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7DEOH����� 'D\WLPH����DP���SP��DYHUDJH�DQWKURSRJHQLF�VRXUFH

FRQWULEXWLRQV�����LQ�WKH�HPLVVLRQ�LQYHQWRULHV««««««««««««««�����

7DEOH����� 6XPPDU\�RI�710+&�12; �UDWLR�FRPSDULVRQ��:DVKLQJWRQ��'&«««««������

7DEOH����� 6XPPDU\�RI�710+&�12; �UDWLR�FRPSDULVRQ��%DOWLPRUH��0'�«««««�«���

),*85(6

)LJXUH����� +LVWRJUDP�RI�UDWLR�RI�PRQLWRUHG�710+&�12; WR�LQYHQWRU\

710+&�12; IURP�/$'&2�DQDO\VLV�RI�0F0LOODQ�5HVHUYRLU

�:DVKLQJWRQ�'&��3$06�VLWH���VRXUFH��ZZZ�ODGFR�RUJ��«««««««««����

)LJXUH����� ,QGLYLGXDO�VSHFLHV�710+&�ZHLJKW�SHUFHQW�LQ�DPELHQW�GDWD��OLQH�

YV��HPLVVLRQ�LQYHQWRU\��EDUV��DW�0F0LOODQ�5HVHUYRLU�3$06

VLWH�IURP�/$'&2�DQDO\VLV��VRXUFH��ZZZ�ODGFR�RUJ�«««««««««««���

)LJXUH����� 9DULDWLRQ�RI�12; DQG�92&�HPLVVLRQV�ZLWK�WLPH�RI�GD\

RYHU�WKH�:DVKLQJWRQ��'&�IXOO�GRPDLQ«««««««««««««««««������

)LJXUH����� 9DULDWLRQ�RI�12; DQG�92&�HPLVVLRQV�ZLWK�WLPH�RI�GD\

RYHU�WKH�%DOWLPRUH��0'�LQQHU�JULG«««««««««««««««««««����

)LJXUH����� 0RUQLQJ����²���DP��12; HPLVVLRQV�FRQWULEXWLRQV�E\

VRXUFH�FDWHJRU\�LQ�:DVKLQJWRQ��'&«««««««««««««««««��«���

)LJXUH����� 0RUQLQJ����²���DP��92&�HPLVVLRQV�FRQWULEXWLRQV�E\

VRXUFH�FDWHJRU\�LQ�:DVKLQJWRQ��'&««««««««««««««««�««����

)LJXUH����� 0RUQLQJ����²���DP��12; HPLVVLRQV�FRQWULEXWLRQV�E\

VRXUFH�FDWHJRU\�LQ�%DOWLPRUH��0'«««««««««««««««««�««����

)LJXUH����� 0RUQLQJ����²���DP��92&�HPLVVLRQV�FRQWULEXWLRQV�E\

VRXUFH�FDWHJRU\�LQ�%DOWLPRUH��0'««««««««««««««««««�������

)LJXUH����� 9DULDWLRQ�LQ�HPLVVLRQV�LQYHQWRU\�710+&�12; �UDWLR�E\

WLPH�RI�GD\��:DVKLQJWRQ��'&�IXOO�GRPDLQ««««««««««««««��«����

)LJXUH����� 9DULDWLRQ�LQ�HPLVVLRQV�LQYHQWRU\�710+&�12; �UDWLR�E\

WLPH�RI�GD\��%DOWLPRUH��0'�LQQHU�GRPDLQ««««««««««««««�«����

)LJXUH����D� $YHUDJH7102&�DQG�12;�E\�KRXU�RI�GD\

�(DVWHUQ�'D\OLJKW�7LPH���0F0LOODQ�5HVHUYRLU««««««««««««««���

)LJXUH����E� $YHUDJH7102&�DQG�12;�E\�KRXU�RI�GD\

�(DVWHUQ�'D\OLJKW�7LPH���(VVH[�VLWH��%DOWLPRUH�«««««««««««««����

)LJXUH����D 'LXUQDO�SURILOHV�RI�7102&�DQG�VXP�RI�3$06�VSHFLHV�

0F0LOODQ�5HVHUYRLU««««««««««««««««««««««««««���

)LJXUH����E� 'LXUQDO�SURILOHV�RI�7102&�DQG�VXP�RI�3$06�VSHFLHV�

(VVH[�VLWH��%DOWLPRUH��«««««««««««««««««««««««««���

)LJXUH����� &RPSDULVRQ�RI�10+&�FRPSRVLWLRQ�E\�VSHFLHV�JURXS�

:DVKLQJWRQ��'&�IXOO�GRPDLQ««««««««««««««««««««««���

)LJXUH����� &RPSDULVRQ�RI�10+&�FRPSRVLWLRQ�E\�VSHFLHV�JURXS�

%DOWLPRUH��0'�LQQHU�GRPDLQ«««««««««««««««««««��«������



)LJXUH����� $PELHQW�YV��HPLVVLRQV�LQGLYLGXDO�VSHFLHV�710+&

ZHLJKW�SHUFHQWV�IRU�PRVW�DEXQGDQW�VSHFLHV�LQ�WKH�DPELHQW�GDWD�

:DVKLQJWRQ��'&�IXOO�GRPDLQ��««««««««««««««««««««�«���

)LJXUH����� $PELHQW�YV��HPLVVLRQV�LQGLYLGXDO�VSHFLHV�710+&

ZHLJKW�SHUFHQWV�IRU�PRVW�DEXQGDQW�VSHFLHV�LQ�WKH�DPELHQW�GDWD�

%DOWLPRUH��0'�LQQHU�GRPDLQ«««««««««««««««««««««������

)LJXUH����� ,QYHQWRU\�10+&�VSHFLDWLRQ�SURILOHV�IRU�DUHD�VRXUFHV�DQG

JDV�SRZHUHG�PRWRU�YHKLFOH�VRXUFH�FDWHJRULHV�YV��DPELHQW

VSHFLHV�ZHLJKW�SHUFHQWV��:DVKLQJWRQ��'&�IXOO�GRPDLQ««««««««««�����
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7KH�DXWKRUV�ZLVK�WR�WKDQN�WKH�IROORZLQJ�IRU�WKHLU�FRQWULEXWLRQV�WR�WKH�SUHSDUDWLRQ�RI�WKLV

UHSRUW�

• (GZLQ�*OXWK�IURP�WKH�6WDWH�RI�0DU\ODQG�IRU�SURYLGLQJ�DPELHQW�PRQLWRULQJ�GDWD�IURP�WKH

(VVH[�VLWH�LQ�%DOWLPRUH�

• 5REHUW�'D\�DQG�.KLQ�6DQQ�7KDXQJ�IURP�WKH�'LVWULFW�RI�&ROXPELD�IRU�SURYLGLQJ�DPELHQW

PRQLWRULQJ�GDWD�IURP�WKH�0F0LOODQ�5HVHUYRLU�VLWH�

• 0DUN�-DQVVHQ�DQG�0LNH�.RHUEHU�IURP�WKH�/DNH�0LFKLJDQ�$LU�'LUHFWRUV�&RQVRUWLXP�IRU

VXSSO\LQJ�UHVXOWV�RI�WKHLU�DQDO\VLV�RI�WKH�0F0LOODQ�GDWD�

• -RKQ�+DXV��*RSRO�6LVWOD��5RE�$OWHQEXUJ��+DUYH\�0LFKDHOV��DQG�6XVDQ�:LHUPDQ�IRU

FRPPHQWLQJ�RQ�SUHYLRXV�GUDIWV�RI�WKLV�UHSRUW�

• -LP�:LOVRQ�RI�(�+��3HFKDQ�	�$VVRFLDWHV�IRU�DGPLQLVWHULQJ�WKH�SULPH�FRQWUDFW�XQGHU�ZKLFK

WKLV�VWXG\�ZDV�FRQGXFWHG�DQG�IRU�SURYLGLQJ�WKH�HPLVVLRQ�LQYHQWRU\�GDWD�IRU�%DOWLPRUH�DQG

:DVKLQJWRQ�

)LQDOO\��ZH�ZRXOG�OLNH�WR�H[SUHVV�RXU�WKDQNV�WR�6XVDQ�:LHUPDQ�RI�WKH�0LG�$WODQWLF�5HJLRQDO

$LU�0DQDJHPHQW�$VVRFLDWLRQ�IRU�VXSSRUWLQJ�WKLV�VWXG\�DQG�SURYLGLQJ�PDQ\�KHOSIXO�VXJJHVWLRQV

DQG�FRPPHQWV�
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6LQFH������H[SDQGHG�PRQLWRULQJ�RI�R]RQH�SUHFXUVRUV�KDV�EHHQ�XQGHUWDNHQ�LQ�SDUWV�RI�WKH�0LG�

$WODQWLF�UHJLRQ�DV�SDUW�RI�WKH�3KRWRFKHPLFDO�$VVHVVPHQW�0RQLWRULQJ�6WDWLRQ��3$06��SURJUDP

GHYHORSHG�E\�WKH�8�6��(3$���'DWD�DYDLODEOH�IURP�WKH�3$06�SURJUDP�LQFOXGH�KRXUO\�VSHFLDWHG

QRQ�PHWKDQH�RUJDQLF�FRPSRXQG��102&���12��12���12[�DQG�2��FRQFHQWUDWLRQV�DV�ZHOO�DV

KRXUO\�VXUIDFH�PHWHRURORJLFDO�GDWD���6XSSOHPHQWDO�XSSHU�DLU�PHWHRURORJLFDO�GDWD�DUH�DOVR

FROOHFWHG���$ORQJ�ZLWK�PDQ\�RWKHU�DSSOLFDWLRQV�WR�DLU�PDQDJHPHQW�LVVXHV��WKHVH�GDWD�SURYLGH�DQ

RSSRUWXQLW\�WR�HYDOXDWH�HPLVVLRQ�LQYHQWRU\�HVWLPDWHV�RI�R]RQH�SUHFXUVRUV�E\�FRPSDULQJ�UDWLRV

RI�SUHFXUVRU�VSHFLHV�RU�VSHFLHV�JURXSV�LQ�WKH�LQYHQWRU\�ZLWK�FRUUHVSRQGLQJ�UDWLRV�LQ�WKH

DPELHQW�GDWD�

:KHQ�HYDOXDWLQJ�UHVXOWV�IURP�FRPSDULVRQV�RI�HPLVVLRQ�LQYHQWRU\�GDWD�DJDLQVW�DPELHQW�GDWD��LW

LV�LPSRUWDQW�WR�QRWH�WKDW�VXFK�FRPSDULVRQV�DUH�OLPLWHG�WR�UDWLRV�RI�VSHFLHV�VLQFH�WKH�HPLVVLRQV

HVWLPDWHV�FDQQRW�EH�FRQYHUWHG�GLUHFWO\�LQWR�FRQFHQWUDWLRQV�ZLWKRXW�WKH�DSSOLFDWLRQ�RI�D�VXLWDEOH

GLVSHUVLRQ�PRGHO���7KXV��LQ�WKH�DEVHQFH�RI�DGGLWLRQDO�LQIRUPDWLRQ��LW�LV�RQO\�SRVVLEOH�WR

GHWHUPLQH�LI�D�JLYHQ�VSHFLHV�LV�RYHU�RU�XQGHU�HVWLPDWHG�LQ�WKH�LQYHQWRU\�UHODWLYH�WR�DQRWKHU

VSHFLHV���2QH�PXVW�RI�FRXUVH�DOVR�EH�FDUHIXO�WR�FRQVLGHU�WKH�SRVVLEOH�LQIOXHQFH�RI�PHDVXUHPHQW

HUURUV�RQ�WKH�DPELHQW�GDWD�

)RU�DQ\�JLYHQ�UDWLR�RI�VSHFLHV��VXFK�DV�WKH�UDWLR�RI�QRQ�PHWKDQH�K\GURFDUERQV��10+&��WR

12[��WKHUH�DUH�VHYHUDO�UHDVRQV�ZK\�HPLVVLRQV�LQYHQWRU\�HVWLPDWHV�PD\�GLIIHU�IURP�DPELHQW

PHDVXUHPHQWV�

• 10+&�HPLVVLRQV�PD\�EH�RYHU��XQGHU��HVWLPDWHG�LQ�WKH�LQYHQWRU\�

• 12[�HPLVVLRQV�PD\�EH�XQGHU��RYHU��HVWLPDWHG�LQ�WKH�LQYHQWRU\�

• (PLVVLRQV�RI�10+&�RU�12[�PD\�QRW�EH�SURSHUO\�VSDWLDOO\�DOORFDWHG�DFURVV�GLIIHUHQW

VRXUFHV�RU�SURSHUO\�WHPSRUDOO\�DOORFDWHG�WR�GLIIHUHQW�WLPHV�RI�WKH�GD\�RU�PD\�QRW�UHSUHVHQW

DFWXDO�HPLVVLRQV�GXULQJ�WKH�DPELHQW�PRQLWRULQJ�SHULRG��GD\�VSHFLILF�HIIHFWV����10+&

HPLVVLRQ�PD\�QRW�KDYH�EHHQ�FRUUHFWO\�DVVLJQHG�WR�SURSHU�PL[WXUH�RI�LQGLYLGXDO�10+&

VSHFLHV�GXH�WR�XVH�RI�LQDSSURSULDWH�RU�LQFRUUHFW�10+&�VRXUFH�VSHFLDWLRQ�SURILOHV�

• $PELHQW�10+&�RU�12[�FRQFHQWUDWLRQV�PD\�EH�ORZHU�WKDQ�WKH\�ZRXOG�RWKHUZLVH�EH�GXH�WR

FKHPLFDO�UHDFWLRQV�EHWZHHQ�WLPH�RI�HPLVVLRQV�DQG�ZKHQ�PDWHULDO�LV�REVHUYHG�DW�WKH

PRQLWRULQJ�VLWH���7KH�UDWH�RI�UHDFWLRQ�ZLOO�LQ�JHQHUDO�EH�GLIIHUHQW�IRU�GLIIHUHQW�FKHPLFDO

VSHFLHV�

• $LU�SDUFHOV�VDPSOHG�DW�WKH�PRQLWRULQJ�VLWH�PD\�UHSUHVHQW�D�GLIIHUHQW�VRXUFH�PL[WXUH�WKDQ�LV

FRQWDLQHG�LQ�WKH�DUHD�ZLGH�DYHUDJH�HPLVVLRQ�LQYHQWRU\���7KLV�LV�SDUWLFXODUO\�LPSRUWDQW�IRU

12[�HPLVVLRQV�IURP�HOHYDWHG�VRXUFHV�VXFK�DV�SRZHU�SODQW�VPRNH�VWDFNV�VLQFH�WKH�H[WHQW�WR

ZKLFK�VPRNH�VWDFN�SOXPHV�PL[�WR�WKH�JURXQG�DW�WKH�PRQLWRULQJ�VLWH�LV�KLJKO\�YDULDEOH�

• (UURUV�PD\�RFFXU�LQ�WKH�DPELHQW�PHDVXUHPHQWV�GXH�WR�FRQFHQWUDWLRQV�EHORZ

LQVWUXPHQWDWLRQ�GHWHFWLRQ�OLPLWV��10+&�VSHFLHV�PLVLGHQWLILFDWLRQ��FDOLEUDWLRQ�HUURUV��HWF�
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3$06�GDWD�FROOHFWHG�LQ�WKH�PLG�$WODQWLF�UHJLRQ�KDYH�UHFHQWO\�EHHQ�YDOLGDWHG�DQG�VXPPDUL]HG

�0'(4��������0DLQ�HW�DO�������D�E����,Q�WKLV�VWXG\��ZH�FRPSDUH�DPELHQW�VSHFLDWHG�10+&

DQG�12[�GDWD�IURP�3$06�PRQLWRUV�LQ�:DVKLQJWRQ��'&�DQG�%DOWLPRUH��0'�ZLWK�HPLVVLRQ

LQYHQWRULHV�IRU�WKHVH�FLWLHV�FRPSLOHG�IRU�WKLV�VWXG\�E\�(�+��3HFKDQ����������,Q�DGGLWLRQ�WR

LQFOXGLQJ�ORFDO�SRLQW�DQG�DUHD�VRXUFH�GDWD��WKHVH�LQYHQWRULHV�KDYH�EHHQ�VSHFLILFDOO\�GHVLJQHG�WR

SURYLGH�WKH�EHVW�DYDLODEOH�HVWLPDWHV�RI�RQ�URDG�PRELOH�VRXUFH�HPLVVLRQV�E\�LQFRUSRUDWLQJ�ORFDO

LQIRUPDWLRQ�RQ�PRELOH�VRXUFH�DFWLYLW\�OHYHOV�DQG�IXHO�FKDUDFWHULVWLFV���$V�GHVFULEHG�LQ�6HFWLRQ

���PRELOH�VRXUFHV�UHSUHVHQW�D�PDMRU�FRPSRQHQW�RI�WKH�LQYHQWRULHV�DQG�SURSHU�FKDUDFWHUL]DWLRQ

RI�PRELOH�VRXUFH�HPLVVLRQV�LV�YLWDO�WR�WKH�GHYHORSPHQW�RI�HIIHFWLYH�DLU�TXDOLW\�FRQWURO

VWUDWHJLHV�
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$�QXPEHU�RI�VWXGLHV�VHHNLQJ�WR�UHFRQFLOH�HPLVVLRQ�LQYHQWRU\�HVWLPDWHV�ZLWK�DPELHQW

PRQLWRULQJ�GDWD�KDYH�EHHQ�FRQGXFWHG�LQ�UHFHQW�\HDUV���,Q�PDQ\�FDVHV��VLJQLILFDQW�GLVFUHSDQFLHV

EHWZHHQ�LQYHQWRU\�UDWLRV�DQG�FRUUHVSRQGLQJ�UDWLRV�LQ�WKH�DPELHQW�GDWD�KDYH�EHHQ�LGHQWLILHG���,W

VKRXOG�EH�QRWHG��KRZHYHU��WKDW�LW�LV�GLIILFXOW�WR�GUDZ�ILUP�FRQFOXVLRQV�IURP�VXFK�FRPSDULVRQV

JLYHQ�WKH�LQKHUHQWO\�GLIIHUHQW�QDWXUH�RI�LQYHQWRU\�HVWLPDWHV�DQG�DPELHQW�PRQLWRULQJ�GDWD���,Q

WKLV�VHFWLRQ�ZH�SUHVHQW�D�EULHI�VXPPDU\�RI�UHVXOWV�IURP�VHYHUDO�UHFHQW�VWXGLHV���:H�IRFXV�KHUH

RQO\�RQ�VXPPDUL]LQJ�NH\�UHVXOWV�DQG�WR�QRW�DWWHPSW�WR�SURYLGH�D�FULWLFDO�HYDOXDWLRQ�RI�WKH

PHWKRGV�DQG�GDWD�HPSOR\HG�LQ�HDFK�VWXG\�

1$5672�1RUWKHDVW�6WXG\

+DVWH�HW�DO���������FRPSDUHG�GDWD�IURP�VHYHUDO�3$06�VLWHV�LQ�WKH�1RUWKHDVW�XUEDQ�FRUULGRU

ZLWK�LQYHQWRU\�HVWLPDWHV�GHULYHG�IURP�WKH������2]RQH�7UDQVSRUW�$VVHVVPHQW�*URXS��27$*�

FRXQW\�OHYHO�LQYHQWRU\���(PLVVLRQV�JURZWK�IDFWRUV�ZHUH�DSSOLHG�WR�PDWFK�WKH�LQYHQWRU\�ZLWK

WKH������DPELHQW�GDWD���7KHVH�JURZWK�IDFWRUV�ZHUH�GHYHORSHG�E\�FRPSDULQJ�WKH������27$*

FRXQW\�LQYHQWRU\�ZLWK�WKH������27$*�PRGHOLQJ�HSLVRGH�LQYHQWRU\���6SDWLDO�JULGGLQJ

VXUURJDWHV�GHYHORSHG�E\�WKH�DXWKRUV�ZHUH�WKHQ�XVHG�WR�PDS�WKH������FRXQW\�OHYHO�HPLVVLRQV

RQWR�D������[������NP�DUHD�DURXQG�HDFK�3$06�VLWH���6LWHV�DQDO\]HG�LQ�WKLV�VWXG\�ZHUH�%URQ[�

1<��1HZ�<RUN�&LW\���/DNH�&OLIWRQ��0'��%DOWLPRUH��0'���DQG�/\QQ��0$��QHDU�%RVWRQ��

(3$·V�63(&,$7(�GDWDEDVH�ZDV�XVHG�WR�DVVLJQ�WKH�92&�HPLVVLRQV�IRU�HDFK�VRXUFH�FDWHJRU\�WR

LQGLYLGXDO�92&�VSHFLHV�RU�VSHFLHV�JURXSV���6XPPHU�DYHUDJH�WHPSHUDWXUHV�ZHUH�DVVXPHG�LQ�WKH

LQYHQWRU\�GHYHORSPHQW�DQG�WKH�LQYHQWRU\�ZDV�GHVLJQHG�WR�EH�UHSUHVHQWDWLYH�RI�ZHHNGD\V�RQO\

�QRW�ZHHNHQGV����5HVXOWV�ZHUH�VXPPDUL]HG�IRU�RQ�URDG�PRELOH�VRXUFHV��DUHD�VRXUFHV��ZKLFK

LQFOXGHG�RII�URDG�DQG�IXHO�GLVWULEXWLRQ�VRXUFHV��DQG�SRLQW�VRXUFHV���%LRJHQLF�VRXUFHV�ZHUH�QRW

LQFOXGHG�LQ�WKH�LQYHQWRU\�

(PLVVLRQ�UDWLRV�LQ�WKH�LQYHQWRU\�ZHUH�FRPSDUHG�ZLWK�KRXUO\�GDWD�IURP�WKH�3$06�PRQLWRUV�IRU

WKH�HDUO\�PRUQLQJ��������DP��SHULRG�ZKHQ�IUHVK�HPLVVLRQV�DUH�SOHQWLIXO��PL[LQJ�LV�OLPLWHG��DQG

DWPRVSKHULF�UHDFWLYLW\�KDV�QRW�VLJQLILFDQWO\�PRGLILHG�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH

HPLVVLRQV���5HVXOWV�RI�WKHVH�FRPSDULVRQV�LQGLFDWHG�WKDW�

• 710+&�12[�DPELHQW�UDWLRV�ZHUH�����WR�����WLPHV�KLJKHU�WKDQ�FRUUHVSRQGLQJ�HPLVVLRQ

UDWLRV�

• $PELHQW�10+&�FRPSRVLWLRQ�ZDV�VLPLODU�WR�WKH�FRPSRVLWH�FRPSRVLWLRQ�RI�WKH�PRELOH�DQG

DUHD�VRXUFH�FDWHJRULHV�LQ�WKH�LQYHQWRU\

)URP�WKHVH�UHVXOWV��WKH�DXWKRUV�FRQFOXGHG�WKDW�LI�WKH�12[�HPLVVLRQV�HVWLPDWHV�DUH�DVVXPHG�WR

EH�DFFXUDWH��WKHQ�10+&�HPLVVLRQV�IURP�PRELOH�DQG�DUHD�VRXUFHV�LQ�WKH�LQYHQWRU\�DUH

XQGHUHVWLPDWHG���7KH�DXWKRUV�DOVR�QRWHG�WKDW�WKH�DPELHQW�10+&�FRPSRVLWLRQ�VKRZV�UHODWLYHO\

JUHDWHU�DPRXQWV�RI�DFHW\OHQH�DQG�RWKHU�OLJKW�K\GURFDUERQV�DW�WKH�%URQ[�DQG�/DNH�&OLIWRQ�VLWHV

WKDQ�ZHUH�VHHQ�LQ�PHDVXUHPHQWV�FROOHFWHG�LQ�KLJKZD\�WXQQHOV�FROOHFWHG�DV�SDUW�RI�WKH

&RRUGLQDWLQJ�5HVHDUFK�&RXQFLO·V�WXQQHO�VWXGLHV��*HUWOHU�HW�DO���������
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/$'&2�$QDO\VHV

$�VHULHV�RI�LQYHQWRU\�UHFRQFLOLDWLRQ�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�E\�WKH�/DNH�0LFKLJDQ�$LU

'LUHFWRUV�&RQVRUWLXP��/$'&2��������IRU�3$06�VLWHV�LQ�WKH�/DNH�0LFKLJDQ�UHJLRQ��WKH

%URQ[��1<�3$06�VLWH�DQG�WKH�0F0LOODQ�5HVHUYRLU�3$06�VLWH�LQ�:DVKLQJWRQ��'&���)RU�WKH

/DNH�0LFKLJDQ�3$06�VLWHV��-DUGLQH�&KLFDJR��,,75,�*DU\��,1��8:0�1RUWK�0LOZDXNHH�DQG

1RUWKEURRN��,/���DPELHQW�GDWD�ZHUH�FRPSDUHG�ZLWK�WKH������0LGZHVW�VXEUHJLRQDO�PRGHOLQJ

LQYHQWRU\��/$'&2����������7KLV�LQYHQWRU\�LV�EDVHG�RQ�WKH������27$*�PRGHOLQJ�LQYHQWRU\

ZLWK�H[WHQVLYH�DGMXVWPHQWV�WR�PRUH�DFFXUDWHO\�UHIOHFW�ORFDO�FRQGLWLRQV���7KH������27$*

LQYHQWRU\�ZDV�XVHG�GLUHFWO\�IRU�FRPSDULVRQV�DW�WKH�%URQ[�DQG�0F0LOODQ�VLWHV���(3$·V

63(&,$7(�GDWDEDVH�ZDV�XVHG�WR�GHULYH�WKH�92&�VSHFLDWLRQ��3URILOHV�����������ZHUH�XVHG�IRU

PRWRU�YHKLFOHV�²�WKHVH�DUH�WKH�VDPH�SURILOHV�XVHG�LQ�WKH�1$5672�1RUWKHDVW�DQDO\VLV�GHVFULEHG

DERYH���6HSDUDWH�HPLVVLRQ�YDOXHV�UHSUHVHQWDWLYH�RI�DQ�DYHUDJH�VXPPHU�ZHHNGD\��6DWXUGD\��DQG

6XQGD\�ZHUH�GHYHORSHG���0RWRU�YHKLFOH�HPLVVLRQV�ZHUH�SUHSDUHG�IRU�VSHFLILF�SKRWRFKHPLFDO

PRGHOLQJ�GD\V�ZKLFK�ZHUH�PDWFKHG�WR�WKH�PRQLWRULQJ�GDWD�GD\V�EDVHG�RQ�DPELHQW�WHPSHUDWXUH�

%LRJHQLF�HPLVVLRQV�ZHUH�QRW�LQFOXGHG�LQ�WKH�DQDO\VLV���,QYHQWRU\�HVWLPDWHV�ZHUH�GLVDJJUHJDWHG

WR�D��NP�JULG���7R�REWDLQ�HPLVVLRQV�WKDW�UHIOHFW�WKH�H[SRVXUH�RI�WKH�DPELHQW�PRQLWRU�

HPLVVLRQV�ZHUH�H[WUDFWHG�IRU�D���FHOO�E\���FHOO�ER[�DSSUR[LPDWHO\�FHQWHUHG�RQ�WKH�PRQLWRU

ORFDWLRQ���)RU�HDFK�KRXU��DPELHQW�GDWD�ZHUH�FRPSDUHG�ZLWK�HPLVVLRQV�IURP�WKH��[��FHOO

TXDGUDQW�O\LQJ�XSZLQG�RI�WKH�VLWH�GXULQJ�WKH�KRXU�

$PELHQW�GDWD�IRU�-XQH�²�$XJXVW�RI�������������DQG������ZHUH�XVHG�LQ�WKH�FRPSDULVRQV���,Q

WKLV�VWXG\��´710+&µ�ZDV�GHILQHG�DV�WKH�VXP�RI�WKH����3$06�WDUJHW�VSHFLHV�²�RWKHU

LGHQWLILHG�VSHFLHV�DQG�DQ\�XQLGHQWLILHG�YDOXHV�ZHUH�QRW�XVHG���,Q�WKH�LQYHQWRULHV��WKHVH���

VSHFLHV�DFFRXQWHG�IRU�����RI�WRWDO�92&V��PROHV�&�EDVLV����&RPSDULVRQV�ZLWK�WKH�LQYHQWRULHV

ZHUH�EDVHG�RQ�WKH�����DP�WLPH�SHULRG���6HSDUDWH�FRPSDULVRQV�ZHUH�SHUIRUPHG�IRU�ZHHNGD\V�

6DWXUGD\V��DQG�6XQGD\V�

$W�WKH�/DNH�0LFKLJDQ�DUHD�3$06�VLWHV��DYHUDJH�DPELHQW�10+&�12[�UDWLRV�UDQJHG�IURP

����²�����ZLWK�VRPHZKDW�ORZHU�YDOXHV�REVHUYHG�DW�WKH�-DUGLQH�DQG�*DU\�VLWHV���&RUUHVSRQGLQJ

92&�12[�UDWLRV�LQ�WKH�HPLVVLRQV�LQYHQWRULHV�UDQJHG�IURP�����WR�����DW�DOO�VLWHV�H[FHSW

1RUWKEURRN��,/�ZKHUH�YDOXHV�ZHUH�ORZHU���,Q�FRQWUDVW�WR�WKH�RWKHU�VLWHV�LQFOXGHG�LQ�WKLV�VWXG\

ZKLFK�DUH�DOO�ORFDWHG�ZLWKLQ�DUHDV�RI�PD[LPXP�SUHFXUVRU�HPLVVLRQV��VR�FDOOHG�´W\SH��µ�VLWHV��

1RUWKEURRN�LV�D�´W\SH��µ�VLWH�ORFDWHG�LQ�D�VXEXUE�GRZQZLQG�RI�&KLFDJR�LQ�DQ�DUHD�RI�KLJKHU

R]RQH�FRQFHQWUDWLRQV���:KLOH�WKH�VLWH�LV�WKHUHIRUH�H[SRVHG�WR�HPLVVLRQV�IURP�WKH�GRZQWRZQ

DUHD�WKDW�KDYH�´DJHGµ�SKRWRFKHPLFDOO\�SULRU�WR�UHDFKLQJ�WKH�VLWH��LW�LV�DOVR�OLNHO\�WR�EH�H[SRVHG

WR�IUHVK�PRWRU�YHKLFOH�HPLVVLRQV�VLPLODU�WR�WKH�W\SH���VLWHV���2YHUDOO��WKH�DXWKRUV·�VXPPDU\�RI

WKH�FRPSDULVRQV�LQGLFDWHG�WKDW�WKH�HPLVVLRQV�DQG�DPELHQW�10+&�12[�UDWLRV�DJUHHG�WR�ZLWKLQ

±�������7KH�DXWKRUV�IXUWKHU�FRQFOXGHG�WKDW�DPELHQW�10+&�DQG�HPLVVLRQV�92&�FRPSRVLWLRQV

ZHUH�LQ�UHDVRQDEO\�JRRG�DJUHHPHQW�ZLWK�D�IHZ�QRWDEOH�H[FHSWLRQV�

5HVXOWV�IRU�WKH�0F0LOODQ�PRQLWRULQJ�VLWH�DUH�DYDLODEOH�RQ�/$'&2·V�ZHE�VLWH

�ZZZ�ODGFR�RUJ��EXW�ZHUH�QRW�LQFOXGHG�LQ�/$'&2·V�GUDIW�UHSRUW���$�UHYLHZ�RI�WKHVH�UHVXOWV

LQGLFDWHG�DQ�DYHUDJH�LQYHQWRU\�10+&�12[�UDWLR�RI�DSSUR[LPDWHO\������ZLWK�HOHYDWHG�SRLQW

VRXUFHV�LQFOXGHG�DQG�EHWZHHQ�����DQG�����ZLWK�HOHYDWHG�SRLQW�VRXUFHV�H[FOXGHG���7KH�YDOXH

ZKHQ�SRLQW�VRXUFHV�ZHUH�LQFOXGHG�������FRLQFLGHG�ZHOO�ZLWK�WKH�PRGH��PRVW�SUREDEOH�YDOXH��RI

WKH�GLVWULEXWLRQ�RI�DPELHQW�10+&�12[�UDWLRV���$V�LV�FRPPRQ�LQ�DPELHQW�GDWD��KRZHYHU��WKH

GLVWULEXWLRQ�RI�DPELHQW�10+&�12[�UDWLRV�LV�KHDYLO\�VNHZHG�WR�WKH�ULJKW���7KLV�DV\PPHWU\�LQ
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WKH�GLVWULEXWLRQ�PHDQV�WKDW�WKH�DYHUDJH�UDWLR�LV�ODUJHU�WKDQ�WKH�PRGH���8QIRUWXQDWHO\��/$'&2

GRHV�QRW�UHSRUW�VXPPDU\�VWDWLVWLFV�IRU�WKH�GLVWULEXWLRQ���5HSRUWHG�10+&�12[�UDWLRV�UDQJHG

IURP�����WR�������7KH�GLVWULEXWLRQ�RI�LQYHQWRU\�UDWLRV�LV�PRUH�QHDUO\�V\PPHWULFDO�DQG�KDV�D

PXFK�QDUURZHU�UDQJH��������WR������DV�ZH�ZRXOG�H[SHFW���$V�D�UHVXOW�RI�WKH�ZLGH�UDQJH�RI

DPELHQW�UDWLRV��WKH�UDWLR�RI�DPELHQW�10+&�12[�WR�LQYHQWRU\�10+&�12[�UDWLRV��UDWLR�RI

UDWLRV��DW�0F0LOODQ�YDULHV�EHWZHHQ�DERXW������DQG��������([DPLQDWLRQ�RI�WKH�KLVWRJUDP�RI

UDWLRV�RI�UDWLRV�SURGXFHG�E\�/$'&2·V�VRIWZDUH��)LJXUH������LQGLFDWHV�WKDW�WKH�PHGLDQ�UDWLR�RI

UDWLRV�DW�WKLV�VLWH�LV�LQ�WKH�QHLJKERUKRRG�RI�����ZKLOH�WKH�DYHUDJH�UDWLR�LV�VOLJKWO\�ODUJHU���,Q

RWKHU�ZRUGV��RYHUDOO�WKH�LQYHQWRU\�10+&�12[�UDWLRV�DJUHH�UHDVRQDEO\�ZHOO�ZLWK�WKH�DPELHQW

10+&�12[�UDWLRV�ZKHQ�SRLQW�VRXUFHV�DUH�QRW�LQFOXGHG�LQ�WKH�LQYHQWRU\�

/$'&2·V�FRPSDULVRQ�RI�WKH�UHODWLYH�DEXQGDQFHV�RI�LQGLYLGXDO�10+&V�LQ�WKH�LQYHQWRU\�ZLWK

UHODWLYH�DEXQGDQFHV�LQ�WKH�DPELHQW�GDWD�DW�0F0LOODQ��)LJXUH������LQGLFDWHG�WKDW�WROXHQH��Q�

EXWDQH��DQG�[\OHQHV�SOXV�VHYHUDO�RWKHU�VSHFLHV�DUH�RYHU�UHSUHVHQWHG�LQ�WKH�LQYHQWRU\�UHODWLYH�WR

WKH�DPELHQW�GDWD�ZKLOH�VHYHUDO�RWKHU�VSHFLHV�LQFOXGLQJ�OLJKW�K\GURFDUERQV�VXFK�DV�LVRSHQWDQH�

HWKDQH��DQG�SURSDQH�DUH�XQGHU�UHSUHVHQWHG�LQ�WKH�LQYHQWRU\�UHODWLYH�WR�WKH�DPELHQW�GDWD���7KHVH

UHVXOWV�DUH�YHU\�VLPLODU�WR�WKRVH�REWDLQHG�DW�WKH�/DNH�0LFKLJDQ�DUHD�PRQLWRULQJ�VLWHV�

5HFRQFLOLDWLRQ�RI�WKH�7H[DV�&2$67�(PLVVLRQ�,QYHQWRU\

.RUF�HW�DO���������FRPSDUHG�VSHFLHV�UDWLRV�LQ�WKH�6RXWKHDVW�7H[DV�&2$67�HPLVVLRQ�LQYHQWRU\

DVVHPEOHG�E\�WKH�7H[DV�1DWXUDO�5HVRXUFH�&RQVHUYDWLRQ�&RPPLVVLRQ��715&&����7KLV�LV�DQ

DYHUDJH�ZHHNGD\�LQYHQWRU\�UHSUHVHQWLQJ�$XJXVW�²�6HSWHPEHU�������ZLWK��[��NP�VSDWLDO

UHVROXWLRQ���7KH�LQYHQWRU\�ZDV�JHQHUDWHG�XVLQJ�YHUVLRQ�����RI�WKH�(PLVVLRQV�3URFHVVLQJ

6\VWHP��(36������ZLWK�VSHFLDWLRQ�IDFWRUV�VXSSOLHG�E\�WKH�715&&���(PLVVLRQV�ZHUH

VXPPDUL]HG�E\�RQ�URDG�PRELOH��DUHD��LQFOXGLQJ�QRQ�URDG�VRXUFHV���SRLQW�VRXUFHV��DQG

ELRJHQLFV�

,QYHQWRU\�QXPEHUV�ZHUH�FRPSDUHG�ZLWK������DPELHQW�GDWD�IURP�WKH�&OLQWRQ�'U��DQG�*DOOHULD

3$06�PRQLWRULQJ�VLWHV��&RPSDULVRQV�ZHUH�SHUIRUPHG�IRU�D���[���NP�DUHD�DURXQG�HDFK

PRQLWRULQJ�VLWH���(PLVVLRQ�LQYHQWRU\�HVWLPDWHV�LQGLFDWH�WKDW�WKH�*DOOHULD�VLWH�LV�PRUH�KHDYLO\

LQIOXHQFHG�E\�PRELOH�VRXUFHV�WKDQ�WKH�&OLQWRQ�VLWH��RQ�URDG�PRELOH�VRXUFHV�DFFRXQWHG�IRU����

RI�92&V�DQG�����RI�12[�HPLVVLRQV�DW�*DOOHULD�DV�FRPSDUHG�WR�����RI�92&�DQG�����RI

12[�DW�&OLQWRQ���7KLV�GLIIHUHQFH�LQ�VRXUFH�LPSDFWV�DW�WKHVH�WZR�VLWHV�LV�FRQVLVWHQW�ZLWK

DQDO\VHV�RI�WKH�DPELHQW�GDWD��6WRHFNHQLXV�HW�DO���������

5HVXOWV�RI�WKH�HPLVVLRQV�DPELHQW�GDWD�FRPSDULVRQV�LQGLFDWHG�WKDW

• $PELHQW�710+&�12[�UDWLRV�ZHUH�WZR�WR�VL[�WLPHV�KLJKHU�WKDQ�HPLVVLRQV�UDWLRV�DW

*DOOHULD������WR���WLPHV�KLJKHU�DW�&OLQWRQ��

• 2YHUDOO��FRPSRVLWLRQ�RI�10+&�LQ�WKH�DPELHQW�GDWD�ZDV�VLPLODU�WR�WKDW�RI�WKH�FRPSRVLWH

PRELOH�DQG�DUHD�VRXUFH�HPLVVLRQV�LQYHQWRU\���+RZHYHU��WKH�DPELHQW�GDWD�VKRZHG�UHODWLYHO\

JUHDWHU�DPRXQWV�RI�VHYHUDO�PRELOH�VRXUFH�UHODWHG�VSHFLHV��PRVW�QRWDEO\�DFHW\OHQH��WKDQ

ZHUH�FRQWDLQHG�LQ�WKH�HPLVVLRQ�LQYHQWRU\�

%DVHG�RQ�WKHVH�UHVXOWV��WKH�DXWKRUV�FRQFOXGHG�WKDW�LI�12[�HPLVVLRQ�HVWLPDWHV�DUH�DFFXUDWH��WKHQ

HPLVVLRQV�RI�10+&�DUH�XQGHUHVWLPDWHG�
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6&$46�,QYHQWRU\�5HFRQFLOLDWLRQ�$QDO\VLV

)XMLWD�HW�DO���������FRPSDUHG�DPELHQW�GDWD�FROOHFWHG�GXULQJ�WKH������6&$46�ILHOG�VWXG\�LQ

6RXWKHUQ�&DOLIRUQLD�ZLWK�D�GD\�VSHFLILF����NP�JULGGHG��VSHFLDWHG�HPLVVLRQV�LQYHQWRU\�SUHSDUHG

E\�WKH�&DOLIRUQLD�$LU�5HVRXUFHV�%RDUG���7KLV�LQYHQWRU\�ZDV�GHYHORSHG�LQ�SDUW�XVLQJ�WKH

(0)$&�(�PRELOH�VRXUFH�HPLVVLRQ�IDFWRU�PRGHO���&RPSDULVRQV�ZHUH�EDVHG�RQ�WKH�HDUO\

PRUQLQJ����²���DP��SHULRG���$PELHQW�&2�12[�UDWLRV�ZHUH�IRXQG�WR�EH�����WR�����WLPHV

JUHDWHU�WKDQ�WKH�FRUUHVSRQGLQJ�HPLVVLRQV�UDWLR�ZKLOH�DPELHQW�102*�12[�UDWLRV�ZHUH�����WR

����WLPHV�WKH�FRUUHVSRQGLQJ�HPLVVLRQV�UDWLR���7KHVH�UHVXOWV�OHDG�WKH�DXWKRUV�WR�FRQFOXGH�WKDW��LI

WKH�12[�HPLVVLRQ�HVWLPDWHV�DUH�UHDVRQDEO\�DFFXUDWH��WKHQ�LQYHQWRU\�HVWLPDWHV�RI�&2�DQG

102*�DUH�VLJQLILFDQWO\�XQGHUHVWLPDWHG���6LQFH�WKLV�VWXG\�ZDV�FRQGXFWHG�LQ�&DOLIRUQLD��PRELOH

VRXUFH�HPLVVLRQV�ZHUH�GHYHORSHG�XVLQJ�WKH�(0)$&�HPLVVLRQ�IDFWRU�PRGHO�ZKLFK�DWWHPSWV�WR

PRGHO�&DOLIRUQLD�YHKLFOH�FKDUDFWHULVWLFV�DQG�\LHOGV�GLIIHUHQW�HVWLPDWHV�WKDQ�WKH�02%,/(�PRGHO

XVHG�HOVHZKHUH�

7XQQHO�6WXGLHV

$LU�VDPSOHV�FROOHFWHG�LQ�KLJKZD\�WXQQHOV�SURYLGH�D�JRRG�UHSUHVHQWDWLRQ�RI�WKH�FRPSRVLWLRQ�RI

´UHDO�ZRUOGµ�HPLVVLRQV�IRU�WKH�YHKLFOH�IOHHW�DQG�GULYLQJ�FKDUDFWHULVWLFV�ZLWKLQ�WKH�WXQQHO�DQG

DUH�WKXV�XVHIXO�IRU�FRPSXWLQJ�YHKLFOH�HPLVVLRQ�IDFWRUV�IRU�FRPSDULVRQ�ZLWK�PRELOH�VRXUFH

HPLVVLRQ�IDFWRU�PRGHOV�DQG�IRU�FRQVWUXFWLQJ�YHKLFOH�10+&�VSHFLDWLRQ�SURILOHV���$LU�VDPSOHV

FROOHFWHG�LQ�ILYH�KLJKZD\�WXQQHOV��*HUWOHU�HW�DO���������KDYH�EHHQ�DQDO\]HG�WR�EHWWHU�XQGHUVWDQG

PRELOH�VRXUFH�HPLVVLRQV���)RU�WXQQHOV�RXWVLGH�RI�&DOLIRUQLD��ZKHUH�D�GLIIHUHQW�HPLVVLRQ�IDFWRU

PRGHO�LV�XVHG���FRPSDULVRQV�RI�REVHUYHG�&2��10+&��DQG�12[�LQ�WXQQHOV�ZLWK�HPLVVLRQV

SUHGLFWHG�XVLQJ�WKH�02%,/(�HPLVVLRQ�IDFWRU�PRGHO�KDV�\LHOGHG�PL[HG�UHVXOWV���7KLV�LV�PRVW

OLNHO\�GXH�WR�GLIIHUHQFHV�EHWZHHQ�WXQQHOV�LQ�IOHHW�PL[��IXHO�FKDUDFWHULVWLFV��URDG�JUDGH��DQG

GULYLQJ��VSHHG�DFFHOHUDWLRQ��SDWWHUQV���)RU�WKH�)W��0F+HQU\��%DOWLPRUH��DQG�7XVFDURUD��3$

WXQQHOV��02%,/(��XQGHUSUHGLFWHG�WKH�10+&�12[�UDWLR�IRU�OLJKW�GXW\�YHKLFOHV�E\

DSSUR[LPDWHO\�����DOWKRXJK�RYHUDOO�WKH�REVHUYHG�J�PL�HPLVVLRQ�IDFWRUV�ZHUH�ZLWKLQ��������

RQ�DYHUDJH�RI�WKH�02%,/(��SUHGLFWLRQV���0HDVXUHPHQWV�LQ�WKH�'HFN�3DUN��3KRHQL[��$=��

/LQFROQ��1HZ�<RUN�&LW\���DQG�&DOODKDQ��%RVWRQ��WXQQHOV�VXJJHVWHG�WKDW�02%,/(�

RYHUSUHGLFWV�HPLVVLRQV�RI�12[��&2��DQG�10+&��H[FHSW�IRU�10+&�LQ�WKH�/LQFROQ�7XQQHO��

10+&�12[�UDWLRV�ZHUH�XQGHUSUHGLFWHG�E\�02%,/(��LQ�WKH�'HFN�3DUN�WXQQHO�EXW�REVHUYHG

DQG�SUHGLFWHG�10+&�12[�UDWLRV�ZHUH�LQ�JRRG�DJUHHPHQW�LQ�WKH�/LQFROQ�DQG�&DOODKDQ

WXQQHOV���*LYHQ�WKH�GLIIHUHQW�FKDUDFWHULVWLFV�RI�WKH�WXQQHOV�VWXGLHG��LW�LV�GLIILFXOW�WR�GUDZ�ILUP

FRQFOXVLRQV�DERXW�WKH�RYHUDOO�DFFXUDF\�RI�XUEDQ�DUHD�ZLGH�PRELOH�VRXUFH�LQYHQWRULHV�GHULYHG

RQ�WKH�EDVLV�RI�02%,/(����,W�LV�LQWHUHVWLQJ�WR�QRWH�KRZHYHU��WKDW�VHYHUDO�RI�WKH�H[SHULPHQWV

UHYHDOHG�RYHUSUHGLFWLRQ�RI�12; HPLVVLRQV��VXJJHVWLQJ�WKDW�LW�LV�QRW�UHDVRQDEOH�WR�VLPSO\

DVVXPH�WKDW�PRELOH�VRXUFH�12; HPLVVLRQ�HVWLPDWHV�DUH�DFFXUDWH�

6XPPDU\�RI�3UHYLRXV�6WXGLHV

5HVXOWV�RI�SUHYLRXV�VWXGLHV�VXPPDUL]HG�DERYH�UHSUHVHQW�D�GLYHUVH�PL[WXUH�RI�FRPSDULVRQ

PHWKRGRORJLHV�DQG�HPLVVLRQV�PRGHOLQJ�SURFHGXUHV���,W�LV�WKHUHIRUH�SHUKDSV�QRW�VXUSULVLQJ�WKDW

D�PL[HG�VHW�RI�UHVXOWV�KDV�EHHQ�REWDLQHG���:KHUHDV�WKH�WZR�HDUOLHU�VWXGLHV��)XMLWD�HW�DO�������

DQG�.RUF�HW�DO���������IRXQG�ODUJH�XQGHU�SUHGLFWLRQ�RI�REVHUYHG�710+&�12[�UDWLRV�DV�GLG
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WKH�PRUH�UHFHQW�VWXG\�E\�+DVWH�HW�DO����������WKH�/$'&2��������DQDO\VLV�VXJJHVWHG�D�PXFK

EHWWHU�DJUHHPHQW�RQ�DYHUDJH�RI�SUHGLFWLRQV�ZLWK�REVHUYDWLRQV���:KLOH�WKH�SDWWHUQ�RI�10+&

VSHFLHV�DEXQGDQFHV�LQ�DPELHQW�VDPSOHV�H[DPLQHG�LQ�WKHVH�VWXGLHV�PDWFKHG�WKH�PRELOH�VRXUFH

HPLVVLRQV�SURILOH�UHDVRQDEO\�ZHOO��OLJKW�K\GURFDUERQV�ZHUH�IRXQG�WR�EH�PRUH�DEXQGDQW�LQ�WKH

3$06�GDWD�WKDQ�LQ�WKH�HPLVVLRQ�LQYHQWRULHV���7KLV�LV�FRQVLVWHQW�ZLWK�10+&�REVHUYDWLRQV

IURP�WKH�WXQQHO�VWXGLHV�GHVFULEHG�E\�*HUWOHU�HW�DO���������ZKLFK�VKRZHG�IHZHU�DPRXQWV�RI�WKH

OLJKW�K\GURFDUERQV�WKDQ�ZHUH�VHHQ�LQ�WKH�3$06�PRQLWRULQJ�GDWD�
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)LJXUH�������+LVWRJUDP�RI�UDWLR�RI�PRQLWRUHG�710+&�12; WR�LQYHQWRU\�710+&�12; IURP

/$'&2�DQDO\VLV�RI�0F0LOODQ�5HVHUYRLU��:DVKLQJWRQ�'&��3$06�VLWH���VRXUFH�

ZZZ�ODGFR�RUJ�
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)LJXUH�������,QGLYLGXDO�VSHFLHV�710+&�ZHLJKW�SHUFHQW�LQ�DPELHQW�GDWD��OLQH��YV��HPLVVLRQ

LQYHQWRU\��EDUV��DW�0F0LOODQ�5HVHUYRLU�3$06�VLWH�IURP�/$'&2�DQDO\VLV��VRXUFH�

ZZZ�ODGFR�RUJ��
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����(0,66,216�'$7$

,1752'8&7,21

(PLVVLRQ�LQYHQWRULHV�IRU�WKH�%DOWLPRUH�DQG�:DVKLQJWRQ�DUHDV�ZHUH�SURYLGHG�IRU�XVH�LQ�WKLV

VWXG\�E\�(�+��3HFKDQ�	�$VVRFLDWHV���0RELOH�DQG�VWDWLRQDU\�VRXUFH�HPLVVLRQV�LQ�WKHVH

LQYHQWRULHV�ZHUH�GHYHORSHG�XVLQJ�GDWD�VRXUFHV�DQG�WHFKQLTXHV�GHVFULEHG�E\�(�+��3HFKDQ�

�������DQG�VXPPDUL]HG�LQ�$SSHQGL[�$���,QYHQWRULHV�ZHUH�VSDWLDOO\�UHVROYHG�WR�D���NP�[���NP

JULG�ZLWK�D���[���FHOO�DUHD�FHQWHUHG�RQ�WKH�0F0LOODQ�PRQLWRU�LQ�:DVKLQJWRQ�DQG�D���[���FHOO

DUHD�FHQWHUHG�RQ�WKH�(VVH[�PRQLWRU�LQ�%DOWLPRUH���(OHYDWHG�SRLQW�VRXUFHV�ZLWKLQ����NP�RI�WKH

PRQLWRULQJ�VLWHV�ZHUH�LQFOXGHG�LQ�WKH�LQYHQWRU\���'LXUQDO�DFWLYLW\�SURILOHV�ZHUH�XVHG�WR

WHPSRUDOO\�GLVDJJUHJDWH�WKH�HPLVVLRQ�E\�KRXU�RI�GD\���0HDQ�GDLO\�PD[LPXP�DQG�PLQLPXP

WHPSHUDWXUHV�IRU�-XQH�$XJXVW������LQ�%DOWLPRUH�DQG�:DVKLQJWRQ�ZHUH�REWDLQHG�IURP�WKH

1DWLRQDO�:HDWKHU�6HUYLFH�6XPPDU\�RI�WKH�'D\�DUFKLYH�DW�WKH�1DWLRQDO�&OLPDWLF�'DWD�&HQWHU�

(3$·V�63(&,$7(�GDWDEDVH�ZDV�XVHG�WR�GLVWULEXWH�92&�HPLVVLRQV�RYHU�LQGLYLGXDO�VSHFLHV�

7KH�UHVXOWLQJ��JULGGHG��KRXUO\��VSHFLDWHG�LQYHQWRU\�LV�GHVLJQHG�WR�EH�UHSUHVHQWDWLYH�RI�W\SLFDO

VXPPHU�ZHHNGD\�FRQGLWLRQV��FRPSDULVRQV�ZLWK�DPELHQW�GDWD�ZHUH�SHUIRUPHG�IRU�ZHHNGD\V

RQO\����(PLVVLRQ�UDWHV�ZHUH�SURYLGHG�E\�(�+��3HFKDQ�LQ�PROHV�KRXU�IRU�HDFK�VSHFLHV��12[

H[SUHVVHG�DV�12�����(PLVVLRQV�IRU�92&V�ZHUH�FRQYHUWHG�WR�PROHV�FDUERQ��PROH&��IRU

FRPSDULVRQ�ZLWK�WKH�DPELHQW�GDWD�ZKLFK�LV�H[SUHVVHG�LQ�XQLWV�RI�SDUWV�SHU�ELOOLRQ�FDUERQ

�SSE&��

6LQFH�WKH�DXWR�*&�LQVWUXPHQWV�XVHG�DW�WKH�3$06�PRQLWRUV�DUH�QRW�GHVLJQHG�WR�GHWHFW�DOO�RI�WKH

RUJDQLF�FRPSRXQGV�LQFOXGHG�LQ�WKH�HPLVVLRQ�LQYHQWRULHV��HPLVVLRQV�RI�WKH�QRQ�GHWHFWDEOH

VSHFLHV�ZHUH�QRW�LQFOXGHG�LQ�WKH�FRPSDULVRQ���'HWHFWDEOH�VSHFLHV�LQFOXGH�&��WKURXJK�&��

DONDQHV��DONHQHV��DON\QHV��DQG�DURPDWLF�K\GURFDUERQV���8QGHFDQH��D�&���VSHFLHV��ZDV�DOVR

GHWHFWHG�E\�WKH�DXWR�*&V���,QYHQWRU\�VSHFLHV�QRW�LQFOXGHG�LQ�RQH�RI�WKHVH�JURXSV�ZHUH

UHPRYHG�IURP�WKH�LQYHQWRU\�SULRU�WR�PDNLQJ�FRPSDULVRQV�ZLWK�WKH�DPELHQW�GDWD���)RU�WKH

:DVKLQJWRQ��'�&��LQYHQWRU\��GHWHFWDEOH�92&V�FRPSULVHG�����RI�WRWDO�UHSRUWHG�GDLO\�92&

HPLVVLRQV��IRU�WKH�%DOWLPRUH�LQYHQWRU\��GHWHFWDEOH�92&V�FRPSULVHG�����RI�WRWDO�UHSRUWHG

GDLO\�92&�HPLVVLRQV���,Q�ERWK�ORFDWLRQV��WKH�IUDFWLRQ�RI�GHWHFWDEOH�92&V�YDULHG�E\�RQO\�±���
IURP�RQH�KRXU�WR�WKH�QH[W�

(PLVVLRQV�ZHUH�VXPPDUL]HG�E\�QLQH�VRXUFH�FDWHJRULHV�LQ�NHHSLQJ�ZLWK�WKH�HPSKDVLV�RQ

XQGHUVWDQGLQJ�WKH�FRQWULEXWLRQV�RI�JDV�DQG�GLHVHO�SRZHUHG�PRELOH�VRXUFHV�

�� 2Q�URDG�JDVROLQH�SRZHUHG�PRELOH�VRXUFHV��09*$6�

�� 2Q�URDG�GLHVHO�SRZHUHG�PRELOH�VRXUFHV��09'6/�

�� 1RQ�URDG�JDVROLQH�SRZHUHG�PRELOH�VRXUFHV��15*$6�

�� 1RQ�URDG�GLHVHO�SRZHUHG�PRELOH�VRXUFHV��15'6/�

�� %8/.�IXHO�GLVWULEXWLRQ�IDFLOLWLHV��%8/.�
�� 6HUYLFH�VWDWLRQV��65967�
�� 2WKHU�DUHD�VRXUFHV��$527+�
�� /RZ�OHYHO�SRLQW�VRXUFHV��37/2:�

�� (OHYDWHG�SRLQW�VRXUFHV��37(/(�
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:KLOH�ELRJHQLFV�DUH�DQ�LPSRUWDQW�VRXUFH�RI�UHDFWLYH�92&�HPLVVLRQV�LQ�PDQ\�VXEXUEDQ�DQG

UXUDO�ORFDWLRQV��WKHLU�FRQWULEXWLRQ�WR�92&V�DW�7\SH���3$06�VLWHV��ZKLFK�DUH�ORFDWHG�LQ�WKH

KHDUW�RI�PDMRU�XUEDQ�FHQWHUV��LV�OHVV�VLJQLILFDQW���7KLV�LV�SDUWLFXODUO\�WUXH�GXULQJ�WKH�HDUO\

PRUQLQJ�KRXUV�EHIRUH�DQ\�VLJQLILFDQW�SKRWRV\QWKHVLV�FDQ�RFFXU���)XUWKHUPRUH��QR�VLJQLILFDQW

WUDQVSRUW�RI�ELRJHQLF�92&V�IURP�XSZLQG�DUHDV�LV�OLNHO\�WR�LQIOXHQFH�WKH�DPELHQW�PHDVXUHPHQWV

JLYHQ�WKH�YHU\�VKRUW�DWPRVSKHULF�OLIHWLPHV�RI�PRVW�ELRJHQLF�VSHFLHV���6LQFH�WKH�IRFXV�RI�WKLV

VWXG\�ZDV�SULPDULO\�RQ�WKH�UHSUHVHQWDWLRQ�RI�PRELOH�VRXUFH�HPLVVLRQV�LQ�WKH�LQYHQWRU\�DQG�QRW

RQ�DQ�HYDOXDWLRQ�RI�ELRJHQLF�HPLVVLRQ�PRGHOV��ZH�DYRLGHG�LQWURGXFLQJ�XQFHUWDLQWLHV�LQWR�WKH

FRPSDULVRQ�RI�LQYHQWRU\�ZLWK�DPELHQW�R]RQH�SUHFXUVRU�VSHFLHV�VWHPPLQJ�IURP�WKH�XVH�RI

ELRJHQLF�HPLVVLRQ�PRGHOV���7KH�RQO\�PDMRU�ELRJHQLF�VSHFLHV�GHWHFWDEOH�E\�WKH�3$06

LQVWUXPHQWV�LV�LVRSUHQH��VR�WKH�LQIOXHQFH�RI�ELRJHQLFV�RQ�WKH�FRPSDULVRQV�FDQ�EH�JDXJHG�E\�WKH

UHODWLYH�FRQWULEXWLRQ�RI�LVRSUHQH�WR�WKH�REVHUYHG�WRWDO�QRQ�PHWKDQH�K\GURFDUERQ�VDPSOHV�XVHG

LQ�WKH�FRPSDULVRQ���$QWKURSRJHQLF�VRXUFHV�RI�LVRSUHQH�DUH�LQVLJQLILFDQW�

7ZR�HPLVVLRQ�GRPDLQV�ZHUH�FRQVLGHUHG�DURXQG�HDFK�3$06�PRQLWRU��DQ�LQQHU�JULG�FRQVLVWLQJ

RI�WKH���[���FHOO�ER[����[���FHOO�ER[�DW�%DOWLPRUH��URXJKO\�FHQWHUHG�RQ�WKH�PRQLWRU�ORFDWLRQ�

DQG�D�IXOO�JULG�FRQVLVWLQJ�RI�WKH�HQWLUH���[���FHOO�DUHD����[���FHOO�DUHD�DW�%DOWLPRUH��IRU�ZKLFK

HPLVVLRQV�ZHUH�FRPSXWHG�E\�(�+��3HFKDQ���$V�QRWHG�DERYH��HOHYDWHG�SRLQW�VRXUFHV�ZLWKLQ���

NP�RI�HDFK�PRQLWRU�ZHUH�LQFOXGHG�LQ�WKH�37(/(�VRXUFH�FDWHJRU\�IRU�WKH�IXOO�JULG�GRPDLQV�

RQO\�HOHYDWHG�SRLQW�VRXUFHV�ORFDWHG�ZLWKLQ�WKH�LQQHU�JULG�ZHUH�LQFOXGHG�LQ�WKH�37(/(�VRXUFH

FDWHJRU\�IRU�WKH�LQQHU�JULG�GRPDLQV�

7DEOH�����VXPPDUL]HV�WKH�GD\WLPH����DP�²���SP��FRQWULEXWLRQV�RI�HOHYDWHG�SRLQW�DQG�PRELOH

VRXUFHV�WR�DQWKURSRJHQLF�VXPPHU�ZHHNGD\�92&�DQG�12[�HPLVVLRQV�IRU�ERWK�GRPDLQV�LQ�HDFK

FLW\��HOHYDWHG�SRLQW�VRXUFH�FRQWULEXWLRQV�WR�92&V�ZHUH�QHJOLJLEOH�LQ�DOO�FDVHV����(PLVVLRQV�RI

12[�RQ�ERWK�WKH�IXOO�DQG�LQQHU�JULGV�LQ�:DVKLQJWRQ�DUH�GRPLQDWHG�E\�PRELOH�VRXUFHV���2Q�

DQG�RII�URDG�PRELOH�VRXUFHV�FRQWULEXWH�RYHU�KDOI�WKH�WRWDO�92&V��ZLWK�PRVW�RI�WKH�UHPDLQGHU

DWWULEXWDEOH�WR�WKH�RWKHU�DUHD�VRXUFH�FDWHJRU\���(OHYDWHG�SRLQWV�FRQWULEXWH�OHVV�WKDQ�����WR

WRWDO�GD\WLPH�12[�LQ�HLWKHU�FDVH���,Q�%DOWLPRUH��KRZHYHU��D�QXPEHU�RI�PDMRU�12[�SRLQW

VRXUFHV�DUH�ORFDWHG�EH\RQG�WKH�ERXQGDULHV�RI�WKH�LQQHU�JULG���7KXV��RYHU�����RI�WKH�GD\WLPH

12[�HPLVVLRQV�RYHU�WKH�IXOO�JULG�DUH�IURP�HOHYDWHG�SRLQW�VRXUFHV���12[�HPLVVLRQV�RYHU�WKH

LQQHU�JULG��RQ�WKH�RWKHU�KDQG��DUH�GRPLQDWHG�E\�PRELOH�VRXUFHV�DV�LQ�:DVKLQJWRQ���,Q�FRQWUDVW

WR�92&�HPLVVLRQV�LQ�:DVKLQJWRQ��OHVV�WKDQ�KDOI�WKH�92&�HPLVVLRQV�RYHU�ERWK�WKH�LQQHU�DQG

IXOO�GRPDLQV�DW�%DOWLPRUH�DUH�DVVRFLDWHG�ZLWK�PRELOH�VRXUFHV��RWKHU�DUHD�VRXUFHV�FRQWULEXWH

DERXW�D�WKLUG�ZLWK�WKH�UHPDLQGHU�GLYLGHG�EHWZHHQ�WKH�UHPDLQLQJ�VRXUFH�FDWHJRULHV�

7DEOH������'D\WLPH����DP���SP��DYHUDJH�DQWKURSRJHQLF�VRXUFH�FRQWULEXWLRQV�����LQ�WKH

HPLVVLRQ�LQYHQWRULHV�

12[ 92&
�

(OHYDWHG 3RLQWV 0RELOH 2WKHU $UHD
���

0RELOH 2WKHU $UHD
���

'& )XOO *ULG ��
���

�� �� �� ��

'& ,QQHU *ULG ��
���

�� � �� ��

0' )XOO *ULG ��
���

�� � �� ��

0' ,QQHU *ULG ��
���

�� � �� ��

���
,QFOXGHV DOO VRXUFHV ZLWKLQ �� NP ����� PL� RI WKH 3$06 PRQLWRU�

���
,QFOXGHG RQO\ VRXUFHV ZLWKLQ WKH LQQHU JULG�

���
92& HPLVVLRQ IURP HOHYDWHG SRLQW VRXUFHV DUH QHJOLJLEOH LQ FRPSDULVRQ WR RWKHU VRXUFH FDWHJRULHV�

���
,QFOXGHV QRQ�URDG PRELOH VRXUFH HPLVVLRQV�
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'LXUQDO�SURILOHV�RI�12[�DQG�92&�HPLVVLRQV�RYHU�WKH�:DVKLQJWRQ��'&�IXOO�JULG�DUH�VKRZQ�LQ

)LJXUH�������%RWK�92&�DQG�12[�HPLVVLRQV�VKRZ�WKH�LQIOXHQFH�RI�WKH�PRUQLQJ�DQG�HYHQLQJ

FRPPXWHV�ZLWK�WKH�HOHYDWHG�PRUQLQJ�HPLVVLRQ�SHULRG�H[WHQGLQJ�IURP���DP��KRXU����WR���DP

�KRXU������6LPLODU�SURILOHV�ZHUH�REVHUYHG�RYHU�WKH�%DOWLPRUH�LQQHU�JULG�)LJXUH�����ZLWK�WKH

H[FHSWLRQ�WKDW�92&�HPLVVLRQV�LQ�%DOWLPRUH�LQFUHDVH�PXFK�PRUH�VLJQLILFDQWO\�EHWZHHQ���DQG��

WKDQ�LQ�:DVKLQJWRQ���%RWK�WKH�%DOWLPRUH�92&�DQG�:DVKLQJWRQ�12; GLXUQDO�SURILOHV�KDYH

XQXVXDO�GLVFRQWLQXLWLHV�DW�PLGQLJKW���7KHVH�UHVXOWV�LQGLFDWH�WKDW�HPLVVLRQV�GXULQJ�WKH���²���DP

SHULRG�EHVW�UHSUHVHQW�WKH�PRUQLQJ�UXVK�KRXU���7KLV�SHULRG�VKRXOG�EH�ZHOO�VXLWHG�IRU

FRPSDULVRQ�ZLWK�WKH�DPELHQW�GDWD�VLQFH�IUHVK�HPLVVLRQV�GRPLQDWH�WKH�PRQLWRULQJ�VLWH�DQG

DWPRVSKHULF�PL[LQJ�DQG�SKRWRFKHPLFDO�DFWLYLW\�DUH�PLQLPDO���&RPSDULVRQ�ZLWK�DPELHQW�GDWD

GXULQJ�WKH�HYHQLQJ�FRPPXWH�DUH�PRUH�GLIILFXOW�WR�LQWHUSUHW�VLQFH�PRUH�ROGHU��UHDFWHG�PDWHULDO

LV�OLNHO\�WR�EH�PL[HG�LQ�ZLWK�WKH�IUHVK�HPLVVLRQV�

6XPPDULHV�RI�PRUQLQJ����²���DP��12[�DQG�92&�HPLVVLRQV�E\�VRXUFH�FDWHJRU\�IRU

:DVKLQJWRQ�DUH�SURYLGHG�LQ�)LJXUHV�����DQG�������2Q�URDG�JDV�SRZHUHG�YHKLFOHV�DUH�WKH

ODUJHVW�VLQJOH�FRQWULEXWRU�WR�ERWK�12[�DQG�92&�HPLVVLRQV���$UHD�DQG�QRQ�URDG�92&

FRQWULEXWLRQV�DUH�FRPSDUDEOH��RWKHU�VRXUFH�FDWHJRULHV�FRQWULEXWH�RQO\�PLQRU�DPRXQWV�RI�92&�

(OHYDWHG�SRLQW�VRXUFHV�FRQWULEXWH�D�VOLJKWO\�KLJKHU�SHUFHQWDJH�RI�12[�RQ�WKH�IXOO�JULG�DV

FRPSDUHG�WR�WKH�LQQHU�JULG�LQ�:DVKLQJWRQ���2Q��DQG�RII�URDG�GLHVHO�VRXUFHV�FRQWULEXWH�DERXW

����HDFK�WR�WKH�WRWDO�12[�LQYHQWRU\�RQ�WKH�LQQHU�JULG���2YHUDOO��GLIIHUHQFHV�EHWZHHQ�WKH�IXOO

DQG�LQQHU�JULG�LQYHQWRU\�VRXUFH�FRQWULEXWLRQV�DUH�QRW�ODUJH�

6RXUFH�FRQWULEXWLRQ�VXPPDULHV�IRU�%DOWLPRUH�DUH�VKRZQ�LQ�)LJXUHV�����DQG�������)RU�WKH

%DOWLPRUH�LQYHQWRU\��HOHYDWHG�SRLQW�VRXUFHV�DFFRXQW�IRU�����RI�PRUQLQJ�12[�HPLVVLRQV�RQ

WKH�IXOO�JULG��2YHU�WKH�LQQHU�JULG��KRZHYHU��WKH�SRLQW�VRXUFH�FRQWULEXWLRQ�LV�PXFK�VPDOOHU�DQG

RQ�URDG�JDV�YHKLFOHV�WRJHWKHU�ZLWK�QRQ�URDG�GLHVHO�VRXUFHV�FRQWULEXWH�����RI�WKH�WRWDO�PRUQLQJ

12[���7KH�SUHVHQFH�RI�VXFK�D�ODUJH�HOHYDWHG�SRLQW�VRXUFH�12[�FRQWULEXWLRQ�RXWVLGH�WKH�LQQHU

JULG�DW�%DOWLPRUH�PDNHV�FRPSDULVRQV�ZLWK�DPELHQW�GDWD�PRUH�GLIILFXOW�VLQFH�WKH�GHJUHH�WR

ZKLFK�WKHVH�SRLQW�VRXUFHV�LPSDFW�WKH�(VVH[�DPELHQW�PRQLWRULQJ�VLWH�LV�QRW�NQRZQ���7KH

GLVWULEXWLRQ�RI�VRXUFH�FDWHJRULHV�WR�92&�HPLVVLRQV�LQ�%DOWLPRUH�GLIIHU�IURP�WKRVH�LQ

:DVKLQJWRQ�ZLWK�D�PXFK�ODUJHU�FRQWULEXWLRQ�IURP�ORZ�OHYHO�SRLQW�VRXUFHV�

,QYHQWRU\�92&�12[�5DWLRV

'LXUQDO�SURILOHV�RI�LQYHQWRU\�92&�12[�UDWLRV�H[SUHVVHG�DV��PROHV&���PROH�12[��DUH�VKRZQ

LQ�)LJXUH�����IRU�:DVKLQJWRQ�DQG�)LJXUH�����IRU�%DOWLPRUH���,Q�:DVKLQJWRQ��UDWLRV�DUH�ORZ�DW

QLJKW�ZKHQ�HYDSRUDWLYH�92&�DQG�PRELOH�VRXUFH�HPLVVLRQV�DUH�ORZ�DQG�LQFUHDVH�DW�WKH�RQVHW�RI

WKH�PRUQLQJ�FRPPXWH��PDLQWDLQLQJ�D�URXJKO\�FRQVWDQW�YDOXH�GXULQJ�WKH�GD\���,QFOXGLQJ

HOHYDWHG�SRLQW�VRXUFH�HPLVVLRQV�ORZHUV�WKH�GD\WLPH�UDWLRV�E\�DERXW�������,Q�%DOWLPRUH��WKH

GD\WLPH�92&�12[�SURILOH�DOVR�VKRZV�ORZHU�YDOXHV�GXULQJ�WKH�PRUQLQJ�DQG�HYHQLQJ�FRPPXWHV

WKDQ�GXULQJ�PLG�GD\���7KH�%DOWLPRUH�PLG�GD\�YDOXHV�DUH�VOLJKWO\�KLJKHU�WKDQ�LQ�:DVKLQJWRQ

EXW�WKH�YDOXHV�IRU�KRXUV�������DP���������DP��DQG��������SP����������SP��DUH�VLPLODU�WR�WKRVH

LQ�:DVKLQJWRQ���,QFOXGLQJ�HOHYDWHG�SRLQW�VRXUFH�HPLVVLRQV�ORZHUV�WKH�GD\WLPH�UDWLRV�LQ

%DOWLPRUH�E\�DERXW�����

6RPH�RWKHU�DVSHFWV�RI�WKH�92&�12[�UDWLR�GLXUQDO�SURILOHV�GHSLFWHG�LQ�)LJXUHV�����DQG�����DUH

ZRUWK�QRWLQJ���$V�QRWHG�SUHYLRXVO\��12[�HPLVVLRQV�EHJLQ�WR�LQFUHDVH�IURP�WKHLU�RYHUQLJKW

OHYHOV�LQ�KRXU�������DP��DW�ERWK�ORFDWLRQV��SHDNLQJ�LQ�KRXU�������DP��EHIRUH�IDOOLQJ�EDFN�WR
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PLGGD\�OHYHOV�EHJLQQLQJ�LQ�KRXU�������DP��VHH�)LJXUHV�����DQG��������7KLV�SDWWHUQ�UHIOHFWV�WKH

FRQFHQWUDWLRQ�RI�12[�HPLVVLRQV�GXULQJ�WKH�PRUQLQJ�FRPPXWH���92&�HPLVVLRQV�DOVR�EHJLQ�WR

LQFUHDVH�LQ�KRXU���EXW�FRQWLQXH�WR�LQFUHDVH�WKURXJK�KRXU�����:KLOH�92&�HPLVVLRQV�IURP

RQ�URDG�PRWRU�YHKLFOHV�IROORZ�WKH�VDPH�PRUQLQJ�SDWWHUQ�DV�12[��92&�HPLVVLRQV�IURP�WKH

´RWKHU�DUHD�VRXUFHVµ�FDWHJRU\�LQFUHDVH�VKDUSO\�EHWZHHQ�KRXU���DQG�KRXU����WKXV�FDXVLQJ�WKH

WRWDO�92&�HPLVVLRQV�WR�LQFUHDVH�EHWZHHQ�KRXU���DQG�����7KHVH�PRUQLQJ�12[�DQG�92&

SDWWHUQV�SURGXFH�ORZHU�92&�12[�UDWLRV�LQ�KRXUV���DQG���WKDQ�LQ�KRXU���LQ�ERWK�FLWLHV���5DWLRV

IRU�KRXUV���DQG���DUH�FORVH�WR�����LQ�ERWK�FLWLHV��UDWLRV�IRU�KRXU���DUH�KLJKHU�LQ�%DOWLPRUH�WKDQ

LQ�:DVKLQJWRQ�

$W�ERWK�:DVKLQJWRQ�DQG�%DOWLPRUH��WKHUH�LV�D�VLJQLILFDQW�GLVFRQWLQXLW\�LQ�WKH�GLXUQDO�SDWWHUQ

EHWZHHQ�KRXU����DQG�KRXU����LQGLFDWLQJ�D�SRWHQWLDO�SUREOHP�ZLWK�WKH�WHPSRUDO�DOORFDWLRQ

IDFWRUV���7KHVH�IDFWRUV�KDYH�JHQHUDOO\�EHHQ�GHYHORSHG�WR�GHVFULEH�WKH�SDWWHUQ�RI�HPLVVLRQV

GXULQJ�GD\WLPH�DFWLYLWLHV�ZLWK�UHODWLYHO\�OLWWOH�DWWHQWLRQ�SDLG�WR�WKH�SURSHU�DOORFDWLRQ�RI

HPLVVLRQV�GXULQJ�WKH�QLJKW�VLQFH�WKH�KRXUO\�SDWWHUQ�RI�HPLVVLRQV�RYHUQLJKW�LV�IDU�OHVV�LPSRUWDQW

WKDQ�GXULQJ�WKH�GD\�IURP�D�SKRWRFKHPLFDO�PRGHOLQJ�SHUVSHFWLYH���7R�WKH�H[WHQW�WKDW�WKH�GDLO\

WRWDOV�DQG�GD\WLPH�DOORFDWLRQ�IDFWRUV�DUH�FRUUHFW��HUURUV�LQ�QLJKWWLPH�DOORFDWLRQV�ZLOO�QRW�HIIHFW

FRPSDULVRQV�ZLWK�DPELHQW�GDWD�EDVHG�RQO\�RQ�GD\WLPH�KRXUV�
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)LJXUH�������9DULDWLRQ�RI�12;;DQG�92&�HPLVVLRQV�ZLWK�WLPH�RI�GD\�RYHU�WKH�:DVKLQJWRQ��'&�IXOO�GRPDLQ�

DC Full Domain

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour 
(1=Midnight-1:00 am, 2=1:00am - 2:00am, etc.)

M
ol

es
(M

ol
es

 C
)

NOx Detectable VOC

AM Average



0D\ ����

-�?0$5$0$?UHSRUW?5HY)LQOUSW?VHF��GRF ���
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)LJXUH�������0RUQLQJ����²���DP��12;;HPLVVLRQV�FRQWULEXWLRQV�E\�VRXUFH�FDWHJRU\�LQ�:DVKLQJWRQ��'&�
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����$0%,(17�'$7$

+RXUO\�VSHFLDWHG�92&��12��DQG�12��GDWD�IRU�-XQH�²�$XJXVW������ZHUH�REWDLQHG�IURP�WZR

3$06�PRQLWRULQJ�VLWHV��WKH�(VVH[�VLWH�LQ�%DOWLPRUH��$,56�,'������������DQG�WKH�0F0LOODQ

5HVHUYRLU�VLWH�LQ�:DVKLQJWRQ��$,56�,'���������������%RWK�PRQLWRUV�DUH�GHVLJQDWHG�´W\SH��µ

VLWHV�ZKLFK�DUH�ORFDWHG�LQ�KHDYLO\�XUEDQL]HG�DUHDV�ZLWK�PD[LPXP�GHQVLWLHV�RI�R]RQH�SUHFXUVRU

HPLVVLRQV���7KHVH�ORFDWLRQV�DUH�WKHUHIRUH�H[SRVHG�WR�JUHDWHU�DPRXQWV�RI�SUHFXUVRUV�RYHU�ORQJHU

SHULRGV�WKDQ�HLWKHU�W\SH���RU�W\SH���VLWHV�DQG�DUH�EHVW�VXLWHG�IRU�FRPSDULVRQ�ZLWK�HPLVVLRQ

LQYHQWRULHV�

7KH�0F0LOODQ�5HVHUYRLU�3$06�VLWH�LV�ORFDWHG�LQ�WKH�1RUWK�:HVW�4XDGUDQW�RI�WKH�'LVWULFW�RI

&ROXPELD�LQ�D�PRZHG�ILHOG�RQ�SURSHUW\�RZQHG�E\�WKH�8�6��&RUS�RI�(QJLQHHUV���$�VPDOO

UHVHUYRLU�LV�ORFDWHG�MXVW�WR�WKH�:HVW��WKH�86�&DSLWRO�FDQ�EH�VHHQ�GLUHFWO\�WR�WKH�6RXWK�IURP�WKH

URRI�RI�WKH�WUDLOHU�DW�D�GLVWDQFH�RI�DSSUR[LPDWHO\�IRXU�PLOHV������NP����7KH�FORVHVW�PDMRU�URDG

��VW�6WUHHW��1�:��ZKLFK�UXQV�1RUWK�6RXWK��LV�GLUHFWO\�WR�WKH�HDVW��%U\DQW�5RDG�LV�GLUHFWO\

6RXWK���'LUHFWO\�ZHVW�LV�D�QHZ�WUDLOHU�EH\RQG�ZKLFK�OLHV�D�JRYHUQPHQW�SDUNLQJ�ORW�WKDW

VRPHWLPHV�FRQWDLQV�ODUJH�WUXFNV�

7KH�(VVH[�PRQLWRULQJ�VLWH�LV�ORFDWHG�����PLOHV�������NP��HDVW�RI�WKH�FHQWHU�RI�%DOWLPRUH�&LW\��

7KH�VKHOWHU�LV�ORFDWHG�D�IHZ�IHHW�RII�RI�D�SDUNLQJ�ORW�EHKLQG�WKH�(VVH[�6HQLRU�&LWL]HQ�&HQWHU�

7KH�QHDUHVW�WUHHV�DUH�PRUH�WKDQ�����IHHW�����P��IURP�WKH�VLWH���7KH�DUHD�DURXQG�WKH�VLWH�LV

PRVWO\�UHVLGHQWLDO�WR�WKH�QRUWK��VRXWK�DQG�ZHVW���7KH�6HQLRU�&HQWHU�OLHV�WR�WKH�HDVW�EH\RQG

ZKLFK�LV�D�FLW\�EORFN�RI�UHVLGHQFLHV�DQG�WKHQ�(DVWHUQ�%RXOHYDUG��7KH�QHDUHVW�VWUHHWV�DUH

:RRGZDUG�'ULYH�����IHHW������P��WR�WKH�VRXWKZHVW�ZKLFK�FDUULHV�����YHKLFOHV�SHU�GD\�

)UDQNOLQ�$YHQXH�����IHHW������P��WR�WKH�QRUWKZHVW��DQG�'RUVH\�$YHQXH������IHHW�����P��WR�WKH

VRXWKHDVW���(DVWHUQ�%RXOHYDUG�LV�����IHHW������P��WR�WKH�VRXWKHDVW�DQG�FDUULHV��������YHKLFOHV

SHU�GD\���7KH�VLWH�LV�DERXW���PLOHV�QRUWK�RI�%HWKOHKHP�6WHHO·V�6SDUURZV�3RLQW�SODQW��DERXW��ö

PLOHV�QRUWKHDVW�RI�WKH�%DFN�5LYHU�6HZDJH�7UHDWPHQW�3ODQW��ZKLFK�VHUYHV�WKH�%DOWLPRUH

UHJLRQ���DQG�OHVV�WKDQ�D�PLOH�RXWVLGH�WKH�HDVW�VLGH�RI�WKH�%DOWLPRUH�EHOWZD\��,������

'DWD�IRU�WKH�(VVH[�VLWH�ZHUH�SURYLGHG�LQ�-XO\�������E\�(GZLQ�*OXWK�RI�WKH�0DU\ODQG

'HSDUWPHQW�RI�WKH�(QYLURQPHQW��GDWD�IRU�WKH�0F0LOODQ�VLWH�ZHUH�SURYLGHG�E\�5REHUW�'D\�RI

WKH�'&�'HSDUWPHQW�RI�+HDOWK�LQ�$SULO���������'DWD�IURP�ERWK�VLWHV�ZHUH�SUHYLRXVO\

VXPPDUL]HG�DQG�TXDOLW\�DVVXUHG��0DLQ�HW�DO�������D�E����'DWD�XVHG�IRU�WKLV�VWXG\�ZHUH�XSGDWHG

E\�WKH�UHVSHFWLYH�VWDWH�DJHQFLHV�WR�UHIOHFW�UHVXOWV�RI�WKH�0DLQ�HW�DO�������D��YDOLGDWLRQ�VWXG\�

'LXUQDO�SURILOHV�RI�DYHUDJH�KRXUO\�12[�DQG�WRWDO�QRQPHWKDQH�K\GURFDUERQ��710+&�

FRQFHQWUDWLRQV�ZHUH�FRPSXWHG�IRU�ERWK�PRQLWRULQJ�VLWHV�DV�VKRZQ�LQ�)LJXUH��������0RUQLQJ

FRQFHQWUDWLRQ�SHDNV�DVVRFLDWHG�ZLWK�FRPPXWHU�DFWLYLW\�DUH�FOHDUO\�HYLGHQW�DW�ERWK�WKH

����������������������������������������
� )RU WKH VDNH RI EUHYLW\� LQ WKLV UHSRUW ZH VRPHWLPHV VLPSO\ UHIHU WR WKH 0F0LOODQ VLWH DV WKH ´:DVKLQJWRQµ VLWH

DQG WKH (VVH[ VLWH DV WKH ´%DOWLPRUHµ VLWH�
� 7KUHH GLIIHUHQW 7\SH � 3$06 VLWHV KDYH EHHQ RSHUDWHG LQ %DOWLPRUH� 7KH +DVWH� HW DO� ������ 1$5672�1(

VWXG\ VXPPDUL]HG LQ &KDSWHU � XVHG GDWD IURP WKH /DNH &OLIWRQ VLWH LQ %DOWLPRUH UDWKHU WKDQ WKH (VVH[ VLWH XVHG

LQ WKLV DQDO\VLV� 7KH /DNH &OLIWRQ VLWH ZDV QRW RSHUDWHG LQ ���� GXH WR YDQGDOLVP� 7KH (VVH[ VLWH LV

DSSUR[LPDWHO\ � PLOHV HDVW RI WKH IRUPHU /DNH &OLIWRQ VLWH�
� 710+& LV XVHG KHUH WR UHSUHVHQW WKH WRWDO RI LGHQWLILHG DQG XQLGHQWLILHG K\GURFDUERQV UHSRUWHG IURP WKH

LQWHJUDWHG UHVSRQVH RI WKH DXWR�*& LQVWUXPHQW� 7KLV TXDQWLW\ LV UHIHUUHG WR DV 7102& LQ WKH $,56 ILOHV DQG LQ

)LJXUHV ��� DQG ����
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:DVKLQJWRQ�DQG�%DOWLPRUH�VLWHV���&RQFHQWUDWLRQV�SHDN�DJDLQ�LQ�WKH�ODWH�HYHQLQJ�DV�DWPRVSKHULF

PL[LQJ�GHFUHDVHV�EXW�D�GLVWLQFW�HYHQLQJ�FRPPXWH�KRXU�SHDN�LV�QRW�HYLGHQW���2WKHU�VLJQLILFDQW

IHDWXUHV�RI�WKH�GLXUQDO�SURILOHV�LQFOXGH�

• &RPSDULVRQ�RI�)LJXUH�����ZLWK�)LJXUHV�����DQG�����UHYHDOV�WKDW�WKH���²���DP�(DVWHUQ

'D\OLJKW�7LPH��('7��PRUQLQJ�DYHUDJLQJ�SHULRG�LV�FHQWHUHG�RQ�WKH�PRUQLQJ�SHDN�LQ�12[

HPLVVLRQV�ZKLFK�RFFXUV�LQ�KRXU������²���DP�('7��LQ�ERWK�:DVKLQJWRQ�DQG�%DOWLPRUH���7KH

ILUVW�KRXU�RI�WKLV�SHULRG��KRXU������²���DP�('7��DOVR�FRUUHVSRQGV�WR�WKH�ILUVW�KRXU�RI

VLJQLILFDQWO\�KLJKHU�92&�HPLVVLRQV�DW�ERWK�ORFDWLRQV�

• $W�WKH�:DVKLQJWRQ�3$06�VLWH��ERWK�12[�DQG�710+&�FRQFHQWUDWLRQV�SHDN�GXULQJ�WKH

VHFRQG�WZR�KRXUV�RI�WKH�WKUHH�KRXU�PRUQLQJ�DYHUDJLQJ�SHULRG���710+&�FRQFHQWUDWLRQV

SHDN�GXULQJ�WKH�������������DP�('7�KRXU�DQG�DUH�VOLJKWO\�ORZHU�WKH�QH[W�KRXU�������������

DP�('7��ZKLOH�12[�LV�VOLJKWO\�ORZHU�DW�������������DP�('7�DV�FRPSDUHG�WR������������

DP�('7���710+&�FRQFHQWUDWLRQV�DUH�VOLJKWO\�ORZHU�IRU�WKH��������������DP�('7�WKDQ

������������DP�('7�

• $W�WKH�%DOWLPRUH�VLWH��WKH�PRUQLQJ�12[�SHDN�RFFXUV�DW�������������DP�('7�ZKHUHDV�WKH

PRUQLQJ�710+&�SHDN�RFFXUV�DW�������������DP�('7�DQG�710+&�FRQFHQWUDWLRQV

GHFUHDVH�UDSLGO\�RYHU�WKH�QH[W�WZR�KRXUV�

$V�LQGLFDWHG�DERYH��WKH�PRUQLQJ�12[�DQG�710+&�FRQFHQWUDWLRQ�SHDNV�DUH�HVVHQWLDOO\

VLPXOWDQHRXV�DW�0F0LOODQ�EXW�DW�(VVH[�WKH�GDWD�VXJJHVW�WKDW�WKH�710+&�SHDN�SUHFHGHV�WKH

12[�SHDN�E\�RQH�KRXU�IRU�WKH�DYHUDJH�ZHHNGD\���1RWH�DOVR�WKDW�WKH�HDUO\�PRUQLQJ�PLQLPXP

LQ�710+&�RFFXUV�DW�������������DP�('7�DW�0F0LOODQ�EXW�DQ�KRXU�HDUOLHU��������������DP

('7��DW�(VVH[�

'LXUQDO�HPLVVLRQV�SURILOHV��)LJXUHV�����DQG������DUH�VLPLODU�DW�ERWK�ORFDWLRQV�GXULQJ�WKH

PRUQLQJ�KRXUV���([DPLQDWLRQ�RI�WKH�HPLVVLRQV�GDWD�LQGLFDWHV�WKDW�RQ�URDG�PRWRU�YHKLFOH�12[

DQG�92&�HPLVVLRQV�SHDN�LQ�KRXU������²���DP�('7��DW�ERWK�VLWHV���$V�QRWHG�DERYH��WKH

PRUQLQJ�12[�FRQFHQWUDWLRQ�SHDN�RFFXUV�LQ�WKH���²���DP�('7�KRXU�DW�ERWK�ORFDWLRQV�ZLWK�WKH

H[FHSWLRQ�WKDW�DYHUDJH�12[�FRQFHQWUDWLRQV�DW�0F0LOODQ�DYHUDJH�VOLJKWO\��������KLJKHU�IRU���²

��DP�('7�WKDQ�����DP�('7���)XUWKHUPRUH��ERWK�HPLVVLRQV�RI�92&�DQG�12[�DQG�DPELHQW

FRQFHQWUDWLRQV�RI�710+&�DQG�12[�LQFUHDVH�UDSLGO\�EHWZHHQ�WKH���²���DP�('7�DQG���²���DP

('7�KRXUV���7KLV�VXJJHVWV�WKDW�D�WKUHH�KRXU�PRUQLQJ�DYHUDJLQJ�ZLQGRZ�RI���²���DP�('7

�L�H���KRXUV������DQG����LV�D�UHDVRQDEOH�FKRLFH�IRU�XVH�LQ�FRPSDULQJ�HPLVVLRQ�VSHFLHV�UDWLRV

ZLWK�DPELHQW�FRQFHQWUDWLRQ�VSHFLHV�UDWLRV���6XIILFLHQW�IUHVK��XQUHDFWHG��HPLVVLRQV�VKRXOG�EH

SUHVHQW�DW�WKH�PRQLWRULQJ�VLWHV�GXULQJ�WKLV�SHULRG�WR�PDNH�WKH�FRPSDULVRQ�PHDQLQJIXO�

&RPSDULVRQV�RI�HPLVVLRQV�DQG�DPELHQW�GDWD�GXULQJ�RWKHU�WLPHV�RI�WKH�GD\�DUH�PRUH�GLIILFXOW�WR

LQWHUSUHW�GXH�WR�PRUH�H[WHQVLYH�PRGLILFDWLRQ�RI�HPLVVLRQV�E\�FKHPLFDO�UHDFWLRQV�LQ�WKH

DWPRVSKHUH�GXULQJ�WKH�ODWH�PRUQLQJ�DQG�DIWHUQRRQ�DQG�WKH�ODFN�RI�VXIILFLHQW�IUHVK�HPLVVLRQV

GXULQJ�WKH�QLJKWWLPH�KRXUV�

&RPSDULVRQV�RI�DPELHQW�DQG�HPLVVLRQV�GDWD�ZHUH�EDVHG�RQ�KRXUO\�DPELHQW�QRQ�PHWKDQH

K\GURFDUERQ�DQG�12[�VDPSOHV�VFUHHQHG�WR�LQFOXGH�RQO\���²���DP�('7�ZHHNGD\�VDPSOHV�ZLWK

WRWDO�QRQPHWKDQH�K\GURFDUERQ��710+&��FRQFHQWUDWLRQV�JUHDWHU�WKDQ����SSE&����7KLV�ZDV

����������������������������������������
��710+& DQG 12; VFUHHQLQJ ZDV SHUIRUPHG RQ DQ KRXUO\ EDVLV�
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GRQH�WR�DYRLG�LQFOXGLQJ�KRXUV�ZLWK�H[FHVVLYH�GLVSHUVLRQ�RU�RWKHUZLVH�QRW�UHSUHVHQWDWLYH�RI

IUHVK�HPLVVLRQV�LQ�WKH�FRPSDULVRQ���+RXUV�ZLWK�12[�FRQFHQWUDWLRQV�EHORZ����SSE�ZHUH�DOVR

H[FOXGHG���7KLV�IRFXVHV�DWWHQWLRQ�RQ�SHULRGV�ZLWK�DPSOH�IUHVK�HPLVVLRQV�DQG�DYRLGV�SUREOHPV

ZLWK�PHDVXUHPHQW�LQDFFXUDFLHV�DW�FRQFHQWUDWLRQV�QHDU�WKH�LQVWUXPHQW�GHWHFWLRQ�OLPLW�

$SSUR[LPDWHO\�����RI�WKH�������ZHHNGD\�KRXUO\�VDPSOHV�DW�0F0LOODQ������DW�(VVH[��SDVVHG

WKHVH�VFUHHQLQJ�FULWHULD�

)RU�WKH�VFUHHQHG�ZHHNGD\�����DP�VDPSOHV��3$06�WDUJHW�VSHFLHV�FRQWULEXWHG�����RI�WKH

710+&�DW�0F0LOODQ������DW�(VVH[����6LQFH�WKH�3$06�WDUJHW�VSHFLHV�OLVW�LV�ZHLJKWHG�WRZDUGV

VSHFLHV�HPLWWHG�E\�JDV�SRZHUHG�YHKLFOHV��WKLV�VXJJHVWV�D�JUHDWHU�LQIOXHQFH�RI�RWKHU�VRXUFH�W\SHV

�GLHVHOV��PDQXIDFWXULQJ��HWF���DW�(VVH[���/RRNLQJ�DW�3$06�WDUJHW�VSHFLHV�WRWDOV�LQ�FRPSDULVRQ

WR�710+&�E\�WLPH�RI�GD\�IRU�DOO�DYDLODEOH�KRXUV��)LJXUH�������ZH�VHH�RQO\�PLQRU�YDULDWLRQV

LQ�WKH�UHODWLYH�DPRXQW�RI�QRQ�3$06�VSHFLHV�GXULQJ�PRVW�RI�WKH�GD\�



0D\ ����

-�?0$5$0$?UHSRUW?5HY)LQOUSW?VHF��GRF ���
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)LJXUH����D���'LXUQDO�SURILOHV�RI�7102&�DQG�VXP�RI�3$06�VSHFLHV��0F0LOODQ�5HVHUYRLU�
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)LJXUH����E���'LXUQDO�SURILOHV�RI�7102&�DQG�VXP�RI�3$06�VSHFLHV��(VVH[�VLWH��%DOWLPRUH��
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����&203$5,621�2)�(0,66,21�,19(1725<�:,7+�$0%,(17�'$7$

92&�12;�5DWLRV

(PLVVLRQ�UDWLRV�RI�92&�12[�DV�GHVFULEHG�LQ�6HFWLRQ���ZHUH�FRPSDUHG�ZLWK�DPELHQW

710+&�12[�UDWLRV�IRU�WKH���²���DP�SHULRG�IURP�WKH�VFUHHQHG�GDWD�GHVFULEHG�LQ�6HFWLRQ���

5HVXOWV�IRU�:DVKLQJWRQ�DUH�VXPPDUL]HG�LQ�7DEOH�������$YHUDJH��PHDQ��DPELHQW�710+&�12[

UDWLRV�DW�WKH�0F0LOODQ�5HVHUYRLU�VLWH�GHFUHDVHG�IURP�����DW���²���DP�WR�����DW

��²���DP�DYHUDJLQJ�����IRU�WKH�WKUHH�KRXU�SHULRG�����²���DP�DYHUDJH�HPLVVLRQ�92&�12[

UDWLRV�LQ�:DVKLQJWRQ�UDQJHG�IURP�����WR�����GHSHQGLQJ�RQ�ZKHWKHU�RU�QRW�HOHYDWHG�SRLQW

VRXUFHV�RU�VRXUFHV�RXWVLGH�RI�WKH�LQQHU�JULG�DUH�LQFOXGHG�LQ�WKH�FDOFXODWLRQ���7KXV��RQ�DYHUDJH�

DPELHQW�710+&�12[�UDWLRV�LQ�:DVKLQJWRQ�DUH�KLJKHU�WKDQ�SUHGLFWHG�E\�WKH�LQYHQWRU\��ZLWK

WKH�UDWLR�RI�DPELHQW�710+&�12[�WR�HPLVVLRQV�92&�12[�UDQJLQJ�IURP�����WR�����IRU�WKH

������DP�DYHUDJHV���,Q�RWKHU�ZRUGV��WKH�DPELHQW�UDWLRV�DUH����WR�����KLJKHU�WKDQ�RQH�ZRXOG

H[SHFW�RQ�WKH�EDVLV�RI�WKH�HPLVVLRQV�LQYHQWRU\���7KLV�VXJJHVWV�WKDW�92&�HPLVVLRQV�DUH

XQGHUHVWLPDWHG�RU�12[�HPLVVLRQV�DUH�RYHUHVWLPDWHG�LQ�WKH�LQYHQWRU\��RU�ERWK���,W�LV�DOVR

SRVVLEOH�WKDW�RQH�RU�PRUH�RI�WKH�RWKHU�IDFWRUV�DIIHFWLQJ�FRPSDULVRQV�EHWZHHQ�DPELHQW�DQG

HPLVVLRQV�UDWLRV�PHQWLRQHG�LQ�6HFWLRQ���FRXOG�EH�DW�OHDVW�SDUWLDOO\�UHVSRQVLEOH�IRU�WKLV

GLVFUHSDQF\���)RU�WKH�������DP�KRXU��RQ�WKH�RWKHU�KDQG��WKH�DJUHHPHQW�EHWZHHQ�DPELHQW�DQG

HPLVVLRQ�UDWLRV�LV�TXLWH�JRRG���7KLV�LV�WKH�UHVXOW�RI�WKH�VKDUS�LQFUHDVH�LQ�HPLVVLRQ�UDWLRV

EHWZHHQ�KRXU���²���DP�DQG���²���DP�ZKLFK��DV�QRWHG�LQ�6HFWLRQ����LV�WKH�UHVXOW�RI�D�GHFUHDVH�LQ

PRELOH�VRXUFH�12; �DQG�DQ�LQFUHDVHV�LQ�DUHD�VRXUFH�92&�HPLVVLRQV�

,Q�%DOWLPRUH��7DEOH�������DPELHQW�710+&�12[�UDWLRV�DUH�VOLJKWO\�KLJKHU�WKDQ�LQ�:DVKLQJWRQ

ZLWK�D���²���DP�DYHUDJH�UDWLR�RI�������(PLVVLRQ�92&�12[�UDWLRV�LQ�%DOWLPRUH�KDYH�PRUH

YDULDELOLW\�KRXU�WR�KRXU�DQG�EHWZHHQ�WKH�IXOO�DQG�LQQHU�JULGV�WKDQ�LQ�:DVKLQJWRQ���,QFOXGLQJ

WKH�ODUJH�HOHYDWHG�12[�VRXUFHV�ORFDWHG�RXWVLGH�WKH�LQQHU�JULG�LQ�WKH�FDOFXODWLRQ�UHVXOWV�LQ�UDWLRV

QHDU�XQLW\���([FOXGLQJ�WKHVH�VRXUFHV�UHVXOWV�LQ���²���DP�DYHUDJH�UDWLR�RI�����IRU�WKH�LQQHU�JULG

DQG�����IRU�WKH�IXOO�JULG���7KHVH�YDOXHV�DUH�URXJKO\�VLPLODU�WR�WKRVH�LQ�WKH�:DVKLQJWRQ

LQYHQWRU\���)OXFWXDWLRQV�LQ�WKH�GLXUQDO�HPLVVLRQV�SURILOH�DW�%DOWLPRUH�SURGXFH�UDWLRV�IRU���²��

DP�ZLWKRXW�WKH�HOHYDWHG�SRLQW�VRXUFHV�LQFOXGHG�WKDW�DUH�FRQVLGHUDEO\�ODUJHU�WKDQ�UDWLRV�LQ�WKH

WZR�SUHFHGLQJ�KRXUV���$PELHQW�710+&�12[�UDWLRV�DW�WKH�(VVH[�PRQLWRULQJ�VLWH�DUH�JUHDWHU

WKDQ�HPLVVLRQV�92&�12[�HPLVVLRQV�UDWLRV�IRU���²���DP�DQG���²���DP�ZLWK�WKH�UDWLR�RI

710+&�12[�WR�92&�12[�UDQJLQJ�IURP������WR������IRU�������DP���5DWLRV�RI�710+&�12;

WR�92&�12; �DW�%DOWLPRUH�DUH�JUHDWHU�WKDQ�FRUUHVSRQGLQJ�UDWLRV�DW�:DVKLQJWRQ�IRU�ERWK���²��

DP�DQG���²���DP���+RZHYHU��IRU�WKH�FDVH�LQ�ZKLFK�HOHYDWHG�SRLQW�VRXUFHV�DUH�H[FOXGHG�IURP

WKH�FRPSDULVRQ��WKH���²���DP�UDWLR�RI�UDWLRV�LV�QHDU�XQLW\�DV�LV�WKH�����DP�UDWLR�IRU�WKH�LQQHU

JULG��VLQFH�WKH�HOHYDWHG�SRLQW�VRXUFHV�OLH�ODUJHO\�RXWVLGH�WKH�LQQHU�JULG�ERXQGDU\��

10+&�&RPSRVLWLRQ

&RPSDULVRQV�ZHUH�SUHSDUHG�RI�92&�HPLVVLRQV�ZLWK�DPELHQW�10+&�GDWD�E\�PDMRU�VSHFLHV

JURXSV��SDUDIILQV��ROHILQV��DQG�DURPDWLFV��DQG�LQGLYLGXDO�VSHFLHV����7KHVH�FRPSDULVRQV�ZHUH

UHVWULFWHG�WR�WKH�VSHFLHV�LGHQWLILHG�LQ�WKH�DPELHQW�GDWD�²�XQLGHQWLILHG�10+&�LQ�WKH�DPELHQW

����������������������������������������
� 6SHFLHV JURXSV DUH GHILQHG DV LQ $SSHQGL[ $ RI 0DLQ HW DO� �������
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VDPSOHV�ZDV�H[FOXGHG�IURP�WKH�FRPSDULVRQ�DV�ZHUH�HPLVVLRQV�RI�92&V�QRW�DVVLJQHG�WR�VSHFLHV

LGHQWLILHG�LQ�WKH�DPELHQW�VDPSOHV�

&RPSRVLWLRQ�RI�WKH�92&�HPLVVLRQV�RYHU�WKH�IXOO�JULG�LQ�:DVKLQJWRQ��'&�E\�PDMRU�VSHFLHV

JURXS�LV�FRPSDUHG�ZLWK�WKH�FRPSRVLWLRQ�RI�WKH�0F0LOODQ�5HVHUYRLU�DPELHQW�VDPSOHV�LQ

)LJXUH�������&RPSDULVRQV�DUH�EDVHG�RQ�WKH�PHGLDQ�ZHLJKW�SHUFHQWV�RI�WKH�DPELHQW�GDWD���7KLV

FRPSDULVRQ�VKRZV�WKDW�WKH�GLVWULEXWLRQ�RI�HPLVVLRQV�DFURVV�WKH�PDMRU�10+&�JURXSV�LV�LQ

IDLUO\�JRRG�DJUHHPHQW�ZLWK�WKH�DPELHQW�GDWD�DOWKRXJK�WKH�LQYHQWRU\�FRQWDLQV�D�����ODUJHU

IUDFWLRQ�RI�DURPDWLFV�WKDQ�LV�REVHUYHG�LQ�WKH�DPELHQW�GDWD�ZKLOH�SDUDIILQV�DUH�VOLJKWO\�XQGHU

UHSUHVHQWHG�LQ�WKH�LQYHQWRU\���5HVXOWV�IRU�%DOWLPRUH��)LJXUH������DUH�VLPLODU�EXW�WKH�UHODWLYH

GLIIHUHQFHV�LQ�SDUDIILQ�DQG�DURPDWLF�FRQWHQWV�DUH�ODUJHU�WKDQ�LQ�:DVKLQJWRQ���7KHVH�UHVXOWV�DUH

TXLWH�VLPLODU�WR�WKRVH�REVHUYHG�E\�+DVWH�HW�DO���������DW�VHYHUDO�RWKHU�ORFDWLRQV�LQ�WKH

QRUWKHDVWHUQ�8�6��DOWKRXJK�+DVWH�DQG�FR�ZRUNHUV�IRXQG�D�ODUJHU�GHJUHH�RI�DQ�RYHU�DEXQGDQFH

RI�DURPDWLFV�LQ�WKHLU�LQYHQWRU\��URXJKO\������

&RPSDULVRQV�RI�WKH�HPLVVLRQ�DQG�DPELHQW�GDWD�FRPSRVLWLRQV�E\�LQGLYLGXDO�VSHFLHV�DUH

LOOXVWUDWHG�IRU�WKH�:DVKLQJWRQ�'&�GDWD�LQ�)LJXUH�������7KLV�FRPSDULVRQ�LV�IRU�WKH�WZHQW\�ILYH

PRVW�DEXQGDQW�VSHFLHV�LQ�WKH�DPELHQW�GDWD�EDVHG�RQ�PHGLDQ�FRQFHQWUDWLRQ���$V�RQH�PLJKW

H[SHFW�JLYHQ�WKH�GLIILFXOWLHV�LQ�GHYHORSLQJ�VSHFLDWHG�HPLVVLRQV�HVWLPDWHV��WKHUH�DUH�D�QXPEHU�RI

PDMRU�GLVFUHSDQFLHV�EHWZHHQ�WKH�LQYHQWRU\�DQG�DPELHQW�GDWD�FRPSRVLWLRQV�IRU�LQGLYLGXDO

VSHFLHV���7KH�ODUJHVW�UHODWLYH�GLIIHUHQFHV�RFFXU�IRU�HWKDQH��WROXHQH��SURSDQH��Q�EXWDQH�

EHQ]HQH��DFHW\OHQH������GLP\WKOEXWDQH��DQG���PHWK\OKH[DQH���7KHVH�GLVFUHSDQFLHV�FRXOG�EH

GXH�WR�HUURUV�LQ�WKH�LQYHQWRU\�RU�SUREOHPV�LQ�SURSHU�TXDQWLILFDWLRQ�RI�LQGLYLGXDO�VSHFLHV�LQ�WKH

DPELHQW�GDWD���1RWH�WKDW�WKH�FRPSDULVRQ�IRU�LVRSUHQH�LV�QRW�YDOLG�VLQFH�ELRJHQLF�HPLVVLRQV

ZHUH�QRW�LQFOXGHG�LQ�WKH�HPLVVLRQV�LQYHQWRU\���$OVR�QRWH�WKDW�FRPSDULVRQV�DUH�VKRZQ�IRU�ERWK

P�R�HWK\OWROXHQH�FRPELQHG�DQG�P�HWK\OWROXHQH�LQGLYLGXDOO\���6LPLODU�WR�WKH�UHVXOWV�RI�+DVWH�HW

DO����������VHYHUDO�RI�WKH�OLJKW�K\GURFDUERQV�DUH�XQGHU�UHSUHVHQWHG�LQ�WKH�LQYHQWRU\��LQFOXGLQJ

DFHW\OHQH��HWKDQH��SURSDQH��DQG�LVREXWDQH�EXW��LQ�FRQWUDVW�WR�+DVWLQJ·V�UHVXOWV��WKH�SURSRUWLRQV

RI�HWK\OHQH��DQG�SURS\OHQH�LQ�WKH�LQYHQWRU\�DJUHH�TXLWH�ZHOO�ZLWK�WKRVH�IRXQG�LQ�WKH�DPELHQW

GDWD���7KH�H[FHVV�[\OHQHV��Q�EXWDQH���������DQG�������WULPHWK\OSHQWDQHV��DQG�WROXHQH�LQ�WKH

LQYHQWRU\�UHODWLYH�WR�WKH�DPELHQW�GDWD�IRXQG�LQ�RXU�DQDO\VLV�DUH�DOVR�FRQVLVWHQW�ZLWK�WKH�UHVXOWV

SUHVHQWHG�E\�+DVWLQJ�DQG�FR�ZRUNHUV�

5HVXOWV�IRU�%DOWLPRUH�)LJXUH�����H[KLELW�PDQ\�VLPLODULWLHV�ZLWK�WKRVH�IRU�:DVKLQJWRQ�GHVFULEHG

DERYH��LQFOXGLQJ�ODUJH�GLIIHUHQFHV�EHWZHHQ�WKH�LQYHQWRU\�DQG�DPELHQW�GDWD�LQ�HWKDQH��WROXHQH�

SURSDQH��Q�EXWDQH��DQG���PHWK\OKH[DQH���+RZHYHU��WKHUH�LV�EHWWHU�DJUHHPHQW�LQ�%DOWLPRUH�IRU

EHQ]HQH�DQG�DFHW\OHQH�WKDQ�LQ�:DVKLQJWRQ���7KH�%DOWLPRUH�LQYHQWRU\�DOVR�FRQWDLQV�UHODWLYHO\

OHVV��������DQG�������WULPHWK\OEHQ]HQH�WKDQ�WKH�DPELHQW�GDWD�EXW�������WULPHWK\OEHQ]HQH

IUDFWLRQV�DJUHH�ZHOO���7ULPHWK\OEHQ]HQH�IUDFWLRQV�VKRZHG�JRRG�DJUHHPHQW�LQ�:DVKLQJWRQ�ZLWK

D�VOLJKWO\�KLJKHU�DPRXQW�RI�������WULPHWK\OEHQ]HQH�LQ�WKH�LQYHQWRU\�UHODWLYH�WR�WKH�DPELHQW

VDPSOHV���0DLQ�HW�DO�������E��QRWHG�WKH�KLJKHU�IUDFWLRQ�RI�������WULPHWK\OEHQ]HQH�LQ�WKH�(VVH[

GDWD�DQG�WKHRUL]HG�LW�DURVH�IURP�WKH�LQIOXHQFH�RI�D�QRQ�PRWRU�YHKLFOH�VRXUFH�

&RPSDULVRQV�ZHUH�DOVR�PDGH�EHWZHHQ�PHGLDQ�DPELHQW�VDPSOH�FRPSRVLWLRQ�DQG�VSHFLDWLRQ

SURILOHV�IRU�WZR�RI�WKH�PDMRU�VRXUFH�FDWHJRULHV�LQ�:DVKLQJWRQ��RWKHU�DUHD�VRXUFHV��$527+�

DQG�JDV�SRZHUHG�RQ�URDG�PRWRU�YHKLFOHV��09*$6����7RJHWKHU��WKHVH�WZR�VRXUFH�FDWHJRULHV

FRQWULEXWH�����RI�WKH�GHWHFWDEOH�92&�HPLVVLRQV�GXULQJ�WKH���²���DP�SHULRG���5HVXOWV�RI�WKH

FRPSDULVRQ�DUH�SUHVHQWHG�LQ�)LJXUH�������,Q�JHQHUDO��WKH�DPELHQW�10+&�FRPSRVLWLRQ

FRUUHODWHV�UHDVRQDEO\�ZHOO�ZLWK�WKH�09*$6�SURILOH�ZLWK�WKH�QRWDEOH�H[FHSWLRQV�IRU�HWKDQH�
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SURSDQH��Q�EXWDQH��LVREXWDQH��WROXHQH��DQG�Q�KHSWDQH���5HODWLYH�WR�WKH�DPELHQW�GDWD��WKH

$527+�SURILOH�KDV�WRR�PXFK�WROXHQH�DQG�PHWK\OF\FORKH[DQH���7KHVH�UHVXOWV�PLUURU�WKH�UHVXOWV

LQ�)LJXUH������LQGLFDWLQJ�WKH�GRPLQDWH�LQIOXHQFH�RI�PRWRU�YHKLFOHV�RQ�WKH�DPELHQW�10+&�LQ

:DVKLQJWRQ���'LVFUHSDQFLHV�LQ�VSHFLHV�DEXQGDQFHV�EHWZHHQ�WKH�LQYHQWRU\�DQG�WKH�DPELHQW�GDWD

DUH�SULPDULO\�GXH�WR�GLVFUHSDQFLHV�LQ�WKH�PRWRU�YHKLFOH�HPLVVLRQV�SURILOH�

7DEOH�������6XPPDU\�RI�710+&�12; �UDWLR�FRPSDULVRQ��:DVKLQJWRQ��'&�
Emission ratio with elevated point sources (molesC/mole NOx)

6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.
Inner Grid 2.34 2.19 3.57 2.70
Full Grid 2.01 1.88 2.84 2.24

Emission ratio without elevated point sources (molesC/mole NOx)
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 2.60 2.34 3.90 2.94
Full Grid 2.39 2.11 3.30 2.60

TNMHC/NOx Ambient Ratios (ppbC/ppb NOx)
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg. Approx. 95% Conf. Int.*

Mean 3.85 3.42 3.24 3.48
Median 3.48 3.16 2.96 3.27 (3.09, 3.51)
Sample Size 41 50 50 141

Ratios of Ambient to Emission Ratios with elevated point sources
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 1.65 1.56 0.91 1.29
Full Grid 1.91 1.82 1.14 1.55

Ratios of Ambient to Emission Ratios without elevated point sources
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 1.48 1.46 0.83 1.18
Full Grid 1.61 1.62 0.98 1.34


 %DVHG RQ ��� FRQILGHQFH LQWHUYDO IRU WKH PHDQ RI WKH ORJDULWKP RI WKH 710+&�12; UDWLR�
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7DEOH�������6XPPDU\�RI�710+&�12; �UDWLR�FRPSDULVRQ��%DOWLPRUH��0'�

Emission ratio with elevated point sources (molesC/mole NOx)
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 1.92 1.82 3.48 2.41
Full Grid 0.87 0.97 1.49 1.11

Emission ratio without elevated point sources (molesC/mole NOx)
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 2.14 1.96 3.83 2.64
Full Grid 2.35 2.17 3.87 2.80

TNMHC/NOx Ambient Ratios (ppbC/ppb NOx)
6 - 7 am 7 - 8 am 8 - 9 am  6-9 am Avg. Approx. 95%

Conf. Int. *
Mean 4.55 3.66 3.92 4.07
Median 4.01 3.75 4.02 3.92 (3.48, 4.14)
Sample Size 28 26 20 74

Ratios of Ambient to Emission Ratios with elevated point sources
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 2.37 2.01 1.13 1.69
Full Grid 5.22 3.76 2.64 3.66

Ratios of Ambient to Emission Ratios without elevated point sources
6 - 7 am 7 - 8 am 8 - 9 am 6-9 am Avg.

Inner Grid 2.13 1.86 1.02 1.54
Full Grid 1.94 1.68 1.01 1.45


 %DVHG RQ ��� FRQILGHQFH LQWHUYDO IRU WKH PHDQ RI WKH ORJDULWKP RI WKH 710+&�12; UDWLR�
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)LJXUH�������&RPSDULVRQ�RI�10+&�FRPSRVLWLRQ�E\�VSHFLHV�JURXS��:DVKLQJWRQ��'&�IXOO�GRPDLQ�

NMHC Composition
Washinton, DC
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)LJXUH�������&RPSDULVRQ�RI�10+&�FRPSRVLWLRQ�E\�VSHFLHV�JURXS��%DOWLPRUH��0'�LQQHU�GRPDLQ�

NMHC Composition: Baltimore
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)LJXUH�������$PELHQW�YV��HPLVVLRQV�LQGLYLGXDO�VSHFLHV�710+&�ZHLJKW�SHUFHQWV�IRU�PRVW�DEXQGDQW�VSHFLHV�LQ�WKH�DPELHQW�GDWD�

:DVKLQJWRQ��'&�IXOO�GRPDLQ�

Washington, DC: 6-9 AM
Full Grid
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)LJXUH�������,QYHQWRU\�10+&�VSHFLDWLRQ�SURILOHV�IRU�DUHD�VRXUFHV�DQG�JDV�SRZHUHG�PRWRU�YHKLFOH�VRXUFH�FDWHJRULHV�YV��DPELHQW

VSHFLHV�ZHLJKW�SHUFHQWV��:DVKLQJWRQ��'&�IXOO�GRPDLQ�

Washington DC: Full Grid
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6800$5<�$1'�&21&/86,216

&RPSDULVRQV�ZHUH�PDGH�EHWZHHQ�R]RQH�SUHFXUVRU�VSHFLHV�UDWLRV�LQ�DPELHQW�GDWD�FROOHFWHG�DW

WKH�(VVH[��%DOWLPRUH��0'��DQG�0F0LOODQ��:DVKLQJWRQ��'&��3$06�PRQLWRULQJ�VLWHV�DQG

HPLVVLRQ�LQYHQWRULHV�IRU�WKHVH�ORFDWLRQV���0RUQLQJ����²���DP��710+&�12[�UDWLRV�LQ�WKH

DPELHQW�VDPSOHV�ZHUH�IRXQG�WR�EH�JUHDWHU�RQ�DYHUDJH�WKDQ�FRUUHVSRQGLQJ�HPLVVLRQ�UDWLRV�

:KHQ�HOHYDWHG�SRLQW�VRXUFHV�DUH�H[FOXGHG�IURP�WKH�LQYHQWRULHV����²���DP�DYHUDJH�92&�12[

HPLVVLRQ�UDWLRV�UDQJH�IURP�����WR�����GHSHQGLQJ�RQ�ZKLFK�FLW\�DQG�VL]H�DUHD�DURXQG�WKH

PRQLWRULQJ�VLWH�LV�VHOHFWHG���$GGLQJ�HOHYDWHG�VRXUFHV�LQWR�WKH�LQYHQWRU\�ORZHUV�WKHVH�UDWLRV�WR

EHWZHHQ�����DQG�����ZLWK�WKH�ORZHVW�UDWLRV�DSSHDULQJ�LQ�%DOWLPRUH���,Q�FRQWUDVW��DPELHQW

710+&�12[�UDWLRV�DW�WKH�3$06�VLWHV�DYHUDJH�����DW�0F0LOODQ�5HVHUYRLU�DQG�����DW�(VVH[�

7KH�UHVXOWLQJ�UDWLRV�RI�DPELHQW�710+&�12[�WR�HPLVVLRQV�92&�12[�UDQJH�IURP�����WR����

DW�:DVKLQJWRQ�DQG�����WR�����DW�%DOWLPRUH��7KLV�GLVFUHSDQF\�EHWZHHQ�WKH�HPLVVLRQV�DQG

DPELHQW�UDWLRV�FRXOG�EH�GXH�HLWKHU�WR�VRPH�FRPELQDWLRQ�RI�V\VWHPDWLF�XQGHU�HVWLPDWLRQ�RI

PRUQLQJ�92&�HPLVVLRQV�DQG�RYHUHVWLPDWLRQ�RI�PRUQLQJ�12[�HPLVVLRQV�RU�WR�WKH�LQIOXHQFH�RI

RWKHU�HUURUV�LQ�WKH�LQYHQWRU\�GHYHORSPHQW�SURFHVV�LQFOXGLQJ�HUURUV�LQ�VSDWLDO�DQG�WHPSRUDO

GLVDJJUHJDWLRQ�IDFWRUV�XVHG�WR�GHYHORS�WKH�LQYHQWRU\�RU�HUURUV�LQ�VSHFLDWLRQ�RI�+&�HPLVVLRQV

SURGXFLQJ�ELDVHV�LQ�WKH�HVWLPDWH�RI�WRWDO�+&�HPLVVLRQV�GHWHFWDEOH�E\�WKH�3$06�DXWR�*&

LQVWUXPHQWV�

$V�QRWHG�E\�(�+��3HFKDQ���������D�UHYLHZ�RI�WKH�DUHD�VRXUFH�IXHO�FRPEXVWLRQ�12[�HPLVVLRQV

HVWLPDWHV�LQ�WKH�:DVKLQJWRQ�DQG�%DOWLPRUH�LQYHQWRULHV�VWURQJO\�VXJJHVWV�WKDW�HPLVVLRQV�IURP

WKLV�VRXUFH�FDWHJRU\�DUH�RYHUVWDWHG�IRU�WKH�R]RQH�VHDVRQ��HVSHFLDOO\�LQ�WKH�:DVKLQJWRQ

LQYHQWRU\���7KLV�PD\�EH�GXH�WR�WKH�XVH�RI�VHDVRQDO�DFWLYLW\�IUDFWLRQV�ZKLFK�DVVXPH�WKDW�����RI

DUHD�VRXUFH�IXHO�FRPEXVWLRQ�RFFXUV�GXULQJ�WKH�WKUHH�VXPPHU�PRQWKV���7KLV�DVVXPSWLRQ�LV

LQFRQVLVWHQW�ZLWK�WKH�DEVHQFH�RI�VSDFH�KHDWLQJ�GXULQJ�WKH�VXPPHU�LQ�WKH�PLG�$WODQWLF�UHJLRQ�

12[�HPLVVLRQV�LQ�WKH�%DOWLPRUH�LQYHQWRU\�IURP�WKLV�VRXUFH�FDWHJRU\�DUH�QHJOLJLEOH��KRZHYHU

WKLV�VRXUFH�DFFRXQWV�IRU�D�PRUH�VXEVWDQWLDO�IUDFWLRQ�RI�WKH�WRWDO�GDLO\�QRQ�HOHYDWHG�SRLQW�VRXUFH

12[�HPLVVLRQV�LQ�:DVKLQJWRQ��7KLV�PHDQV�WKDW�WRWDO�12[�HPLVVLRQV�PD\EH�VRPHZKDW

RYHUVWDWHG�LQ�WKH�LQYHQWRULHV�DQG��FRQVHTXHQWO\��WKH�LQYHQWRU\�92&�12[�UDWLRV�DUH�WRR�ORZ�

$VVXPLQJ��DV�(�+��3HFKDQ��������VXJJHVWV��WKDW�VXPPHU�12[�HPLVVLRQV�IURP�WKLV�VRXUFH

FDWHJRU\�DUH�RYHUVWDWHG�E\�D�IDFWRU�RI�ILYH��WKH�HPLVVLRQV�92&�12[�UDWLRV�UHSRUWHG�DERYH�PD\

EH�XQGHUVWDWHG�E\�D�IDFWRU�RI������LJQRULQJ�GLXUQDO�YDULDWLRQV���7KXV��DGMXVWLQJ�WKH�LQYHQWRU\

HVWLPDWHV�IRU�WKLV�SDUWLFXODU�HUURU�ZRXOG�LQFUHDVH�WKH�:DVKLQJWRQ�IXOO�JULG�92&�12[

HPLVVLRQV�UDWLRV�UHSRUWHG�DERYH�IURP�����WR������ZKHQ�HOHYDWHG�SRLQW�VRXUFHV�DUH�H[FOXGHG��

ZKLFK�LV�VWLOO�ZHOO�EHORZ�WKH�DPELHQW�710+&�12[�UDWLR�RI������2I�FRXUVH��WKH�LQYHQWRULHV

PD\�FRQWDLQ�RWKHU�HUURUV�WKDW�KDYH�\HW�WR�EH�LGHQWLILHG�ZKLFK�PLJKW�IXUWKHU�DOWHU�WKH�92&�12[

UDWLR�RQH�ZD\�RU�WKH�RWKHU�

2XU�DQDO\VLV�UHYHDOHG�WKDW�WHPSRUDO�DOORFDWLRQ�IDFWRUV�XVHG�WR�HVWLPDWH�KRXUO\�HPLVVLRQV

SURGXFH�VLJQLILFDQWO\�ORZHU�92&�12[�UDWLRV�IRU���²���DP�FRPSDUHG�WR���²���DP�GXH�WR�D

VKDUS�GHFUHDVH�LQ�12[�HPLVVLRQV�GXULQJ�WKH�VHFRQG�KRXU�DQG�DQ�LQFUHDVH�LQ�92&�HPLVVLRQV�

7KLV�IHDWXUH�RI�WKH�HPLVVLRQV�SURILOHV�ZDV�VHHQ�LQ�ERWK�:DVKLQJWRQ�DQG�%DOWLPRUH���+RZHYHU

KRXU�WR�KRXU�GLIIHUHQFHV�LQ�DPELHQW�710+&�12[�UDWLRV�DUH�PXFK�VPDOOHU�WKDQ�LQGLFDWHG�E\

WKH�HPLVVLRQV�SURILOHV���7KH�DPELHQW�UDWLR�DFWXDOO\�GHFUHDVHV�EHWZHHQ���²���DP�DQG���²���DP�DW

0F0LOODQ�DQG�LQFUHDVHV�VOLJKWO\�DW�(VVH[���/HVV�YDULDELOLW\�LQ�WKH�DPELHQW�UDWLRV�LV�DW�OHDVW
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SDUWLDOO\�GXH�WR�WKH�WLPH�LW�WDNHV�IRU�HPLVVLRQV�WR�GLVSHUVH�RYHU�WKH�UHJLRQ�EXW�PD\�DOVR�EH�DQ

LQGLFDWLRQ�WKDW�WKH�WHPSRUDO�12[�DOORFDWLRQ�IDFWRUV�XVHG�LQ�WKH�LQYHQWRULHV�DVVLJQ�WRR�JUHDW�D

IUDFWLRQ�RI�HPLVVLRQV�WR�WKH���²���DP�KRXU���*LYHQ�WKH�DWPRVSKHULF�GLVSHUVLRQ�WLPH�VFDOH��WKH

GHVLUH�WR�FDSWXUH�WKH�SHULRG�ZLWK�PD[LPXP�PRWRU�YHKLFOH�HPLVVLRQV�DQG�WKH�QHHG�WR�DYRLG

SHULRGV�RI�LQFUHDVHG�DWPRVSKHULF�UHDFWLYLW\��WKH�PRVW�PHDQLQJIXO�FRPSDULVRQV�EHWZHHQ

HPLVVLRQV�DQG�DPELHQW�UDWLRV�DUH�IRU�WKH���²���DP�DYHUDJHV��FRPSDULVRQV�IRU�LQGLYLGXDO�KRXUV

DUH�OHVV�PHDQLQJIXO���7KXV��IRU�H[DPSOH��LW�ZRXOG�QRW�EH�DSSURSULDWH�WR�GUDZ�DQ\�FRQFOXVLRQV

EDVHG�RQ�WKH�UHODWLYHO\�JRRG�DJUHHPHQW�EHWZHHQ�DPELHQW�DQG�HPLVVLRQV�UDWLRV�IRU���²���DP

VKRZQ�LQ�7DEOH������:DVKLQJWRQ�ZLWK�RU�ZLWKRXW�HOHYDWHG�SRLQW�VRXUFHV��DQG�7DEOH����

�%DOWLPRUH�ZLWKRXW�HOHYDWHG�SRLQW�VRXUFHV����1HYHUWKHOHVV��WKH�GLIIHUHQFHV�EHWZHHQ�PRUQLQJ

DPELHQW�DQG�HPLVVLRQV�SURILOHV�LQFUHDVHV�WKH�OHYHO�RI�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKH

FRPSDULVRQ�RI���²���DP�DYHUDJHV�

&RPSDULVRQV�RI�WKH�UHODWLYH�DEXQGDQFH�RI�PDMRU�VSHFLHV�JURXSV��SDUDIILQV��ROHILQV��DURPDWLFV�

LQ�WKH�DPELHQW�GDWD�DQG�WKH�HPLVVLRQ�LQYHQWRULHV�\LHOGHG�VLPLODU�UHVXOWV�IRU�ERWK�PRQLWRULQJ

VLWHV�DQG�LQGLFDWHG�WKDW�WKH�DEXQGDQFH�RI�DURPDWLFV�LV�VOLJKWO\�RYHU�SUHGLFWHG�LQ�WKH�LQYHQWRU\

UHODWLYH�WR�WKH�DPELHQW�GDWD���7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�D�VLPLODU�DQDO\VLV�SUHYLRXVO\

SHUIRUPHG�IRU�VHYHUDO�RWKHU�3$06�VLWHV�E\�+DVWH�HW�DO���������

&RPSDULVRQ�RI�LQGLYLGXDO�10+&�VSHFLHV�DEXQGDQFH�LQ�WKH�DPELHQW�GDWD�ZLWK�DEXQGDQFH�LQ�WKH

WRWDO�LQYHQWRU\�DQG�VHOHFWHG�LQYHQWRU\�VRXUFH�FDWHJRULHV�LQ�:DVKLQJWRQ�FRQILUP�WKDW�JDV

SRZHUHG�PRELOH�VRXUFHV�GRPLQDWH�DW�WKLV�ORFDWLRQ�DQG�LQGLFDWH�VHYHUDO�NH\�GLVFUHSDQFLHV

EHWZHHQ�WKH�PRELOH�VRXUFH�VSHFLDWLRQ�SURILOH�DQG�WKH�DPELHQW�GDWD���7KH�PDLQ�GLVFUHSDQFLHV

DUH�D�JUHDWHU�IUDFWLRQ�RI�OLJKW�K\GURFDUERQV�LQ�WKH�DPELHQW�GDWD�WKDQ�LQ�WKH�LQYHQWRU\�DQG�PXFK

JUHDWHU�WROXHQH��Q�EXWDQH�DQG�[\OHQH�LQ�WKH�LQYHQWRU\�UHODWLYH�WR�WKH�DPELHQW�GDWD���%RWK�WKH

PRWRU�YHKLFOH�DQG�DUHD�VRXUFH�SURILOHV�DSSHDU�WR�KDYH�JUHDWHU�WROXHQH�DQG�[\OHQH�IUDFWLRQV�WKDQ

LV�LQGLFDWHG�LQ�WKH�DPELHQW�GDWD�

,W�PXVW�EH�QRWHG�WKDW�WKH�GLVFUHSDQF\�LQ�710+&�12[�UDWLRV�DQG�UHODWLYH�+&�VSHFLHV

DEXQGDQFHV�GLVFXVVHG�DERYH�PD\�DOVR�EH�GXH�LQ�ZKROH�RU�LQ�SDUW�WR�IDFWRUV�DIIHFWLQJ�WKH

PRQLWRULQJ�GDWD���$LU�SDUFHOV�VDPSOHG�DW�WKH�PRQLWRULQJ�VLWHV�PD\�UHSUHVHQW�D�GLIIHUHQW�PL[WXUH

RI�HPLVVLRQ�VRXUFHV�WKDQ�LV�FRQWDLQHG�LQ�WKH�DUHD�ZLGH�HPLVVLRQ�LQYHQWRU\���5HDFWLRQV�RI

10+&�DQG�12[�HPLVVLRQV�EHWZHHQ�WLPH�RI�UHOHDVH�LQWR�WKH�DWPRVSKHUH�DQG�ZKHQ�WKH�PDWHULDO

LV�REVHUYHG�DW�WKH�PRQLWRULQJ�VLWH�PD\�SHUWXUE�SUHFXUVRU�UDWLRV�IURP�WKHLU�LQLWLDO�OHYHOV���,Q

DGGLWLRQ��PHDVXUHPHQW�HUURUV�PD\�DIIHFW�WKH�REVHUYHG�UDWLRV���&RPSDULVRQV�SHUIRUPHG�IRU�WKLV

VWXG\�ZHUH�GHVLJQHG�WR�OLPLW�WKH�LQIOXHQFH�RI�WKHVH�IDFWRUV�WR�WKH�PD[LPXP�SRVVLEOH�H[WHQW�E\�

IRU�H[DPSOH��IRFXVVLQJ�RQ�WKH�PRUQLQJ�KRXUV�ZKHQ�IUHVK�HPLVVLRQV�DUH�DEXQGDQW�DQG

DWPRVSKHULF�UHDFWLRQ�UDWHV�DUH�UHODWLYHO\�ORZ���+RZHYHU��WKH�UHVLGXDO�LQIOXHQFH�RI�WKHVH

PHDVXUHPHQW�UHODWHG�IDFWRUV�KDV�QRW�EHHQ�TXDQWLILHG���2I�SDUWLFXODU�FRQFHUQ�DUH�WKH�SUHVHQFH�RI

ODUJH�HOHYDWHG�DQG�ORZ�OHYHO�SRLQW�VRXUFHV�LQ�WKH�YLFLQLW\�RI�WKH�(VVH[�PRQLWRULQJ�VLWH�ZKLFK

LQFUHDVHV�WKH�VSDWLDO�LQKRPRJHQHLW\�RI�WKH�HPLVVLRQV�DQG�LQFUHDVHV�WKH�OLNHOLKRRG�WKDW�WKH

PRQLWRUHG�GDWD�DUH�QRW�IXOO\�UHSUHVHQWDWLYH�RI�WKH�%DOWLPRUH�DUHD�ZLGH�LQYHQWRU\���7KLV�LV�OHVV

RI�D�FRQFHUQ�LQ�:DVKLQJWRQ�ZKHUH�VXFK�VRXUFHV�DUH�OHVV�SUHYDOHQW�
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5HVXOWV�RI�WKH�DQDO\VHV�GHVFULEHG�DERYH�VXJJHVW�VHYHUDO�DUHDV�LQ�ZKLFK�HPLVVLRQ�LQYHQWRU\

HVWLPDWHV�IRU�WKH�PLG�$WODQWLF�UHJLRQ�PLJKW�EH�LPSURYHG��LQ�DGGLWLRQ�WR�UHDVVHVVLQJ�WKH

DFFXUDF\�RI�PRELOH�VRXUFH�HPLVVLRQV�

• :KLOH�WKH�WHPSRUDO�DOORFDWLRQ�IDFWRUV�FXUUHQWO\�LQ�XVH�PD\�SURGXFH�GLXUQDO�HPLVVLRQV

SURILOHV�DGHTXDWH�IRU�SKRWRFKHPLFDO�PRGHOLQJ��WKHVH�SURILOHV�FRQWDLQ�VRPH�KRXU�WR�KRXU

FKDQJHV�LQ�92&�12[�UDWLRV�WKDW�SUREDEO\�GR�QRW�RFFXU�LQ�SUDFWLFH��WKXV�PDNLQJ�LW�GLIILFXOW

WR�FRPSDUH�LQYHQWRU\�HVWLPDWHV�ZLWK�DPELHQW�GDWD���7HPSRUDO�DOORFDWLRQ�IDFWRUV�VKRXOG�EH

UHH[DPLQHG�DQG�PRGLILHG�WR�UHIOHFW�ORFDO�FRQGLWLRQV�ZKHUH�DSSURSULDWH��HVSHFLDOO\�IRU�WKH

PRUQLQJ�KRXUV�DQG�WKH�WUDQVLWLRQ�EHWZHHQ����SP�DQG���DP�

• $UHD�VRXUFH�IXHO�FRPEXVWLRQ�12[�HPLVVLRQV�VKRXOG�EH�UH�HVWLPDWHG��SURSHUO\�WDNLQJ�LQWR

DFFRXQW�VHDVRQDO�YDULDWLRQV�LQ�IXHO�XVH��,W�LV�VXJJHVWHG�WKDW�DFWXDO�GDWD�IURP�IXHO

GLVWULEXWRUV�EH�XVHG�LQ�HDFK�ORFDWLRQ�WR�DOORFDWH�IXHO�XVH�WR�VHDVRQV�IRU�IXWXUH�LQYHQWRULHV�

• 92&�HPLVVLRQV�VSHFLDWLRQ�IDFWRUV�XVHG�LQ�WKH�LQYHQWRU\�VKRXOG�EH�H[DPLQHG�IRU�SRWHQWLDO

SUREOHPV�ZLWK�WKH�DSSDUHQW�ODFN�RI�DEXQGDQFH�RI�OLJKW�K\GURFDUERQV�LQ�WKH�PRELOH�VRXUFH

SURILOHV�DQG�RYHU�HVWLPDWLRQ�RI�WKH�UHODWLYH�DEXQGDQFH�RI�WROXHQH��[\OHQH�DQG�Q�EXWDQH�

,Q�DGGLWLRQ�WR�H[DPLQLQJ�WKH�HPLVVLRQ�LQYHQWRULHV�IRU�SRWHQWLDO�LPSURYHPHQWV��WKHUH�DUH�D

QXPEHU�RI�HQKDQFHPHQWV�DQG�LPSURYHPHQWV�WR�WKH�FRPSDULVRQ�RI�DPELHQW�GDWD�ZLWK

LQYHQWRULHV�ZKLFK�ZHUH�EH\RQG�WKH�VFRSH�RI�WKH�SUHVHQW�VWXG\���7KHVH�LQFOXGH�

• 3HUIRUPLQJ�FRPSDULVRQV�EDVHG�RQ�HPLVVLRQV�IURP�MXVW�WKH�XSZLQG�TXDGUDQW�LQ�HDFK�KRXU�WR

DFKLHYH�D�FORVHU�UHODWLRQVKLS�EHWZHHQ�WKH�HPLVVLRQ�VRXUFHV�DQG�WKH�VRXUFH�PL[�DFWXDOO\

REVHUYHG�DW�WKH�PRQLWRULQJ�VLWH���7KLV�LV�WKH�PHWKRGRORJ\�HPSOR\HG�E\�/$'&2��������DQG

PD\�EH�SDUWLFXODUO\�LPSRUWDQW�IRU�H[DPLQLQJ�WKH�(VVH[�GDWD�GXH�WR�WKH�SRWHQWLDO�IRU�ODUJH

VSDWLDO�LQKRPRJHQHLWLHV�LQ�HPLVVLRQV�LQ�%DOWLPRUH�

• &RPSDUH�HPLVVLRQV�DQG�DPELHQW�10+&�HVWLPDWHV�RQ�D�UHDFWLYLW\�ZHLJKWHG�EDVLV�WR�JDLQ�D

EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LPSDFW�RI�REVHUYHG�GLIIHUHQFHV�RQ�R]RQH�IRUPDWLRQ�SRWHQWLDO�

)RU�SKRWRFKHPLFDO�PRGHOLQJ�DSSOLFDWLRQV��GLVFUHSDQFLHV�LQ�UHODWLYHO\�XQUHDFWLYH�VSHFLHV�DUH

PXFK�OHVV�LPSRUWDQW�WKDQ�GLVFUHSDQFLHV�LQ�KLJKO\�UHDFWLYH�VSHFLHV�

• ([WHQG�WKH�FRPSDULVRQ�WR�LQFOXGH�GDWD�IURP�DGGLWLRQDO�VXLWDEOH�DPELHQW�PRQLWRULQJ�VLWHV�

HVSHFLDOO\�VLWHV�UHSUHVHQWLQJ�DUHDV�ZLWK�GLYHUVLW\�LQ�WKH�UHODWLYH�FRQWULEXWLRQV�RI�PRELOH�DQG

RWKHU�DUHD�VRXUFH�FDWHJRULHV�VR�WKDW�D�EHWWHU�XQGHUVWDQGLQJ�FDQ�EH�JDLQHG�RI�WKH�GHJUHH�WR

ZKLFK�HUURUV�H[LVW�LQ�LQYHQWRU\�HVWLPDWHV�IRU�RQH�RU�ERWK�RI�WKHVH�SURPLQHQW�92&�VRXUFH

FDWHJRULHV�

• 6LQFH�VXPPHU�&2�HPLVVLRQ�LQYHQWRULHV�DUH�DOPRVW�H[FOXVLYHO\�GRPLQDWHG�E\�PRELOH

VRXUFHV�LQ�PRVW�ORFDWLRQV��LQFOXGLQJ�&2�HPLVVLRQV�LQ�WKH�FRPSDULVRQ�RI�DPELHQW�GDWD�ZLWK

HPLVVLRQV�ZRXOG�SURYLGH�DQRWKHU�XVHIXO�SRLQW�RI�UHIHUHQFH�IRU�PRELOH�VRXUFH�FRQWULEXWLRQV�

1RWH�KRZHYHU��WKDW�WKLV�ZRXOG�UHTXLUH�DPELHQW�&2�GDWD�DW�EHWWHU�WKDQ�WKH������SSE

SUHFLVLRQ�QRUPDOO\�UHSRUWHG�
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• ([WHQG�FRPSDULVRQV�WR�LQFOXGH�ELRJHQLF�LVRSUHQH�HPLVVLRQV���,VRSUHQH�LV�DEXQGDQW�DQG

KLJKO\�UHDFWLYH�DQG�WKHUHIRUH�DQ�LPSRUWDQW�R]RQH�SUHFXUVRU�LQ�PDQ\�ORFDWLRQV���7KXV�

DFFXUDWH��LVRSUHQH�HPLVVLRQ�HVWLPDWHV�DUH�D�SUHUHTXLVLWH�IRU�XVHIXO�SKRWRFKHPLFDO�PRGHOLQJ�
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5()(5(1&(6

(�+��3HFKDQ����������´$�5HYLHZ�RI�0RELOH�6RXUFH�(PLVVLRQ�,QYHQWRULHV�LQ�WKH�0LG�$WODQWLF

5HJLRQ�µ��3UHSDUHG�IRU�0LG�$WODQWLF�5HJLRQDO�$LU�0DQDJHPHQW�$VVRFLDWLRQ���0DUFK�

3HFKDQ�UHSRUW�1R���������������������

)XMLWD��(�0���%�(��&URHV��&�/��%HQQHWW��'�5��/DZVRQ��)�:��/XUPDQQ��DQG�+�+��0DLQ�

�������&RPSDULVRQ�RI�HPLVVLRQ�DQG�DPELHQW�FRQFHQWUDWLRQ�UDWLRV�RI�&2��12; DQG

102*�LQ�&DOLIRUQLD·V�6RXWK�&RDVW�$LU�%DVLQ�

*HUWOHU��$�:���-�&��6DJHELHO��'�1��:LWWRUII��:�5��3LHUVRQ��:�$��'LSSHO��'��)UHHPDQ��DQG

/��6KHHW]����������9HKLFOH�HPLVVLRQ�LQ�ILYH�XUEDQ�WXQQHOV���)LQDO�UHSRUW�SUHSDUHG�IRU

&RRUGLQDWLQJ�5HVHDUFK�&RXQFLO��$WODQWD��*$�E\�'HVHUW�5HVHDUFK�,QVWLWXWH��5HQR��19�

&5&�3URMHFW�1R��(����0DUFK�

+DVWH��7�/���/�5��&KLQNLQ��+�+��0DLQ��1��.XPDU��DQG�3�7��5REHUWV����������´$QDO\VLV�RI

'DWD�IURP�WKH������1$5672�1RUWKHDVW�6WXG\�9ROXPH�,,��8VH�RI�3$06�'DWD�WR

(YDOXDWH�D�5HJLRQDO�(PLVVLRQ�,QYHQWRU\�µ��)LQDO�UHSRUW�SUHSDUHG�IRU�&RRUGLQDWLQJ

5HVHDUFK�&RXQFLO�

.RUF��0�(���&�0��-RQHV��/�5��&KLQNLQ��+�+��0DLQ��3�7��5REHUWV��DQG�&��%ODQFKDUG��������

´8VH�RI�3$06�'DWD�WR�(YDOXDWH�WKH�7H[DV�&RDVW�(PLVVLRQ�,QYHQWRU\�µ��)LQDO�UHSRUW

SUHSDUHG�IRU�86�(3$���:RUN�$VVLJQPHQW�������(3$�&RQWUDFW�1R����'������

/$'&2����������´&RPSDULVRQ�RI�$PELHQW�DQG�(PLVVLRQV�92&�DQG�12; �'DWD�LQ�WKH�/DNH

0LFKLJDQ�5HJLRQ�µ��1RYHPEHU�

0'(4����������´0LG�$WODQWLF�6WDWHV������3$06�'DWD�$QDO\VLV�5HSRUW�µ��)LQDO�'UDIW�

3UHSDUHG�E\�0DU\ODQG�'HSDUWPHQW�RI�WKH�(QYLURQPHQW�

0DLQ��+�+���3�7��5REHUWV��DQG�6��+XUZLWW������D���´9DOLGDWLRQ�RI�3$06�92&�'DWD�LQ�WKH

0LG�$WODQWLF�5HJLRQ�µ��)LQDO�5HSRUW���3UHSDUHG�IRU�0$5$0$���)HEUXDU\���67�

������������)5�

0DLQ��+�+���6��$OFRUQ��DQG�3�7��5REHUWV�������E���´&KDUDFWHULVWLFV�RI�9RODWLOH�2UJDQLF

&RPSRXQGV�LQ�WKH�0LG�$WODQWLF�5HJLRQ�µ��)LQDO�5HSRUW���3UHSDUHG�IRU�0$5$0$�

1RYHPEHU���67,�������������)5��

6WRHFNHQLXV��7��(���0��3��/LJRFNL��6��%��6KHSDUG��DQG�5��.��,ZDPL\D����������´$QDO\VLV�RI

3$06�'DWD��([DPSOH�$SSOLFDWLRQ�WR�6XPPHU������+RXVWRQ�DQG�%DWRQ�5RXJH�'DWDµ�

3UHSDUHG�IRU�8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��2IILFH�RI�$LU�4XDOLW\��5HVHDUFK

7ULDQJOH�3DUN��1&���1RYHPEHU���6<6$33�������G�



$SSHQGL[�$

(PLVVLRQV�3URFHVVLQJ�IRU�WKH�3$06�'DWD�&RPSDULVRQ
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APPENDIX A
EMISSIONS PROCESSING FOR THE PAMS DATA

COMPARISON

7KLV DSSHQGL[ GHVFULEHV WKH PHWKRGV XVHG WR HVWLPDWH DQWKURSRJHQLF HPLVVLRQV QHDU

WKH 0F0LOODQ 5HVHUYRLU� '& DQG WKH (VVH[� 0' 3KRWRFKHPLFDO $VVHVVPHQW 0RQLWRULQJ

6WDWLRQV �3$06� VLWHV LQ WKH VXPPHU RI ����� 7KH VXPPHU RI ���� ZDV VHOHFWHG IRU VWXG\

EHFDXVH LW ZDV GHWHUPLQHG WKDW WKH 3$06 GDWD TXDOLW\ ZDV EHWWHU IRU WKHVH WZR VLWHV WKDQ

LW ZDV IRU SULRU \HDUV� 7KH VHOHFWLRQ RI ���� ZDV DOVR LQIOXHQFHG E\ ���� EHLQJ D SRWHQWLDO

EDVH \HDU IRU ��KRXU DYHUDJH R]RQH PRGHOLQJ�

7KH HPLVVLRQ HVWLPDWLRQ SURFHGXUHV GHVFULEHG LQ WKLV DSSHQGL[ ZHUH GHVLJQHG WR PDNH

WKH EHVW HVWLPDWH RI ���� VXPPHU GD\ HPLVVLRQV XVLQJ PHWKRGV FRQVLVWHQW ZLWK 6WDWH

LQYHQWRU\ PHWKRGV� %HFDXVH QR H[LVWLQJ GDWD EDVHV FRQWDLQHG ���� R]RQH VHDVRQ HPLVVLRQ

HVWLPDWHV IRU WKLV SHULRG DW WKH UHVROXWLRQ QHHGHG IRU WKLV DQDO\VLV� VSHFLDO PHWKRGV ZHUH

XVHG WR HVWLPDWH JULGGHG� VSHFLDWHG YRODWLOH RUJDQLF FRPSRXQG �92&� DQG R[LGHV RI QLWURJHQ

�12
[
� HPLVVLRQV IRU WKLV SHULRG� 6HSDUDWH PHWKRGV ZHUH DSSOLHG WR HVWLPDWH HPLVVLRQV IRU

SRLQW� DUHD� DQG KLJKZD\ YHKLFOH HPLVVLRQV� 3RLQW VRXUFH HPLVVLRQ HVWLPDWHV ZHUH WDNHQ

IURP WKH ���� 8�6� (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ �(3$� 1DWLRQDO (PLVVLRQV 7UHQGV

�1(7� GDWD EDVH� 7KLV GDWD EDVH VKRXOG LQFOXGH UHFHQW 6WDWH HPLVVLRQ LQYHQWRU\ GDWD EDVHV

WKDW ZHUH VXEPLWWHG WR (3$� $UHD VRXUFH HPLVVLRQ HVWLPDWHV DUH IURP WKH ���� EDVH \HDU

HPLVVLRQ ILOHV IRU 9LUJLQLD� 0DU\ODQG� DQG :DVKLQJWRQ� '& �&KDXGKDUL� ����� ZLWK JURZWK

DQG FRQWURO IDFWRUV DSSOLHG E\ VRXUFH FDWHJRU\ �IURP (3$� ����E� WR HVWLPDWH ���� HPLVVLRQ

OHYHOV� +LJKZD\ YHKLFOH HPLVVLRQ HVWLPDWHV ZHUH FRPSXWHG XVLQJ ���� YHKLFOH PLOHV

WUDYHOHG �907� GDWD IURP WKH 0HWURSROLWDQ :DVKLQJWRQ &RXQFLO RI *RYHUQPHQWV �&2*��

DQG WKH 0DU\ODQG 'HSDUWPHQW RI (QYLURQPHQW� DQG 02%,/(� LQSXW ILOHV WKDW UHSUHVHQWHG

WKH PRELOH VRXUFH FRQWURO SURJUDPV LQ SODFH LQ HDFK MXULVGLFWLRQ LQ WKDW \HDU� +RXUO\

WHPSHUDWXUHV ZHUH XVHG LQ 02%,/(� WR HVWLPDWH KRXUO\ YDULDWLRQV LQ KLJKZD\ YHKLFOH

HPLVVLRQ UDWHV� 'LXUQDO 907 GLVWULEXWLRQV XVHG LQ WKH KLJKZD\ YHKLFOH HPLVVLRQ HVWLPDWHV

DUH WKRVH XVHG HDUOLHU LQ 8UEDQ $LUVKHG 0RGHO �8$0� DSSOLFDWLRQV IRU WKHVH

QRQDWWDLQPHQW DUHDV� (PLVVLRQ HVWLPDWHV UHSUHVHQW VXPPHU ZHHNGD\ FRQGLWLRQV�

,Q ����� (3$ DOOHJHG WKDW KHDY\�GXW\ GLHVHO HQJLQH PDQXIDFWXUHUV ZHUH XVLQJ DERXW

��� PLOOLRQ GHIHDW GHYLFHV WR SDVV DQ (3$ HPLVVLRQV WHVW� EXW WKHQ FKDQJHG WKH VRIWZDUH IRU

KLJKZD\ GULYLQJ� 7KLV DOORZHG IRU EHWWHU PLOHDJH DQG PLOOLRQV RI WRQV RI H[FHVV SROOXWLRQ�

6HYHQ FRPSDQLHV VLJQHG D FRQVHQW GHFUHH DJUHHLQJ WR PRUH VWULQJHQW HPLVVLRQ VWDQGDUGV�

7KLV DQDO\VLV GRHV QRW LQFOXGH DQ\ DGMXVWPHQWV WR DFFRXQW IRU WKH H[FHVV HPLVVLRQV WKDW

PLJKW KDYH RFFXUUHG GXULQJ ���� DV D UHVXOW RI WKH KHDY\�GXW\ GLHVHO YHKLFOH �+''9�

GHIHDW GHYLFHV� $W WKH WLPH WKDW WKH KLJKZD\ YHKLFOH HPLVVLRQ HVWLPDWHV ZHUH SUHSDUHG

�$SULO ������ (3$ KDG QRW SURYLGHG +''9 GHIHDW GHYLFH DGMXVWPHQW IDFWRUV�

:KLOH ELRJHQLFV DUH DQ LPSRUWDQW VRXUFH RI UHDFWLYH 92& HPLVVLRQV LQ PDQ\ VXEXUEDQ

DQG UXUDO ORFDWLRQV� WKHLU FRQWULEXWLRQ WR 92&V DW 7\SH � 3$06 VLWHV �ZKLFK DUH ORFDWHG LQ
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WKH KHDUW RI PDMRU XUEDQ FHQWHUV� LV OHVV VLJQLILFDQW� 7KLV LV SDUWLFXODUO\ WUXH GXULQJ WKH

HDUO\ PRUQLQJ KRXUV EHIRUH DQ\ VLJQLILFDQW SKRWRV\QWKHVLV FDQ RFFXU� )XUWKHUPRUH� QR

VLJQLILFDQW WUDQVSRUW RI ELRJHQLF 92&V IURP XSZLQG DUHDV LV OLNHO\ WR LQIOXHQFH WKH DPELHQW

PHDVXUHPHQWV JLYHQ WKH YHU\ VKRUW DWPRVSKHULF OLIHWLPHV RI PRVW ELRJHQLF VSHFLHV� 6LQFH

WKH IRFXV RI WKLV VWXG\ ZDV SULPDULO\ RQ WKH UHSUHVHQWDWLRQ RI PRELOH VRXUFH HPLVVLRQV LQ

WKH LQYHQWRU\ DQG QRW RQ DQ HYDOXDWLRQ RI ELRJHQLF HPLVVLRQ PRGHOV� ZH DYRLGHG LQWURGXFLQJ

XQFHUWDLQWLHV LQWR WKH FRPSDULVRQ RI LQYHQWRU\ ZLWK DPELHQW R]RQH SUHFXUVRU VSHFLHV

VWHPPLQJ IURP WKH XVH RI ELRJHQLF HPLVVLRQ PRGHOV� 7KH RQO\ PDMRU ELRJHQLF VSHFLHV

GHWHFWDEOH E\ WKH 3$06 LQVWUXPHQWV LV LVRSUHQH� VR WKH LQIOXHQFH RI ELRJHQLFV RQ WKH

FRPSDULVRQV FDQ EH JDXJHG E\ WKH UHODWLYH FRQWULEXWLRQ RI LVRSUHQH WR WKH REVHUYHG WRWDO

QRQ�PHWKDQH K\GURFDUERQ VDPSOHV XVHG LQ WKH FRPSDULVRQ�

A. HIGHWAY VEHICLES

7DEOH $�� VKRZV WKH 907 HVWLPDWHV IRU 0DU\ODQG FRXQWLHV ZLWKLQ WKH �� NLORPHWHU

�NP� VTXDUH JULG VXUURXQGLQJ WKH (VVH[� 0' 3$06 VLWH� 907 HVWLPDWHV IRU ERWK ���� DQG

���� DUH VXPPDUL]HG LQ WKLV WDEOH E\ FRXQW\ DQG IXQFWLRQDO URDGZD\ FODVV� 7R HVWLPDWH

���� 907 E\ FRXQW\ DQG IXQFWLRQDO URDGZD\ FODVV� WKH DQQXDO DYHUDJH JURZWK UDWH IURP

���� WR ���� ZDV FRPSXWHG� DQG WKHQ DSSOLHG WR WKH ���� 907 HVWLPDWHV WR HVWLPDWH ����

907�

7DEOH $�� VKRZV WKH ���� 907 HVWLPDWHV IRU WKH 'LVWULFW RI &ROXPELD DQG WKH

1RUWKHUQ 9LUJLQLD FRXQWLHV WKDW DUH QHDU WKH 0F0LOODQ 5HVHUYRLU� '& 3$06 VLWH� 7KHVH

���� 907 HVWLPDWHV E\ YHKLFOH W\SH DQG URDGZD\ IXQFWLRQDO FODVVLILFDWLRQ ZHUH SURYLGHG

E\ &2*�

7UDIILF YROXPH PDSV DUH LQFOXGHG LQ WKLV FKDSWHU LQ RUGHU WR LQGLFDWH WKH SUR[LPLW\ RI

WKH 0F0LOODQ 5HVHUYRLU DQG (VVH[ 3$06 VLWHV WR QHDUE\ VWUHHWV� DV ZHOO DV WR QRWH WKH

DYHUDJH DQQXDO GDLO\ WUDYHO RQ WKRVH URDGZD\V� 7KH WUDIILF YROXPH PDS IRU 0F0LOODQ

5HVHUYRLU �)LJXUH $��� VKRZV D SRUWLRQ RI WKH ���� 'LVWULFW RI &ROXPELD YROXPH PDS� 7KH

0F0LOODQ 5HVHUYRLU VLWH LV � PLOHV GLUHFWO\ QRUWK RI WKH 8�6� &DSLWRO %XLOGLQJ� 7KH FORVHVW

VWUHHW WR WKH 3$06 VLWH LV �VW 6WUHHW 1:� ZKLFK KDV ������ YHKLFOHV SHU GD\ RQ WKH VHJPHQW

FORVHVW WR WKH 3$06 PRQLWRU� 7KH QHDUHVW SHUPDQHQW WUDIILF FRXQW ORFDWLRQ LV RQ 1RUWK

&DSLWRO 6WUHHW� DV LQGLFDWHG E\ WKH VWDU �QHDU WKH 0LFKLJDQ $YHQXH�1RUWK &DSLWRO 6WUHHW

LQWHUVHFWLRQ�� 1RUWK &DSLWRO LV WKH PRVW KHDYLO\ WUDYHOHG URDGZD\ LQ WKH VLWH YLFLQLW\� ZLWK

������ DQQXDO DYHUDJH GDLO\ WUDIILF �$$'7�� $OO WUDIILF YROXPHV IRU WKH 'LVWULFW RI

&ROXPELD DUH ���� YDOXHV� 7UDIILF YROXPHV DUH VKRZQ LQ WHUPV RI DYHUDJH DQQXDO ZHHN

GD\ YROXPHV�

)LJXUH $�� VKRZV WKH WUDIILF YROXPHV IRU 6WDWH PDLQWDLQHG URDGZD\V LQ %DOWLPRUH

&RXQW\� 0'� (VVH[ LV GLUHFWO\ HDVW RI %DOWLPRUH &LW\� 7KH 3$06 VLWH LQ (VVH[ LV ORFDWHG

RXWVLGH WKH %DOWLPRUH %HOWZD\ �5RXWH ����� 7KH QHDUHVW VWUHHWV DUH :RRGZDUG 'ULYH ���

IHHW� WR WKH VRXWKZHVW ZKLFK FDUULHV ��� YHKLFOHV SHU GD\� )UDQNOLQ $YHQXH ��� IHHW� WR WKH

QRUWKZHVW� DQG 'RUVH\ $YHQXH ���� IHHW� WR WKH VRXWKHDVW� (DVWHUQ %RXOHYDUG LV ��� IHHW WR

WKH VRXWKHDVW DQG FDUULHV ������ YHKLFOHV SHU GD\� (DVWHUQ %RXOHYDUG LV ODEHOHG DV 5RXWH

��� RQ )LJXUH $��� (DVWHUQ %RXOHYDUG LV D IRXU ODQH GLYLGHG 6WDWH URDG�

)LJXUH $�� VKRZV WKH VXUIDFH VWUHHWV QHDU WKH (VVH[� 0' VLWH� 7KH 3$06 VLWH LV

QRUWKHDVW RI :RRGZDUG 'ULYH EHWZHHQ )UDQNOLQ DQG 'RUVH\ $YHQXHV� 7DEOH $�� OLVWV WKH
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Table A-1
Baltimore Area Vehicle Miles Traveled Estimates (million of miles per year)

Rural
Interstate

Rural
Principal
Arterial

Rural
Minor

Arterial

Rural
Major

Collector

Rural
Minor

Collector

Rural
Local

Roadway
Urban

Interstate
Other

Freeways
Principal
Arterials

Minor
Arterials Collector

Local
Roadway

Year=1990 Roadway Type

1 2 6 7 8 9 11 12 14 16 17 19

Anne Arundel 309.25 222.43 181.54 166.63 72.22 36.13 436.48 766.81 810.69 554.13 243.65 206.44

Baltimore 306.35 55.43 141.64 233.94 26.56 57.49 2,658.10 340.27 1,262.69 678.52 397.05 293.31

Carroll 20.46 23.16 433.39 126.63 37.31 91.53 0.00 0.00 103.74 21.53 14.88 13.63

Howard 231.41 38.61 90.56 64.43 23.10 28.13 466.00 281.01 182.57 351.96 57.35 84.88

Baltimore City 0.00 0.00 0.00 6.15 0.14 0.25 715.85 99.78 1307.08 536.60 207.30 292.07

Year=1996 RoadwayType

Anne Arundel 277.00 122.00 136.00 148.00 76.00 39.00 613.00 1175.00 733.00 724.00 400.00 272.00

Baltimore 349.00 89.00 122.00 267.00 32.00 76.00 2996.00 381.00 1091.00 938.00 401.00 345.00

Carroll 21.00 187.00 297.00 118.00 54.00 106.00 0.00 0.00 167.00 33.00 38.00 11.00

Howard 221.00 47.00 66.00 66.00 41.00 36.00 827.00 548.00 190.00 325.00 162.00 109.00

Baltimore City 0.00 0.00 0.00 4.00 6.00 2.00 854.00 112.00 1179.00 784.00 222.00 326.00

SOURCE: Maryland Department of the Environment, 1999.
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Table A-2
Washington, DC and Northern Virginia County 1997 VMT

Roadway Functional Classification

County Vehicle Type Interstate
Other Freeway

and Expressway
Other Principal

Arterial
Minor

Arterial Collector Local
District of Columbia LDGV 1,408,160 938,773 2,539,736 1,979,91

5
391,463 838,360

LDGT1 156,271 104,181 281,849 219,722 43,443 93,038

LDGT2 24,042 16,028 43,361 33,803 6,684 14,313

HDGV 27,476 18,318 49,556 38,632 7,638 16,358

LDDV 24,042 16,028 43,361 33,803 6,684 14,313

LDDT 0 0 0 0 0 0

HDDV 49,801 33,201 89,820 70,021 13,844 29,649

MC 27,476 18,318 49,556 38,632 7,638 16,358

Montgomery County LDGV 3,054,375 2,316,861 6,534,010 3,102,30
4

847,554 1,098,458

LDGT1 338,961 257,115 725,116 344,280 94,058 121,902

LDGT2 52,148 39,556 111,556 52,966 14,470 18,754

HDGV 59,598 45,207 127,493 60,533 16,538 21,433

LDDV 52,148 39,556 111,556 52,966 14,470 18,754

LDDT 0 0 0 0 0 0

HDDV 108,021 81,938 231,081 109,716 29,974 38,848

MC 59,598 45,207 127,493 60,533 16,538 21,433

Prince George's County LDGV 4,455,070 4,160,426 4,784,785 2,920,23
0

1,640,243 969,032

LDGT1 494,404 461,706 530,994 324,074 182,027 107,539

LDGT2 76,062 71,032 81,691 49,858 28,004 16,544

HDGV 86,928 81,179 93,362 56,980 32,005 18,908

LDDV 76,062 71,032 81,691 49,858 28,004 16,544

LDDT 0 0 0 0 0 0

HDDV 157,557 147,137 169,218 103,276 58,009 34,271
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Table A-2 (continued)

Roadwa y Functional Classification

Count y Vehicle T ype Interstate
Other Freewa y

and Ex presswa y
Other Princi pal

Arterial
Minor

Arterial Collector Local
MC 86,928 81,179 93,362 56,980 32,005 18,908

Arlington County LDGV 1,271,189 847,460 648,689 504,238 50,092 295,522

LDGT1 141,071 94,047 71,989 55,958 5,559 32,796

LDGT2 21,703 14,469 11,075 8,609 855 5,045

HDGV 24,804 16,536 12,657 9,839 977 5,766

LDDV 21,703 14,469 11,075 8,609 855 5,045

LDDT 0 0 0 0 0 0

HDDV 44,957 29,971 22,941 17,833 1,772 10,451

MC 24,804 16,536 12,657 9,839 977 5,766

City Of Alexandria LDGV 476,660 317,774 730,182 474,521 30,370 180,561

LDGT1 52,898 35,265 81,032 52,660 3,370 20,038

LDGT2 8,138 5,425 12,467 8,102 519 3,083

HDGV 9,301 6,200 14,247 9,259 593 3,523

LDDV 8,138 5,425 12,467 8,102 519 3,083

LDDT 0 0 0 0 0 0

HDDV 16,858 11,238 25,824 16,782 1,074 6,386

MC 9,301 6,200 14,247 9,259 593 3,523

Fairfax County LDGV 5,277,259 3,518,172 5,940,929 5,699,15
1

1,108,637 1,916,738

LDGT1 585,647 390,431 659,298 632,467 123,032 212,711

LDGT2 90,100 60,066 101,430 97,303 18,928 32,725

HDGV 102,971 68,647 115,921 111,203 21,632 37,400

LDDV 90,100 60,066 101,430 97,303 18,928 32,725

LDDT 0 0 0 0 0 0

HDDV 186,635 124,423 210,106 201,555 39,208 67,787

MC 102,971 68,647 115,921 111,203 21,632 37,400

SOURCE: Eulalie Lucas, Metropolitan Washington Council of Governments, 1999.









$
��

Table A-3
Street Intersections Near the Essex, MD PAMS Site

Northbound
Daily Volume

Southbound
Daily Volume

Eastbound
Daily Volume

Westbound
Daily Volume

Peak
Morning Hour

Peak
Evening Hour

Eastern Boulevard and Woodward 1,879 2,184 24,534 23,416 7:15-8:15 4:15-5:15

Eastern Boulevard and
Virginia Avenue

489 2,846 31,836 34,180 7:00-8:00 4:30-5:30

Eastern Boulevard and Mace
Avenue and Riverside Drive

8,941 1,921 29,007 35,794 7:15-8:15 4:30-5:30

Eastern Boulevard and
Marlyn Avenue

8,298 14,682 24,921 27,043 7:30-8:30 4:00-5:00

SOURCE: Data provided by Traffic Engineering and Transportation, Baltimore County, MD, June 14, 1999.



$���

GDLO\ WUDIILF YROXPHV RQ WKH URDGZD\V QHDUHVW WKH (VVH[� 0' VLWH� 7KHVH GDWD FRQILUP WKDW

(DVWHUQ %RXOHYDUG LV WKH PRVW KHDYLO\ WUDYHOHG URDGZD\ QHDU WKH PRQLWRULQJ VLWH� DQG WKDW

WKH SHDN WUDYHO SHULRGV DUH ���� WR ���� D�P� DQG ���� WR ���� S�P�� DV H[SHFWHG�

(PLVVLRQ IDFWRUV IRU KLJKZD\ YHKLFOHV ZHUH FDOFXODWHG XVLQJ (3$ªV 02%,/(�E PRGHO�

2QH VHW RI LQSXWV ZDV XVHG IRU WKH %DOWLPRUH DUHD� ZKLOH FRXQW\�VSHFLILF LQSXW ILOHV ZHUH

XVHG WR PRGHO WKH FRXQWLHV LQ WKH '& DUHD� 7KH 02%,/(�E LQSXW ILOHV XVHG WR JHQHUDWH WKH

KLJKZD\ YHKLFOH HPLVVLRQ IDFWRUV DUH VKRZQ $SSHQGL[ %� 7KHVH LQSXW ILOHV ZHUH GHVLJQHG

WR EH UHSUHVHQWDWLYH RI FRQWURO PHDVXUHV LQ SODFH DQG DPELHQW FRQGLWLRQV WKDW RFFXUUHG LQ

WKH VXPPHU RI ����� (PLVVLRQ IDFWRUV ZHUH FDOFXODWHG E\ KRXU� URDGZD\ W\SH� DQG YHKLFOH

W\SH� 7KH VSHFLILFV RI WKHVH LQSXW ILOHV DUH GLVFXVVHG EHORZ�

$OO RI WKH 02%,/(�E LQSXWV IRU ERWK WKH '& DUHD DQG WKH %DOWLPRUH DUHD LQFOXGHG WKH

HIIHFWV RI WKH 3KDVH , )HGHUDO UHIRUPXODWHG JDVROLQH SURJUDP� (DFK FRXQW\ ZDV DOVR

PRGHOHG ZLWK WKH LQVSHFWLRQ DQG PDLQWHQDQFH �,�0� SURJUDPV LQ SODFH LQ WKH VXPPHU RI

����� 7KH VSHFLILFV RI WKHVH SURJUDPV GLIIHUHG E\ 6WDWH� UDWKHU WKDQ E\ DUHD� ,Q '&� WKH

SURJUDP PRGHOHG ZDV D WHVW�RQO\� ELHQQLDO LGOH WHVW� 7KH 0DU\ODQG SURJUDP PRGHOHG ZDV

DOVR D WHVW�RQO\ ELHQQLDO LGOH WHVW� 7KH 9LUJLQLD ,�0 SURJUDP PRGHOHG ZDV D WHVW�DQG�

UHSDLU� ELHQQLDO� ��VSHHG LGOH WHVW� $QWL�WDPSHULQJ LQVSHFWLRQV SHUIRUPHG LQ WKH '& DQG

0DU\ODQG SURJUDPV LQFOXGH WKH FDWDO\VW� IXHO LQOHW UHVWULFWRU� DQG JDV FDS FKHFNV� 7KH

9LUJLQLD DQWL�WDPSHULQJ LQVSHFWLRQV LQFOXGHG FKHFNV RI WKH DLU SXPS V\VWHP� WKH FDWDO\VW�

WKH H[KDXVW JDV UHFLUFXODWLRQ V\VWHP� WKH HYDSRUDWLYH HPLVVLRQ FRQWURO V\VWHP� WKH SRVLWLYH

FUDQNFDVH YDOYH V\VWHP� DQG WKH JDV FDS�

7HPSHUDWXUH GDWD IURP %DOWLPRUH�:DVKLQJWRQ ,QWHUQDWLRQDO $LUSRUW ZHUH XVHG LQ

PRGHOLQJ WKH KLJKZD\ YHKLFOH HPLVVLRQV QHDU WKH (VVH[ �%DOWLPRUH� PRQLWRU DQG GDWD IURP

:DVKLQJWRQ 1DWLRQDO $LUSRUW ZHUH XVHG LQ PRGHOLQJ WKH KLJKZD\ YHKLFOH HPLVVLRQV QHDU

WKH 0F0LOODQ 5HVHUYRLU �'&� PRQLWRU� 7KH DLUSRUW WHPSHUDWXUH GDWD LQ ERWK FDVHV ZHUH

KRXUO\ IRU HDFK GD\ IURP -XQH �� ���� WKURXJK 6HSWHPEHU ��� ����� +RXUO\ WHPSHUDWXUH

DYHUDJHV RYHU WKLV WLPH SHULRG ZHUH WKHQ FDOFXODWHG IURP HDFK VHW RI GDWD WR GHYHORS DQ

DYHUDJH GDLO\ WHPSHUDWXUH SURILOH IRU HDFK VLWH UHSUHVHQWDWLYH RI VXPPHU ���� FRQGLWLRQV�

7DEOH $�� VKRZV WKH KRXUO\ WHPSHUDWXUHV PRGHOHG IRU HDFK RI WKH PRQLWRULQJ VLWHV�

$YHUDJH QDWLRQDO VSHHGV E\ URDGZD\ W\SH DQG YHKLFOH W\SH ZHUH DSSOLHG LQ WKLV

DQDO\VLV� 7KHVH DUH WKH VDPH URDGZD\ W\SH�YHKLFOH W\SH VSHHGV XVHG LQ (3$ªV 1(7

KLJKZD\ YHKLFOH HPLVVLRQ LQYHQWRU\� 7KHVH VSHHGV DUH VKRZQ LQ 7DEOH $���

7KH %DOWLPRUH DUHD ZDV PRGHOHG ZLWK DQ DUHD�VSHFLILF UHJLVWUDWLRQ GLVWULEXWLRQ DQG

HDFK FRXQW\ LQ WKH '& DUHD ZDV PRGHOHG ZLWK D FRXQW\�VSHFLILF UHJLVWUDWLRQ GLVWULEXWLRQ�

$UHD�VSHFLILF GLHVHO VDOHV IUDFWLRQV E\ PRGHO \HDU ZHUH SURYLGHG IRU WKH %DOWLPRUH DUHD DQG

E\ FRXQW\ IRU HDFK FRXQW\ ZLWKLQ WKH '& DUHD� H[FHSW '& LWVHOI� ZKLFK ZDV PRGHOHG ZLWK

WKH 02%,/(�E GHIDXOW GLHVHO VDOHV IUDFWLRQV� 7KH '& DUHD ILOHV DOVR LQFOXGHG WULS OHQJWK

GLVWULEXWLRQV VSHFLILF WR WKH '& DUHD� $Q DUHD�VSHFLILF RSHUDWLQJ PRGH ZDV DSSOLHG LQ WKH

%DOWLPRUH DUHD� DV ZDV D 12
[
DLU FRQGLWLRQLQJ FRUUHFWLRQ IDFWRU EDVHG RQ KXPLGLW\�

7KH ���� GDLO\ 907 DW WKH YHKLFOH W\SH� URDG W\SH� DQG FRXQW\ OHYHO� GLVFXVVHG DERYH�

ZHUH WHPSRUDOL]HG E\ KRXU� 7KLV ZDV GRQH E\ PXOWLSO\LQJ WKH GDLO\ 907 E\ WKH KRXUO\

WHPSRUDO IDFWRUV VXSSOLHG E\ 9LUJLQLD 'HSDUWPHQW RI (QYLURQPHQWDO 4XDOLW\ �'(4� ZLWK

WKHLU 8$0 LQSXW ILOHV� 7KHVH KRXUO\ IDFWRUV DUH VKRZQ LQ 7DEOH $��� 8VLQJ WKHVH IDFWRUV�
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Table A-4
Hourly Temperatures Modeled in MOBILE5b

Degrees Fahrenheit

Hour Baltimore DC
00 73.4 76.9
01 71.4 75.8
02 70.3 76.1
03 69.0 73.4
04 67.9 72.6
05 66.9 71.7
06 66.2 70.9
07 65.2 69.9
08 64.0 69.0
09 64.1 68.5
10 65.6 70.0
11 70.3 71.1
12 74.3 74.2
13 77.5 77.2
14 79.6 79.2
15 81.6 81.7
16 82.9 82.7
17 82.8 83.6
18 84.2 84.6
19 83.2 84.1
20 84.0 84.2
21 83.1 81.9
22 81.0 79.7
23 77.5 78.3
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Table A-5
Average Speeds by Road Type and Vehicle Type

(Miles per Hour)

Rural

Interstate
Principa

l
Arterial

Minor
Arterial

Major
Collector

Minor
Collector Local

Light-duty Vehicle (LDV) 60 45 40 35 30 30

Light-duty Truck (LDT) 55 45 40 35 30 30

Heavy-duty Vehicle (HDV) 40 35 30 25 25 25

Urban

Interstate
Other

Freeways
& Expressways

Principa
l

Arterial

Minor
Arterial Collector Local

LDV 45 45 20 20 20 20

LDT 45 45 20 20 20 20

HDV 35 35 15 15 15 15
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Table A-6
Hourly Temporal Profile Applied to VMT

Hour VMT Temporal Factor
0 0.0104
1 0.0104
2 0.0104
3 0.0104
4 0.0104
5 0.0104
6 0.0625
7 0.1042
8 0.0625
9 0.0521

10 0.0521
11 0.0521
12 0.0521
13 0.0521
14 0.0521
15 0.0625
16 0.1042
17 0.0833
18 0.0625
19 0.0417
20 0.0104
21 0.0104
22 0.0104
23 0.0104

SOURCE: Chaudhari, 1999.
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WKH SHDN KRXUV RI WUDYHO ZLOO EH � WR � D�P� DQG � WR � S�P� LQ ERWK %DOWLPRUH DQG

:DVKLQJWRQ� '&� 7KH 907 GDWD E\ FRXQW\� URDGZD\ W\SH� YHKLFOH W\SH� DQG KRXU ZHUH

WKHQ PXOWLSOLHG E\ WKH FRUUHVSRQGLQJ 02%,/(�E HPLVVLRQ IDFWRUV� FDOFXODWHG XVLQJ WKH

LQSXWV GLVFXVVHG DERYH�

B. POINT SOURCES

3RLQW VRXUFH HPLVVLRQV IRU WKH VXPPHU RI ���� ZHUH HVWLPDWHG XVLQJ WKH ���� 1(7

HVWLPDWHV �(3$� ����D�� (OHFWULFLW\ JHQHUDWLQJ XQLW �(*8� HPLVVLRQV LQ WKH ���� 1(7 DUH

HVWLPDWHG XVLQJ FRQWLQXRXV HPLVVLRQ PRQLWRULQJ�HPLVVLRQ WUDFNLQJ V\VWHP �&(0�(76�

GDWD WKDW LV FROOHFWHG E\ WKH XWLOLWLHV DQG VXEPLWWHG WR WKH (3$ $FLG 5DLQ 'LYLVLRQ� 6LQFH

DQQXDO 12
[
� 62

�
� DQG KHDW LQSXW YDOXHV UHSRUWHG LQ WKH (76�&(0 GDWD DUH EDVHG RQ

FRQWLQXRXV PRQLWRULQJ RI KRXUO\ HPLVVLRQ UDWHV DQG IORZ XVLQJ FHUWLILHG� TXDOLW\ DVVXUHG

HTXLSPHQW� WKHVH GDWD DUH XVHG LQ WKH 1(7 LQ SUHIHUHQFH WR HVWLPDWHV PDGH XVLQJ HPLVVLRQ

IDFWRUV DQG DFWLYLW\ GDWD� 7KLV GDWD VRXUFH VKRXOG SURYLGH WKH EHVW SRVVLEOH HVWLPDWHV RI

12
[
HPLVVLRQV GXULQJ WKH ���� R]RQH VHDVRQ� DQG DFFRXQW IRU 12

[
FRQWURO HTXLSPHQW

LQVWDOODWLRQV RU RSHUDWLQJ FKDQJHV PDGH WR PHHW UHDVRQDEO\ DYDLODEOH FRQWURO WHFKQRORJ\

�5$&7� UHTXLUHPHQWV IRU R]RQH QRQDWWDLQPHQW DUHDV�

7DEOH $�� VKRZV WKH 12
[
HPLWWLQJ (*8V WKDW DUH ZLWKLQ �� NP RI HDFK 3$06 VLWH� $V

WKLV WDEOH VKRZV� RQO\ WKH 3(3&2 SODQW LQ $OH[DQGULD LV ZLWKLQ �� NP RI WKH 0F0LOODQ

5HVHUYRLU VLWH� 7KLV 3(3&2 SODQW LV D UHODWLYHO\ VPDOO IDFLOLW\ WKDW LV ORFDWHG RQ WKH

9LUJLQLD VKRUH RI WKH 3RWRPDF 5LYHU QHDU 1DWLRQDO $LUSRUW ����� NP IURP 0F0LOODQ

5HVHUYRLU��

7KHUH DUH D QXPEHU RI %DOWLPRUH *DV 	 (OHFWULF XQLWV WKDW DUH ZLWKLQ �� NP RI WKH

(VVH[� 0' VLWH� 7KLV LQFOXGHV XQLWV DW :DJQHU 6WDWLRQ� %UDQGRQ 6KRUHV� DQG &UDQH� 7KH

WZR &UDQH XQLWV DUH WKH FORVHVW WR WKH 3$06 VLWH � ���� NP DZD\�

1RQ�(*8 SRLQW VRXUFH HPLVVLRQ HVWLPDWHV XVH WKH ODWHVW 6WDWH VXSSOLHG SRLQW VRXUFH

HPLVVLRQ ILOHV LQ (3$
V $HURPHWULF ,QIRUPDWLRQ 5HSRUWLQJ 6\VWHP �$,56�� 92& DQG 12
[

HPLVVLRQ HVWLPDWHV DQG FRRUGLQDWHV IRU WKH PDMRU QRQ�XWLOLW\ SRLQW VRXUFHV ZLWKLQ WKH

%DOWLPRUH JULG DUH OLVWHG LQ 7DEOH $��� )DFLOLWLHV LQFOXGHG LQ WKLV WDEOH DUH RQHV ZLWK R]RQH

SUHFXUVRU HPLVVLRQV RI RQH WRQ RU PRUH� 7KHUH DUH QR QRQ�XWLOLW\ SRLQW VRXUFHV ZLWK R]RQH

VHDVRQ GDLO\ HPLVVLRQV DERYH WKLV WKUHVKROG LQ WKH :DVKLQJWRQ JULG�

C. AREA SOURCES

$UHD VRXUFH HPLVVLRQ HVWLPDWHV DUH WKH ���� HPLVVLRQ HVWLPDWHV IRU '&� 0'� DQG 9$

WKDW ZHUH XVHG LQ WKH 8$0 IRU WKH UHJLRQ �&KDXGKDUL� ����� ZLWK DGMXVWPHQWV WR DFFRXQW

IRU DFWLYLW\ JURZWK DQG FRQWURO SURJUDPV WKDW KDYH DIIHFWHG DUHD VRXUFHV LQ WKH ���������

SHULRG� 7KH VSHFLILFV RI WKH JURZWK DQG FRQWURO IDFWRUV DUH LQ WKH 7UHQGV 3URFHGXUHV

'RFXPHQW �(3$� ����E�� ,W LV ZRUWK QRWLQJ WKDW HVWLPDWHV RI 92& HPLVVLRQV IURP VHUYLFH

VWDWLRQV�YHKLFOH UHIXHOLQJ ZHUH PLVVLQJ LQ WKH 0DU\ODQG DUHD VRXUFH LQYHQWRU\�

2QFH VXPPHU ZHHNGD\ HPLVVLRQV ZHUH FRPSXWHG� VSHFLDWLRQ SURILOHV ZHUH DSSOLHG WR

HDFK VRXUFH FDWHJRU\
V HPLVVLRQV WR HVWLPDWH 92& DQG 12
[
VSHFLHV� 7KLV ZDV D IXOO

VSHFLDWLRQ� QRW MXVW E\ FDUERQ ERQG JURXS� 6SHFLDWLRQ ZDV SHUIRUPHG DW WKH 6RXUFH

&ODVVLILFDWLRQ &RGH �6&&� OHYHO� 7KH JDVROLQH�SRZHUHG PRWRU YHKLFOH VSHFLDWLRQ LV WKDW IRU
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Table A-7
Electricity Generating Units within 20 km of Essex and McMillan Reservoir PAMS Sites

Coordinates

Plant Name Units Daily NO x Emissions Distance to PAMS Site x y

PEPCO-Alexandria, VA 1 5.266 11.2 km* 38.82 77.04

2 5.787 11.2* 38.82 77.04

3 5.424 11.2* 38.82 77.04

Baltimore Gas & Electric - Wagner Station 1 33.6 15.56** 39.18 76.53

2 10.5 15.56** 39.18 76.53

3 11.1 15.56** 39.18 76.53

Baltimore Gas & Electric - Brandon Shores 33.8 15.04** 39.18 76.53

Baltimore Gas & Electric - Crane 1 21.4 9.26** 39.33 76.37

2 21.3 9.26** 39.33 76.37

NOTES: *Distance from the McMillan Reservoir site.
**Distance from the Essex, Maryland site.
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Table A-8
Major Non-Utility Point Sources Within the Baltimore Grid

County Facility Name Latitude Longitude
VOC*

Ozone Season Daily Tons
NOx*

Ozone Season Daily Tons

Baltimore County Bethlehem Steel 39.2142 76.4721 – 16.77

Baltimore City FMC Corp Organic Chemicals Division 39.2275 76.5778 4.40 –

Baltimore City General Motors Truck & Bus Group 39.2658 76.5464 3.87 –

Baltimore City Baltimore Resco 39.2664 76.6308 – 3.28

Baltimore City Pulaski Company 39.3072 76.5322 – 1.89

Baltimore City Conoco-Sun Gasoline Terminal 39.2339 76.5781 1.55 –

Anne Arundel County Amoco Terminal-Curtis Bay 39.2058 76.5856 1.19 –

NOTE: *Only daily emissions values above one tpd are listed.
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3KDVH , )HGHUDO UHIRUPXODWHG JDVROLQH� (3$
V 63(&,$7(��� ZDV WKH VRXUFH RI DOO RI WKH

VSHFLDWLRQ SURILOHV XVHG LQ WKLV VWXG\�

6&&�OHYHO HPLVVLRQV ZHUH DOORFDWHG WR JULGV XVLQJ WKH VSDWLDO DOORFDWLRQ IDFWRU ILOHV

SURYLGHG E\ WKH 9LUJLQLD '(4 �&KDXGKDUL� ������ )LJXUH $�� VKRZV WKH HPLVVLRQ JULG

QHWZRUNV VXUURXQGLQJ WKH 0F0LOODQ 5HVHUYRLU DQG (VVH[� 0' 3$06 VLWHV� (DFK RI WKHVH

JULGV KDV �[� NP FHOOV� 1RWH WKDW VOLJKWO\ PRUH JULG FHOOV ZHUH XVHG WR FKDUDFWHUL]H WKH

HPLVVLRQV DURXQG WKH (VVH[ VLWH VR WKDW WKH 3$06 VLWH ZRXOG EH QHDU WKH FHQWHU RI WKH JULG

QHWZRUN� (PLVVLRQV IURP SRLQW VRXUFHV DERYH D FHUWDLQ VL]H ZHUH UHWDLQHG DW WKH VRXUFH

OHYHO� (PLVVLRQV IURP VPDOO SRLQW VRXUFHV DQG DOO W\SHV RI DUHD VRXUFHV �LQFOXGLQJ QRQURDG

DQG KLJKZD\ YHKLFOHV� ZHUH UHSRUWHG IRU WKH IROORZLQJ VRXUFH W\SH JURXSLQJV�

D� 0RELOH VRXUFHV � JDVROLQH�SRZHUHG KLJKZD\

E� 0RELOH VRXUFHV � GLHVHO�SRZHUHG KLJKZD\

F� 5HILQLQJ DQG GLVWULEXWLRQ � EXON SODQWV DQG WHUPLQDOV

G� 5HILQLQJ DQG GLVWULEXWLRQ � VHUYLFH VWDWLRQV

H� 2WKHU DUHD VRXUFHV

I� 3RLQW�HOHYDWHG

J� 3RLQW�ORZ�OHYHO

K� 1RQURDG JDVROLQH

L� 1RQURDG GLHVHO

D. EMISSIONS SUMMARY

7DEOH $�� DQG )LJXUH $�� VXPPDUL]H WKH 92& DQG 12
[
���� HPLVVLRQ HVWLPDWHV E\

SRLQW� DUHD� DQG KLJKZD\ YHKLFOH VRXUFHV IRU WKH SRUWLRQV RI HDFK FRXQW\ WKDW DUH ZLWKLQ WKH

JULGGHG DUHDV DURXQG HDFK 3$06 VLWH� 7KH IROORZLQJ REVHUYDWLRQV FDQ EH PDGH IURP WKH

7DEOH $�� HPLVVLRQ VXPPDULHV�

�� 92& HPLVVLRQV LQ ERWK XUEDQ DUHDV �%DOWLPRUH DQG :DVKLQJWRQ� DUH GRPLQDWHG E\

DUHD VRXUFHV� �1RQURDG HQJLQH�YHKLFOH HPLVVLRQV DUH LQFOXGHG LQ WKH DUHD VRXUFH

WRWDOV�� 7KH SULPDU\ DUHD VRXUFH 92& HPLWWHU LV VROYHQW XWLOL]DWLRQ�

�� +LJKZD\ YHKLFOHV FRQWULEXWH EHWZHHQ �� DQG �� SHUFHQW RI WKH PDQ�PDGH 92&

HPLVVLRQV LQ WKH %DOWLPRUH DQG :DVKLQJWRQ DUHDV�

�� 3RLQW VRXUFH 92& HPLVVLRQV LQ WKH :DVKLQJWRQ DUHD DUH QHJOLJLEOH� 3RLQW VRXUFHV

FRQWULEXWH DERXW �� SHUFHQW RI WKH PDQ�PDGH 92& HPLVVLRQV LQ WKH YLFLQLW\ RI WKH

(VVH[� 0' 3$06 VLWH�

�� 3RLQW VRXUFHV HPLW PRUH WKDQ �� SHUFHQW RI WKH PDQ�PDGH 12
[
HPLVVLRQV LQ WKH

%DOWLPRUH DUHD� EXW FRQWULEXWH RQO\ ��� SHUFHQW RI WKH 12
[
HPLVVLRQV SUR[LPDWH WR

WKH 0F0LOODQ 5HVHUYRLU 3$06 VLWH� 2I FRXUVH� ZKHWKHU WKHVH SRLQW VRXUFH

HPLVVLRQV FRQWULEXWH WR WKH DPELHQW 12
[
DW WKH 3$06 VLWHV RI LQWHUHVW GHSHQGV RQ

ZLQG IORZV DW WKH WLPH RI LQWHUHVW�

�� 2I WKH QRQ�SRLQW VRXUFH 12
[
HPLVVLRQV� KLJKZD\ YHKLFOHV FRQWULEXWH EHWZHHQ ��

DQG �� SHUFHQW RI WKH DUHD SOXV KLJKZD\ WRWDOV LQ HDFK DUHD� 0RVW RI ZKDW LV OLVWHG

DV DUHD VRXUFH 12
[
LV IURP QRQURDG HQJLQHV�YHKLFOHV� 7KHUH LV DOVR DQ DUHD VRXUFH

IXHO FRPEXVWLRQ FRPSRQHQW LQ WKHVH DUHD VRXUFH YDOXHV WKDW UHSUHVHQWV VPDOO

LQGXVWULDO� FRPPHUFLDO� DQG UHVLGHQWLDO IXHO EXUQLQJ� 7KLV DUHD VRXUFH IXHO

FRPEXVWLRQ LV RQO\ ��� WSG RI 12
[
LQ WKH %DOWLPRUH DUHD� EXW LV ���� WSG LQ WKH

:DVKLQJWRQ DUHD�
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Table A-9
1997 Ozone Season Daily Source Emissions Included in Baltimore and Washington Grids

VOC Emissions (tons per day [tpd]) NO x Emissions (tpd) VOC/NO x

State Area County Point Area/Nonroad Highway Total Point Area/Nonroad Highway Total Ratio
MD Baltimore Anne Arundel Co. 2.547 47.650 17.943 68.139 120.033 26.217 30.562 176.811 0.385

MD Baltimore Baltimore 19.166 54.894 12.856 86.916 72.625 21.745 18.361 112.731 0.771

MD Baltimore Baltimore Co. 4.699 67.936 28.575 101.211 20.947 26.046 52.474 99.467 1.018

Baltimore Total 26.412 170.480 59.374 256.266 213.604 74.008 101.397 389.009 0.659
DC Washington Washington 0.818 29.969 15.431 46.218 3.361 8.356 21.213 32.930 1.404

MD Washington Montgomery Co. 0.116 66.952 28.599 95.667 1.279 24.619 41.388 67.286 1.422

MD Washington Prince Georges Co. 0.755 65.661 30.949 97.365 0.533 22.360 47.325 70.218 1.387

VA Washington Alexandria 0.094 10.144 3.601 13.840 17.430 7.435 5.220 30.085 0.460

VA Washington Arlington Co. 0.176 16.187 5.524 21.887 0.286 23.147 9.029 32.462 0.674

VA Washington Fairfax Co. 0.001 78.906 37.834 116.740 0.042 57.399 56.206 113.647 1.027

Washington Total 1.960 267.819 121.938 391.717 22.931 143.316 180.380 346.627 1.130
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,QYHQWRU\ 8QFHUWDLQW\

7KH 3HFKDQ�$YDQWL *URXS �3HFKDQ�$YDQWL� EHOLHYHV WKDW WKH DUHD VRXUFH 12
[
IXHO

FRPEXVWLRQ YDOXHV RYHUHVWLPDWH WKH HPLVVLRQV IURP WKHVH VRXUFH W\SHV GXULQJ WKH R]RQH

VHDVRQ� HVSHFLDOO\ LQ WKH :DVKLQJWRQ DUHD� 3DUW RI WKH HPLVVLRQ HVWLPDWLRQ SUREOHP LV WKH
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APPENDIX B
MOBILE SOURCE EMISSION FACTOR MODEL (MOBILE5b)

INPUT FILES



Figure B-1
Baltimore Area MOBILE5b Input File

1          PROMPT                                                       
BALT AREA MOBILE5b - 1997                                               
1          TAMFLG - default tampering rates                             
3          SPDFLG - one speed per scenario for all IV, 1 trip length dis
1          VMFLAG -                                                     
3          MYMRFG - 1999 registration dist, default mileage accrual rates
2          NEWFLG - CAAA exhaust emission rates                         
2          IMFLAG - I/M program                                         
3          ALHFLG - no NOx humidity or a/c correction factor inputs     
2          ATPFLG - anti-tampering program                              
5          RLFLAG - no onboard refueling controls                       
1          LOCFLG - read in local area parameters as 2nd req sc rec     
2          TEMFLG - calculate exhaust temperatures                      
1          OUTFMT - MOBILE4 112 column descriptive output format        
4          PRTFLG - print exhaust HC emission factor results            
1          IDLFLG - do not print idle emissions results                 
3          NMHFLG - print VOC                                           
2          HCFLAG - print HC components                                 
.053 .095 .081 .078 .073 .073 .076 .076 .076 .071                       
.060 .045 .035 .021 .013 .010 .008 .009 .007 .005                       
.003 .002 .002 .002 .026                                                
.067 .116 .106 .083 .068 .064 .065 .072 .071 .064                       
.056 .038 .030 .017 .011 .009 .008 .014 .011 .008                       
.005 .003 .003 .003 .008                                                
.067 .116 .106 .083 .068 .064 .065 .072 .071 .064                       
.056 .038 .030 .017 .011 .009 .008 .014 .011 .008                       
.005 .003 .003 .003 .008                                                
.042 .106 .072 .038 .034 .038 .066 .072 .074 .057                       
.059 .046 .040 .021 .016 .017 .019 .027 .024 .017                       
.015 .020 .013 .052                                                     
.053 .095 .081 .078 .073 .073 .076 .076 .076 .071                       
.060 .045 .035 .021 .013 .010 .008 .009 .007 .005                       
.003 .002 .002 .002 .026                                                
.067 .116 .106 .083 .068 .064 .065 .072 .071 .064                       
.056 .038 .030 .017 .011 .009 .008 .014 .011 .008                       
.005 .003 .003 .003 .008                                                
.027 .079 .049 .079 .061 .061 .079 .087 .083 .090                       
.079 .068 .036 .024 .021 .015 .014 .016 .009 .005                       
.004 .003 .003 .002 .006                                                
.046 .065 .062 .068 .049 .040 .037 .037 .032 .038                       
.067 .459 .000 .000 .000 .000 .000 .000 .000 .000                       
.000 .000 .000 .000 .000
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Figure B-2
Alexandria MOBILE5b Input File

1          PROMPT                                                       
51-510 MOBILE5b - 1997                                                  
1          TAMFLG - default tampering rates                             
4          SPDFLG - one spd/ scen., all types, trip length distn in OTDS
1          VMFLAG - supply vmt mix in OTDS                              
3          MYMRFG - 1996 veh reg dist, default mileage accrual rates    
2          NEWFLG - CAAA ERs                                            
2          IMFLAG - enter IM control flag record                        
1          ALHFLG - no A/C, trailer, humidity corrections               
2          ATPFLG - ATP, pressure and purge                             
5          RLFLAG - no refueling emissions                              
1          LOCFLG - one LAP record for each scenario                    
2          TEMFLG - uses daily min/max temps                            
1          OUTFMT - 112 column descriptive output                       
4          PRTFLG - print HC, CO, & NOx                                 
1          IDLFLG - do not print idle emissions                         
3          NMHFLG - print VOC                                           
2          HCFLAG - total HC only,                                      
.1830.0890.0750.0700.0610.0630.0620.0620.0630.0610                      
.0530.0400.0320.0200.0140.0100.0070.0070.0050.0040                      
.0030.0010.0020.0020.011                                                
.0740.0720.0930.0690.0570.0600.0610.0650.0670.0840                      
.0890.0470.0400.0240.0160.0140.0060.0090.0090.0070                      
.0040.0040.0040.0040.021                                                
.1380.1390.1110.0510.0400.0320.0450.0580.0420.0640                      
.0440.0230.0240.0230.0190.0210.0120.0230.0130.0110                      
.0080.0090.0060.0060.038                                                
.0510.0340.0250.0340.0420.1530.0010.0250.0340.0590                      
.0170.0590.1860.0590.0170.0010.0250.0340.0510.0170                      
.0010.0170.0080.0080.042                                                
.1830.0890.0750.0700.0610.0630.0620.0620.0630.0610                      
.0530.0400.0320.0200.0140.0100.0070.0070.0050.0040                      
.0030.0010.0020.0020.011                                                
.0740.0720.0930.0690.0570.0600.0610.0650.0670.0840                      
.0890.0470.0400.0240.0160.0140.0060.0090.0090.0070                      
.0040.0040.0040.0040.021                                                
.1220.1430.0680.0650.0500.0430.0430.0570.0610.0790                      
.0900.0650.0320.0180.0070.0110.0040.0140.0070.0140                      
.0010.0010.0010.0010.003                                                
.0980.0710.0820.0530.0530.0370.0380.0490.0280.0470                      
.0620.3820.0000.0000.0000.0000.0000.0000.0000.0000                      
.0000.0000.0000.0000.000
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Figure B-3
Arlington County MOBILE5b Input File

1          PROMPT                                                       
51-013 MOBILE5b - 1997                                                  
1          TAMFLG - default tampering rates                             
4          SPDFLG - one spd/ scen., all types, trip length distn in OTDS
1          VMFLAG - supply vmt mix in OTDS                              
3          MYMRFG - 1996 veh reg dist, default mileage accrual rates    
2          NEWFLG - CAAA ERs                                            
2          IMFLAG - enter IM control flag record                        
1          ALHFLG - no A/C, trailer, humidity corrections               
2          ATPFLG - ATP, pressure and purge                             
5          RLFLAG - no refueling emissions                              
1          LOCFLG - one LAP record for each scenario                    
2          TEMFLG - uses daily min/max temps                            
1          OUTFMT - 112 column descriptive output                       
4          PRTFLG - print HC, CO, & NOx                                 
1          IDLFLG - do not print idle emissions                         
3          NMHFLG - print VOC                                           
2          HCFLAG - total HC only,                                      
.1090.0830.0730.0720.0650.0670.0680.0700.0690.0700                      
.0600.0480.0380.0230.0160.0110.0090.0090.0070.0050                      
.0030.0020.0020.0020.019                                                
.0570.0590.0840.0610.0520.0530.0610.0720.0740.0860                      
.0940.0570.0490.0310.0240.0140.0080.0100.0060.0070                      
.0020.0030.0030.0030.030                                                
.0860.0960.1020.0420.0530.0400.0390.0770.0730.0580                      
.0620.0470.0230.0130.0150.0170.0120.0290.0180.0170                      
.0170.0110.0070.0070.039                                                
.0470.0470.0470.0140.0810.1420.1220.0340.1690.0200                      
.0010.0200.0200.0340.0200.0140.0140.0200.0140.0070                      
.0200.0270.0140.0140.038                                                
.1090.0830.0730.0720.0650.0670.0680.0700.0690.0700                      
.0600.0480.0380.0230.0160.0110.0090.0090.0070.0050                      
.0030.0020.0020.0020.019                                                
.0570.0590.0840.0610.0520.0530.0610.0720.0740.0860                      
.0940.0570.0490.0310.0240.0140.0080.0100.0060.0070                      
.0020.0030.0030.0030.030                                                
.1520.1040.1460.0610.0550.0610.0490.0430.0550.0610                      
.0850.0240.0060.0180.0180.0060.0010.0060.0060.0010                      
.0120.0060.0010.0010.022                                                
.0740.0660.0560.0650.0590.0400.0390.0440.0290.0360                      
.0670.4250.0000.0000.0000.0000.0000.0000.0000.0000                      
.0000.0000.0000.0000.000
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Figure B-4
District of Columbia MOBILE5b Input File

1          PROMPT                                                       
11-001 MOBILE5b - 1997 - MARAMA                                         
1          TAMFLG - default tampering rates                             
4          SPDFLG - one speed per scenario for all IV, 1 trip length dis
1          VMFLAG - COG vmt mix                                         
3          MYMRFG - 1999 registration dist, default mileage accrual rates
2          NEWFLG - CAAA exhaust emission rates                         
2          IMFLAG - I/M program                                         
1          ALHFLG - no NOx humidity or a/c correction factor inputs     
2          ATPFLG - anti-tampering program                              
5          RLFLAG - no onboard refueling controls                       
1          LOCFLG - read in local area parameters as 2nd req sc rec     
2          TEMFLG - calculate exhaust temperatures                      
1          OUTFMT - MOBILE4 112 column descriptive output format        
4          PRTFLG - print exhaust HC emission factor results            
1          IDLFLG - do not print idle emissions results                 
3          NMHFLG - print VOC                                           
2          HCFLAG - print HC components                                 
0.0620.0830.0820.0800.0780.0760.0720.0670.0620.052  LDGV                
0.0200.0370.0320.0300.0290.0280.0250.0200.0160.013                      
0.0080.0060.0050.0040.014                                               
0.0220.0870.0870.0870.0870.0720.0610.0460.0370.032  LDGT1               
0.0310.0550.0490.0480.0370.0290.0180.0230.0180.015                      
0.0090.0080.0080.0050.026                                               
0.0190.0740.0740.0740.0740.0540.0520.0350.0560.032  LDGT2               
0.0290.0830.0870.0510.0400.0310.0190.0240.0190.015                      
0.0090.0080.0090.0060.027                                               
0.0080.0480.0480.0480.0480.0390.0330.0210.0260.029  HDGV                
0.0340.0650.0550.0590.0520.0390.0440.0420.0360.029                      
0.0210.0220.0220.0140.119                                               
0.0620.0830.0820.0800.0780.0760.0720.0670.0620.052  LDDV                
0.0200.0370.0320.0300.0290.0280.0250.0200.0160.013                      
0.0080.0060.0050.0040.014                                               
0.0220.0870.0870.0870.0870.0720.0610.0460.0370.032  LDDT                
0.0310.0550.0490.0480.0370.0290.0180.0230.0180.015                      
0.0090.0080.0080.0050.026                                               
0.0120.0680.0680.0680.0680.0750.0620.0410.0420.052  HDDV                
0.0540.0670.0560.0580.0460.0190.0230.0290.0250.016                      
0.0110.0090.0070.0050.016                                               
0.0530.1860.1490.1210.0970.0770.0620.0500.0400.032  MC                  
0.0250.1070.0000.0000.0000.0000.0000.0000.0000.000                      
0.0000.0000.0000.0000.000
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Figure B-5
Fairfax County MOBILE5b Input File

1          PROMPT                                                       
51-059 MOBILE5b - 1997                                                  
1          TAMFLG - default tampering rates                             
4          SPDFLG - one spd/ scen., all types, trip length distn in OTDS
1          VMFLAG - supply vmt mix in OTDS                              
3          MYMRFG - 1996 veh reg dist, default mileage accrual rates    
2          NEWFLG - CAAA ERs                                             
2          IMFLAG - enter IM control flag record                        
1          ALHFLG - no A/C, trailer, humidity corrections               
2          ATPFLG - ATP, pressure and purge                             
5          RLFLAG - no refueling emissions                              
1          LOCFLG - one LAP record for each scenario                    
2          TEMFLG - uses daily min/max temps                            
1          OUTFMT - 112 column descriptive output                       
4          PRTFLG - print HC, CO, & NOx                                 
1          IDLFLG - do not print idle emissions                         
3          NMHFLG - print VOC                                           
2          HCFLAG - total HC only                                       
.0990.0990.0860.0820.0720.0710.0730.0720.0680.0640                      
.0550.0410.0310.0190.0120.0090.0060.0060.0050.0040                      
.0020.0010.0020.0020.019                                                
.0710.0670.0980.0710.0570.0600.0620.0780.0770.0810                      
.0790.0480.0410.0240.0160.0110.0070.0060.0050.0050                      
.0030.0020.0030.0030.025                                                
.1160.1340.1180.0660.0440.0360.0490.0570.0610.0440                      
.0500.0370.0270.0170.0110.0140.0100.0200.0200.0140                      
.0100.0050.0060.0060.028                                                
.0140.0120.0200.0290.0240.0340.0770.0680.2670.1530                      
.0260.0690.0230.0270.0120.0110.0120.0210.0380.0110                      
.0020.0070.0030.0030.037                                                
.0990.0990.0860.0820.0720.0710.0730.0720.0680.0640                      
.0550.0410.0310.0190.0120.0090.0060.0060.0050.0040                      
.0020.0010.0020.0020.019                                                
.0710.0670.0980.0710.0570.0600.0620.0780.0770.0810                      
.0790.0480.0410.0240.0160.0110.0070.0060.0050.0050                      
.0030.0020.0030.0030.025                                                
.0720.0600.1060.0340.0330.0620.0650.1070.0400.1000                      
.0500.0980.0600.0050.0450.0360.0090.0040.0060.0010                      
.0010.0010.0010.0010.003                                                
.0840.0870.0680.0590.0520.0380.0380.0370.0330.0350                      
.0570.4120.0000.0000.0000.0000.0000.0000.0000.0000                      
.0000.0000.0000.0000.000
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Figure B-6
Montgomery County MOBILE5b Input File

1          PROMPT                                                       
24-031 MOBILE5b - 1997                                                  
1          TAMFLG - default tampering rates                             
4          SPDFLG - one speed per scenario for all IV, 1 trip length dis
1          VMFLAG - supply vmt mix in OTDS                              
3          MYMRFG - 1996 veh reg dist, default mileage accrual rates    
2          NEWFLG - CAAA ERs                                            
2          IMFLAG - 2 IM programs                                       
1          ALHFLG - no NOx humidity or a/c correction factor inputs     
2          ATPFLG - ATP, pressure and purge                             
5          RLFLAG - no onboard refueling controls                       
1          LOCFLG - one LAP record for each scenario                    
2          TEMFLG - uses daily min/max temps                            
1          OUTFMT - 112 column descriptive output                       
4          PRTFLG - print HC, CO, & NOx                                 
1          IDLFLG - do not print idle emissions                         
3          NMHFLG - print VOC                                           
2          HCFLAG - print HC components                                 
.052 .094 .082 .079 .075 .075 .080 .076 .075 .073                       
.062 .045 .035 .021 .014 .010 .008 .007 .005 .004                       
.003 .002 .002 .002 .019                                                
.088 .156 .130 .108 .082 .079 .070 .067 .058 .047                       
.034 .025 .018 .008 .005 .003 .003 .005 .004 .003                       
.002 .001 .001 .001 .002                                                
.045 .096 .102 .066 .055 .053 .064 .079 .077 .068                       
.075 .049 .039 .023 .016 .012 .011 .016 .013 .010                       
.007 .004 .004 .003 .013                                                
.037 .094 .065 .037 .033 .043 .062 .081 .082 .052                       
.065 .057 .043 .023 .017 .016 .026 .029 .025 .026                       
.020 .013 .012 .009 .033                                                
.052 .094 .082 .079 .075 .075 .080 .076 .075 .073                       
.062 .045 .035 .021 .014 .010 .008 .007 .005 .004                       
.003 .002 .002 .002 .019                                                
.088 .156 .130 .108 .082 .079 .070 .067 .058 .047                       
.034 .025 .018 .008 .005 .003 .003 .005 .004 .003                       
.002 .001 .001 .001 .002                                                
.017 .088 .025 .053 .028 .076 .110 .094 .072 .155                       
.093 .067 .042 .018 .015 .009 .011 .009 .004 .003                       
.001 .002 .003 .001 .004                                                
.047 .068 .071 .064 .046 .045 .039 .045 .038 .039                       
.061 .437 .0000.000 .0000.0000.0000.0000.0000.000                       
.0000.0000.0000.0000.000
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Figure B-7
Prince Georges County MOBILE5b Input File

1          PROMPT                                                       
24-033 MOBILE5b - 1997                                                  
1          TAMFLG - default tampering rates                             
4          SPDFLG - one speed per scenario for all IV, 1 trip length dis
1          VMFLAG - supply vmt mix in OTDS                              
3          MYMRFG - 1996 veh reg dist, default mileage accrual rates    
2          NEWFLG - CAAA ERs                                            
2          IMFLAG - 2 IM programs                                       
1          ALHFLG - no NOx humidity or a/c correction factor inputs     
2          ATPFLG - ATP, pressure and purge                             
5          RLFLAG - no onboard refueling controls                       
1          LOCFLG - one LAP record for each scenario                    
2          TEMFLG - uses daily min/max temps                            
1          OUTFMT - 112 column descriptive output                       
4          PRTFLG - print HC, CO, & NOx                                 
1          IDLFLG - do not print idle emissions                         
3          NMHFLG - print VOC                                           
2          HCFLAG - print HC components                                 
.040 .092 .085 .075 .069 .068 .072 .075 .075 .073                       
.062 .051 .041 .025 .016 .012 .010 .011 .008 .006                       
.004 .003 .003 .003 .021                                                
.066 .135 .122 .103 .076 .070 .073 .069 .069 .056                       
.041 .033 .025 .014 .007 .004 .004 .010 .007 .005                       
.004 .002 .002 .001 .002                                                
.041 .080 .092 .063 .052 .050 .061 .073 .073 .066                       
.074 .053 .042 .028 .019 .016 .013 .022 .018 .014                       
.011 .006 .006 .005 .022                                                
.033 .106 .094 .041 .034 .035 .056 .080 .080 .056                       
.055 .064 .040 .023 .015 .015 .015 .030 .020 .017                       
.014 .013 .008 .013 .043                                                
.040 .092 .085 .075 .069 .068 .072 .075 .075 .073                       
.062 .051 .041 .025 .016 .012 .010 .011 .008 .006                       
.004 .003 .003 .003 .021                                                
.066 .135 .122 .103 .076 .070 .073 .069 .069 .056                       
.041 .033 .025 .014 .007 .004 .004 .010 .007 .005                       
.004 .002 .002 .001 .002                                                
.033 .067 .043 .058 .047 .074 .169 .099 .099 .104                       
.077 .035 .030 .010 .011 .007 .008 .009 .005 .004                       
.002 .002 .002 .002 .003                                                
.049 .081 .071 .060 .058 .035 .046 .027 .027 .042                       
.070 .434 .0000.000 .0000.0000.0000.0000.0000.000                       
.0000.0000.0000.0000.000


