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�� ,QWURGXFWLRQ

���� (8523($1�/(*,6/$7,21�21�$,5�48$/,7<

7KH�REMHFWLYHV�RI�WKH�)UDPHZRUN�'LUHFWLYH�RQ�$LU�4XDOLW\��&RXQFLO�'LUHFWLYH�������(&�RI
���6HSWHPEHU������RQ�DPELHQW�DLU�TXDOLW\�DVVHVVPHQW�DQG�PDQDJHPHQW��DUH�WR�
• GHILQH�DQG�HVWDEOLVK�REMHFWLYHV�IRU�DPELHQW�DLU�TXDOLW\�GHVLJQHG�WR�DYRLG��SUHYHQW�RU
UHGXFH�KDUPIXO�HIIHFWV�RQ�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW�DV�D�ZKROH�

• DVVHVV�WKH�DPELHQW�DLU�TXDOLW\�LQ�0HPEHU�6WDWHV�RQ�WKH�EDVLV�RI�FRPPRQ�PHWKRGV�DQG
FULWHULD�

• REWDLQ�DGHTXDWH�LQIRUPDWLRQ�RQ�DPELHQW�DLU�TXDOLW\�DQG�HQVXUH�WKDW�LW�LV�PDGH�DYDLODEOH�WR
WKH�SXEOLF�DV�QHFHVVDU\�

• PDLQWDLQ�DPELHQW�DLU�TXDOLW\�ZKHUH�LW�LV�JRRG�DQG�LPSURYH�LW�LQ�RWKHU�FDVHV�

8QGHU�WKLV�'LUHFWLYH�VR�IDU��ZRUN�RQ�62���12[��ILQH�SDUWLFOHV�DQG�OHDG�KDV�EHHQ�FRPSOHWHG�
7KLV�VWXG\�IRUPV�SDUW�RI�D�VHFRQG�SKDVH��DQG�LQYHVWLJDWHV�SRVVLEOH�VWDQGDUGV�IRU�FDUERQ
PRQR[LGH��&2��DQG�EHQ]HQH���:RUN�RQ�OLPLWV�IRU�R]RQH�LV�QHDU�FRPSOHWLRQ���,W�VKRXOG�EH
QRWHG�WKDW�DQ\�DFWLRQ�RQ�DQ\�RQH�RI�WKHVH�SROOXWDQWV�LV�OLNHO\�WR�DIIHFW�WKH�FRQFHQWUDWLRQ�RI
WKH�RWKHU�SROOXWDQWV���,Q�SDUWLFXODU��DFWLRQ�WR�UHGXFH�OHYHOV�RI�30���DQG�12[�LV�OLNHO\�WR
DIIHFW�HPLVVLRQV�RI�&2�DQG�EHQ]HQH�DOVR��EHFDXVH�WUDQVSRUW�WHQGV�WR�EH�WKH�GRPLQDQW
VRXUFH�IRU�DOO�IRXU�SROOXWDQWV�LQ�DUHDV�ZKHUH�H[FHHGHQFHV�RFFXU�

7KH�)UDPHZRUN�'LUHFWLYH�GHILQHV�WKH�UDWLRQDOH�IRU�
• VHOHFWLQJ�SROOXWDQWV�IRU�FRQVLGHUDWLRQ�LQ�WKH�VXEVHTXHQW�GDXJKWHU�GLUHFWLYHV�
• VHWWLQJ�OLPLW�YDOXHV��WDUJHW�YDOXHV�DQG�DOHUW�WKUHVKROGV�
• GHILQLQJ�WKH�WLPH�IUDPH�IRU�GHULYDWLRQ�RI�YDOXHV�
• TXDQWLI\LQJ�WKH�QXPEHU�RI�VDPSOLQJ�SRLQWV�QHHGHG��DQG�FULWHULD�UHODWHG�WR�WKH�VLWLQJ�RI
PRQLWRUV�

• VHOHFWLQJ�PHWKRGV�IRU�PHDVXULQJ�DQG�HVWLPDWLQJ�SROOXWDQW�OHYHOV�

7KH�'LUHFWLYH�QRWHV�D�QXPEHU�RI�IDFWRUV�ZKLFK�PD\�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�VHWWLQJ
OLPLW�YDOXHV�DQG�DOHUW�WKUHVKROGV��WKRXJK�WKH�OLVW�LV�LQGLFDWLYH��UDWKHU�WKDQ�H[KDXVWLYH���7KRVH
IDFWRUV�OLVWHG�RI�PRVW�UHOHYDQFH�KHUH�DUH�
• GHJUHH�RI�H[SRVXUH�RI�VHFWRUV�RI�WKH�SRSXODWLRQ��DQG�LQ�SDUWLFXODU�VHQVLWLYH�VXE�JURXSV�
• FOLPDWLF�FRQGLWLRQV�
• HFRQRPLF�DQG�WHFKQLFDO�IHDVLELOLW\�RI�DWWDLQLQJ�WDUJHWV�
• ORQJ�UDQJH�WUDQVPLVVLRQ�RI�SROOXWDQWV��LQFOXGLQJ�VHFRQGDU\�SROOXWDQWV�VXFK�DV�R]RQH�

1R�GHILQLWLRQ�RU�H[DPSOH�LV�SURYLGHG�LQ�WKH�'LUHFWLYH�IRU�ZKDW�FRQVWLWXWHV�D�¶VHQVLWLYH�VXE�
JURXS·���+RZHYHU��WZR�JURXSV�RI�SHRSOH�FDQ�EH�LGHQWLILHG�DV�SRWHQWLDOO\�PRUH�VHQVLWLYH�WKDQ
WKH�JHQHUDO�SRSXODWLRQ���7KH�ILUVW�LV�VHQVLWLYH�RQ�PHGLFDO�JURXQGV���7KLV�LQFOXGHV��WKRXJK�LV
QRW�QHFHVVDULO\�UHVWULFWHG�WR��SHRSOH�ZLWK�SUH�H[LVWLQJ�V\PSWRPV��VXFK�DV�FLUFXODWRU\
SUREOHPV��VPDOO�FKLOGUHQ�ZKRVH�LPPXQH�V\VWHPV�PD\�QRW�EH�IXOO\�GHYHORSHG�DQG�SHRSOH
ZKR�KDYH�KHLJKWHQHG�VHQVLWLYLW\�EHFDXVH�RI�JHQHWLF�IDFWRUV���7KH�VHFRQG�JURXS�RZHV�LWV



� $($�7HFKQRORJ\

KHLJKWHQHG�VHQVLWLYLW\�WR�H[FHVV�H[SRVXUH�WR�WKH�SROOXWDQWV�RI�LQWHUHVW���7KLV�LQFOXGHV�SHRSOH
OLYLQJ�LQ�DUHDV�ZKHUH�SROOXWDQW�OHYHOV�DUH�ORFDOO\�KLJK��H�J��DGMDFHQW�WR�SHWURO�VWDWLRQV��VRPH
LQGXVWULDO�VLWHV��DQG�EXV\�URDGV����,W�DOVR�LQFOXGHV�SHRSOH�H[SRVHG�LQ�WKH�ZRUNSODFH��H�J�
UHILQHULHV��SHWURO�VWDWLRQV��RWKHU�LQGXVWULDO�VLWHV��FDU�SDUNV��WXQQHO�ZRUNHUV���DQG�VPRNHUV
�VPRNLQJ�EHLQJ�D�PDMRU�VRXUFH�RI�H[SRVXUH�IRU�ERWK�&2�DQG�EHQ]HQH��

7KH�IDFW�WKDW�WKHUH�LV�D�VLJQLILFDQW�OHYHO�RI�H[SRVXUH�LQ�WKH�ZRUNSODFH�DQG�WKURXJK�VPRNLQJ
FUHDWHV�DQ�LPSRUWDQW�LVVXH�LQ�WKH�GHYHORSPHQW�RI�OHJLVODWLRQ���/HJLVODWLRQ�FRQWUROOLQJ
RXWGRRU�DLU�SROOXWLRQ�ZLOO�KDYH�UHODWLYHO\�OLWWOH�HIIHFW�RQ�WKH�H[SRVXUH�RI�WKHVH�VXEJURXSV�
7KHUHIRUH�LW�LV�ORJLFDO�WKDW�WKH�DQDO\VLV�VKRXOG�FRQVLGHU�WKH�LQFUHPHQWDO�ULVN�DVVRFLDWHG�ZLWK
DPELHQW�DLU�H[SRVXUHV�IDFHG�E\�PHPEHUV�RI�WKH�SRSXODWLRQ��UDWKHU�WKDQ�WKH�DEVROXWH�ULVN
WKDW�WKH\�IDFH�IURP�H[SRVXUHV�WR�DOO�VRXUFHV�

3DUWLFXODU�LQWHUHVW�KDV�IRFXVHG�RQ�EHQ]HQH��DV�LW�LV�WKH�ILUVW�FDUFLQRJHQ�WR�EH�FRQVLGHUHG
XQGHU�WKH�(8·V�)UDPHZRUN�'LUHFWLYH���,Q�FRPSDULVRQ��&2�LQ�WKH�DPELHQW�DLU�KDV�DWWUDFWHG
UHODWLYHO\�OLWWOH�DWWHQWLRQ��WKRXJK�LW�KDV�D�ZHOO�HVWDEOLVKHG�OLQN�ZLWK�KHDOWK�DQG�KDV�UHFHQWO\
EHHQ�DVVRFLDWHG�ZLWK�VLJQLILFDQW�HIIHFWV�RQ�KHDOWK�LQ�VRPH�HSLGHPLRORJLFDO�VWXGLHV���7KH
RXWFRPH�RI�WKHVH�VWXGLHV�LV�PL[HG��KRZHYHU��VRPH�ILQG�D�VLJQLILFDQW�OLQN�EHWZHHQ�&2�DQG
KHDOWK��VRPH�GRQ·W��DQG�VRPH�RWKHUV�LQLWLDOO\�LGHQWLI\�D�VLJQLILFDQW�DVVRFLDWLRQ�RQO\�IRU�LW�WR
GLVDSSHDU�RQFH�RWKHU�SROOXWDQWV�VXFK�DV�30���DUH�EURXJKW�LQWR�WKH�DQDO\VLV���)DWDO�&2
SRLVRQLQJV�DV�RIWHQ�UHSRUWHG�LQ�WKH�SUHVV�DUH�QRW�UHOHYDQW�WR�WKLV�VWXG\��DV�WKH\�GR�QRW�UHIOHFW
H[SRVXUH�WR�WKH�DPELHQW�DLU���7KH\�DUH�W\SLFDOO\�DVVRFLDWHG�ZLWK�H[SRVXUH�WR�IXPHV�IURP
GHIHFWLYH�RU�SRRUO\�YHQWHG�GRPHVWLF�JDV�DSSOLDQFHV�LQ�WKH�FDVH�RI�DFFLGHQWDO�GHDWKV��RU�WR�FDU
H[KDXVW�IXPHV��LQ�WKH�FDVH�RI�VXLFLGHV�

���� 5(0,7�2)�7+,6�678'<

������ 2EMHFWLYHV

7KH�REMHFWLYH�RI�WKH�VWXG\�LV�WR�LGHQWLI\�DQG�HVWLPDWH�WKH�FRVWV�DQG�EHQHILWV�RI�PHHWLQJ
DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�&2�DQG�EHQ]HQH���7KH�VSHFLILF�WDVNV�LQ�WKH�SURMHFW�DUH�WR�
�� 'HWHUPLQH�DUHDV�RI�H[FHVV�SROOXWLRQ�DFFRUGLQJ�WR�SUH�VSHFLILHG�OLPLW�YDOXHV��WDNLQJ�LQWR
DFFRXQW�WKH��IXWXUH��LPSDFW�RI�FXUUHQW�DQG�SODQQHG��&RPPLVVLRQ�DJUHHG��OHJLVODWLRQ�

�� ,GHQWLI\�UHJLRQV�DQG�VHFWRUV�UHVSRQVLEOH�IRU�H[FHVV�DLU�SROOXWLRQ�
�� 3URYLGH�DQ�RYHUYLHZ�RI�SRVVLEOH�PHDVXUHV�DQG�DVVRFLDWHG�FRVWV�LQ�WKH�UHOHYDQW�UHJLRQV�WR
PHHW�WKH�OLPLW�YDOXHV�

�� 'HWHUPLQH�D�OHDVW�FRVW�SDFNDJH�RI�PHDVXUHV�WR�PHHW�WKH�DPELHQW�WDUJHWV�
�� $VVHVV�WKH�EHQHILWV�RI�LPSOHPHQWLQJ�VXFK�PHDVXUHV�
�� &RPSDUH�FRVWV�DQG�EHQHILWV�DQG�FRQGXFW�VHQVLWLYLW\�DQDO\VLV�

������ 5HODWLRQVKLS�WR�RWKHU�DFWLYLWLHV

7KLV�VWXG\�ZDV�FDUULHG�RXW�WR�LQIRUP�WKH�(&�'*;,�:RUNLQJ�*URXS�RQ�%HQ]HQH��DQG�WKH
(&�'*;,�,QYLWHG�([SHUWV�*URXS�RQ�&2��UHJDUGLQJ�HFRQRPLF�LVVXHV�OLQNHG�WR�WKH
GHYHORSPHQW�RI�DLU�TXDOLW\�OLPLW�YDOXHV�IRU�WKH�WZR�SROOXWDQWV�
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7KH�ZRUN�LV�DOVR�VWURQJO\�OLQNHG�WR�WKH�$XWR�2LO�3URJUDPPH��DV�YHKLFOHV�DUH�WKH�PDLQ
VRXUFHV�RI�&2�DQG�EHQ]HQH�LQ�WKH�RXWGRRU�DLU���,Q�WKH�ILUVW�SKDVH�RI�WKLV�SURJUDPPH��ZKLFK
ZDV�NQRZQ�DV�$XWR�2LO�,��KHUHDIWHU�UHIHUUHG�WR�DV�$23�,��ERWK�EHQ]HQH�DQG�&2�ZHUH
VSHFLILFDOO\�FRQVLGHUHG���7KUHH�PDLQ�UHSRUWV�ZHUH�SURGXFHG�XQGHU�$23�,�
• $LU�TXDOLW\�PRGHOOLQJ��(XURSHDQ�&RPPLVVLRQ�'*;,��������
• (PLVVLRQV��IXHOV�DQG�HQJLQH�WHFKQRORJLHV��$&($�HXURSLD��XQGDWHG��
• &RVW�(IIHFWLYHQHVV��7RXFKH�5RVV��������

,Q�GXH�FRXUVH�LW�VKRXOG�EH�ZRUWKZKLOH�FRPSDULQJ�WKH�ILQGLQJV�RI�WKLV�VWXG\�ZLWK�WKRVH�WKDW
ZLOO�EH�JHQHUDWHG�E\�WKH�VHFRQG�SKDVH�RI�WKH�$XWR�2LO�3URJUDPPH��$23�,,����1R�UHVXOWV
ZHUH�DYDLODEOH�IURP�$23�,,�GXULQJ�WKLV�VWXG\�

���� 29(59,(:�2)�7+(�$1$/<6,6

,Q�HVVHQFH�WKH�VWXG\�KDV�IRXU�PDLQ�DFWLYLWLHV�
�� 'HWHUPLQDWLRQ�RI�DUHDV�RI�¶H[FHVV·�SROOXWLRQ�
�� &RVW�HIIHFWLYHQHVV�DQDO\VLV��L�H��FRQVLGHUDWLRQ�RI�WKH�SRWHQWLDO�IRU�UHGXFLQJ�FRQFHQWUDWLRQV
RI�&2�DQG�EHQ]HQH�DQG�WKH�FRVWV�RI�GRLQJ�VR�

�� 7KH�EHQHILW� DQDO\VLV�� GHWHUPLQLQJ� WKH�PRQHWDU\� YDOXH� RI� HQYLURQPHQWDO� LPSURYHPHQWV
DFKLHYHG�E\�DOWHUQDWLYH�VWUDWHJLHV�

�� &RPSDULVRQ�RI�WKH�FRVWV�RI�VWUDWHJLHV�ZLWK�PRQHWLVHG�HQYLURQPHQWDO�EHQHILWV��LQFOXGLQJ
H[SORUDWLRQ�RI�WKH�HIIHFWV�RI�XQFHUWDLQWLHV��SDUWLFXODUO\�WKRVH�DIIHFWLQJ�EHQHILWV�HVWLPDWHV�
RQ�QHW�FRVWV�EHQHILWV�

�� 6HQVLWLYLW\�DQDO\VLV�

,Q�WKH�ILUVW�LQVWDQFH�WKHVH�DFWLYLWLHV�DUH�FDUULHG�DV�FDVH�VWXGLHV�RQ�D�VPDOO�QXPEHU�RI�FLWLHV
�RQH�FLW\�LQ�HDFK�RI�WKH�8.��*HUPDQ\�DQG�*UHHFH����)ROORZLQJ�WKDW�WKH�UHVXOWV�DUH�VFDOHG�XS
WR�WKH�OHYHO�RI�WKH�(8�

���� 6758&785(�2)�7+,6�5(3257

7KH�UHSRUW�LV�VWUXFWXUHG�DV�IROORZV���&KDSWHUV���WR���VXPPDULVH�PRVW�RI�WKH�UDZ�GDWD�XVHG�LQ
WKH�VWXG\��DQG�&KDSWHU���GHVFULEHV�KRZ�WKHVH�GDWD�DUH�EURXJKW�WRJHWKHU�IRU�WKH�DQDO\VLV�
0RUH�SUHFLVHO\��&KDSWHU���SURYLGHV�GHWDLOV�RI�WKH�VFHQDULRV�WKDW�DUH�EHLQJ�FRQVLGHUHG�DQG
WKH�PDLQ�VRXUFHV�RI�HPLVVLRQV�IRU�WKH�WZR�SROOXWDQWV���&KDSWHU���GLVFXVVHV�WKH�HIIHFWV�OLQNHG
WR�UHGXFWLRQ�RI�HPLVVLRQV�RI�FDUERQ�PRQR[LGH�DQG�EHQ]HQH�UHVSHFWLYHO\��LQFOXGLQJ�LQGLUHFW
HIIHFWV��DQG�GHVFULEHV�WKH�UDWLRQDOH�IROORZHG�KHUH�IRU�LQFOXGLQJ�DQG�H[FOXGLQJ�VSHFLILF�HIIHFWV
IURP�WKH�DQDO\VLV���&KDSWHU���UHYLHZV�LQIRUPDWLRQ�RQ�WKH�WHFKQLFDO�DQG�QRQ�WHFKQLFDO
PHDVXUHV�DYDLODEOH�IRU�UHGXFWLRQ�RI�&2�DQG�EHQ]HQH�HPLVVLRQV�IURP�WKH�WUDQVSRUW�VHFWRU�
WKH�GRPLQDQW�VRXUFH�RI�XUEDQ�H[SRVXUH�WR�ERWK�SROOXWDQWV�LQ�WKH�DPELHQW�DLU�

5HVXOWV�IRU�FDVH�VWXGLHV�FRQVLGHULQJ�WKH�VLWXDWLRQ�LQ�$WKHQV��&RORJQH�DQG�/RQGRQ��DQG�WKH
H[WUDSRODWLRQ�RI�WKHVH�UHVXOWV�WR�WKH�OHYHO�RI�WKH�(8�DUH�JLYHQ�LQ�&KDSWHUV���DQG���IRU�&2
DQG�EHQ]HQH�UHVSHFWLYHO\��IROORZHG�E\�FRQFOXVLRQV�IRU�WKH�VWXG\�
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%DFNJURXQG�GDWD�DUH�JLYHQ�LQ�D�VHULHV�RI�DSSHQGLFHV�

• $SSHQGL[�,��)DFWRUV�IRU�FRQYHUWLQJ�&2�DQG�EHQ]HQH�PHDVXUHV
• $SSHQGL[�,,��$�EULHI�JORVVDU\�RI�PHGLFDO�WHUPV�XVHG�LQ�WKH�UHSRUW�
• $SSHQGL[�,,,��5HYLHZ�RI�GDWD�XVHG�IRU�FRQYHUWLQJ�EHWZHHQ�XUEDQ�EDFNJURXQG�DQG�KRW
VSRW�FRQFHQWUDWLRQV�LQ�XUEDQ�DUHDV�

• $SSHQGL[�,9��/LVWLQJ�RI�OHJLVODWLRQ�FRQVLGHUHG�WR�EH�LQ�IRUFH�LQ�WKH�EDVHOLQH�VFHQDULR�
• $SSHQGL[�9��5HYLHZ�RI�GDWD�RQ�UHGXFLQJ�HPLVVLRQV�RI�EHQ]HQH�IURP�VWDWLRQDU\�VRXUFHV�
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�� 6FHQDULRV�DQG�(PLVVLRQ�6RXUFHV

���� ,1752'8&7,21

7ZR�EDVHOLQH�VFHQDULRV�KDYH�EHHQ�GHILQHG���7KH�ILUVW�FRQVLGHUV�WKH�ILQDOLVHG�$XWR�2LO
'LUHFWLYHV�RQ�IXHO�TXDOLW\�DQG�HPLVVLRQV�IURP�PRWRU�YHKLFOHV����7KH�VHFRQG�LQWHJUDWHV�WKH
ILQGLQJV�RI�WKH�HFRQRPLF�HYDOXDWLRQ�IRU�DLU�TXDOLW\�OLPLWV�IRU�62���12[�30���DQG�OHDG
�,90����������7KH�6ROYHQWV�'LUHFWLYH��&20����������VHHPV�XQOLNHO\�WR�KDYH�D�VLJQLILFDQW
HIIHFW�RQ�EHQ]HQH�OHYHOV�VSHFLILFDOO\�DQG�KHQFH�LWV�HIIHFWV�KDYH�QRW�EHHQ�FRQVLGHUHG�

,QHYLWDEO\�RWKHU�DFWLRQV�LQ�WKH�IXWXUH�ZLOO�LQIOXHQFH�WKH�FRQFHQWUDWLRQV�RI�&2�DQG�EHQ]HQH�
$�SDUWLFXODU�H[DPSOH�DW�WKH�SUHVHQW�WLPH�FRQFHUQV�WKH�HIIHFW�RI�WKH�.\RWR�VXPPLW�RQ�FOLPDWH
FKDQJH���*LYHQ�WKDW�WKH�PDLQ�VRXUFH�RI�ERWK�EHQ]HQH�DQG�&2�LQ�WKH�DPELHQW�DLU�LV�IRVVLO
IXHO�XVH��PXFK�RI�ZKLFK�LV�IURP�WKH�WUDQVSRUW�VHFWRU��DQ\�PHDVXUHV�WR�UHGXFH�&2�

HPLVVLRQV�IURP�WUDQVSRUW�ZRXOG�VHHP�OLNHO\�WR�DIIHFW�HPLVVLRQV�RI�&2�DQG�EHQ]HQH�DV�ZHOO�
&RQVLGHUDWLRQ�RI�DGGLWLRQDO�PHDVXUHV�IRU�JUHHQKRXVH�JDV�HPLVVLRQ�UHGXFWLRQ�ZDV�QRW�PDGH
IRU�WKLV�VWXG\�EHFDXVH�WKH�UHTXLUHG�OHJLVODWLRQ�KDV�QRW�SURJUHVVHG�IDU�HQRXJK�IRU�LQWHJUDWLRQ
LQ�WKLV�VWXG\�ZLWK�DQ\�FRQILGHQFH���7KHUH�LV�DOVR�JRRG�HYLGHQFH�QRZ�WKDW�WKH�,90�DQDO\VLV
ZDV�WRR�FRQVHUYDWLYH�LQ�LWV�SUHGLFWLRQV�RI�30���DQG�12[�OHYHOV�DQG�WKDW�DGGLWLRQDO�PHDVXUHV
ZLOO�QHHG�WR�EH�WDNHQ�WR�HQVXUH�FRPSOLDQFH�ZLWK�OLPLW�YDOXHV�IRU�WKRVH�SROOXWDQWV���7KLV�WRR
ZLOO�DIIHFW�OHYHOV�RI�&2�DQG�EHQ]HQH���$QRWKHU�H[DPSOH�FRQFHUQV�PHDVXUHV�WR�DEDWH�92&
HPLVVLRQV��LQFOXGLQJ�RI�FRXUVH�EHQ]HQH��DPRQJVW�PDQ\�RWKHU�VSHFLHV�RI�92&��WR�UHGXFH
WURSRVSKHULF�R]RQH�FRQFHQWUDWLRQV���7KH�HIIHFW�RI�LQFOXVLRQ�RI�WKHVH�PHDVXUHV�LV�GHVFULEHG
RQO\�TXDOLWDWLYHO\�LQ�WKLV�UHSRUW�

$23�,�SURYLGHV�D�JRRG�VWDUWLQJ�SRLQW�IRU�RXU�DQDO\VLV���,W�ZDV�ZLGHO\�GLVFXVVHG�DFURVV
(XURSH�DQG�KHQFH�D�ODUJH�QXPEHU�RI�SHRSOH�DUH�DZDUH�RI�WKH�DGYDQWDJHV�DQG�OLPLWDWLRQV�RI
WKDW�ZRUN���,W�DOVR�DGGUHVVHG�ERWK�&2�DQG�EHQ]HQH�VSHFLILFDOO\���,W�ZDV�SUHGLFWHG�WKDW�WKHUH
ZRXOG�RQO\�EH�H[FHHGHQFH�RI�OLPLW�YDOXHV�IRU�EHQ]HQH�DQG�&2�LI�WKH�VWDQGDUGV�WR�EH
DGRSWHG�IRU�DLU�TXDOLW\�ZHUH��LQ�WKH�ZRUGV�RI�WKH�DXWKRUV�´YHU\�VHYHUHµ���+RZHYHU��DQ
LPSRUWDQW�FDYHDW�ZDV�DGGHG�WR�WKLV��IRU�DOO�SROOXWDQWV��(XURSHDQ�&RPPLVVLRQ�'*;,�������
SDJH�������UHFRJQLVLQJ�WKDW�WKH�$23�,�FRQFOXVLRQV�VWULFWO\�DSSOLHG�RQO\�WR�XUEDQ�EDFNJURXQG
ORFDWLRQV���,W�ZDV�WKHQ�VWDWHG�WKDW�

¶,I�IXWXUH�(XURSHDQ�DLU�TXDOLW\�VWDQGDUGV�DUH�WR�EH�PHW�DW�URDGVLGH�ORFDWLRQV��IXUWKHU
UHGXFWLRQV�WKDQ�WKRVH�SUHGLFWHG�>LQ�$XWR�2LO@�PD\�EH�UHTXLUHG�·

,Q�YDULRXV�GLVFXVVLRQV�RI�WKH�VWDQGDUGV�IRU�DPELHQW�DLU�TXDOLW\�LQ�ZRUNLQJ�JURXSV��WKH
VWHHULQJ�JURXS�DQG�WKH�(XURSHDQ�&RPPLVVLRQ�LW�ZDV�DJUHHG�WKDW�WKH�VWDQGDUGV�VKRXOG�EH
PHW�DW�URDGVLGH�ORFDWLRQV���7KH�ILQGLQJV�IURP�$23�,�DUH�WKHUHIRUH�RI�OLPLWHG�LPSRUWDQFH

������������������������������ ������������������
�7KH�SUHYLRXV�GUDIW�UHSRUWV�XQGHU�WKLV�FRQWUDFW�ZHUH�ZULWWHQ�EHIRUH�WKH�ILQDO�SRVLWLRQ�RQ�WKHVH�GLUHFWLYHV�ZDV
DJUHHG���,QFRUSRUDWLRQ�RI�WKH�ILQDO�GHFLVLRQ�RQ�WKHVH�'LUHFWLYHV�KDV�PDGH�D�VLJQLILFDQW�GLIIHUHQFH�WR�WKH�UHVXOWV
RI�WKH�FRVW�EHQHILW�DVVHVVPHQW�LQ�VRPH�FRXQWULHV�
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KHUH���+RZHYHU��WKH\�UHPDLQ�XVHIXO�DQG�VR�IXUWKHU�GHWDLOV�DUH�VKRZQ�LQ�7DEOHV�����DQG����
�(XURSHDQ�&RPPLVVLRQ�'*;,����������7KH�QHFHVVDU\�UHGXFWLRQV�LQ�HPLVVLRQV�LQ�ERWK
0DGULG�DQG�0LODQ�ZHUH�DVVXPHG�WR�EH�]HUR��IROORZLQJ�FRPSDULVRQ�ZLWK�WKH�DQDO\VLV
FRQGXFWHG�LQ�WKH�RWKHU�ILYH�FLWLHV�
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7DEOH�������(PLVVLRQ�UHGXFWLRQ�WDUJHWV�IRU�&2�XQGHU�$23�,���$OO�ILJXUHV�DUH�JLYHQ�DV
DQQXDO�PHDQ�FRQFHQWUDWLRQV���7KH���PJ�P��OLPLW�FRUUHVSRQGV�WR�DQ���KRXU�OLPLW�RI
���PJ�P��DV���WK�SHUFHQWLOH��L�H��H[FHHGHG�IRU�RQO\����RI�WKH�\HDU����7KH�����PJ�P��OLPLW
FRUUHVSRQGV�WR�DQ���KRXU�OLPLW�RI����PJ�P��ZLWK�QR�H[FHHGHQFHV�

&LW\ ����
DQQXDO
PHDQ
PJ�P�

�����PD[
OHYHO
PJ�P�

(PLVVLRQV�UHGXFWLRQ�IRU
XSSHU�WDUJHW�OHYHO
���PJ�P���LQ�����

(PLVVLRQV�UHGXFWLRQ
IRU�ORZHU�WDUJHW�OHYHO
�����PJ�P���LQ�����

$WKHQV ��� ���� � �
.ROQ ��� ���� � �
/RQGRQ ��� ���� � �
/\RQ ��� ���� � �
0DGULG ��� QRW�HVWLPDWHG DVVXPHG�� DVVXPHG��
0LODQ ��� QRW�HVWLPDWHG DVVXPHG�� DVVXPHG��
7KH�+DJXH QRW

PHDVXUHG
���� � �

7DEOH�������(PLVVLRQ�UHGXFWLRQ�WDUJHWV�RI�EHQ]HQH�XQGHU�$23�,���$OO�OLPLWV�DV�DQQXDO
PHDQV�

&LW\ �����PD[
OHYHO

µJ��P�

(PLVVLRQV�UHGXFWLRQ
IRU�XSSHU�WDUJHW

OHYHO
����µJ�P���LQ�����

(PLVVLRQV�UHGXFWLRQ
IRU�ORZHU�WDUJHW�OHYHO
����µJ�P���LQ�����

(PLVVLRQV�UHGXFWLRQ
WR�PHHW�WDUJHW�YDOXH
RI�����µJ�P��LQ�����

$WKHQV ��� � � ���
.ROQ ��� � � ���
/RQGRQ ��� � � ���
/\RQ ��� � � ���
0DGULG ��� � � ���
0LODQ ��� � � ���
7KH�+DJXH ��� � � ��

���� 6285&(6�2)�&2�$1'�%(1=(1(

7KH�PDLQ�VRXUFH�RI�EHQ]HQH�ZLWKLQ�WKH�(XURSHDQ�8QLRQ�LV�WUDIILF��DV�VKRZQ�LQ�7DEOH����
ZKLFK�EULQJV�WRJHWKHU�LQIRUPDWLRQ�IURP�ILYH�FRXQWULHV�VXEPLWWHG�WR�WKH�:RUNLQJ�*URXS�RQ
%HQ]HQH��,,$����������7KHUH�LV�D�ODFN�RI�FRQVLVWHQF\�LQ�WKH�FODVVLILFDWLRQ�EHWZHHQ�GLIIHUHQW
FRXQWULHV���$�FOHDUHU�SLFWXUH�FDQ�EH�JLYHQ��7DEOH������E\�DGGLQJ�GDWD�LQWR�ILYH�GLIIHUHQW
FDWHJRULHV�
$� 7UDQVSRUW
%� (QHUJ\�LQGXVWULHV
&� 1RQ�HQHUJ\�LQGXVWULHV
'� 'RPHVWLF
(� 2WKHU
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7DEOH�������3HUFHQWDJH�HPLVVLRQV�RI�EHQ]HQH�IURP�GLIIHUHQW�VRXUFHV�LQ�,WDO\��6ZHGHQ�
*HUPDQ\��WKH�1HWKHUODQGV�DQG�WKH�8.�

,WDO\ 6ZH *HU 1HW
K

8. (XURSH

7RWDO�EHQ]HQH��NWRQQHV�\HDU� ���� �� �� � �� "
<HDU ���� ���� ���� ���� ���� "

6RXUFH
$ 9HKLFXODU�WUDIILF ���� �� �� �����
$ 5RDG�WUDIILF�LQFOXGLQJ�SHWURO

HYDS����DVSKDOWLQJ
��

$ 3HWURO�HQJLQHV ����
$ 'LHVHO�HQJLQHV ���
$ 2WKHU�PRELOHV�VRXUFHV � ���
$ 9HKLFOH�HYDSRUDWLRQ ���� ���
$ (YDSRUDWLYH�HPLVVLRQV ���
% 3HWUROHXP�UHILQHULHV �������
% (QHUJ\�SURGXFWLRQ ��
% )XHO�GLVWULEXWLRQ �������
% 6WDWLRQDU\�FRPEXVWLRQ ���
% *DV�OHDNDJH
% 3RZHU�JHQHUDWLRQ ��
% 3URG�GLVWULEXWLRQ�HYDS� ��� ���
% 6PDOO�VFDOH�ZRRG�FRPEXVWLRQ ��
& ,QGXVWU\ � � � ���
& &KHPLFDO�LQGXVWU\ ������
& :RUNLQJ�PDFKLQHU\ �
& 6ROYHQW�XVH ��� ���
& 3HVWLFLGHV ��
& &RPEXVWLRQ�RI�RLO�HWF�
& 2WKHU�LQGXVWU\
' 'RPHVWLF�XVH �� � ���
' 'RPHVWLF�VPDOO�LQVWDOODWLRQV ��
( 2WKHU ��� � ���

7DEOH�������&ROODWHG�GDWD�RQ�SHUFHQWDJH�RI�HPLVVLRQV�RI�EHQ]HQH�IURP�GLIIHUHQW�VRXUFHV�IRU
WKH���FRXQWULHV�VKRZQ�LQ�7DEOH�����

,WDO\ 6ZH *HU 1HW
K

8. (XURSH

$ 7UDQVSRUW ���� �� �� �� ���� �����
% (QHUJ\�LQGXVWULHV ��� �� � �� ���� �������
& 2WKHU�LQGXVWU\ � � ������
' 'RPHVWLF ��� �� � �� � ���
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( 2WKHU � � � ��� �
1RWH��'DWD�H[FOXGHV�EHQ]HQH�IURP�QDWXUDO�VRXUFHV��HVW�������RI�WRWDO��

5HVXOWV�IRU�,WDO\��*HUPDQ\�DQG�WKH�8.�DSSHDU�WR�EH�FRQVLVWHQW���'DWD�IRU�6ZHGHQ�DQG�WKH
1HWKHUODQGV�DUH�QRW��ZLWK�KLJK�SURSRUWLRQV�RI�HPLVVLRQV�DULVLQJ�IURP�VPDOO�VFDOH�ZRRG
FRPEXVWLRQ�DQG�SRZHU�JHQHUDWLRQ�UHVSHFWLYHO\���7KHVH�GDWD�VXJJHVW�WKDW�IXUWKHU�DFWLRQ�LV
QHHGHG�WR�HQVXUH�FRQVLVWHQF\�EHWZHHQ�HPLVVLRQ�LQYHQWRULHV�LQ�GLIIHUHQW�FRXQWULHV���8QOHVV
WKH�LQYHQWRULHV�DUH�FRPSUHKHQVLYH�WKHUH�LV�D�ULVN�WKDW�SROLFLHV�LGHQWLILHG�IRU�HPLVVLRQV
DEDWHPHQW�FRXOG�EH�IDU�IURP�RSWLPDO���,W�PXVW�EH�DGGHG�WKDW�LQ�WKH�SUHVHQW�FDVH�WKLV�VHHPV
XQOLNHO\��DV�WKHUH�LV�JRRG�FRQVHQVXV�WKDW�WKH�SUREOHPV�RI�&2�DQG�EHQ]HQH�DUH�PDLQO\�WUDIILF
UHODWHG�

'DWD�IRU�&2�DUH�VKRZQ�LQ�7DEOH������GUDZLQJ�RQ�&25,1$,5����������7KH�KLJKHVW
HPLVVLRQV�DUH�DVVRFLDWHG�ZLWK�URDG�WUDQVSRUW�DQG�¶FRPEXVWLRQ·�

7DEOH�������(PLVVLRQV�RI�&2�LQ�WKH�(8�LQ��������$OO�ILJXUHV�JLYHQ�DV�SHUFHQWDJHV�H[FHSW�WKH
WRWDOV�IRU�WKH�(8��ZKLFK�DUH�H[SUHVVHG�LQ������WRQQHV����6RXUFH��&25,1$,5��������

Combustion Production
processes

Road transport Other mobile Waste Other

Austria 43% 25% 31% 1% 0% 0%
Belgium 11% 1% 85% 0% 2% 0%
Denmark 26% 0% 58% 11% 0% 7%
Finland 20% 0% 71% 9% 0% 0%
France 25% 6% 54% 10% 2% 20%
Germany 29% 9% 58% 4% 0% 2%
Greece 2% 2% 82% 3% 0% 25%
Ireland 20% 0% 78% 2% 0% 0%
Italy 8% 5% 63% 7% 17% 6%
Luxembourg 58% 10% 30% 2% 0% 0%
Netherlands 25% 12% 56% 3% 0% 7%
Portugal 36% 1% 61% 1% 0% 0%
Spain 27% 5% 57% 2% 7% 24%
Sweden 2% 0% 89% 8% 0% 0%
UK 9% 0% 88% 1% 1% 9%
EU % 20% 6% 63% 5% 5% 1%
EU 1000 t      8636 2423          27839 2418 2156 543

)RU�ERWK�&2�DQG�EHQ]HQH�WKH�VRXUFH�RI�PRVW�FRQFHUQ�LV�URDG�WUDQVSRUW��DQG�KHQFH�WKLV�LV
WKH�VRXUFH�WKDW�WKH�SUHVHQW�UHSRUW�LV�IRFXVHG�RQ�

���� 6&(1$5,26

7KH�PDLQ�DQDO\VLV�SUHVHQWHG�LQ�WKLV�VWXG\�FRQFHQWUDWHV�RQ�WKH�HIIHFWV�RI�YHKLFOH�HPLVVLRQV�
JLYHQ�WKDW�WKH\�DUH�WKH�GRPLQDQW�VRXUFH�RI�WKH�SROOXWDQWV�RI�LQWHUHVW�KHUH���7KH�EDVHOLQH
VFHQDULR�IRU�WKH�DQDO\VLV�FRQVLGHUV�DOO�OHJLVODWLRQ�RQ�YHKLFOH�HPLVVLRQV�DQG�IXHO�TXDOLW\�XS�WR
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WKH�ILQDO�SRVLWLRQ�RQ�$XWR�2LO��LQ�ZKLFK�SUHYLRXVO\�LQGLFDWLYH�VWDQGDUGV�IRU������ZHUH�PDGH
PDQGDWRU\���7KH�OHJLVODWLRQ�LV�OLVWHG�LQ�$SSHQGL[�����)RU�$WKHQV�DORQH�WKLV�ZDV�XSGDWHG�WR
WDNH�DFFRXQW�RI�LQWURGXFLQJ�WKH�GDXJKWHU�'LUHFWLYH�RQ�12���30����62��DQG�OHDG���$WKHQV
ZDV�WKH�RQO\�RQH�RI�WKH�WKUHH�FLWLHV�FRQVLGHUHG�LQ�WKH�FDVH�VWXGLHV�SUHVHQWHG�LQ�WKLV�UHSRUW
IRU�ZKLFK�DQ�HDUOLHU�FRQVXOWDQWV�UHSRUW��,90��������FRQFOXGHG�WKDW�H[FHHGHQFHV�ZRXOG�EH
REVHUYHG�XQGHU�WKH�ILUVW�GDXJKWHU�'LUHFWLYH���7KH�PHDVXUHV�LGHQWLILHG�E\�,90��URDG�SULFLQJ
DQG�WKH�XVH�RI�EXVHV�SRZHUHG�E\�FRPSUHVVHG�QDWXUDO�JDV���&1*��ZHUH�WKXV�DSSOLHG�WR
$WKHQV��EXW�QRW�WR�&RORJQH�RU�/RQGRQ�

���� &216(48(1&(6�2)�$�1(('�)25�025(�675,1*(17�$&7,21�21�12�

$1'�30���7+$1�)25(6((1�%<�,90�������

$QDO\VLV�LQ�WKH�8.�VXJJHVWV�WKDW�H[FHHGHQFHV�RI�12��DQG�30���FRXOG�EH�PRUH�ZLGHVSUHDG
WKDQ�WKH�,90�UHSRUW�LQGLFDWHG��LI�VSHFLILF�DFFRXQW�ZHUH�WDNHQ�RI�OHYHOV�DW�NHUEVLGH��-RKQVRQ
HW�DO����������7KLV�ZRXOG�DSSHDU�WR�DSSO\�HOVHZKHUH�LQ�WKH�(XURSHDQ�8QLRQ�DOVR���7KH
PHDVXUHV�WKDW�ZRXOG�QHHG�WR�EH�LQWURGXFHG�ZRXOG�LQFOXGH�WKRVH�LGHQWLILHG�E\�,90��DQG
RWKHUV�WKDW�ZRXOG�DOVR�LPSDFW�RQ�&2�DQG�EHQ]HQH�FRQFHQWUDWLRQV���$�OLVW�RI�SRVVLEOH
PHDVXUHV�ZDV�SURYLGHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ·V�:RUNLQJ�*URXS�RQ�12���(XURSHDQ
&RPPLVVLRQ�:RUNLQJ�*URXS�RQ�12����������DQG�LV�UHSURGXFHG�KHUH�DV�7DEOH�������0RVW�RI
WKH�PHDVXUHV�OLVWHG�ZRXOG�LQIOXHQFH�&2�DQG�EHQ]HQH�HPLVVLRQV�DOVR�

7DEOH�������$FWLRQV�IRU�UHGXFWLRQ�RI�12��FRQFHQWUDWLRQV�LQ�DLU��(XURSHDQ�&RPPLVVLRQ
:RUNLQJ�*URXS�RQ�12���������

(8�/HYHO 1DWLRQDO�/HYHO /RFDO�/HYHO
9HKLFOH�HPLVVLRQ�UHGXFWLRQ (PLVVLRQ�VWDQGDUGV /RFDO�YHKLFOH�UHVWULFWLRQV
9HKLFOH�LQVSHFWLRQ (QYLURQPHQWDO�SHUPLW $OWHUQDWLYH�IXHOV
(QHUJ\�FRQVHUYDWLRQ (QHUJ\�FRQVHUYDWLRQ (QHUJ\�FRQVHUYDWLRQ
3RLQW�VRXUFH�HPLVVLRQ
UHGXFWLRQV
)XHO�VWDQGDUGV

$LU�TXDOLW\�VWDQGDUGV 7UDQVSRUW�LQIUD�VWUXFWXUH $OWHUQDWLYH�WUDQVSRUW�V\VWHPV
)LVFDO�LQFHQWLYHV )LVFDO�LQFHQWLYHV 5RDG�DQG�SDUNLQJ�SULFLQJ
6XVWDLQDEOH�FLW\�SODQQLQJ ,QIRUPDWLF�KLJKZD\V 7UDIILF�SODQQLQJ�

PDQDJHPHQW
%HKDYLRXU��HGXFDWLRQ�
DZDUHQHVV

%HKDYLRXU��HGXFDWLRQ�
DZDUHQHVV

%HKDYLRXU��HGXFDWLRQ�
DZDUHQHVV

7UDIILF�SODQQLQJ 7UDIILF�SODQQLQJ 7UDQVSRUW�V\VWHP�SODQQLQJ
6FUDSSLQJ�VXEVLGLHV 7UDIILF�LQIRUPDWLRQ

(QYLURQPHQWDO�]RQLQJ

5HVHDUFK 5HVHDUFK
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,W�ZRXOG�EH�H[SHFWHG�WKDW�JHQHUDO�PHDVXUHV�WR�UHGXFH�YHKLFOH�HPLVVLRQV�ZLOO�FDXVH�D�JUHDWHU
SHUFHQWDJH�UHGXFWLRQ�LQ�FRQFHQWUDWLRQV�RI�&2�DQG�EHQ]HQH�WKDQ�RI�12��RU�30�����7KLV�LV
EHFDXVH�RI�WKH�ODUJHU�FRQWULEXWLRQ�RI�VWDWLRQDU\�VRXUFHV�WR�FRQFHQWUDWLRQV�RI�12��DQG�QRQ�
WUDQVSRUW�VRXUFHV�JHQHUDOO\��LQFOXGLQJ�QDWXUDO�SDUWLFXODWHV��IRU�30�����7KH�HIIHFW�RI�HUURU�LQ
TXDQWLI\LQJ�QHFHVVDU\�DEDWHPHQW�IRU�WKH�ILUVW�GDXJKWHU�'LUHFWLYH�FRXOG�WKXV�EH�VLJQLILFDQW
IRU�WKH�DQDO\VLV�SUHVHQWHG�KHUH�
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���� /,0,7�9$/8(6�$66(66('�,1�7+,6�678'<

7KH�6WHHULQJ�*URXS�RQ�$PELHQW�$LU�4XDOLW\�FRQYHQHG�E\�(&�'*;,�UHTXHVWHG�WKDW�WZR
OLPLW�YDOXHV�EH�LQYHVWLJDWHG�IRU�&2��DQG�WKUHH�IRU�EHQ]HQH���1RQH�RI�WKHVH�YDOXHV�ZHUH�WR�EH
UHJDUGHG�GXULQJ�WKH�DQDO\VLV�DV�SUHIHUUHG�WR�DQ\�RWKHU���,W�ZDV�DOVR�VDLG�WKDW�WKH�DQDO\VLV
VKRXOG�WDNH�VSHFLILF�DFFRXQW�RI�ERWK�XUEDQ�EDFNJURXQG�DQG�¶KRW�VSRW·�ORFDWLRQV��SDUWLFXODUO\
SDUWLDOO\�HQFORVHG�DUHDV�ZKHUH�HPLVVLRQV�DUH�KLJK��VXFK�DV�WKH�VR�FDOOHG�¶FDQ\RQ�VWUHHWV·�
7KH�DQDO\VLV�ZDV�QRW�WR�H[WHQG�WR�FRQVLGHUDWLRQ�RI�FRQFHQWUDWLRQV�LQ�VRPH�PRUH�HQFORVHG
DUHDV�VXFK�DV�URDG�WXQQHOV�RU�FDU�SDUNV�

������ &2

:+2�KDYH�UHFRPPHQGHG�D�QXPEHU�RI�SRVVLEOH�OLPLW�OHYHOV�RYHU�DYHUDJLQJ�SHULRGV�UDQJLQJ
IURP����PLQXWHV�WR���KRXUV�

����PJ�P��IRU����PLQXWHV
���PJ�P��IRU����PLQXWHV
���PJ�P��IRU���KRXU
���PJ�P��IRU���KRXUV

,Q�SUDFWLFH�WKH���KRXU�OHYHO�LV�WKH�PRVW�SURWHFWLYH���DYDLODEOH�PRQLWRULQJ�GDWD�VXJJHVW�WKDW
WKH�RWKHU�JXLGHOLQHV�DUH�H[WUHPHO\�XQOLNHO\�WR�EH�H[FHHGHG�LI�WKH���KRXU�JXLGHOLQH�LV�QRW
H[FHHGHG��YDQ�GHQ�+RXW����������9DQ�GHQ�+RXW�IRXQG�WKDW�����RI�WKH�GDWD�VHULHV�LQ�WKH
$3,6�GDWDEDVH�IRU�&2�LQ�WKH�SHULRG������WR������DUH�DERYH�WKH�:+2���KRXU�OLPLW�

$V�VKRZQ�DERYH��WKH�UHVXOWV�RI�WKH�DQDO\VLV�FDUULHG�RXW�XQGHU�$23�,�VKRZ�WKDW�IRU�WKH��
FLWLHV�VWXGLHG��$WKHQV��&RORJQH��WKH�+DJXH��/RQGRQ��/\RQ��0DGULG�DQG�0LODQ��WKHUH�ZRXOG
QRW�EH�H[FHHGHQFH�RI�WKH����PJ�P����KRXU�JXLGHOLQH�E\�XUEDQ�EDFNJURXQG�FRQFHQWUDWLRQV
E\�WKH�\HDU��������7KH�PDMRU�IDFWRU�LQ�WKLV�LV�WKH�LQFUHDVHG�SHQHWUDWLRQ�RI�FDUV�ILWWHG�ZLWK
WKUHH�ZD\�FDWDO\WLF�FRQYHUWHUV��ZKLFK�LV�JRRG�HQRXJK�WR�PRUH�WKDQ�RXWZHLJK�SURMHFWHG
LQFUHDVHV�LQ�YHKLFOH�XVDJH���*LYHQ�WKDW�WKH�UDQJH�RI�FLWLHV�VWXGLHG�LQ�$23�,�ZHUH�VHOHFWHG
SDUWO\�RQ�WKH�EDVLV�WKDW�WKH\�ZHUH�UHSUHVHQWDWLYH�RI�FLWLHV�DFURVV�WKH�(XURSHDQ�8QLRQ
�UHJDUGLQJ�DLU�TXDOLW\��VL]H��ORFDWLRQ��WRSRJUDSK\��HWF����WKLV�LPSOLHV�WKDW�D����PJ�P����KRXU
VWDQGDUG�ZLOO�QRW�EH�EUHDFKHG�DQ\ZKHUH�LQ�WKH�(8�DV�DQ�XUEDQ�EDFNJURXQG�OHYHO���$23�,
GLG�QRW��KRZHYHU��DGGUHVV�WKH�VLWXDWLRQ�LQ�KRW�VSRWV�

7KH�OLPLW�YDOXHV�FRQVLGHUHG�KHUH�IRU�&2�IRU������ZHUH�
• ���PJ�P��DV�PD[LPXP���KRXU�DYHUDJH
• ���PJ�P��DV�VHFRQG�KLJKHVW���KRXU�DYHUDJH�LQ�DQ\�\HDU

7KH�VHFRQG��PRUH�UHOD[HG�OLPLW�YDOXH�ZDV�LQFOXGHG�WR�DFFRXQW�IRU�WKH�SRVVLELOLW\�RI��H�J��
H[WUHPH�ZHDWKHU�FRQGLWLRQV�

������ %HQ]HQH

:+2�KDYH�PDGH�HVWLPDWHV�RI�WKH�DYHUDJH�FRQFHQWUDWLRQV�RI�EHQ]HQH�DVVRFLDWHG�ZLWK�D�UDQJH
RI�H[FHVV�OLIHWLPH�ULVN�RI�OHXNDHPLD�IURP�DLUERUQH�EHQ]HQH��DV�IROORZV��7DEOH������
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7DEOH�������%HQ]HQH�H[SRVXUH�DQG�H[FHVV�OLIHWLPH�ULVN�RI�OHXNDHPLD��:+2��������

5LVN (VWLPDWHG�FRQFHQWUDWLRQ�µJ�P�

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

)URP�WKH�7DEOH�WKH�ULVN�QRUPDOLVHG�SHU�µJ�P��FDQ�EH�FDOFXODWHG�E\�GLYLGLQJ�ULVN�E\�WKH
FRQFHQWUDWLRQ�DVVRFLDWHG�ZLWK�WKDW�OHYHO�RI�ULVN���%DVHG�RQ�WKH�GDWD�JLYHQ�LQ�WKH�7DEOH�WKLV
JLYHV�D�QRUPDOLVHG�ULVN�RI��>�����������@��������HTXDO�WR������FDVHV�SHU�µJ�P����7KH�:RUNLQJ
*URXS�WRRN�D�VOLJKWO\�ORZHU�HVWLPDWH�RI���FDVHV�SHU�µJ�P���VHH�EHORZ��

7KH�WHUP�H[FHVV�OLIHWLPH�ULVN�UHIHUV�WR�WKH�SUREDELOLW\�WKDW�DQ�LQGLYLGXDO�ZRXOG�H[SHULHQFH
WKDW�ULVN��LQ�WKLV�FDVH�GHYHORS�FDQFHU��ZLWKLQ�WKHLU�OLIHWLPH�DV�D�FRQVHTXHQFH�RI�H[SRVXUH�WR
WKH�DJHQW�RI�FRQFHUQ��LQ�WKLV�FDVH�EHQ]HQH���7KH�ULVN�LV�¶H[FHVV·�LQ�WKH�VHQVH�WKDW�LW�LV
DGGLWLRQDO�WR�WKH�XQGHUO\LQJ�ULVN�RI�GHYHORSLQJ�FDQFHU���)DFWRUV�DUH�GLYLGHG�E\�DYHUDJH�OLIH
H[SHFWDQF\�WR�REWDLQ�WKH�DQQXDO�H[FHVV�LQFLGHQFH�RI�FDQFHU�

$Q�DG�KRF�ZRUNLQJ�JURXS�FRQYHQHG�XQGHU�WKH�:RUNLQJ�*URXS�RQ�%HQ]HQH�IXUWKHU
UHYLHZHG�GDWD�RQ�EHQ]HQH�ULVN���7KH\�WKRXJKW�WKDW�WKH�:+2�HVWLPDWH�HUUHG�WRZDUGV�EHLQJ
WRR�FRQVHUYDWLYH��L�H��DQ�RYHUHVWLPDWH�RI�ULVN���DQG�SUHIHUUHG�WR�FLWH�D�UDQJH�IRU�WKH�H[SRVXUH�
UHVSRQVH�IXQFWLRQ���7KLV�UDQJH�LV�H[WUHPHO\�EURDG���8QFHUWDLQW\�DULVHV�EHFDXVH�WKH
SRSXODWLRQ�IRU�ZKLFK�H[SRVXUH�HIIHFW�GDWD�DUH�DYDLODEOH�H[SHULHQFH�D�YHU\�GLIIHUHQW�UHJLPH
�UHODWLYHO\�VKRUW�GXUDWLRQ�WR�KLJK�H[SRVXUHV��WR�WKH�JHQHUDO�SRSXODWLRQ��OLIHWLPH�H[SRVXUHV�WR
YHU\�ORZ�FRQFHQWUDWLRQV����7KH�UHFRPPHQGHG�UDQJH�WKXV�VSDQV���RUGHUV�RI�PDJQLWXGH�������
��SHU�µJ�P��WR��������SHU�µJ�P����$OWKRXJK�WKLV�UDQJH�LV�EURDG�WKH�ODFN�RI�GDWD�RQ�EHQ]HQH
H[SRVXUHV�DW�ORZ�FRQFHQWUDWLRQV�GRHV�QRW�SHUPLW�LW�WR�EH�UHGXFHG��RU�LQIHUHQFH�WR�EH�GUDZQ
RQ�WKH�GLVWULEXWLRQ�RI�SUREDELOLWLHV�ZLWKLQ�WKH�UDQJH���7KLV�VRXUFH�RI�XQFHUWDLQW\�QRW
VXUSULVLQJO\�GRPLQDWHV�HVWLPDWHV�RI�WKH�GLUHFW�EHQHILWV�RI�UHGXFLQJ�EHQ]HQH�OHYHOV�

8QGHU�$23�,�D�VWDQGDUG�RI�����µJ�P��ZDV�UHJDUGHG�DV�EHLQJ�YHU\�VHYHUH�IURP�WKH
SHUVSHFWLYH�RI�DFKLHYHPHQW��(XURSHDQ�&RPPLVVLRQ�'*;,����������1RQHWKHOHVV��EHFDXVH�RI
EHQ]HQH·V�UROH�DV�D�FDUFLQRJHQ��IRU�ZKLFK�LW�LV�JHQHUDOO\�FRQVLGHUHG�WKDW�WKHUH�LV�QR�WUXO\
¶VDIH·�OHYHO��D�QXPEHU�RI�(8�0HPEHU�6WDWHV�KDYH�VHW�YHU\�ORZ�OLPLWV��WR�EH�PHW�LQ�WKH�ORQJ
WHUP���$FFRXQWLQJ�IRU�WKH�YDULDWLRQ�LQ�SHUFHLYHG�ULVN�RI�KDUP�IURP�EHQ]HQH��WKH�VWHHULQJ
JURXS�RQ�DLU�TXDOLW\�UHTXHVWHG�WKDW�WKLV�VWXG\�FRQVLGHU�OLPLW�YDOXHV�RI������DQG����µJ�P��



$($�7HFKQRORJ\ ��

�� (IIHFWV�RI�(PLVVLRQV�RI�&2�DQG�%HQ]HQH�
DQG�([SRVXUH�'DWD

���� &$5%21�0212;,'(

������ (IIHFWV�RI�&2

&DUERQ�PRQR[LGH�LV�SHUKDSV�XQLTXH�DPRQJVW�WKH�PDMRU�DLU�SROOXWDQWV�LQ�KDYLQJ�IRU�PDQ\
\HDUV�D�NQRZQ�PHFKDQLVP�RI�HIIHFW�RQ�KXPDQ�KHDOWK��WKH�IRUPDWLRQ�RI
FDUER[\KDHPRJORELQ��&2+E��DQG�DVVRFLDWHG�UHGXFWLRQ�LQ�WKH�R[\JHQ�FDUU\LQJ�FDSDFLW\�RI
WKH�EORRG���7DEOH�����UHYLHZV�WKH�HIIHFWV�RI�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�&2+E�LQ�WKH
EORRGVWUHDP�

7DEOH�������(IIHFWV�RI�LQFUHDVLQJ�OHYHOV�RI�FDUER[\KDHPRJORELQ��&2+E��LQ�WKH�KXPDQ
ERG\�

(IIHFW &2+E�OHYHO���� 5HIHUHQFH
'HFUHDVHG�H[HUFLVH
GXUDWLRQ�LQ�SDWLHQWV�ZLWK
DQJLQD

������� $URQRZ�HW�DO��������
$URQRZ�DQG�,VEHOO�������
DQG�$QGHUVRQ�HW�DO�������

,QFUHDVHG�IUHTXHQFLHV�RI
DUK\WKPLDV�LQ�SDWLHQWV�ZLWK
FRURQDU\�GLVHDVH

QR�HIIHFW�DW�����
HIIHFW�DW����

6KHSV�HW�DO�������

/RZ�ELUWK�ZHLJKW )RHWDO�OHYHO�RI�����
FDXVHG�E\�PDWHUQDO
VPRNLQJ

/RQJR�HW�DO�������

5HGXFHG�FR�RUGLQDWLRQ�
WUDFNLQJ�DQG�GULYLQJ�DELOLW\

������� $&*,+�&KHPLFDO
6XEVWDQFHV�7/9
&RPPLWWHH���������3XW]
�������DQG�%HQLJQXV�HW�DO
������

5HGXFHG�FRJQLWLYH
SHUIRUPDQFH

���� /DWLHV�DQG�0HULJDQ�������

7KUREELQJ�+HDGDFKH ����� (3$46�������

'L]]LQHVV��QDXVHD�
ZHDNQHVV�DQG�FROODSVH

����� (3$46�������

&RPD�DQG�GHDWK ����� 86�(3$�������
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,W�LV�QRW�SRVVLEOH�WR�XVH�WKH�GDWD�LQ�7DEOH�����IRU�TXDQWLILFDWLRQ�RI�LPSDFWV�DQG�DVVRFLDWHG
FRVWV�IURP�H[SRVXUH�WR�DPELHQW�OHYHOV�RI�&2��JLYHQ�D�ODFN�RI�GDWD�LQ�WKUHH�DUHDV�
����&2+E�FRQFHQWUDWLRQV�LQ�WKH�JHQHUDO�SRSXODWLRQ
����$�ODFN�RI�TXDQWLILHG�H[SRVXUH�UHVSRQVH�GDWD�IRU�WKH�HIIHFWV�OLVWHG
����$�ODFN�RI�YDOXDWLRQ�GDWD�IRU�VRPH�RI�WKH�KHDOWK�HIIHFWV�OLVWHG�

7DEOH�����QHHGV�WR�EH�SXW�LQWR�FRQWH[W�DJDLQVW�DPELHQW�FRQFHQWUDWLRQV�RI�&2�LQ�(XURSHDQ
FLWLHV��WR�VKRZ�ZKDW�OHYHO�RI�HIIHFW�LV�OLNHO\�IURP�H[SRVXUH�WR�DPELHQW�VRXUFHV�RI�&2���'DWD
SUHVHQWHG�LQ�WKH�(3$46������D��UHYLHZ�LQ�WKH�8.�VKRZ�WKDW�QRQ�VPRNHUV�HQJDJLQJ�LQ�D
YDULHW\�RI�DFWLYLWLHV�LQ�ORFDWLRQV�VXEMHFW�WR�GLIIHUHQW�&2�FRQFHQWUDWLRQV�DUH�XQOLNHO\�WR�KDYH
&2+E�OHYHOV�LQ�H[FHVV�RI�������7DEOH��������/HYHOV�XS�WR�DURXQG����DUH�SRVVLEOH�DPRQJ
VPRNHUV���([SRVXUH�WR�&2�DW�VXIILFLHQWO\�KLJK�OHYHOV�WR�OHDG�WR�WKH�KLJK�&2+E
FRQFHQWUDWLRQV�DVVRFLDWHG�ZLWK�WKUREELQJ�KHDGDFKH��GL]]LQHVV��FRPD�RU�GHDWK�LV�OLQNHG�WR
IDXOW\�GRPHVWLF�DSSOLDQFHV��SDUWLFXODUO\�XQ�YHQWHG�ZDWHU�KHDWHUV��DQG�VXLFLGH�IURP�GHOLEHUDWH
LQKDODWLRQ�RI�FDU�H[KDXVW�IXPHV����,W�LV�QRW�DVVRFLDWHG�ZLWK�H[SRVXUH�LQ�WKH�RSHQ�DLU���0XFK
RI�WKH�GDWD�XVHG�LQ�7DEOH�����LV�ROG��GDWLQJ�IURP�WKH�����V���*LYHQ�PHDVXUHV�WKDW�KDYH�EHHQ
LQWURGXFHG�WR�OLPLW�&2�HPLVVLRQV�DOUHDG\�LW�VKRXOG�EH�QRWHG�WKDW�XQGHU�FXUUHQW�FRQGLWLRQV
H[SRVXUH�WR�&2�LV�OHVV�WKDQ�WKDW�VKRZQ�

7DEOH�������&2+E�OHYHOV�LQ�WKH�SRSXODWLRQ�XQGHU�GLIIHUHQW�H[SRVXUH�FRQGLWLRQV��(3$46�
����D��

([SRVXUH�VLWXDWLRQ &2+E�
1RQ�VPRNHUV 6PRNHUV

&DOFXODWHG�YDOXHV
5XUDO�EDFNJURXQG�H[SRVXUH ����� �
8UEDQ�H[SRVXUH�WR����SSP�� ��� �
8UEDQ�H[SRVXUH�WR����SSP�� ��� �

0HDVXUHG�YDOXHV��

8UEDQ�EDFNJURXQG�H[SRVXUH ��� ���
3RLQW�GXW\�SROLFH��DIWHU���KRXUV�LQ�EXV\

VWUHHW�
��� ���

2WKHUV�RQ�IRRW�LQ�EXV\�VWUHHWV ��� �
&\FOLVWV��FLW\�VWUHHWV� ��� �
0RWRULVWV ��� �
6WDII�LQ�SDUNLQJ�JDUDJHV ��� ���
6WDII�LQ�FXVWRPV�VKHGV��IHUULHV ��� ���

1RWHV�����5HSUHVHQWV�EDFNJURXQG�YDOXH�GXH�WR�WKH�QDWXUDO�IRUPDWLRQ�RI�&2�LQ�WKH�ERG\������9DOXHV�HVWLPDWHG
RQ�WKH�DVVXPSWLRQ�WKDW�LQGLYLGXDOV�DUH�WDNLQJ�OLJKW�H[HUFLVH�ZKLOVW�FRQWLQXRXVO\�H[SRVHG�WR�WKH�JLYHQ
FRQFHQWUDWLRQ�IRU���KRXUV������$GDSWHG�IURP�/DZWKHU�DQG�&RPPLQV���������IURP�PHDVXUHPHQWV�WDNHQ�LQ�WKH
ODWH�����V�LQ�JURXSV�RI�EHWZHHQ���DQG�����SHRSOH���(3$46�FRPPHQW�WKDW�WKH\�H[SHFW�OHYHOV�RI�&2+E�WR�EH
ORZHU�QRZ�

������������������������������ ������������������
��7KH�DGRSWLRQ�RI�WKUHH�ZD\�FDWDO\WLF�FRQYHUWHUV�KDV�KDG�D�QRWDEOH�HIIHFW�RQ�UHGXFLQJ�WKH�VXFFHVV�UDWH�RI�VXFK
DWWHPSWV�DW�GHOLEHUDWH�VXLFLGH�
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������ (SLGHPLRORJLFDO�GDWD

7KHUH�LV�UHODWLYHO\�OLWWOH�HSLGHPLRORJLFDO�HYLGHQFH�RQ�&2��VR�LW�LV�GLIILFXOW�WR�SODFH�WKH�UHVXOWV
IURP�D�IHZ��ZHOO�FRQGXFWHG��VWXGLHV�WKDW�UHSRUW�SRVLWLYH�DVVRFLDWLRQV�LQ�FRQWH[W���7KHVH
VWXGLHV�SURYLGH�WKH�EDVLV�IRU�H[SRVXUH�UHVSRQVH�IXQFWLRQV��EXW�WKH\�GR�QRW�JLYH�VWURQJ
JXLGDQFH�RQ�KRZ�UHSUHVHQWDWLYH�RU�WUDQVIHUDEOH�WKHVH�IXQFWLRQV�DUH���7KH�QHZ
HSLGHPLRORJLFDO�GDWD�ZDV�QRW�DFFRXQWHG�IRU�LQ�WKH�VHWWLQJ�RI�UHYLVHG�DLU�TXDOLW\�JXLGHOLQHV�IRU
&2�E\�:+2�RU�E\�(3$46���+HUH�WKH�PDLQ�VWXGLHV�DUH�UHYLHZHG�

�������� $FXWH�0RUWDOLW\�DQG�&2��7RXORXPL�HW�DO������

7RXORXPL�HW�DO��������VWXGLHG�GDLO\�PRUWDOLW\�GDWD�IURP�$WKHQV�LQ�WKH�SHULRG������WR������
7KH�VWXG\�TXDQWLILHG�OHYHOV�RI�EODFN�VPRNH��VXOSKXU�GLR[LGH�DQG�FDUERQ�PRQR[LGH���7KHUH
ZDV�D�KLJKO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�GDLO\�PRUWDOLW\�DQG�GDLO\�&2��DGMXVWLQJ�IRU
WHPSHUDWXUH��UHODWLYH�KXPLGLW\��\HDU��VHDVRQ��DQG�GD\�RI�WKH�ZHHN��JLYLQJ�DQ�LQFUHDVH�LQ�GDLO\
PRUWDOLW\�RI�������SHU�PJ�P���&2�����KU�PHDQ����+RZHYHU��DIWHU�DGMXVWLQJ�IRU�62��DQG�RU
EODFN�VPRNH��WKLV�UHODWLRQVKLS�EHFDPH�QRQ�VLJQLILFDQW�

7KH� ILQGLQJ�ZDV�SDUWLDOO\� FRUURERUDWHG�E\�D� ODWHU� VWXG\�RI�PRUWDOLW\� LQ�$WKHQV� LQ��������
�7RXORXPL� HW� DO�� ������� � $GMXVWLQJ� DV� XVXDO� IRU� WLPH� WUHQGV� DQG� FOLPDWH�� WKLV� ODWHU� VWXG\
IRXQG� D� VWDWLVWLFDOO\� VLJQLILFDQW� HIIHFW� RI� &2� RQ� GDLO\� GHDWKV�� LQ� VLQJOH�SROOXWDQW�PRGHOV�
+RZHYHU�� WKH� HIIHFW� RI� &2� ZDV� QRW� H[DPLQHG� LQ� DGMXVWLQJ� IRU� EODFN� VPRNH� RU� 62��
9HUKRHII�HW�DO���������VWXG\LQJ�GDLO\�PRUWDOLW\�LQ�WKH�SHULRG���������LQ�$PVWHUGDP��IRXQG
UHODWLRQVKLSV�ZLWK�VHYHUDO�SROOXWDQWV�EXW�QRW�ZLWK�&2�

6RPH� VWXGLHV� LQ� /RV� $QJHOHV�� IRU� H[DPSOH� .LQQH\� HW� DO� �������� KDYH� VKRZQ� HIIHFWV� RQ
PRUWDOLW\�� WKRXJK� WKH� HVWLPDWHG� ULVNV� ZHUH� ORZHU� WKDQ� WKRVH� LQ� $WKHQV� GHVFULEHG� DERYH�
7KHUH�LV�DOVR�HYLGHQFH�RI�&2�HIIHFWV�RQ�PRUWDOLW\�IURP�VRPH�RWKHU�VWXGLHV�

�������� 6FKZDUW]�DQG�0RUULV��������$VVRFLDWLRQV�EHWZHHQ�FDUGLRYDVFXODU�KRVSLWDO
DGPLVVLRQV�DQG�30���DQG�&2

6FKZDUW]�DQG�0RUULV��������H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�DLU�SROOXWLRQ�DQG
FDUGLRYDVFXODU�DGPLVVLRQV�LQ�'HWURLW��0LFKLJDQ�IRU�SHRSOH�DJHG����\HDUV�DQG�ROGHU�GXULQJ
WKH�SHULRG�IURP������WR��������$LU�SROOXWDQWV�FRQVLGHUHG�ZHUH�30����R]RQH��62��DQG�&2�
'DLO\�DGPLVVLRQV�ZHUH�REWDLQHG�IRU�LVFKDHPLF�KHDUW�GLVHDVH��FDUGLDF�G\VUK\WKPLDV�DQG
FRQJHVWLYH�KHDUW�IDLOXUH�LQ�WKH�SRSXODWLRQ�DJHG����\HDUV�DQG�ROGHU�

&RQJHVWLYH�KHDUW�IDLOXUH��&+)��DQG�&2
7KHUH�ZDV�D�VLJQLILFDQW�DVVRFLDWLRQ�RI�&2�ZLWK�DGPLVVLRQV�IRU�FRQJHVWLYH�KHDUW�IDLOXUH���2Q
DGGLQJ�30���WR�WKLV�PRGHO�WKH�DVVRFLDWLRQ�ZLWK�&2�UHPDLQHG�VLJQLILFDQW�DQG�KHQFH�VXJJHVWV
DQ�LQGHSHQGHQW�HIIHFW�RI�&2���$V�WKH�3RLVVRQ�PRGHO�ZDV�XVHG�WKLV�FDQ�EH�LQWHUSUHWHG�DV�WKH
SHUFHQWDJH�LQFUHDVH�LQ�&+)�DGPLVVLRQV�SHU�LQFUHDVH�LQ�&2�HTXDO�WR�������SHU�SSP�&2����
KU�PD[����7KH�VWXG\�SURYLGHV�GDWD�IRU�WKH�IROORZLQJ�IXQFWLRQ�

,QFUHDVH�LQ�DQQXDO�DGPLVVLRQV�IRU�&+)� ������SHU���������SHU�PJ�P��&2�����KU�PHDQ�
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,VFKDHPLF�+HDUW�'LVHDVH��,+'��DQG�&2

7KHUH�ZDV�DOVR�D�VLJQLILFDQW�DVVRFLDWLRQ�RI�&2�ZLWK�DGPLVVLRQV�IRU�LVFKDHPLF�KHDUW�GLVHDVH�
+RZHYHU��RQ�DGGLQJ�30���WR�WKH�PRGHO��WKH�DVVRFLDWLRQ�ZLWK�&2�EHFDPH�QRQ�VLJQLILFDQW�

�������� 2WKHU�KRVSLWDO�DGPLVVLRQV�VWXGLHV��HVSHFLDOO\�3RORQLHFNL�HW�DO������

7KHVH� ILQGLQJV� RI� D� UHODWLRQVKLS� EHWZHHQ� GDLO\� &2� DQG� KRVSLWDO� DGPLVVLRQV� IRU� FDUGLR�
UHODWHG� FDXVHV� DUH� VXSSRUWHG� E\� WZR� UHFHQW� SDSHUV� IURP� &DQDGD� �%XUQHWW� HW� DO�� ����D�
����E����7KH�&2�HIIHFW�LQ�WKH�ODWWHU�ZDV�ZHDN��SRVVLEO\�EHFDXVH�VXPPHUWLPH�SROOXWLRQ�RQO\
ZDV�H[DPLQHG���,Q�%XUQHWW�HW�DO������D���KRZHYHU��&2�ZDV�WKH�SROOXWDQW�PRVW�VWURQJO\�DQG
FRQVLVWHQWO\� UHODWHG� WR� KRVSLWDO� DGPLVVLRQV� IRU� FRQJHVWLYH� KHDUW� IDLOXUH� LQ� WKH� HOGHUO\�
0RUHRYHU��WKH�&2�HIIHFW�ZDV�LQVHQVLWLYH�WR�DGMXVWPHQW�IRU�RWKHU�SROOXWDQWV�

3RORQLHFNL� HW� DO� ������� H[DPLQHG� KRVSLWDO� DGPLVVLRQV� IRU� YDULRXV� FDUGLRYDVFXODU� FDXVHV� LQ
UHODWLRQ� WR� FRQFHQWUDWLRQV� RI� VHYHUDO� DLU� SROOXWDQWV� RQ� WKH� SUHYLRXV� GD\�� � 7KH� &2
PHDVXUHPHQWV�ZHUH�PHDQV�RI����KU�PHDVXUHPHQWV��H[SUHVVHG�LQ�XQLWV�RI�SSP�� �,Q�VLQJOH�
SROOXWDQW� PRGHOV�� GDLO\� &2� ZDV� VLJQLILFDQWO\� UHODWHG� WR� KRVSLWDO� DGPLVVLRQV� IRU� DFXWH
P\RFDUGLDO�LQIDUFWLRQ�DQG�RWKHU�FLUFXODWRU\�GLVHDVHV��DV�ZHOO�DV�WR�WKH�PRUH�JOREDO�HQGSRLQW
RI�FRPELQHG�FLUFXODWRU\�GLVHDVHV���7KH�UHVXOW�ZDV��KRZHYHU��QRW�FRQILUPHG�DIWHU�DGMXVWPHQW
IRU� EODFN� VPRNH� RU� 62�� RU� 12�� LQ� DQDO\VHV� RI� DFXWH� P\RFDUGLDO� LQIDUFWLRQ� XVLQJ� WZR�
SROOXWDQW�PRGHOV�

,W�LV�GLIILFXOW�WR�EH�FRQILGHQW�WKHUHIRUH�RI�DQ�HIIHFW�RI�&2�DV�VXFK��DQG�ZKDW�LI�DQ\�KRVSLWDO
DGPLVVLRQV� HQGSRLQW� VKRXOG� EH� XVHG�� � 7KHUH� LV� D� FDVH� IRU� XVLQJ� WKH� JOREDO� HQGSRLQW� RI
FRPELQHG�FLUFXODWRU\�GLVHDVHV�IURP�WKH�VWXG\�RI�3RORQLHFNL�HW�DO���������WKRXJK�DW�WKH�ULVN
RI�RYHU�HVWLPDWLQJ� WKH� HIIHFWV�� �7KH� UHOHYDQW� UHODWLYH� ULVN�ZDV� HTXLYDOHQW� WR� DQ� LQFUHDVH�RI
�����SHU�PJ�P��GDLO\�&2�

������ &RPPHQW�RQ�FRQVLVWHQF\�RI�UHSRUWHG�&2�HIIHFWV

7KHUH�LV�D�SRVVLEOH�SUREOHP�KHUH�ZLWK�FRQVLVWHQF\�LQ�WKH�DYDLODEOH�HYLGHQFH���,VFKDHPLF
KHDUW�GLVHDVH�FRQFHUQV�D�UHGXFHG�VXSSO\�RI�EORRG�WR�WKH�KHDUW���*LYHQ�WKDW�D�UHGXFHG�VXSSO\
RI�EORRG�FOHDUO\�OHDGV�WR�D�UHGXFHG�VXSSO\�RI�R[\JHQ�WKHUH�DUH�JRRG�UHDVRQV�IRU�EHOLHYLQJ
WKDW�LQFUHDVHG�OHYHOV�RI�&2�ZRXOG�FDXVH�D�KLJKHU�LQFLGHQFH�RI�KRVSLWDOLVDWLRQ�IRU�LVFKDHPLF
KHDUW�GLVHDVH���$OVR��LI�LW�LV�DFFHSWHG�WKDW�&2�LV�OLQNHG�WR�KHDUW�GLVHDVH��D�OLQN�WR�WKH
DGYDQFHPHQW�RI�PRUWDOLW\�LV�QRW�VXUSULVLQJ�

,W�LV�DOVR�QHFHVVDU\�WR�DVN�ZKR�H[DFWO\�LV�DW�ULVN�IURP�DPELHQW�&2�H[SRVXUH��DQG�WKH�UROH�RI
DPELHQW�&2�H[SRVXUH�LQ�KHDUW�GLVHDVH�RU�GHDWK���,W�DSSHDUV�SUREDEOH�WKDW�WKH�PDMRU�FDXVH�RI
WKHVH�SUREOHPV�LV�QRW�H[SRVXUH�WR�DPELHQW�&2�OHYHOV��EXW�H[SRVXUH�WR�&2�WKURXJK
VPRNLQJ�RU�IDXOW\�GRPHVWLF�DSSOLDQFHV��RU�WKH�KHDOWK�HIIHFWV�RI�SRRU�GLHW��RU�RI�RWKHU�IDFWRUV
XQUHODWHG�WR�DLU�TXDOLW\���8QGHU�WKHVH�FLUFXPVWDQFHV�WKH�HIIHFW�RI�H[SRVXUH�WR�DPELHQW�&2
PD\�VLPSO\�EH�WR�DGYDQFH�KRVSLWDO�DGPLVVLRQV�RU�GHDWK�E\�D�IHZ�GD\V���,I�WKLV�LV�WKH�FDVH��LW
ZRXOG�DSSHDU�WKDW�WKHUH�LV�D�ZLGHU�YDULHW\�RI�SROLF\�RSWLRQV�DYDLODEOH�WR�UHDFK�WKH�VDPH�JRDO
WKDQ�MXVW�WKRVH�PHDVXUHV�ZKLFK�DGGUHVV�&2�LQ�WKH�DPELHQW�DLU�
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���� %(1=(1(

������ (IIHFWV�RI�%HQ]HQH

(IIHFWV�RI�EHQ]HQH�KDYH�EHHQ�GHWHFWHG�IURP�H[SHULPHQWDO�H[SRVXUHV�RI�DQLPDOV��SDUWLFXODUO\
PLFH�DQG�UDWV���DQG�RFFXSDWLRQDO�H[SRVXUHV�RI�SHRSOH���$YDLODEOH�GDWD�DUH�VXPPDULVHG�LQ
7DEOHV�����WR�������$�JORVVDU\�LV�SURYLGHG�LQ�$SSHQGL[���IRU�H[SODQDWLRQ�RI�WKH�PHGLFDO�WHUPV
XVHG���7KH�LQWHUSUHWDWLRQ�RI�VRPH�RI�WKHVH�GDWD��SDUWLFXODUO\�WKH�KXPDQ�OHXNDHPLD�VWXGLHV
SURPSWV�PXFK�GHEDWH���0XFK�FRQFHUQ�UHODWHV�WR�WKH�H[WUDSRODWLRQ�RI�GDWD�IURP�KLJK
RFFXSDWLRQDO�OHYHOV�WR�PXFK�ORZHU�DPELHQW�FRQFHQWUDWLRQV��)LJXUH��������,I�WKH�HIIHFWV�RI
EHQ]HQH�DUH�LQ�DQ\�ZD\�UHFHSWRU�PHGLDWHG�LW�PLJKW�EH�DQWLFLSDWHG�WKDW�WKUHVKROGV�H[LVW�WKDW
ZRXOG�UXOH�RXW�DQ\�HIIHFW���(TXDOO\��KRZHYHU��WKH�GRPLQDQFH�RI�DGXOW�OHXNDHPLDV�LQ�WKH
REVHUYDWLRQV�PD\�EH�DQ�DUWHIDFW�UHVXOWLQJ�IURP�WKH�XVH�RI�RFFXSDWLRQDO�H[SRVXUH�GDWD�

B enzene concentration

E
xp

os
ur

e 
du

ra
tio

n

Exposure to 
am bient air

O ccupational exposures

)LJXUH�������,OOXVWUDWLRQ�RI�WKH�GLIIHUHQW�FKDUDFWHULVWLFV�RI�H[SRVXUHV�WR�EHQ]HQH�LQ�WKH
RFFXSDWLRQDO�VLWXDWLRQV�XVHG�IRU�GHULYDWLRQ�RI�ULVN�IDFWRUV��ZLWK�H[SRVXUH�IURP�WKH�DPELHQW
DLU�

*HQQDUW�HW�DO��������RQ�EHKDOI�RI�&21&$:(�OLVWHG�SXEOLVKHG�OLIHWLPH�ULVN�HVWLPDWHV�IRU
H[SRVXUH�WR�EHQ]HQH�DW�D�FRQFHQWUDWLRQ�RI���µJ�P��LQ�DLU���7KHVH�YDULHG�ZLGHO\�IURP�����[
�����WR�����[���������0RVW�HVWLPDWHV�ZHUH�RI�WKH�RUGHU�������WKRXJK�WKH�&21&$:(�UHYLHZHUV
TXRWHG�UHDVRQV�IRU�SUHIHUULQJ�HVWLPDWHV�DW�WKH�ORZHU�HQG�RI�WKH�UDQJH���7KH�DG�KRF�JURXS
FRQYHQHG�E\�WKH�:RUNLQJ�*URXS�RQ�%HQ]HQH�DJUHHG�WR�D�UDQJH�IRU�ULVN�RI��������SHU�µJ�P�

WR���[������SHU�µJ�P����'LYLGLQJ�E\�����WDNHQ�KHUH�DV�WKH�DYHUDJH�OLIHWLPH��SURYLGHV�DQ�DQQXDO
ULVN�RI�����[�������WR�����[������SHU�µJ�P����7KLV�DOORZV�D�ILUVW�HVWLPDWH�RI�WKH�HIIHFWV�RI
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H[SRVXUH�RI�WKH�SRSXODWLRQ�WR�EHQ]HQH�LQ�WKH�DPELHQW�DLU���)RU�VLPSOLFLW\�WKUHH�OHYHOV�RI
EHQ]HQH�������DQG����µJ�P���DUH�DVVXPHG�WR�ZKLFK�WKH�SRSXODWLRQ�RI�WKH�(XURSHDQ�8QLRQ
DUH�H[SRVHG�IRU�D�OLIHWLPH���7KLV�UDQJH�RI�H[SRVXUHV�LV�LQWHQWLRQDOO\�EURDG�WR�HQVXUH�WKDW�LW
LQFOXGHV�WKH�PHDQ�(XURSHDQ�H[SRVXUH�WR�EHQ]HQH�LQ�DPELHQW�DLU���7KH�DVVRFLDWHG�LQFLGHQFH
RI�FDQFHU��WRWDO�FDVHV�IRU�WKH�(8�HYHU\�\HDU��LV�VKRZQ�LQ�7DEOH�����

7DEOH�������)LUVW�HVWLPDWHV�RI�WKH�UDQJH�IRU�WKH�LQFLGHQFH�RI�FDQFHUV�DFURVV�WKH�ZKROH�RI�WKH
(XURSHDQ�8QLRQ�LQ�������OLQNHG�WR�H[SRVXUH�WR�EHQ]HQH�LQ�WKH�DPELHQW�DLU

$QQXDO�FDVHV�DW�OLIHWLPH�ULVN�IDFWRUV�RI�
0HDQ�EHQ]HQH�H[SRVXUH��µJ�P� �������µJ�P�� �������µJ�P��

� �� ���
� ��� ���
�� ��� ���

7DEOH�������5HVXOWV�RI�DQLPDO�H[SRVXUH�VWXGLHV�IRU�EHQ]HQH�

(IIHFW $QLPDO ([SRVXUH
/HYHOV

'XUDWLRQ�RI
([SRVXUH

5HIHUHQFH

'HFUHDVHV�LQ�EORRG
FHOO�FRXQWV

PLFH ����PJ�P��RU
KLJKHU

���PJ�P�

RQH�WR�VHYHUDO
ZHHNV

���ZHHNV

:+2
������

/HXFRSKHQLD UDWV ����PJ�P�

RYHU�����PJ�P�

���ZHHNV
��DQG����ZHHNV

:+2
������

5HGXFHG
HIIHFWLYHQHVV�RI�%�
FHOO�O\PSKRF\WHV

PLFH ���PJ�P� ��ZHHN :+2
������

'HSUHVVHG�7�FHOO
UHVSRQVH

PLFH ���PJ�P� ��ZHHN :+2
������

5HGXFHG�UHVLVWDQFH
WR�LQIHFWLRQ�E\
/LVWHULD�PRQRF\WRJHQHV

PLFH ����PJ�P� ��GD\V 5RVHQWKDO
DQG�6Q\GHU
������

,QFUHDVHG�WXPRXU
LQFLGHQFH�IURP
LQMHFWHG�SRO\RPD
YLUXV�LQGXFHG
WXPRXU�FHOOV

PLFH ����PJ�P� ����GD\V 5RVHQWKDO
DQG�6Q\GHU
������

+DHPDWRSRHWLF
FKDQJHV

PLFH ������PJ�P� GD\V������RI
JHVWDWLRQ

:+2
������

'1$�GDPDJH�LQ
ERQH�PDUURZ�
SHULSKHUDO�EORRG

PLFH ����PJ�P� 3ODSSHUW�HW�DO
������
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FHOOV�DQG�OLYHU

6LVWHU�FKURPDWLG
H[FKDQJHV�LQ
SHULSKHUDO
O\PSKRF\WHV�DQG
PLFURQXFOHL�LQ�ERQH
PDUURZ

UDWV ����PJ�P�

�O\PSKRF\WHV�

����PJ�P�

�PLFURQXFOHL�

(UH[VRQ�HW�DO
������

+HPDWRSRHWLF
QHRSODVPV�
LQFOXGLQJ�WK\PLF
O\PSKRPD

PLFH ����PJ�P� OLIHWLPH 6Q\GHU�HW�DO
������

0DOLJQDQW
O\PSKRPDV�
SUHSXWLDO�JODQG
FDQFHU�DQG�OXQJ
WXPRXUV

PLFH ����PJ�P� ���ZHHNV )DUULV�HW�DO
������

6RXUFH���:+2�SDSHU�RQ�%HQ]HQH
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7DEOH�������2EVHUYHG�KHDOWK�HIIHFWV�RI�KXPDQ�H[SRVXUH�WR�EHQ]HQH�
(IIHFW ([SRVXUH 5HIHUHQFH
/RZHUHG�ZKLWH�DQG�UHG
EORRG�FHOO�FRXQWV

2FFXSDWLRQDO��DERYH����
PJ�P�

&RG\�HW�DO�������

6WUXFWXUDO�DQG�QXPHULFDO
FKURPRVRPH�GHIHFWV

����PJ�P��RU�KLJKHU�
RU�FKURQLF�H[SRVXUH�WR���
PJ�P�

:+2��������0DMRU�HW�DO
��������.DUDFLF�HW�DO�������

,QFUHDVHG�ULVN�RI�DFXWH
QRQ�O\PSKRF\WLF
OHXNDHPLD��$1//�

2FFXSDWLRQDO��YDULRXV
OHYHOV�

5LQVNH\�HW�DO���������2WW�HW�DO
��������%RQG�HW�DO��������
:RQJ�������

7DEOH�������/HXNDHPLD�GHDWKV�LQ�ZRUNHUV�RFFXSDWLRQDOO\�H[SRVHG�WR�EHQ]HQH�
6WXG\ 1R��RI

SHRSOH
H[SRVHG

1R��RI
GHDWKV

([SRVXUH
(VWLPDWHV��SSE�
\HDUV

�XQOHVV

RWKHUZLVH
LQGLFDWHG�

5HIHUHQFH

*RRG\HDU�3OLRILOP�3ODQW
ZRUNHUV�HPSOR\HG�IRU�DW�OHDVW
RQH�GD\�LQ�D�GHSDUWPHQW
ZKHUH�EHQ]HQH�ZDV�XVHG
GXULQJ�������������'HDWKV
RFFXUULQJ�DIWHU������FRXQWHG�

�����PHQ �

�

�

�

��������

��������������

���������������

!�������

5LQVN\�HW�DO
������

&KHPLFDO�ZRUNHUV�H[SRVHG�WR
EHQ]HQH�IRU�DW�OHDVW���PRQWKV
EHWZHHQ������DQG�������RQO\
WKH�FXPXODWLYH�H[SRVXUH
JURXS�LV�LQFOXGHG�

�����PHQ �

�

�

���

����

!����

(VWLPDWHV
IRU���
\HDU
HTXLYDOHQW
OHYHOV�RI
H[SRVXUH

:RQJ
������

'RZ�&KHPLFDO�ZRUNHUV
H[SRVHG�LQ�RUJDQLF�DQG�UHVLQ
V\QWKHVLV��H[FOXGHV
FRQIRXQGLQJ�H[SRVXUHV�

����PHQ � ����
������
�������

(VWLPDWHV
IRU
LQGLYLGXDO
FDVHV

%RQG�HW�DO
������

&RNH�2YHQ�DQG�RWKHU�&RDO
3URGXFWV�ZRUNHUV
�1DWLRQDO�6PRNHOHVV�)XHOV
DQG�%ULWLVK�6WHHO�&RUSRUDWLRQ�

�����PHQ
����
ZRPHQ

�
�

(VWLPDWHG�H[SRVXUH
FRQFHQWUDWLRQV�
���������SSE�


+XUOH\�HW�DO
������

&KLQHVH�)DFWRU\�:RUNHUV
H[SRVHG�WR�EHQ]HQH�LQ
SDLQWLQJ��VKRH�PDNLQJ�UXEEHU
V\QWKHVLV��OHDWKHU��DQG
DGKHVLYH�DQG�RUJDQLF�V\QWKHVLV
IDFWRULHV

������
PHQ
������
ZRPHQ

��
�

&RQFHQWUDWLRQV
ZKHUH�OHXNDHPLDV
RFFXUUHG���������
��������SSE�


<LQ�HW�DO
������
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�1R�GDWD�IRU�GXUDWLRQ�RI�H[SRVXUH�JLYHQ���6RXUFH���(3$46��������%HQ]HQH���

��������SSE�\HDUV�ZRXOG�EH
HTXLYDOHQW�WR�D����\HDU�H[SRVXUH�WR�������SSE��RU�D����\HDU�H[SRVXUH�WR�������SSE�

���� $'',7,21$/�&216(48(1&(6�2)�$%$7(0(17�0($685(6�)25�&2
$1'�%(1=(1(

$EDWHPHQW�RI�&2�DQG�EHQ]HQH�ZLOO�FKDQJH�WKH�PDJQLWXGH�RI�RWKHU�EXUGHQV��VXFK�DV�ULVN�RI
DFFLGHQWV��UHOHDVH�RI�SROOXWDQWV�RWKHU�WKDQ�&2�DQG�EHQ]HQH��DQG�WKHLU�DVVRFLDWHG�LPSDFWV�
6RPH�H[DPSOHV�DUH�OLVWHG�LQ�7DEOH�������0RVW�RI�WKH�HIIHFWV�OLVWHG�LQ�WKH�WDEOH�ZLOO�OHDG�WR
DGGLWLRQDO�EHQHILWV��WKRXJK�WKHUH�LV�D�SRVVLELOLW\�WKDW�VRPH�ZLOO�QRW��

7DEOH�������$GGLWLRQDO�FRQVHTXHQFHV�IROORZLQJ�IURP�WKH�DEDWHPHQW�RI�&2�DQG�EHQ]HQH�
7KH�OLVW�SURYLGHV�H[DPSOHV�RI�WKH�HIIHFWV�FRQFHUQHG���,W�LV�QRW�LQWHQGHG�WR�EH�H[KDXVWLYH�

$EDWHPHQW�PHDVXUH %XUGHQ�DIIHFWHG ,PSDFWV�DIIHFWHG
5RDG�SULFLQJ��WUDIILF�FDOPLQJ�
SXEOLF�WUDQVSRUW�VXEVLGLHV�
HWF�

(PLVVLRQ�RI�DOO�WUDQVSRUW
SROOXWDQWV��62���12[��30���
92&V��&2���IRUPDWLRQ�RI
R]RQH�DQG�RWKHU�VHFRQGDU\
SROOXWDQWV��

(IIHFWV�RQ�KHDOWK��PDWHULDOV�
HFRORJ\

5LVN�RI�DFFLGHQWV 'HDWK�DQG�LQMXU\�
PDWHULDO�GDPDJH

&RQJHVWLRQ 7UDYHO�WLPH
1RLVH $PHQLW\

(PLVVLRQ�FRQVWUDLQWV (PLVVLRQ�RI�DOO�WUDQVSRUW
SROOXWDQWV��62���12[��30���
92&V��&2��HWF��

(IIHFWV�RQ�KHDOWK��PDWHULDOV�
HFRORJ\

0XFK�WKRXJKW�ZDV�JLYHQ�GXULQJ�WKH�VWXG\�DV�WR�ZKHWKHU�WKHVH�HIIHFWV�VKRXOG�EH�FRQVLGHUHG
LQ�WKH�DQDO\VLV���,W�ZDV�FRQFOXGHG�WKDW�WKH\�VKRXOG�QRW��JLYHQ�WKDW�WKH�DQDO\VLV�LV�FRQGXFWHG
H[SUHVVO\�LQ�UHODWLRQ�WR�&2�DQG�EHQ]HQH���,QFOXVLRQ�RI�EHQHILWV�IURP�UHGXFLQJ�30��62��DQG
12���ZKLFK�RXU�VFHQDULRV�DVVXPH�PHHW�OLPLWV�IURP�WKH�RXWVHW��ZRXOG�DSSHDU�WR�FRQWUDGLFW
WKH�&RPPLVVLRQ·V�SURFHVV�IRU�FRQWUROOLQJ�WKRVH�SROOXWDQWV���,Q�DQ\�FDVH��WKH�XVH�RI
OHJLVODWLRQ�RQ�EHQ]HQH�RU�&2�IRU�FRQWURO�RI�D�KRVW�RI�RWKHU�WUDIILF�UHODWHG�EXUGHQV�VHHPV�D
YHU\�EOXQW�LQVWUXPHQW��DQG�RQH�WKDW�LV�XQOLNHO\�WR�OHDG�WR�WKH�LGHQWLILFDWLRQ�RI�DQ�RSWLPDO
SDFNDJH�IRU�GHDOLQJ�ZLWK�WKHVH�RWKHU�EXUGHQV�

2Q�WKLV�LVVXH�LW�ZDV�FRQFOXGHG�WKDW�LW�ZRXOG�EH�EHWWHU�LQ�WKH�IXWXUH�WR�KDYH�DQ�DOO�LQFOXVLYH
DQDO\VLV�WKDW�VHHNV�WR�VWULNH�D�EDODQFH�EHWZHHQ�WKH�FRQWURO�RI�DOO�SROOXWDQWV�WKDW�FRPH�XQGHU
WKH�)UDPHZRUN�'LUHFWLYH�RQ�$PELHQW�$LU�4XDOLW\���$�UHFHQW�SURSRVDO�E\�WKH�&RPPLVVLRQ
IRU�D�SURJUDPPH�HQWLWOHG�&OHDQ�$LU�)RU�(XURSH��&$)(��VHHNV�WR�GR�WKLV�DQG�PRUH�
LQWHJUDWLQJ�DOVR�'LUHFWLYHV�RQ�HPLVVLRQV�

������������������������������ ������������������
��)RU�H[DPSOH��D�UHGXFWLRQ�LQ�FRQJHVWLRQ�IURP�URDG�SULFLQJ�ZRXOG�SUREDEO\�OHDG�WR�DQ�LQFUHDVH�LQ�WUDIILF�VSHHG�
7KLV�FRXOG�DGYHUVHO\�LQIOXHQFH�DFFLGHQW�UDWHV��DQG�WKH�FKDQFH�RI�VHULRXV�LQMXU\�RU�IDWDOLWLHV�LQ�DFFLGHQWV�



�� $($�7HFKQRORJ\

���� (67,0$7,1*�(;32685(�72�&2�$1'�%(1=(1(

$VVHVVPHQW�RI�&2�HIIHFWV�FDQ�EH�PDGH�DJDLQVW�XUEDQ�EDFNJURXQG�FRQFHQWUDWLRQV��DV�WKLV�LV
WKH�PHWULF�XVHG�LQ�WKH�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�DGRSWHG�IURP�WKH�HSLGHPLRORJLFDO
OLWHUDWXUH���7KLV�LPSOLFLWO\�DFFRXQWV�IRU�SHRSOH�PRYLQJ�EHWZHHQ�DUHDV�RI�GLIIHUHQW
FRQFHQWUDWLRQ���)RU�EHQ]HQH�LW�LV�QHFHVVDU\�WR�GHULYH�VRPH�HVWLPDWH�RI�H[SRVXUH�LQ�RUGHU�WR
XVH�WKH�IXQFWLRQV�GHULYHG�IURP�WKH�ZRUNSODFH�H[SRVXUH�GDWD���(VWLPDWHG�GDLO\�LQWDNH�RI
EHQ]HQH�XQGHU�GLIIHUHQW�FRQGLWLRQV�LV�VKRZQ�LQ�7DEOH������(3$46����������7KH�(3$46
DQDO\VLV�ZDV�FDUULHG�RXW�XVLQJ�PHWKRGV�DQG�GDWD�IURP�:+2���7KH�DVVHVVPHQW�RI�LQWDNH
IURP�DPELHQW�DLU�DVVXPHG�D�FRQFHQWUDWLRQ�RI�����µJ�P���DV�D�UXUDO�GDLO\�PHDQ��DQG����µJ�P��

DV�WKH�XUEDQ�PD[LPXP�GDLO\�PHDQ�EDVHG�RQ�PHDVXUHPHQWV�LQ�&HQWUDO�/RQGRQ���7KH�XUEDQ
OHYHO�LV�YHU\�KLJK�LQ�WKH�FRQWH[W�RI�WKLV�VWXG\�DV�UHIHUHQFH�WR�WKH�UHVXOWV�LQ�&KDSWHUV���DQG��
ZLOO�GHPRQVWUDWH�

7DEOH�������(VWLPDWHG�GDLO\�LQWDNH�RI�EHQ]HQH��IURP�(3$46�������

6RXUFH µJ�LQWDNH
$PELHQW�DLU��� UXUDO

8UEDQ
��
���

&LJDUHWWH�VPRNH�� ���GD\
���GD\

���
���

)RRG ���������
:DWHU �����

7RWDO�� 0LQLPXP
0D[LPXP

���
�����

7KLV�WDEOH�VXJJHVWV�WKDW�PRVW�YDULDWLRQ�LV�OLQNHG�WR�WKH�SODFHV�ZKHUH�SHRSOH�OLYH�DQG�ZRUN�
DQG�WR�ZKHWKHU�WKH\�VPRNH�RU�QRW���)XUWKHU�GDWD�RQ�H[SRVXUHV�DUH�JLYHQ�LQ�7DEOH������WDNHQ
IURP�*HQQDUW�HW�DO����������7KLV�IXUWKHU�KLJKOLJKWV�WKH�SUREOHPV�RI�H[WUDSRODWLRQ�RI�EHQ]HQH
GDWD�IRU�GHULYDWLRQ�RI�H[SRVXUH�UHVSRQVH�UHODWLRQVKLSV�

7DEOH�������7\SLFDO�HVWLPDWHV�RI�GDLO\�DEVRUEHG�GRVH�IRU�VSHFLILF�VLWXDWLRQV��H[FOXGLQJ�GLHW��

6SHFLILF
6LWXDWLRQ

([SRVXUH��µJ�P�� 7LPH��KRXUV� $OYHRODU
YHQWLODWLRQ
UDWH��P��KU�

5HWHQWLRQ
���

$EVRUEHG
GRVH��µJ�GD\�

2FFXSDWLRQDO
H[SRVXUH

���� � ���� �� �����

6PRNLQJ ���µJ��FLJDUHWWH ���FLJ�GD\ � �� ���
3DVVLYH
VPRNLQJ

��� �� � �� ��

'ULYLQJ �� � � �� ��
5HIXHOOLQJ ���� ��PLQ�ZHHN � �� ��
2XWGRRU�
XUEDQ

�� � ���� �� ��
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2XWGRRU�
UXUDO

��� � ���� �� �

,QGRRU��QRQ�
VPRNLQJ

� �� � �� ��

,Q�DGGLWLRQ�WR�WKLV��2WW�DQG�5RJHUV�VXJJHVWHG�WKDW�FLJDUHWWHV�DQG�FRQVXPHU�SURGXFWV�PD\
PDNH�D�PXFK�ODUJHU�FRQWULEXWLRQ�WR�EHQ]HQH�H[SRVXUH�LQ�WKH�JHQHUDO�SXEOLF�WKDQ�GR�VRXUFHV
VXFK�DV�YHKLFOH�H[KDXVW�IXPHV�DQG�LQGXVWU\���7KH\�TXRWH�:DOODFH��������ZKR�HVWLPDWHG�WKDW
DERXW�����RI�WRWDO�H[SRVXUH�WR�WKH�86�SRSXODWLRQ�FRPHV�IURP�VPRNLQJ�RU�EUHDWKLQJ�VPRNH
H[KDOHG�E\�RWKHUV�����SHUFHQW�IURP�LQKDOLQJ�JDVROLQH�IXPHV�RU�XVLQJ�FRPPRQ�FRQVXPHU
SURGXFWV��JOXHV�HWF���DQG�����IURP�RWKHU�KRPH�VRXUFHV�VXFK�DV�SDLQWV�DQG�JDVROLQH�VWRUHG
LQ�EDVHPHQWV�RU�JDUDJHV���2QO\����RI�WKH�WRWDO�H[SRVXUH�LV�HVWLPDWHG�WR�FRPH�IURP
LQGXVWULDO�VRXUFHV���7KLV�FRQWUDVWV�ZLWK�WKH�EUHDNGRZQ�RI�EHQ]HQH�HPLVVLRQ�VRXUFHV�IRU�WKH
86��DV�VKRZQ�LQ�)LJXUH�����

)LJXUH�����  US sources of benzene emissions and associated exposure.

0% 20% 40% 60% 80% 100%

Sources of
Emissions

Sources of
Exposure

Cigarettes

Individual activities

Industry

Automobile exhaust

,W�LV�XQFOHDU�ZKHWKHU�WKHVH�ILQGLQJV�ZRXOG�EH�IXOO\�DSSOLFDEOH�WR�(XURSH��DV�WKHUH�DUH�OLNHO\
WR�EH�GLIIHUHQFHV�LQ�WKH�FRPSRVLWLRQ�RI�FRQVXPHU�SURGXFWV��86�FRQVXPHU�SURGXFWV�WKDW
FRQWDLQ�EHQ]HQH�DUH�VDLG�WR�LQFOXGH�JOXHV��DGKHVLYHV��KRXVHKROG�FOHDQLQJ�SURGXFWV��SDLQW
VWULSSHUV�DQG�VRPH�DUW�VXSSOLHV���+RZHYHU��D�SUHOLPLQDU\�LQYHVWLJDWLRQ�RI�VXFK�SURGXFWV�LQ
WKH�8.�KDV�IRXQG�QR�HYLGHQFH�RI�WKH�SUHVHQFH�RI�EHQ]HQH���'XOX[��3RO\FHOO�DQG�5RQVHDO�
PDMRU�PDQXIDFWXUHUV�RI�SDLQWV��JOXHV�DQG�YDUQLVKHV��KDYH�DOO�FRQILUPHG�WKDW�WKHLU�SURGXFWV
FRQWDLQ�QR�EHQ]HQH��)LJXUH�����GRHV�KRZHYHU�GHPRQVWUDWH�WKDW�WKH�IXOO�SUREOHP�RI�EHQ]HQH
H[SRVXUH�LV�UHODWHG�WR�D�QXPEHU�RI�RWKHU�VRXUFHV�QRW�FRQVLGHUHG�ZLWKLQ�WKLV�VWXG\�EHFDXVH�LW
ZRXOG�EH�LQDSSURSULDWH�WR�GHDO�ZLWK�WKHP�WKURXJK�OHJLVODWLRQ�RQ�DPELHQW�DLU�TXDOLW\���7KH
IDFW�WKDW�WKHUH�DUH�RWKHU�LPSRUWDQW�VRXUFHV�RI�H[SRVXUH�GRHV�QRW�RI�FRXUVH�LQ�LWVHOI�QHJDWH
WKH�QHHG�IRU�OHJLVODWLRQ�RQ�EHQ]HQH�LQ�WKH�DPELHQW�DLU�
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7KH�ULVN�IDFWRUV�XVHG�LQ�WKH�SUHVHQWV�VWXG\�DUH�OLQHDU��H[WUDSRODWHG�EDFN�WR�]HUR���1RQ�
OLQHDULWLHV��IRU�H[DPSOH�WKURXJK�WKH�H[LVWHQFH�RI�WKUHVKROGV��ZRXOG�OHDG�WR�ORZHU�EHQHILWV
IURP�PHDVXUHV�WR�UHGXFH�FRQFHQWUDWLRQV�RI�EHQ]HQH���$VVXPLQJ�WKH�DVVXPSWLRQ�RI�OLQHDULW\
WR�EH�FRUUHFW��WKHUH�LV�QR�QHHG�WR�DFFRXQW�IRU�QRQ�DPELHQW�VRXUFHV�RI�EHQ]HQH��IRU�H[DPSOH
WKURXJK�VPRNLQJ��ZKLFK�FRXOG�WDNH�VRPH�PHPEHUV�RI�WKH�SRSXODWLRQ�DERYH�D�WKUHVKROG
HYHQ�ZLWK�QR�FRQVLGHUDWLRQ�RI�H[SRVXUH�WKURXJK�WKH�DPELHQW�DLU����+RZHYHU��JLYHQ�WKH
QDWXUH�RI�WKH�IXQFWLRQV�LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�ZD\�LQ�ZKLFK�GRVH�IURP�WKH�DPELHQW
DLU�LV�EXLOW�XS�DV�SHRSOH�JR�DERXW�WKHLU�QRUPDO�DFWLYLWLHV�

7KH�SROOXWLRQ�VFHQDULRV�XVHG�LQ�WKLV�VWXG\�SURYLGH�HVWLPDWHV�RI�FRQFHQWUDWLRQV�LQ�WKH�XUEDQ
EDFNJURXQG�DQG�LQ�SHDN�ORFDWLRQV�ZLWKLQ�HDFK�JULG�FHOO���$�UDQJH�FDQ�FOHDUO\�EH�JHQHUDWHG
DVVXPLQJ�WKDW�HYHU\RQH�VSHQGV�DOO�RI�WKHLU�WLPH�LQ�RQH�ORFDWLRQ�RU�WKH�RWKHU���$FWXDO
H[SRVXUH�VKRXOG�OLH�VRPHZKHUH�EHWZHHQ�WKHVH�WZR�SRVLWLRQV���,Q�RUGHU�WR�HVWLPDWH�ZKHUH��LW
LV�QHFHVVDU\�WR�GHILQH�WKH�DFWLYLWLHV�WKDW�WKH�SRSXODWLRQ�XQGHUWDNH���7KHUH�LV�QR�GHILQLWLYH
JXLGDQFH�RQ�WKLV��WKRXJK�VRPH�GDWD�DUH�DYDLODEOH���7DEOH������SURYLGHV�LQIRUPDWLRQ�FROOHFWHG
LQ�3DULV��6RFLpWp�IUDQFDLVH�GH�VDQWp�SXEOLTXH��������

7DEOH��������'LVWULEXWLRQ�RI�SRSXODWLRQ�H[SRVXUH�WR�EHQ]HQH�LQ�3DULV��IURP�6RFLpWp
IUDQFDLVH�GH�VDQWp�SXEOLTXH��������

6LWH 'DLO\�H[SRVXUH %HQ]HQH�OHYHO�µJ�P�

8QGHUJURXQG�SDUNV �����K ��������
5RDG�WXQQHOV VHYHUDO�PLQXWHV ���������
&\FOH�URXWHV ����WR���K �
'ULYHUV ��WR���K �������
%XV�SDVVHQJHUV ����WR���K �������
0HWUR�XVHUV ����WR���K ������
3HGHVWULDQV ��WR���K �������
(PSOR\HG�SHRSOH ��WR����K �������
3ULPDU\�VFKRROV ��WR���K ������
3HRSOH�QRW�LQ�HPSOR\PHQW ���WR����K �����

$GGLWLRQDO�GDWD�ZHUH�FROOHFWHG�LQ�'HQPDUN��5DDVFKRX�1LHOVHQ�HW�DO��LQ�SUHVV���LQ�D�VWXG\
LQYHVWLJDWLQJ�WKH�H[SRVXUH�RI�FKLOGUHQ�WR�EHQ]HQH��WROXHQH�DQG�[\OHQH���0HDVXUHPHQWV�DW�WKH
IURQW�GRRUV�RI�KRXVHV�SURYLGHG�KLJKO\�VLJQLILFDQW�UHODWLRQVKLSV�ZLWK�EHQ]HQH�H[SRVXUH��7KH
VORSH�EHWZHHQ�H[SRVXUH�DQG�IURQW�GRRU�FRQFHQWUDWLRQ�LQ�&RSHQKDJHQ�ZDV�������DQG�LQ�UXUDO
DUHDV���������$FWLYLWLHV�WKDW�ZHUH�SDUWLFXODUO\�UHODWHG�WR�EHQ]HQH�H[SRVXUH�ZHUH�ULGLQJ�LQ�D
FDU��DQG�DQ\WKLQJ�OHDGLQJ�WR�H[SRVXUH�WR�JDVROLQH�YDSRXUV���,QWHUHVWLQJO\��SDVVLYH�VPRNLQJ
GLG�QRW�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�H[SRVXUH��DSSDUHQWO\�FRQILUPLQJ�VRPH�SUHYLRXV�UHVXOWV�

)RU�WKH�SXUSRVHV�RI�WKLV�VWXG\�WKH�IROORZLQJ�PRGHO�IRU�H[SRVXUH�ZDV�GHYHORSHG��7DEOH
��������,W�KDV�EHHQ�NHSW�UHDVRQDEO\�VLPSOH���,W�LV�DVVXPHG�WKDW�WKHUH�LV�D���WR���UHODWLRQVKLS
EHWZHHQ�RXWGRRU�DLU�FRQFHQWUDWLRQV�DQG�WKH�OHYHO�RI�EHQ]HQH�DWWULEXWDEOH�WR�RXWGRRU�DLU
ZLWKLQ�EXLOGLQJV���7KH�GDWD�JLYHQ�DUH�ODUJHO\�WKH�DXWKRUV·�RZQ�HVWLPDWHV��EXLOGLQJ�RQ�WKH
RWKHU�GDWD�SUHVHQWHG�KHUH���7KH�FRQVLGHUDWLRQ�RI�LQGRRU�H[SRVXUH�LV�SUREOHPDWLF�SDUWO\
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EHFDXVH�WKH�OHJLVODWLRQ�RQ�DLU�TXDOLW\�GRHV�QRW�DSSO\�LQGRRUV�RU�LQ�WKH�ZRUNSODFH���+RZHYHU�
JLYHQ�WKH�REYLRXV�OLQN�EHWZHHQ�RXWGRRU�DQG�LQGRRU�DLU�TXDOLW\�LW�LV�FOHDUO\�UHOHYDQW�WR
LQFOXGH�WKH�HIIHFWV�RI�H[SRVXUH�LQGRRUV�IURP�H[WHUQDO�VRXUFHV�
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7DEOH��������3UHOLPLQDU\�HVWLPDWHV�RI�WKH�WLPH�VSHQW�E\�GLIIHUHQW�JURXSV�LQ�GLIIHUHQW
ORFDWLRQV���5HVXOWV�DSSO\�WR�WKH�XUEDQ�SRSXODWLRQ�RQO\���1R�DFFRXQW�LV�WDNHQ�LQ�WKH�DQDO\VLV
RI�WKRVH�ZKR�FRPPXWH�LQWR�FLWLHV�IURP�RXWVLGH�WKH�PRGHOOHG�GRPDLQ�IRU�HDFK�FLW\�

*URXS ��RI
SRSXODWLR
Q

/RFDWLRQ /HYHO KRXUV�GD\�VSHQW
LQ�HDFK�ORFDWLRQ

,QIDQWV���� � $W�KRPH %DFNJURXQG ��
\HDUV� ,Q�WUDQVLW 3HDN �

2XWGRRUV %DFNJURXQG �
2XWGRRUV��H�J�
VKRSV�

3HDN �

6FKRROFKLOGUH
Q

�� $W�KRPH %DFNJURXQG ��

,Q�WUDQVLW 3HDN �
$W�VFKRRO %DFNJURXQG �
$W�VFKRRO 3HDN �
2XWGRRUV 3HDN �

7KRVH
ZRUNLQJ

�� $W�KRPH %DFNJURXQG ��

LQGRRUV ,Q�WUDQVLW 3HDN �
$W�ZRUN %DFNJURXQG �
2XWGRRUV 3HDN �

7KRVH
ZRUNLQJ

� $W�KRPH %DFNJURXQG ��

RXWGRRUV ,Q�WUDQVLW 3HDN �
$W�ZRUN 3HDN �
2XWGRRUV 3HDN �

$GXOWV�QRW�LQ �� $W�KRPH %DFNJURXQG ��
HPSOR\PHQW ,Q�WUDQVLW 3HDN �

2XWGRRUV 3HDN �
2XWGRRUV %DFNJURXQG �

2YHUDOO ��� 3HDN �������
%DFNJURXQG ��������

$YDLODEOH�GDWD�IURP�WKH�OLWHUDWXUH�RQ�LQGRRU�RXWGRRU�FRQFHQWUDWLRQV�ZHUH�IRXQG�WR�EH
FRQIOLFWLQJ���0RUH�UREXVW��WKRXJK�SUHOLPLQDU\��GDWD�ZHUH��KRZHYHU��PDGH�DYDLODEOH�WR�WKH
VWXG\�WHDP�IURP�SDUWLFLSDQWV�LQ�WKH�0DFEHWK�SURMHFW��7DEOH�������&RFKHR��������SHUVRQDO
FRPPXQLFDWLRQ��ZKLFK�LV�PRQLWRULQJ�DWPRVSKHULF�FRQFHQWUDWLRQV�RI�EHQ]HQH�DQG
H[SRVXUHV�LQ�(XURSHDQ�WRZQV�DQG�KRPHV���5HVXOWV�DUH�VWLOO�FRQIOLFWLQJ��WKH�WUHQG�LQ�$WKHQV
LV�RSSRVLWH�WR�WKDW�HOVHZKHUH���2YHUDOO�WKH�UDWLR�RI�XUEDQ�EDFNJURXQG�WR�WRWDO�H[SRVXUH�LV�����
ZLWKLQ�WKH�UDQJH�����WR�������2Q�DYHUDJH�WKLV�VXJJHVWV�WKDW�RXU�PRGHO�IURP�7DEOH������ZRXOG
XQGHUHVWLPDWH�H[SRVXUH�E\������EDVHG�RQ�WLPH�VSHQW�LQ�SHDN�FRQFHQWUDWLRQ�ORFDWLRQV�
FRPELQHG�ZLWK�D�FHQWUDO�HVWLPDWH�RI�WKH�UDWLR�EHWZHHQ�FRQFHQWUDWLRQ�LQ�XUEDQ�EDFNJURXQG
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DQG�KRW�VSRW�ORFDWLRQV�JLYHQ�LQ�&KDSWHU������+RZHYHU��WKLV�LV�ZHOO�ZLWKLQ�WKH�UDQJH
VXJJHVWHG�E\�WKH�0DFEHWK�GDWD�
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7DEOH��������&RPSDULVRQV�RI�XUEDQ�EDFNJURXQG��LQGRRU�OHYHOV�DQG�H[SRVXUHV��SUHOLPLQDU\
UHVXOWV�IURP�WKH�0DFEHWK�SURJUDPPH��

/RFDWLRQ ,QGRRU�OHYHO�
µJ�P�

8UEDQ
EDFNJURXQG�

µJ�P�

([SRVXUH��µJ�P� ([SRVXUH��XUEDQ
EDFNJURXQG�UDWLR

&RSHQKDJHQ ��� ��� ��� ���
$QWZHUS ���� ��� ���� ���
5RXHQ ���� ��� ���� ���
3DGRYD ���� ��� ���� ���
0XUFLD ���� ���� ���� ���
$WKHQV ���� ���� ���� ����

2QH�SRVVLEOH�UHDVRQ�IRU�XQGHUHVWLPDWLRQ�E\�RXU�PRGHO�LV�WKDW�LW�GRHV�QRW�WDNH�DFFRXQW�RI
YDULDWLRQ�LQ�HPLVVLRQV�RYHU�WKH�GD\���7KLV�LV�LOOXVWUDWHG�E\�GDWD�WDNHQ�IURP�WKH�$XWR�2LO�DLU
TXDOLW\�UHSRUW��)LJXUH��������7KH�DQQXDO�DYHUDJH�FRQFHQWUDWLRQ�LQ�¶SHDN·�ORFDWLRQV��EXV\
VWUHHWV��HWF���VHHPV�OLNHO\�WR�XQGHUHVWLPDWH�DFWXDO�H[SRVXUH�LQ�WKH�SHULRGV�RI�WLPH�WKDW�PRVW
SHRSOH�VSHQG�LQ�WKHVH�ORFDWLRQV���'DWD�XVHG�WR�JHQHUDWH�)LJXUH�����VXJJHVW�WKDW�HPLVVLRQV�LQ
UXVK�KRXU�DUH�URXJKO\�����KLJKHU�WKDQ�WKH�GDLO\�DYHUDJH��$SSOLFDWLRQ�RI�WKH�H[SRVXUH�PRGHO
DW�WKH�PRPHQW�HVVHQWLDOO\�DVVXPHV�WKDW�SHRSOH�DUH�FRQILQHG�WR�WKH�JULG�FHOO�LQ�ZKLFK�WKH\
OLYH���7KLV�VHHPV�UHDVRQDEOH�IRU�LQIDQWV��VFKRRO�FKLOGUHQ�DQG�DGXOWV�ZKR�DUH�QRW�LQ
HPSOR\PHQW��EXW�QRW��RQ�WKH�ZKROH��IRU�HPSOR\HG�DGXOWV��ZKR�ZLOO�WHQG�WR�PLJUDWH�WRZDUGV
WKH�FLW\�FHQWUH�IRU�ZRUN��ZKLFK�ZLOO�WHQG�WR�LQFUHDVH�WKHLU�H[SRVXUH���2YHUDOO�WKHVH�IDFWRUV
ZRXOG�VXJJHVW�WKDW�WKH�SURSRVHG�H[SRVXUH�PRGHO�PLJKW�WHQG�WR�XQGHUHVWLPDWH�H[SRVXUHV�

)LJXUH�������)UDFWLRQ�RI�HPLVVLRQV�IURP�PRELOH�VRXUFHV�LQ�HDFK�KRXU�RI�WKH�GD\�LQ�$WKHQV�
&RORJQH�DQG�/RQGRQ���'DWD�DUH�WDNHQ�IURP�WKH�$XWR�2LO�DLU�TXDOLW\�UHSRUW��(XURSHDQ
&RPPLVVLRQ�'*;,��������
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�� 5HGXFWLRQ�RI�&2�DQG�%HQ]HQH�(PLVVLRQV
IURP�0RELOH�6RXUFHV

���� 29(59,(:

,W�ZDV�QRWHG�DERYH�WKDW�WKH�GRPLQDQW�VRXUFH�RI�ERWK�&2�DQG�EHQ]HQH�RI�LQWHUHVW�KHUH�LV
WUDQVSRUW���7KLV�&KDSWHU�WKHUHIRUH�GHVFULEHV�WKH�RSWLRQV�IRU�UHGXFLQJ�HPLVVLRQV�RI�FDUERQ
PRQR[LGH�DQG�EHQ]HQH�IURP�PRELOH�VRXUFHV���7KHVH�RSWLRQV�FDQ�EH�EURDGO\�VSOLW�LQWR�WKUHH
FDWHJRULHV�
• 7HFKQLFDO�RSWLRQV�ZKLFK�FDQ�UHGXFH�SROOXWDQW�HPLVVLRQV�E\�LPSURYLQJ�YHKLFOH
WHFKQRORJ\��LQFOXGLQJ�DOWHUQDWLYH�IXHOV�DQG�LQVSHFWLRQ�	�PDLQWHQDQFH�SURJUDPPHV�

• 0DQDJHPHQW�RSWLRQV�ZKLFK�FDQ�UHGXFH�SROOXWDQW�HPLVVLRQV�E\�SURPRWLQJ�WKH�PRVW
HFRQRPLFDOO\�DQG�HQYLURQPHQWDOO\�HIILFLHQW�XVH�RI�URDG�VSDFH�

• 3ROLF\�RSWLRQV�ZKLFK�VHW�WKH�FRQWH[W�IRU�WKH�WDNH�XS�RI�RWKHU�RSWLRQV��LQFOXGLQJ�HFRQRPLF
DQG�UHJXODWRU\�PHDVXUHV�

$SSHQGL[���SURYLGHV�D�UHYLHZ�RI�WKH�DEDWHPHQW�RI�EHQ]HQH�IURP�VWDWLRQDU\�VRXUFHV�
$OWKRXJK�WKHVH�DUH�RI�YHU\�OLPLWHG�DSSOLFDWLRQ�LQ�WKLV�VWXG\��WKH\�FRXOG�EHFRPH�PXFK�PRUH
LPSRUWDQW�LQ�IXWXUH�UHYLVLRQV�WR�WKH�GDXJKWHU�'LUHFWLYH��DQG�VR�KDYH�EHHQ�UHWDLQHG�WR
FRPSOHWH�WKH�SLFWXUH�

7R�GDWH��WKH�XVH�RI�WHFKQRORJ\�WR�UHGXFH�YHKLFOH�HPLVVLRQV�KDV�IRFXVHG�RQ�´HQG�RI�SLSHµ
DQG�´IURQW�RI�SLSHµ�VROXWLRQV���&DWDO\WLF�FRQYHUWHUV��IRU�SHWURO�YHKLFOHV���DGYDQFHG�HQJLQH
WHFKQRORJ\�DQG�PDQDJHPHQW�V\VWHPV�DQG�´FOHDQHUµ�IXHOV�KDYH�EHHQ��DQG�ZLOO�FRQWLQXH�WR
EH��XVHG�WR�PHHW�FXUUHQW�DQG�IXWXUH�(&�HPLVVLRQV�UHJXODWLRQV���0DQDJHPHQW�DQG�SROLF\
RSWLRQV��FROOHFWLYHO\�WHUPHG�¶QRQ�WHFKQLFDO·�PHDVXUHV��VHHNLQJ�WR�DIIHFW�HPLVVLRQV�E\
FKDQJLQJ�WKH�EHKDYLRXU�RI�SROOXWHUV���ORRN�VHW�WR�JURZ�LQ�LPSRUWDQFH�IRU�HOLPLQDWLQJ
H[FHHGHQFHV�RI�VWDWXWRU\�DLU�TXDOLW\�VWDQGDUGV�LQ�VSHFLILF�ORFDWLRQV�

:LWKLQ�WKH�IROORZLQJ�GLVFXVVLRQ��WKH�DVVHVVPHQW�RI�WHFKQLFDO�RSWLRQV�ZLOO�EH�PDGH�RQ�WKH
IHDVLELOLW\�DQG�WHFKQLFDO�HIIHFWV��DQG�WKH�DVVHVVPHQW�RI�QRQ�WHFKQLFDO�RSWLRQV�RQ�WKH
IHDVLELOLW\�DQG�HIIHFWV�RI�PHDVXUHV�WKDW�PD\�EH�DYDLODEOH�

7KH�XVH�RI�RSWLRQV�LQ�FRPELQDWLRQ�ZLOO�RIWHQ�EH�QHFHVVDU\�WR�PHHW�DLU�TXDOLW\�WDUJHWV���)RU
H[DPSOH��WKH�FRQVLGHUDEOH�WHFKQRORJLFDO�LPSURYHPHQWV�ZKLFK�DUH�EHLQJ�XVHG�WR�PHHW
(852�,,�DQG�(852�,,,�HPLVVLRQV�VWDQGDUGV�PD\�KDYH�WR�EH�FRPSOHPHQWHG�E\�WKH�XVH�RI
HYHQ�´FOHDQHUµ�WHFKQRORJLHV�LQ�QLFKH�PDUNHWV�RU�E\�WUDIILF�UHVWUDLQW�LQ�RUGHU�WR�DWWDLQ�DLU
TXDOLW\�WDUJHWV�LQ�SDUWLFXODU�¶KRW�VSRW·�DUHDV�

$�OLVW�RI�RSWLRQV�RI�WKH�SRVVLEOH�RSWLRQV�DYDLODEOH�IRU�DEDWLQJ�&2�DQG�EHQ]HQH�IURP
WUDQVSRUW�LV�SUHVHQWHG�LQ�7DEOH�����EHORZ���7KLV�OLVW�H[FOXGHV�WKRVH�RSWLRQV�WKDW�DUH�DOUHDG\
LQ�SODFH�RU�ZLOO�EH�LQWURGXFHG�XQGHU�SHQGLQJ�OHJLVODWLRQ���,W�VKRXOG�EH�VWUHVVHG�WKDW�VRPH�RI
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WKH�DEDWHPHQW�RSWLRQV�OLVWHG�ZLOO�EH�UHMHFWHG�DW�D�ODWHU�GDWH��SULRU�WR�IXUWKHU�FRVW�DQDO\VLV��RQ
WKH�EDVLV�WKDW�WKHVH�RSWLRQV�DUH�QRW�FRPPHUFLDOO\�GHYHORSHG�RU�WHFKQLFDOO\�IHDVLEOH�

7DEOH�������2SWLRQV�IRU�DEDWHPHQW�RI�WUDQVSRUW�UHODWHG�HPLVVLRQV�RI�&2�DQG�EHQ]HQH�

&DWHJRU\ 2SWLRQ
7HFKQLFDO
2SWLRQV

7DLOSLSH
WUHDWPHQWV

• $GYDQFHG�FDWDO\VWV

(QJLQH�FRQWUROV • /HDQ�EXUQ�HQJLQHV
• ([KDXVW�JDV�UH�FLUFXODWLRQ

,PSURYHG
GXUDELOLW\�RI
HPLVVLRQ�FRQWURO
V\VWHPV

• ,QFUHDVHG�VHYHULW\�DQG�IUHTXHQF\�RI�FRPSXOVRU\
LQVSHFWLRQ�DQG�PDLQWHQDQFH�FKHFNV

• 2Q�ERDUG�GLDJQRVWLFV
• 5HPRWH�URDGVLGH�VHQVLQJ
• ([WHQVLRQ�RI�PDQXIDFWXUHU·V�OLDELOLW\
• &RQIRUPLW\�RI�9HKLFOHV�LQ�&LUFXODWLRQ��&9&�
SURJUDPPHV

$OWHUQDWLYH�IXHO
W\SHV��
FRPSRVLWLRQ

• 5HIRUPXODWHG�IXHO�¶SDFNDJHV·
• $OWHUQDWLYH�IXHOV��&1*��/3*��ELRIXHOV�

$OWHUQDWLYH�GULYH�
WUDLQV

• (OHFWULF�YHKLFOHV
• +\EULG�YHKLFOHV

(YDSRUDWLYH
HPLVVLRQ�FRQWUROV

• ,PSURYHG�IXHO�V\VWHP�DQG�ODUJHU�FDUERQ�FDQLVWHU

0DQDJHPHQW
2SWLRQV

'HPDQG
PDQDJHPHQW

• 7UDIILF�UHVWULFWLRQV
• 7UDIILF�VSHHG�UHJXODWLRQV

&RQJHVWLRQ
UHGXFWLRQ

• 7UDIILF�OLJKW�FRQWUROV��H�J��87&�V\VWHPV

(QFRXUDJLQJ
PRGDO�VKLIW

• 5HGXFHG�SXEOLF�WUDQVSRUW�IDUHV
• 3DUN�DQG�5LGH
• 1HZ�WUDQVSRUW�V\VWHPV
• 3XEOLF�WUDQVSRUW�SULRULW\
• )UHLJKW�VXEVLGLHV

3ROLF\
2SWLRQV

(FRQRPLF • 5RDG�3ULFLQJ

• +LJKHU�IXHO�WD[DWLRQ
• 7D[�GLIIHUHQWLDOV�WR�SURPRWH�FOHDQHU
IXHOV�HPLVVLRQ�WD[HV

• 'LIIHUHQWLDWHG�YHKLFOH�SXUFKDVH�WD[HV�WR�SURPRWH
ORZHU�HPLWWLQJ�YHKLFOHV

• 6XEVLGLHV�IRU�VFUDSSDJH�RI�ROG�YHKLFOHV
5HJXODWLRQ • 9HKLFOH�HPLVVLRQV�VWDQGDUGV

• )XHO�TXDOLW\�VWDQGDUGV
• ,	0�SURJUDPPHV


�DOVR�TXDOLILHV�DV�D�GHPDQG�PDQDJHPHQW�WRRO�
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������ 7DLOSLSH�WUHDWPHQW�WHFKQRORJLHV

%RWK�SHWURO�DQG�GLHVHO�HPLVVLRQV�FDQ�EH�UHGXFHG�E\�H[KDXVW�WUHDWPHQW���7KH�DGYDQWDJH�RI
WKLV�IRUP�RI�HPLVVLRQ�FRQWURO�LV�WKDW�LW�FDQ�EH�DSSOLHG�WR�H[LVWLQJ�YHKLFOHV���7KH�PRVW
SURPLVLQJ�RI�WKHVH�WHFKQRORJLHV�DUH�DGYDQFHG�FDWDO\VWV�IRU�SHWURO�YHKLFOHV�

+HDWHG�FDWDO\VWV�IRU�SHWURO�YHKLFOHV�KDYH�D�VLJQLILFDQW�SRWHQWLDO�IRU�UHGXFLQJ�HPLVVLRQV���7KH
DLP�RI�WKHVH�V\VWHPV�LV�WR�EULQJ�WKH�FDWDO\VW�WR�LWV�RSHUDWLQJ�WHPSHUDWXUH�DV�VRRQ�DV�SRVVLEOH
DIWHU�FUDQNLQJ�WKH�HQJLQH��KHQFH�LQFUHDVLQJ�LWV�FROG�VWDUW�HIIHFWLYHQHVV�FRQVLGHUDEO\���&RVWV
KDYH�FRPH�GRZQ�GUDPDWLFDOO\�RYHU�UHFHQW�\HDUV���$OWHUQDWLYHO\��FORVHG�FRXSOHG�FDWDO\VWV
DFKLHYH�YHU\�LPSUHVVLYH�K\GURFDUERQ�HPLVVLRQ�ILJXUHV�ZLWKRXW�UHYHUWLQJ�WR�D�KHDWHG�FDWDO\VW�

������ (QJLQH�FRQWUROV

,PSURYHG�HOHFWURQLF�HQJLQH�FRQWUROV�FDQ�DFKLHYH�VLJQLILFDQW�UHGXFWLRQV�LQ�HPLVVLRQV�E\
PDLQWDLQLQJ�WKH�HQJLQH�DW�DQ�RSWLPXP�DLU�IXHO�UDWLR���7KH�PRVW�SURPLVLQJ�WHFKQRORJLHV�DUH
H[KDXVW�JDV�UH�FLUFXODWLRQ��(*5��V\VWHPV�DQG�OHDQ�EXUQ�HQJLQHV�

(*5�LV�SDUWLFXODUO\�DLPHG�DW�UHGXFLQJ�12[��EXW�FXUUHQW�V\VWHPV�KDYH�WKH�GLVDGYDQWDJH�WKDW
WKH\�DIIHFW�WKH�GULYDELOLW\�RI�WKH�FDU���(QKDQFHG��IXWXUH�V\VWHPV�ZLOO�EH�FRQWUROOHG
HOHFWURQLFDOO\�WKURXJK�WKH�FHQWUDO�FRQWURO�XQLW�DQG�ZLOO�DOVR�EH�PRQLWRUHG�E\�DQ�RQ�ERDUG
GLDJQRVWLFV�V\VWHP�

/HDQ�EXUQ�HQJLQHV�UXQ�DW�KLJK�DLU�IXHO�UDWLRV�RQO\�DW�OLJKW�ORDGV��WKH\�UXQ�DW�ULFK�DLU�IXHO
UDWLRV�DW�KLJK�ORDGV�WR�PD[LPLVH�SRZHU���0RGHUQ�OHDQ�EXUQ�HQJLQHV�FRPPHUFLDOLVHG
UHFHQWO\�LQ�-DSDQ�LPSURYH�YHKLFOH�IXHO�HFRQRP\�E\���WR����SHUFHQW���$�GLVDGYDQWDJH�RI�OHDQ�
EXUQ�HQJLQHV��KRZHYHU��LV�WKDW�WKH\�FDQQRW�XVH�FRQYHQWLRQDO���ZD\�FDWDO\VWV�

������ ,PSURYHG�GXUDELOLW\�RI�HPLVVLRQ�FRQWURO�V\VWHPV

6LJQLILFDQW�UHGXFWLRQV�LQ�YHKLFOH�HPLVVLRQV�FDQ�EH�DFKLHYHG�E\�UHGXFLQJ�WKH�UDWH�RI
GHWHULRUDWLRQ�LQ�WKH�HPLVVLRQV�FRQWURO�V\VWHPV���7KH�$XWR�2LO�3URJUDPPH�LGHQWLILHG�WKH
IROORZLQJ�PHFKDQLVPV�IRU�DFKLHYLQJ�WKLV�
• ,QFUHDVHG�VHYHULW\�DQG�IUHTXHQF\�RI�FRPSXOVRU\�LQVSHFWLRQ�DQG�PDLQWHQDQFH�FKHFNV�
• ([WHQVLRQ�RI�WKH�PDQXIDFWXUHU·V�OLDELOLW\�IRU�WKH�SHUIRUPDQFH�RI�WKH�HPLVVLRQ�FRQWURO
V\VWHPV�IURP��������WR���������NP�

• (OHFWURQLF�VHQVRUV�LQVWDOOHG�RQ�WKH�YHKLFOH�WR�PRQLWRU�WKH�SHUIRUPDQFH�RI�WKH�V\VWHPV
�RQ�ERDUG�GLDJQRVWLFV��

• 5H�FDOO�SURFHGXUHV��H�J��&RQIRUPLW\�RI�9HKLFOHV�LQ�&LUFXODWLRQ��&9&��SURJUDPPHV�
ZKHUHE\�PRGHOV�FDQ�EH�UH�ILWWHG�LI�WKHLU�HPLVVLRQV�SHUIRUPDQFH�GHWHULRUDWHV�EH\RQG�DQ
DFFHSWDEOH�OHYHO�

• ,PSURYHG�PHFKDQLVPV�IRU�WKH�UHPRWH�URDGVLGH�GHWHFWLRQ�RI�YHKLFOHV�HPLWWLQJ�DERYH
DFFHSWDEOH�OHYHOV�
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������ $OWHUQDWLYH�DQG�UHIRUPXODWHG�IXHOV

7KH�XVH�RI�DOWHUQDWLYH�IXHOV�WR�SHWURO�DQG�GLHVHO�KDYH�WKH�SRWHQWLDO�WR�EULQJ�DERXW�VLJQLILFDQW
UHGXFWLRQV�LQ�&2�DQG�EHQ]HQH�HPLVVLRQV��(768����������7KHLU�DSSOLFDWLRQ�LV�SDUWLFXODUO\
VXLWHG�WR�IOHHW�RSHUDWRUV�ZKR�FDQ�GLVSHQVH�IXHO�IURP�D�FHQWUDO�GHSRW�WR�YHKLFOHV�RSHUDWLQJ�LQ
D�OLPLWHG�JHRJUDSKLFDO�DUHD���7KXV�WKH�XVH�RI�DOWHUQDWLYH�IXHOV�LQ�EXVHV��WD[LV�RU�OLJKW�GHOLYHU\
YHKLFOHV�FRXOG�SOD\�DQ�LPSRUWDQW�UROH���7KH�VXPPDU\�RI�WKH�&RVW�HIIHFWLYHQHVV�UHSRUW�RI
$23�,��7RXFKH�5RVV��������S��OLLL��ILQGV�WKDW�WKH�XVH�RI�OLTXHILHG�SHWUROHXP�JDV��/3*�
IXHOOHG�EXVHV�LQ�DUHDV�RI�KLJK�ORFDO�SROOXWLRQ�DSSHDUV�WR�EH�PRUH�FRVW�HIIHFWLYH�LQ�FRQWUROOLQJ
12[�OHYHOV�WKDQ�KLJKHU�WHFKQLFDO�VWDQGDUGV�DSSOLHG�WR�SDVVHQJHU�FDUV�WKURXJKRXW�WKH�(8�
+RZHYHU��(768��������IRXQG�WKDW�/3*�GULYHQ�EXVHV�FRXOG�HPLW�GRXEOH�WKH�&2�WKDW�D�EXV
UXQQLQJ�RQ�GLHVHO�HPLWV�

3RVVLEOH�DOWHUQDWLYH�IXHOV�LQFOXGH�FRPSUHVVHG�QDWXUDO�JDV��&1*���/3*��PHWKDQRO��0H2+�
DQG�HWKDQRO��(W2+����,Q�DGGLWLRQ��HOHFWULF�YHKLFOHV�KDYH�D�SRWHQWLDOO\�LPSRUWDQW�UROH�LQ
KHOSLQJ�WR�LPSURYH�XUEDQ�DLU�TXDOLW\�EHFDXVH�RI�WKHLU�]HUR�HPLVVLRQV�DW�SRLQW�RI�XVH���2I
FRXUVH��WKH�HPLVVLRQV�DVVRFLDWHG�ZLWK�HOHFWULF�YHKLFOH�RSHUDWLRQ�DUH�GHSHQGHQW�XSRQ�WKH
FKDUDFWHULVWLFV�RI�HOHFWULFLW\�JHQHUDWLRQ���+RZHYHU��HYHQ�LI�WRWDO�HOHFWULF�YHKLFOH�HPLVVLRQV�DUH
KLJKHU��L�H��LQ�WKH�DPRXQW�RI�&2�SURGXFHG���WKHLU�FRPSDUDWLYH�HQYLURQPHQWDO�LPSDFW��DQG
WKHLU�HIIHFW�RQ�DLU�TXDOLW\�OHYHOV�LQ�DUHDV�ZKHUH�DLU�TXDOLW\�LV�RI�PRVW�FRQFHUQ��LV�XVXDOO\�ORZ
DV�WKH\�DUH�QRW�UHOHDVHG�LQ�KLJKO\�SRSXODWHG�XUEDQ�HQYLURQPHQWV�

$�QXPEHU�RI�PDQXIDFWXUHUV�KDYH�H[SUHVVHG�WKHLU�EHOLHI�WKDW�IXHO�FHOO�SRZHUHG�YHKLFOHV�ZLOO
EH�RQ�WKH�PDUNHW�ZLWKLQ���\HDUV�LQ�VLJQLILFDQW�QXPEHUV���+RZHYHU��LW�ZRXOG�VHHP�XQOLNHO\
WKDW�WKH�WDNH�XS�RI�WKHVH�YHKLFOHV�ZRXOG�PDNH�D�VXEVWDQWLDO�GLIIHUHQFH�WR�DLU�TXDOLW\�RQ�WKH
WLPH�VFDOH�RI�LQWHUHVW�KHUH��WR���������8VH�RI�ILVFDO�PHDVXUHV�FRXOG�RI�FRXUVH�SXVK�VDOHV�RI
WKHVH�DQG�RWKHU�UHODWLYHO\�EHQLJQ�WHFKQRORJLHV�

7KH�LQWURGXFWLRQ�RI�DOWHUQDWLYH�IXHOV�LQWR�WKH�PDUNHW�ZLOO�EH�GHSHQGHQW�XSRQ�D�QXPEHU�RI
IDFWRUV�VXFK�DV�FRPSHWLWLYHQHVV��KDUPRQLVDWLRQ�RI�IXHO�GLVWULEXWLRQ��DYDLODELOLW\�RI�YHKLFOH
WHFKQRORJ\��VHFXULW\�RI�IXHO�VXSSO\�DQG�DYDLODELOLW\�RI�PDLQWHQDQFH�VHUYLFHV����,W�LV�ZLGHO\
SHUFHLYHG�WKDW�/3*��&1*�DQG�HOHFWULF�DUH�WKH�PRVW�OLNHO\�IXHOV�IRU�HDUO\�LQWURGXFWLRQ�
ODUJHO\�EHFDXVH�RI�WKHLU�RYHUDOO�FRVW�DGYDQWDJH�FRPSDUHG�WR�RWKHU�DOWHUQDWLYHV�

$�IXHO�PRGLILFDWLRQ�´SDFNDJHµ�LV�GHILQHG�DV�D�IXHO�IRU�ZKLFK�WKH�YDOXHV�RI�FHUWDLQ
HQYLURQPHQWDOO\�UHOHYDQW�SDUDPHWHUV�FRQIRUP�WR�FRQILQHG�OLPLWV��&(&����������7KHVH
SDUDPHWHUV�IRU�UH�IRUPXODWHG�IXHOV�FRQWDLQHG�LQ�WKH�IXHO�SDFNDJHV�ZHUH�GHILQHG�LQ�$23�,
DQG�LQFOXGH�EHQ]HQH�

������ (YDSRUDWLYH�HPLVVLRQ�FRQWUROV

7KH�LQWURGXFWLRQ�RI�D�PRUH�VWULQJHQW�HYDSRUDWLYH�HPLVVLRQV�WHVW�SURFHGXUH�IRU�JDVROLQH�FDUV
KDV�UHFHQWO\�EHHQ�GLVFXVVHG�LQ�(XURSH���,Q�FRQWUDVW�WR�WKH�86�VSHFLILFDWLRQ��WKH�SURSRVHG
(XURSHDQ�VSHFLILFDWLRQ�ZRXOG�H[FOXGH�RQ�ERDUG�YDSRXU�UHFRYHU\���7KH�PDMRU�FKDQJHV
UHTXLUHG�WR�WKH�YHKLFOH�UHODWH�WR�WKH�IXHO�V\VWHP���,PSURYHPHQWV�DUH�UHTXLUHG�LQ�WKH
SLSHZRUN��FRQQHFWRUV�DQG�IXHO�WDQN���$�ODUJHU�FDUERQ�FDQLVWHU�LV�DOVR�UHTXLUHG���7KLV�W\SH�RI
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PHDVXUH�PD\�EH�RI�SDUWLFXODU�LQWHUHVW�LQ�WKH�VRXWKHUQ�(XURSHDQ�FRXQWULHV�ZKHUH�KLJK
WHPSHUDWXUHV�PDNH�HYDSRUDWLRQ�IURP�YHKLFOHV�D�PDWWHU�RI�JUHDWHU�FRQFHUQ�WKDQ�LQ�WKH�QRUWK�
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7KH�PHDVXUHV�OLVWHG�LQ�7DEOH�����DOVR�LQFOXGH�PDQDJHPHQW�PHDVXUHV��ZKLFK�DOWHU�WUDQVSRUW
GHPDQG��DQG�SROLF\�RSWLRQV��VXFK�DV�PDUNHW�EDVHG�SROLF\�LQVWUXPHQWV��WKDW�DLP�WR�LQGXFH
SROOXWHUV�WR�PHHW�WKH�VSHFLILHG�FRPSOLDQFH�OHYHOV���7KHVH�RSWLRQV�DUH�GLVFXVVHG�LQ�WXUQ
EHORZ�

������ 0DQDJHPHQW�RSWLRQV

7UDIILF�PDQDJHPHQW�RSWLRQV�IRU�UHGXFLQJ�YHKLFOH�HPLVVLRQ�FDQ�EH�JURXSHG�DV�IROORZV�
• 7UDIILF�UHVWUDLQW�
• &RQJHVWLRQ�UHGXFWLRQ�
• (QFRXUDJLQJ�PRGDO�VKLIW�

%RWK�WKH�HIIHFWV�RI�WKHVH�PHDVXUHV�RQ�HPLVVLRQV�DQG�WKHLU�FRVWV�DUH�YHU\�GLIILFXOW�WR�SUHGLFW
EHFDXVH�WKH\�DFW�RQ�HPLVVLRQV�LQGLUHFWO\�WKURXJK�SULFH�RU�UHJXODWRU\�PHFKDQLVPV�WKDW�LQ
WXUQ�DIIHFW�FRQVXPHU�EHKDYLRXU�

7UDIILF�5HVWUDLQW
6FKHPHV�WKDW�UHGXFH�WKH�WRWDO�YROXPH�RI�WUDIILF�LQ�DQ�DUHD�ZLOO�WHQG�WR�EH�DVVRFLDWHG�ZLWK
UHGXFHG�HPLVVLRQV���+RZHYHU��ZKHUH�VXFK�FKDQJHV�FDXVH�D�UHGLVWULEXWLRQ�RI�WUDIILF�WKHQ
HQYLURQPHQWDO�GLVEHQHILWV�FDQ�DOVR�EH�H[SHFWHG�

5RDG�SULFLQJ�LV�LQFUHDVLQJO\�EHLQJ�FRQVLGHUHG�E\�SROLF\�PDNHUV�DV�D�SRWHQWLDOO\�FRVW�
HIIHFWLYH�PHDQV�RI�UHGXFLQJ�FRQJHVWLRQ���,W�KDV�WKH�GXDO�HIIHFW�RI�UHGXFLQJ�WKH�WRWDO�YROXPH
RI�WUDIILF�DQG�HQFRXUDJLQJ�SDVVHQJHUV�WR�PRYH�IURP�SULYDWH�WR�SXEOLF�WUDQVSRUW���7KH
(8&$56�VLPXODWLRQ�PRGHO�XVHG�LQ�$23�,�SUHGLFWHG�D�UHGXFWLRQ�LQ�HPLVVLRQV�LQ�XUEDQ
DUHDV�E\���WR����IRU�DQ�LQFUHDVH�LQ�URDG�WUDYHO�FRVWV�RI������ULVLQJ�WR����WR�����IRU�DQ
LQFUHDVH�LQ�URDG�WUDYHO�FRVWV�RI������7KHUH�ZRXOG�EH�VOLJKWO\�ORZHU�WRWDO�HPLVVLRQV
UHGXFWLRQV�UDQJLQJ�IURP�����WR������IRU�D�����LQFUHDVH�ULVLQJ�WR����WR�����IRU�D����
LQFUHDVH�

$23�,�FRQFOXGHG�WKDW�URDG�SULFLQJ�ZDV�SRWHQWLDOO\�WKH�PRVW�FRVW�HIIHFWLYH�ORFDO
PDQDJHPHQW�PHDVXUH�DYDLODEOH�IRU�HPLVVLRQV�UHGXFWLRQV���7KHUH�DUH��KRZHYHU��D�QXPEHU�RI
SUREOHPV�ZLWK�URDG�SULFLQJ���,W�LV�KLJKO\�FDSLWDO�LQWHQVLYH��UHTXLULQJ�VLJQLILFDQW�LQYHVWPHQW
RXWOD\V���,Q�DGGLWLRQ��WKH�WHFKQRORJ\�IRU�FKDUJLQJ�VWLOO�UHPDLQV�WR�EH�WHVWHG�IRU�ODUJH
VFKHPHV���7KHUH�LV�DOVR�D�SUREOHP�RI�HTXLW\��LQ�WKDW�URDG�XVHU�FKDUJHV�ZRXOG�KLW�WKH�SRRUHVW
PRWRULVW�KDUGHVW�

7UDIILF�UHVWULFWLRQV�RU�EDQV�DUH�LPSRUWDQW�WRROV�RI�WUDIILF�PDQDJHPHQW���7UDIILF�UHVWULFWLRQ
SROLFLHV�PD\�EH�UHLQIRUFHG�E\�SDUNLQJ�SROLFLHV�WR�OLPLW�WKH�VXSSO\�RU�LQFUHDVH�WKH�SULFH�RI
SDUNLQJ�LQ�FHQWUDO�DUHDV���3DUWLFXODU�W\SHV�RI�WUDIILF�UHVWULFWLRQ�VFKHPHV�DUH�
• /LFHQFH�SODWH�EDQV��ZKHUH�YHKLFOHV�DUH�DOORZHG�WR�HQWHU�DQ�DUHD�RQ�DOWHUQDWH�GD\V�RQO\��WKH
GD\V�EHLQJ�GHWHUPLQHG�RQ�WKH�EDVLV�RI�WKH�OLFHQVH�SODWH�
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• 3HUPLW�HQWU\�V\VWHPV��ZKHUH�DFFHVV�WR�DUHDV�LV�UHVWULFWHG�WR�GHILQHG�JURXSV�VXFK�DV
UHVLGHQWV�RU�FRPPHUFLDO�YHKLFOHV�RQO\�

• 7RWDO�DUHD�EDQV��ZKHUH�DOO�WUDIILF�LV�UHVWULFWHG�IURP�D�XVXDOO\�VPDOO�FHQWUDO�DUHD�
• 5RDG�FORVXUHV�GXULQJ�H[FHHGHQFH�HSLVRGHV

$23�,�SUHGLFWHG�WKDW�WUDIILF�UHVWUDLQW�PD\�KDYH�VRPH�SRWHQWLDO�DV�D�PHWKRG�RI�UHGXFLQJ
HPLVVLRQV�LQ�DUHDV�RI�KLJK�ORFDO�SROOXWLRQ�

7KH�GLUHFW�FRVWV�RI�WUDIILF�UHVWULFWLRQV�DUH�TXLWH�ORZ���3XWWLQJ�LQ�SODFH�WUDIILF�UHVWULFWLRQV
W\SLFDOO\�LQYROYHV�VRPH�FDSLWDO�LQYHVWPHQW�IRU�VLJQV�DQG�PLQRU�KLJKZD\�ZRUNV�WR�LPSHGH
WUDIILF���7KHUH�DUH��KRZHYHU��DGGLWLRQDO�LQGLUHFW�FRVWV�IRU�PRWRULVWV�UHODWHG�WR�WKH�DGGLWLRQDO
WLPH�VSHQW�PDNLQJ�MRXUQH\V�

&RQJHVWLRQ�5HGXFWLRQ
6FKHPHV�WKDW�UHGXFH�FRQJHVWLRQ�WHQG�WR�UHGXFH�HPLVVLRQV�GXH�WR�WKH�UHGXFWLRQ�RI�VWRS�VWDUW
RSHUDWLRQV���7KHUH�DUH�PDQ\�GLIIHUHQW�W\SHV�RI�XUEDQ�WUDIILF�FRQWURO�V\VWHPV��87&����7DEOH
����VXPPDULVHV�WKH�GLIIHUHQW�W\SHV�DQG�VKRZV�HVWLPDWHV�RI�FKDQJHV�LQ�IXHO�FRQVXPSWLRQ�
ZKHUH�WKHVH�KDYH�EHHQ�HVWLPDWHG�

7DEOH�������,PSDFWV�RI�87&�6\VWHPV

6\VWHP &KDQJH�LQ�)XHO
&RQVXPSWLRQ

75$16<7�IL[HG�WLPH�VLJQDO�FR�RUGLQDWLRQ�VHW�WR�PLQLPLVH
GHOD\�FRPSDUHG�WR�XQFRRUGLQDWHG�VLJQDOV

XS�WR�����

3ODQQHG�JUHHQ�ZDYH�DOORZLQJ�VPRRWK�GULYLQJ�DW����NP�K ������&DHQ�

6&227�VLJQDO�FR�RUGLQDWLRQ�FRPSDUHG�WR�IL[HG�WLPH �����*ODVJRZ���&RYHQWU\�
�����:RUFHVWHU�

6RXUFH� 75/��������

$�QXPEHU�RI�ODUJH�WRZQV�DQG�FLWLHV�LQ�(XURSH�DOUHDG\�KDYH�VRPH�IRUP�RI�87&�V\VWHP��VR
WKHUH�LV�RQO\�OLPLWHG�SRWHQWLDO�IRU�DFKLHYLQJ�IXUWKHU�HPLVVLRQV�UHGXFWLRQV���+RZHYHU��87&
V\VWHPV�DUH�EHLQJ�H[WHQGHG�WR�LQWHJUDWH�WUDIILF�DQG�HQYLURQPHQWDO�PRQLWRULQJ�DQG
PDQDJHPHQW�DQG�WKHUH�DUH�DOVR�SRWHQWLDO�HQYLURQPHQWDO�EHQHILWV�LQGLFDWHG�E\�XVLQJ�87&
V\VWHPV�WR�JLYH�SULRULW\�WR�SXEOLF�WUDQVSRUW�YHKLFOHV�DQG�WR�DFKLHYH�DUHD�ZLGH�WUDIILF�UHVWUDLQW�

(QFRXUDJLQJ�0RGDO�6KLIW
6FKHPHV�WKDW�HQFRXUDJH�D�FKDQJH�IURP�SULYDWH�FDU�XVH�WR�SXEOLF�WUDQVSRUW�VKRXOG�SURGXFH
QHW�HPLVVLRQV�EHQHILWV�DOWKRXJK�GLVEHQHILWV�PD\�DOVR�RFFXU�GXH�WR�LQFUHDVHG�IORZV�RI�SXEOLF
WUDQVSRUW���0RGDO�VKLIW�PHDVXUHV�LQFOXGH�
• 3DUN�DQG�ULGH�
• 1HZ�WUDQVSRUW�V\VWHPV�
• 3XEOLF�WUDQVSRUW�SULRULW\�



�� $($�7HFKQRORJ\

• 5HGXFHG�SXEOLF�WUDQVSRUW�IDUHV�
• )UHLJKW�VXEVLGLHV�

3DUN�DQG�5LGH�VFKHPHV�KDYH�WKH�SRWHQWLDO�WR�UHGXFH�FDU�XVH�ZLWKLQ�WKH�LQQHU�FLW\�DUHD�EXW
WKH�H[WHQW�WR�ZKLFK�WKLV�LV�DFKLHYHG�KDV�QRW�EHHQ�ZHOO�GRFXPHQWHG���7KH\�PD\�DOVR
VWLPXODWH�DGGLWLRQDO�WULSV�DQG�WULSV�ZLWK�IXUWKHU�GLVWDQFHV���)RU�WKHVH�UHDVRQV��WRJHWKHU�ZLWK
WKH�IDLUO\�KLJK�LQYHVWPHQW�FRVWV�UHTXLUHG��SDUN�DQG�ULGH�PD\�QRW�EH�D�FRVW�HIIHFWLYH�RSWLRQ
IRU�UHGXFLQJ�HPLVVLRQV�

6LPLODUO\��QHZ�WUDQVSRUW�V\VWHPV�UHTXLUH�D�YHU\�KLJK�FDSLWDO�FRVW�IRU�TXHVWLRQDEOH
HPLVVLRQV�EHQHILWV���,W�LV�RQO\�ZLWK�WKH�XVH�FRPSOHPHQWDU\�FDU�UHVWUDLQW�SROLFLHV�WKDW�WKH
EHQHILWV�RI�QHZ��DWWUDFWLYH�SXEOLF�WUDQVSRUW�V\VWHPV�ZLOO�EH�UHDOLVHG�

%XV�SULRULW\�PHDVXUHV�FDQ�VLJQLILFDQWO\�LQFUHDVH�VHUYLFH�UHOLDELOLW\��UHGXFH�MRXUQH\�WLPHV
DQG�EXV�HPLVVLRQV��EXW�PD\�LQFUHDVH�HPLVVLRQV�IURP�RWKHU�YHKLFOHV��7KXV�WKH�RYHUDOO�HIIHFW
RQ�HPLVVLRQV�FDQ�VRPHWLPHV�EH�VPDOO�

7KH�HYLGHQFH�IURP�UHGXFHG�SXEOLF�WUDQVSRUW�IDUHV�LV�WKDW�WKH\�UHVXOW�LQ�VLJQLILFDQWO\
LQFUHDVHG�SDWURQDJH��EXW�RQO\�D�VPDOO�GHFUHDVH�LQ�FDU�XVH���7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKH
ORZHU�SULFHV�UHOHDVH�VXSSUHVVHG�GHPDQG�DPRQJ�WKH�SRRUHU�PHPEHUV�RI�VRFLHW\�IRU�ZKRP
WKH�SUHYLRXV�SULFH�ZDV�WRR�KLJK��EXW�GR�QRW�RIIHU�HQRXJK�EHQHILW�WR�HQWLFH�FDU�XVHUV�DZD\
IURP�WKHLU�FDUV��)RU�H[DPSOH��ZLWK�D�����UHGXFWLRQ�LQ�SXEOLF�WUDQVSRUW�IDUHV��$23�,
SUHGLFWHG�D�����LQFUHDVH�LQ�SXEOLF�WUDQVSRUW�XVH�DQG�D������UHGXFWLRQ�LQ�WRWDO�FDU�PLOHDJH�
$V�WKLV�VKRZV��WKH�SRWHQWLDO�IRU�HPLVVLRQV�UHGXFWLRQV�RI�UHGXFHG�IDUHV�LV�OLPLWHG��XQOHVV
XQGHUWDNHQ�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�PHDVXUHV�WR�HQFRXUDJH�PRGDO�VZLWFK��VXFK�DV�URDG
SULFLQJ��

)UHLJKW�VXEVLGLHV�IRU�DOWHUQDWLYH�PRGHV�RI�URDG�IUHLJKW��+*9V��KDYH�WKH�SRWHQWLDO�WR
VLJQLILFDQWO\�UHGXFH�HPLVVLRQV�DQG�FRQJHVWLRQ�LQ�ERWK�XUEDQ�DQG�QRQ�XUEDQ�DUHDV���7KH
DYDLODEOH�HYLGHQFH�VXJJHVWV��KRZHYHU��WKDW�WKLV�LV�UHODWLYHO\�H[SHQVLYH�DQG�DV�VXFK�IUHLJKW
VXEVLGLHV�PD\�QRW�EH�WKH�PRVW�FRVW�HIIHFWLYH�PHWKRG�RI�UHGXFLQJ�SROOXWDQW�HPLVVLRQV�

,W�VKRXOG�EH�VWUHVVHG�WKDW�WKH�HIIHFWLYHQHVV�RI�DOO�PRGDO�VKLIW�RSWLRQV�FDQ�EH�HQKDQFHG
VLJQLILFDQWO\�ZKHQ�LQ�FRPELQDWLRQ�ZLWK�RWKHU�PHDVXUHV�VXFK�DV�URDG�SULFLQJ�RU�WUDIILF
UHVWUDLQW�

)LQDOO\��ZLWK�DOO�WKHVH�ORFDO�WUDIILF�PDQDJHPHQW�RSWLRQV��OLPLWHG�FRVW�GDWD�DUH�DYDLODEOH�
0RUHRYHU��WKHUH�LV�QR�FRQVLVWHQW�PHWKRGRORJ\�IRU�SURSRUWLRQLQJ�FRVWV�EHWZHHQ�SROOXWDQWV�

������ 3ROLF\�RSWLRQV

3ROLF\�PHDVXUHV�VHW�WKH�FRQWH[W�IRU�WKH�WDNH�XS�RI�RWKHU�RSWLRQV���$JDLQ�WKHUH�DUH�D�UDQJH�RI
SROLF\�RSWLRQV�WR�UHGXFH�HPLVVLRQV�RI�&2�DQG�EHQ]HQH�IURP�WKH�WUDQVSRUW�VHFWRU���7KHVH
FDQ�EH�VSOLW�LQWR�WZR�PDLQ�FDWHJRULHV�
• (FRQRPLF�DQG�ILVFDO�PHDVXUHV�
• 5HJXODWRU\�PHDVXUHV�
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������ (FRQRPLF�DQG�ILVFDO�PHDVXUHV

7KHUH�DUH�VHYHUDO�ZD\V�LQ�ZKLFK�ILVFDO�SROLF\�FRXOG�EH�XVHG�WR�UHGXFH�URDG�WUDQVSRUW
HPLVVLRQV���7KHVH�UDQJH�IURP�LQFUHDVHG�WD[DWLRQ�WR�UHGXFH�WKH�WRWDO�OHYHO�RI�WUDQVSRUW
DFWLYLW\��WR�GLIIHUHQWLDO�WD[DWLRQ�WR�HQFRXUDJH�WKH�XVH�RI�WKH�OHVV�SROOXWLQJ�YHKLFOH�W\SHV�

)XHO�7D[
,QFUHDVHG�IXHO�WD[HV�KDYH�WKH�SRWHQWLDO�WR�UHGXFH�HPLVVLRQV�E\�HQFRXUDJLQJ�FRQVXPHUV�WR�
• 7UDYHO�OHVV�E\�FDU�
• 'ULYH�PRUH�IUXJDOO\��DQG
• 3XUFKDVH�PRUH�IXHO�HIILFLHQW�YHKLFOHV�

,Q�DGGLWLRQ��IXHO�WD[HV�SURYLGH�DQ�LQFHQWLYH�WR�YHKLFOH�PDQXIDFWXUHUV�WR�SURGXFH�PRUH�IXHO�
HIILFLHQW�YHKLFOHV���+LJKHU�IXHO�WD[HV�DUH�HDV\�DQG�FKHDS�WR�LPSOHPHQW��DQG�GLUHFWO\�WDUJHW
IXHO�XVH�DQG�WKHUHIRUH�HPLVVLRQV���7KH�$XWR�2LO�VWXG\�VXJJHVWV�WKDW�LQFUHDVHV�RI�IXHO�WD[�RI
����FDQ�UHGXFH�HPLVVLRQV�E\����WR�������+RZHYHU��KLJKHU�IXHO�WD[HV�KDYH�OLPLWDWLRQV�DV
WKH\�UHVXOW�LQ�VLJQLILFDQW�ZHOIDUH�FRVWV�IRU�PRWRULVWV���,Q�DGGLWLRQ��WKLV�IRUP�RI�WD[DWLRQ�LV
UHJUHVVLYH�DQG�KDV�QR�ZD\�RI�WDUJHWLQJ�WKRVH�DUHDV�ZKHUH�WKH�JUHDWHVW�UHGXFWLRQV�LQ
HPLVVLRQV�DUH�UHTXLUHG�

'LIIHUHQWLDO�)XHO�7D[
7KHVH�IXHO�WD[HV�FDQ�EH�XVHG�WR�DOWHU�WKH�WD[�GLIIHUHQWLDO�EHWZHHQ�SHWURO�DQG�GLHVHO���7KH�XVH
RI�WKH�SULFH�PHFKDQLVP�LV�D�YHU\�HIIHFWLYH�PHWKRG�RI�DFKLHYLQJ�WKH�GHVLUHG�RXWFRPH��DV�WKH
UDSLG�LQWURGXFWLRQ�RI�XQOHDGHG�IXHOV�LQ�WKH�(8�VLQFH�WKH�ODWH�����·V�KDV�GHPRQVWUDWHG���,Q
DGGLWLRQ��LW�LV�DOVR�YHU\�VLPSOH�WR�DGPLQLVWHU���7KH�PDLQ�SUREOHP�ZLWK�WKLV�DSSURDFK�
KRZHYHU��LV�WKDW�DOWKRXJK�FHUWDLQ�WDUJHW�SROOXWDQWV�PD\�EH�UHGXFHG��WKHUH�ZLOO�EH�NQRFN�RQ
HIIHFWV�RQ�WKH�RWKHU�HPLVVLRQV��ZKLFK�PD\�OHDG�WR�LQFUHDVHV�

9HKLFOH�3XUFKDVH�7D[
7KH�XVH�RI�WD[DWLRQ�WR�LQFUHDVH�WKH�FRVW�RI�WUDQVSRUW�DQG�WKHUHE\�UHGXFH�WKH�OHYHO�RI�WUDIILF�LV
DQRWKHU�RSWLRQ���+RZHYHU��EHFDXVH�RI�WKH�YHU\�ORZ�HODVWLFLWLHV�RI�GHPDQG�REVHUYHG�LQ�WKH
WUDQVSRUW�VHFWRU��VLJQLILFDQW�LQFUHDVHV�ZRXOG�KDYH�WR�EH�PDGH�EHIRUH�DQ\�QRWLFHDEOH
UHGXFWLRQV�ZHUH�PDGH���7KLV�RSWLRQ�DOVR�KDV�WKH�QHJDWLYH�VLGH�HIIHFW�RI�LQFUHDVLQJ�WKH
DYHUDJH�DJH�RI�WKH�FDU�IOHHW��WKHUHIRUH�LQFUHDVLQJ�HPLVVLRQV���,Q�DGGLWLRQ��WKLV�IRUP�RI
WD[DWLRQ�LV�UHJUHVVLYH�DQG�KDV�QR�ZD\�RI�WDUJHWLQJ�WKRVH�DUHDV�ZKHUH�WKH�JUHDWHVW�UHGXFWLRQV
LQ�HPLVVLRQV�DUH�UHTXLUHG�

6WUXFWXUHG�YHKLFOH�SXUFKDVH�WD[HV�FDQ�DFKLHYH�LPSURYHPHQWV�LQ�WKH�DYHUDJH�IXHO
FRQVXPSWLRQ�RI�WKH�YHKLFOH�IOHHW��UDWKHU�WKDQ�HPLVVLRQV�UHGXFWLRQV�SHU�VH���7KH�(8&$56
VLPXODWLRQ�RI�WKH�$XWR�2LO�VWXG\�VXJJHVWV�WKDW�IXHO�FRQVXPSWLRQ�SHU�NP�LV�UHGXFHG�E\�XS�WR
�������+RZHYHU��WKH�UHODWLYH�LPSDFW�RQ�HPLVVLRQV��RWKHU�WKDQ�&2���LV�YHU\�VPDOO�DW�OHVV�WKDQ
���HYHQ�IRU�WKH�KLJKHVW�UDWH�RI�WD[������(XUR�IRU�HYHU\�OLWUH�SHU�����NP�LQ�H[FHVV�RI�WKH
WDUJHW�OHYHO�RI���OLWUHV�SHU�����NP��

6FUDSSDJH�6XEVLGLHV
6FUDSSDJH�VXEVLGLHV�DUH�JUDQWV�SDLG�E\�WKH�JRYHUQPHQW�WR�WKH�FRQVXPHU�RQ�UHOHDVH�RI�ROG
YHKLFOHV�IRU�VFUDSSDJH���7KHVH�PD\�EH�XVHG�DV�D�SROLF\�WRRO�WR�UHGXFH�RYHUDOO�HPLVVLRQV�IURP
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WKH�YHKLFOH�SDUF���+RZHYHU��WKH�HPLVVLRQV�EHQHILWV�RI�VXFK�D�SROLF\�DUH�JHQHUDOO\�ORZ
�URXJKO\�������7KLV�LV�ODUJHO\�EHFDXVH�WKHUH�LV�QR�VLPSOH�UHODWLRQVKLS�EHWZHHQ�WKH�DJH�RI�D
YHKLFOH�DQG�LWV�HPLVVLRQV�FKDUDFWHULVWLFV���$OVR��DV�VFUDSSDJH�LQFHQWLYHV�DUH�W\SLFDOO\�SURYLGHG
WR�DOO�YHKLFOHV�DERYH�D�FHUWDLQ�DJH�LUUHVSHFWLYH�RI�WKHLU�HPLVVLRQV�FKDUDFWHULVWLFV��WKH\�DUH
TXLWH�FRVWO\�WR�LPSOHPHQW���+LJKHU�EHQHILWV�PLJKW�EH�DFKLHYHG�LI�VFUDSSDJH�VFKHPHV�ZHUH�WR
EH�FRQVLGHUHG�LQ�FRQMXQFWLRQ�ZLWK�SROLFLHV�WR�UDLVH�WKH�HPLVVLRQV�VWDQGDUGV�RI�WKH�QHZ
UHSODFHPHQW�YHKLFOHV���,Q�WKLV�FRQWH[W�WKH�VFUDSSDJH�VXEVLG\�ZRXOG�HQKDQFH�WKH
HIIHFWLYHQHVV�RI�WHFKQLFDO�PHDVXUHV�E\�DFFHOHUDWLQJ�WKH�UHMXYHQDWLRQ�RI�WKH�YHKLFOH�IOHHW�

,W�LV�SRVVLEOH�WKDW�VFUDSSDJH�VFKHPHV�FRXOG�EH�UHILQHG��VR�WKDW�WKH\�DUH�EHWWHU�WDUJHWHG�DW�WKH
PRVW�SROOXWLQJ�YHKLFOHV���,W�LV�ZRUWK�QRWLQJ�WKH�UHSRUWHG�VXFFHVV�RI�D�VFKHPH�LQWURGXFHG�LQ
,WDO\��ZKHUH�PRUH�WKDQ��������YHKLFOHV�ZHUH�VFUDSSHG�VRRQ�DIWHU�WKH�LQWURGXFWLRQ�RI�WKH
VFKHPH���*RYHUQPHQW�H[SHQGLWXUH�ZDV�PRUH�WKDQ�PDWFKHG�E\�LQFUHDVHG�UHYHQXHV�IURP
QHZ�FDU�VDOHV�WKDW�ZHUH�DSSDUHQWO\�OLQNHG�WR�WKH�VFUDSSDJH�VFKHPH��SUHVV�UHSRUWV����$23�,
UHSRUWHG�WKDW�D�ZHOO�GHVLJQHG�VFUDSSDJH�VFKHPH�PD\�EH�SDUWLFXODUO\�HIIHFWLYH�LQ�*UHHFH�
JLYHQ�WKH�H[WUHPHO\�ORZ�UDWH�RI�YHKLFOH�UHSODFHPHQW�WKHUH��7RXFKH�5RVV��������

$OWKRXJK�ILVFDO�SROLFLHV�FDQ�EH�YHU\�HIIHFWLYH��WKH\�IUHTXHQWO\�ODFN�WKH�IRFXV�QHFHVVDU\�IRU
WKHP�WR�EH�FRVW�HIIHFWLYH�SROLF\�WRROV�IRU�PHHWLQJ�DLU�TXDOLW\�WDUJHWV�ZKHQ�FRPSDUHG�WR�ZHOO
WDUJHWHG�UHJXODWLRQ���,Q�DGGLWLRQ��WKHLU�HIIHFW�LV�JUDGXDO��PDNLQJ�WKHP�XQVXLWHG�IRU�WDFNOLQJ
WKH�SUREOHP�RI�SHDN�DLU�SROOXWLRQ�FRQFHQWUDWLRQV�

������ 5HJXODWRU\�PHDVXUHV

7KHUH�LV�D�UDQJH�RI�UHJXODWRU\�SROLF\�RSWLRQV�DYDLODEOH�WR�UHGXFH�HPLVVLRQV�RI�&2�DQG
EHQ]HQH���7KHVH�LQFOXGH�
• 9HKLFOH�HPLVVLRQV�VWDQGDUGV�
• )XHO�TXDOLW\�VWDQGDUGV�
• ,QVSHFWLRQ�DQG�0DLQWHQDQFH�SURJUDPPHV�

0DQ\�RI�WKH�PHDVXUHV�DVVRFLDWHG�ZLWK�YHKLFOH�HPLVVLRQ�VWDQGDUGV�DQG�LQVSHFWLRQ�DQG
PDLQWHQDQFH�SURJUDPPHV�KDYH�DOUHDG\�EHHQ�GHVFULEHG�DERYH���$OWKRXJK�IXHO�TXDOLW\
VWDQGDUGV�PD\�RIIHU�VRPH�EHQHILW��FDUH�PXVW�EH�WDNHQ�LQ�LQWURGXFLQJ�VXFK�PHDVXUHV�
5HVHDUFK�KDV�VKRZQ�WKDW�DOWKRXJK�&2�DQG�EHQ]HQH�HPLVVLRQV�FDQ�EH�UHGXFHG�E\�UHGXFLQJ
WKH�DURPDWLF�FRQWHQW�RI�IXHO��WKLV�FDQ�LQFUHDVH�12[�HPLVVLRQV�IRU�FHUWDLQ�GULYH�F\FOHV�DQG
HQJLQHV��PD\EH�EHFDXVH�RI�WKH�HIILFLHQF\�RYHU�WKH�FDWDO\VW�IRU�ORZ�DURPDWLF�IXHOV��(3()(��
7KHUH�ZLOO�DOVR�EH�DGGLWLRQDO�NQRFN�RQ�LPSDFWV�WR�XSVWUHDP�LQGXVWULHV��VXFK�DV�RLO
UHILQHULHV�

���� &2676�2)�$%$7(0(17�237,216�)25�02%,/(�6285&(6

������ (PLVVLRQV

0RVW�GDWD�RQ�FRQWURO�PHDVXUHV�DUH�LQ�WHUPV�RI�FRVW�SHU�YHKLFOH�DQG���HPLVVLRQ�UHGXFWLRQ
SHU�YHKLFOH��,Q�RUGHU�WR�GHWHUPLQH�RYHUDOO�FRVW�SHU�WRQQH�DEDWHG�IRU�JLYHQ�DPELHQW
FRQFHQWUDWLRQ�DQG�WKHUHIRUH�HPLVVLRQ�WDUJHWV��LW�LV�QHFHVVDU\�WR�HVWLPDWH�WKH�HPLVVLRQV�SHU
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YHKLFOH�H[SHFWHG�IRU��������'DWD�RQ�HPLVVLRQV�SHU�YHKLFOH�ZHUH�WDNHQ�IURP�8.�VRXUFHV
�'HSDUWPHQW�RI�7UDQVSRUW��������FURVV�FKHFNHG�ZLWK�WKH�$23�,�DVVXPSWLRQV�DQG
VXEVHTXHQW�GHFUHDVH�UHODWLQJ�WR�WKH�'LUHFWLYHV�WKDW�IROORZHG�$23�,���7KLV�GHPRQVWUDWHV�WKDW
E\������HDFK�YHKLFOH�ZRXOG�HPLW�DSSUR[LPDWHO\����NJ�RI�FDUERQ�PRQR[LGH�DQG�����NJ�RI
EHQ]HQH�SHU�\HDU�

������ &RVW�FXUYHV

$VVXPSWLRQV
,Q�RUGHU�WR�FDOFXODWH�D�FRVW�FXUYH��DVVXPSWLRQV�QHHG�WR�EH�PDGH�DERXW�
• WKH�OLNHO\�PHDVXUHV�ZKLFK�FDQ�EH�DGRSWHG�
• WKHLU�UDQJH�RI�FRVWV�
• SRWHQWLDO�SHQHWUDWLRQ��PDUNHW�VKDUH��RU�DGRSWLRQ�RI�DEDWHPHQW�PHDVXUHV���DQG
• VXEVHTXHQW�UDQJH�RI�HIILFLHQFLHV�

7DEOH�����GHWDLOV�WKH�DVVXPSWLRQV�WKDW�ZHUH�XVHG��EDVHG�ODUJHO\�RQ�WKH�ILQGLQJV�RI�WKH�$XWR
2LO�SURMHFW���3HQHWUDWLRQ�DSSHDUV�WR�EH�VWDWLF�LQ�WKH�7DEOH��DV�LW�GHDOV�ZLWK�SRWHQWLDO�LQ�WKH�WLPH
DYDLODEOH�EHIRUH�IXOO�LPSOHPHQWDWLRQ�RI�WKH�SURSRVHG�'LUHFWLYH�
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7DEOH�������$VVXPSWLRQV�UHODWLQJ�WR�WKH�GHYHORSPHQW�RI�WKH�&RVW�&XUYH�

0HDVXUH &RVW
(XUR�SHU
YHKLFOH

3HQHWUDWLRQ (IILFLHQF\
ZLWK
UHVSHFW�WR
EHQ]HQH

(IILFLHQF\
ZLWK
UHVSHFW�WR
&2

0LQ 0D[ & /* % +* 0LQ 0D[ 0LQ 0D[

/HDQ�%XUQ
'H�12[

�� ��� � ��� � � �� �� �� ��

$GYDQFHG
&DWDO\VW

�� �� � ��� � � �� �� �� ��

7UDIILF
5HVWULFWLRQV

��� ��� � � � � � � � �

,QVSHFWLRQ
	
0DLQWHQDQFH

��� ���� � � � � �� �� �� ��

5RDG�3ULFLQJ ��� ���� � � � � � �� � ��
,PSURYHG
9HKLFOH
'HVLJQ

��� ��� � � � � �� �� �� ��

(PLVVLRQV
EDVHG
3XUFKDVH
7D[

��� ���� � � � � �� �� �� ��

)XHO�5HIRU�
PXODWLRQV

��� ��� � ��� � � �� �� � ��

&1*�/3*
/*�9HKLFOHV

��� ���� � � � � �� ��� �� ���

(QJLQH
&RQWURO
6\VWHPV

�� ��� � � � � �� �� �� ��

(OHFWULF
YHKLFOHV

���� ����� � � � � ��� ��� ��� ���

6XEVLGLVHG
3XEOLF
7UDQVSRUW

��� ���� � � �� � �� ��� �� ���

&1*��%XVHV ���� ����� � � � � �� ��� �� ���
&���&DUV
/*���/LJKW�*RRGV
%���%XVHV
+*���+HDY\�*RRGV

)XUWKHU�FRQVLGHUDWLRQV�WKDW�ZHUH�PDGH�DUH�DV�IROORZV�
• 5HJXODWLRQV�ZLOO�FRPH�LQWR�HIIHFW�E\������DQG�WR�DOO�LQWHQWV�DQG�SXUSRVHV�WKH�EXON�RI�WKH
IOHHW�ZLOO�FRPSO\�ZLWK�WKHVH�UHJXODWLRQV�E\������
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• 7KH�QXPEHU�RI�NP�WUDYHOOHG�E\�YHKLFOHV��WKH�YHKLFOH�IOHHW�JURZWK��IXHO�FRQVXPSWLRQ�
WUDIILF�GHQVLWLHV�HWF��DUH�DV�DVVXPHG�LQ�WKH�$XWR�2LO�SURJUDPPH��7KH�QDWLRQDO�&2�DQG
EHQ]HQH�HPLVVLRQ�LQ������LV�WKHUHIRUH�GHHPHG�WR�EH�GLUHFWO\�SURSRUWLRQDO�WR�WKH�HPLVVLRQ
UDWH�IURP�YHKLFOHV�LQ�WHUPV�RI�J�NP�

• :KHUH�D�UDQJH�RI�FRVW�HIIHFWLYHQHVV�ILJXUHV�ZHUH�XQDYDLODEOH��ILJXUHV����DERYH�DQG�EHORZ
WKH�VWDWHG�ILJXUH�ZHUH�XVHG�WR�FRQVWUXFW�D�UDQJH�

6FHQDULRV
7KH�FRVW�FXUYH�LV�FRQVWUXFWHG�E\�SURJUHVVLYHO\�HPSOR\LQJ�FRQWURO�WHFKQLTXHV�RI�YDU\LQJ�FRVW
DQG�HIILFLHQF\��XQWLO�WKH�SROOXWDQW�LV�DEDWHPHQW�LV�DV�PXFK�DV�WHFKQLFDOO\�IHDVLEOH���6LQFH
DEDWHPHQW�WHFKQLTXHV�DUH�QRW�DOZD\V�FRPSDWLEOH��IRU�H[DPSOH�EXVHV�ZRXOG�QRW�EH�ILWWHG
ZLWK�OHDQ�EXUQ�'H�12[��FRQYHUWHG�WR�/3*�DQG�ILQDOO\�XVHG�RQ�HOHFWULILHG�OLQHV��GLIIHUHQW
VFHQDULRV�DUH�FRQVWUXFWHG�IURP�H[LVWLQJ�FRQWURO�WHFKQLTXHV���7KUHH�VFHQDULRV�ZHUH
FRQVLGHUHG�IRU�SUHSDUDWLRQ�RI�WKH�FRVW�FXUYHV��7KHVH�DUH�OLVWHG�LQ�7DEOH�����

7KH�PRVW�FRVW�HIIHFWLYH���LQ�WHUPV�RI�HIILFLHQF\�FRVW��LV�DSSOLHG�ILUVW��ZLWK�SURJUHVVLYHO\�OHVV
DQG�OHVV�HIILFLHQW�WHFKQLTXHV�LQFOXGHG�WR�DFKLHYH�WKH�PD[LPXP�UHGXFWLRQ���,Q�WKLV�ZD\�WKH
FKDUDFWHULVWLF�VKDSH�RI�WKH�FRVW�FXUYH�LV�SURGXFHG��ZLWK�WKH�LQLWLDO�VORSH�FRUUHVSRQGLQJ�WR
KLJK�UHGXFWLRQ�ORZ�FRVW�FKDQJLQJ�GLUHFWLRQ�WR�JLYH�WKH�ORZ�UHGXFWLRQ�KLJK�FRVW�SDUW�RI�WKH
FXUYH�

,I�HDFK�WHFKQLTXH�LV�DVVLJQHG�D�VLQJOH�¶EHVW�HVWLPDWH·�FRVW�DQG�HIILFLHQF\��WKHQ�D�VLQJOH�¶EHVW
HVWLPDWH·�FXUYH�ZLOO�EH�SURGXFHG���,W�LV�PRUH�UHDOLVWLF�KRZHYHU�WR�LQGLFDWH�WKH�XQFHUWDLQW\�LQ
FXUUHQW�XQGHUVWDQGLQJ�E\�FRQVLGHULQJ�HDFK�WHFKQLTXH�WR�KDYH�D�UDQJH�RI�FRVWV�DQG
HIILFLHQFLHV�

(DFK�WHFKQLTXH�LV�DVVLJQHG�D�PD[LPXP�DQG�PLQLPXP�FRVW�DQG�D�PD[LPXP�DQG�PLQLPXP
HIILFLHQF\���7KH�ZRUVW�FDVH�PLJKW�LQ�WKHRU\�EH�WKH�VXP�RI�DOO�WKH�PD[LPXP�FRVWV�DQG
PLQLPXP�HIILFLHQFLHV��DQG�WKH�FRUUHVSRQGLQJ�EHVW�FDVH��WKH�VXP�RI�DOO�WKH�PLQLPXP�FRVWV
DQG�PD[LPXP�HIILFLHQFLHV����)URP�D�ULVN�DQDO\VLV�SHUVSHFWLYH�WKLV�LV�VR�XQOLNHO\�DV�WR�EH�DQ
XQKHOSIXO�DVVHVVPHQW�RI�WKH�OLNHO\�UDQJH�RI�RYHUDOO�FRVWV�DQG�HIILFLHQFLHV�

7R�DFKLHYH�D�PRUH�UHDOLVWLF�DVVHVVPHQW��D�VLPSOH�ULVN�DQDO\VLV�PRGHO�KDV�EHHQ�DSSOLHG���,Q
WKLV�PRGHO��WKH�DFWXDO�YDOXH�RI�WKH�FRVW�DQG�HIILFLHQF\�RI�HDFK�WHFKQLTXH�LV�FRQVLGHUHG�WR�OLH
ZLWK�HTXDO�SUREDELOLW\�DQ\ZKHUH�ZLWKLQ�WKH�TXRWHG�UDQJH���$�UDQGRP�VDPSOH�RI�SRVVLEOH
FRVWV�DQG�HIILFLHQFLHV�LV�WKHQ�WDNHQ��WKH�RUGHU�RI�WHFKQLTXHV�DGMXVWHG�WR�UHIOHFW�WKHLU�FRVW
HIIHFWLYHQHVV�DQG�D�FRVW�FXUYH�FRQVWUXFWHG�

7KLV�RSHUDWLRQ�LV�UHSHDWHG�KXQGUHGV�RI�WLPHV�XQWLO�D�QRUPDO�GLVWULEXWLRQ�RI�OLNHO\�FRVW
FXUYHV�LV�REWDLQHG�ZLWK�FRQYHUJHQFH�RI�OHVV�WKDQ����DURXQG�WKH�PHDQ����WK�SHUFHQWLOH�DQG
��WK�SHUFHQWLOH����7KLV�RSHUDWLRQ�LV�FDUULHG�RXW�IRU�HDFK�RI�WKH�VFHQDULRV�DQG�DOO�WKH�GDWD�DUH
WKHQ�SORWWHG�RQ�D�ILQDO�FRVW�FXUYH��ZKLFK�LV�XVHG�WR�GUDZ�FRQFOXVLRQV�DERXW�WKH�OLNHO\�FRVW�RI
DFKLHYLQJ�GLIIHUHQW�UHGXFWLRQ�WDUJHWV���7R�SHUIRUP�WKHVH�FDOFXODWLRQV�WKH�#5LVN�VRIWZDUH
SURYLGHG�E\�WKH�3DOLVDGH�&RUSRUDWLRQ�ZDV�XVHG�

2I�WKH�WKUHH�VFHQDULRV��6FHQDULR�&��&DWDO\VWV�SURYLGHG�WKH�PRVW�FRVW�HIIHFWLYH�VROXWLRQ�IRU
WKH�UHTXLUHG�HPLVVLRQ�UHGXFWLRQV���7KH�FRVW�FXUYHV�IRU�6FHQDULR�&�DUH�UHSURGXFHG�EHORZ�
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7DEOH������ Scenarios used in the construction of the benzene and CO cost curves.

6FHQDULR 0HDVXUHV�LQFOXGHG
6FHQDULR�$����(OHFWULF�9HKLFOHV /HDQ�%XUQ�'H�12[

7UDIILF�5HVWULFWLRQV
,QVSHFWLRQ�	�0DLQWHQDQFH
5RDG�3ULFLQJ
,PSURYHG�9HKLFOH�'HVLJQ
(PLVVLRQV�%DVHG�3XUFKDVH�7D[
(QJLQH�&RQWURO�6\VWHPV
6XEVLGLVHG�3XEOLF�7UDQVSRUW
(OHFWULF�9HKLFOHV

6FHQDULR�%����&1*��/3*�%XVHV /HDQ�%XUQ�'H�12[

$GYDQFHG�&DWDO\VWV
7UDIILF�5HVWULFWLRQV
,QVSHFWLRQ�	�0DLQWHQDQFH
5RDG�3ULFLQJ
,PSURYHG�9HKLFOH�'HVLJQ
(PLVVLRQV�%DVHG�3XUFKDVH�7D[
)XHO�5HIRUPXODWLRQ
&1*�/3*�/LJKW�*RRGV�9HKLFOHV
(QJLQH�&RQWURO�6\VWHPV
6XEVLGLVHG�3XEOLF�7UDQVSRUW
&1*�/3*�%XVHV

6FHQDULR�&����&DWDO\VWV /HDQ�%XUQ�'H�12[

$GYDQFHG�&DWDO\VWV
7UDIILF�5HVWULFWLRQV
,QVSHFWLRQ�	�0DLQWHQDQFH
5RDG�3ULFLQJ
,PSURYHG�9HKLFOH�'HVLJQ
(PLVVLRQV�%DVHG�3XUFKDVH�7D[
)XHO�5HIRUPXODWLRQ
(QJLQH�&RQWURO�6\VWHPV
6XEVLGLVHG�3XEOLF�7UDQVSRUW

7KH�FRVW�FXUYHV
7KH�FRVW�FXUYHV�JHQHUDWHG�IURP�WKH�DERYH�SURFHGXUH�IRU�EHQ]HQH�DUH�UHSURGXFHG�LQ�)LJXUHV
���������DQG������DQG�IRU�&2�LQ�)LJXUHV�����DQG�������*LYHQ�WKH�ZD\�WKDW�WKH�FXUYHV�DUH
JHQHUDWHG�WKH�LQGLYLGXDO�SRLQWV�VKRZQ�GR�QRW�FRUUHVSRQG�WR�VSHFLILF�PHDVXUHV���)LJXUHV
��������VKRZ�WKH�FXUYH�FRQVLGHULQJ�DOO�PHDVXUHV�LGHQWLILHG��DQG�)LJXUHV���������WKH�VDPH�
EXW�ZLWK�WKH�\�D[LV�ORJJHG���)LJXUH�����VKRZV�WKH�FXUYH�IRU�EHQ]HQH�ZLWK�WUDIILF
PDQDJHPHQW�PHDVXUHV�H[FOXGHG���,Q�WKLV�FDVH�LW�ZDV�IRXQG�WKDW�UHGXFWLRQ�RI�EHQ]HQH
EH\RQG�����ZDV�XQOLNHO\�WR�EH�WHFKQLFDOO\�IHDVLEOH���$OO�GDWD�DUH�LQ������(XUR�

$SSOLFDWLRQ�RI�WKH�FRVW�FXUYHV
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7KH�FRVW�FXUYHV�DUH�DSSOLHG�E\�FRPELQLQJ�WKHP�ZLWK�GDWD�RQ�HPLVVLRQV�YHKLFOH�DQG�WKH��
UHGXFWLRQ�FDOFXODWHG�LQ�WKH�DQDO\VLV�RI�H[FHHGHQFH�FRQFHQWUDWLRQV�
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)LJXUH�������Impact of uncertainty on the cost per vehicle of benzene reduction measures, 
with 10 and 90 perrcentiles shown.
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)LJXUH�������Impact of uncertainty on the cost per vehicle of benzene reduction measures with
10 and 90 perrcentiles shown.
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)LJXUH�������Impact of uncertainty on the cost per vehicle of technical benzene reduction measures,
with 10 and 90 perrcentiles shown.
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)LJXUH�����  Impact of uncertainty on the cost per vehicle of CO reduction measures, 
with 10 and 90 perrcentiles shown.
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)LJXUH������Impact of uncertainty on the cost per vehicle of CO reduction measures, 
with 10 and 90 perrcentiles shown.
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�� $QDO\WLFDO�3URFHVV

���� ,1752'8&7,21

7KLV�VHFWLRQ�GHVFULEHV�KRZ�WKH�GDWD�GHVFULEHG�LQ�WKH�SUHYLRXV�FKDSWHUV�ZHUH�EURXJKW
WRJHWKHU�DQG�ZKDW�VHQVLWLYLWLHV�ZHUH�LQYHVWLJDWHG���$�OLVW�RI�WKH�XQFHUWDLQWLHV�LGHQWLILHG�KHUH
LV�JLYHQ�LQ�7DEOH�������7KHVH�DUH�UDLVHG�DW�WKLV�SRLQW�WR�GHPRQVWUDWH�LQ�WKH�UHPDLQGHU�RI�WKLV
FKDSWHU�WKH�H[WHQW�WR�ZKLFK�GLIIHUHQW�DVSHFWV�DUH�LQWHJUDWHG�ZLWK�WKH�DQDO\VLV�

7DEOH�������Uncertainties of each stage of the analysis.

6WDJH 8QFHUWDLQWLHV

����4XDQWLILFDWLRQ�RI�IXWXUH�HPLVVLRQV D���6L]H�RI�YHKLFOH�IOHHW
E���3HQHWUDWLRQ�RI�DGYDQFHG�WHFKQRORJLHV
F���9DULDWLRQ�LQ�IXHO�FRPSRVLWLRQ
G��$GRSWLRQ�RI�QRQ�WHFKQLFDO�PHDVXUHV�WR�UHGXFH�FRQJHVWLRQ��HWF�

����0RGHOOLQJ�HIIHFW�RI�HPLVVLRQV�RQ
XUEDQ�EDFNJURXQG�SROOXWDQW�OHYHOV

D���0RGHO�HUURU
E��8QFHUWDLQWLHV�LQ�GDWD�LQSXWV��PHWHRURORJ\��WRSRJUDSK\��HWF��

����4XDQWLILFDWLRQ�RI�SROOXWDQW�OHYHOV�LQ
KRW�VSRWV

D���([WUDSRODWLRQ�RI�PRQLWRUHG�GDWD�EHWZHHQ�XUEDQ�EDFNJURXQG
DQG�VWUHHW�FDQ\RQ�ORFDWLRQV

����$VVHVVPHQW�RI�OLPLW�H[FHHGHQFHV �VXP�RI�DERYH�HUURUV�
����,GHQWLILFDWLRQ�RI�FRVW�HIIHFWLYH
PHDVXUHV�IRU�DEDWLQJ�SROOXWDQW�HPLVVLRQV

D���$YDLODELOLW\�RI�GDWD�RQ�FRVWV�RI�QHZ�WHFKQRORJLFDO�PHDVXUHV�IRU
SROOXWDQW�DEDWHPHQW
E���$YDLODELOLW\�RI�GDWD�RQ�GLUHFW�FRVWV�DQG�VHFRQGDU\�FRVWV�DQG
EHQHILWV���RI�QRQ�WHFKQLFDO�RSWLRQV
F���8QFHUWDLQW\�LQ�WKH�UDWH�RI�WHFKQRORJLFDO�GHYHORSPHQW�IRU
LQWURGXFWLRQ�RI�QHZ�WHFKQRORJLHV
G���3RVVLEOH�HUURU�LQ�GLVFRXQW�UDWH

����'HVFULSWLRQ�RI�H[SRVXUH�RI�WKH
SRSXODWLRQ��

D���$VVXPSWLRQV�RQ�DYHUDJH�EHKDYLRXU�RI�WKH�SRSXODWLRQ
E���$VVXPSWLRQV�UHJDUGLQJ�WKH�DJH�DQG�HPSOR\PHQW�VWUXFWXUH�RI
WKH�SRSXODWLRQ

����4XDQWLILFDWLRQ�RI�WKH�GLUHFW�LPSDFWV�RI
EHQ]HQH

D���([WUDSRODWLRQ�RI�GDWD�IURP�VWXGLHV�RI�RFFXSDWLRQDO�H[SRVXUHV�WR
DPELHQW�FRQFHQWUDWLRQV
E���$VVHVVPHQW�RI�WKH�IUDFWLRQ�RI�DGXOW�OHXNDHPLDV�WKDW�DUH�IDWDO

����9DOXDWLRQ�RI�KHDOWK�HIIHFWV D���3RVVLEOH�OLPLWV�RI�DSSOLFDELOLW\�RI�WKH�YDOXH�RI�VWDWLVWLFDO�OLIH��RU
\HDUV�RI�OLIH�ORVW�DSSURDFKHV
E���(UURU�LQ�GLVFRXQW�UDWHV
F���$VVHVVPHQW�RI�WKH�FRVWV�RI�WUHDWPHQW�IRU�FDQFHUV
G��([WUDSRODWLRQ�RI�YDOXDWLRQ�WR�(8�OHYHO

����,QWHJUDWLRQ�RI�VHFRQGDU\�FRVWV�DQG
EHQHILWV���RI�DEDWHPHQW�RSWLRQV

D���,GHQWLILFDWLRQ�RI�VHFRQGDU\�FRVWV�DQG�EHQHILWV
E���4XDQWLILFDWLRQ�RI�DVVRFLDWHG�LPSDFWV
F���4XDQWLILFDWLRQ�RI�DVVRFLDWHG�YDOXHV

�����([WUDSRODWLRQ�IURP�WKH�WKUHH�FLWLHV�WR
WKH�(8

D���5HSUHVHQWDWLYHV�RI�WKH�WKUHH�FLWLHV�VWXGLHG�LQ�GHWDLO
E���5REXVWQHVV�RI�H[WUDSRODWLRQ�E\������&2�OHYHOV�DQG�SRSXODWLRQ
F���6XP�RI�DERYH�HUURUV

�����+XPDQ�HUURU
1RWHV�RQ�7DEOH�����
��7KH�EHQ]HQH�H[SRVXUH�UHVSRQVH�IXQFWLRQ�GUDZV�RQ�RFFXSDWLRQDO�KHDOWK�GDWD��UHTXLULQJ�DVVXPSWLRQV�WR�EH
PDGH�DERXW�PRYHPHQW�DQG�VRPH�RWKHU�DVSHFWV�RI�SHUVRQDO�EHKDYLRXU���+RZHYHU��LQ�YLHZ�RI�WKH�DVVXPSWLRQ
WKDW�WKH�H[SRVXUH�UHVSRQVH�IXQFWLRQ�LV�OLQHDU�LW�LV�QRW�QHFHVVDU\�WR�DFFRXQW�IRU�VPRNLQJ�EHKDYLRXU�²�VHH
&KDSWHU���
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��7KH�WHUP�¶VHFRQGDU\�EHQHILWV·�UHODWHV�WR�DOO�HIIHFWV�RI�WKH�SROOXWLRQ�DEDWHPHQW�PHDVXUHV�LGHQWLILHG�LQ�WKLV�VWXG\
RWKHU�WKDQ�WKH�GLUHFW�HIIHFWV�RI�H[SRVXUH�WR�EHQ]HQH�

���� '(7(50,1$7,21�2)�$5($6�2)�(;&(66�32//87,21

7KLV�ZRUN�KDV�UHOLHG�WR�D�ODUJH�H[WHQW�VR�IDU�RQ�WKH�ODUJH�YROXPH�RI�GDWD�JHQHUDWHG�E\�$23�,�
7KLV�DOORZHG�WKLV�VWXG\�WR�WDNH�DGYDQWDJH�RI�PXFK�PRUH�GHWDLOHG�FLW\�DLU�TXDOLW\�PRGHOOLQJ
WKDQ�ZRXOG�RWKHUZLVH�KDYH�EHHQ�SRVVLEOH���,Q�WXUQ��WKLV�DOORZV�WKH�UHVRXUFHV�DYDLODEOH�WR�WKLV
VWXG\�WR�LQYHVWLJDWH�LQ�PRUH�GHWDLO�LVVXHV�VXFK�DV�FRQFHQWUDWLRQV�LQ�KRW�VSRWV�DQG�YDULDWLRQ
LQ�SRSXODWLRQ�H[SRVXUH��DQG�DOVR�WR�XQGHUWDNH�PRUH�VHQVLWLYLW\�DQDO\VHV���5HOLDQFH�RQ�$23�
GDWD�PHDQV�WKDW�WKH�DVVXPSWLRQV�IROORZHG�LQ�WKLV�VWXG\�VKRXOG�EH�YLUWXDOO\�LGHQWLFDO��ZLWK
WKH�H[FHSWLRQ�RI�WKH�PDJQLWXGH�RI�&2�DQG�EHQ]HQH�DEDWHPHQW�EHWZHHQ�QRZ�DQG�WKH�WDUJHW
GDWHV�������DQG������UHVSHFWLYHO\���JLYHQ�WKH�HIIHFWV�RI�WKH�GLUHFWLYHV�WKDW�IROORZHG�IURP
$23�,�

������ $VVHVVPHQW�RI�HPLVVLRQV�DQG�XUEDQ�EDFNJURXQG�OHYHOV

'DWD�ZHUH�SURYLGHG�RQ�12[�HPLVVLRQV�LQ������LQ�HDFK�JULG�FHOO�RI�D����[�������[���NP��FHOO
GRPDLQ�IRU�WKH�VHYHQ�$XWR�2LO�FLWLHV��$WKHQV��&RORJQH��WKH�+DJXH��/RQGRQ��/\RQV��0DGULG
DQG�0LODQ���$XWR2LO������������7KHVH�GDWD�ZHUH�GLVDJJUHJDWHG�WR�WKH�IROORZLQJ�VRXUFH
W\SHV�
• 3DVVHQJHU�FDUV���JDVROLQH
• 3DVVHQJHU�FDUV���GLHVHO
• /LJKW�GHOLYHU\�YHKLFOHV
• 0HGLXP�DQG�KHDY\�GHOLYHU\�YHKLFOHV
• %XVHV
• 0RWRUF\FOHV
• 6PDOO�VWDWLRQDU\�VRXUFHV
• 0HGLXP�VWDWLRQDU\�VRXUFHV
• /DUJH�VWDWLRQDU\�VRXUFHV

6LPLODUO\��GDWD�ZHUH�SURYLGHG�RQ�WKH�FRQFHQWUDWLRQV�RI�12[�LQ������DWWULEXWDEOH�WR�HDFK
VRXUFH�LQ�HDFK�JULG�FHOO���7KH�$LU�4XDOLW\�5HSRUW�RI�$23�,��(XURSHDQ�&RPPLVVLRQ�'*;,�
������SURYLGHV�FRQYHUVLRQ�IDFWRUV�IRU�12[�&2��12[�92&�DQG�92&�EHQ]HQH�IRU�HDFK
FLW\��DOORZLQJ�FDOFXODWLRQ�RI������OHYHOV�RI�&2�DQG�EHQ]HQH�LQ�HDFK�JULG�FHOO�RI�HDFK�FLW\�

(PLVVLRQV�DQG�FRQFHQWUDWLRQV�LQ�WKH�IXWXUH��������ZHUH�SUHGLFWHG�XVLQJ�¶DWWHQXDWLRQ�IDFWRUV·
DJDLQ�VXSSOLHG�IURP�$XWR2LO����(XURSHDQ�&RPPLVVLRQ����������7KHVH�IDFWRUV�GHPRQVWUDWH
KRZ�HPLVVLRQV�RI�HDFK�SROOXWDQW��12[��&2�DQG�EHQ]HQH��IURP�HDFK�RI�WKH�QLQH�VRXUFHV
LGHQWLILHG�DERYH�ZRXOG�EH�UHGXFHG�E\�WKH�\HDUV�����DQG�������LQ�WKH�DEVHQFH�RI�IXUWKHU
DFWLRQ�WR�FRQWURO�HPLVVLRQV���)XUWKHU�DWWHQXDWLRQ�IDFWRUV�ZHUH�FDOFXODWHG�LQ�WKLV�VWXG\�WR
GHVFULEH�WKH�HIIHFWV�RI�WKH�SURSRVHG�$XWR�2LO�'LUHFWLYHV�RQ�YHKLFOH�HPLVVLRQV�DQG�IXHO
TXDOLW\��GUDZLQJ�RQ�QXPHURXV�VRXUFHV�RI�GDWD��(XURSHDQ�&RPPLVVLRQ�'*;,�������
(3()(��XQGDWHG��7RXFKH�5RVV��������(&'*;,������D��DQG�RI�WKH�&RPPLVVLRQ·V�SURSRVDOV
RQ�OLPLWV�IRU�12[��62���30���DQG�OHDG��&20���������ILQDO��DQG�,90���������IRU
FRQVWUXFWLRQ�RI�WKH�GDWDVHWV�IRU�WKH�VFHQDULRV�GHVFULEHG�LQ�&KDSWHU�����7KH�HIIHFW�RI�WKH
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&RPPLVVLRQ·V�SURSRVDOV�RQ�DLU�TXDOLW\�IRU�WKHVH�IRXU�SROOXWDQWV�LV�PRUH�GHSHQGHQW�RQ�ORFDO
FRQGLWLRQV�WKDQ�WKH�HIIHFW�RI�WKH�UHVXOWV�RI�WKH�SURSRVHG�$XWR�2LO�'LUHFWLYHV��LQ�FLWLHV�ZKHUH
DLU�TXDOLW\�LV�DOUHDG\�SUHGLFWHG�WR�PHHW�WKH�OLPLWV�QR�IXUWKHU�DFWLRQ�ZLOO�EH�QHFHVVDU\���2I�WKH
WKUHH�FLWLHV�VWXGLHG�KHUH��OLNHO\�H[FHHGHQFHV�ZHUH�RQO\�HVWLPDWHG�IRU�$WKHQV�LQ�WKH�HFRQRPLF
HYDOXDWLRQ�VWXG\�XQGHUWDNHQ�E\�,90����������7R�UHGXFH�FRQFHQWUDWLRQV�WR�D�OHYHO�ZKHUHE\
OLPLWV�ZRXOG�QRW�EH�H[FHHGHG�LQ�$WKHQV�WKH�,90�VWXG\�IRXQG�WKDW�WZR�PHDVXUHV�ZRXOG�EH
QHHGHG��URDG�SULFLQJ�DQG�WKH�XVH�RI�EXVHV�UXQQLQJ�RQ�FRPSUHVVHG�QDWXUDO�JDV��&1*��RU
OLTXHILHG�SHWUROHXP�JDV��/3*����)RU�WKLV�VWXG\�LW�ZDV�DVVXPHG�WKDW�WKHUH�ZRXOG�EH�D
SUHIHUHQFH�IRU�XVLQJ�&1*�UDWKHU�WKDQ�/3*��EDVHG�RQ�GDWD�IURP�(768���������ZKLFK
IRXQG�WKDW�WKH�XVH�RI�/3*�ZRXOG�EH�OLNHO\�WR�LQFUHDVH�HPLVVLRQV�RI�&2��7DEOH��������8VH�RI
&1*�DSSHDUV�WR�KDYH�QR�HIIHFW�RQ�&2�HPLVVLRQV�FRPSDUHG�WR�WKH�XVH�RI�GLHVHO���,W�ZRXOG
LQFUHDVH�HPLVVLRQV�RI�K\GURFDUERQV��WKRXJK�DVVRFLDWHG�EHQ]HQH�HPLVVLRQV�VKRXOG�EH
QHJOLJLEOH��QRWH�WKDW�WKH�HVWLPDWH�JLYHQ�LQ�WKH�7DEOH�LQFOXGHV�PHWKDQH�HPLVVLRQV��DQG�WKHUH
ZRXOG�DOVR�EH�&2��VDYLQJV���5RDG�SULFLQJ�ZDV�HVWLPDWHG�E\�,90�WR�FDXVH�D�����UHGXFWLRQ
LQ�HPLVVLRQV���7KLV�ZDV�DSSOLHG�WR�DOO�VRXUFH�W\SHV�H[FHSW�EXVHV���,W�LV�DVVXPHG�KHUH�WKDW�WKH
LQWURGXFWLRQ�RI�URDG�SULFLQJ�OHDGV�WR�D�PRGDO�VKLIW�IURP�SULYDWH�WUDQVSRUW�WR�EXVHV�IRU�SHRSOH
WUDYHOOLQJ�LQWR�FLWLHV�DQG�PRUH�HIILFLHQW�XVH�RI�GHOLYHU\�YHKLFOHV�

7DEOH�������&RPSDULVRQ�RI�LQ�XVH�HPLVVLRQV�IURP�QHZ�EXVHV�UXQQLQJ�RQ�GLIIHUHQW�IXHOV
�(768��������

'LHVHO &1* /3*
&2� ��� ��� ���
&2 ��� ��� ���
+\GURFDUERQV ��� ��� ���
12[ ���� ��� ���
30�� ��� ���� ���

7KH�VHQVLWLYLWLHV�LGHQWLILHG�IRU�WKLV�SDUW�RI�WKH�DQDO\VLV�DUH�QRZ�GHVFULEHG���7KH�H[WHQW�WR
ZKLFK�WKH\�ZHUH�LQFRUSRUDWHG�LQWR�WKH�VXEVHTXHQW�DQDO\VLV�ODUJHO\�UHIOHFWV�WKH�ZLVKHV�RI�WKH
:RUNLQJ�DQG�6WHHULQJ�JURXSV��ZLWK�PRVW�HPSKDVLV�EHLQJ�JLYHQ�WR�WKH�DVVHVVPHQW�RI
EHQ]HQH�LQ�KRW�VSRWV�

�������� 6HQVLWLYLW\�IURP�VL]H�RI�YHKLFOH�IOHHW�DQG�SHQHWUDWLRQ�RI�DGYDQFHG
WHFKQRORJLHV
,Q�WKH�DEVHQFH�RI�IXUWKHU�OHJLVODWLRQ�RU�WKH�ZLGHVSUHDG�XVH�RI�ORFDO�PHDVXUHV�WR�UHGXFH
FRQJHVWLRQ��LQFUHDVHG�VL]H�RI�WKH�YHKLFOH�IOHHW�VHHPV�LQHYLWDEOH���7KH�DVVXPSWLRQV�IURP�$23
,��(&�'*;,��������RQ�WUDIILF�JURZWK�IRU�WKH�WKUHH�FLWLHV�FRQVLGHUHG�LQ�WKLV�VWXG\�DUH�VKRZQ
LQ�7DEOH�����

7DEOH�������3UHGLFWHG�WUDIILF�JURZWK�LQ�$WKHQV��&RORJQH�DQG�/RQGRQ�������������(&
'*;,��������

&LW\�JURZWK���
&LW\ &DUV /'9�+'9 %XVHV �:
$WKHQV ��� ��� ��� ���
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&RORJQH ��� ��� �� ���
/RQGRQ ��� ��� �� ���

&KDQJH�LQ�WKH�VL]H�RI�WKH�YHKLFOH�IOHHW�LV�VXEMHFW�WR�D�ODUJH�QXPEHU�RI�IDFWRUV��DQG�VR�WKH�WUXH
ILJXUH�IRU�WUDIILF�JURZWK�PD\�YDU\�VLJQLILFDQWO\�DURXQG�WKRVH�VKRZQ�KHUH���7KHVH�IDFWRUV
LQFOXGH�HFRQRPLF�JURZWK��SURYLVLRQ�RI�VXEVWLWXWH�WUDQVSRUW�RSWLRQV��WHFKQRORJLFDO
GHYHORSPHQWV��VW\OLVWLF�GHYHORSPHQWV�DQG�VR�RQ���7KH�QHW�HIIHFW�RI�FKDQJHV�LQ�WKH�VL]H�RI�WKH
YHKLFOH�IOHHW�LV�HTXDOO\�FRPSOH[���,QFUHDVHG�QXPEHUV�RI�YHKLFOHV�ZRXOG�EH�H[SHFWHG�WR�OHDG
WR�LQFUHDVHG�FRQJHVWLRQ��ORZHU�VSHHGV�DQG�WKXV�PRUH�SROOXWLRQ���+RZHYHU��WKLV�FRXOG�EH
EDODQFHG�E\�D�UHGXFWLRQ�LQ�DYHUDJH�YHKLFOH�DJH�LQ�WKH�PRUH�DIIOXHQW�XUEDQ�FHQWUHV�
SDUWLFXODUO\�LI�WKHUH�LV�D�QHW�RXWIORZ�RI�ROGHU�YHKLFOHV�WR�DUHDV�ZLWK�ORZHU�WUDIILF�GHQVLWLHV�

3HQHWUDWLRQ�RI�VRPH�DGYDQFHG�WHFKQRORJLHV�VXFK�DV�YHKLFOHV�SRZHUHG�E\�IXHO�FHOOV�FRXOG�DOVR
KDYH�D�VLJQLILFDQW�HIIHFW���7KLV�LV�QRW�DFFRXQWHG�IRU�KHUH�IRU�QXPHURXV�UHDVRQV��WKH�PRVW
LPSRUWDQW�UHODWLQJ�WR�WKH�SULFH�RI�QHZ�WHFKQRORJLHV�DW�LQWURGXFWLRQ��DFFHSWDQFH�E\
FRQVXPHUV�RI�QHZ�WHFKQRORJ\��GDWH�RI�LQWURGXFWLRQ��HWF���0RUH�LQIRUPDWLRQ�PD\�EH
JHQHUDWHG�RQ�WKLV�LVVXH�WKURXJK�WKH�VHFRQG�$XWR�2LO�3URJUDPPH�

2YHUDOO��IRU�WKH�SXUSRVH�RI�LOOXVWUDWLRQ�RI�WKH�HIIHFW�RI�YDULDWLRQ�LQ�YHKLFOH�IOHHWV��D�UDQJH�RI
±����DURXQG�WKH�FKDQJHV�VKRZQ�DERYH�LV�WDNHQ�IRU�WKH�WKUHH�FLWLHV���7KLV�WUDQVODWHV�WR�DQ
HUURU�LQ�SUHGLFWLRQ�RI�EHQ]HQH�HPLVVLRQV�RYHUDOO�RI�RQO\�DERXW�±��������RI�WKH�PHDQ
FKDQJH�LQ�IOHHW�VL]H����7KLV�UDQJH�LV�QRW�LQWHQGHG�WR�WDNH�DFFRXQW�RI�WKH�HIIHFWV�RI�WKH
SRWHQWLDO�LQWURGXFWLRQ�RI�QRQ�WHFKQLFDO�PHDVXUHV�WR�UHGXFH�FRQJHVWLRQ��ZKLFK�LV�GHDOW�ZLWK
LQ�WKH�FRVW�HIIHFWLYHQHVV�DQDO\VLV�

�������� 6HQVLWLYLW\�WR�YDULDWLRQ�LQ�IXHO�FRPSRVLWLRQ
7KHUH�LV�ZLGH�YDULDWLRQ�UHJDUGLQJ�IXHO�FRPSRVLWLRQ�ZLWK�UHVSHFW�WR�WKH�FRQWHQW�RI�EHQ]HQH
DQG�EHQ]HQH�SUHFXUVRUV���)RU�H[DPSOH��%DWHV�HW�DO��������UHSRUWHG�EHQ]HQH���Y�Y��UDQJLQJ
EHWZHHQ�����DQG��������IRU�VDPSOHV�WDNHQ�DW�D�QXPEHU�RI�JDVROLQH�VWDWLRQV�DURXQG�(XURSH�
+RZHYHU��WKH�OHJLVODWLRQ�GHYHORSHG�WKURXJK�$23�,�ZLOO�UHGXFH�WKLV�YDULDWLRQ�VXEVWDQWLDOO\
�WKH�OLPLW�EHLQJ�VHW�WR�������$�UHYLHZ�RI�LQIRUPDWLRQ�JLYHQ�E\�(&�'*;,�������������
VXJJHVWHG�WKDW�D�UHDVRQDEOH�HVWLPDWH�RI�WKH�HUURU�LQ�WKH�TXDQWLILFDWLRQ�RI�EHQ]HQH�HPLVVLRQV
UHODWLYH�WR�WKH�DVVXPSWLRQV�PDGH�RQ�IXHO�TXDOLW\�ZRXOG�EH�OLNHO\�WR�EH�RI�WKH�RUGHU�RI�����
(IIHFWV�RQ�EHQ]HQH�HPLVVLRQV�IURP�YDULDWLRQ�LQ�WKH�TXDOLW\�RI�GLHVHO�IXHO�DUH�OHVV�VLJQLILFDQW
DQG�KHQFH�DUH�QRW�FRQVLGHUHG�

�������� 6HQVLWLYLW\�WR�PRGHOOLQJ�HIIHFW�RI�HPLVVLRQV�RQ�XUEDQ�EDFNJURXQG
SROOXWDQW�OHYHOV
2QH�RI�WKH�UHDVRQV�IRU�UHOLDQFH�XSRQ�WKH�DSSURDFK�XVHG�XQGHU�$23�,�LQ�RXU�VWXG\�LV�WKDW
WKLV�DSSURDFK�KDV�EHHQ�ZLGHO\�GLVFXVVHG�E\�WKH�(XURSHDQ�&RPPLVVLRQ��0HPEHU�6WDWHV�DQG
RWKHU�LQWHUHVWHG�SDUWLHV���/LNH�DQ\�PRGHOOLQJ�H[HUFLVH�LW�ZDV�LQHYLWDEO\�SURQH�WR�HUURU�
+RZHYHU��UHVXOWV�DSSHDUHG�WR�WLH�LQ�UHDVRQDEO\�ZHOO�ZLWK�H[SHFWDWLRQ���)XUWKHU�LQIRUPDWLRQ
PD\�EHFRPH�DYDLODEOH�GXULQJ�$23�,,���6HSDUDWH�DFFRXQW�KDV�QRW�EHHQ�WDNHQ�RI�HUURU�LQ
PRGHOOLQJ�SURFHGXUHV�DQG�LQSXWV�KHUH�
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������ &KDUDFWHULVDWLRQ�RI�FRQFHQWUDWLRQV�LQ�KRW�VSRWV

1H[W��FDOFXODWLRQ�ZDV�PDGH�RI�OHYHOV�LQ�KRW�VSRWV����6LPSOH�VWDWLVWLFDO�UHODWLRQVKLSV�ZHUH
WDNHQ�IURP�DYDLODEOH�PHDVXUHPHQW�GDWD���)URP�WKH�$3,6�GDWDEDVH��VHH�$SSHQGL[����WKH
IROORZLQJ�IDFWRUV�ZHUH�GHULYHG�IURP�PHDVXUHPHQWV�PDGH�RI�&2�FRQFHQWUDWLRQV�LQ�8WUHFKW
DQG�$WKHQV���7KHVH�ZHUH�WKH�RQO\�WZR�FLWLHV�ZLWK�VLWHV�WKDW�PHW�QHFHVVDU\�FULWHULD��UHODWLQJ�WR
YDULDWLRQ�LQ�WUDIILF�GHQVLW\��KHLJKW�RI�PRQLWRULQJ�SRLQWV��HWF���7KHUH�ZDV�QR�GDWD�RQ�EHQ]HQH
LQ�WKH�GDWDEDVH��EXW�JLYHQ�WKDW�WKH�PDLQ�VRXUFH�RI�ERWK�LV�WUDIILF�LW�LV�DVVXPHG�KHUH�WKDW�WKH
SURSRUWLRQDO�YDULDWLRQ�LQ�WKH�DQQXDO�PHDQ�&2�EHWZHHQ�XUEDQ�EDFNJURXQG�DQG�KRW�VSRWV
ZDV�VLPLODU�WR�WKH�YDULDWLRQ�LQ�DQQXDO�PHDQ�EHQ]HQH���7KH�VWDWLVWLFV�ZHUH�DV�IROORZV�
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0D[���KRXU�FRQFHQWUDWLRQV��DSSOLFDEOH�WR�&2�
0HDQ�SHDN�XUEDQ�EDFNJURXQG ���
8SSHU�����FRQILGHQFH�OLPLW�IRU��SHDN�XUEDQ�EDFNJURXQG ���
+LJKHVW�SHDN�XUEDQ�EDFNJURXQG ��
$QQXDO�DYHUDJH�FRQFHQWUDWLRQV��DSSOLFDEOH�WR�EHQ]HQH��
0HDQ�SHDN�XUEDQ�EDFNJURXQG ���
8SSHU�����FRQILGHQFH�OLPLW�SHDN�XUEDQ�EDFNJURXQG ���
+LJKHVW�SHDN�XUEDQ�EDFNJURXQG ���

9DULDWLRQ�DURXQG�WKHVH�ILJXUHV�PD\�EH�FRQVLGHUDEOH���:H�KDYH�VRXJKW�WR�DFFRXQW�IRU�WKH�IDFW
WKDW�HPLVVLRQV�LQ�KRW�VSRWV�ZLOO�IDOO�PRUH�VLJQLILFDQWO\�WKDQ�LQ�WKH�XUEDQ�EDFNJURXQG
EHFDXVH�RI�WKH�H[WHQW�RI�HPLVVLRQ�FRQWUROV�RQ�WUDIILF��IROORZLQJ�DQDO\VLV�E\�YDQ�(HUHQV�������
SHUVRQDO�FRPPXQLFDWLRQ����%DVHG�RQ�WKHVH�DGGLWLRQDO�UHVXOWV�D�PXOWLSOLHU�RI���ZDV�DGRSWHG
IRU�WKH�EDVH�FDVH�DQG���IRU�DQ�XSSHU�ERXQG��FRUUHVSRQGLQJ�WR�WKH�����FRQILGHQFH�OLPLW
FDOFXODWHG�DERYH���7KLV�PLJKW�EH�WDNHQ�DV�UHSUHVHQWDWLYH�RI�H[WUHPH�ZHDWKHU�FRQGLWLRQV�
ZKLFK�FRXOG�EH�SDUWLFXODUO\�LPSRUWDQW�ZHUH�WKH�OLPLWV�LQ�WKH�GLUHFWLYH�WR�EH�DJUHHG�ZLWK�QR
H[FHHGHQFH�DOORZHG�

)XUWKHU�UHYLHZ�RI�GDWD�KDV�QRW�LGHQWLILHG�RWKHU�VRXUFHV�ZKHUH�WKH�VDPSOLQJ�LQWHQVLW\�ZRXOG
DSSHDU�WR�SURYLGH�DV�UREXVW�DQ�HVWLPDWH�RI�WKH�UDWLR�LQ�FRQFHQWUDWLRQV�EHWZHHQ�EDFNJURXQG
DQG�SHDN�OHYHOV���$�UHYLHZ�RI�UHFHQW�8.�PRQLWRULQJ�GDWD�VKRZHG�OLWWOH�SDWWHUQ�LQ�WKH�GDWD
�7DEOH������

7KH�3RVLWLRQ�3DSHU��,,$��������JLYHV�DGGLWLRQDO�GDWD�IRU�EHQ]HQH�OHYHOV�REVHUYHG�LQ
(XURSHDQ�FLWLHV�LQ�QLQH�FRXQWULHV��VHYHQ�RI�ZKLFK�LQFOXGH�GDWD�IRU�XUEDQ�EDFNJURXQG�DQG
SHDN�FRQFHQWUDWLRQV���7KHVH�GDWD�DQG�WKH�UHVSHFWLYH�UDWLRV�DUH�VKRZQ�LQ�7DEOH�������7KH
DYHUDJH�UDWLR�RI�SHDN�WR�XUEDQ�EDFNJURXQG�FRQFHQWUDWLRQ�DFURVV�DOO�RI�WKHVH�FLWLHV�LV�LQ�WKH
UDQJH���������ZLWK�D�PHDQ�YDOXH�RI������ZKLFK�LV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�ILJXUH
LGHQWLILHG�DERYH���0RUH�H[WUHPH�UHVXOWV�DUH�SRVVLEOH���WKH�KLJKHVW�UDWLR�LGHQWLILHG�EHLQJ
���������+RZHYHU��LW�LV�SUREDEOH�LQ�VXFK�FDVHV�WKDW�WKH�SHDN�DQG�XUEDQ�EDFNJURXQG�ORFDWLRQV
DUH�QRW�WUXO\�FRPSDUDEOH���WKH\�FRXOG�IRU�H[DPSOH�EH�VHSDUDWHG�E\�D�ODUJH�GLVWDQFH�
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7DEOH�������UK benzene concentration data (1996).

6LWH 7\SH $QQXDO�PHDQ
FRQFHQWUDWLRQ

µJ�P�

0D[LPXP
KRXUO\�DYHUDJH

µJ�P�

��WK
3HUFHQWLOH�RI

KRXUO\
DYHUDJHV�µJ�P�

%HOIDVW�6RXWK 8UEDQ
EDFNJURXQG

��� ���� ����

%LUPLQJKDP
(DVW

8UEDQ
EDFNJURXQG

��� ���� ����

%ULVWRO�(DVW 8UEDQ
EDFNJURXQG

��� ���� ����

&DUGLII�(DVW 8UEDQ
EDFNJURXQG

��� ����� ����

(GLQEXUJK
0HGLFDO�6FKRRO

8UEDQ
EDFNJURXQG

��� ���� ���

+DUZHOO 5XUDO ��� ���� ���

/HHGV
3RWWHUQHZWRQ

8UEDQ
EDFNJURXQG

��� ���� ����

/LYHUSRRO�6SHNH 8UEDQ
EDFNJURXQG

��� ���� ����

/RQGRQ�(OWKDP 6XEXUEDQ ��� ���� ����

/RQGRQ�8&/ 5RDGVLGH ��� ���� ����

0LGGOHVERURXJ
K

8UEDQ
LQGXVWULDO

��� ����� ����

6RXWKDPSWRQ
&HQWUH

8UEDQ�&HQWUH ��� ����� ����
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7DEOH������8UEDQ�EDFNJURXQG�DQG�SHDN�EHQ]HQH�FRQFHQWUDWLRQV�LQ�VHYHUDO�(XURSHDQ�FLWLHV
�,,$��������

%HQ]HQH�FRQFHQWUDWLRQ�GDWD
8UEDQ

EDFNJURXQG
�µJ�P��

3HDN
�µJ�P��

5DWLR�RI
3HDN�8UEDQ
%DFNJURXQ

G

6RXUFH
WDEOH�LQ
SRVLWLRQ
SDSHU

%DVTXH
UHJLRQ

5DQGRP
6DPSOLQJ
���K�

��� ��� ��� ���;9

*UDE�VDPSOLQJ
�LQVWDQWDQHRXV
�

��� ��� ��� ���;9

3DULV 6LWH����6LWH�� ��� �� ���� ��;9,,
6LWH����6LWH�� ��� �� ���� ��;9,,

)ORUHQFH 5RVHOOL��%REROL � �� ��� )LJ����
5RVHOOL��%DVVL � �� ��� )LJ����

*HUPDQ\ )UDQNIXUW���� ��� ���� ��� ��;,9
)UDQNIXUW���� ��� ���� ��� ��;,9
0DQQKHLP���� ��� ���� ��� ��;,9
0DQQKHLP���� ��� ���� ��� ��;,9
+DOOH ��� ��� ��� ��;,9
0�QFKHQ ������� �������� ������� ��;,9
(VVHQ ��� ��� ��� ��;,9
%HUOLQ ������� �������� ������� ��;,9
$OO�FLWLHV ��� ��� ��� ��;,9

$XVWULD 6HYHUDO�VLWHV ��� ������ ������� ��;9,,
%UXVVHOV ���VLWHV ������ �� ������� ��;9,,
,WDO\ ��FLWLHV � ����� ������� ��;9,,
*HUPDQ\ ���FLWLHV ��� ����� ��� ��;9,,
6ZHGHQ ���FLWLHV ��� ���� ����� ��;9,,
1HWKHUODQG
V

��FLWLHV ��� ��� ������� ��;9,,

8. ��FLWLHV ��� � ����� ��;9,,

������ &RQYHUVLRQ�RI�&2�OHYHOV

$OO�GDWD�JHQHUDWHG�IURP�WKH�LQIRUPDWLRQ�VXSSOLHG�IURP�$XWR2LO����������RQ�FRQFHQWUDWLRQV
ZHUH�JLYHQ�DV�DQQXDO�DYHUDJHV���)RU�&2�WKHVH�QHHGHG�WR�EH�FRQYHUWHG�WR�DOORZ�FRQVLGHUDWLRQ
RI�WKH�UHODWLRQVKLS�ZLWK�WKH���KRXU�OLPLW�YDOXHV�WKDW�DUH�XQGHU�LQYHVWLJDWLRQ�LQ�WKLV�VWXG\�
7KH�IROORZLQJ�ZHUH�FDOFXODWHG�
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• ���PJ�P��DV�WKH�PD[LPXP���KRXU�DYHUDJH�HTXLYDOHQW�WR������PJ�P��DV�DQQXDO�DYHUDJH
�IURP�YDQ�GHQ�+RXW�������

• ���PJ�P��DV�WKH�VHFRQG�KLJKHVW���KRXU�DYHUDJH�LQ�DQ\�\HDU�ZDV�HVWLPDWHG�WR�EH�HTXLYDOHQW
WR������PJ�P��DV�DQ�DQQXDO�DYHUDJH��HVWLPDWHG�IURP�DQDO\VLV�RI�$3,6�GDWD��

7R�DOORZ�FRQVLGHUDWLRQ�RI�WKH�VFDOH�RI�WKH�SUREOHP�LQ�HDFK�FLW\�WKH�QXPEHU�RI�JULG�FHOOV�LQ
ZKLFK�H[FHHGHQFH�RI�WKH�OLPLW�YDOXHV�XQGHU�LQYHVWLJDWLRQ�ZDV�GHWHFWHG�ZHUH�UHFRUGHG�
5HTXLUHG�HPLVVLRQ�UHGXFWLRQV�ZHUH�FDOFXODWHG�E\�GLYLGLQJ�WKH�KLJKHVW�UHFRUGHG�H[FHHGHQFH
E\�WKH�OLPLW�YDOXH�H[FHHGHG��DQG�UHYLVHG�FRQFHQWUDWLRQ�PDSV�FDOFXODWHG��WKHVH�EHLQJ�XVHG�IRU
DVVHVVPHQW�RI�EHQHILWV��EHORZ����7R�DOORZ�SRVVLEOH�FRQVLGHUDWLRQ�RI�WKH�LPSOHPHQWDWLRQ�RI
PHDVXUHV�DW�GLIIHUHQW�VFDOHV�DFFRUGLQJ�WR�KRZ�VHYHUH�DQG�KRZ�ZLGHVSUHDG�H[FHHGHQFHV�ZHUH
HVWLPDWHG�WR�EH��WKH�FRQWULEXWLRQ�WR�HPLVVLRQV�IURP�HDFK�VRXUFH�W\SH�FRQVLGHUHG�ZDV
FDOFXODWHG�IRU�
�� WKH�FHOO�ZLWK�KLJKHVW�FRQFHQWUDWLRQ��LI�OLPLWV�ZHUH�H[FHHGHG�LQ�WKH�VFHQDULR�EHLQJ
FRQVLGHUHG�

�� DOO�FHOOV�LQ�ZKLFK�OLPLWV�ZHUH�H[FHHGHG
�� DOO�FHOOV�LQ�WKH�JULGGHG�GRPDLQ�IRU�VFHQDULRV�ZKHUH�OLPLWV�ZHUH�H[FHHGHG�

���� $66(660(17�2)�7+(�&2676�2)�0((7,1*�7+(�',5(&7,9(

&RVW�GDWD�ZHUH�UHSRUWHG� LQ�&KDSWHU���� �7KH\� LQFOXGH�GDWD� IRU�ERWK� VWDWLRQDU\�DQG�PRELOH
VRXUFHV��WKRXJK�WKH�PDLQ�FRQFHUQ�RI�WKH�VWXG\�LV�XQGRXEWHGO\�WKH�ODWWHU���7KH�HIIHFWLYHQHVV
RI�HDFK�PHDVXUH�KDV�EHHQ�HVWLPDWHG��DOORZLQJ�PHDVXUHV�WR�EH�UDQNHG�E\�FRVW�HIIHFWLYHQHVV�
7KHVH� PHDVXUHV� DUH� WKHQ� LQWURGXFHG� XQWLO� WKH� UHTXLUHG� HPLVVLRQ� UHGXFWLRQ� LV� DWWDLQHG�
WDNLQJ�DFFRXQW�RI�WKH�OLNHO\�SHQHWUDWLRQ�RI�PHDVXUHV�E\�WKH�\HDUV�������IRU�&2��DQG�����
�IRU�EHQ]HQH��

*HQHULF�FRVW�HVWLPDWHV�DUH�XVHG�KHUH�DV�WKH�UHPLW�RI�WKH�VWXG\�GRHV�QRW�SURYLGH�IRU�WKH
FROOHFWLRQ�RU�DQDO\VLV�RI�VLWH�VSHFLILF�GDWD���7KH�GLVFRXQW�UDWH�XVHG�LQ�WKLV�VWXG\�IRU�WKH
SULYDWH�FRVW�DVVHVVPHQW�LV�����LQ�OLQH�ZLWK�WKH�UDWH�XVHG�IRU�$23�,���,W�VKRXOG�EH�QRWHG�WKDW
RQO\�PHDVXUHV�IRU�ZKLFK�FRVW�HIIHFWLYHQHVV�GDWD�DUH�DYDLODEOH�KDYH�EHHQ�FRQVLGHUHG�DQG�WKDW
WKHUH�DUH�VLJQLILFDQW�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKLV�GDWD��WKXV�WKH�FRVWV�SURYLGHG�KHUH�DUH
RQO\�D�EURDG�LQGLFDWLRQ�RI�WKH�OLNHO\�UDQJH�RI�SRVVLEOH�FRPSOLDQFH�FRVWV�

,QIRUPDWLRQ�RQ�WKH�FRVWV��RI�PRQLWRULQJ�V\VWHPV�KDYH�QRZ�EHHQ�FROOHFWHG��DQG�QHHG�WR�EH
FRQVLGHUHG�KHUH���+RZHYHU��WKH�FRVWV�RI�PRQLWRULQJ�ERWK�EHQ]HQH�DQG�&2�DUH�ORJLFDOO\�VSOLW
EHWZHHQ�WKH��QG�GDXJKWHU�'LUHFWLYH�DQG�WKH�R]RQH�'LUHFWLYH��ZKLFK�UHTXLUHV�PRQLWRULQJ�RI
WKH�SUHFXUVRUV�RI�SKRWR�R[LGDQWV�

���� 7+(�%(1(),76�$1$/<6,6

7KH�LPSDFW�DVVHVVPHQW�DQG�PRQHWDU\�HYDOXDWLRQ�RI�WKH�EHQHILWV�UHOLHV� WR�D� ODUJH�H[WHQW�RQ
WKH�([WHUQ(�IUDPHZRUN�IRU�H[WHUQDOLWLHV�DVVHVVPHQW�GHYHORSHG�DV�D�FROODERUDWLYH�HIIRUW�RI�D
QXPEHU�RI�VFLHQWLILF�LQVWLWXWLRQV��VXSSRUWHG�E\�'*;,,���,W�VKRXOG�EH�QRWHG�WKDW�WKH�([WHUQ(
PHWKRGRORJ\�KDV�DGYDQFHG�FRQVLGHUDEO\�VLQFH�WKH�VHULHV�RI�UHSRUWV�SXEOLVKHG�DW�WKH�HQG�RI



�� $($�7HFKQRORJ\��

�������$�UHYLVHG�PHWKRGRORJ\�UHSRUW�RQ�WKH�VWXG\�LV�GXH�WR�EH�SXEOLVKHG�VKRUWO\��(XURSHDQ
&RPPLVVLRQ����������7KH�RYHUDOO�IUDPHZRUN�IRU�WKH�EHQHILWV�DVVHVVPHQW�LV�D�ORJLFDO�VWHSZLVH
SURJUHVVLRQ�IURP�TXDQWLILFDWLRQ�RI�SROOXWDQW�ORDGV�WR�YDOXDWLRQ��)LJXUH������
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4XDQWLI\�HPLVVLRQV →�EDVHG�RQ�GDWD�RQ�YHKLFOH�IOHHWV�

DQG�VWDWLRQDU\�VRXUFHV

↓

0RGHO�SROOXWDQW�GLVSHUVLRQ

↓

3ROOXWLRQ�ORDG →�&RQFHQWUDWLRQ��GHSRVLWLRQ

↓

6WRFN�DW�ULVN →�'LVWULEXWLRQ�RI�SHRSOH��HWF�

↓

([SRVXUH�UHVSRQVH�IXQFWLRQV →�5DWH�RI�GDPDJH�XQLW�SROOXWDQW

↓

,PSDFW�DVVHVVPHQW →�&KDQJH�LQ�PRUWDOLW\��HWF�

↓

9DOXDWLRQ →�:LOOLQJQHVV�WR�SD\

)LJXUH�������'LDJUDPPDWLF�UHSUHVHQWDWLRQ�RI�WKH�LPSDFW�SDWKZD\�DSSURDFK�

7KH�ILUVW�VWDJH�RI�WKH�DQDO\VLV�ZDV�WR�PDS�SRSXODWLRQ�RI�HDFK�FLW\�RQ�WKH��[��NP�JULG�XVHG
IRU�HDFK�FLW\�E\�$XWR�2LO���3RSXODWLRQ�GDWD�IRU�WKH�WKUHH�FLWLHV�ZHUH�WDNHQ�IURP�FHQVXV
UHFRUGV���7KH�DQDO\VLV�RI�KHDOWK�HIIHFWV�DQG�KHDOWK�FRVWV�LQ�HDFK�FHOO�XVHV�D�VLPSOH
PXOWLSOLFDWLYH�DSSURDFK�

>&RQFHQWUDWLRQ@�[�>SRSXODWLRQ@�[�>ULVN�IDFWRU@�[�>YDOXH�SHU�FDVH@



�� $($�7HFKQRORJ\��

)URP�WKH�UHFRPPHQGDWLRQV�RI�WKH�DG�KRF�:RUNLQJ�JURXS�FRQYHQHG�E\�WKH�:RUNLQJ�JURXS
RQ�%HQ]HQH��D�OLIHWLPH�ULVN�IDFWRU�RI���[������WR���[�����SHU�µJ�P��ZDV�XVHG���$VVXPLQJ�D���
\HDU�OLIH�H[SHFWDQF\�WKLV�FRQYHUWV�WR�D�UDQJH�IRU�WKH�DQQXDO�ULVN�IDFWRU�RI�����[�������WR����
[�����SHU�µJ�P����7KH�ULVN�VKRZQ�LV�WKH�HVWLPDWHG�ULVN�RI�FRQWUDFWLQJ�FDQFHU��UDWKHU�WKDQ�WKH
ULVN�RI�G\LQJ�IURP�FDQFHU���6HSDUDWH�DFFRXQW�KDV�QRW�EHHQ�WDNHQ�RI�VPRNHUV�DQG�WKRVH�LQ
RFFXSDWLRQV�WKDW�DUH�DVVRFLDWHG�ZLWK�KHLJKWHQHG�H[SRVXUH�WR�EHQ]HQH���7KH�OLQHDU�QDWXUH�RI
WKH�UHVSRQVH�IXQFWLRQ�IRFXVHV�WKH�DVVHVVPHQW�RI�EHQHILWV�RQ�FKDQJHV�LQ�DLU�TXDOLW\�

)RU�YDOXDWLRQ�WZR�VLWXDWLRQV�ZHUH�FRQVLGHUHG��RQH�ZKHUH�DOO�WKRVH�FRQWUDFWLQJ�FDQFHU�GLH
IURP�LW��DQG�WKH�RWKHU�ZKHUH�RQO\�����GLH��WKH�RWKHU�����UHFRYHULQJ�DIWHU�WUHDWPHQW���*LYHQ
WKH�OLNHOLKRRG�WKDW�GHDWKV�IURP�FDQFHU�ZRXOG�EH�OLNHO\�WR�VKRUWHQ�OLIH�FRQVLGHUDEO\��L�H��E\�D
SHULRG�RI�VRPH�\HDUV���WKH�YDOXH�RI�VWDWLVWLFDO�OLIH��926/��DSSURDFK�ZDV�DGRSWHG�IRU
PRUWDOLW\�DVVHVVPHQW���7KH�926/�XVHG�KHUH�LV�DYHUDJHG�RYHU�D�ODUJH�QXPEHU�RI�VWXGLHV��VHH
(XURSHDQ�&RPPLVVLRQ������E����&RQYHUWHG�WR������YDOXHV�SURYLGHV�DQ�HVWLPDWH�RI����
0(XUR�IRU�HDFK�FDVH�WR�ZKLFK�LV�DGGHG���������(XUR�IRU�FRVW�RI�LOOQHVV�UHODWLQJ�WR�FDQFHU�
7KLV�PDNHV�D�WRWDO�YDOXH�RI������0(XUR�SHU�FDVH��DQG�LV�WDNHQ�DV�DQ�XSSHU�HVWLPDWH���7R�JLYH
D�ORZHU�HVWLPDWH�LW�ZDV�DVVXPHG�WKDW�����RI�WKH�FDQFHUV�DUH�IDWDO�DQG�����RI�WKRVH�DIIHFWHG
UHFRYHU�DIWHU�WUHDWPHQW���7KLV�SURYLGHV�DQ�DYHUDJH�HVWLPDWH�RI�����0(XUR�FDVH�

$SSOLHG�WR�ERWK�XUEDQ�EDFNJURXQG�DQG�SHDN�FRQFHQWUDWLRQV�WKLV�SURYLGHV�D�UDQJH�IRU�HDFK
VFHQDULR���7KLV�UDQJH�FDQ�EH�UHILQHG�E\�GHYHORSLQJ�D�PRGHO�RI�OLIHVW\OH��VXJJHVWLQJ�KRZ
PXFK�WLPH�SHRSOH�VSHQG�LQ�DUHDV�VXEMHFW�WR�XUEDQ�EDFNJURXQG�OHYHOV�DQG�LQ�KRW�VSRWV��D
PRGHO�ZDV�GHYHORSHG�DERYH�LQ�&KDSWHU������7KH�DQDO\VLV�FRQVLGHUV�WKH�EHQHILWV�RI�D�XQLIRUP
UHGXFWLRQ�LQ�HPLVVLRQV�IURP�HDFK�VRXUFH�W\SH�DFURVV�WKH�HQWLUH�JULGGHG�GRPDLQ��DQG�WKH
VDPH�XQLIRUP�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�HDFK�VRXUFH�W\SH�EXW�RQO\�LQ�FHOOV�LQ�ZKLFK
H[FHHGHQFHV�DUH�GHWHFWHG���7KH�UHTXLUHG�UHGXFWLRQ�LQ�HPLVVLRQV�ZDV�HVWLPDWHG�DV�WKH�UDWLR�RI
KLJKHVW�FRQFHQWUDWLRQ�HVWLPDWHG�LQ�DQ\�FHOO�GLYLGHG�E\�WKH�OLPLW�YDOXH�H[FHHGHG�

)RU�&2�WKH�ULVN�IDFWRUV�GHVFULEHG�LQ�&KDSWHU���DERYH�DUH�WDNHQ�IURP�UHFHQW�HSLGHPLRORJLFDO
VWXGLHV���$W�WKH�SUHVHQW�WLPH�RQO\�RQH�RI�WKHVH�IXQFWLRQV��IRU�FRQJHVWLYH�KHDUW�IDLOXUH
�&+)���DSSHDUV�WR�EH�UHDVRQDEO\�UREXVW�
,QFUHDVH�LQ�DQQXDO�DGPLVVLRQV�IRU�&+)� �����[������SHU�µJ�P�

(DFK�FDVH�RI�&+)�LV�YDOXHG�DW�������(XUR�SHU�FDVH��(XURSHDQ�&RPPLVVLRQ���������ZKLFK
LQFOXGHV�ERWK�FRVW�RI�LOOQHVV�DQG�ZLOOLQJQHVV�WR�SD\�

7ZR� RWKHU� IXQFWLRQV� IRU� &2� KDYH� EHHQ� LGHQWLILHG� LQ� WKH� OLWHUDWXUH�� IRU� DFXWH� HIIHFWV� RQ
PRUWDOLW\�DQG�IRU�LVFKDHPLF�KHDUW�GLVHDVH���7KHVH�GR�QRW�DSSHDU�UREXVW�DW�WKH�SUHVHQW�WLPH
�VHH�&KDSWHU� ���� DQG� KHQFH�ZHUH� QRW� XVHG� LQ� RXU� SUHYLRXV� DVVHVVPHQW�� �0RUWDOLW\� HIIHFWV
IURP� VKRUW� WHUP� H[SRVXUHV� DUH� FRQVLGHUHG� KHUH� DV� SDUW� RI� WKH� VHQVLWLYLW\� DQDO\VLV�� ZLWK
PRUWDOLW\�YDOXHG�XVLQJ� WKH�YDOXH�RI� D� OLIH�\HDU�FRQFHSW� �VHH�(XURSHDQ�&RPPLVVLRQ�������
DQG�WKH�YDOXH�RI�VWDWLVWLFDO�OLIH�

7KHUH�DUH�FHUWDLQO\�D�QXPEHU�RI�LVVXHV�WKDW�FRQFHUQ�WKH�YDOXDWLRQ�RI�KHDOWK�HIIHFWV���7KHVH
DIIHFW�SDUWLFXODUO\�WKH�DVVHVVPHQW�RI�PRUWDOLW\�DQG�KHQFH�DUH�HVSHFLDOO\�UHOHYDQW�KHUH�WR
EHQ]HQH��JLYHQ�WKDW�WKH�HYLGHQFH�RQ�WKH�HIIHFWV�RI�&2�UHJDUGLQJ�PRUWDOLW\�DUH�LQFRQFOXVLYH��
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+RZHYHU��FRPSDUHG�WR�WKH�SRWHQWLDO�IDFWRU�����YDULDWLRQ�LQ�WKH�ULVN�IDFWRUV�IRU�EHQ]HQH
HIIHFWV��WKLV�VRXUFH�RI�XQFHUWDLQW\�LV�VHFRQGDU\�

2YHUDOO��WKHUHIRUH��LW�LV�FRQFOXGHG�WKDW�HUURUV�LQ�YDOXDWLRQ�RI�KHDOWK�GDPDJHV�DUH�XQOLNHO\�WR
EH�D�PDMRU�IDFWRU�LQ�WKLV�DVVHVVPHQW�

���� &203$5,621�2)�&2676�$1'�%(1(),76

&RVWV�DQG�EHQHILWV�DUH�H[SUHVVHG�UHODWLYH�WR�EDVHOLQH�VFHQDULRV���7KH�NH\�VHQVLWLYLWLHV�LQ�WKLV
VWXG\�DUH�OLNHO\�WR�UHODWH�WR
• WKH�DSSURDFK�WR�WKH�YDOXDWLRQ�RI�PRUWDOLW\��DQG�DVVXPSWLRQV�RQ�WKH�IUDFWLRQ�RI�DGXOW
OHXNDHPLDV�WKDW�OHDG�WR�GHDWK

• DVVXPSWLRQV�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�XUEDQ�EDFNJURXQG�DQG�KRW�VSRW�FRQFHQWUDWLRQV
• DVVXPSWLRQV�UHJDUGLQJ�SHUVRQDO�H[SRVXUH�WR�EHQ]HQH
• YLHZV�RQ�WKH�UHOLDELOLW\�RI�SXEOLVKHG�H[SRVXUH�UHVSRQVH�IXQFWLRQV�IRU�&2�IURP
HSLGHPLRORJLFDO�VWXGLHV

• DVVXPSWLRQV�RQ�WKH�FRVW�HIIHFWLYHQHVV�RI�QRQ�WHFKQLFDO�PHDVXUHV�IRU�UHGXFLQJ�WUDQVSRUW
HPLVVLRQV

���� (;75$32/$7,21�2)�5(68/76�72�7+(�3$1�(8523($1�81,21�/(9(/

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�SURYLGH�UHVXOWV�WKDW�GHPRQVWUDWH�WKH�FRVWV�DQG�EHQHILWV�RI
DFWLRQ�WR�FRQWURO�OHYHOV�RI�&2�DQG�EHQ]HQH�DFURVV�WKH�(XURSHDQ�8QLRQ�DV�D�ZKROH���7KH
DQDO\VLV�GHVFULEHG�VR�IDU�KDV�KRZHYHU�MXVW�FRQFHQWUDWHG�RQ�WKUHH�FLWLHV�

7KHUH�DUH�D�QXPEHU�RI�YDULDEOHV�WKDW�PD\�EH�XVHIXO�IRU�H[WUDSRODWLRQ�LQ�WKLV�FDVH��LQFOXGLQJ�
EXW�QRW�UHVWULFWHG�WR��WKH�IROORZLQJ�
�� 3RSXODWLRQ
�� 7UDIILF�YROXPH
�� (PLVVLRQ�GDWD�IRU�&2�DQG�EHQ]HQH
�� (PLVVLRQ�GDWD�IRU�RWKHU�SROOXWDQWV�IRU�ZKLFK�GDWD�DUH�PRUH�ZLGHO\�DYDLODEOH�DQG�ZKLFK
DUH�OLNHO\�WR�EH�UHODWHG�WR�HPLVVLRQV�RI�&2�DQG�EHQ]HQH

�� &RQFHQWUDWLRQV�GDWD�IRU�&2�DQG�EHQ]HQH
�� &RQFHQWUDWLRQ�GDWD�IRU�RWKHU�SROOXWDQWV�IRU�ZKLFK�GDWD�DUH�PRUH�ZLGHO\�DYDLODEOH�DQG
ZKLFK�DUH�OLNHO\�WR�EH�UHODWHG�WR�HPLVVLRQV�RI�&2�DQG�EHQ]HQH

(DFK�RI�WKH�YDULDEOHV�KDV�EHHQ�DVVHVVHG�DJDLQVW�D�QXPEHU�RI�FULWHULD�VXFK�DV�WKH�DYDLODELOLW\
DQG�FRPSDUDELOLW\�RI�GDWD���)URP�WKH�OLVW�YDULDEOHV�>�@�DQG�>�@�ZHUH�WDNHQ�DV�WKH�EHVW
LQGLFDWRUV���>���SRSXODWLRQ@�SURYLGHV�DQ�LQGH[�RI�WKH�VL]H�RI�FLWLHV��DQG�LV�DYDLODEOH
WKURXJKRXW�WKH�(8�GRPDLQ���2I�FRXUVH��LQ�VWULFW�WHUPV�LW�LV�VLPSO\�D�PHDVXUH�RI�WKH�QXPEHU
RI�SHRSOH�OLYLQJ��DV�RSSRVHG�WR�OLYLQJ�DQG�RU�ZRUNLQJ��LQ�D�PRUH�RU�OHVV�ZHOO�GHILQHG�DUHD�
+RZHYHU��LW�LV�UHDVRQDEOH�WR�H[SHFW�WKDW�WKH�SRSXODWLRQ�RI�D�FLW\�ZLOO�DOVR�EH�UHODWHG�WR�LWV
JHRJUDSKLF�DUHD��LWV�ZRUNIRUFH��DQG�WKH�DPRXQW�RI�WUDIILF�SUHVHQW���5HJDUGLQJ�>�@��PHDVXUHG
FRQFHQWUDWLRQ�GDWD�IRU�&2�IRU�DQ\�FLW\�UHIOHFW�QRW�RQO\�HPLVVLRQV�EXW�DOVR�PHWHRURORJ\�
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*LYHQ�WKH�ODFN�RI�EHQ]HQH�GDWD�LQ�$3,6��&2�LV�WDNHQ�DV�D�SUR[\�IRU�EHQ]HQH�DOVR��JLYHQ�WKH
VLPLODULW\�LQ�PDLQ�VRXUFHV��

'DWD�VKRZLQJ�PHDQ�&2�OHYHOV�RYHU�D�SHULRG�RI���\HDUV�IURP������WR������ZHUH�WDNHQ�IRU�DOO
FLWLHV�ZLWK�&2�GDWD�LQ�WKH�$3,6�GDWDEDVH���)RU�VRPH�FLWLHV�QRW�DOO�\HDUV�ZHUH�DYDLODEOH��VR
DYHUDJHV�FRYHU�D�VKRUWHU�SHULRG�RI�WLPH���7KH�SHULRG������WR������SURYLGHV�D�UHDVRQDEO\
FRPPRQ�EDVHOLQH�DFURVV�WKH�(8��SUHGDWLQJ�WKH�LPSOHPHQWDWLRQ�RI�'LUHFWLYH��������((&
WKDW�UHTXLUHG�FDWDO\WLF�FRQYHUWHUV�WR�EH�ILWWHG�WR�SHWURO�HQJLQHG�FDUV���)RU�*HUPDQ\�QR�GDWD
ZHUH�WDNHQ�DIWHU�������UHFRJQLVLQJ�WKH�HDUOLHU�LQWURGXFWLRQ�RI�FDWDO\WLF�FRQYHUWHUV�WKHUH�
>1RWH��LGHQWLFDO�DVVXPSWLRQV�ZHUH�PDGH�LQ�$23�,��(XURSHDQ�&RPPLVVLRQ�'*;,�������
ZKHQ�FRQVLGHULQJ�KRZ�UHSUHVHQWDWLYH�WKH�VHOHFWHG�FLWLHV�ZHUH�ZLWK�UHVSHFW�WR�&2�OHYHOV��
&RPELQLQJ�DYHUDJH�&2�GDWD�ZLWK�SRSXODWLRQ�JLYHV�WKH�IROORZLQJ�SURILOH��)LJXUH������

7KH�SURILOH�ZDV�VSOLW�LQWR���SDUWV��$��%��DQG�&���RQH�IRU�HDFK�RI�WKH�WKUHH�FLWLHV�FRQVLGHUHG�LQ
GHSWK�LQ�WKLV�VWXG\���'LYLVLRQV�DUH�SODFHG�DW�WKH�PLG�SRLQWV�EHWZHHQ�WKH�FLWLHV�ZLWK�UHVSHFW
WR�FRQFHQWUDWLRQ���5HVXOWV�IRU�HDFK�RI�WKUHH�FLWLHV�DUH�KHUH�FRQVLGHUHG�WR�EH�UHSUHVHQWDWLYH�RI
WKH�SDUWV�RI�)LJXUH�����WKDW�WKH\�FRPH�IURP���$FFRUGLQJO\��UHVXOWV�DUH�H[WUDSRODWHG�WR�WKH
(XURSHDQ�8QLRQ·V�XUEDQ�SRSXODWLRQ��GHILQHG�DV�����PLOOLRQ�SHRSOH�OLYLQJ�LQ�FLWLHV�DQG
WRZQV�ZLWK�D�SRSXODWLRQ�LQ�H[FHVV�RI���������RQ�WKH�EDVLV�VKRZQ�LQ�7DEOH�����

7DEOH�������'DWD�XVHG�IRU�H[WUDSRODWLRQ�RI�UHVXOWV�

&LW\� 3RSXODWLRQ� 3RSXODWLRQ�H[WUDSRODWHG�WR�
$ $WKHQV ��������� ����������
% /RQGRQ ��������� ����������
& &RORJQH ��������� ����������

,W�ZLOO�EH�REVHUYHG�WKDW�WKH�WKUHH�FLWLHV�DUH�QRW�FHQWUDO�WR�WKH�SDUW�RI�WKH�FXUYH�WKDW�WKH\�DUH
WDNHQ�WR�UHSUHVHQW���7KH�H[WUDSRODWLRQ�SURFHGXUH�LV�HVWLPDWHG�WR�RYHUHVWLPDWH�FRVWV�DQG
EHQHILWV�E\�DERXW������DGGLWLRQDO�WR�RWKHU�HUURUV�LQ�WKH�DQDO\VLV�

7KHUH�DUH��QRW�VXUSULVLQJO\��FRPSOLFDWLRQV�ZLWK�XVLQJ�FRQFHQWUDWLRQ�GDWD�IURP�$3,6��ZKLFK
DUH�WDNHQ�IURP�DURXQG�WKH�\HDU�������IRU�HVWLPDWLRQ�RI�FRQFHQWUDWLRQV�LQ��������7KH�ILUVW
SUREOHP�FRQFHUQV�YDULDWLRQ�LQ�WKH�JURZWK�RI�WUDIILF�LQ�GLIIHUHQW�FLWLHV���,W�LV�QRWDEOH�WKDW�WZR
RI�WKH�WKUHH�FLWLHV�FRQVLGHUHG�KHUH��$WKHQV�DQG�/RQGRQ�DUH�KHDYLO\�FRQJHVWHG�DQG�ZHUH
DPRQJ�IRXU�RI�WKH�VHYHQ�$XWR�2LO�,�FLWLHV�FRQVLGHUHG�WR�EH�DW��LQ�WKH�FDVH�RI�0LODQ��RU�FORVH
WR�VDWXUDWLRQ��(XURSHDQ�&RPPLVVLRQ�'*;,����������'DWD�VKRZLQJ�WKH�UDWLRV�RI�SURMHFWHG
WUDIILF�JURZWK�LQ�WKH�FLWLHV�DVVHVVHG�LQ�$XWR�2LO�WR�WUDIILF�JURZWK�QDWLRQDOO\�DUH�JLYHQ�LQ
7DEOH������EDVHG�RQ�GDWD�IURP�(XURSHDQ�&RPPLVVLRQ�'*;,��������S������
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)LJXUH�������3URILOH�RI�PHDQ�&2�PHDVXUHPHQWV�LQ�(XURSHDQ�FLWLHV�DJDLQVW�SRSXODWLRQ�

7DEOH�������0HDQ�UDWLRV�RI�WUDIILF�JURZWK�LQ�WKH�$XWR�2LO�FLWLHV�FRPSDUHG�WR�QDWLRQDO�WUDIILF
JURZWK�FRQVLGHULQJ�IRXU�FDWHJRULHV�RI�YHKLFOHV��FDUV��OLJKW�DQG�KHDY\�GHOLYHU\�YHKLFOHV��EXVHV�
DQG�PRWRUF\FOHV�DQG�PRSHGV�

*UHHFH�$WKHQV ����
*HUPDQ\�&RORJQH ����
1HWKHUODQGV�7KH�+DJXH ����
8.�/RQGRQ ����
)UDQFH�/\RQ ����
6SDLQ�0DGULG ����
,WDO\�0LODQ ����

7ZR�RI�WKH�WKUHH�FLWLHV�ZKHUH�WUDIILF�JURZWK�LQ�FLWLHV�ZDV�DVVXPHG�WR�IROORZ�QDWLRQDO�WUHQGV
KDYH�WKH�ORZHVW�SROOXWDQW�FRQFHQWUDWLRQV�RI�WKH�VHYHQ�$XWR�2LO�,�FLWLHV�



�� $($�7HFKQRORJ\��

������ 6HQVLWLYLW\�LQ�H[WUDSRODWLRQ�IURP�WKH�WKUHH�FLWLHV�WR�WKH�(8

,Q�WKH�DEVHQFH�RI�D�WUXO\�UREXVW�DSSURDFK�IRU�H[WUDSRODWLRQ�RI�UHVXOWV�IURP�D�VPDOO�QXPEHU
RI�FLWLHV�WR�WKH�OHYHO�RI�WKH�(8�DV�D�ZKROH�QR�GDWD�DUH�DYDLODEOH�ZLWK�ZKLFK�WR�JDXJH�WKH�HUURU
LQ�WKH�PHWKRG�XVHG�KHUH���7KH�XVH�RI�WKUHH�FLWLHV�VXEMHFW�WR�ZLGHO\�GLIIHULQJ�SROOXWLRQ
SUREOHPV�SURYLGHV�D�UHDVRQDEOH�GHJUHH�RI�SURWHFWLRQ�DJDLQVW�VHULRXV�HUURU���+RZHYHU��WKH
RYHUDOO�XQFHUWDLQW\�DW�WKLV�VWDJH�RI�WKH�DQDO\VLV�UHPDLQV�D�PDWWHU�RI�VSHFXODWLRQ���*LYHQ�WKH
ODFN�RI�LQIRUPDWLRQ�HUURUV�ZHUH�QRW�TXDQWLILHG���7KH�SUREOHP�VHHPV�PRUH�OLNHO\�WR�DIIHFW
WKH�RYHUDOO�PDJQLWXGH�RI�FRVWV�DQG�EHQHILWV�UDWKHU�WKDQ�WKH�UDWLR�EHWZHHQ�WKHP�



$($�7HFKQRORJ\ ��

�� 5HVXOWV��&2

���� 0$,1�5(68/76

(VWLPDWHG�PD[LPXP�FRQFHQWUDWLRQV�RI�&2�LQ�$WKHQV�DQG�/RQGRQ�DUH�VKRZQ�LQ�7DEOH�����
5HVXOWV�DUH�QRW�VKRZQ�IRU�&RORJQH�DV�QR�H[FHHGHQFHV�ZHUH�SUHGLFWHG�IRU�LW���7KH�UHVXOWV
VKRZQ�DUH�DQQXDO�PHDQ�ILJXUHV�LQ�µJ�P����([FHHGHQFH�RI�WKH���KRXU�VWDQGDUGV�LV�HVWLPDWHG
WR�DULVH�ZKHQ�FRQFHQWUDWLRQV�H[FHHG������µJ�P������PJ�P��DEVROXWH�OLPLW��RU������µJ�P�

����PJ�P��VHFRQG�KLJKHVW���KRXU�PHDQ�LQ�DQ\�\HDU����7KHVH�DUH�LGHQWLILHG�LQ�7DEOH�������7KH
¶FRUH·�HVWLPDWHV�IRU�KRW�VSRWV�DUH�EDVHG�RQ�EHVW�HVWLPDWHV�RI�FRQGLWLRQV��WKH�¶XSSHU·�HVWLPDWHV
LOOXVWUDWH�WKH�H[WHQW�RI�SUREOHPV�WKDW�PD\�DULVH�WKURXJK�H[WUHPH�PHWHRURORJ\�

7DEOH�������(VWLPDWHG�SHDN�FRQFHQWUDWLRQV�RI�&2��DQQXDO�PHDQ��LQ�WKH�PRGHOOHG�GRPDLQV�

8UEDQ
EDFNJURXQG

+RW�VSRWV

&LW\ (VWLPDWH FRUH�HVWLPDWH XSSHU�HVWLPDWH
$WKHQV /RZ ��� ���� ����

0LG ��� ���� ����
+LJK ��� ���� ����

&RORJQH /RZ
0LG
+LJK

/RQGRQ /RZ ��� ���� ����
0LG ��� ���� ����
+LJK ��� ���� ����

7DEOH�������,GHQWLILFDWLRQ�RI�FDVHV�ZKHUH�HVWLPDWHG�FRQFHQWUDWLRQV�H[FHHG�OLPLW�YDOXHV�

8UEDQ�EDFNJURXQG +RW�VSRWV
&LW\ (VWLPDWH ���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
���PJ�P�

PD[
FRUH

���PJ�P�

PD[
XSSHU

���PJ�P�

�QG�KLJKHVW
FRUH

���PJ�P�

�QG�KLJKHVW
XSSHU

$WKHQV /RZ (
0LG ( ( (
+LJK ( ( ( (

&RORJQH /RZ
0LG
+LJK

/RQGRQ /RZ
0LG
+LJK ( (

7DEOH�����GHPRQVWUDWHV�WKDW�WKHUH�ZLOO�EH�QR�SUREOHPV�LQ�WKH�XUEDQ�EDFNJURXQG�IRU�PHHWLQJ
WKH�OLPLWV�LQYHVWLJDWHG���)RU�KRW�VSRWV�WKH�SUREOHPV�DUH�PRVW�VHYHUH�IRU�$WKHQV���)RU
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/RQGRQ�H[FHHGHQFH�RQO\�DULVHV�E\������LI�D�KLJK�HPLVVLRQ�VFHQDULR�LV�IROORZHG��RU�LI�WKH
XSSHU�HVWLPDWH�RI�WKH�UDWLR�IURP�XUEDQ�EDFNJURXQG�WR�KRW�VSRW�DSSOLHV��UHSUHVHQWLQJ�H�J��DQ
H[WUHPH�PHWHRURORJ\�FDVH��

&ODULILFDWLRQ�RI�WKH�H[WHQW�RI�WKHVH�SUREOHPV�FDQ�EH�JDLQHG�E\�DVVHVVLQJ�WKH�DUHD�RYHU�ZKLFK
H[FHHGHQFHV�RFFXU�DQG�WKH�UDWLR�RI�FRQFHQWUDWLRQ�WR�SRVVLEOH�OLPLW��7DEOHV�����DQG������

7DEOH���������JULG�FHOOV�LQ�HDFK�GRPDLQ�VKRZLQJ�H[FHHGHQFH�

8UEDQ�EDFNJURXQG +RW�VSRWV
&LW\ (VWLPDWH ���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
���PJ�P�

PD[
FRUH

���PJ�P�

PD[
XSSHU

���PJ�P�

�QG�KLJKHVW
FRUH

���PJ�P�

�QG�KLJKHVW
XSSHU

$WKHQV /RZ ����
0LG ���� ���� ����
+LJK ���� ���� ���� ����

&RORJQH /RZ
0LG
+LJK

/RQGRQ /RZ
0LG
+LJK ���� ����

7DEOH�������5DWLR�RI�FRQFHQWUDWLRQ�WR�SRVVLEOH�OLPLWV�ZKHUH�WKHVH�PD\�EH�H[FHHGHG�

8UEDQ�EDFNJURXQG +RW�VSRWV
&LW\ (VWLPDWH ���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
���PJ�P�

PD[
FRUH

���PJ�P�

PD[
XSSHU

���PJ�P�

�QG�KLJKHVW
FRUH

���PJ�P�

�QG�KLJKHVW
XSSHU

$WKHQV /RZ ����
0LG ���� ���� ����
+LJK ���� ���� ����� ����

&RORJQH /RZ
0LG
+LJK

/RQGRQ /RZ
0LG
+LJK ���� ����

,Q�PRVW�FDVHV�WKH�SUREOHPV�DSSHDU�WR�EH�PLQRU��ZLWK�QHYHU�PRUH�WKDQ����RI�JULG�FHOOV
VKRZLQJ�DQ\�H[FHHGHQFH�����UHGXFWLRQV�UHTXLUHG�LQ�VRPH�FDVHV�ORRN�KLJK�KRZHYHU��UDQJLQJ
XS�WR������$WKHQV��KLJK�HPLVVLRQV�HVWLPDWH�����PJ�P��PD[��XSSHU�HVWLPDWH��

7DEOH�����LGHQWLILHV�WKH�VRXUFH�RI�HPLVVLRQV�LQ�WKH�ORFDWLRQV�ZKHUH�WKH�KLJKHVW
FRQFHQWUDWLRQV�RFFXU���0RVW�RI�WKH�SUREOHPV�LQ�ERWK�$WKHQV�DQG�/RQGRQ�DULVH�WKURXJK�XVH
RI�SHWURO�HQJLQHG�FDUV��3&J����/LJKW�GHOLYHU\�YHKLFOHV��/'9��DOVR�PDNH�D�VLJQLILFDQW
FRQWULEXWLRQ��SDUWLFXODUO\�LQ�$WKHQV�
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7DEOH�������&RQWULEXWLRQ�WR�WRWDO�H[FHHGHQFH�E\�GLIIHUHQW�W\SHV�RI�YHKLFOH�

&2 FRQFHQWUDWLRQ�FRQWULEXWLRQ�IRU�KLJKHVW�FRQFHQWUDWLRQ�FHOO
3&J 3&G /'9 0�+'9 %86 �: 66 06 /6

$WKHQV ������ ����� ������ ����� ����� ����� ����� ����� �����
/RQGRQ ������ ����� ����� ����� ����� ����� ����� ����� �����

HPLVVLRQ�FRQWULEXWLRQ�IRU�KLJKHVW�FRQFHQWUDWLRQ
FHOO
3&J 3&G /'9 0�+'9 %86 �: 66 06 /6

$WKHQV ������ ����� ������ ����� ����� ����� ����� ����� �����
/RQGRQ ������ ����� ����� ����� ����� ����� ����� ����� �����

,PSDFWV��FRVWV�DQG�EHQHILWV�DUH�VKRZQ�LQ�7DEOH�����IRU�$WKHQV�DQG�7DEOH�����IRU�/RQGRQ�
'DWD�DUH�QRW�SUHVHQWHG�IRU�&RORJQH�DV�QR�H[FHHGHQFHV�ZHUH�SUHGLFWHG�WKHUH���2EVHUYLQJ�WKDW
H[FHHGHQFHV�WHQG�WR�EH�ORFDOLVHG��7DEOH������DQG�DW�ZRUVW�UHTXLUH�D�����UHGXFWLRQ�LQ
HPLVVLRQV��LW�VHHPV�OLNHO\�WKDW�VROXWLRQV�ZRXOG�EH�EDVHG�RQ�ORFDOLVHG�PHDVXUHV��UDWKHU�WKDQ
JHQHULF�RSWLRQV�WKDW�DIIHFW�WKH�HQWLUH�YHKLFOH�IOHHW���&RVWV�DQG�EHQHILWV�KDYH�EHHQ�FDOFXODWHG
RQ�WKLV�EDVLV���0RUWDOLW\�HIIHFWV��FRQVLGHUHG�DV�D�VHQVLWLYLW\�DQDO\VLV��KDYH�EHHQ�YDOXHG�DW�D
YDOXH�RI�D�OLIH�\HDU��92/<��RI���������(XUR�HDFK��

������������������������������������������������
��7KH�92/<�FRQFHSW�LV�DSSOLHG�WR�GHDWKV�OLQNHG�WR�&2��DV�LW�LV�OLNHO\�WKDW�WKH�HIIHFW�RI�&2�LV�WR�VKRUWHQ�OLIH
H[SHFWDQF\�E\�RQO\�D�VPDOO�DPRXQW��LQ�RWKHU�ZRUGV��WKDW�WKH�SHRSOH�DIIHFWHG�DUH�OLNHO\�WR�EH�VHULRXVO\�LOO�DOUHDG\
IURP�RWKHU�FDXVHV���7KH�DSSURDFK�LV�GLVFXVVHG�LQ�JUHDWHU�GHWDLO�E\�(XURSHDQ�&RPPLVVLRQ����������)RU�EHQ]HQH
D�KLJKHU�YDOXDWLRQ�LV�DSSOLHG��DV�WKH�DVVXPSWLRQ�PDGH�IRU�EHQ]HQH�LV�WKDW�H[SRVXUH�LV�IXQGDPHQWDO�WR�WKH
LQFLGHQFH�RI�WKH�GLVHDVH��OHXNDHPLD��WKDW�FDXVHV�GHDWK�



$($�7HFKQRORJ\ ��

7DEOH�������,PSDFWV��FRVWV�DQG�EHQHILWV�RI�WKH�LQWURGXFWLRQ�RI�GLIIHUHQW�&2�OLPLWV�LQ
$WKHQV���$OO�EHQHILW�DQG�FRVW�UHVXOWV�H[SUHVVHG�LQ�0(XUR���¶8SSHU·�FDVH�XVHV�D�KLJK�UDWLR�RI
KRW�VSRW�WR�XUEDQ�EDFNJURXQG��UHSUHVHQWLQJ�H[WUHPH�PHWHRURORJ\�

/LPLW ���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
$WKHQV���ORZ�HPLVVLRQ
VFHQDULR

&RUH 8SSHU

&DVHV���&+) � � ���� �
%HQHILWV � � ������ �
&DVHV���PRUWDOLW\���VHQVLWLYLW\ � � ���� �
%HQHILWV���PRUWDOLW\���VHQVLWLYLW\ � � ����� �
%HQHILWV���WRWDO�VHQVLWLYLW\ � � ����� �
&RVWV � � ������ �

$WKHQV���PLG�HPLVVLRQ
VFHQDULR
&DVHV���&+) ���� � �� ����
%HQHILWV ������ � ���� ������
&DVHV���PRUWDOLW\���VHQVLWLYLW\ ����� � ��� ����
%HQHILWV���PRUWDOLW\���VHQVLWLYLW\ ����� � ���� �����
%HQHILWV���WRWDO�VHQVLWLYLW\ ����� � ���� �����
&RVWV ����� � ���� �����

$WKHQV���KLJK�HPLVVLRQ
VFHQDULR
&DVHV���&+) �� �� ��� ���
%HQHILWV ���� ���� ��� ���
&DVHV���PRUWDOLW\���VHQVLWLYLW\ �� �� �� ��
%HQHILWV���PRUWDOLW\���VHQVLWLYLW\ ��� ��� ��� ���
%HQHILWV���WRWDO�VHQVLWLYLW\ ��� ��� ��� ���
&RVWV �� ��� �� ��

7DEOH�������,PSDFWV��FRVWV�DQG�EHQHILWV�RI�WKH�LQWURGXFWLRQ�RI�GLIIHUHQW�&2�OLPLWV�LQ
/RQGRQ�

/LPLW ���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
���PJ�P�

PD[
���PJ�P�

�QG�KLJKHVW
/RQGRQ���KLJK�HPLVVLRQ
VFHQDULR

&RUH 8SSHU

&DVHV���&+) � � ��� ��
%HQHILWV � � ���� ����
&DVHV���PRUWDOLW\���VHQVLWLYLW\ � � �� ��
%HQHILWV���PRUWDOLW\���VHQVLWLYLW\ � � ��� ���
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%HQHILWV���WRWDO�VHQVLWLYLW\ � � ��� ���
&RVWV � � ��� ���

5HVXOWV�DUH�PL[HG��ZLWK�EHQHILWV�H[FHHGLQJ�FRVWV�IRU�VRPH�FDVHV�ZKHUH�RQO\�D�ORZ�OHYHO�RI
DEDWHPHQW�LV�QHHGHG��DQG�YLFH�YHUVD�ZKHUH�DEDWHPHQW�QHHGV�DUH�KLJKHU���7KH�DQDO\VLV�LV
FRQVLGHUDEO\�KDPSHUHG�E\�WKH�ODFN�RI�GHILQLWLYH�JXLGDQFH�RQ�WKH�KHDOWK�HIIHFWV�RI�DPELHQW
H[SRVXUHV�WR�&2�

���� 021,725,1*�&2676

7KH�IROORZLQJ�GDWD�DUH�EDVHG�RQ�WKH�FRVWV��RI�WKH�8.�QHWZRUN���$Q�DXWRPDWLF�DQDO\VHU�IRU
&2�FRVWV�LQ�WKH�UDQJH�RI�������WR��������(XUR��7KH�/RFDO�6LWH�2SHUDWRU�FRQWUDFW�ZRXOG
W\SLFDOO\�EH�DURXQG��������(XUR�SHU�\HDU��&DOLEUDWLRQ�JDV�VWDQGDUGV�ZRXOG�FRVW�DURXQG������
(XUR�SHU�\HDU��5XQQLQJ�FRVWV��LQFOXGLQJ�PDQDJHPHQW��4$�4&��DQG�GDWD�KDQGOLQJ��ZRXOG
EH�LQ�WKH�UHJLRQ�RI�������(XUR�SHU�\HDU��WKLV�LV�VXEVWDQWLDOO\�OHVV�WKDQ�IRU�EHQ]HQH���7KXV�
WKH�HVWLPDWHG�FRVW�IRU�HDFK�&2�VLWH�ZRXOG�EH�LQ�WKH�UHJLRQ�RI��������(XUR�IRU�WKH�ILUVW�\HDU�
DQG��������(XUR�IRU�VXEVHTXHQW�\HDUV�

7KH�FRVW�RI�WKH�PRQLWRULQJ�HTXLSPHQW�VKRXOG�SUREDEO\�EH�VSOLW�ZLWK�WKH�FRVWV�WR�EH
LQFXUUHG�XQGHU�WKH�R]RQH�'LUHFWLYH�IRU�PRQLWRULQJ�R]RQH�SUHFXUVRUV�

,W�ZDV�QRW�SRVVLEOH�WR�HVWLPDWH�WKH�QXPEHU�RI�PRQLWRUV�UHTXLUHG�LQ�HDFK�FRXQWU\�DV�WKLV
ZRXOG�KDYH�UHTXLUHG�
• LQIRUPDWLRQ�RQ�WKH�QXPEHU�RI�]RQHV�DQG�DJJORPHUDWLRQV
• PRGHOOLQJ�RI�WUHQGV�LQ�FRQFHQWUDWLRQV�LQ�HDFK�]RQH�DQG�DJJORPHUDWLRQ�

���� $**5(*$7,21

7DEOH�����VXPPDULVHV�WKH�DJJUHJDWHG�UHVXOWV�RI�WKH�VWXG\��XVLQJ�WKH�PHWKRGRORJ\�GHVFULEHG
LQ�6HFWLRQ�������,W�LQFOXGHV�DVVHVVPHQW�RI�WKH�VHQVLWLYLW\�WR�D�QXPEHU�RI�IDFWRUV�
• (PLVVLRQ�VFHQDULRV
• 5HODWLRQVKLS�EHWZHHQ�XUEDQ�EDFNJURXQG�DQG�KRW�VSRW�FRQFHQWUDWLRQV
• ,QFOXVLRQ�H[FOXVLRQ�RI�WKH�SRVVLEOH�DFXWH�HIIHFWV�RI�&2�RQ�PRUWDOLW\�
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7DEOH������$JJUHJDWHG�UHVXOWV�IRU�&2��LQFOXGLQJ�VHQVLWLYLW\�DQDO\VHV���¶�·�LV�HQWHUHG�ZKHUH
WKHUH�LV�QR�SUHGLFWHG�H[FHHGHQFH�RI�WKH�LQGLFDWLYH�OLPLW�YDOXHV�LQYHVWLJDWHG���$OO�GDWD�LQ
0HXUR�

/LPLW /RFDWLRQ (PLVVLRQ &DVH %HQHILWV %HQHILWV &RVWV
VFHQDULR �VHQVLWLYLW\�

$OO�LQGLFDWLYH�OLPLW�YDOXHV XUEDQ�EDFN $OO � 1R�H[FHHGDQFH

���PJ�P���QG�KLJKHVW KRW�VSRW / &RUH � � �
0 &RUH � � �
+ &RUH ��� �� ��

KRW�VSRW / 8SSHU � � �
0 8SSHU ����� ���� ����
+ 8SSHU �� �� ���

���PJ�P��KLJKHVW KRW�VSRW / &RUH � � �
0 &RUH ����� ���� �����
+ &RUH ��� �� ���

KRW�VSRW / 8SSHU ����� ���� �����
0 8SSHU ��� ��� ��
+ 8SSHU �� ��� ���
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�� 5HVXOWV��%HQ]HQH

���� 0$,1�5(68/76

(VWLPDWHG�PD[LPXP�FRQFHQWUDWLRQV�RI�EHQ]HQH�LQ�WKH�WKUHH�FLWLHV�DUH�VKRZQ�LQ�7DEOH�����
7KH�SRWHQWLDO�H[LVWHQFH�RI�H[FHHGHQFHV�LV�LGHQWLILHG�LQ�7DEOH�������7KH�FROXPQ�KHDGHG
¶XSSHU�HVWLPDWH·�LV�QRW�FDUULHG�WKURXJK�WR�WKH�UHVW�RI�WKH�DQDO\VLV�EHFDXVH�LW�FDQ�EH�WDNHQ�WR
UHSUHVHQW�D�FDVH�RI�H[WUHPH�PHWHRURORJ\���*LYHQ�WKDW�WKH�EHQ]HQH�OLPLWV�DUH�DOO�H[SUHVVHG�DV
DQQXDO�PHDQ�ILJXUHV��WKHUH�VKRXOG�EH�OLWWOH�VHQVLWLYLW\�WR�H[WUHPH�ZHDWKHU�HYHQWV�DV�WKHVH
REYLRXVO\�ZLOO�EH�DYHUDJHG�RYHU�D�\HDU���7KH�UHVXOWV�DUH�JLYHQ�LQ�7DEOH�����DQG������KRZHYHU�
WR�GHPRQVWUDWH�WKH�OHYHO�RI�VHQVLWLYLW\�WKDW�H[LVWV�ZLWK�UHVSHFW�WR�DVVXPSWLRQV�RQ
UHODWLRQVKLSV�EHWZHHQ�XUEDQ�EDFNJURXQG�DQG�KRW�VSRWV�

7DEOH�������(VWLPDWHG�SHDN�FRQFHQWUDWLRQV�RI�EHQ]HQH��DQQXDO�PHDQ��LQ�WKH�PRGHOOHG
GRPDLQV�

8UEDQ
EDFNJURXQG

+RW�VSRWV

&LW\ (VWLPDWH FRUH�HVWLPDWH XSSHU�HVWLPDWH
$WKHQV /RZ ���� ��� ���

0LG ���� ���� �����
+LJK ���� ����� �����

&RORJQH /RZ ���� ���� ����
0LG ���� ���� ����
+LJK ���� ���� ����

/RQGRQ /RZ ���� ���� ����
0LG ���� ���� ����
+LJK ���� ���� ����

7DEOH�������,GHQWLILFDWLRQ�RI�FDVHV�ZKHUH�HVWLPDWHG�FRQFHQWUDWLRQV�H[FHHG�OLPLW�YDOXHV�

8UEDQ�EDFNJURXQG +RW�VSRWV
&LW\ (VWLPDWH ��µJ�P� ��µJ�P� ���µJ�P� ��µJ�P�

FRUH
��µJ�P�

FRUH
��µJ�P�

XSSHU
���µJ�P�

FRUH
$WKHQV /RZ ( ( ( (

0LG ( ( ( (
+LJK ( ( ( ( (

&RORJQH /RZ (
0LG ( (
+LJK ( (

/RQGRQ /RZ ( (
0LG ( ( (
+LJK ( ( ( (
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)URP�WKLV�DQDO\VLV�SUREOHPV�DUH�VHHQ�WR�EH�SUHVHQW�LQ�WKH�IROORZLQJ�FDVHV�
$WKHQV�� ��µJ�P����XUEDQ�EDFNJURXQG�DQG�KRW�VSRW��DOO�HPLVVLRQ�VFHQDULRV

��µJ�P����KRW�VSRWV��DOO�HPLVVLRQ�VFHQDULRV
���µJ�P����KRW�VSRWV��KLJK�HPLVVLRQ�VFHQDULR

&RORJQH� ��µJ�P����KRW�VSRW��DOO�HPLVVLRQ�VFHQDULRV
��µJ�P����QRQH
���µJ�P����QRQH

/RQGRQ� ��µJ�P����XUEDQ�EDFNJURXQG�KLJK�HPLVVLRQ�VFHQDULR�DQG�KRW�VSRW�
DOO�HPLVVLRQ� VFHQDULRV

��µJ�P����KRW�VSRWV��PLG�DQG�KLJK�HPLVVLRQ�VFHQDULRV
���µJ�P����QRQH

7R�JDXJH�WKH�H[WHQW�RI�WKHVH�H[FHHGHQFHV�WKH���RI�WKH�����[�����NP�JULG�FHOO�IRU�HDFK�FLW\
VXEMHFW�WR�H[FHHGHQFH�LV�QRZ�LGHQWLILHG��7DEOH��������,Q�PRVW�FDVHV�WKH�H[FHHGHQFH�LV
UHODWLYHO\�VPDOO��DJDLQ�OHVV�WKDQ�����RWKHU�WKDQ�IRU�WKH���µJ�P��OLPLW�LQ�KRW�VSRWV�ZKLFK�LV
ZLGHO\�H[FHHGHG�

7DEOH���������JULGV�LQ�HDFK�GRPDLQ�VKRZLQJ�H[FHHGHQFH�

8UEDQ�EDFNJURXQG +RW�VSRWV
&LW\ (VWLPDWH ��µJ�P� ��µJ�P� ���µJ�P� ��µJ�P� ��µJ�P�

FRUH
���µJ�P�

$WKHQV /RZ ���� ���� ����
0LG ���� ���� ����
+LJK ���� ���� ���� ����

&RORJQH /RZ ����
0LG �����
+LJK �����

/RQGRQ /RZ �����
0LG ����� ����
+LJK ���� ����� ����

7DEOH�������5DWLR�RI�FRQFHQWUDWLRQ�WR�SRVVLEOH�OLPLWV�ZKHUH�WKHVH�PD\�EH�H[FHHGHG�

8UEDQ�EDFNJURXQG +RW�VSRWV
&LW\ (VWLPDWH ��µJ�P� ��µJ�P� ���µJ�P� ��µJ�P�

FRUH
��µJ�P�

FRUH
���µJ�P�

FRUH
$WKHQV /RZ ��� ��� ���

0LG ��� ��� ���
+LJK ��� ��� ��� ���

&RORJQH /RZ ���
0LG ���
+LJK ���

/RQGRQ /RZ ���
0LG ��� ���
+LJK ��� ��� ���
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7KH�UDWLRV�VKRZQ�LQ�)LJXUH�����IRU�WKH���µJ�P��OLPLW�XQGHUOLQH�WKH�H[WHQW�RI�WKH�SUREOHPV
WKDW�WKLV�RSWLRQ�ZRXOG�EULQJ�DERXW�

7DEOH�����LGHQWLILHV�WKH�VRXUFH�RI�HPLVVLRQV�LQ�WKH�ORFDWLRQV�ZKHUH�WKH�KLJKHVW
FRQFHQWUDWLRQV�RFFXU���0RVW�RI�WKH�SUREOHPV�DULVH�WKURXJK�XVH�RI�SHWURO�HQJLQHG�FDUV
�3&J����$�VLJQLILFDQW�FRQWULEXWLRQ�LV�DOVR�PDGH�E\�OLJKW�GHOLYHU\�YHKLFOHV�DQG�PRWRUF\FOHV�
SDUWLFXODUO\�LQ�$WKHQV�

7DEOH�������&RQWULEXWLRQ�WR�WRWDO�H[FHHGHQFH�E\�GLIIHUHQW�W\SHV�RI�YHKLFOH�

%HQ]HQ
H

FRQFHQWUDWLRQ�FRQWULEXWLRQ�IRU�KLJKHVW�FRQFHQWUDWLRQ�FHOO

3&J 3&G /'9 0�+'9 %86 �: 6WDWLRQDU\
$WKHQV ������ ����� ������ ����� ����� ������ �����
&RORJQH ������ ����� ����� ����� ����� ����� �����
/RQGRQ ������ ����� ������ ����� ����� ����� �����

HPLVVLRQ�FRQWULEXWLRQ�IRU�KLJKHVW�FRQFHQWUDWLRQ�FHOO
3&J 3&G /'9 0�+'9 %86 �: 66

$WKHQV ������ ����� ������ ����� ����� ������ �����
&RORJQH ������ ����� ����� ����� ����� ����� �����
/RQGRQ ������ ����� ����� ����� ����� ����� �����

0HDVXUHV�WR�FRQWURO�HPLVVLRQV�PD\�EH�WDNHQ�DW�DQ�H[WUHPHO\�ORFDO�OHYHO��IRU�H[DPSOH�DW�DQ
LQGLYLGXDO�URDG�MXQFWLRQ��RU�PRUH�JHQHUDOO\��IRU�H[DPSOH�WKURXJK�DGDSWDWLRQ�WR�YHKLFOH
GHVLJQ����7KH�H[WHQW�WR�ZKLFK�HDFK�RSWLRQ�ZRXOG�EH�XVHG�ZRXOG�EH�GHSHQGHQW�RQ�WKH�H[WHQW
RI�H[FHHGHQFHV�LQ�ERWK�VSDFH�DQG�PDJQLWXGH���7KH�UHVXOWV�RI�7DEOHV�����DQG�����VXJJHVW�WKDW
WKH�PHDVXUHV�WDNHQ�WR�DWWDLQ�WKH���DQG����µJ�P��OLPLWV�ZRXOG�EH�ORFDOLVHG��EXW�WKDW
DWWDLQPHQW�RI�WKH���µJ�P��LQ�KRW�VSRWV�ZRXOG�UHTXLUH�PRUH�ZLGHVSUHDG�DFWLRQ���:KHUH
ZLGHVSUHDG�DFWLRQ�LV�UHTXLUHG�UHVXOWV�DUH�SUHVHQWHG�IRU���VFHQDULRV��D�JHQHUDOLVHG�VFHQDULR
ZKHUH�HPLVVLRQV�DUH�UHGXFHG�E\�WKH�UDWLR�RI�WKH�KLJKHVW�FRQFHQWUDWLRQ�LGHQWLILHG�WR�WKH�OLPLW
YDOXH��DQG�DQ�RSWLPLVHG�VFHQDULR�ZKHUH�HPLVVLRQV�DUH�UHGXFHG�LQ�HDFK�FHOO��ZKHUH
QHFHVVDU\��VXFK�WKDW�WKH�OLPLW�YDOXH�LV�MXVW�UHDFKHG���)RU�WKH�FDVHV�ZKHUH�RQO\�ORFDOLVHG
PHDVXUHV�ORRN�QHFHVVDU\�WKH�DVVHVVPHQW�KDV�FRQVLGHUHG�RQO\�WKH�RSWLPLVHG�FDVH���2Q�WKLV
EDVLV�HVWLPDWHG�FRVWV�DQG�EHQHILWV�RI�DFWLRQ�IRU�HDFK�RI�WKH�WKUHH�FLWLHV�DUH�VXPPDULVHG�LQ
7DEOHV�����WR�������2QO\�FDVHV�ZKHUH�H[FHHGHQFHV�KDYH�EHHQ�LGHQWLILHG�DUH�SUHVHQWHG�
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7DEOH�������5HGXFHG�LPSDFWV��EHQHILWV��DQG�FRVWV�DULVLQJ�IURP�PHHWLQJ�WKH�GLIIHUHQW�OLPLW
YDOXHV�LQ�$WKHQV�

$WKHQV N(XUR N(XUR
FDVHV FDVHV EHQHILW EHQHILW N(XUR

OLPLW ORFDWLRQ UDQJH ORZ KLJK ORZ KLJK FRVW
� XUEDQ�EDFN /���RSW �������� ������ ����� �� ��
XUEDQ�EDFN 0���RSW ������ ���� ��� ��� �����
XUEDQ�EDFN +�²�RSW ����� ��� � ��� ������

� KRW�VSRW /���JHQ ������ ���� ��� ��� �������
KRW�VSRW 0���JHQ ����� ��� � ���� �������
KRW�VSRW +�²�JHQ ������ ���� ��� ���� ��������

� KRW�VSRW /���RSW ������ ���� ��� ��� ������
KRW�VSRW 0���RSW ������ ���� ��� ���� �������
KRW�VSRW +�²�RSW ������ ���� ��� ���� �������

� KRW�VSRW /���RSW ������ ���� ��� ��� �����
KRW�VSRW 0���RSW ����� ��� � ��� ������
KRW�VSRW +�²�RSW ������ ���� ��� ��� ������

�� KRW�VSRW +�²�RSW ������ ���� ��� ��� �����

7DEOH�������5HGXFHG�LPSDFWV��EHQHILWV��DQG�FRVWV�DULVLQJ�IURP�PHHWLQJ�WKH�GLIIHUHQW�OLPLW
YDOXHV�LQ�&RORJQH�

&RORJQH N(XUR N(XUR
FDVHV FDVHV EHQHILW EHQHILW N(XUR

OLPLW ORFDWLRQ UDQJH ORZ KLJK ORZ KLJK FRVW
��µJ�P� KRW�VSRW /���JHQ ������� ����� ��� ��� �������

KRW�VSRW 0���JHQ ������ ���� ��� ��� �������
KRW�VSRW +�²�JHQ ������ ���� ��� ��� �������

��µJ�P� KRW�VSRW /���RSW �������� ������ ����� �� ���
KRW�VSRW 0���RSW ������� ����� ���� ��� �����
KRW�VSRW +�²�RSW ������� ����� ���� ��� ������
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7DEOH�������5HGXFHG�LPSDFWV��EHQHILWV��DQG�FRVWV�DULVLQJ�IURP�PHHWLQJ�WKH�GLIIHUHQW�OLPLW
YDOXHV�LQ�/RQGRQ�

/RQGRQ N(XUR N(XUR
FDVHV FDVHV EHQHILW EHQHILW N(XUR

OLPLW ORFDWLRQ UDQJH ORZ KLJK ORZ KLJK FRVW
� XUEDQ�EDFN +�²�RSW �������� ������ ����� ��� ���

� KRW�VSRW /���JHQ ������ ���� ��� ��� �������
KRW�VSRW 0���JHQ ������ ���� �� ��� �������
KRW�VSRW +�²�JHQ ������ ���� �� ��� �������

� KRW�VSRW /���RSW ������� ����� ��� ���� �����
KRW�VSRW 0���RSW ������� ����� ��� ��� ������
KRW�VSRW +�²�RSW ������ ���� �� ��� �������

� KRW�VSRW 0���RSW �������� ������ ����� ����� ��
KRW�VSRW +�²�RSW ������� ����� ���� ���� ���

,Q�DOO�FDVHV�HVWLPDWHG�EHQHILWV�LQ�WHUPV�RI�UHGXFLQJ�FDQFHUV�DUH�OHVV�WKDQ�WKH�FRVWV�RI
FRQWUROOLQJ�EHQ]HQH���7KLV�LV�DGGUHVVHG�DJDLQ�LQ�WKH�GLVFXVVLRQ�EHORZ���7KH�HIILFLHQF\�LQ
WHUPV�RI�EHQHILW�FRVW�UDWLRV�LV�KLJKHVW�IRU�PHDVXUHV�WDUJHWHG�DW�UHGXFLQJ�ORFDO�H[FHHGHQFHV�
UDWKHU�WKDQ�DW�UHGXFLQJ�HPLVVLRQV�JHQHUDOO\�

���� 021,725,1*�&2676

7KH�IROORZLQJ�GDWD�DUH�EDVHG�RQ�WKH�FRVWV�RI�WKH�8.�QHWZRUN���$Q�DXWRPDWLF�DQDO\VHU�IRU
EHQ]HQH��RU�EHQ]HQH��WROXHQH�DQG�[\OHQH��FRVWV�LQ�WKH�UDQJH�RI��������(XUR�WR��������(XUR�
$�/RFDO�6LWH�2SHUDWRU�ZRXOG�EH�QHHGHG�WR�WDNH�FDUH�RI�WKH�VDPSOHU��DQG�D�W\SLFDO�FRQWUDFW
IRU�WKLV�ZRXOG�EH�DURXQG��������(XUR�SHU�\HDU���&DOLEUDWLRQ�JDV�VWDQGDUGV�ZRXOG�FRVW
DURXQG�������(XUR�SHU�\HDU�DQG�HOHFWULFLW\�DQG�QLWURJHQ�F\OLQGHUV�LQ�WRWDO�DURXQG�����(XUR
SHU�\HDU���5XQQLQJ�FRVWV��LQFOXGLQJ�PDQDJHPHQW��4$�4&��DQG�GDWD�KDQGOLQJ��ZRXOG�EH�LQ
WKH�UDQJH�RI��������WR��������(XUR�SHU�\HDU���7KXV��WKH�HVWLPDWHG�FRVW�IRU�HDFK�EHQ]HQH�VLWH
ZRXOG�EH�LQ�WKH�UHJLRQ�RI�����������������(XUR�IRU�WKH�ILUVW�\HDU��DQG�����������������(XUR
IRU�VXEVHTXHQW�\HDUV���7KH�FRVW�RI�WKH�PRQLWRULQJ�HTXLSPHQW�VKRXOG�SUREDEO\�EH�VSOLW�ZLWK
WKH�FRVWV�WR�EH�LQFXUUHG�XQGHU�WKH�R]RQH�'LUHFWLYH�IRU�PRQLWRULQJ�R]RQH�SUHFXUVRUV�

,W�ZDV�QRW�SRVVLEOH�WR�HVWLPDWH�WKH�QXPEHU�RI�PRQLWRUV�UHTXLUHG�LQ�HDFK�FRXQWU\�DV�WKLV
ZRXOG�KDYH�UHTXLUHG�
• LQIRUPDWLRQ�RQ�WKH�QXPEHU�RI�]RQHV�DQG�DJJORPHUDWLRQV
• PRGHOOLQJ�RI�WUHQGV�LQ�FRQFHQWUDWLRQV�LQ�HDFK�]RQH�DQG�DJJORPHUDWLRQ�
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���� %(1=(1(�/(9(/6�$5281'�6(59,&(�67$7,216

6SHFLILF�PRGHOOLQJ�RI�EHQ]HQH�FRQFHQWUDWLRQV�DURXQG�VHUYLFH�VWDWLRQV�DQG�RWKHU�IDFLOLWLHV�IRU
WUDQVIHUULQJ�IXHO�KDV�QRW�EHHQ�FRQGXFWHG�DV�SDUW�RI�WKLV�VWXG\���+RZHYHU��UHSRUWV�SURYLGHG
E\�&21&$:(�SURYLGH�GHWDLOV�RI�WZR�PHDVXUHPHQW�FDPSDLJQV���7KH�ILUVW�LQYHVWLJDWHG
VKRUW�WHUP�����KRXU��FRQFHQWUDWLRQV�DURXQG�VHUYLFH�VWDWLRQV�DQG�GLVWULEXWLRQ�WHUPLQDOV�LQ���
FRXQWULHV�DFURVV�(XURSHDQ��%DWHV�HW�DO����������7KH�VHFRQG�SURYLGHG�PHDVXUHPHQWV�RYHU�D
RQH�\HDU�SHULRG�LQ�DQG�DURXQG�D�VLQJOH�VHUYLFH�VWDWLRQ�LQ�WKH�8QLWHG�.LQJGRP��/HZLV�DQG
6LPSVRQ��������

7KH�%DWHV�HW�DO�VWXG\�UHYHDOHG�WKH�SRVVLELOLW\�IRU�H[WUHPHO\�KLJK�FRQFHQWUDWLRQV�WR�H[LVW
DURXQG�VHUYLFH�VWDWLRQV��ZLWK�WKH�KLJKHVW����KRXU�OHYHO�UHJLVWHUHG�EHLQJ�����µJ�P��IRU�D�VLWH
LQ�*UHHFH�LQ�ZLQWHU���)XHO�EHQ]HQH�FRQFHQWUDWLRQ�DW�WKLV�VWDWLRQ�UDQJHG�IURP�����WR����Y�Y�
FRQGLWLRQV�IRU�WKH�SHULRG�DSSHDU�WR�KDYH�EHHQ�DQWL�F\FORQLF��ZLWK�ZLQG�VSHHGV�RI���P�V�RU
OHVV���$QRWKHU�IDFWRU�DSSDUHQW�IURP�%DWHV�HW�DO�LV�D�KLJK�GHJUHH�RI�YDULDELOLW\�LQ�WKH�UHVXOWV
ZLWK�UHVXOWV�IRU�VRPH�ORFDWLRQV�EHLQJ�VLPLODU�WR�EDFNJURXQG�OHYHOV���8QIRUWXQDWHO\
LQVSHFWLRQ�RI�WKH�GDWD�VKRZHG�WKDW�WKHUH�ZDV�OLWWOH�SDWWHUQ�LQ�WKH�UHVXOWV�ZKHQ�FRPSDUHG�WR
IXHO�EHQ]HQH�FRQWHQW��ZKLFK�UDQJHG�IURP�����WR�������Y�Y���IXHO�WKURXJKSXW�������WR������
O�GD\��RU�WHPSHUDWXUH���([WUDSRODWLRQ�RI�WKH�UHVXOWV�GRHV�QRW�WKHUHIRUH�ORRN�SRVVLEOH�

2QO\���RI�WKH�VHUYLFH�VWDWLRQV�LQ�WKH�VWXG\��ERWK�LQ�6ZHGHQ��ZHUH�HTXLSSHG�ZLWK�6WDJH�,,
YDSRXU�UHFRYHU\�V\VWHPV���&RQFHQWUDWLRQV�RI�EHQ]HQH�LQ�WKH�¶WUDIILF�DQG�IRUHFRXUW·�ORFDWLRQ
WKDW�JDYH�VRPH�RI�WKH�KLJKHVW�UHDGLQJV�JHQHUDOO\��VXJJHVW��DV�H[SHFWHG��WKDW�WKH�YDSRXU
UHFRYHU\�V\VWHPV�ZHUH�HIIHFWLYH�LQ�ORZHULQJ�EHQ]HQH�FRQFHQWUDWLRQV���+RZHYHU��DV�WKH�IXHO
VDPSOHV�IRU�WKHVH���VLWHV�ZHUH�ORVW�LQ�WUDQVLW�QR�UHDO�LQGLFDWLRQ�RI�WKH�HIIHFWLYHQHVV�RI�WKH
YDSRXU�UHFRYHU\�V\VWHP�LV�SRVVLEOH�

/HZLV�DQG�6LPSVRQ��������XVHG�DFWLYH�DQG�GLIIXVLYH�VDPSOLQJ�WHFKQLTXHV�DURXQG�D�VLQJOH
VHUYLFH�VWDWLRQ�LQ�WKH�8.�IRU�D�SHULRG�RI�RQH�\HDU���7KH�PHDQ�FRQFHQWUDWLRQ�RI�EHQ]HQH�LQ
WKH�JDVROLQH�VROG�DW�WKH�VLWH�ZDV���������7RWDO�JDVROLQH�VDOHV�RYHU�WKH�\HDU�ZHUH������PLOOLRQ
OLWUHV���7KLV�LV�PHGLXP�LQ�VL]H�FRPSDUHG�WR�WKH�VWDWLRQV�OLVWHG�E\�%DWHV�HW�DO��WKRXJK�DYHUDJH
GDLO\�WKURXJKSXW�ZDV�RQO\�DERXW�RQH�WKLUG�RI�WKDW�DW�WKH�ODUJHVW�VHUYLFH�VWDWLRQ��LQ�WHUPV�RI
IXHO�VDOHV��FRQVLGHUHG�E\�%DWHV�HW�DO���5HVXOWV�VKRZHG�DQQXDO�PHDQ�FRQFHQWUDWLRQV�RI
EHWZHHQ�����DQG�����µJ�P���ZLWK�DQ�DYHUDJH�RI�����XJ�P����6HUYLFH�VWDWLRQ�DFWLYLWLHV�ZHUH
IRXQG�WR�FRQWULEXWH����������µJ�P���RI�WKLV��DQ�DGMDFHQW�URDG�DQRWKHU�����OHDYLQJ����
DWWULEXWHG�WR�EDFNJURXQG���7KH�VHUYLFH�VWDWLRQ�ZDV�QRW�HTXLSSHG�ZLWK�YDSRXU�UHFRYHU\
IDFLOLWLHV�

7KH�UHVXOWV�RI�WKH�&21&$:(�VWXGLHV�VXJJHVW�WKDW�SUREOHPV�LQ�PHHWLQJ�WKH�DLU�TXDOLW\
OLPLWV�IRU�EHQ]HQH�EHLQJ�FRQVLGHUHG�LQ�WKLV�VWXG\��DQQXDO�DYHUDJHV�EHWZHHQ���DQG����µJ�P��
PD\�ZHOO�H[LVW�DURXQG�VHUYLFH�VWDWLRQV���7KH�PRVW�DSSURSULDWH�WHFKQLTXH�IRU�GHDOLQJ�ZLWK
WKLV�SUREOHP�ZRXOG�EH�WKH�XVH�RI�6WDJH�,,�YDSRXU�UHFRYHU\�HTXLSPHQW���$V�VKRZQ�HOVHZKHUH
LQ�WKLV�UHSRUW�WKH�HIIHFWLYHQHVV�RI�WKLV�WHFKQRORJ\�LQ�UHGXFLQJ�HPLVVLRQV�LV�DURXQG�����
7KLV�UDWH�RI�UHFRYHU\�PD\�QRW�WR�EH�VXIILFLHQW�WR�UHGXFH�EHQ]HQH�OHYHOV�WR�WKH�OLPLWV
FRQVLGHUHG�KHUH���&RVWV�SHU�WRQQH�RI�EHQ]HQH�HPLVVLRQ�DYRLGHG�DUH�LQ�WKH�UDQJH��������WR
��������(XUR���7KH�XVH�RI�YDSRXU�UHFRYHU\�IRU�UHGXFLQJ�92&�HPLVVLRQV�LV�DOUHDG\
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XQGHUZD\�LQ�D�QXPEHU�RI�(8�0HPEHU�6WDWHV���$OO�VHUYLFH�VWDWLRQV�LQ�$XVWULD��'HQPDUN�
*HUPDQ\��,WDO\��WKH�1HWKHUODQGV�DQG�6ZHGHQ�DUH�UHTXLUHG�WR�EH�ILWWHG�ZLWK�6WDJH�,,�V\VWHPV
E\�WKH�\HDU��������7KH�FRVWV�DQG�EHQHILWV�RI�DQ\�GLUHFWLYH�HQIRUFLQJ�WKH�XVH�RI�YDSRXU
UHFRYHU\�ZRXOG�WKXV�EH�]HUR��IRU�WKHVH�FRXQWULHV�DW�OHDVW���7KHUH�LV�LQWHUHVW�HOVHZKHUH�LQ�WKH
(XURSHDQ�8QLRQ��DV�VKRZQ�E\�VWXGLHV�XQGHUZD\�LQ�)LQODQG��*UHHFH�DQG�WKH�8.���6RPH
SHWURO�VWDWLRQ�RZQHUV�DSSHDU�WR�EH�PDNLQJ�YROXQWDU\�PRYHV�WR�LQWURGXFH�6WDJH�,,�

7KHUH�DUH���GULYHUV�IRU�DFWLRQ�WR�UHGXFH�92&�HPLVVLRQV�IURP�VHUYLFH�VWDWLRQV���2QH
XQGRXEWHGO\�LV�FRQFHUQ�RYHU�WKH�KHDOWK�HIIHFWV�RI�92&V��WKRXJK�WKHUH�VHHPV�WR�EH�PRUH
FRQFHUQ�RYHU�WKH�HIIHFWV�RI�92&V�RQ�WURSRVSKHULF�R]RQH�OHYHOV���*LYHQ�WKLV��DQG�WKH�IDFW
WKDW�YDSRXU�UHFRYHU\�LV�DOVR�FRQVLGHUHG�LQ�RQJRLQJ�ZRUN�RQ�WKH�(8�VWUDWHJ\�IRU�GHDOLQJ�ZLWK
R]RQH��DQG�KHQFH�FRXOG�EH�GRXEOH�FRXQWHG�KHUH���VSHFLILF�DQDO\VLV�RI�YDSRXU�UHFRYHU\·V
FRVWV�DQG�EHQHILWV�ZLWK�UHVSHFW�WR�EHQ]HQH�KDV�QRW�VR�IDU�EHHQ�DWWHPSWHG�ZLWKLQ�WKLV�VWXG\�
$GGLWLRQDO�PRGHOOLQJ�ZRUN�ZRXOG�EH�SRVVLEOH��LI�LW�ZDV�WKRXJKW�WR�EH�D�SULRULW\�IRU�WKH
UHPDLQGHU�RI�WKH�VWXG\�

,Q�VXPPDU\�WKHUH�LV�FHUWDLQO\�FDXVH�IRU�FRQFHUQ�WKDW�FRQFHQWUDWLRQV�RI�EHQ]HQH�LQ�DQG
DURXQG�VHUYLFH�VWDWLRQV�PLJKW�H[FHHG�WKH�SRVVLEOH�OLPLW�YDOXHV�EHLQJ�FRQVLGHUHG�KHUH���6KRUW
WHUP�FRQFHQWUDWLRQV�LQ�H[FHVV�RI�����µJ�P��KDYH�EHHQ�UHFRUGHG�LQ�PHDVXUHPHQW�FDPSDLJQV
UXQ�E\�&21&$:(���7KH�PRVW�HIIHFWLYH�FRQWURO�RI�WKHVH�HPLVVLRQV�LV�OLNHO\�WR�EH�WKURXJK
WKH�XVH�RI�6WDJH�,,�YDSRXU�UHFRYHU\�V\VWHPV��ZKLFK�DUH�DOUHDG\�EHLQJ�DGRSWHG�LQ�D�JURZLQJ
QXPEHU�RI�(8�0HPEHU�6WDWHV��DQG�PD\�EHFRPH�PDQGDWRU\�HOVHZKHUH�LQ�RUGHU�WR�PHHW�WKH
GHPDQGV�RI�WKH�SURSRVHG�(PLVVLRQ�&HLOLQJV�'LUHFWLYH�

���� $**5(*$7,21

7KH�DJJUHJDWLRQ�SURFHGXUH�ZDV�GHVFULEHG�DERYH�LQ�VHFWLRQ�������5HVXOWV�IRU�EHQ]HQH�DUH
VKRZQ�LQ�7DEOH�������7KH�FROXPQ�KHDGHG�¶LPSDFWV·�VKRZV�WRWDO�FDQFHUV��QRW�IDWDOLWLHV���1R
DFFRXQW�LV�WDNHQ�RI�PRQLWRULQJ�FRVWV�KHUH�

&HOOV�ZLWK���HQWHUHG�UHSUHVHQW�FDVHV�ZKHUH�QR�H[FHHGHQFH�LV�SUHGLFWHG�
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/LPLW ,PSDFWV��FDVHV� %HQHILWV��N(XUR� &RVWV��N(XUR�
µJ�P� /RFDWLRQ (PLVVLRQV /RZ +LJK /RZ +LJK
� XUEDQ�EDFN /���RSW ������ ����� ���� ��� ���

0���RSW ������ ���� �� ����� ������
+�²�RSW ����� ��� �� ����� �������

� KRW�VSRW /���JHQ ����� ��� ��� ������ ���������
0���JHQ ���� �� ��� ������ ����������
+�²�JHQ ���� �� ��� ������ ����������

� KRW�VSRW /���RSW ����� ��� �� ����� �������
0���RSW ����� ��� ��� ������ ���������
+�²�RSW ���� �� ��� ������ ���������

� XUEDQ�EDFN /���RSW � � � � �
0���RSW � � � � �
+�²�RSW � � � � �

� KRW�VSRW /���RSW ������ ���� ��� ����� ������
0���RSW ����� ��� �� ����� �������
+�²�RSW ����� ��� �� ����� �������

�� XUEDQ�EDFN /���RSW � � � � �
0���RSW � � � � �
+�²�RSW � � � � �

�� KRW�VSRW /���RSW � � � � �
0���RSW � � � � �
+�²�RSW ������ ���� ��� ����� ������
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WKRXJK�WKHVH�GDWD�DUH�OLPLWHG�DQG�QHHG�IXUWKHU�LQYHVWLJDWLRQ�
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WKRXJK�IURP�WKH�UHVXOWV�RI�WKLV�VWXG\�ZRXOG�DSSHDU�WR�EH�VPDOO���$V�LV�FRPPRQ�SUDFWLFH
WKLV�VWXG\�KDV�UHOLHG�XSRQ�H[WUDSRODWLRQ�RI�GDWD�IURP�DQDO\VLV�RI�RFFXSDWLRQDO�H[SRVXUHV�
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EH�H[FHHGHQFH�RI�WKH�OLPLW�YDOXHV�LQYHVWLJDWHG�IRU�&2��RU�RI�WKH�OHVV�VWULFW�OLPLWV
LQYHVWLJDWHG�IRU�EHQ]HQH���,Q�RWKHUV��H�J��$WKHQV��WKHUH�LV�OLNHO\�WR�EH�VLJQLILFDQW
H[FHHGHQFH��SDUWLFXODUO\�LQ�DUHDV�ZKHUH�HPLVVLRQV�DUH�KLJK��¶KRW�VSRWV·��
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DQG�ZRXOG�QRW�UHTXLUH�D�PDMRU�UHGXFWLRQ�LQ�&2�RU�EHQ]HQH�HPLVVLRQV���7KLV�PD\�EH
DFKLHYHG�LQ�WKH�IXWXUH�WKURXJK�WKH�DSSOLFDWLRQ�RI�PHDVXUHV�WR�FRQWURO�RWKHU�WUDIILF�
UHODWHG�SUREOHPV���$�JRRG�H[DPSOH�ZRXOG�EH�LQFUHDVHG�IXHO�HIILFLHQF\�RI�YHKLFOHV��ZKLFK
LV�FXUUHQWO\�XQGHU�GLVFXVVLRQ���,W�PD\�HYHQ�EH�DFKLHYHG�WKURXJK�PHDVXUHV�QHHGHG�WR
FRQWURO�WKH�SROOXWDQWV�FRYHUHG�XQGHU�WKH�ILUVW�GDXJKWHU�'LUHFWLYH���FXUUHQW�HYLGHQFH
VXJJHVWV�WKDW�WKHVH�ZLOO�QHHG�WR�EH�PRUH�VWULQJHQW�WKDQ�WKH�PHDVXUHV�LGHQWLILHG�LQ�WKH
HDUOLHU�,90��������VWXG\��ZKLFK�ZDV�XVHG�KHUH�LQ�IRUPXODWLRQ�RI�WKH�EDVHOLQH�VFHQDULR�
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