�WKDQ�WKH�RULJLQ�RI�WKH�QDWLRQDO�GDWD�FROOHFWHG�E\�WKHVHLQWHUQDWLRQDO�RUJDQLVDWLRQV��)RU�H[DPSOHV�VHH�6FKLSSHUHW�DO���������+RZHYHU�� ZKHQ� HYDOXDWLQJ� WKH� UHVXOWV� RI� WKHVHFRPSDULVRQV�� LW� VKRXOG� EH� UHPHPEHUHG� WKDW� YDULRXVGDWD�VRXUFHV�DUH�QRW�DOZD\V�FRPSOHWHO\�LQGHSHQGHQW�RIHDFK� RWKHU�� )RU� H[DPSOH�� ('*$5� VWDUWV�ZLWK� ,($� HQ�HUJ\� GDWD� WR� FDOFXODWH� &2� HPLVVLRQV� IURP� IXHO� FRP�EXVWLRQ�DQG�&',$&�*(,$�VWDUW�ZLWK�81�HQHUJ\�GDWD�,Q�DGGLWLRQ��HYHQ�WKH�,($�DQG�81�HQHUJ\�GDWD�DUH�QRWFRPSOHWHO\�LQGHSHQGHQW��,Q�RUGHU�WR�DYRLG�GXSOLFDWLRQRI�ZRUN�� WKH� ,($�DQG� WKH�8QLWHG�1DWLRQV�KDYH� HVWDE�OLVKHG� D� FR�RSHUDWLRQ� LQ� GDWD� H[FKDQJH�� DQG� UHFHLYHFRPPRQ� TXHVWLRQQDLUHV� IRU� VRPH� FRXQWULHV�� 1HYHU�WKHOHVV�� WKHUH� DUH� VWLOO� GLIIHUHQFHV� LQ� WKH� GDWD� UHOHDVHGE\�WKH� WZR�RUJDQLVDWLRQV�GXH�� LQWHU�DOLD�� WR� VRXUFHV�RIGDWD�� PHWKRGRORJ\�� UHYLVLRQ� LQ� KLVWRULFDO� VHULHV�� JHR�JUDSKLFDO�FRYHUDJH��HWF�&RPSDULVRQ�RI�HPLVVLRQ�GHQVLW\�LQGLFDWRUV��VXFK�DVHPLVVLRQV� SHU� FDSLWD�� LQGXVWULDO� HPLVVLRQV� SHU� XQLW� RIYDOXH� DGGHG�� WUDQVSRUW� HPLVVLRQV� SHU� FDU�� HPLVVLRQVIURP� SRZHU� JHQHUDWLRQ� SHU� N:K� RI� HOHFWULFLW\� SUR�GXFHG�HWF���SURYLGHV�D�TXLFN�LQGLUHFW�FKHFN�DQG�YHULIL�FDWLRQ�RI� WKH�RUGHU�RI�PDJQLWXGH�RI� WKH�HPLVVLRQV��2IFRXUVH�WKH�FRUUHODWLRQ�EHWZHHQ�HPLVVLRQV�DQG�DQ�LQGH�SHQGHQW�YDULDEOH�GRHV�QRW�QHFHVVDULO\�LPSO\�FDXVH�DQGHIIHFW�� +RZHYHU�� LW� LV� DQ� HDV\� PHDQV� WR� IODJ� FHUWDLQDQRPDOLHV�DW� FRXQWU\�RU� VHFWRU� OHYHO�� LI� DQ\��0RUH� H[�DPSOHV�IRU�HQHUJ\�LQGLFDWRUV�FDQ�EH�IRXQG�LQ�6FKLSSHUDQG�+DDV��������DQG�%RVVHEHXI�HW�DO���������7KH�FURVV�FRXQWU\�FRPSDULVRQ�RI�GDWD�LV�UHOHYDQW�LIWKH�GDWD�DUH�FRPSDUDEOH��)RU�WKH�HPLVVLRQ�IDFWRU�FRP�SDULVRQ��WKDW�FDQ�EH�SRVVLEOH�RQ�WKH�EDVLV�RI�WKH�VHFWRUDOEDFNJURXQG�WDEOHV�RI�WKH�¶&RPPRQ�5HSRUWLQJ�)RUPDW·�&5)��� 7KH� HPLVVLRQ� IDFWRUV� FRPSDULVRQV� FDQ� EH� SHU�IRUPHG�DW�GLIIHUHQW�DJJUHJDWLRQ�OHYHO�DV�IDU�DV�HPLVVLRQIDFWRUV�KDYH�WR�EH�UHSRUWHG�DW�GLIIHUHQW�OHYHO�ZLWKLQ�WKH¶&RPPRQ�5HSRUWLQJ�)RUPDW·��2I�FRXUVH��FURVV�FRXQWU\FRPSDULVRQV� RI� HPLVVLRQ� IDFWRUV� FDQ� EH� SURFHVVHG� DV



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
IDU� DV� HPLVVLRQ� IDFWRU� XQLWV� DUH� IL[HG�� RU� XQLW� FRQYHU�VLRQ�UDWLRV�DUH�DYDLODEOH�)URP�D�SUDFWLFDO�DVSHFW��GLIIHUHQW�NLQGV�RI�FRPSDUL�VRQV� FRXOG� EH� FRPELQHG�� )RU� H[DPSOH�� FURVV�FRXQWU\HPLVVLRQ� IDFWRU� FRPSDULVRQ� FDQ� EH� FRPELQHG� ZLWKKLVWRULFDO� WUHQG� E\� SORWWLQJ� LQ� D� VLQJOH� JUDSK�� IRU� WKHGLIIHUHQW� FRXQWULHV�� WKH� UHIHUHQFH�\HDU�GDWD� �������� WKHPRUH� UHFHQW� \HDU� GDWD�� DQG� WKH� PLQLPXP� DQG� PD[L�PXP�YDOXH��IRU�HDFK�VRXUFH�VHFWRU�DQG�SRVVLEOH�DJJUH�JDWLRQV�DQG�DFFRUGLQJ�WR�WKH�IXHO�W\SHV�ZKHQ�UHOHYDQW�VHH� )LJ�� ���� $QRWKHU� SUDFWLFDO� H[DPSOH� RI� FRPELQHGHPLVVLRQ� IDFWRU� FRPSDULVRQ� LV� WKH� FRPELQDWLRQ� ZLWKHVWLPDWHG�XQFHUWDLQWLHV�ZKHQ�DYDLODEOH��,Q�WKLV�FDVH��LQD VLQJOH�JUDSK��FRXOG�EH�SORWWHG�IRU�WKH�GLIIHUHQW�FRXQ�WULHV�� WKH� FXUUHQW�\HDU� HPLVVLRQ� IDFWRU� DQG� WKH� UHODWHGXQFHUWDLQW\� UDQJH�� IRU� D� JLYHQ� VRXUFH� VHFWRU� DQG� DF�FRUGLQJ� WR� WKH� IXHO� W\SHV� ZKHQ� UHOHYDQW�� 7KLV� FRP�ELQHG�FRPSDULVRQ� LQFOXGLQJ�XQFHUWDLQWLHV� LV�TXLWH� LP�SRUWDQW�DV�IDU�DV�HPLVVLRQ�IDFWRU�GLVFUHSDQFLHV�DQDO\VLVDQG� FKHFNV� UHTXLUH� FRPSOHPHQWDU\� LQIRUPDWLRQ� RQXQFHUWDLQW\��WR�EH�PRUH�UHOHYDQW��)LJXUH�����7KXV��IURPWKH� FRPSDULVRQV� RI� WKH� LPSOLHG� HPLVVLRQ� IDFWRUV� UH�SRUWHG�WR�81)&&&��DV�SURSRVHG�LQ�WKH�¶&RPPRQ�5H�SRUWLQJ�)RUPDW·��&5)��� LI� VRPH�QDWLRQDO� HPLVVLRQ� IDF�WRUV�DSSHDU�WR�EH�RXWOLHUV��IXUWKHU�FRPSDULVRQ�FRXOG�EHPDGH� E\� FKHFNLQJ� ZLWK� WKRVH� XVHG� E\� DSSDUHQWO\VLPLODU� FRXQWULHV�� )XUWKHUPRUH� FRPSDULVRQ� ZLWK� WKHUHFRPPHQGHG� ,3&&� 7LHU� ,� GHIDXOW� YDOXHV� DQG� ZLWKOLWHUDWXUH� YDOXHV� PD\� EH� LQIRUPDWLYH� LQ� HVWDEOLVKLQJWKH� FRPSDUDELOLW\� RU� WKH� FRXQWU\�VSHFLILFLW\� RI� WKHHPLVVLRQ�IDFWRUV�XVHG�
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6HFWRU�VXE�VHFWRU��[[[
3ROOXWDQW��[[[

1�%����WKH�(�)��UDQJH�IRU�D�JLYHQ�FRXQWU\�UHODWHV�KHUH�WR�WKH�XQFHUWDLQW\�UDQJH�RI�WKH�FXUUHQW�(�)�

<HDU��[[[

)LJXUH����([DPSOH�JUDSK� IRU�DQ� LQWHU�FRXQWU\�FRPSDULVRQ�RI
HPLVVLRQ�IDFWRU�XQFHUWDLQWLHV�

$V�IRU�HPLVVLRQ�IDFWRUV�� WKH� FURVV�FRXQWU\�FRPSDULVRQRI�DFWLYLWLHV�UHTXLUHV�D�KDUPRQLVHG�UHSRUWLQJ�IRUPDW�DVWKH� ¶&RPPRQ�5HSRUWLQJ� )RUPDW
�� %XW� GXH� WR� FRXQWU\¶YROXPH·� HIIHFW�� DSSDUHQW� DFWLYLW\� GLVFUHSDQFLHV� IURPVXFK�FUXGH�FRPSDULVRQV��DUH�QRW� UHDOO\� VLJQLILFDQW�� 6RRQ�WKH�EDVLV�RI�WKH�&5)�DQG�WKH�EDVLV�RI�FRPPRQ�FRP�SDUDEOH� LQGLFDWRUV� WR� EH� FKRVHQ�� DFWLYLW\� GHQVLW\� LQGL�FDWRUV�FDQ�EH�GHILQHG���IRU�WKH�SXUSRVH�RI�LQWHUQDWLRQDOFRPSDULVRQ� �H�J��� DFWLYLW\� UDWH�SHU� LQKDELWDQW��SHU� HP�SOR\HH��SHU�XQLW�RI�*'3��SHU�QXPEHU�RI�KRXVHKROGV�RU

SHU� QXPEHU� RI� YHKLFOHV�� HWF��� DFFRUGLQJ� WR� WKH� VRXUFHVHFWRUV��� 7KH� GLIIHUHQW� OHYHOV� RI� FRPSDULVRQ� ZLOO� DOVRDVVLVW�LQ�HYDOXDWLQJ�WKH�HVWLPDWHG�XQFHUWDLQW\�HVWLPDWHVRI� QDWLRQDO� LQYHQWRULHV� DV� ZHOO� DV� RI� JOREDO� HPLVVLRQLQYHQWRULHV��HVSHFLDOO\�E\�FKHFNLQJ�IRU�DQ\�JURXS�ELDVDQG�E\�WKH�VL]H�RI�WKH�GLIIHUHQFHV�DW�FRXQWU\�OHYHO�WKDWVKRZ�
�������&RPSDULVRQV�ZLWK�DWPRVSKHULF�PHDVXUHPHQWVDW�UHJLRQDO�DQG�JOREDO�VFDOH
(YLGHQWO\��PHWKRGV�IRU�QDWLRQDO�DQG�LQWHUQDWLRQDO�VFDOHGR� QRW� GLIIHU� E\� GHILQLWLRQ�� &RPSDULVRQV� ZKLFK� DUHXVHIXO�RQ�WKH�QDWLRQDO�VFDOH�PD\�DOVR�EH�DSSOLHG�LQWHU�QDWLRQDOO\� �VHH�6HFWLRQ��� IRU�GHWDLOV���7KH�GLIIHUHQFH� LVWKDW�DW�WKLV�VFDOH�WKHUH�LV�LQFUHDVLQJ�SRVVLELOLWLHV�WR�FRQ�FHQWUDWH� RQ� VRXUFH� UHJLRQV� UDWKHU� WKDQ� ERUGHUOLQH� GH�SHQGHQW�DUHDV��0HWKRGV� WKDW�DUH�RWKHUZLVH�RQO\�YDOLGLQ� ODUJH� FRXQWULHV� PD\� VDIHO\� EH� DSSOLHG� KHUH�� $GGL�WLRQDO� RSWLRQV� EHFRPH� DYDLODEOH� RQ� WKH� LQWHUQDWLRQDOVFDOH�
� &RQWLQHQWDO�SOXPH$ VWURQJ� GLIIHUHQFH� EHWZHHQ� VRXUFH� DQG� QRQ�VRXUFH�VLQN��UHJLRQV�PD\�JHQHUDOO\�EH� IRXQG�EHWZHHQ�FRQWL�QHQW� DQG� VHD�� 5RXWLQH� PHDVXUHPHQWV� PD\� EH� SHU�IRUPHG� FORVH� WR� DQ� RFHDQ�� DW� RIIVKRUH� LVODQGV�� RU� RQVKLSV�� ,Q� HYDOXDWLRQ� RQH�PD\� FRQVLGHU� WKH� GLIIHUHQFHEHWZHHQ�FOHDQ�EDFNJURXQG�DLU�DQG�WKH�SROOXWHG�SOXPH�WDNLQJ�DGYDQWDJH�RI�ZLQG�VHFWRU�DQDO\VLV�RU� WUDMHFWRU\DQDO\VLV�� ,Q�(XURSHDQ� FRQWLQHQWDO�SOXPH�D�QXPEHU�RIJUHHQKRXVH�JDVHV�� LQFOXGLQJ�&)&V��1�2 DQG�&+�� KDVEHHQ�GHWHFWHG�DW�0DFH�+HDG��,UHODQG��7KH�UHVXOWV�KDYHEHHQ� XVHG� IRU� VXEVHTXHQW� TXDQWLILFDWLRQ� RI� WKH� (XUR�SHDQ�HPLVVLRQ�VRXUFH�VWUHQJWK��'HUZHQW�HW�DO�������D�E�9HUPHXOHQ� HW� DO��� ������� )RU� TXDQWLILFDWLRQ�� DQ� LQYHUVHPRGHOOLQJ�SURFHGXUH�LV�SHUIRUPHG�
� 6DWHOOLWH�REVHUYDWLRQ6DWHOOLWH� REVHUYDWLRQV� DOORZ� UHWULHYLQJ� D� TXDVL�FRQWLQXRXV� FRQFHQWUDWLRQ� SURILOH� IRU� DOO� RI� WKH� JOREH�7KH�PHWKRG� LV� VWLOO� LQ� LWV� LQIDQF\�� HYHQ� LI� VSHFLILF� LQ�VWUXPHQWV�KDYH� DOUHDG\� EHHQ�GHVLJQHG� WR� FROOHFW� GDWDRQ�FOLPDWH�JDVHV��$� VHQVRU� FXUUHQWO\� DFWLYH� LV�*20(�ZKLFK�KDV� EHHQ� YDOLGDWHG� UHFHQWO\� WR� GHWHFW� WRWDO� FRO�XPQV�RI�2�� 12�� %U2�� +&+2�DQG�2&O2��*RHGH�HW�DO���������,Q�VSULQJ������6&,$0$&+<�KDV�EHHQ�ODXQFKHG�ZKLFK� KDV� D� SDVVLYH� VSHFWURPHWHU� REVHUYLQJ� DEVRUS�WLRQ�LQ�XOWUDYLROHW��89���YLVLEOH�DQG�QHDU�LQIUDUHG��1,5�VSHFWUDO� UDQJHV�� ,W�ZLOO�EH�DEOH� WR�\LHOG�FRQFHQWUDWLRQVRI� 2�� 12�� 1�2�� &2�� &2�� &+� ERWK� LQ� WKH� WURSR�VSKHUH�DQG�VWUDWRVSKHUH��0D[LPXP�KRUL]RQWDO�UHVROX�WLRQ�ZLOO�EH����NP�[����NP��7KXV�LW�VHHPV�UHDVRQDEOH�WRDVVXPH� WKDW� SOXPHV� PD\� EH� GHWHFWHG� DW� GLIIHUHQWVFDOHV�
� *OREDO�G\QDPLF�DSSURDFKHV&RQFHQWUDWLRQ� WUHQGV� RI� FRPSRXQGV� DOVR� LQGLFDWH� WKHUHVXOW� RI� D� GLVFUHSDQF\� EHWZHHQ� VRXUFHV� DQG� VLQNV�)URP� VXFK� WUHQGV�� FRQFOXVLRQV� RQ� HLWKHU� RI� WKHVH� WZR



�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
PD\�EH�GUDZQ��RQFH�WKH�RWKHU�LV�FRQVLGHUHG�IL[HG��6XFKDSSURDFKHV� KDYH� EHHQ� WDNHQ� IRU� PHWKDQH� �'OXJR�NHQFN\�HW�DO���������DQG�6)� �0DLVV�DQG�%UHQQLQNPHLMHU�������
7KH� REYLRXV� DGYDQWDJH� RI� WKH� PHWKRGV� GLVFXVVHGDERYH� LV� WKDW�D� ODUJH� VKDUH�RI�JOREDO� HPLVVLRQV� LV� FRY�HUHG�� DQG� PRQLWRULQJ� LV� SRVVLEOH� RQ� D� URXWLQH� EDVLV�+RZHYHU��LW�LV�DOPRVW�LPSRVVLEOH�WR�WUDFH�EDFN�WR�LQGL�YLGXDO�VRXUFHV�RU�VRXUFH�VHFWRUV�� LI� WKHLU� HPLVVLRQV�GRQRW� FRQWDLQ� VRPH� VRUW� RI� ¶ILQJHUSULQW·�� 7KLV�PD\� EH� DVSHFLILF�W\SH�RI�FDUERQ�LVRWRSH�LQ�FDVH�RI�&2� DQG�&+�HPLVVLRQV�IURP�IRVVLO�IXHOV��RU�W\SLFDO�WHPSRUDO�SURILOH�VHDVRQDOLW\� RU� GLXUQDO� YDULDWLRQ�� RU� ]RQDO� YDULDWLRQ�H�J�� ODWLWXGLQDO� GLVWULEXWLRQ��� WKDW� HQDEOHV� WR� GLVWLQ�JXLVK�WKHP�IURP�RWKHU�VRXUFHV�
������� &RPSDULVRQV� RI� XQFHUWDLQW\� HVWLPDWHV� RI� GDWDUHSRUWHG�WR�81)&&&
7KH� UHSRUWLQJ� IRUPDW� IRU� XQFHUWDLQW\� HVWLPDWHV� KDVEHHQ�GHVFULEHG� LQ� ,3&&� ��������&RXQWULHV�ZLOO� VXEPLWXQFHUWDLQW\� HVWLPDWHV�E\� VRXUFH�RU� VLQN� FDWHJRULHV� IRUHDFK�FRPSRXQG�JLYHQ��$Q�LQWHUQDWLRQDO�FRPSDULVRQ�RIWKH� ILJXUHV�VXEPLWWHG�PD\�EH�SHUIRUPHG�RQ� WKH�EDVLVRI�UHODWLYH�XQFHUWDLQWLHV��DV�SHUFHQWDJH����7KH�IROORZLQJVWHSV�VKRXOG�EH�WDNHQ�QH[W�
� &KHFN� IRU� HDFK� FDWHJRU\�FRPSRXQG� FRPELQDWLRQWKH� XQFHUWDLQW\� JLYHQ� E\� WKH� LQGLYLGXDO� FRXQWU\�7KRVH�ZKLFK�KDYH�DQ�XQXVXDO� ORZ�XQFHUWDLQW\� DV�VRFLDWHG� ZLWK� WKHLU� HPLVVLRQV� VKRXOG� EH� FKHFNHGLQGLYLGXDOO\�IRU�FRQVLVWHQF\�RI�WKHLU�UHSRUWLQJ��
� &KHFN�FDOFXODWH�WRWDO�XQFHUWDLQW\�RI�D�FRXQWU\�IRU�DJLYHQ�FRPSRXQG�
� &KHFN� FRQVLVWHQF\� RI� JLYHQ� QXPEHU�XQFHUWDLQW\ZLWK�YHULILFDWLRQ�PHDVXUHPHQW�XQFHUWDLQW\�
�����6FLHQWLILF�SXEOLFDWLRQV
,Q� WKH� VFLHQWLILF� OLWHUDWXUH� WKHUH� PD\� EH� SXEOLFDWLRQVSURYLGLQJ� RWKHU� HVWLPDWHV� RI� QDWLRQDO� HPLVVLRQV� RUSXEOLFDWLRQV� LQ� ZKLFK� WKH� TXDOLW\� RI� WKH� RIILFLDO� QD�WLRQDO�LQYHQWRU\�LV�DQDO\VHG��&RPSDULVRQ�RI� WKHVH�GLI�IHUHQW� QDWLRQDO� HVWLPDWHV� DQG� WKH� UHVXOWV� RI� WKRVHDQDO\VHV� DUH� LPSRUWDQW� HOHPHQWV� RI� D� FULWLFDO� FKHFN� RIWKH�TXDOLW\�RI�WKH�RIILFLDO�QDWLRQDO�LQYHQWRU\��ZKLFK�FDQEH� XVHG� ZKHQ� FRPSDULQJ� RU� LQWHJUDWLQJ� WKH� JUHHQ�KRXVH�JDV�HPLVVLRQV�RI�YDULRXV�FRXQWULHV�
�����(YDOXDWLRQ�RI�JOREDO�RU�UHJLRQDO�EXGJHWVDQG�VRXUFH�VWUHQJWKV
&RQIURQWLQJ� VXPPHG� RIILFLDO� LQYHQWRULHV� ZLWK� JOREDOLQYHQWRULHV�DQG�ZLWK�JOREDO�RU�UHJLRQDO�HPLVVLRQ�OHYHOVHVWDEOLVKHG�DV�SDUW�RI�D�WRWDO�EXGJHW�DQDO\VLV�LV�D�PHDQVHLWKHU�WR�XSGDWH�JOREDO�EXGJHWV�RU�WR�SURYLGH�IHHGEDFNWR QDWLRQDO� LQYHQWRU\� GHYHORSHUV� DQG� ,3&&� 768� RQ,QYHQWRULHV� RQ� DSSDUHQW� ELDVHV�� 3URYLGHG� WKDW� VXIIL�FLHQW� LQIRUPDWLRQ� LV�DYDLODEOH�RQ�VSDWLDO�DQG� WHPSRUDO

GLVWULEXWLRQ�RI�WKH�VRXUFHV��LQFOXGLQJ�WKH�QDWXUDO�RQHV�RQH�PD\�EH�DEOH�WR�GUDZ�FRQFOXVLRQV�RQ�WKH� OLNHO\�EL�DVHV� LQ� VSHFLILF� PDMRU� VRXUFHV�� LI� WKHVH� KDYH� VSHFLILFRZQ�VSDWLDO�RU�WHPSRUDO�FKDUDFWHULVWLFV��WKDW�KHOSV�GLV�WLQJXLVKLQJ� WKHP� IRUP� RWKHUV� �+H\PDQQ�� ������ IRU&2�� -DQVVHQ�HW�DO���������IRU�&+�� %RXZPDQ�DQG�7D\�ORU��������IRU�1�2���7KLV�W\SH�RI�HYDOXDWLRQ� LV� WKH�XOWL�PDWH�YHULILFDWLRQ�RI� ERWWRP�XS� FRPSLOHG� HPLVVLRQ�HV�WLPDWHV�VLQFH�DW� WKH�JOREDO� OHYHO�DOO� HPLVVLRQV�DUH�SDUWRI�D�ELJ�FKDLQ�RI�PDWHULDO�IORZV�IURP�VRXUFHV�WR�VLQNV�
�����8SGDWLQJ�,3&&�UHSRUWV
&RPSDULVRQ� RI� HPLVVLRQ� IDFWRUV� VXEPLWWHG� E\� FRXQ�WULHV� DQG� WKH� PHWKRGRORJLHV� XVHG� ZLWK� GHIDXOWV� UHF�RPPHQGHG�E\�WKH�FXUUHQW�5HYLVHG������,3&&�*XLGHOLQHVDQG� FRPSDULVRQ� RI� UHSRUWHG� HPLVVLRQV� ZLWK� ILJXUHVFXUUHQWO\� XVHG� LQ� WKH� VFLHQWLILF� OLWHUDWXUH� FRXOG� DOVRSURYLGH� LPSRUWDQW� LQSXW� WR� UHYLVLRQV�RI� WKH� IROORZLQJSDUWV�RI�,3&&�UHSRUWV�
� (YDOXDWLRQ�DQG�XSGDWLQJ�RI�GHIDXOWV�PHWKRGV� DQGHPLVVLRQ�IDFWRUV�UHFRPPHQGHG� LQ� WKH�5HYLVHG�����,3&&� *XLGHOLQHV� RQ� *UHHQKRXVH� *DV� ,QYHQWRULHV�,3&&�� ����� �H�J�� E\� FRPSDULQJ� VHWV� RI� QDWLRQDOO\DSSOLHG�HPLVVLRQ�IDFWRUV�ZLWK�UHFRPPHQGHG� ,3&&GHIDXOW�YDOXHV��
� (YDOXDWLRQ� RI� JOREDO� RU� UHJLRQDO� EXGJHWV� DV� FXU�UHQWO\�FRPSLOHG�E\�,3&&�:RUNLQJ�*URXS�,��:*�,�DV� GLVFXVVHG� DQG� SXEOLVKHG� E\� WKH� VFLHQWLILF� FRP�PXQLW\��,3&&��������
���:25.,1*�352&('85(6�35,25,7,6$7,21�$1'�5(3257,1*)250$7�21�7+(�1$7,21$/�/(9(/
����3KDVHV�DQG�SULRULWLVHG�QDWLRQDO�DSSURDFK
7KLV�SDSHU�GHVFULEHV�PDQ\�FRQFUHWH�RSWLRQV�IRU�FKHFNVDQG�YHULILFDWLRQ��VRPH�RI�ZKLFK�DUH�YHU\�HDV\�WR�FDUU\RXW��RWKHUV�DUH�FRVWO\�DQG�GLIILFXOW�WR�LPSOHPHQW�
� ,PPHGLDWHO\� DYDLODEOH� SURFHGXUHV� �HIILFLHQW� RQHVIRU� TXLFN� FKHFNV�� SULRULWLHV� IRU� FKHFNLQJ� DQG� YHUL�I\LQJ� ERWK� ODUJH� DQG� IDVW� FKDQJLQJ� FRPSRQHQWV�XVLQJ�QDWLRQDO�GDWD�RQO\�
� 3URFHGXUHV�XVLQJ�DYDLODEOH�LQWHUQDWLRQDO�GDWD�
� 3URFHGXUHV�WR�EH�GHYHORSHG��PRUH�HODERUDWHG�YHUL�ILFDWLRQ�� H�J�� GLUHFW� VRXUFH� WHVWLQJ� RU� FRPSDULVRQZLWK�DWPRVSKHULF�FRQFHQWUDWLRQ�PHDVXUHPHQWV��
7KXV��WKHUH�LV�D�FOHDU�QHHG�IRU�JXLGHOLQHV�WR�GHFLGH�KRZPXFK WLPH�DQG�PRQH\�VKRXOG�EH�GHYRWHG�WR�FKHFNLQJDQG�YHULILFDWLRQ�YHUVXV�WKH�HIIRUW�WR�EH�SXW�LQ�WKH�EDVLFFRPSLODWLRQ� SURFHVV� �GDWD� JDWKHULQJ�� FDOFXODWLRQV�� UH�FDOFXODWLRQV��XQFHUWDLQW\�HVWLPDWHV��UHSRUWLQJ��(YLGHQWO\��D�QXPEHU�RI�NH\��EDVLF�FKHFNV�VKRXOG�EHURXWLQHO\� LQFRUSRUDWHG�DW� WKH�DSSURSULDWH� VWDJH� LQ� WKHFRPSLODWLRQ�SURFHVV�� )RU�PRUH� JXLGHOLQHV� RQ� WKH� SUR�



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
FHGXUH� DV� VXFK�� ZH� UHIHU� WR� ,3&&� ������� >FKDSWHU¶4$�4&� RI� LQYHQWRU\� V\VWHPV·@�� +HUH� ZH� SRLQW� RXW�WKDW�WKH�GHWDLOHG�OHYHO�RI�FKHFNV�DQG�YHULILFDWLRQ�ZLOO�EHODLG�RXW�LQ�WKH�4$�4&�SODQ��7KRVH�FKHFNV�ZLOO�EH�LP�SRUWDQW� RQ� WKH� SHUIRUPDQFH� RI� WKRVH� VRXUFHV� WKDW� DS�SDUHQWO\�FRQWULEXWH�VXEVWDQWLDOO\� WR� WKH�QDWLRQDO�HPLV�VLRQ� FRQWURO� SURJUDPPH�� ,Q� RWKHU�ZRUGV�� LW� LV� UHFRP�PHQGHG� WKDW� WKH� PRQLWRULQJ� RI� DFWXDO� HPLVVLRQV� DVGHVFULEHG�LQ�WKH�QDWLRQDO�LQYHQWRU\�ZLOO�EH�FKHFNHG�IRULWV�FUHGLELOLW\��&KHFNV�LQYROYLQJ�LQWHUQDWLRQDO�GDWD�PD\EH�DSSOLHG�LQ�PRUH�GHWDLO�IRU�D�RQH�WLPH�YHULILFDWLRQ�RIWKH� LQYHQWRU\�� LQ� VXEVHTXHQW� \HDUV� WKHUH� ZLOO� EH� QRQHHG� IRU� DQ� H[WHQVLYH� FKHFN� RI� WKLV� NLQG�� H[FHSW� IRUVSHFLDO�VHFWRU�JDV� FRPELQDWLRQV� WKDW�KDYH�DW� WKDW� WLPHSDUWLFXODU�LPSRUWDQFH�IRU�WKH�FRXQWU\�)RU� WKH� PRUH� HODERUDWHG� YHULILFDWLRQ� DFWLYLWLHVEDVHG� RQ�DWPRVSKHULF� FRQFHQWUDWLRQ�PHDVXUHPHQWV�� DVHPL�FRQWLQXRXV� DQG� LQWHUQDWLRQDOO\� FR�RUGLQDWHG� UH�VHDUFK� SURJUDPPH� ¶DW� WKH� EDFNJURXQG·� LV� UHFRP�PHQGHG�� DLPLQJ� DW� YHULILFDWLRQ� DW� QDWLRQDO� DQG� LQWHU�QDWLRQDO� VFDOH�� %HVLGHV� WHVWV� RI� DJJUHJDWLRQ� WR� WKHJOREDO� OHYHO� DQG� FRPSDULVRQ�ZLWK� DOWHUQDWLYHO\� HVWDE�OLVKHG� EXGJHWV�� WKLV� LV� WKH� RQO\� UHDOO\� LQGHSHQGHQWPHWKRG�IRU�YHULI\LQJ�HPLVVLRQV�DQG�FKHFNLQJ�IRU�PDMRUV\VWHPDWLF�ELDVHV��'LUHFW�VRXUFH� WHVWLQJ�VKRXOG�EH�FDU�ULHG�RXW�DV�SDUW�RI�DQ�RYHUDOO�SURJUDPPH�RI� UHGXFLQJXQFHUWDLQWLHV� LQ� WKH� WRWDO� JUHHQKRXVH� JDV� LQYHQWRU\�3ULRULW\� VHWWLQJ�ZLOO� EH� D� IXQFWLRQ� RI� FRVWV�� WLPH�� DQGVKDUH� LQ� WRWDO� DQG� VHFWRU� HPLVVLRQV�� ERWK� LQ� &2��HT�DQG�SHU�JDV�
�����'HILQLQJ�WKH�QDWLRQDO�SURFHGXUHV�RQ�FKHFNVDQG�YHULILFDWLRQ
7KH� LQYHQWRU\� XSGDWH� SURJUDPPH� KDV� GLIIHUHQW� FRP�SRQHQWV�� HDFK�RI�ZKLFK�ZLOO� UHTXLUH�GLIIHUHQW� W\SHV�RIFKHFNV�
� ([LVWLQJ�KLVWRULFDO�LQYHQWRU\�LQ�SODFH�
� 1HZ�DGGLWLRQV� WR� WKH� LQYHQWRU\� �QHZ�\HDUV��SRVVL�

EO\� QHZ� VRXUFHV� WR� EH� DSSOLHG� DOVR� WR� SUHYLRXV
\HDUV��

� )LQDOLVDWLRQ�RI�SUHOLPLQDU\�GDWD�
� $GMXVWPHQWV� WR� WKH� H[LVWLQJ� LQYHQWRU\� �LQFOXGLQJ

UHFDOFXODWLRQ�RI�WKH�KLVWRULFDO�LQYHQWRU\��
� &RQFOXVLRQV� IRU�SULRULWLVLQJ� IXWXUH�DFWLYLWLHV� �VKRUW

WHUP�DQG�ORQJHU�WHUP��
,Q� RUGHU� WR� PLQLPLVH� UHVRXUFHV� VSHQW�� TXDOLW\� FKHFNV
DQG�YHULILFDWLRQV�VKRXOG�VROHO\�EH�DSSOLHG�ZKHUH� WKH\
KDYH� QRW� EHHQ� XVHG� SUHYLRXVO\�� WKXV�� PRVWO\� WR� QHZ
GDWD��,I�WKH�H[LVWLQJ�KLVWRULFDO�LQYHQWRU\�LV�OHIW�DV�LV��QR
IXUWKHU�FKHFNV��RU�4$�4&�SURJUDPPH��DUH�UHTXLUHG�WR
FRQILUP� WKLV� FRPSRQHQW�RI� WKH� LQYHQWRU\��7KXV�� DSDUW
IURP� D� RQH�WLPH� WKRURXJK� FKHFNLQJ� RI� WKH� H[LVWLQJ
KLVWRULFDO�LQYHQWRU\��WKH�V\VWHP�ZRXOG�UHTXLUH�WKH�IRO�
ORZLQJ�DFWLYLWLHV�WR�EH�SHUIRUPHG�
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�����5HSRUWLQJ�IRUPDW�IRU�QDWLRQDO�FKHFNLQJ�DQGYHULILFDWLRQ�DFWLYLWLHV
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� 3XEOLF� UHYLHZ� RI� QDWLRQDO� LQYHQWRULHV� E\� FRPSDUL�VRQ�ZLWK�RWKHU�HVWLPDWHV��VFLHQWLILF�SXEOLFDWLRQV��LQ�



�����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV� ���
IRUPDWLRQ�DYDLODEOH� IURP�WKH�81)&&&�VHFUHWDULDW�LQWHU�FRXQWU\�FRPSDULVRQV�

� (YDOXDWLRQ�DQG�XSGDWLQJ�RI�GHIDXOWV�PHWKRGV� DQGHPLVVLRQ� IDFWRUV� UHFRPPHQGHG� LQ� WKH� 5HYLVHG,3&&�*XLGHOLQHV�RQ�*UHHQKRXVH�*DV�,QYHQWRULHV�
� (YDOXDWLRQ� RI� JOREDO� RU� UHJLRQDO� EXGJHWV� E\� WKHVFLHQWLILF� FRPPXQLW\� DQG� ,3&&�:RUNLQJ�*URXS� ,�UHVSHFWLYHO\�
%XLOGLQJ�XS�D� V\VWHP� IRU� HPLVVLRQ�YHULILFDWLRQ�RQ� WKHLQWHUQDWLRQDO�VFDOH�ZLOO�FRQVLVW�RI�WKUHH�VWDJHV�
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��� 'HYHORSPHQW�DQG�XVH�RI�JOREDO�PRGHOV�WR�HYDOXDWHDQG�LQWHUSUHW�PHDVXUHPHQWV�
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$&.12:/('*(0(17
7KLV�SDSHU�KDV�EHHQ�UHYLHZHG�E\�5REHUWR�$FRVWD��81)&&&��
'LQD� .UXJHU� �86�(3$��� -RH� 0DQJLQR� �(5*��� .DWDULQD
0DUHFNRYD� �,3&&� ,QYHQWRU\� 3URJUDPPH��� -LP� 3HQPDQ
�'(75��DQG�.DUHQ�7UHDQWRQ��,($��

5()(5(1&(6
$OODUG� 3���&DUERQQHOOH� -���'DMOHYLF�'��� /H%URQHF� -���0RUHO� 3��

5REH�0�&���0DXUHQDV� -�0��� )DLYUH�3LHUUHW� 5���0DUWLQ�'��
6DEURX[� -�&��� =HWWZRRJ� 3�� �������� (UXSWLYH� DQG� GLIIXVH
HPLVVLRQV�RI�&2��IURP�0RXQW�(WQD��1DWXUH��������������

%RVVHERHXI�'���%��&KDWHDX��%��/DSLOORQQH��������&URVV�FRXQWU\
FRPSDULVRQ�RQ�HQHUJ\�HIILFLHQF\�LQGLFDWRUV��WKH�RQ�JRLQJ
(XURSHDQ�HIIRUW�WRZDUGV�D�FRPPRQ�PHWKRGRORJ\��(QHUJ\
3ROLF\�������������

%RXZPDQ� $�)�� DQG� -�� 7D\ORU� �������� 7HVWLQJ� KLJK�UHVROXWLRQ
QLWURXV�R[LGH�HPLVVLRQ�HVWLPDWHV�DJDLQVW�REVHUYDWLRQV�XVLQJ
DQDWPRVSKHULF�WUDQVSRUW�PRGHO��*OREDO�%LRJHRFKHPLFDO�&\�
FOHV�������������

%UXFNQHU�*��� 3HWHUV� .��� 6FKXO]H� (��'��� (LGHQ�5�� �������� &RQ�
FHQWUDWLRQV�DQG� ��1�YDOXHV�RI�JDVHRXV�1+��DQG�SDUWLFX�
ODWH�1+���LQGLFDWLQJ�GLIIHUHQW�HPLVVLRQ�VRXUFHV�� ,Q��3�0�
%RUUHOO�HW�DO���HGV����3URFHHGLQJV�RI�WKH�(85275$&�6\P�
SRVLXP�
����9RO�����SS�����������&RPSXWDWLRQDO�0HFKDQLFV
3XEOLFDWLRQV��6RXWKDPSWRQ��8.�

'HUZHQW� 5�*��� 6LPPRQGV� 3�*��� 2·'RKHUW\� 6��� 5\DOO� '�%�
�����D���7KH�LPSDFW�RI�WKH�0RQWUHDO�3URWRFRO�RQ�+DORFDU�
ERQ�FRQFHQWUDWLRQV�LQ�1RUWKHUQ�+HPLVSKHUH�EDVHOLQH�DQG



��� �����9DOLGDWLRQ�DQG�YHULILFDWLRQ�RI�QDWLRQDO�LQYHQWRULHV
(XURSHDQ�DLU�PDVVHV� � DW�0DFH�+HDG�� ,UHODQG��RYHU�D� WHQ
\HDU� SHULRG� IURP� ����������� $WPRV�� (QYLURQ�� ���� �����
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'HUZHQW�5�*��� 6LPPRQGV� 3�*���2·'RKHUW\� 6���&LDLV� 3��� 5\DOO
'�%�� �����E��� (XURSHDQ� 6RXUFH� VWUHQJWKV� DQG� 1RUWKHUQ
+HPLVSKHUH�EDVHOLQH�FRQFHQWUDWLRQV�RI� UDGLDWLYHO\�DFWLYH
WUDFH� JDVHV� DW� 0DFH� +HDG�� ,UHODQG�� $WPRV� (QYLURQ�� ���
����������

'OXJRNHQFN\�(�-���6WHHOH�/�3���/DQJ�3�0���0HVDULH�.�$���������
7KH� JURZWK� UDWH� DQG� GLVWULEXWLRQ� RI� DWPRVSKHULF� &+��
-�*HRSK\V�5HV�����������������

(($� �������� -RLQW� (0(3�&25,1$,5�$WPRVSKHULF� (PLVVLRQ
,QYHQWRU\�*XLGHERRN��(XURSHDQ�(QYLURQPHQWDO�$JHQF\�
&RSHQKDJHQ�

*RHGH��$�3�+����&�3��7DQ]L�� ,��$EHQ�� -�3��%XUURZV��0��:HEHU�
'��3HUQHU��3�6��0RQNV��*�.��*RUOHWW�%��$UODQGHU��8��3ODWW�
7��:DJQHU�� .�� 3IHLOVWLFNHU�� 3�� 7DODDV�� +�� .HOGHU�� DQG� $�
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9HOGW��&���������$�FRPSLODWLRQ�RI�LQYHQWRULHV�RI�HPLVVLRQV
WR�WKH�DWPRVSKHUH��*OREDO�%LRJHRFKHPLFDO�&\FOHV������²���

+DVKPRQD\�5�$���<RVW�0�*���0DPDQH�<���%HQD\DKX�<���������
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PRV�(QYLURQ��������������
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,($� ������� &2�� HPLVVLRQV� IURP� IXHO� FRPEXVWLRQ� ����������
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,($��������(QHUJ\�6WDWLVWLFV�RI�1RQ�2(&'�&RXQWULHV�'LVNHWWH
6HUYLFH���2(&'�,($��3DULV�

,3&&� ������� 5HYLVHG� ����� ,3&&� *XLGHOLQHV� IRU� 1DWLRQDO
*UHHQKRXVH�*DV�,QYHQWRULHV��,3&&�2(&'�,($��3DULV�

,3&&� ������� *RRG� 3UDFWLFH�*XLGDQFH� DQG�8QFHUWDLQW\�0DQ�
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/LP� %��� 3�� %RLOHDX�� <�� %RQGXNL�� $�5�� YDQ� $PVWHO�� /�+�-�0�
-DQVVHQ�� -�*�-�� 2OLYLHU�� &�� .URH]H� ������� ,PSURYLQJ� WKH
TXDOLW\�RI�QDWLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHV��(QYLURQ�
PHQWDO�6FLHQFH�	�3ROLF\�������������

0DLVV�0��DQG�&�$�0��%UHQQLQNPHLMHU��������$WPRVSKHULF�6)��
WUHQGV�� VRXUFHV� DQG� SURVSHFWV�� (QYLURQ�� 6FL�� 7HFKQ�� ���
����������

0DOP�:���*HEKDUW�.���&DKLOO�7���(OGUHG�5���3LHONH�5���6WRFNHU
5���:DWVRQ� -���/DWLPHU�'�$�� �������� 7KH�:LQWHU�+D]H� ,Q�
WHQVLYH� 7UDFHU� ([SHULPHQW�� )LQDO� 5HSRUW�� 1DWLRQDO� 3DUN
6HUYLFH��)RUW�&ROOLQV��&R��86$��

0DUODQG�*���$QGUHV��5�-�� DQG�%RGHQ�� 7�$�� ������� *OREDO�� UH�
JLRQDO�� DQG� QDWLRQDO�&2�� HPLVVLRQV�� SS�� ��������� ,Q�� %R�
GHQ�� 7�$��� .DLVHU�� '�3��� 6HSDQVNL�� 5�-�� DQG� 6WRVV�� )�:�
�HGV��� 7UHQGV� 
���� $� &RPSHQGLXP� RI� 'DWD� RQ� *OREDO
&KDQJH��251/�&',$&�����&DUERQ�'LR[LGH� ,QIRUPDWLRQ
$QDO\VLV� &HQWHU�� 2DN� 5LGJH� 1DWLRQDO� /DERUDWRU\�� 2DN
5LGJH��71�

2OLYLHU�-�*�-���$�)��%RXZPDQ��-�-�0��%HUGRZVNL��&��9HOGW��-�3�-�
%ORRV��$�-�+��9LVVFKHGLMN��&�:�0��YDQ�GHU�0DDV�DQG�3�<�-�
=DQGYHOG� �������� 6HFWRUDO� HPLVVLRQ� LQYHQWRULHV� RI� JUHHQ�
KRXVH�JDVHV�IRU������RQ�D�SHU�FRXQWU\�EDVLV�DV�ZHOO�DV�RQ
�R[�R��(QYLURQPHQWDO�6FLHQFH�DQG�3ROLF\�������������

6DOZD\�� $�*�� ������� &RPSDULVRQ� EHWZHHQ� WKH� ,3&&�'HIDXOW
DQG� 8.� 'HWDLOHG� ,QYHQWRULHV� ����������� 1DWLRQDO� (QYL�
URQPHQWDO� 7HFKQRORJ\� &HQWUH�� $($� 7HFKQRORJ\� 5HSRUW
QR��$($7������,VVXH����1RYHPEHU������

6FKlIHU�.���(PHLV�6���6WRFNKDXVH�0���6HGOPDLHU�$���0DUWLQL�/��
+RIIPDQQ� +��� 'HSWD� *��� *URQDXHU� $�� �������� (PLVVLRQ
UDWHV� IURP� DUHD� VRXUFHV� RI� DPPRQLD� DQG� IXUWKHU� WUDFH
JDVHV�E\�VSHFWURPHWULF�UHPRWH�PHDVXUHPHQWV�DQG�LQYHUVH
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6FKLSSHU�/���5��+DDV���������7KH�SROLWLFDO�UHOHYDQFH�RI�HQHUJ\
DQG�&2�� LQGLFDWRUV� ��$Q� LQWURGXFWLRQ�� (QHUJ\� 3ROLF\� ���
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81)&&&&� ������� 0HWKRGRORJLFDO� LVVXHV� LGHQWLILHG� ZKLOH
SURFHVVLQJ�VHFRQG�1DWLRQDO�&RPPXQLFDWLRQV��JUHHQKRXVH
JDV�LQYHQWRULHV��7DEOH�����S����������1RWH�IURP�WKH�&OLPDWH
6HFUHWDULDW� IRU� WKH� 6XEVLGLDU\� %RG\� IRU� 6FLHQWLILF� DQG
7HFKQRORJLFDO�$GYLFH��6%67$���1LQWK�VHVVLRQ��%XHQRV�$L�
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9HUPHXOHQ� $�7��� 5�� (LVPD�� $�� +HQVHQ�� -�� 6ODQLQD� ������
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http://unfccc.int/resource/docs/1998/sbsta/07.pdf
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://www.ipcc-nggip.iges.or.jp/public/gl/invs1.htm
http://reports.eea.eu.int/technical_report_2001_3/en
http://reports.eea.eu.int/technical_report_2001_3/en
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%HFN�� /�/�� DQG�'��:LOVRQ� �������'DWD�$WWULEXWH� 5DWLQJ� 6\V�
WHP�� 3DSHU� SUHVHQWHG� DW� WKH� $:0$� FRQIHUHQFH� ¶7KH
(PLVVLRQV� ,QYHQWRU\�� 3ODQQLQJ� IRU� WKH� )XWXUH·�� 5DOHLJK�
1&��86$��2FWREHU����������

,3&&��������,3&&�*XLGHOLQHV�IRU�1DWLRQDO�*UHHQKRXVH�*DV�,QYHQ�
WRULHV����9ROXPHV���,3&&�2(&'�,($��3DULV�

,3&&� �������*RRG� 3UDFWLFH� *XLGDQFH� DQG� 8QFHUWDLQW\�0DQDJH�
PHQW� LQ� 1DWLRQDO� *UHHQKRXVH� *DV� ,QYHQWRULHV�� 7HFKQLFDO
6XSSRUW�8QLW�,3&&�1**,3��,*(6��+D\DPD��.DQDJDZD�
-DSDQ�

81)&&&&� �������0HWKRGRORJLFDO� LVVXHV� LGHQWLILHG� ZKLOH� SURF�
HVVLQJ�VHFRQG�1DWLRQDO�&RPPXQLFDWLRQV��JUHHQKRXVH�JDV�LQ�
YHQWRULHV�� 7DEOH� ��� �S�� �������� 1RWH� IURP� WKH� &OLPDWH
6HFUHWDULDW� IRU� WKH� 6XEVLGLDU\� %RG\� IRU� 6FLHQWLILF� DQG
7HFKQRORJLFDO�$GYLFH� �6%67$���1LQWK� VHVVLRQ�� %XHQRV
$LUHV�� �����1RYHPEHU� ������ ,WHP� �� RI� WKH� SURYLVLRQDO
DJHQGD�� 'RFXPHQW� QR�� )&&&�6%67$��������� �� 6HS�
WHPEHU�������81)&&&�6HFUHWDULDW��%RQQ�

81)&&&� �������81)&&&� JXLGHOLQHV� RQ� UHSRUWLQJ� DQG� UHYLHZ�
'RFXPHQW� QR�� )&&&�&3��������� 81)&&&� 6HFUHWDU�
LDW��%RQQ�

http://www.ipcc-nggip.iges.or.jp/public/public.htm
http://www.ipcc-nggip.iges.or.jp/public/public.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://www.ipcc-nggip.iges.or.jp/public/gp/gpgaum.htm
http://unfccc.int/resource/docs/1998/sbsta/07.pdf
http://unfccc.int/resource/docs/cop5/07.pdf
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$V�SULQFLSDO�DXWKRU�

2OLYLHU��-�*�-��DQG�.��5\SGDO��������,QYHQWRULHV��8QFHUWDLQWLHV
DQG� 9HULILFDWLRQ�� &RQIHUHQFH� UHSRUW� VXPPDU\�� ,Q�� 9DQ
+DP�� -��� $�3�0�� %DHGH�� 5�� *XLFKHULW� DQG� -�)�*�0�� :LO�
OLDPV�-DFREVH� �HGV���¶1RQ�&2�� JUHHQKRXVH� JDVHV�� VFLHQWLILF
XQGHUVWDQGLQJ��FRQWURO�RSWLRQV�DQG�SROLF\�DVSHFWV��3URFHHGLQJV
RI� WKH� 7KLUG� ,QWHUQDWLRQDO� 6\PSRVLXP�� 0DDVWULFKW�� 1HWKHU�
ODQGV��������-DQXDU\�����·��SS��;/,�;/,,,��0LOOSUHVV�6FLHQFH
3XEOLVKHUV��5RWWHUGDP��,6%1���������������

2OLYLHU�� -�*�-��� -�$�+�:�� 3HWHUV�� -�� %DNNHU�� -�-�0�� %HUGRZVNL�
$�-�+�� 9LVVFKHGLMN� DQG� � -�3�-�� %ORRV� ������� ('*$5� ����
5HIHUHQFH�GDWDEDVH�ZLWK�WUHQG�GDWD�RI�JOREDO�JUHHQKRXVH
JDV� HPLVVLRQV� IRU� ����������� ,Q�� 9DQ� +DP�� -��� $�3�0�
%DHGH�� 5�� *XLFKHULW� DQG� -�)�*�0�� :LOOLDPV�-DFREVH
�HGV���¶1RQ�&2�� JUHHQKRXVH� JDVHV�� VFLHQWLILF� XQGHUVWDQGLQJ�
FRQWURO�RSWLRQV�DQG�SROLF\�DVSHFWV��3URFHHGLQJV�RI�WKH�7KLUG�,Q�
WHUQDWLRQDO�6\PSRVLXP��0DDVWULFKW��1HWKHUODQGV�������� -DQX�
DU\�����·��SS�����������0LOOSUHVV� 6FLHQFH�3XEOLVKHUV��5RW�
WHUGDP��,6%1���������������

2OLYLHU�� -�*�-�� DQG� -�$�+�:�� 3HWHUV� ������� 8QFHUWDLQWLHV� LQ
JOREDO�� UHJLRQDO� DQG� QDWLRQDO� HPLVVLRQ� LQYHQWRULHV�� ,Q�
9DQ� +DP�� -��� $�3�0�� %DHGH�� 5�� *XLFKHULW� DQG� -�)�*�0�
:LOOLDPV�-DFREVH� �HGV���¶1RQ�&2�� JUHHQKRXVH� JDVHV�� VFLHQ�
WLILF� XQGHUVWDQGLQJ�� FRQWURO� RSWLRQV� DQG� SROLF\� DVSHFWV�� 3UR�
FHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� 6\PSRVLXP�� 0DDVWULFKW�
1HWKHUODQGV�� ������ -DQXDU\� ����·�� SS�� ��������� 0LOOSUHVV
6FLHQFH�3XEOLVKHUV��5RWWHUGDP��,6%1���������������

2OLYLHU�� -�*�-�� DQG� -�-�0�� %HUGRZVNL� ������� *OREDO� HPLVVLRQV
VRXUFHV�DQG�VLQNV��,Q��%HUGRZVNL��-���*XLFKHULW��5��DQG�%�-�
+HLM� �HGV����7KH�&OLPDWH�6\VWHP���SS���������$�$��%DONHPD
3XEOLVKHUV�6ZHWV� 	� =HLWOLQJHU� 3XEOLVKHUV�� /LVVH�� 7KH
1HWKHUODQGV��,6%1���������������

2OLYLHU�� -�*�-�� ������� 6KDUHV� DQG� WUHQGV� LQ� JUHHQKRXVH� JDV
HPLVVLRQV�� ,Q�� �&2�� HPLVVLRQV� IURP� IXHO� FRPEXVWLRQ� �����
������� ����� (GLWLRQ�� SS�� ,,,���,,,���� ,QWHUQDWLRQDO� (QHUJ\
$JHQF\��,($���3DULV��,6%1���������������

2OLYLHU�� -�*�-�� HW� DO�� ������� &2��� &+�� DQG� 1�2� HPLVVLRQV� IRU
�����DQG�������6RXUFHV�DQG�0HWKRGV�� ,Q���&2��HPLVVLRQV
IURP� IXHO� FRPEXVWLRQ� ������������ ����� (GLWLRQ�� SS�� ,,,���
,,,�����,QWHUQDWLRQDO�(QHUJ\�$JHQF\��,($���3DULV��,6%1����
�����������

2OLYLHU�� -�*�-�� %ORRV�� -�3�-��� %HUGRZVNL�� -�-�0��� 9LVVFKHGLMN�
$�-�+��DQG�$�)��%RXZPDQ��������$������JOREDO�HPLVVLRQ
LQYHQWRU\�RI� DQWKURSRJHQLF� VRXUFHV� RI� FDUERQ�PRQR[LGH
RQ��R[�R� GHYHORSHG� LQ� WKH� IUDPHZRUN�RI�('*$5�*(,$�
&KHPRVSKHUH��*OREDO�&KDQJH�6FLHQFH����������

2OLYLHU�� -�*�-��� %RXZPDQ�� $�)��� %HUGRZVNL�� -�-�0��� 9HOGW�� &��
%ORRV�� -�3�-��� 9LVVFKHGLMN�� $�-�+��� 9DQ� GHU� 0DDV�� &�:�0�
DQG�3�<�-��=DQGYHOG� ������� 6HFWRUDO� HPLVVLRQ� LQYHQWRULHV
RI� JUHHQKRXVH� JDVHV� IRU� ����� RQ� D� SHU� FRXQWU\� EDVLV� DV
ZHOO�DV�RQ��R�[��R��(QYLURQPHQWDO�6FLHQFH�	�3ROLF\����� ����
����

2OLYLHU��-�*�-���%RXZPDQ��$�)����9DQ�GHU�+RHN��.�:��DQG�-�-�0�
%HUGRZVNL� ������� *OREDO� $LU� (PLVVLRQ� ,QYHQWRULHV� IRU
$QWKURSRJHQLF� 6RXUFHV� RI� 12[�� 1+�� DQG� 1�2� LQ� �����
(QY��3ROO���������������

2OLYLHU�� -�*�-��� %RXZPDQ�� $�)��� 9DQ� GHU� 0DDV�� &�:�0�� DQG
-�-�0�� %HUGRZVNL� �������� (PLVVLRQ� 'DWDEDVH� IRU� *OREDO
$WPRVSKHULF� 5HVHDUFK� �('*$5��� 9HUVLRQ� ����� ,Q�� =ZHU�
YHU�� 6��� 9DQ� 5RPSDH\�� 5�6�$�5��� .RN�� 0�7�-��� DQG� %HUN�
0�0���HGV���&OLPDWH�&KDQJH�5HVHDUFK��(YDOXDWLRQ�DQG�3ROLF\
,PSOLFDWLRQV�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &OLPDWH
&KDQJH� 5HVHDUFK� &RQIHUHQFH�� 0DDVWULFKW�� 7KH� 1HWKHU�
ODQGV������'HFHPEHU�������SS�� ��������� (OVHYLHUV� 6FLHQFH
%9��$PVWHUGDP��,6%1���������������

2OLYLHU�� -�*�-��� %RXZPDQ�� $�)��� 9DQ� GHU� 0DDV�� &�:�0�� DQG
-�-�0��%HUGRZVNL��������(PLVVLRQ�GDWDEDVH�IRU�*OREDO�$W�
PRVSKHULF� 5HVHDUFK� �('*$5���(QYLURQPHQWDO�0RQLWRULQJ
DQG�$VVHVVPHQW�������������
>$OVR�SXEOLVKHG�LQ��-��YDQ�+DP��/�-�+�0��-DQVVHQ�DQG�5�-�
6ZDUW� �HGV���� 1RQ�&2�� *UHHQKRXVH� *DVHV��:K\� DQG� KRZ� WR
FRQWURO"�� 3URFHHGLQJV� RI� DQ� ,QWHUQDWLRQDO� 6\PSRVLXP�
0DDVWULFKW� �1/��� ������ 'HFHPEHU� ������ SS�� �������� .OX�
ZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW�@

2OLYLHU�� -�*�-���.URH]H��&���0DWWKLMVHQ�� $�&�-�0�� DQG�+�-�� YDQ
GHU�:RHUG���������6FHQDULRV�IRU�JOREDO�DQG�'XWFK�XVH�RI�K\�
GURIOXRURFDUERQV� �+)&V�� DQG� WKHLU� FRQVHTXHQFHV� IRU� JOREDO
ZDUPLQJ�� ,Q�� -�� YDQ�+DP�� /�-�+�0�� -DQVVHQ� HQ�5�-�� 6ZDUW
�HGV���� 1RQ�&2�� *UHHQKRXVH� *DVHV�� :K\� DQG� KRZ� WR
FRQWURO"�� 3URFHHGLQJV� RI� DQ� ,QWHUQDWLRQDO� 6\PSRVLXP�
0DDVWULFKW� �1/���������'HFHPEHU�������SS�����������.OX�
ZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW�

2OLYLHU�� -�*�-�� �������1LWURXV�R[LGH�HPLVVLRQV� IURP�LQGXVWULDO
SURFHVVHV�� LQ�� 5�$�� YDQ� $PVWHO� �HG���� 3URFHHGLQJV� RI� WKH
,QWHUQDWLRQDO�:RUNVKRS�0HWKDQH�DQG�1LWURXV�2[LGH��0HWKRGV
LQ� 1DWLRQDO� (PLVVLRQ� ,QYHQWRULHV� DQG� 2SWLRQV� IRU� &RQWURO�
$PHUVIRRUW��7KH�1HWKHUODQGV��)HEUXDU\������������SS������
����

2OLYLHU��-�*�-��DQG�-�$��.QREERXW��������,QLWLDWLYH�IRU�D�6HFRQ�
GDU\� 3KDVH� &RXUVH� ¶(QHUJ\� V\VWHPV·� �LQ� 'XWFK��� (QHUJL�
HVSHFWUXP��'HFHPEHU�������SS�����������(&1��3HWWHQ�

2OLYLHU�� -�*�-��� 7KLHV�� 0�� DQG� -�+�� .RFK� ������� $QRPDORXV
ZLGWKV�LQ�SLRQLF�DWRPV�DQG�WKH�SUREOHP�RI�6�ZDYH�UHSXO�
VLRQ��1XFO�3K\V��$�������������

$V�FR�DXWKRU�

9DQ�$PVWHO��$���-��2OLYLHU�DQG�3��5X\VVHQDDUV��������+RZ�WR
LPSURYH�WKH�PRQLWRULQJ��RI�JUHHQKRXVH�JDV�HPLVVLRQV"�,Q�
9DQ� +DP�� -��� $�3�0�� %DHGH�� 5�� *XLFKHULW� DQG� -�)�*�0�
:LOOLDPV�-DFREVH� �HGV���¶1RQ�&2�� JUHHQKRXVH� JDVHV�� VFLHQ�
WLILF� XQGHUVWDQGLQJ�� FRQWURO� RSWLRQV� DQG� SROLF\� DVSHFWV�� 3UR�
FHHGLQJV� RI� WKH� 7KLUG� ,QWHUQDWLRQDO� 6\PSRVLXP�� 0DDVWULFKW�
1HWKHUODQGV�� ������ -DQXDU\� ����·�� SS�� ��������� 0LOOSUHVV
6FLHQFH�3XEOLVKHUV��5RWWHUGDP��,6%1���������������

9DQ� $DUGHQQH�� -�$��� 'HQWHQHU�� )�-��� 2OLYLHU�� -�*�-��� .OHLQ

*ROGHZLMN��&�*�0��DQG�-��/HOLHYHOG��������$����[����UHVR�
OXWLRQ�GDWDVHW�RI�KLVWRULFDO�DQWKURSRJHQLF� WUDFH�JDV�HPLV�
VLRQV� IRU� WKH� SHULRG� �����������*OREDO� %LRJHRFKHPLFDO� &\�
FOHV����������������

0�� 3UDWKHU�� '�� (KKDOW�� 'HQWHQHU�� )�� 'HUZHQW�� 5��� 'OXJR�
NHQFN\��(���+ROODQG��(��� ,VDNVHQ�� ,���.DWLPD�� -���.LUFKKRII�
9��� 0DWVRQ�� 3��� 0LGJOH\�� 3��� :DQJ�� 0��� HW� DO�� ������� $W�
PRVSKHULF� FKHPLVWU\� DQG� JUHHQKRXVH� JDVHV�� ,Q�� +RXJK�

http://www.iea.org/statist/pubs/pub.htm
http://www.iea.org/statist/pubs/pub.htm
http://www.iea.org/statist/pubs/pub.htm
http://www.iea.org/statist/pubs/pub.htm
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WRQ��-�7���'LQJ��<���*ULJJV��'�-���1RJXHU��0���9DQ�GHU�/LQ�
GHQ��3�-���'DL��;���0DVNHOO��.��DG�&�$��-RKQVRQ��HGV�����&OL�
PDWH� &KDQJH� ������ WKH� VFLHQWLILF� EDVLV�� &RQWULEXWLRQ� RI
:RUNLQJ�*URXS�,� WR� WKH�7KLUG�$VVHVVPHQW�5HSRUW�RI� WKH
,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� �,3&&��
&DPEULGJH�8QLY��3UHVV��&DPEULGJH��8.�

9DQ�$PVWHO��$�5���2OLYLHU�� -�*�-�� DQG�/�+�-�0�� -DQVVHQ� ������
$QDO\VLV�RI�GLIIHUHQFHV�EHWZHHQ�QDWLRQDO�LQYHQWRULHV�DQG
DQ�(PLVVLRQV�'DWDEDVH� IRU�*OREDO�$WPRVSKHULF�5HVHDUFK
�('*$5���(QYLURQPHQWDO�6FLHQFH�	�3ROLF\�������������

-DQVVHQ�� /�+�-�0���2OLYLHU�� -�*�-�� DQG�$�5�� YDQ�$PVWHO� ������
&RPSDULVRQ� RI� &+�� HPLVVLRQ� LQYHQWRU\� GDWD� DQG� HPLV�
VLRQ� HVWLPDWHV� IRUP� DWPRVSKHULF� WUDQVSRUW� PRGHOV� DQG
FRQFHQWUDWLRQ� PHDVXUHPHQWV�� (QYLURQPHQWDO� 6FLHQFH� 	
3ROLF\�������������

/LP��%���%RLOHDX��3���%RQGXNL��<���9DQ�$PVWHO��$�5��� -DQVVHQ�
/�+�-�0��� 2OLYLHU�� -�*�-�� DQG�&�� .URH]H� ������� ,PSURYLQJ
WKH�TXDOLW\�RI�QDWLRQDO�JUHHQKRXVH�JDV� LQYHQWRULHV��(QYL�
URQPHQWDO�6FLHQFH�	�3ROLF\�������������

0DUODQG��*���%UHQNHUW��$��DQG� -�*�-��2OLYLHU� �������&2�� IURP
IRVVLO� IXHO� EXUQLQJ��D� FRPSDULVRQ�RI�251/�DQG�('*$5
HVWLPDWHV� RI� QDWLRQDO� HPLVVLRQV�� (QYLURQPHQWDO� 6FLHQFH� 	
3ROLF\�������������

9DQ� +H\VW�� %�-��� 6FKROW]�� 0�7��� 7D\ORU�� $�:��� ,YDQRII�� $��
%HQNRYLW]��&�0���0XEDUDNL��$���2OLYLHU��-�*�-��DQG�-�0��3D�
F\QD� �������7KH�GHYHORSPHQW�RI�D������JOREDO� LQYHQWRU\
IRU�62[�DQG�12[�RQ�D����[����ODWLWXGH�ORQJLWXGH�JULG��3UR�
FHHGLQJV� $:0$� (PLVVLRQ� ,QYHQWRU\� &RQIHUHQFH�� 5DOHLJK�
1&��2FW��������������

/HH�'�6���.|KOHU� ,��� *UREOHU�� (��� 5RKUHU� )��� 6DXVHQ�� 5��� � *DO�
ODUGR�.OHQQHU� /��� 2OLYLHU� -�*�-��� 'HQWHQHU� )�-�� DQG� $�)�
%RXZPDQ� ������� (VWLPDWLRQV� RI� JOREDO� 12[� HPLVVLRQV
DQG�WKHLU�XQFHUWDLQWLHV��$WPRVSKHULF�(QYLURQPHQW�����������
�����

%RXZPDQ�� $�)��� /HH�� '�6��� $VPDQ�� :�$�+��� 'HQWHQHU�� )�-��
9DQ� 'HU� +RHN�� .�:�� DQG� -�*�-�� 2OLYLHU� ������� $� *OREDO
+LJK�5HVROXWLRQ�(PLVVLRQ�,QYHQWRU\�IRU�$PPRQLD��*OREDO
%LRJHRFKHPLFDO�&\FOHV�������������

%HQNRYLW]��&�0���%HUGRZVNL��-�-�0���0XEDUDNL��0�$��DQG�-�*�-�
2OLYLHU� �������*OREDO�DQWKURSRJHQLF� VXOIXU� HPLVVLRQV� IRU
�����DQG��������,Q��$VVHVVLQJ�+LVWRULFDO�*OREDO�6XOIXU�(PLV�
VLRQ�3DWWHUQV�IRU�WKH�3HULRG������������$SSHQGL[�$��5HSRUW
'(����������� 8�6�� 'HSDUWPHQW� RI� (QHUJ\�� :DVKLQJWRQ�
'&���>%1/������@

%HQNRYLW]��&�0���%HUGRZVNL��-�-�0���0XEDUDNL��0�$���DQG�-�*�-�
2OLYLHU��������6XOIXU�HPLVVLRQV�IURP�YROFDQLF�DFWLYLW\��,Q�
$VVHVVLQJ�+LVWRULFDO� *OREDO� 6XOIXU� (PLVVLRQ� 3DWWHUQV� IRU� WKH
3HULRG������������$SSHQGL[�&��5HSRUW�'(�����������8�6�
'HSDUWPHQW�RI�(QHUJ\��:DVKLQJWRQ��'&���>%1/������@

6FRWW��0�-���$JXLODU��$�*���'RXJODV��,���(SVWHLQ��3�5���/LYHUPDQ�
'���0DLOX��*�0��� 6KRYH��(���'OXJROHFNL��$�)���+DQDNL��.��
+XDQJ�� <�-��� 0DJDG]D�� &�+�'���2OLYLHU�� -�*�-��� 3DULNK�� -��
3HULHV��7�+�5��� 6NHD�� -���<RVKLQR��0��������+XPDQ� VHWWOH�
PHQWV�LQ�D�FKDQJLQJ�FOLPDWH��LPSDFWV�DQG�DGDSWDWLRQ��5�7�
:DWVRQ�� 0�&�� =LQ\RZHUD� DQG� 5�+�� 0RVV� �HGV���� &OLPDWH
&KDQJH� ������ ,PSDFWV�� DGDSWDWLRQV� DQG�PLWLJDWLRQ� RI� FOLPDWH
FKDQJH�� VFLHQWLILF�WHFKQLFDO� DQDO\VLV�� &RQWULEXWLRQ� RI�:RUNLQJ
*URXS�,,�WR�WKH�6HFRQG�$VVHVVPHQW�5HSRUW�RI�WKH�,QWHUJRYHUQ�
PHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH�� &DPEULGJH� 8QLYHUVLW\
3UHVV��S����������

%RXZPDQ��$�)���9DQ�GHU�+RHN��.�:���DQG�-�*�-��2OLYLHU��������
8QFHUWDLQWLHV� LQ� WKH�JOREDO� VRXUFH�GLVWULEXWLRQ�RI�QLWURXV
R[LGH��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�����������������

$OFDPR�� -���9DQ�GHQ�%RUQ��*�-��� %RXZPDQ��$�)���'H�+DDQ�� %��
.OHLQ� *ROGHZLMN�� .��� .OHSSHU�� 2��� /HHPDQV�� 5��� 2OLYLHU�
-�*�-���'H�9ULHV��+�-�0���9DQ�GHU�:RHUG��+�-��DQG�5�$��YDQ
GHQ� :LMQJDDUW� ������� 0RGHOLQJ� WKH� *OREDO� 6RFLHW\�
%LRVSKHUH�&OLPDWH� 6\VWHP�� 3DUW� ��� &RPSXWHG� 6FHQDULRV�
:DWHU��$LU�DQG�6RLO�3ROO�������������

'H� 9ULHV�� +�-�0��� 2OLYLHU�� -�*�-��� 9DQ� GHQ� :LMQJDDUW�� 5�$��
.UHLOHPDQ��*�-�-�� DQG�$�0�&��7RHW� �������0RGHO� IRU�&DO�
FXODWLQJ�5HJLRQDO�(QHUJ\�8VH��,QGXVWULDO�3URGXFWLRQ�DQG
*UHHQKRXVH�*DV�(PLVVLRQV�IRU�(YDOXDWLQJ�*OREDO�&OLPDWH
6FHQDULRV��:DWHU��$LU�DQG�6RLO�3ROOXWLRQ�������������

%HUGRZVNL�� -�-�0��� %HFN�� /��� 3LFFRW�� 6��� 2OLYLHU�� -�*�-�� DQG� &�
9HOGW� �������:RUNLQJ�*URXS�5HSRUW��0HWKDQH� HPLVVLRQV
IURP� IXHO� FRPEXVWLRQ� DQG� LQGXVWULDO� SURFHVVHV�� ,Q�� 5�$�
YDQ� $PVWHO� �HG���� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� :RUN�
VKRS�0HWKDQH�DQG�1LWURXV�2[LGH��0HWKRGV�LQ�1DWLRQDO�(PLV�
VLRQ� ,QYHQWRULHV� DQG� 2SWLRQV� IRU� &RQWURO�� $PHUVIRRUW�� 7KH
1HWKHUODQGV��)HEUXDU\������������SS����������

%HUGRZVNL��-�-�0���2OLYLHU��-�*�-��DQG�&��9HOGW��������0HWKDQH
HPLVVLRQV�IURP�IXHO�FRPEXVWLRQ�DQG�LQGXVWULDO�SURFHVVHV�
,Q��5�$��YDQ�$PVWHO��HG����3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO
:RUNVKRS�0HWKDQH� DQG�1LWURXV�2[LGH��0HWKRGV� LQ�1DWLRQDO
(PLVVLRQ� ,QYHQWRULHV� DQG� 2SWLRQV� IRU� &RQWURO�� $PHUVIRRUW�
7KH�1HWKHUODQGV��)HEUXDU\������������SS����������

6ZDUW�� 5�-��� %RXZPDQ�� /��� 2OLYLHU�� -�� DQG� *�-�� YDQ� GHQ� %RUQ
������� ,QYHQWRU\� RI� *UHHQKRXVH� *DV� (PLVVLRQV� LQ� WKH
1HWKHUODQGV��$PELR��������������

429#��=A�6�?&2�43<

$V�SULQFLSDO�DXWKRU�

2OLYLHU�� -�*�-��� %UDQGHV� /�-���� 3HWHUV�� -�$�+�:��� DQG� 3�:�+�*�
&RHQHQ��������*UHHQKRXVH�*DV�(PLVVLRQV�LQ� WKH�1HWKHU�
ODQGV� �����������1DWLRQDO� ,QYHQWRU\�5HSRUW� ������ 5,90
5HSRUW�QR�������������������5,90��%LOWKRYHQ��$SULO������

2OLYLHU�� -�*�-�� DQG� -�$�+�:�� 3HWHUV� ������� &2�� IURP� 1RQ�
(QHUJ\�8VH�RI� IXHOV��D�JOREDO�� UHJLRQDO�DQG�QDWLRQDO�SHU�
VSHFWLYH�EDVHG�RQ� WKH� ,3&&�7LHU� �� DSSURDFK�� 3DSHU� SUH�
VHQWHG� DW� WKH� 7KLUG� 1(8�&2�� :RUNVKRS� 1RQ�(QHUJ\� 8VH
DQG� &2�� HPLVVLRQV�� ,QWHUQDWLRQDO� (QHUJ\� $JHQF\� �,($��
3DULV������1RYHPEHU������

2OLYLHU� -�*�-��� -�� %DNNHU�� -�-�0�� %HUGRZVNL�� $�-�+�� 9LVVFKHGLMN
DQG�$�)��%RXZPDQ��������$VVHVVPHQW�RI�JOREDO�PHWKDQH
HPLVVLRQV� LQ� ('*$5� ����� ���������� WUHQGV� DQG� XQFHU�
WDLQW\� HVWLPDWHV�� 3DSHU� SUHVHQWHG� DW� WKH� ZRUNVKRS

5HOLDELOLW\� RI� *UHHQKRXVH� *DV� (PLVVLRQ� (VWLPDWHV
�
:DJHQLQJHQ��2FWREHU�������������

2OLYLHU�� -�*�-��� -�-�0�� %HUGRZVNL�� -�$�+�:�� 3HWHUV�� -�� %DNNHU�
$�-�+�� 9LVVFKHGLMN� HQ� -�3�-�� %ORRV� ������� $SSOLFDWLRQV� RI
('*$5�� ,QFOXGLQJ� D� GHVFULSWLRQ� RI� ('*$5� 9����� UHIHU�
HQFH�GDWDEDVH�ZLWK�WUHQG�GDWD�IRU������������5,90�UHSRUW
�������������153�UHSRUW������������

2OLYLHU��-�*�-���7KRPDV��5���%UDQGHV��/�-���3HWHUV��-�$�+�:��DQG
3�:�+�*�� &RHQHQ� ������� *UHHQKRXVH� *DV� (PLVVLRQV� LQ
WKH� 1HWKHUODQGV� ����������� 1DWLRQDO� ,QYHQWRU\� 5HSRUW
������5,90��%LOWKRYHQ��5HSRUW�������������$SULO������

http://www.rivm.nl/bibliotheek/rapporten/773201006.html
http://www.rivm.nl/bibliotheek/rapporten/773201006.html
http://www.chem.uu.nl/nws/www/nenergy/wrks3-C.pdf
http://www.chem.uu.nl/nws/www/nenergy/wrks3-C.pdf
http://gissrv.iend.wau.nl/~methane/workshop/
http://www.rivm.nl/bibliotheek/rapporten/410200051.html
http://www.rivm.nl/bibliotheek/rapporten/410200051.html
http://www.rivm.nl/bibliotheek/rapporten/773201005.html
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2OLYLHU��-�*�-��DQG�-��%DNNHU���������+LVWRULFDO�JOREDO�HPLVVLRQ
WUHQGV�RI�WKH�.\RWR�JDVHV�+)&V��3)&V�DQG�6)���3URFHHG�
LQJV� RI�´&RQIHUHQFH� RQ� 6)�� DQG� WKH� (QYLURQPHQW�� (PLVVLRQ
5HGXFWLRQ� 6WUDWHJLHVµ�� 1RYHPEHU� ����� 6DQ� 'LHJR�� (3$�
:DVKLQJWRQ�'&��86$�

2OLYLHU� -�*�-��� 3HWHUV�� -�$�+�:�� DQG� 3�:�+�*�� &RHQHQ� ������
*UHHQKRXVH�*DV�(PLVVLRQV� LQ� WKH�1HWKHUODQGV��(8�6XP�
PDU\� 5HSRUW� ����������� ,3&&� 7DEOHV� �$�� 5,90�� %LOWKR�
YHQ��5HSRUW�������������-DQXDU\������

2OLYLHU�� -�� ������� (PLVVLRQ� LQYHQWRULHV� RI� QDWXUDO� VRXUFHV�
,*$&WLYLWLHV�����������'HFHPEHU������

2OLYLHU�� -�*�-�� �������$SSOLFDWLRQ�RI� ,3&&�7LHU� ��8QFHUWDLQW\
$VVHVVPHQW�� 3UHOLPLQDU\� ,GHQWLILFDWLRQ� RI� .H\� 6RXUFHV�
0HPRUDQGXP� RQ� LGHQWLILFDWLRQ� RI� ,3&&� NH\� VRXUFHV� LQ
WKH�1HWKHUODQGV��3UHSDUHG� IRU� WKH�1HWKHUODQGV
�:RUNLQJ
*URXS�(PLVVLRQ�0RQLWRULQJ�RI�*UHHQKRXVH�*DVHV��:(%��

2OLYLHU��-�*�-���9DQ�GHQ�%HUJ��-�&���DQG�-�$�+�:��3HWHUV� ������
*UHHQKRXVH�JDV�HPLVVLRQV�LQ� WKH�1HWKHUODQGV��6XPPDU\
5HSRUW� ���������� �,3&&� 7DEOHV� �$��� 5,90�� %LOWKRYHQ�
5HSRUW�������������-XO\������

2OLYLHU�� -�*�-���%HUGRZVNL�� -�-�0��� 3HWHUV�� -�$�+�:��� %DNNHU�� -��
9LVVFKHGLMN��$�-�+�� DQG� -�3�-�� %ORRV� ������� ('*$5�9�����
5HIHUHQFH� GDWDEDVH� ZLWK� WUHQG� GDWD� IRU� ����������� 3UR�
FHHGLQJV�RI�WKH� ILUVW�153�,,�6\PSRVLXP�RQ�&OLPDWH�&KDQJH
5HVHDUFK��*DUGHUHQ��7KH�1HWKHUODQGV��������2FWREHU������
S�� ���������153� UHSRUW� ������� ����� 153�5,90�� %LOWKR�
YHQ�

'HQ�(O]HQ��0���%HUN��0���6FKDHIIHU��0���2OLYLHU�� -���+HQGULNV�
&��DQG�0HW]��%�� �������7KH�%UD]LOLDQ�3URSRVDO� DQG�RWKHU
2SWLRQV� IRU� ,QWHUQDWLRQDO�%XUGHQ� 6KDULQJ�� DQ� HYDOXDWLRQ
RI� PHWKRGRORJLFDO� DQG� SROLF\� DVSHFWV� XVLQJ� WKH� )$,5
PRGHO��5,90�UHSRUW�QR�� �����������2FWREHU� ������123�
0/.��%LOWKRYHQ������SS�

2OLYLHU��-�*�-���:LQLZDUWHU��:��DQG�&��3��&KDQJ��������&KHFNV
DQG�YHULILFDWLRQ�DW�QDWLRQDO�DQG�LQWHUQDWLRQDO�OHYHO�RI�QD�
WLRQDO� JUHHQKRXVH� JDV� LQYHQWRULHV·��'LVFXVVLRQ� SDSHU� IRU
,3&&�*RRG�3UDFWLFH�([SHUW�*URXS�0HHWLQJ�´&URVV�6HFWRUDO
0HWKRGRORJLHV� IRU� 8QFHUWDLQW\� (VWLPDWLRQ� DQG� ,QYHQWRU\
4XDOLW\µ��&XOKDP��8.�������2FWREHU������

2OLYLHU��-�*�-��DQG�-�$�+�:��3HWHUV��������,QWHUQDWLRQDO�PDULQH
DQG�DYLDWLRQ�EXQNHU�IXHO��WUHQGV��UDQNLQJ�RI�FRXQWULHV�DQG
FRPSDULVRQ� ZLWK� QDWLRQDO� &2�� HPLVVLRQV�� 5,90� UHSRUW
QR��������������5,90��%LOWKRYHQ��-XO\������

2OLYLHU�� -�*�-��� 6SDNPDQ�� -�� DQG� -�&�� YDQ� GHQ� %HUJ� ������
*UHHQKRXVH� JDV� HPLVVLRQV� LQ� WKH�1HWKHUODQGV� ���������
�,3&&� 7DEOHV� �$��� 5,90�� %LOWKRYHQ�� 5HSRUW� ������� ����
)HEUXDU\������

2OLYLHU�� -�*�-��DQG�-��%DNNHU� �������6)�� IURP�(OHFWULFDO�(TXLS�
PHQW�DQG�2WKHU�8VHV� �'UDIW��� %DFNJURXQG�3DSHU� IRU� WKH
,3&&� ([SHUW� *URXS�0HHWLQJ� RQ� *RRG� 3UDFWLFH� LQ� ,QYHQWRU\
3UHSDUDWLRQ�� ,QGXVWULDO� 3URFHVVHV� DQG� WKH�1HZ�*DVHV��:DVK�
LQJWRQ�'&��������-DQXDU\������

2OLYLHU��-�*�-��DQG�-��%DNNHU��������*OREDO�HPLVVLRQ�VRXUFHV�RI
JUHHQKRXVH�JDV�HPLVVLRQV� IURP�LQGXVWULDO�SURFHVVHV��6)��
,QIRUPDWLRQ�3DSHU� IRU� WKH� ,3&&�([SHUW�*URXS�0HHWLQJ� RQ
*RRG� 3UDFWLFH� LQ� ,QYHQWRU\� 3UHSDUDWLRQ�� ,QGXVWULDO� 3URFHVVHV
DQG�WKH�1HZ�*DVHV��:DVKLQJWRQ�'&��������-DQXDU\������

2OLYLHU�� -�� ������� 7UHQGV� DQG� XQFHUWDLQWLHV� LQ� HPLVVLRQV� RI
JUHHQKRXVH�JDVHV��/XFKW����������������LQ�'XWFK��

2OLYLHU��-�*�-���������7LHUHG�DSSURDFK�DQG�UHSRUWLQJ�IRUPDW�IRU
HVWLPDWLQJ� DQG� HYDOXDWLQJ� XQFHUWDLQW\� LQ� HPLVVLRQ� LQ�
YHQWRULHV�� 'LVFXVVLRQ� SDSHU� IRU� WKH� ,3&&�2(&'�,($
6FRSLQJ� 0HHWLQJ� RQ� 0DQDJLQJ� 8QFHUWDLQW\� LQ� 1DWLRQDO
*UHHQKRXVH�*DV�,QYHQWRULHV��3DULV��������2FWREHU������

2OLYLHU��-�*�-��DQG�$�)��%RXZPDQ��������$�JOREDO�VHFWRUDO�HPLV�
VLRQ� LQYHQWRU\� RI� 1�2� DQG� FRPSDULVRQ� ZLWK� DWPRVSKHULF
REVHUYDWLRQV�� 3URFHHGLQJV� RI� WKH� &.2�&&%� :RUNVKRS� RQ
´%RWWRP�8S� DQG� 7RS�'RZQ� (PLVVLRQ� (VWLPDWHV� RI� *UHHQKRXVH
*DVHV��%LOWKRYHQ�RQ����������µ��S����������5,90�UHSRUW�������
�����5,90��%LOWKRYHQ�

2OLYLHU�� -�*�-��� %RXZPDQ�� $�)��� 9DQ� GHU�0DDV�� &�:�0��� %HU�
GRZVNL��-�-�0���9HOGW��&���%ORRV���-�3�-���9LVVFKHGLMN��$�-�+��
=DQGYHOG��3�<�-��DQG�+DYHUODJ�� -�/�� �������'HVFULSWLRQ�RI
('*$5�9HUVLRQ������$�VHW�RI�JOREDO�HPLVVLRQ�LQYHQWRULHV
RI� JUHHQKRXVH�JDVHV�DQG�R]RQH�GHSOHWLQJ� VXEVWDQFHV� IRU
DOO� DQWKURSRJHQLF� DQG� PRVW� QDWXUDO� VRXUFHV� RQ� D� SHU
FRXQWU\� EDVLV� DQG� RQ� �R[�R� JULG�� 5,90�� %LOWKRYHQ�� 'H�
FHPEHU�������5,90�UHSRUW�QU���������������712�0(3�UH�
SRUW�QU��5�������

2OLYLHU�� -�*�-�� ������� 6FHQDULRV� IRU� JOREDO� HPLVVLRQV� IURP� DLU
WUDIILF��7KH�GHYHORSPHQW�RI� UHJLRQDO� DQG�JULGGHG� ��R[�R�
HPLVVLRQV� VFHQDULRV� IRU� DLUFUDIW� DQG� IRU� VXUIDFH� VRXUFHV�
EDVHG�RQ�&3%�VFHQDULRV�DQG�H[LVWLQJ�HPLVVLRQ�LQYHQWRULHV
IRU�DLUFUDIW�DQG�VXUIDFH� VRXUFHV��5,90�UHSRUW�QR��������
�����5,90��%LOWKRYHQ�

2OLYLHU�� -�*�-�� DQG� -�-�0�� %HUGRZVNL� ������� ('*$5�,0$*(�
'DWDEDVH�DQG�LQWHJUDWHG�VFHQDULR�PRGHO�WR�DVVHVV�WKH�LP�
SDFW�RI�JUHHQKRXVH�JDV�HPLVVLRQV��5HSRUW�RI�WKH�$GYLVRU\
*URXS� 0HHWLQJ� RQ� $VVHVVPHQW� RI� 'DWDEDVHV� RQ� (QHUJ\� 'H�
PDQG�DQG�6XSSO\�LQ�7HUPV�RI�WKHLU�$GHTXDF\�IRU�8VH�LQ�6WXG�
LHV� RI� *UHHQKRXVH� *DV� (PLVVLRQV�� ,$($�+HDGTXDUWHUV�� 9L�
HQQD��$XVWULD��$SULO����������������,��$*������

2OLYLHU�� -�*�-��DQG�2��&REEHQ��������(QHUJ\�UHVHDUFK�DW�'HOIW
8QLYHUVLW\� RI� 7HFKQRORJ\� ������ $� VXUYH\� RI� HQHUJ\�
UHODWHG� 5	'� DW� 'HOIW� 8QLYHUVLW\� RI� 7HFKQRORJ\� LQ� �����
'HOIW� 8QLYHUVLW\� RI� 7HFKQRORJ\� �78� 'HOIW��� PXOWLGLVFL�
SOLQDU\� (QHUJ\� &HQWUH�� 'HOIW�� 'XWFK� YHUVLRQ�� UHSRUW� QR�
������9(��(QJOLVK�YHUVLRQ��UHSRUW�QR��������9(��-XQH������

2OLYLHU��-�*�-���������&RXUVHV��LQ�HQHUJ\�WHFKQRORJ\��$�VXUYH\
RI� HQHUJ\�UHODWHG� OHFWXUHV� DW� 78� 'HOIW� �LQ� 'XWFK��� 'HOIW
8QLYHUVLW\� RI� 7HFKQRORJ\� �78� 'HOIW��� PXOWLGLVFLSOLQDU\
(QHUJ\�&HQWUH��'HOIW��5HSRUW�QR��������)���-XQH������

$V�FR�DXWKRU�

&RHQHQ�� 3�:�+�*�� DQG� -�*�-��2OLYLHU� �������$FWLYLWLHV�ZLWKLQ
WKH�IUDPHZRUN�RI�WKH�FRPSOHWLRQ�RI�WKH�&5)�IRU�WKH�����
VXEPLVVLRQ� WR� WKH� 81)&&&� >LQ� 'XWFK@�� 712�0(3�
$SHOGRRUQ��5HSRUW�QR��5����������3URMHFW�QR��������

&XQQROG��'���2OLYLHU��-��DQG�3��0LGGOHWRQ��������2YHUYLHZ�RI
WKH� *OREDO� (PLVVLRQV� ,QYHQWRU\� $FWLYLW\� �*(,$��
,*$&WLYLWLHV�����������'HFHPEHU������

9DQ�$PVWHO��$�5���2OLYLHU�� -�*�-�� DQG�3�*��5X\VVHQDDUV� �HGV��
������� 0RQLWRULQJ� RI� *UHHQKRXVH� *DVHV� LQ� WKH� 1HWKHU�
ODQGV�� 8QFHUWDLQW\� DQG� 3ULRULWLHV� IRU� ,PSURYHPHQW�� 3UR�
FHHGLQJV�RI�D�1DWLRQDO�:RUNVKRS�KHOG�LQ�%LOWKRYHQ��7KH�1HWK�
HUODQGV���� 6HSWHPEHU� ������:,0(.� UHSRUW���5,90� UHSRUW
������������%LOWKRYHQ��0D\������

9DQ� +H\VW�� %�-��� 6FKROW]�� 0�7�� �� 7D\ORU�� $�:�� �,YDQRII�� $��
%HQNRYLW]�� $�:��� 0XEDUDNL�� $��� 2OLYLHU�� -�*�-�� DQG� -�� 0�
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http://www.rivm.nl/bibliotheek/rapporten/728001011.html
http://www.rivm.nl/bibliotheek/rapporten/773301002.html
http://www.rivm.nl/bibliotheek/rapporten/773301002.html
http://www.rivm.nl/bibliotheek/rapporten/728001009.html
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http://arch.rivm.nl/env/int/coredata/edgar/v2/index.html
http://www.rivm.nl/bibliotheek/rapporten/773002003.html
http://www.rivm.nl/bibliotheek/rapporten/773002003.html
http://www.igac.sr.unh.edu/newsletter/igac22/IGACtivities_22.pdf
http://www.rivm.nl/bibliotheek/rapporten/773201003.html
http://www.rivm.nl/bibliotheek/rapporten/773201003.html
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