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7KLV� VWXG\� LQYHVWLJDWHV� WKH� SRVVLELOLW\� RI� XVLQJ� '0,�+,5/$0� IRU� WKH� WUDQVSRUW� RI

SDVVLYH�WUDFHUV�LQ�WKH�SHUVSHFWLYH�RI�GHYHORSLQJ�DQ�(XOHULDQ�DWPRVSKHULF�ORQJ�UDQJH

GLVSHUVLRQ� PRGHO� IRU� SUHYLVLRQ� RI� DLU�SROOXWLRQ� HSLVRGHV�� ,Q� WKH� SUHVHQW� ZRUN� WKH

PRGHO�UHVXOWLQJ�IURP�WKH�LPSOHPHQWDWLRQ�RI�SDVVLYH�VFDODUV�LQ�'0,�+,5/$0�LV�WHVWHG

ZLWK�GLIIHUHQW�DGYHFWLRQ�VFKHPHV�DSSOLHG�WR�D�ILHOG�RI�RQH�SDVVLYH�WUDFHU��6LPXODWLRQV

RI� WKH� ILUVW� (XURSHDQ�7UDFHU� ([SHULPHQW� �(7(;���ZKLFK� VXSSOLHV� WKH�PRVW� VXLWDEOH

GDWD� IRU�VXFK�DQ� LQYHVWLJDWLRQ��DUH�SHUIRUPHG� WR�FRPSDUH�PRGHO� UHVXOWV�ZLWK�DFWXDO

REVHUYDWLRQV�

,Q� D� ILUVW� VWHS� WKH�(XOHULDQ� FHQWUDO� GLIIHUHQFH� VFKHPH� RSHUDWLQJ� E\� GHIDXOW� LQ� '0,�

+,5/$0�75$&(5�LV�WHVWHG�DQG�LW�LV�LPSURYHG�E\�DGGLQJ�YHUWLFDO�GLIIXVLRQ�SURFHVVHV�

$OWKRXJK�JRRG�TXDOLWDWLYH�UHVXOWV�DUH�REWDLQHG�ZLWK�WKLV�IRUPXODWLRQ�� LW�SUHVHQWV�YHU\

EDG�PDVV�FRQVHUYDWLRQ�SURSHUWLHV��,Q�D�VHFRQG�VWHS�DQ�LPSURYHG�QXPHULFDO�VFKHPH

RI�WKH�DGYHFWLRQ��WKH�%RWW�VFKHPH��LV�LPSOHPHQWHG�LQVLGH�WKH�VHPL�/DJUDQJLDQ�PRGHO

YHUVLRQ� RI�'0,�+,5/$0�75$&(5��%HFDXVH� RI� LWV� JRRG�PDVV� FRQVHUYDWLRQ� DQG� LWV

ORZ�FRPSXWDWLRQ�FRVW��WKLV�IRUPXODWLRQ�WXUQV�RXW�WR�EH�WKH�PRVW�VXLWDEOH�RI� WKH�RQHV

WHVWHG�WR�VLPXODWH�WKH�WUDQVSRUW�RI�SROOXWDQWV�LQ�WKH�DWPRVSKHUH�
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���,QWURGXFWLRQ

(XOHULDQ�DWPRVSKHULF�ORQJ�UDQJH�GLVSHUVLRQ�PRGHOV�KDYH�EHHQ�XVHG�E\�VHYHUDO�PHWHRURORJLFDO

LQVWLWXWHV� WR� SUHGLFW� DLU� SROOXWLRQ� HSLVRGHV�� $W� '0,�� DLU�SROOXWLRQ� IRUHFDVW� PRGHOV� OLNH

'(50$�DQG�'$&)26�>���@��ZKLFK�DUH�EDVHG�RQ�D���'�/DJUDQJLDQ�WUDQVSRUW�PRGHO�>�@��XVH

+,5/$0�PHWHRURORJLFDO� IRUHFDVWV� LQ� DQ� RII�OLQH� IDVKLRQ�� 7KRXJK� VXFK� /DJUDQJLDQ� PRGHOV

PD\�KDYH�ORZHU�FRPSXWHU�FRVWV��(XOHULDQ�PRGHOV�DUH�WKH�PRVW�VXLWDEOH�WR�GHDO�ZLWK�SROOXWLRQ

SURFHVVHV�NQRZQ�RQ�D�JULG��OLNH�IRU�H[DPSOH�HPLVVLRQ�GDWD���(XOHULDQ�PRGHOOLQJ�SUHVHQWV�WKH

FKDUDFWHULVWLF� WR� EH� FRPSOHWH� LQ� WKH� VHQVH� WKDW� DOO� WKH� SK\VLFDO� SURFHVVHV� LQYROYHG� FDQ� EH

LQFOXGHG�DW�HDFK�SRLQW�RI� WKH�PRGHO�YROXPH��$�VXEVHTXHQW�DGYDQWDJH�RI�(XOHULDQ�PRGHOV� LV

WKDW�WKH\�FDQ�GLVSOD\�SROOXWDQW�GLVWULEXWLRQ�RYHU�WKH�HQWLUH�PRGHOOHG�UHJLRQ�DQG�QRW�RQO\�DORQJ

WUDMHFWRULHV��7KH�SXUSRVH� IRU� WKH�SUHVHQW�SURMHFW� LV� WR� LQYHVWLJDWH� WKH�SRVVLELOLW\�RI�XVLQJ� WKH

'0,�+,5/$0� PRGHO� LQ� D� PHVRVFDOH� DLU�SROOXWLRQ� IRUHFDVW� V\VWHP�� 7KLV� LV� GRQH� E\� WKH

GHYHORSPHQW�RI�'0,�+,5/$0�75$&(5��VKRUWHQHG�DV�75$&(5�LQ�WKH�IROORZLQJ���ZKLFK�LV

D� YHUVLRQ� RI� '0,�+,5/$0� LPSOHPHQWHG� ZLWK� DGYHFWLRQ�GLIIXVLRQ� RI� SDVVLYH� WUDFHUV�� $

IXUWKHU� DLP�� QRW� FRQVLGHUHG� KHUH�� LV� WR� LQWHJUDWH� +,5/$0� DV� D� PHWHRURORJLFDO� GULYHU� LQ� D

FRXSOHG� �DOVR� FDOOHG� ³RQ�OLQH´��PHWHRURORJLFDO�FKHPLFDO� (XOHULDQ� DWPRVSKHULF� WUDQVSRUW� DQG

FKHPLVWU\�PRGHO�V\VWHP�

7KH� PDLQ� REMHFWLYH� RI� WKLV� ZRUN� LV� WR� H[HUFLVH� WKH� DGYHFWLRQ� VFKHPH� RI� +,5/$0� E\

VLPXODWLQJ�WKH�WUDQVSRUW�RI�SDVVLYH�WUDFHUV�LQ�WKH�PRGHO��$�FRQYHQLHQW�ZD\��FRPPRQO\�XVHG�LQ

OLWHUDWXUH�WR�WHVW�DQ�DGYHFWLRQ�VFKHPH��LV�WR�VLPXODWH�WKH�WUDQVSRUW�RI�D�VLPSOH�VWUXFWXUH�LQ��IRU

H[DPSOH�� D� QRQ�GLYHUJHQW� FLUFXODU�ZLQG� ILHOG�� 6XFK� DUWLILFLDO� FRQGLWLRQV� DUH� QRW� DSSURSULDWH

ZLWK�DQ�DGYDQFHG�PRGHO�OLNH�+,5/$0��IRU�WKH\�ZRXOG�QRW�DOORZ�WR�LQYHVWLJDWH�WKH�FRPSOHWH

SURSHUWLHV�RI� WKH�PRGHO��$�PRUH�VXLWDEOH�DQG�UHDOLVWLF�ZD\� WR� WHVW� WKH� WUDQVSRUW�RI�D� ILHOG�RI

SDVVLYH� WUDFHUV� LV�VXSSOLHG�E\� WKH�(XURSHDQ�7UDFHU�([SHULPHQWV� �(7(;���	���SHUIRUPHG� LQ

������$V�D� ILUVW� VWHS� WKH�GHIDXOW�DGYHFWLRQ�GLIIXVLRQ�VFKHPHV�RSHUDWLQJ� LQ�75$&(5�ZLOO�EH

WHVWHG� RQ� (7(;��� GDWD� DQG� WKH� UHVXOWV� ZLOO� EH� FRPSDUHG� ZLWK� WKRVH� RI� RWKHU� PRGHO

VLPXODWLRQV��DV�ZHOO�DV�ZLWK�PHDVXUHPHQWV�GXULQJ�WKH�H[SHULPHQW��,Q�D�VHFRQG�VWHS�DQ�DWWHPSW

ZLOO� EH� PDGH� WR� DPHOLRUDWH� WKH� SHUIRUPDQFHV� RI� WKH� GHIDXOW� DGYHFWLRQ� VFKHPH� XVHG� LQ

75$&(5�E\�DSSO\LQJ�DQ�LPSURYHG�QXPHULFDO�VFKHPH�GHYHORSHG�E\�%RWW�>���@��7KLV�VFKHPH

KDV�EHHQ�LPSOHPHQWHG�DQG�H[SHULPHQWHG�IROORZLQJ�D�PHWKRG�XVHG�DW�0,68�>���@��%HFDXVH�RI

LWV�PDVV�FRQVHUYDWLRQ�DQG�ORZ�GLIIXVLRQ�SURSHUWLHV��WKLV�VFKHPH�LV�RQH�RI�WKH�PRVW�VXLWDEOH�IRU

WUDQVSRUW�RI�SROOXWDQWV�LQ�WKH�DWPRVSKHUH�

$GGLWLRQDO�SURFHVVHV�FRXOG�DOVR�EH� WDNHQ� LQWR�DFFRXQW�E\�DGGLQJ�VRXUFHV�DQG�VLQNV� WHUPV� LQ

WKH� ULJKW� KDQG� VLGH� RI� WKH� DGYHFWLRQ�GLIIXVLRQ� HTXDWLRQ� LQ� RUGHU� WR� GHVFULEH� FKHPLFDO

SURFHVVHV��DV�ZHOO�DV�HPLVVLRQ�DQG�GHSRVLWLRQ�SURFHVVHV��,Q�RWKHU�ZRUGV�RQH�FRXOG�LQWHJUDWH�D

FKHPLVWU\� PRGXOH� LQ� 75$&(5�� 6XFK� H[WHQVLRQV� DUH� OHIW� IRU� IXUWKHU� GHYHORSPHQWV� RI� WKH

PRGHO�

7KH�SUHVHQW�ZRUN�KDV�EHHQ�GRQH�XVLQJ�WKH�³UHFRGHG´�YHUVLRQ�RI�'0,�+,5/$0�>�@�LQ�ZKLFK

DQ�DGGLWLRQDO�PRGXOH�KDV�EHHQ�LQFOXGHG�WR�KDQGOH�WKH�HPLVVLRQ�DQG�WKH�WUDQVSRUW�RI�D�ILHOG�RI

RQH� SDVVLYH� WUDFHU�� 7KH� FRQGLWLRQV� RI� WKH� VLPXODWLRQV� RI� WKH� (7(;� H[SHULPHQW� DUH� EULHIO\

VXPPDULVHG�LQ�WKH�QH[W�VHFWLRQ��7KH�LPSOHPHQWDWLRQ�RI�WKH�HPLVVLRQ�RI�WKH�SDVVLYH�WUDFHUV�LV

RXWOLQHG�LQ�VHFWLRQ����6LPXODWLRQV�SHUIRUPHG�LQ�WKH�GHIDXOW�(XOHULDQ�VHW�XS�RI�75$&(5�DQG

LPSURYHPHQWV�REWDLQHG�E\�DSSO\LQJ�GLIIHUHQW�YHUWLFDO�DQG�KRUL]RQWDO�GLIIXVLRQ�SURILOHV�WR�WKH

SDVVLYH�WUDFHUV�DUH�SUHVHQWHG�LQ�VHFWLRQ����6HFWLRQ���LV�GHYRWHG�WR�VLPXODWLRQV�SHUIRUPHG�LQ�WKH

VHPL�/DJUDQJLDQ�WLPH�LQWHJUDWLRQ�PRGH�DQG�LPSURYHG�ZLWK�WKH�%RWW¶V�DGYHFWLRQ�VFKHPH��7KH

UHVXOWV� REWDLQHG� IURP� WKH� GLIIHUHQW� VLPXODWLRQV� DUH� GLVFXVVHG� LQ� VHFWLRQ� ��� )LQDOO\�� VRPH

FRQFOXVLRQV�DUH�GUDZQ�LQ�WKH�ODVW�VHFWLRQ�
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���7KH�(7(;�UHOHDVH

7KH�ILUVW�(7(;�UHOHDVH�VWDUWHG�RQ�2FWREHU���
UG
������������*07�LQ�%ULWWDQ\��)UDQFH��DQG�KDG

D�GXUDWLRQ�RI����KRXUV�DQG����PLQXWHV��7KH�SUHFLVH� ORFDWLRQ�RI� WKH� UHOHDVH�ZDV� ��������:�

��������1��DQG�LW�ZDV�RQ�WKH�JURXQG�DW����P�DERYH�VHD�OHYHO��7KH�WRWDO�DPRXQW�RI�PDWHULDO

UHOHDVHG�ZDV�����NJ�RI�3HUIOXRUR�0HWK\O�&\FOR�+H[DQH��30&+��FRUUHVSRQGLQJ� WR�D� UHOHDVH

UDWH�RI������J�VHF��7KH�UHOHDVH�ZDV�IROORZHG�GXULQJ���GD\V�E\�D�VHULHV�RI�PHDVXUHPHQWV�RI�WKH

FRQFHQWUDWLRQ�DW�VSHFLILF�ORFDWLRQV�LQ�(XURSH�IURP�ZKLFK�LW�ZDV�SRVVLEOH�WR�REVHUYH�WKH�FORXG

HYROXWLRQ�>�@�

7KH�QXPHULFDO�H[SHULPHQWV�SHUIRUPHG�LQ�WKH�SUHVHQW�ZRUN�EHJLQ���KRXUV�EHIRUH�WKH�VWDUW�RI�WKH

(7(;�UHOHDVH�E\�XVLQJ� LQLWLDO�PHWHRURORJLFDO� ILHOGV� IURP� WKH�(XURSHDQ�&HQWUH� IRU�0HGLXP�

5DQJH�:HDWKHU�)RUHFDVWV��(&0:)��RI�2FWREHU���
UG
������������*07��7KH\�ZHUH�FDUULHG�RXW

GXULQJ����KRXUV�E\�XSGDWLQJ�WKH�ODWHUDO�ERXQGDULHV�IURP�(&0:)�HYHU\���KRXUV��XVLQJ���KRXU

IRUHFDVWV�DQG�QHZ�DQDO\VLV�HYHU\����KRXUV���7KH�QXPHULFDO�VLPXODWLRQV�ZHUH�SHUIRUPHG�ZLWK

75$&(5� RYHU� D� PRGHO� UHJLRQ� FRYHULQJ� (XURSH�� LQ� D� JULG� ZLWK� ��u��� SRLQWV� \LHOGLQJ� DQ

KRUL]RQWDO�UHVROXWLRQ�RI�������DERXW���NP�u���NP����DOO�H[SHULPHQWV�ZHUH�SHUIRUPHG�XVLQJ�D

���OHYHO�UHVROXWLRQ�LQ�D�K\EULG�YHUWLFDO�FRRUGLQDWH�V\VWHP�

,QGLFDWLRQV�DERXW�WKH�SHUIRUPDQFHV�RI�WKHVH�VLPXODWLRQV�DUH�KHUH�JLYHQ�E\����WKH�JHRJUDSKLFDO

SRVLWLRQ� RQ� WKH� VXUIDFH� �PRUH� SUHFLVHO\� DW� WKH� ORZHVW� PRGHO� OHYHO�� DERXW� ��� P� DERYH� WKH

JURXQG� LQ� WKH� SUHVHQW� YHUVLRQ� RI� '0,�+,5/$0�� RI� WKH� PRGHOOHG� FRQFHQWUDWLRQ� ILHOG� DW

GLIIHUHQW�IRUHFDVW�WLPHV�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH�����WKH�YDOXH�DQG���GLPHQVLRQDO�SRVLWLRQ�DW

HDFK� WLPH� VWHS� RI� WKH� PD[LPXP� FRQFHQWUDWLRQ� SRLQW�� ��� WKH� WRWDO� DUHD� PHDQ� YDOXH� RI� WKH

YHUWLFDOO\� LQWHJUDWHG� FRQFHQWUDWLRQ� SHU� XQLW� KRUL]RQWDO� DUHD� �FDOOHG�DYHUDJH� FRQFHQWUDWLRQ� LQ

WKH� IROORZLQJ���ZKLFK� LV�JLYHQ�DW�HDFK� WLPH�VWHS�E\� WKH�GLDJQRVWLF�FDOFXODWLRQV�RI� WKH�PRGHO

DQG����D� WLPH�VHULHV�RI���KRXU�DYHUDJHG�FRQFHQWUDWLRQV�³REVHUYHG´�DW�D�VSHFLILF�PRGHO�SRLQW

FRUUHVSRQGLQJ� WR� WKH� VLWH� RI� 5LV¡� LQ� 'HQPDUN�� 7KH� ILUVW� DQG� ODVW� RI� WKHVH� UHVXOWV� FDQ� EH

FRPSDUHG�WR�UHDO�PHDVXUHPHQWV�DQG�RU�UHVXOWV�RI�RWKHU�PRGHOV�>����@��ZKLOH�WKH�RWKHU�WZR�PD\

DOORZ�DQ�HYDOXDWLRQ�RI�WKH�VWDELOLW\�DQG�WKH�FRQILGHQFH�RI�GLIIHUHQW�VFKHPHV�

���(PLVVLRQ�RI�WKH�SDVVLYH�WUDFHUV

����*HRPHWULFDO�RXWORRN

6LQFH� WKH� FRQGLWLRQV� RI� WKH� UHOHDVH� DUH� H[DFWO\� NQRZQ� �ORFDWLRQ�� WRWDO�PDVV� DQG� UDWH� RI� WKH

UHOHDVH��� WKH�PDLQ�GLIILFXOW\� LV� WR�SHUIRUP� VXFK� D� ORFDO� UHOHDVH� LQVLGH� DQ�(XOHULDQ�JULG�SRLQW

PRGHO�� ,W� LV�QHFHVVDU\� WR�DVVXPH�XQLIRUP�GLVWULEXWLRQ�RI� WKH� WUDFHU�ZLWKLQ� WKH�YROXPH�RI� WKH

JULG�ER[�LQVLGH�ZKLFK�WKH�UHOHDVH�LV�LQLWLDWHG��7KH�NQRZOHGJH�RI�WKLV�YROXPH�PDNHV�LW�SRVVLEOH

WR�FDOFXODWH� WKH�FRQFHQWUDWLRQ�RI� WKH�SDVVLYH� WUDFHU�� LQ�RUGHU� WR�FRPSDUH� WKH�VLPXODWHG� WUDFHU

ILHOG�ZLWK�WKH�REVHUYHG�FRQFHQWUDWLRQ�ILHOG�

7KH�VSHFLILF�GDWD�IRU�WKH�HPLVVLRQ�RI�WKH�WUDFHU��ORFDWLRQ��GXUDWLRQ�DQG�UHOHDVH�UDWH��DUH�LQSXWV

RI�WKH�PRGHO�DQG�WKH�UHOHDVH�LV�E\�GHIDXOW�SHUIRUPHG�DW�WKH�ORZHVW�PRGHO�OHYHO���WKH�DOWLWXGH�RI

WKH�HPLVVLRQ�SRLQW�LV�WKHQ����P�RYHU�WKH�JURXQG��7KLV�DSSUR[LPDWLRQ�RQ�WKH�DFWXDO�DOWLWXGH�RI

WKH�UHOHDVH�LV�DVVXPHG�WR�KDYH�QR�HIIHFW�RQ�WKH�UHVXOWV�LI�ZH�FDQ�DVVXPH�WKDW�WKH�UHOHDVH�RFFXUV

LQVLGH�D�ZHOO�PL[HG�$WPRVSKHULF�%RXQGDU\�/D\HU�

)URP�WKH�JHRJUDSKLFDO�FRRUGLQDWHV�RI�WKH�UHOHDVH�ORFDWLRQ��LW�LV�HDV\�WR�ILQG�WKH���FORVHVW�JULG

SRLQWV�WKDW�GHILQH�WKH�KRUL]RQWDO�JULG�FHOO��DW�WKH�ORZHVW�OHYHO�RI�WKH�YHUWLFDO�JULG�LQ�WKH�FDVH�RI

D�UHOHDVH�RQ�WKH�JURXQG��LQ�ZKLFK�WKH�UHOHDVH�SRLQW�LV�ORFDWHG��7KH�DOWLWXGHV�RI�WKHVH���SRLQWV�DW

HDFK�RI�WKH�WZR�ORZHVW�OHYHOV�DUH�WKHQ�FDOFXODWHG�YLD�WKH�JHRSRWHQWLDO��7KH�NQRZOHGJH�RI�WKH

DOWLWXGH�RI�WKH��
QG
�ORZHVW�OHYHO�LV�QHFHVVDU\�WR�FDOFXODWH�WKH�YROXPH�RI�WKH�JULG�ER[��'HSHQGLQJ



�

RQ�LI�WKH�DFWXDO�UHOHDVH�ORFDWLRQ�LV�FORVHU�WR�WKH�PLGGOH�RI�D�JULG�FHOO�RU�FORVHU�WR�D�JULG�SRLQW�

RQH�FDQ�FKRRVH�WR�XVH�DV�VRXUFH�RI�WKH�HPLVVLRQ��HLWKHU�WKH���FORVHVW�JULG�SRLQWV��RU�RQO\�WKH

ILUVW�FORVHVW�SRLQW� UHVSHFWLYHO\�� ,W� WXUQV�RXW� WKDW� WKLV�FKRLFH�KDV�D� VPDOO� HIIHFW��PDLQO\� LQ� WKH

EHJLQQLQJ�RI� WKH� WUDQVSRUW�ZKHQ� WKH� WUDFHUV�DUH� VWLOO� FORVH� WR� WKH� VRXUFH�� ,Q� WKLV� VWXG\� LW�ZDV

FKRVHQ��VR�DV�WR�FRPSDUH�WKH�GLIIHUHQW�H[SHULPHQWV�LQGHSHQGHQWO\�RI�WKLV�VRXUFH�SDUDPHWHU��WR

NHHS�RQO\�RQH�VLQJOH�HPLVVLRQ�SRLQW�LQ�HYHU\�FDVH�

.QRZLQJ�WKH�UHOHDVH�UDWH��PDVV�SHU�WLPH�XQLW��RQH�FDQ�WKXV�FDOFXODWH�WKH�FRQFHQWUDWLRQ�FKDQJH

SHU� WLPH� VWHS� LQVLGH� WKH� JULG� ER[� DURXQG� WKH� HPLVVLRQ� SRLQW�� ,W� LV� REYLRXV� WKDW�� VLQFH� WKH

YROXPH�RI� WKH�HPLWWLQJ�JULG�ER[�GHSHQGV�RQ�WKH�JULG� UHVROXWLRQ�� WKH� LQLWLDO�FRQFHQWUDWLRQ��RU

HPLWWHG�FRQFHQWUDWLRQ��DOVR�GHSHQGV�RQ�WKH�JULG�UHVROXWLRQ��%XW�VLQFH�WKH�FRQFHQWUDWLRQ� LV�DV

ZHOO�FDOFXODWHG�IURP�WKH�UHOHDVH�UDWH��LW�WKHQ�GHSHQGV�RQ�WKH�OHQJWK�RI�D� WLPH�VWHS�� WKDW� LWVHOI

DOVR�GHSHQGV�RQ� WKH�JULG� UHVROXWLRQ��7R�SXW� LW� LQ�D�QXWVKHOO�� WKH�KLJKHU� WKH� UHVROXWLRQ� LV�� WKH

KLJKHU� WKH� HPLWWHG� FRQFHQWUDWLRQ� ZLOO� EH�� 7KLV� LQIOXHQFH� RI� WKH� JULG� UHVROXWLRQ� RQ� WKH

FRQFHQWUDWLRQ� LV� PDLQO\� YLVLEOH� FORVH� WR� WKH� VRXUFH� ZKHQ� WKH� ZKROH� FRQFHQWUDWLRQ� ILHOG� LV

FRQWDLQHG�RQO\�LQ�RQH�RU�D�IHZ�JULG�ER[HV��,W� WHQGV�WR�GLVDSSHDU�DZD\�IURP�WKH�VRXUFH�ZKHQ

WKH�ILHOG�GLVVHPLQDWHV�LQ�WKH�PRGHO�DQG�WKH�DYHUDJH�FRQFHQWUDWLRQ�GHFUHDVHV�

����&RPSXWDWLRQDO�RXWORRN

7KH�HTXDWLRQ�WR�EH�VROYHG�LV� WKH�DGYHFWLRQ�GLIIXVLRQ�HTXDWLRQ�GULYLQJ�WKH�G\QDPLF�HYROXWLRQ

RI�WKH�FRQFHQWUDWLRQ�RI�D�SDVVLYH�WUDFHUV�ILHOG�
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YHFWRU�Y�UHSUHVHQWV�WKH�DGYHFWLQJ�YHORFLW\�ILHOG��.�LV�WKH���GLPHQVLRQDO�HGG\�GLIIXVLYLW\��4�DQG

6�UHSUHVHQW�VRXUFH�DQG�VLQN�WHUPV�UHVSHFWLYHO\��1RWH�WKDW�WKHUH�LV�DW�SUHVHQW�QR�VLQN�LQFOXGHG�

VR�6 ���,Q�WKH�QH[W�VXEVHFWLRQ�ZH�ZLOO�IRFXV�RQ�WKH�DGYHFWLYH�SDUW�RI�WKLV�HTXDWLRQ��EXW�IRU�RXU

SUHVHQW�SXUSRVH�ZH�RQO\�QHHG�WR�GHVFULEH�WKH�HPLVVLRQ�SDUW��WKDW�LV�
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ZKHUH�&L�M�N� LV� WKH� FRQFHQWUDWLRQ� DW� D� SRLQW� �L�M�N�� RI� WKH���'�JULG� DQG� WKH� VRXUFH� WHUP�4L�M�N

UHSUHVHQWV�KHUH� WKH� HPLVVLRQ�RI� WKH�SDVVLYH� WUDFHUV�� ,Q� WKH�SUHVHQW� FDVH�4L�M�N� LV� HTXDO� WR� WKH

UHOHDVH�UDWH��4��DW�WKH�HPLVVLRQ�SRLQW�DQG�LV�VHW�WR�]HUR�HYHU\ZKHUH�HOVH�

'HULYLQJ�FRQFHQWUDWLRQ�FKDQJH�DW�WKH�HPLVVLRQ�SRLQW�ZLWK�WKH�OHDSIURJ�WLPH�VWHSSLQJ�XVHG�LQ

WKH�(XOHULDQ�VFKHPH�RI�+,5/$0�JLYHV�
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ZKHUH�W�LV�WKH�G\QDPLF�WLPH�VWHS�RI�WKH�VFKHPH��7KLV�LV�D���WLPH�OHYHO�VFKHPH�ZKHUH�WKH�YDOXH

RI�WKH�FRQFHQWUDWLRQ�DW�WLPH�OHYHO�W���LV�UHSUHVHQWHG�E\�&
P
��WKH�YDOXH�DW�WLPH�W�E\�&

]
�DQG�WKH

YDOXH�DW�WLPH�W���E\�&
S
��7KH�YDOXH�DW�WLPH�W���RI�WKH�FRQFHQWUDWLRQ�DW�WKH�HPLVVLRQ�SRLQW�LV�WKXV�JLYHQ�E\�

& 4 &S P= +�τ� ���

7KDW� LV� WKH� HPLWWHG� FRQFHQWUDWLRQ� DW� WKH� FXUUHQW� WLPH� VWHS� SOXV� WKH� UHPDLQLQJ� FRQFHQWUDWLRQ

IURP� WKH� SUHYLRXV� WLPH� VWHS�� +HQFH�� GXULQJ� WKH� GXUDWLRQ� RI� WKH� HPLVVLRQ�� WKH� YDOXH� RI� WKH

FRQFHQWUDWLRQ�DW� WKH�HPLVVLRQ�SRLQW� LV�IRUFHG�E\�HTXDWLRQ������ ,Q� WKH�PRGHO�� WKH�HYROXWLRQ�RI

WKH�FRQFHQWUDWLRQ�LV�FRPSXWHG�VHSDUDWHO\�IURP�WKH�YDOXH�RI� WKH�HPLVVLRQ�SDUDPHWHU�4�ZKLFK

GHSHQGV�RQ�WKH�YROXPH�RI�WKH�HPLWWLQJ�JULG�ER[�
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7KHUH� FDQ�EH�RWKHU� VLWXDWLRQV�ZKHUH� WKH� HPLVVLRQ� LV� QRW� RQO\� ORFDOLVHG� DW� D� VLQJOH�SRLQW� EXW

UDWKHU�GLVWULEXWHG�RYHU�DQ�DUHD� �� WKLV�HPLWWLQJ�DUHD� LV� WKHQ�FRQVLGHUHG�DV�D�JURXS�RI�HPLWWLQJ

SRLQWV�ZKHUH�WKH�FRQFHQWUDWLRQ�LV�FRPSXWHG�LQ�WKH�VDPH�ZD\�DV�DERYH�

���7KH�(XOHULDQ�DGYHFWLRQ�VFKHPH

����)RUPXODWLRQ�ZLWK�D�FHQWUDO�GLIIHUHQFH�VFKHPH

'HULYLQJ�WKH�DGYHFWLYH�SDUW�RI�HTXDWLRQ�����LQ�D�ILQLWH�FHQWUDO�GLIIHUHQFH�IRUP��LW�EHFRPHV�
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W�LV�WKH�OHQJWK�RI�RQH�WLPH�VWHS�

7KLV� LV� WKH� IRUPXODWLRQ� LQ�ZKLFK� WKH�DGYHFWLRQ�HTXDWLRQ� LV�FRGHG� LQ� WKH�+,5/$0�UHIHUHQFH

YHUVLRQ>��@��7R�HQVXUH�QXPHULFDO�VWDELOLW\�WKH�WLPH�VWHS�XVHG�ZLWK�WKLV�VFKHPH�PXVW�VDWLVI\�WKH

&)/�FULWHULRQ��&RXUDQW�QXPEHU�XLW�G[�d���LQ�HDFK�GLUHFWLRQ��,Q�RUGHU�WR�DYRLG�QHJDWLYH�YDOXHV

RI� SRVLWLYH� GHILQLWH� TXDQWLWLHV� VXFK� YDOXHV� DUH� VHW� WR� ]HUR�� :H� ZLOO� GLVFXVV� ODWHU� WKH

FRQVHTXHQFHV�RI�VXFK�D�UHVHWWLQJ�SURFHGXUH�

1RWH�WKDW�WKH�KRUL]RQWDO�GLIIXVLRQ�LV�FRPSXWHG�VHSDUDWHO\�LQ�+,5/$0�E\�DQ�LPSOLFLW��
WK
�RUGHU

VFKHPH��HT�����������LQ�>��@���EXW�YHUWLFDO�GLIIXVLRQ�RI�WKH�SDVVLYH�WUDFHUV�LV�QRW�LPSOHPHQWHG

LQ�WKH�GHIDXOW�YHUVLRQ�RI�WKH�PRGHO�
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����5HVXOWV�

������'HIDXOW�IRUPXODWLRQ

6LPXODWLRQV�RI� WKH�(7(;� UHOHDVH�KDYH�EHHQ�SHUIRUPHG�XVLQJ� WKH�GHIDXOW� IRUPXODWLRQ�RI� WKH

DGYHFWLRQ�GLIIXVLRQ�HTXDWLRQ�IRU�WKH�SDVVLYH�WUDFHUV������,Q�ILJXUH���WKH�UHVXOW�IRU�WKH�PRGHOOHG

VXUIDFH� FRQFHQWUDWLRQ� RI� WKH� VLPXODWLRQ� XVLQJ� (&0:)� ODWHUDO� ERXQGDULHV� XSGDWHV� ZLWK� D

UHVROXWLRQ�RI����q�LV�SUHVHQWHG�DW����DQG����KRXUV�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH�
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)LJXUH � � 6XUIDFH PRGHOOHG FRQFHQWUDWLRQ IRU D VLPXODWLRQ RI (7(; DW �� KRXUV ��� KRXUV DIWHU VWDUWLQJ WKH

VLPXODWLRQ� DQG �� KRXUV DIWHU WKH VWDUW RI WKH UHOHDVH ��� KRXUV DIWHU VWDUW RI WKH VLPXODWLRQ� ZLWK WKH GHIDXOW

(XOHULDQ VFKHPH XVHG LQ 75$&(5 DQG ZLWK D UHVROXWLRQ RI ���q � WKH PD[LPXP FRQFHQWUDWLRQV RQ WKH VXUIDFH DUH

��� QJ�P� DQG ��� QJ�P�� UHVSHFWLYHO\�

7KH�VXUIDFH� FRQFHQWUDWLRQV�REWDLQHG� DUH� DERXW����� WLPHV� WRR�KLJK�� DQG� WKH�SRVLWLRQ� DQG� WKH

VKDSH�RI�WKH�FORXG�RI�SDVVLYH�WUDFHUV�DIWHU����KRXUV�GR�QRW�FRUUHVSRQG�WR�WKH�REVHUYDWLRQV�>�@�

0RUHRYHU��DOWKRXJK�WKH�YDOXH�RI�WKH�PD[LPXP�FRQFHQWUDWLRQ�VORZO\�GHFUHDVHV�ZKLOH�WKH�ILHOG

RI� WKH� SDVVLYH� WUDFHU� VSUHDGV� RXW�� ILJXUH� �� VKRZV� WKDW� WKH� DYHUDJH� FRQFHQWUDWLRQ� UDSLGO\

H[FHHGV�WKH�OHYHO�FRUUHVSRQGLQJ�WR�WKH�WRWDO�DPRXQW�RI�SDVVLYH�WUDFHUV�DFWXDOO\�HPLWWHG�LQ�WKH

PRGHO� ����� NJ� HPLWWHG� FRUUHVSRQG� WR� ������ QJ�P���� DQG� LW� VWLOO� LQFUHDVHV� HYHQ� DIWHU� WKH

HPLVVLRQ�LV�ILQLVKHG���WKLV�GHQRWHV�REYLRXVO\�D�YLRODWLRQ�RI�WKH�PDVV�FRQVHUYDWLRQ�ODZ�
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Area mean vertically integrated concentration
scheme: Euler−CD + Hdif

)LJXUH � � 9DULDWLRQ RI WKH DYHUDJH FRQFHQWUDWLRQ GXULQJ WKH VLPXODWLRQ UHIOHFWLQJ WKH HYROXWLRQ RI WKH DPRXQW RI

SDVVLYH WUDFHU FRQWDLQHG LQ WKH PRGHO� 7KH HPLVVLRQ SKDVH LV FRQWDLQHG EHWZHHQ � KRXUV DQG �� KRXUV DIWHU WKH

EHJLQQLQJ RI WKH VLPXODWLRQ� 7KH GHFUHDVH DIWHU �� KRXUV LV GXH WR WKH H[LW IURP WKH PRGHO DUHD RI D SDUW RI WKH

SDVVLYH WUDFHUV ILHOG� 7KH KRUL]RQWDO GDVKHG OLQH LQGLFDWHV WKH DYHUDJH FRQFHQWUDWLRQ FRUUHVSRQGLQJ WR WKH WRWDO

DPRXQW RI SDVVLYH WUDFHUV LQWURGXFHG LQ WKH PRGHO ������ QJ�P���
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������,PSURYHPHQW�ZLWK�YHUWLFDO�GLIIXVLRQ

,Q�WKH�SUHFHGLQJ�VLPXODWLRQ�QR�YHUWLFDO�GLIIXVLRQ�ZDV�DSSOLHG�WR�WKH�SDVVLYH�WUDFHUV�ILHOG��,Q�WKH

SUHVHQW�YHUVLRQ�RI�75$&(5��YHUWLFDO�GLIIXVLRQ�IRU� WKH�SDVVLYH� WUDFHUV� LV� LPSOHPHQWHG� LQ� WKH

VDPH�ZD\�DV�LW�LV�IRU�WKH�FORXG�ZDWHU��7ZR�VFKHPHV�KDYH�EHHQ�WHVWHG���DQ�LPSURYHG�YHUVLRQ�RI

WKH� �
VW
� RUGHU� QRQ�ORFDO�+ROWVODJ� VFKHPH� >��@� DQG� D� ���� RUGHU� ORFDO� WXUEXOHQW� NLQHWLF� HQHUJ\

�7.(��VFKHPH�NQRZQ�DV�WKH�&%5�VFKHPH�>��@�

7KH� SUHYLRXV� VLPXODWLRQ� LV� UHSHDWHG� DSSO\LQJ� WKH� YHUWLFDO� GLIIXVLRQ� WR� WKH� SDVVLYH� WUDFHUV�

)LJXUH���GLVSOD\V� WKH�PRGHOOHG� VXUIDFH�FRQFHQWUDWLRQ���K�DIWHU� WKH�EHJLQQLQJ�RI� WKH� UHOHDVH�

REWDLQHG�ZLWK�WKH�+ROWVODJ�VFKHPH�DQG�WKH�&%5�VFKHPH�UHVSHFWLYHO\�
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)LJXUH � � 0RGHOOHG VXUIDFH FRQFHQWUDWLRQ DW �� KRXUV DIWHU WKH VWDUW RI WKH UHOHDVH ��� KRXUV DIWHU VWDUWLQJ WKH

VLPXODWLRQ� ZLWK WKH (XOHULDQ VFKHPH DQG YHUWLFDO GLIIXVLRQ� /HIW � +ROWVODJ VFKHPH� 5LJKW� &%5 VFKHPH� %HFDXVH

WKH UHVXOWV REWDLQHG �VKDSHV RI WKH FORXGV DQG PD[LPXP FRQFHQWUDWLRQV RQ WKH VXUIDFH � ��� QJ�P� DQG ��� QJ�P��

UHVSHFWLYHO\� DUH YHU\ FORVH WR HDFK RWKHU� DQG WKXV WKH SORWV DOPRVW LGHQWLFDO� WKH QXPEHUV RI LVROLQHV GLVSOD\HG

DUH QRW WKH VDPH LQ RUGHU WR VKRZ GLIIHUHQW VWUXFWXUHV LQVLGH WKH FORXGV�

7KH� VKDSH� DQG�SRVLWLRQ�RI� WKH� FORXG� DUH� UDWKHU� FORVH� WR� WKH� REVHUYDWLRQV�� EXW� WKH�PD[LPXP

YDOXH� RI� WKH� VXUIDFH� FRQFHQWUDWLRQ� LV� DW� OHDVW� WZR� WLPHV� WRR� KLJK� DFFRUGLQJ� WR� WKH

PHDVXUHPHQWV�

)LJXUH���FRPSDUHV�WKH�HYROXWLRQ�RI�WKH�DYHUDJH�FRQFHQWUDWLRQ�REWDLQHG�ZLWK�WKH�WZR�YHUWLFDO

GLIIXVLRQ�VFKHPHV��7KH�FXUYHV�DUH�YHU\�FORVH�WR�HDFK�RWKHU��DQG�FRPSDUHG�WR�ILJ���WKH�LQFUHDVH

RI�WKH�WRWDO�DPRXQW�RI�SDVVLYH�WUDFHUV�LV�����ORZHU�WKDQ�SUHYLRXVO\��EXW�LW�LV�VWLOO�����WLPHV�WRR

KLJK��DFFRUGLQJ�WR�PDVV�FRQVHUYDWLRQ�

:H� FDQ� FRQFOXGH� WKDW� WKH�+ROVWODJ� DQG� WKH�&%5� VFKHPHV� SHUIRUP� VLPLODUO\�� DQG� DV� LW� ZDV

H[SHFWHG�� WKH� XVH� RI� WKH� YHUWLFDO� GLIIXVLRQ� LQ� WKH� WUDQVSRUW� RI� WKH� SDVVLYH� WUDFHUV� JUHDWO\

LPSURYHV�WKH�UHVXOWV�
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Area mean vertically integrated concentration
scheme: Euler−CD + Vdif + Hdif

Holstlag
CBR

)LJXUH � � 3URJUHVVHV RI WKH DUHD PHDQ FRQFHQWUDWLRQ GXULQJ VLPXODWLRQV XVLQJ YHUWLFDO GLIIXVLRQ IRU SDVVLYH

WUDFHUV� 7KH KRUL]RQWDO GDVKHG OLQH VKRZV WKH OHYHO FRUUHVSRQGLQJ WR WKH WRWDO DPRXQW RI HPLWWHG SDVVLYH WUDFHUV�

������$OWHULQJ�WKH�KRUL]RQWDO�GLIIXVLRQ

7KH�KRUL]RQWDO�GLIIXVLRQ�FRHIILFLHQW��.� ����P��V����PD\�EH�PRGLILHG�RQ�HDFK�PRGHO�OHYHO�E\

D�IDFWRU��ZKRVH�GHIDXOW�YDOXH�LV�HTXDO�WR���RQ�HYHU\�OHYHO��7KH�IROORZLQJ�VLPXODWLRQ�WHVWV�WKH

HIIHFWV�RI�VWURQJ�KRUL]RQWDO�GLIIXVLRQ�ZLWK�D�IDFWRU���RQ�HYHU\�OHYHO�

)LJXUH���VKRZV�WKH�PRGHOOHG�VXUIDFH�FRQFHQWUDWLRQ�ILHOG�REWDLQHG����KRXUV�DQG����KRXUV�DIWHU

WKH�VWDUW�RI�WKH�UHOHDVH�
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)LJXUH � � 6XUIDFH PRGHOOHG FRQFHQWUDWLRQ DW �� KRXUV DQG �� KRXUV DIWHU WKH VWDUW RI WKH UHOHDVH ZLWK KRUL]RQWDO

GLIIXVLRQ IDFWRU  �� (XOHULDQ FHQWUDO GLIIHUHQFH VFKHPH IRU DGYHFWLRQ DQG &%5 VFKHPH IRU YHUWLFDO GLIIXVLRQ � WKH

PD[LPXP FRQFHQWUDWLRQV RQ WKH VXUIDFH DUH ��� QJ�P� DQG ��� QJ�P�� UHVSHFWLYHO\�

&RPSDUHG�WR�ILJ����ULJKW��WKH�SDVVLYH�WUDFHUV�ILHOG�DIWHU����KRXUV�LV�RQO\�D�OLWWOH�ZLGHU��EXW�WKH

PD[LPXP�VXUIDFH�FRQFHQWUDWLRQ� LV� ORZHU�DV�ZHOO� DV� WKH�KRUL]RQWDO�JUDGLHQW� LV� VPRRWKHU� WRR�

WKH�PD[LPXP�FRQFHQWUDWLRQ�LV�GLYLGHG�E\�DOPRVW�D�IDFWRU�WZR��EHFRPLQJ�FORVHU�WR�WKH�PHDVXUHPHQWV�
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)LJXUH���SUHVHQWV�WKH�YDULDWLRQV��DV�D�IXQFWLRQ�RI�WLPH�DIWHU�WKH�EHJLQQLQJ�RI�WKH�UHOHDVH��RI�RQH�

KRXU�DYHUDJH�PRGHOOHG�FRQFHQWUDWLRQV�DW�5LV¡�RQ� WKH� ORZHVW�PRGHO� OHYHO�DQG�FRPSDUHG� WR� WKH

VXUIDFH� REVHUYDWLRQV� >�@� IURP� ZKLFK� WKH� EDFNJURXQG� FRQFHQWUDWLRQ� KDV� EHHQ� VXEWUDFWHG�� ,W

GLVSOD\V�WKH�FXUYHV�REWDLQHG�ZLWK�HDFK�RI�WKH�WZR�YHUWLFDO�GLIIXVLRQ�VFKHPHV�DQG�ZLWK�KRUL]RQWDO

GLIIXVLRQ�FRHIILFLHQW�IDFWRU�HTXDO�WR���DQG����UHVSHFWLYHO\��2QH�FDQ�VHH�WKDW�WKH�WLPH�DIWHU�ZKLFK

WKH� FORXG� FRPHV� RYHU� 5LV¡�� DURXQG� ��� KRXUV� DIWHU� WKH� EHJLQQLQJ� RI� WKH� UHOHDVH�� FRUUHVSRQGV

URXJKO\�WR�WKH�REVHUYDWLRQV��EXW�WKH�VKDSH�DQG�WKH�YDOXH�RI�WKH�SHDNV�DUH�YHU\�GLIIHUHQW�
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)LJXUH � � 9DULDWLRQV RI RQH�KRXU DYHUDJH VXUIDFH FRQFHQWUDWLRQ DW 5LV¡� 0RGHOOHG FRQFHQWUDWLRQV REWDLQHG ZLWK

GLIIHUHQW KRUL]RQWDO GLIIXVLRQ FRHIILFLHQWV DQG ZLWK +ROWVODJ DQG &%5 VFKHPHV UHVSHFWLYHO\ DUH FRPSDUHG WR

PHDVXUHPHQWV IURP ZKLFK WKH EDFNJURXQG FRQFHQWUDWLRQ KDV EHHQ VXEWUDFWHG�

���6HPL�/DJUDQJLDQ�PRGHO

����7KHRU\

,Q� WKH� WZR�OHYHO� VHPL�/DJUDQJLDQ� WLPH� VFKHPH� RI� +,5/$0� >�����@� WKH� HTXDWLRQ� IRU� WKH

FRQFHQWUDWLRQ�RI�WKH�SDVVLYH�WUDFHUV�ILHOG�PD\�EH�ZULWWHQ�
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,Q� WKH� VHPL�/DJUDQJLDQ� VFKHPH�� DLU�SDUFHOV� DUH� WUDFNHG� EDFN� DW� HDFK� WLPH� VWHS� DORQJ

WUDMHFWRULHV�IURP�SUHGLFWHG�DUULYDO�JULG�SRLQWV� WR�GHSDUWXUH�SRLQWV��.QRZLQJ� WKH�RULJLQ�RI� WKH

DLU� SDUFHO�� LWV� FRUUHVSRQGLQJ� FRQFHQWUDWLRQ� YDOXH� LV� IRXQG� E\� LQWHUSRODWLRQ� IURP� WKH

FRQFHQWUDWLRQ�YDOXH�DW� WKH�JULG�SRLQW�DW� WKH�SUHYLRXV� WLPH� OHYHO�� ,Q� WKH� WZR�WLPH� OHYHO� VHPL�

LPSOLFLW�VFKHPH��WKH�QHZ�FRQFHQWUDWLRQ�LV�WKXV�JLYHQ�E\�
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ZKHUH�WKH�WHUP�LQ�EUDFNHWV�LV�HYDOXDWHG�DW�WKH�DUULYDO�SRLQW�>��@��+HUH�WKH�KRUL]RQWDO�GLIIXVLRQ

LV� FRPSXWHG� E\� D� RQH� ZD\� �
WK
� RUGHU� LPSOLFLW� ILOWHULQJ� >��@� XVLQJ� DQ� HTXLYDOHQW� KRUL]RQWDO

GLIIXVLYLW\�.� ����P��V����7KH�&%5�VFKHPH�>��@�ZLOO�EH�DSSOLHG�IRU�WKH�YHUWLFDO�GLIIXVLRQ�RI

WKH�SDVVLYH�WUDFHUV��$V�LQ�WKH�(XOHULDQ�PRGHO��XQUHDOLVWLF�QHJDWLYH�YDOXHV�RI�SRVLWLYH�GHILQLWH

TXDQWLWLHV�DUH�VHW�WR�]HUR��2QH�RI�WKH�PDMRU�LQWHUHVWV�RI�WKH�VHPL�/DJUDQJLDQ�VFKHPH�LV�WKDW�WKH

&)/�FULWHULRQ�FDQ�EH�RYHUORRNHG�DQG�ORQJHU�WLPH�VWHSV�PD\�WKXV�EH�XVHG�
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)LJXUH � � 6XUIDFH PRGHOOHG FRQFHQWUDWLRQ DW �� KRXUV DQG �� KRXUV DIWHU WKH VWDUW RI WKH UHOHDVH ZLWK WKH VHPL�

/DJUDQJLDQ VFKHPH� LPSOLFLW KRUL]RQWDO GLIIXVLRQ DQG WKH &%5 VFKHPH IRU YHUWLFDO GLIIXVLRQ � WKH PD[LPXP

FRQFHQWUDWLRQV RQ WKH VXUIDFH DUH ��� QJ�P� DQG ��� QJ�P�� UHVSHFWLYHO\�

)LJXUH� �� VKRZV� WKH� HYROXWLRQ� RI� WKH� DYHUDJH� FRQFHQWUDWLRQ� DQG� ILJXUH� �� UHYHDOV� VXUIDFH

FRQFHQWUDWLRQ�YDULDWLRQ�DW�5LV¡��7KHVH�UHVXOWV�DUH�REYLRXVO\�IDU�IURP�WKH�REVHUYDWLRQV��IRU�WKH

ILHOG�RI�SDVVLYH�WUDFHU�UDSLGO\�IDGHV�DQG�FRPSOHWHO\�YDQLVKHV�DIWHU����KRXUV��7KH�QHXWUDOLVDWLRQ

RI� WKH� YHUWLFDO� DQG�RU� KRUL]RQWDO� GLIIXVLRQV� \LHOGV� VLPLODU� RXWFRPHV�� VKRZLQJ� WKDW� WKH� VHPL�

/DJUDQJLDQ�VFKHPH�KDV�WR�EH�LPSURYHG�LQ�UHVSHFW�WR�WKH�PDVV�FRQVHUYDWLRQ�UHTXLUHPHQW�
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Area mean vertically integrated concentration
scheme: SL + Vcbr + Hdif

)LJXUH � � $YHUDJH FRQFHQWUDWLRQ YDULDWLRQ GXULQJ

WKH VLPXODWLRQ XVLQJ WKH VHPL�/DJUDQJLDQ VFKHPH

ZLWK LPSOLFLW KRUL]RQWDO GLIIXVLRQ DQG &%5 YHUWLFDO

GLIIXVLRQ VFKHPH�
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Modelled surface concentation in Risoe
data: ECMWF (0,4)  scheme: SL+ Vcbr + Hdif

Model
Measurements

)LJXUH � � 6DPH DV ILJ�� VKRZLQJ PRGHOOHG

FRQFHQWUDWLRQ REWDLQHG ZLWK WKH VHPL�/DJUDQJLDQ

VFKHPH WRJHWKHU ZLWK LPSOLFLW KRUL]RQWDO GLIIXVLRQ

DQG &%5 YHUWLFDO GLIIXVLRQ VFKHPHV�
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:LWK�D�YLHZ�WR�LPSURYLQJ�WKH�PDVV�FRQVHUYDWLRQ�RI�WKH�PRGHO��D�VHSDUDWH�QXPHULFDO�VFKHPH

IRU� WUDFHU�DGYHFWLRQ�KDV�EHHQ� LPSOHPHQWHG� LQ� WKH� VHPL�/DJUDQJLDQ�YHUVLRQ�RI�+,5/$0�>�@�

7KH�%RWW�DGYHFWLRQ�VFKHPH�>���@�KDV�EHHQ�FKRVHQ�IRU�LWV�IOX[�FRQVHUYDWLRQ�SURSHUWLHV�>��@�

�7KH�%RWW�VFKHPH�LV�DQ�(XOHULDQ�VFKHPH�IRU�WKH�DGYHFWLRQ��WKHUHIRUH��WKH�&)/�FULWHULRQ�KDV�WR

EH�IXOILOOHG�LQ�HDFK�GLUHFWLRQ�DQG�DW�HDFK�WLPH�VWHS��,W�LV�LQVSLUHG�E\�WKH�XSVWUHDP�PHWKRG�LQ�WKH

VHQVH� WKDW� LW�PDLQWDLQV� WKH�FRQVHUYDWLYH�DQG�SRVLWLYH�GHILQLWHQHVV�SURSHUWLHV�RI� WKH�XSVWUHDP

VFKHPH�� EXW� JUHDWO\� UHGXFHV� LWV� QXPHULFDO� GLIIXVLRQ�� 8VLQJ� WKH� XSVWUHDP� VFKHPH� WKH

FRQFHQWUDWLRQ�PD\�EH�FRPSXWHG�E\�
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ZKHUH� WKH� FRHIILFLHQWV� DT�S� DUH� IXQFWLRQV� RI� �T���&�YDOXHV� DQG� PD\� EH� REWDLQHG� E\

LQWHUSRODWLQJ�WKH�&�FXUYH�ZLWK�WKH�DLG�RI�QHLJKERXULQJ�JULG�SRLQWV��7KH\�DUH�FKRVHQ�VR�WKDW�WKH
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DUHD�SUHVHUYLQJ�SRO\QRPLDOV�DUH�XVHG��,Q�WKLV�FDVH�WKH�SRO\QRPLDO�FRHIILFLHQWV�DUH�GHWHUPLQHG

E\�VROYLQJ�DW�JULG�SRLQW�L�WKH�OLQHDU�V\VWHP�RI�T���HTXDWLRQV�
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&RXUDQW�QXPEHU���WKHVH�LQWHJUDOV�DUH�WKXV�FRQVWUDLQHG�E\�WKH�&)/�FULWHULRQ��7KH�FRQVWDQW�JULG

IOX[�IRUP�RI�WKH�%RWW�VFKHPH�LV�VLPSO\�REWDLQHG�E\�VXEVWLWXWLQJ�WKH�DERYH�FRHIILFLHQWV�DL�S�E\

WKRVH�GHILQHG�LQ������DQG�JLYHQ�LQ�>�@��1RWH�WKDW�WKH�WHUPV�&L�,L�DQG�&L���,L���DSSHDULQJ�LQ�����

DUH�ZHLJKWLQJ�IDFWRUV�LQ�ZKLFK�,L�DQG�,L���DUH�HTXDO�WR�WKH�LQWHJUDOV�LQ������ZKHQ�FLr��� r���,Q

HTXDWLRQ������WKH�ILUVW�WHUP�RI�WKH�ULJKW�KDQG�VLGH�YDQLVKHV�LI�WKH�YHORFLW\�LV�QHJDWLYH�DQG�WKH
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7KH DSSUR[LPDWLRQ PDGH KHUH E\ DVVXPLQJ HTXLGLVWDQW JULG�VSDFLQJ LQ +,5/$0 PD\ \LHOG D VOLJKW QRQ�

FRQVHUYDWLRQ RI WKH PDVV� DV LW ZLOO EH VHHQ LQ WKH QH[W VHFWLRQ� 7KLV LV FRUUHFWHG E\ XVLQJ KLJKHU PRGHO UHVROXWLRQ�
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7KH�%RWW�VFKHPH�IRU�WKH�DGYHFWLRQ��ZKLFK�FRGH�IRU�+,5/$0�KDV�JHQHURXVO\�EHHQ�VXSSOLHG�E\

$QQLFD�(NPDQ�IURP�0,68>�@��FDQ�EH�FRPELQHG�ZLWK�WKH�G\QDPLF�SDUW�RI�WKH�VHPL�/DJUDQJLDQ

PRGHO��UHSODFLQJ�WKH�GHIDXOW�DGYHFWLRQ�VFKHPH�IRU�WKH�SDVVLYH�WUDFHUV�LQ�WKH�VHPL�/DJUDQJLDQ

WLPH�VFKHPH��7KH�PHWKRG�GHVFULEHG�DERYH� LV�H[WHQGHG� WR� WKH� WKUHH�GLPHQVLRQV�E\�XVLQJ� WKH

WLPH�VSOLWWLQJ�PHWKRG�LQ�ZKLFK�WKH�RQH�GLPHQVLRQ�SURFHGXUH�LV�UHSHDWHG�DOWHUQDWLYHO\�LQ�HDFK

GLUHFWLRQ��7KH�VFKHPH�XVHV��
WK
�RUGHU�SRO\QRPLDOV�LQ�WKH�[��DQG�\��GLUHFWLRQV��DQG�D��

QG
�RUGHU

SRO\QRPLDO� LQ� WKH� ]�� GLUHFWLRQ�� LQ� RUGHU� WR� VDYH� H[WUD� FRPSXWLQJ� WLPH� GXH� WR� WKH� YDULDEOH

YHUWLFDO�JULG�VSDFLQJ��7R�GHDO�ZLWK�WKH�&)/�FULWHULRQ�WKH�VFKHPH�LV�UXQ�WKUHH�WLPHV�LQVLGH�RQH

G\QDPLF�WLPH�VWHS�DQG�WKH�&RXUDQW�QXPEHU�LV�FKHFNHG�IRU�HDFK�GLUHFWLRQ�DW�HDFK�LQWHUQDO�WLPH

VWHS��%RWK�WKH�XSVWUHDP�IRUP�DQG�WKH�FRQVWDQW�JULG�IOX[�IRUP�RI�WKH�%RWW�VFKHPH�PD\�EH�XVHG

E\�FKDQJLQJ�WKH�YDOXHV�RI�WKH�FRHIILFLHQWV�XVHG�LQ�WKH�SRO\QRPLDOV��7KH�XSVWUHDP�IRUP�KDYLQJ

ZHDNHU�PDVV�FRQVHUYDWLRQ�SURSHUWLHV��RQO\� UHVXOWV�REWDLQHG�ZLWK� WKH�FRQVWDQW�JULG� IOX[� IRUP

DUH�SUHVHQWHG�KHUH�

7KRXJK�WKH�%RWW�VFKHPH�QHHGV�D�ODUJHU�DPRXQW�RI�FDOFXODWLRQV��LWV�FRPELQDWLRQ�ZLWK�WKH�VHPL�

/DJUDQJLDQ� PRGHO� DOORZV� ORQJHU� G\QDPLF� WLPH� VWHSV�� DQG� WKXV� \LHOGV� D� UHODWLYH� ORZ

FRPSXWDWLRQDO� FRVW��&RPSDUHG� WR� WKH� FRVW� RI� WKH� SXUH� VHPL�/DJUDQJLDQ� VFKHPH�� WKH� SUHVHQW

SURFHGXUH�QHHGV�RQO\����ORQJHU�WLPH��DQG�PRUHRYHU��LW�LV�VWLOO�����FKHDSHU�WKDQ�WKH�(XOHULDQ

FHQWUDO�GLIIHUHQFH�VFKHPH�

������5HVXOWV�

7KH�%RWW�VFKHPH�KDV�EHHQ�WHVWHG�DV�SUHYLRXVO\�RQ�VLPXODWLRQV�RI�WKH�(7(;�UHOHDVH��2QH�ILUVW

UHVXOW� LV� WKH� YDULDWLRQ� RI� WKH� DYHUDJH� FRQFHQWUDWLRQ� VKRZQ� RQ� ILJXUH� ���� ,Q� WKH� SUHVHQW

VLPXODWLRQ��GLIIXVLRQ�SURFHVVHV�KDYH�EHHQ�UHPRYHG�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�SURSHUWLHV�RI�WKH

DGYHFWLRQ�VFKHPH�DORQH��&RQWUDVWLQJ�ZLWK�WKH�SUHYLRXV�VLPXODWLRQV��WKH�DYHUDJH�FRQFHQWUDWLRQ

RI� SDVVLYH� WUDFHUV�� DIWHU� WKH� HQG� RI� WKH� HPLVVLRQ� SKDVH�� UHPDLQV� FRQVWDQW� GXULQJ� DOPRVW� ��

KRXUV��DQG�WKHQ�LW�VWDUWV�WR�GHFUHDVH�ZKHQ�WKH�SDVVLYH�WUDFHUV�ILHOG�UHDFKHV�WKH�ERUGHUV�RI�WKH

PRGHO�DUHD��1HYHUWKHOHVV��WKH�WRWDO�DPRXQW�RI�SDVVLYH�WUDFHUV�VWLOO�H[FHHGV�WKH�DFWXDO�TXDQWLW\

�EXW�E\�RQO\�����WLPH���7KLV� LV�GXH�WR� WKH�DSSUR[LPDWLRQ�PHQWLRQHG�HDUOLHU�DERXW�HTXLGLVWDQW

JULG�VSDFLQJ��DV�LW�ZLOO�EH�GLVFXVVHG�ODWHU��7KLV�EHWWHU�EHKDYLRXU�GXULQJ�PRVW�RI�WKH�VLPXODWLRQ

OHQJWK�FRQILUPV�WKH�PDMRU�LPSURYHPHQW�RI�WKH�%RWW�VFKHPH�DV�UHJDUGV�WKH�PDVV�FRQVHUYDWLRQ

UHTXLUHPHQW�GXULQJ�DGYHFWLRQ�RI�SDVVLYH�WUDFHUV�

0 10 20 30 40 50 60
Time after start of simulation (hours)

0

50

100

150

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
(n

g/
m

2)

Area mean vertically integrated concentration
scheme: SL−Bott

)LJXUH �� � (YROXWLRQ RI WKH WRWDO DPRXQW RI SDVVLYH WUDFHUV GXULQJ D VLPXODWLRQ ZLWK WKH %RWW DGYHFWLRQ VFKHPH�
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)LJXUH� ��� SUHVHQWV� WKH� FRUUHVSRQGLQJ�PRGHOOHG� VXUIDFH� FRQFHQWUDWLRQ� IRUHFDVW� DW� ��� DQG� ��

KRXUV� DIWHU� VWDUW� RI� UHOHDVH� REWDLQHG� LQ� WKH� FRQGLWLRQV� XVHG� LQ� ILJ����� WKDW� LV�� ZLWKRXW� DQ\

GLIIXVLRQ� DQG� ZLWK� WKH� %RWW� VFKHPH� DSSOLHG� WR� WKH� SDVVLYH� WUDFHUV�� 'HVSLWH� WKH� JRRG

SHUIRUPDQFH� FRQFHUQLQJ� WKH� PDVV� FRQVHUYDWLRQ� RI� WKLV� VLPXODWLRQ�� WKH� PRGHOOHG� VXUIDFH

FRQFHQWUDWLRQV�GR�QRW� UHVHPEOH� WKH�REVHUYDWLRQV� �� WKH�FRQFHQWUDWLRQ�YDOXHV�DUH� WRR�KLJK�DQG

WKH�VKDSH�RI�WKH�FORXG�LV�WRR�FRPSDFW�
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)LJXUH �� � 6XUIDFH PRGHOOHG FRQFHQWUDWLRQ DW �� KRXUV DQG �� KRXUV DIWHU VWDUW RI WKH UHOHDVH ZLWK WKH %RWW

VFKHPH DORQH � WKH PD[LPXP FRQFHQWUDWLRQV RQ WKH VXUIDFH DUH ��� QJ�P� DQG �� QJ�P�� UHVSHFWLYHO\�

7KH�SUHFHGLQJ�VLPXODWLRQ�LV�UHSHDWHG�E\�LQFOXGLQJ�WKH�&%5�VFKHPH�IRU�WKH�YHUWLFDO�GLIIXVLRQ

DQG�DOVR�D��
WK
�RUGHU�LPSOLFLW�ILOWHULQJ�WR�VLPXODWH�KRUL]RQWDO�GLIIXVLRQ��)LJXUH����GLVSOD\V�WKH

PRGHOOHG� VXUIDFH�FRQFHQWUDWLRQ� WKXV�REWDLQHG��&RPSDUHG� WR� WKH�REVHUYDWLRQV�� WKH� VKDSH� DQG

WKH� ORFDWLRQ�RI� WKH�SDVVLYH� WUDFHUV� ILHOG�DUH�EHWWHU�� WKH�FRQFHQWUDWLRQ�YDOXHV�DUH�GLYLGHG�E\�D

IDFWRU����DQG�DUH�FORVH�WR�WKH�PHDVXUHPHQWV�

)LJXUH����FRPSDUHV�WKH�SURJUHVVHV�RI�WKH�DYHUDJH�FRQFHQWUDWLRQV�REWDLQHG�GXULQJ�VLPXODWLRQV

XVLQJ�WKH�%RWW�VFKHPH�HLWKHU�ZLWK�RU�ZLWKRXW�KRUL]RQWDO�DQG�YHUWLFDO�GLIIXVLRQ�

)LJXUH����SUHVHQWV�WKH�FRUUHVSRQGLQJ�YDULDWLRQV�RI�WKH�RQH�KRXU�DYHUDJH�VXUIDFH�FRQFHQWUDWLRQ

DW�5LV¡�FRPSDUHG�WR�WKH�PHDVXUHPHQWV�

1RWH�WKDW�WKH�DYHUDJH�FRQFHQWUDWLRQ�YDULDWLRQ�REWDLQHG�ZLWK�WKH�%RWW�VFKHPH�WRJHWKHU�ZLWK�WKH

&%5�VFKHPH�LV�YHU\�VLPLODU�WR�WKH�RQH�REWDLQHG�LQ�ILJ����ZLWK�WKH�%RWW�VFKHPH�DORQH��DQG�LW�LV

DOVR�WKH�FORVHVW�WR�WKH�LGHDO�DYHUDJH�FRQFHQWUDWLRQ�OHYHO��0RUHRYHU��LW�LV�WKH�VDPH�VLPXODWLRQ

ZKLFK�\LHOGV�WKH�EHVW�PRGHOOHG�VXUIDFH�FRQFHQWUDWLRQ�DFFRUGLQJ�WR�WKH�PHDVXUHPHQWV�DW�5LV¡�

7KLV�LQGLFDWHV�WKDW�WKH�&%5�VFKHPH�LV�DOVR�PDVV�FRQVHUYDWLYH��ZKLOH�WKH�KRUL]RQWDO�GLIIXVLRQ

VFKHPH�XVHG�KHUH�LV�QRW�
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)LJXUH �� � 6DPH DV ILJ��� ZLWK WKH %RWW VFKHPH XVHG WRJHWKHU ZLWK YHUWLFDO DQG KRUL]RQWDO GLIIXVLRQ � WKH

PD[LPXP FRQFHQWUDWLRQV RQ WKH VXUIDFH DUH ��� QJ�P� DQG ��� QJ�P�� UHVSHFWLYHO\�

0 10 20 30 40 50 60
Time after start of simulation (hours)

0

50

100

150

200

A
ve

ra
ge

 c
on

ce
nt

ra
tio

n 
(n

g/
m

2)

Area mean vertically integrated concentration
scheme: SL−Bott

Hdiff
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CBR + Hdiff

)LJXUH �� � &RPSDUDWLYH SURJUHVVHV RI WKH WRWDO

DPRXQW RI SDVVLYH WUDFHUV GXULQJ VLPXODWLRQV ZLWK

WKH %RWW DGYHFWLRQ VFKHPH XVLQJ KRUL]RQWDO DQG�RU

YHUWLFDO GLIIXVLRQ� 7KH KRUL]RQWDO GDVKHG OLQH VKRZV

WKH OHYHO FRUUHVSRQGLQJ WR WKH WRWDO DPRXQW RI

HPLWWHG SDVVLYH WUDFHUV�
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Modelled surface concentation in Risoe
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)LJXUH �� � &RPSDUDWLYH YDULDWLRQV RI RQH�KRXU

DYHUDJH VXUIDFH FRQFHQWUDWLRQ DW 5LV¡ ZLWK WKH %RWW

DGYHFWLRQ VFKHPH XVLQJ KRUL]RQWDO DQG�RU YHUWLFDO

GLIIXVLRQ� 7KH EDFNJURXQG FRQFHQWUDWLRQ KDV EHHQ

VXEWUDFWHG IURP WKH REVHUYDWLRQV�
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���'LVFXVVLRQ�DQG�FRQFOXVLRQV

&RPSDULVRQ� RI� VXUIDFH� FRQFHQWUDWLRQ�PHDVXUHPHQWV� >�@� DQG� UHVXOWV� IURP� RWKHU�PRGHOV� >��@

ZLWK�WKH�UHVXOWV�REWDLQHG�LQ�VHFWLRQ�������VKRZV�WKH�SRRU�SHUIRUPDQFHV��ERWK�TXDOLWDWLYHO\�DQG

TXDQWLWDWLYHO\��RI�WKH�GHIDXOW�WUDQVSRUW�VFKHPH�XVHG�LQ�WKH�ILUVW�YHUVLRQ�RI�75$&(5��+RZHYHU�

PRGHOOHG� VXUIDFH� FRQFHQWUDWLRQ� UHVXOWV�PD\� GHSHQG� RQ� WKH� EDFNJURXQG�PHWHRURORJLFDO� GDWD

�TXDOLW\�DQG�RU�UHVROXWLRQ��XVHG�IRU�WKH�VLPXODWLRQV��1HYHUWKHOHVV��WKH�VDPH�FRQFOXVLRQ�FDQ�EH

GUDZQ� ZKHQ� XVLQJ� DQ� LQWULQVLF� FULWHULRQ� OLNH� WKH� PDVV� FRQVHUYDWLRQ� SURSHUW\�� ZKLFK� WKH

VLPSOHVW�ZD\�WR�FKHFN�LW��LV�WR�ORRN�DW�WKH�SURJUHVV�RI�WKH�WRWDO�DPRXQW�RI�SDVVLYH�WUDFHUV�GXULQJ

WKH�VLPXODWLRQ��:H�KDYH�VHHQ�WKDW�WKH�(XOHULDQ�FHQWUDO�GLIIHUHQFH�VFKHPH�GRHV�QRW�UHVSHFW�WKLV

FULWHULRQ��\LHOGLQJ�D�FRQWLQXRXV�LQFUHDVH�RI�WKH�DYHUDJH�FRQFHQWUDWLRQ�HYHQ�DIWHU�WKH�HQG�RI�WKH

HPLVVLRQ�DQG�DQ�LPSRUWDQW�H[FHVV�RI�WKH�WRWDO�PDVV��7KH�UHDVRQ�IRU�WKLV�LV�WKDW��LQ�WKH�RULJLQDO

(XOHULDQ�FHQWUDO�GLIIHUHQFH�VFKHPH��XQUHDOLVWLF�QHJDWLYH�YDOXHV�PD\�DSSHDU�IRU�TXDQWLWLHV�ZLWK

VKDUS�JUDGLHQWV���LQ�RUGHU�WR�SUHVHUYH�SRVLWLYH�GHILQLWH�TXDQWLWLHV��VXFK�QHJDWLYH�YDOXHV�DUH�VHW

WR� ]HUR�� 7HVWV� RI� WKH� OLQHDULW\� RI� WKH�PRGHO� KDYH� EHHQ� SHUIRUPHG� E\� VLPXODWLQJ� WKH� (7(;

UHOHDVH�ZLWK�D�GRXEOH�HPLVVLRQ�UDWH�RI�SDVVLYH�WUDFHUV��7KH�UHVXOWV�REWDLQHG�VKRZ�DQ�LQFUHDVHG

DPRXQW�RI�SDVVLYH�WUDFHUV�E\�D�IDFWRU�KLJKHU� WKDQ� WKUHH��5HVXOWV�REWDLQHG�E\�XVLQJ� WKH�VHPL�

/DJUDQJLDQ�PRGHO� YHUVLRQ� RI�+,5/$0�DUH� HYHQ�ZRUVH�� LQ� SDUWLFXODUO\� DV� UHJDUGV� WKH�PDVV

FRQVHUYDWLRQ� UHTXLUHPHQW�� EHFDXVH� QR� QHJDWLYH� YDOXHV� DUH� QHLWKHU� DOORZHG� LQ� WKH� VHPL�

/DJUDQJLDQ�PRGHO� IRU�SRVLWLYH�GHILQLWH�TXDQWLWLHV�� ,W� KDV� EHHQ� VKRZHG� >�@� WKDW� WKLV� UHVHWWLQJ

SURFHGXUH�PD\�GLVWRUW� WKH�PDVV�EXGJHW�RI� WKH�FRQVWLWXHQWV��6XFK�D�EHKDYLRXU��HYHQ� LI� LW�PD\

QRW�EH�FRQVHTXHQWLDO�IRU�VLPXODWLRQ�RI�WKH�PHWHRURORJLFDO�ILHOGV��LV�XQDFFHSWDEOH�IRU�PRGHOOLQJ

RI�SROOXWLRQ�WUDQVSRUW��ZKHUH�PDVV�FRQVHUYDWLRQ��DV�ZHOO�DV�WKH�SURSHUW\�RI�PRQRWRQLFLW\��LV�RI

WKH�KLJKHVW�LPSRUWDQFH�>��@�

$PRQJ� WKH� DGYHFWLRQ� VFKHPHV� XVHG� KHUH� RQO\� WKH� %RWW� VFKHPH� SUHVHQWV� DQ� DYHUDJH

FRQFHQWUDWLRQ�ZLWK�D�UHJXODU�LQFUHDVH�GXULQJ�WKH�HPLVVLRQ�SKDVH�IROORZHG�E\�D�FRQVWDQW�YDOXH

GXULQJ� PRVW� RI� WKH� IRUHFDVW� SHULRG� ZKHQ� WKH� SDVVLYH� WUDFHU� ILHOG� LV� DGYHFWHG� LQ� WKH� PRGHO

GRPDLQ���WKLV�PD\�EH�GXH�WR�WKH�DEVHQFH�RI�SK\VLFDO�GLIIXVLRQ�GXULQJ�WKH�VLPXODWLRQ��EXW�LW�DOVR

GHQRWHV�WKH�QRQ�H[LVWHQFH�RI�QXPHULFDO�GLIIXVLRQ�LQ�WKH�VFKHPH��,W�LV�SDUWLFXODUO\�LQWHUHVWLQJ�WR

QRWH�WKDW�DOPRVW�WKH�VDPH�EHKDYLRXU�UHPDLQV�ZKHQ�DSSO\LQJ�WKH�&%5�VFKHPH�IRU�WKH�YHUWLFDO

GLIIXVLRQ�WRJHWKHU�ZLWK�WKH�%RWW�VFKHPH��1HYHUWKHOHVV��DGGLQJ�KRUL]RQWDO�GLIIXVLRQ�SURFHVVHV

KDV�VKRZQ�DQ�LPSRUWDQW�DXJPHQWDWLRQ��PRUH�WKDQ������RI�WKH�WRWDO�PDVV�EXGJHW��IROORZHG�E\

D� VOLJKW� LQFUHDVH� GXULQJ� WUDQVSRUW� �FI�� )LJXUH� ���� �� WKLV� ZRXOG� LQGLFDWH� WKDW� WKH� KRUL]RQWDO

GLIIXVLRQ� WHUPV� FRQWDLQ� VRPH� HUURUV� UHJDUGLQJ�PDVV� FRQVHUYDWLRQ��%HVLGHV�� WKH�%RWW� VFKHPH

KDV�GHPRQVWUDWHG�JRRG�FRQWLQXLW\�DELOLWLHV�LQ�HYHU\�FDVH��+RZHYHU��WKH�WRWDO�DPRXQW�RI�SDVVLYH

WUDFHUV� H[FHHGV� WKH� DFWXDO� TXDQWLW\� HPLWWHG� LQ� WKH�PRGHO��7KLV� LV� GXH� WR� WKH� XVH� RI� WKH� DUHD

SUHVHUYLQJ�SRO\QRPLDO�FRHIILFLHQWV�JLYHQ�LQ�>�@��ZKLFK�DUH�REWDLQHG�E\�DVVXPLQJ�HTXLGLVWDQW

JULG�VSDFLQJ��7KLV�DSSUR[LPDWLRQ�WXUQV�RXW� WR�EH�D� OLWWOH� WRR�URXJK�ZKHQ�XVLQJ�+,5/$0��DV

KHUH�� ZLWK� D� ORZHU� KRUL]RQWDO� UHVROXWLRQ� WKDQ� ���q�� ,QGHHG�� SUHOLPLQDU\� UHVXOWV� REWDLQHG� E\

XVLQJ�PRUH�DFFXUDWH�PHWHRURORJLFDO�GDWD�ZLWK�D�KLJKHU�KRUL]RQWDO�UHVROXWLRQ�VKRZ�D�FRPSOHWH

UHVROYLQJ�RI�WKLV�SUREOHP��DQG�WKH�PDVV�FRQVHUYDWLRQ�UHTXLUHPHQW�LV�WKHQ�DEVROXWHO\�IXOILOOHG�

)XUWKHUPRUH�� LW� LV� REYLRXV� WKDW� XVLQJ� YHUWLFDO� GLIIXVLRQ� LPSURYHV� WKH� PRGHOOHG� VXUIDFH

FRQFHQWUDWLRQ� ILHOG�� )RU� H[DPSOH� LQ� WKH� FDVH� RI� WKH� (XOHULDQ� FHQWUDO� GLIIHUHQFH� VFKHPH�� WKH

FRPSDULVRQ�EHWZHHQ�ILJXUHV���DQG����ULJKW���ZKLFK�RQO\�GLIIHU�E\�WKH�XVH�RI�WKH�&%5�VFKHPH

IRU� WKH� YHUWLFDO� GLIIXVLRQ�� REYLRXVO\� VKRZV� WKH� LPSURYHPHQW� RI� WKH� UHVXOW� LQ� WKH� �
QG
� FDVH�

,QGHHG�� WKH� VKDSH�REWDLQHG� LQ� ILJXUH��� ORRNV� OLNH� WKH� VKDSH�JLYHQ� DW� WKH� VDPH�GDWH�E\�RWKHU

PRGHOV�OLNH��IRU�H[DPSOH��'(50$�>��@�DQG�'5($0�>��@��7KH�YHUWLFDO�GLIIXVLRQ�KDV�DOVR�D

SRVLWLYH� HIIHFW� RQ� WKH�PRGHOOHG�PD[LPXP� FRQFHQWUDWLRQ�ZKLFK� FRQYHUJHV� WR� D� YDOXH� RI� D
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IHZ�QJ�P��RQ�WKH�VXUIDFH��LQGHSHQGHQWO\�RQ�WKH�DGYHFWLRQ�VFKHPH�XVHG��7KLV�LV�FRQILUPHG�E\

WKH�PHDVXUHPHQWV�DW�5LV¡��ZKHUH�WKH�FHQWUH��KLJKHVW�VXUIDFH�FRQFHQWUDWLRQ��RI�WKH�(7(;�FORXG

DFWXDOO\�DUULYHG����KRXUV�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH�>����@�

0RUHRYHU��LQFUHDVLQJ�WKH�VWUHQJWK�RI� WKH�KRUL]RQWDO�GLIIXVLRQ�LQ� WKH�(XOHULDQ�VLPXODWLRQV�KDV

VKRZQ� WR� GHFUHDVH� WKH� YDOXH� RI� WKH�PD[LPXP� FRQFHQWUDWLRQ� DQG� DOVR� WR�ZHDNO\� H[WHQG� WKH

SDVVLYH�WUDFHUV�FORXG��ZKLFK�WKXV�VOLJKWO\�GLODWHV� WKH�FXUYH�RI� WKH�FRQFHQWUDWLRQ�YDULDWLRQV�DW

5LV¡�� 7KRXJK� WKH� VKDSH� RI� WKH� SDVVLYH� WUDFHUV� FORXG� REWDLQHG� ZLWK� WKH� ODVW� (XOHULDQ

VLPXODWLRQV� LV� UDWKHU� FORVH� WR� WKH� REVHUYDWLRQV�� WKH� PRGHOOHG� VXUIDFH� FRQFHQWUDWLRQ� DW� 5LV¡

UHPDLQV� WRR� KLJK� DQG� WRR� ORQJ� LQ� WLPH��7KH� EHVW� UHVXOWV� DUH� REWDLQHG�ZLWK� WKH�%RWW� VFKHPH

JLYLQJ� YDOXHV� YHU\� FORVH� WR� WKH� PHDVXUHPHQWV�� EXW� IRU� ZKLFK� WKH� SDVVLYH� WUDFHUV� FORXG�

DFFRUGLQJ�WR�WKH�REVHUYDWLRQV�>�@�DIWHU����KRXUV��GRHV�QRW�H[WHQG�IDU�HQRXJK�WRZDUG�WKH�6RXWK�

+RZHYHU�� WKH� FRPSDULVRQ�ZLWK� WKH�PHDVXUHPHQWV� VKRZLQJ� D� GRXEOH�SHDN� VWUXFWXUH� DW� 5LV¡

SUHVHQWV� VRPH� LPSRUWDQW� GLIIHUHQFHV�� 7KLV�� DJDLQ�� PD\� EH� GXH� WR� WKH� UHODWLYHO\� FRDUVH

UHVROXWLRQ�RI�WKH�GDWD�XVHG�KHUH��L�H��LQLWLDO�PHWHRURORJLFDO�ILHOGV�DQG�ODWHUDO�ERXQGDU\�XSGDWHV

IURP�(&:0)�ZLWK����q�UHVROXWLRQ��ZKLFK�PD\�EH�QRW�HQRXJK�WR�GHWHFW�WKLV�VWUXFWXUH�

,Q� FRQFOXVLRQ�� WKH� SUHVHQW� WHVWV� RI� WKH� 75$&(5� PRGHO� KDYH� VKRZQ� WKDW�� ZKHQ� LQFOXGLQJ

YHUWLFDO�GLIIXVLRQ�SURFHVVHV�IRU�WKH�SDVVLYH�WUDFHUV��LW�FDQ�EH�XVHG�IRU�WUDQVSRUW�PRGHOOLQJ��7KH

YHUWLFDO�GLIIXVLRQ�VFKHPHV�XVHG�KHUH�DUH�WKH�VDPH�DV�WKH�RQHV�XVHG�IRU�FORXG�ZDWHU��DQG�KHQFH

DUH� DVVXPHG� WR� EH�PDVV� FRQVHUYLQJ� DQG� WKXV� UHOLDEOH� IRU� WUDQVSRUW� RI� VFDODU� TXDQWLWLHV� OLNH

FKHPLFDO�FRQVWLWXHQWV�DQG�DQ\�RWKHU�SROOXWDQWV��7KH�VFKHPHV�XVHG�KHUH�WR�VLPXODWH�KRUL]RQWDO

GLIIXVLRQ�SURFHVVHV�KDYH�QRW�UHDOO\�EHHQ�LQYHVWLJDWHG��H[FHSW�IRU�WKH�LQIOXHQFH�RI�WKH�YHUWLFDO

SURILOH� RI� WKH� KRUL]RQWDO� GLIIXVLYLW\� FRHIILFLHQW�� 7KLV� LV� WKRXJKW� WR� EH� RI� PLQRU� LPSRUWDQFH

VLQFH�WKH�KRUL]RQWDO�GLIIXVLRQ��RSHUDWLQJ�PDLQO\�RQ�YHU\�VKRUW�GLVWDQFHV��LV�PRVWO\�DVVXPHG�WR

EH� DQ� DUWLILFLDO� SURFHVV�� 7KRXJK� WKH\� GR� QRW� VHHP� WR� EH� PDVV� FRQVHUYLQJ�� WKH� KRUL]RQWDO

GLIIXVLRQ�VFKHPHV�KDYH�SULPDULO\�EHHQ�HPSOR\HG�KHUH�WR�VPRRWK�WKH�VKDUS�JUDGLHQWV�SURGXFHG

E\�WKH�ORFDO�HPLVVLRQ�VRXUFH�

0DMRU� LPSURYHPHQWV� RI� 75$&(5� KDYH� EHHQ� REWDLQHG� E\� DSSO\LQJ� WKH� %RWW� VFKHPH� WR� WKH

DGYHFWLRQ��,W�SUHVHQWV� WKH�SULPDO�DGYDQWDJH�RI�EHLQJ�PDVV�FRQVHUYDWLYH�DQG�WKXV�\LHOGV�JRRG

TXDQWLWDWLYH�UHVXOWV��HVSHFLDOO\�ZKHQ�YHUWLFDO�GLIIXVLRQ�LV�DGGHG��DV�VKRZQ�LQ�WKH�SUHVHQW�ZRUN�

,W�KDV�DOVR�EHHQ�VKRZHG�WKDW�XVLQJ�KRUL]RQWDO�GLIIXVLRQ�WRJHWKHU�ZLWK�WKH�%RWW�VFKHPH�FRUUXSWV

LWV�PDVV�FRQVHUYDWLRQ�SURSHUWLHV���RQH�VKRXOG�WKXV�DYRLG�WR�DGG�KRUL]RQWDO�GLIIXVLRQ�WR�WKH�%RWW

VFKHPH��2QH�RI� WKH�SULQFLSDO�RXWFRPHV�RI� WKLV�ZRUN� LV� WKDW� WKH�%RWW�VFKHPH�XVHG� LQVLGH� WKH

VHPL�/DJUDQJLDQ�PRGHO�\LHOGV�RQO\������ ORQJHU� FRPSXWDWLRQ� WLPH� WKDQ� WKH� VHPL�/DJUDQJLDQ

VFKHPH� DORQH�� DQG� LW� LV� HYHQ� ���� WLPHV� DV� IDVWHU� DV� WKH� (XOHULDQ� FHQWUDO� GLIIHUHQFH� VFKHPH�

%HWWHU�UHVXOWV�DUH�WKXV�REWDLQHG�LQ�D�VKRUWHU�WLPH�WKDQ�ZLWK�WKH�GHIDXOW�VHWWLQJ�RI�75$&(5��,W

LV�ZRUWK�KRSLQJ�WKDW�WKLV�EHKDYLRXU�ZLOO�UHPDLQ�ZKHQ�XVLQJ�VHYHUDO�SDVVLYH�WUDFHU�ILHOGV�

+RZHYHU��WKH�YHUVLRQ�RI�WKH�%RWW�VFKHPH�XVHG�KHUH�LV�WKH�ILUVW�SXEOLVKHG�E\�LWV�DXWKRU�LQ�����

>���@�DQG�LPSURYHPHQWV�RI�WKH�VFKHPH��ZKLFK�FRUUHFW�VRPH�DPSOLWXGH�DQG�SKDVH�VSHHG�HUURUV�

DV� ZHOO� DV� HUURUV� UHODWHG� WR� WKH� WLPH�VSOLWWLQJ� IRU� PXOWLGLPHQVLRQDO� PRGHOOLQJ�� KDYH� EHHQ

SXEOLVKHG� LQ������ >��@��ZKHUH� WKH�QRQ�OLQHDU�SRVLWLYH�GHILQLWH� IOX[� OLPLWDWLRQ� LV� UHSODFHG�E\

QHZ�PRQRWRQH�IOX[�OLPLWHUV��DQG�LQ������>��@��$V�VXJJHVWHG�E\�>��@��QHZ�PRGLILFDWLRQV�RI�WKH

RULJLQDO�%RWW�VFKHPH�>��@�VKRXOG�EH�HDVLO\�LPSOHPHQWHG�LQ�WKH�FXUUHQW�YHUVLRQ�RI�75$&(5��

RQ�D�ORQJHU�WHUP��LW�ZRXOG�EH�ZLVH�WR�XVH�WKH�PRVW�UHFHQW�YHUVLRQ�RI�WKH�%RWW�VFKHPH�

7KH�QH[W�VWHS�RI�WKLV�ZRUN�VKRXOG�EH�WR�LPSURYH�WKH�TXDQWLWDWLYH�SHUIRUPDQFHV�RI�WKH�PRGHO

DQG�FRQIURQW�WKH�UHVXOWV�ZLWK�TXDQWLWDWLYH�RXWFRPHV�RI�RWKHU�PRGHOV�DV�H�J��'(50$��7KLV�ZLOO

QHFHVVLWDWH� PRUH� DFFXUDWH� GDWD� E\� XVLQJ� LQLWLDO� PHWHRURORJLFDO� ILHOGV� DQG� ��KRXU� ODWHUDO

ERXQGDULHV�XSGDWHV�IURP�+,5/$0�ZLWK�D�UHVROXWLRQ�RI�������DERXW���NP�u���NP���$V�DOUHDG\
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PHQWLRQHG��SUHOLPLQDU\�UHVXOWV�KDYH�EHHQ�REWDLQHG�ZKLFK�FRQILUP�WKH�FRQFOXVLRQV�GUDZQ�KHUH

DQG� HYHQ� VKRZ� DQ� LPSURYHPHQW� RI� WKH�PDVV� FRQVHUYDWLRQ�� EXW� WKHVH� VLPXODWLRQV� DUH�PXFK

PRUH�H[SHQVLYH�LQ�FRPSXWDWLRQ�WLPH�

2WKHU�VLPXODWLRQV�WKDQ�WKH�(7(;�UHOHDVH�ZKLFK�KDYH�QRW�EHHQ�SUHVHQWHG�KHUH�ZHUH�SHUIRUPHG�

7KHUH� ZDV� WKH� �
QG
� (7(;� UHOHDVH� ZKLFK� WRRN� SODFH� DERXW� �� ZHHNV� DIWHU� (7(;���� 7KH

VLPXODWLRQV�RI�(7(;���JDYH�UHVXOWV�WKDW�SUHVHQW�WKH�VDPH�FKDUDFWHULVWLFV�DV�GLVFXVVHG�KHUH�

0RUH�UHFHQWO\�WKHUH�KDV�EHHQ�DQ�H[HUFLVH�RUJDQLVHG�E\�5702'�>��@�VLPXODWLQJ�D�UHOHDVH�IURP

6FRWODQG�RQ�-XQH���
WK
�������H[SHULHQFH�����7KRXJK�WKLV�H[HUFLVH�ZDV�QRW�GHVLJQHG�IRU�SDVVLYH

WUDFHUV� �EHFDXVH� RI� GHSRVLWLRQ� SDUDPHWHUV� LQFOXGHG� LQ� WKLV� VLPXODWLRQ��� WKH� UHVXOWV� REWDLQHG

ZLWK�WKH�(XOHULDQ�FHQWUDO�GLIIHUHQFH�VFKHPH�DQG�YHUWLFDO�GLIIXVLRQ�JDYH�UHVXOWV�SUHWW\�FORVH�WR

WKRVH�REWDLQHG�ZLWK�'(50$��7KH�PRVW�LQWHUHVWLQJ�RXWFRPH�RI�WKLV�H[HUFLVH�ZDV�WR�H[SHULHQFH

WKH�DELOLW\�RI�XVLQJ�WKH�SUHVHQW�ZRUN�IRU�IXWXUH�UHDO�WLPH�H[SHULPHQWV�E\�UXQQLQJ�WKH�PRGHO�LQ

DQ�RSHUDWLRQDO�IRUHFDVW�PRGH�

7KLV� DOVR� SRLQWV� RXW� WKH� QHFHVVLW\� WR� LQFOXGH� RWKHU� SK\VLFDO� DQG� FKHPLFDO� SURFHVVHV� LQ� WKH

PRGHO�� OLNH� IRU� H[DPSOH� GU\� DQG� ZHW� GHSRVLWLRQV� WHUPV� DGGHG� WR� WKH� DGYHFWLRQ�GLIIXVLRQ

HTXDWLRQ��,Q�WKH�VDPH�ZD\��RQH�PD\�DSSO\�WKH�PRGHO�RQ�QXFOHDU�DFFLGHQWDO�UHOHDVHV�� OLNH�IRU

H[DPSOH��WKH�UHFHQW�UHOHDVH�RI�&V�����IURP�$OJHFLUDV��6SDLQ��WKDW�RFFXUUHG�RQ�0D\���
WK
������

7KH� UHVXOWV� RI� DOO� WKHVH� VLPXODWLRQV� VKRXOG� EH� FRPSDUHG� WR� VLPXODWLRQV� PDGH� ZLWK� RWKHU

(XOHULDQ�PRGHOV�OLNH��H�J��00���0&&0��

$FNQRZOHGJHPHQWV

7KLV� ZRUN� ZRXOG� QRW� KDYH� EHHQ� SRVVLEOH� ZLWKRXW� WKH� KHOS� RI� -HVV�8OULN� -¡UJHQVHQ� ZKR� LV

DFNQRZOHGJHG�IRU�KLV� WHFKQLFDO�DVVLVWDQFH�ZLWK� WKH� UHFRGHG�YHUVLRQ�RI�'0,�+,5/$0�� ,�DP

H[WUHPHO\� JUDWHIXO� WR� -HQV� +DYVNRY� 6¡UHQVHQ� IRU� YHU\� VWLPXODWLQJ� GLVFXVVLRQV�� DV� ZHOO� DV

$OH[DQGHU� %DNODQRY�� /HLI� /DXUVHQ�� %HQQHUW� 0DFKHQKDXHU� DQG� ;LDQJ�<X� +XDQJ� IRU� WKHLU

FULWLFDO�UHDGLQJ�RI�WKH�PDQXVFULSW��7KDQNV�WR�%HQW�+DQVHQ�6DVV�DQG�1LHOV�:RHWPDQQ�1LHOVHQ

IRU�WKHLU�KHOSIXO�DGYLFH��,�ZRXOG�OLNH�WR�WKDQN�$QQLFD�(NPDQ�IURP�0,68�IRU�KHU�FRGH�RI�WKH

%RWW¶V�DGYHFWLRQ�VFKHPH�DQG�DOVR�IRU�KHU�KHOS�GXULQJ�WKH�LPSOHPHQWLQJ�SKDVH�

5HIHUHQFHV

>�@� 6¡UHQVHQ� -�+��� 6HQVLWLYLW\� RI� WKH� '(50$� ORQJ�UDQJH� *DXVVLDQ� GLVSHUVLRQ� PRGHO� WR

PHWHRURORJLFDO�LQSXW�DQG�GLIIXVLRQ�SDUDPHWHUV��$WPRV��(QY����������������������

>�@�-HQVHQ�0�+���5DVPXVVHQ�$���6YHQPDUN�+���6¡UHQVHQ�-�+���'DQLVK�$WPRVSKHULF�&KHPLVWU\

)RUHFDVWLQJ�6\VWHP��'0,��7HFKQLFDO�5HSRUW������

>�@�6¡UHQVHQ�-�+���2SHUDWLRQDO�GLVSHUVLRQ�SURJUDP��9HUVLRQ����'RFXPHQWDWLRQ�PDQXDO��'0,�

7HFKQLFDO�5HSRUW������

>�@�%RWW�$���$�SRVLWLYH�GHILQLWH�DGYHFWLRQ�VFKHPH�REWDLQHG�E\�QRQ�OLQHDU� UHQRUPDOL]DWLRQ�RI

WKH�DGYHFWLYH�IOX[HV��0RQ��:HD��5HY������������������������

>�@�%RWW�$���5HSO\��0RQ��:HD��5HY������������������������

>�@� (NPDQ�$�� DQG�.lOOHQ� (���0DVV� FRQVHUYDWLRQ� WHVWV� ZLWK� WKH� +,5/$0� VHPL�/DJUDQJLDQ

WLPH�LQWHJUDWLRQ�VFKHPH��+,5/$0�7HFKQLFDO�5HSRUW�1q���������

>�@�(NPDQ�$���0,68��6ZHGHQ��3ULYDWH�FRPPXQLFDWLRQ�

>�@�-¡UJHQVHQ�-�8���'0,��'HQPDUN��3HUVRQDO�FRPPXQLFDWLRQ�
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>�@�*UD]LDQL�*���.OXJ�:���0RVFD�6���5HDO�7LPH�/RQJ�5DQJH�'LVSHUVLRQ�0RGHO�(YDOXDWLRQ�RI

WKH�(7(;� ILUVW�5HOHDVH��2IILFH� IRU�2IILFLDO� 3XEOLFDWLRQV� RI� WKH�(XURSHDQ�&RPPXQLWLHV�

�����

>��@� 7YHWHQ�8�� DQG�0LNNHOVHQ�7��� (GV��� 5HSRUW� RI� WKH�1RUGLF�'LVSHUVLRQ�7UDMHFWRU\�0RGHO

&RPSDULVRQ�ZLWK�WKH�(7(;���)XOOVFDOH�([SHULPHQW��5LV¡�5�����(1��������

>��@�+,5/$0�GRFXPHQWDWLRQ�PDQXDO��6\VWHP������(G��(��.lOOHQ�������

>��@�+ROWVODJ�$��0��0��DQG�0RHQJ�&��0���(GG\�GLIIXVLYLW\�DQG�FRXQWHUJUDGLHQW� WUDQVSRUW� LQ

WKH�FRQYHFWLYH�DWPRVSKHULF�ERXQGDU\�OD\HU��-��$WPRV��6FL��%I���������������������

>��@�&X[DUW�-���%RXJHDXOW�3���5HGHOVSHUJHU�-��/���$�WXUEXOHQFH�VFKHPH�DOORZLQJ�IRU�PHVRVFDOH

DQG�ODUJH�HGG\�VLPXODWLRQV��4��-��5��0HWHRURO��6RF��;;;�������������

>��@�0F'RQDOG�$���7KH�+,5/$0�WZR�WLPH�OHYHO��WKUHH�GLPHQVLRQDO�VHPL�/DJUDQJLDQ��VHPL�

LPSOLFLW�� OLPLWHG� DUHD�� JULG� SRLQW�PRGHO� RI� WKH� SULPLWLYH� HTXDWLRQV��+,5/$0�7HFKQLFDO

5HSRUW�1q���������

>��@�.DDV�(���7KH�&RQVWUXFWLRQ�RI�DQG�7HVWV�ZLWK�D�0XOWL�OHYHO�6HPL�/DJUDQJLDQ�DQG�6HPL�

,PSOLFLW�/LPLWHG�$UHD�0RGHO��0DVWHU�7KHVLV��8QLYHUVLW\�RI�&RSHQKDJHQ�������

>��@� 3LHWU]DN� -���$� FRPSDULVRQ� RI� DGYHFWLRQ� VFKHPHV� IRU� RFHDQ�PRGHOOLQJ��'0,�� 6FLHQWLILF

5HSRUW�������

>��@� %DNODQRY� $��� '0,�� 'HQPDUN�� 5HVHDUFK� QRWHV� RQ� WKH� DGYHFWLRQ� VFKHPHV� IRU� SDVVLYH

VFDODUV�LQ�WKH�+,5/$0�PRGHO���S��������

>��@�6¡UHQVHQ�-�+���5DVPXVVHQ�$���(OOHUPDQQ�7���/\FN�(���0HVRVFDOH�LQIOXHQFH�RQ�ORQJ�UDQJH

WUDQVSRUW� ��(YLGHQFH� IURP�(7(;�PRGHOOLQJ� DQG� REVHUYDWLRQV��$WPRV��(QY�� ���� ����������

�����

>��@� %UDQGW� -��� 0RGHOOLQJ� 7UDQVSRUW�� 'LVSHUVLRQ� DQG� 'HSRVLWLRQ� RI� 3DVVLYH� 7UDFHUV� IURP

$FFLGHQWDO�5HOHDVHV��3K'�WKHVLV��1(5,�������

>��@�%RWW�$���0RQRWRQH�IOX[�OLPLWDWLRQ�LQ�WKH�DUHD�SUHVHUYLQJ�IOX[�IRUP�DGYHFWLRQ�DOJRULWKP�

0RQWKO\�:HDWKHU�5HYLHZ����������������������������

>��@� %RWW� $��� 7KH� PRQRWRQH� DUHD�SUHVHUYLQJ� IOX[�IRUP� DGYHFWLRQ� DOJRULWKP�� UHGXFLQJ� WKH

WLPH�VSOLWWLQJ�HUURU� LQ� WZR�GLPHQVLRQDO� IORZ� ILHOGV��0RQWKO\�:HDWKHU�5HYLHZ������ ����

����������������

>��@� (DVWHU� 5�&��� 7ZR� PRGLILHG� YHUVLRQV� RI� %RWW¶V� SRVLWLYH�GHILQLWH� QXPHULFDO� DGYHFWLRQ

VFKHPH��0RQWKO\�:HDWKHU�5HYLHZ�������������������������

>��@�*UD]LDQL�*���*DOPDULQL�6���0LNNHOVHQ�7���5702'��5HDO�7LPH�02'HO�(YDOXDWLRQ��5LV¡��

5������(1���-5&���,VSUD�5HSRUW�71�,������������
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'$1,6+0(7(252/2*,&$/ ,167,787(

6FLHQWLILF 5HSRUWV

6FLHQWLILF UHSRUWV IURP WKH 'DQLVK 0HWHRURORJLFDO ,QVWLWXWH FRYHU D YDULHW\ RI JHRSK\VLFDO

ILHOGV� L�H� PHWHRURORJ\ �LQFOXGLQJ FOLPDWRORJ\�� RFHDQRJUDSK\� VXEMHFWV RQ DLU DQG VHD

SROOXWLRQ� JHRPDJQHWLVP� VRODU�WHUUHVWULDO SK\VLFV� DQG SK\VLFV RI WKH PLGGOH DQG XSSHU

DWPRVSKHUH�

5HSRUWV LQ WKH VHULHV ZLWKLQ WKH ODVW ILYH \HDUV�

1R� ����

3HWHU 6WDXQLQJ DQG 7�-� 5RVHQEHUJ�

+LJK�/DWLWXGH� GD\�WLPH DEVRUSWLRQ VSLNH HYHQWV

�� PRUSKRORJ\ DQG RFFXUUHQFH VWDWLVWLFV

1RW SXEOLVKHG

1R� ����

1LHOV /DUVHQ� 0RGHOOLQJ RI FKDQJHV LQ

VWUDWRVSKHULF R]RQH DQG RWKHU WUDFH JDVHV GXH WR WKH

HPLVVLRQ FKDQJHV � &(& (QYLURQPHQW 3URJUDP

&RQWUDFW 1R� (9�9�&7�������� &RQWULEXWLRQ WR

WKH ILQDO UHSRUW

1R� ����

1LHOV /DUVHQ� %M¡UQ .QXGVHQ� 3DXO (ULNVHQ� ,E

6WHHQ 0LNNHOVHQ� 6LJQH %HFK $QGHUVHQ DQG

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� ,QYHVWLJDWLRQV RI

R]RQH� DHURVROV� DQG FORXGV LQ WKH DUFWLF

VWUDWRVSKHUH � &(& (QYLURQPHQW 3URJUDP &RQWUDFW

1R� (9�9�&7�������� &RQWULEXWLRQ WR WKH ILQDO

UHSRUW

1R� ����

3HU +¡HJ DQG 6WLJ 6\QGHUJDDUG� 6WXG\ RI WKH

GHULYDWLRQ RI DWPRVSKHULF SURSHUWLHV XVLQJ UDGLR�

RFFXOWDWLRQ WHFKQLTXH

1R� ����

;LDR�'LQJ <X� ;LDQJ�<X +XDQJ DQG /HLI

/DXUVHQ DQG (ULN 5DVPXVVHQ� $SSOLFDWLRQ RI WKH

+,5/$0 V\VWHP LQ &KLQD� KHDY\ UDLQ IRUHFDVW

H[SHULPHQWV LQ <DQJW]H 5LYHU 5HJLRQ

1R� ����

%HQW +DQVHQ 6DVV� $ QXPHULFDO IRUHFDVWLQJ V\VWHP

IRU WKH SUHGLFWLRQ RI VOLSSHU\ URDGV

1R� ����

3HU +¡HJ� 3URFHHGLQJ RI 856, ,QWHUQDWLRQDO

&RQIHUHQFH� :RUNLQJ *URXS $)*� &RSHQKDJHQ�

-XQH ����� $WPRVSKHULF UHVHDUFK DQG DSSOLFDWLRQV

XVLQJ REVHUYDWLRQV EDVHG RQ WKH *36�*/21$66

6\VWHP

1RW SXEOLVKHG

1R� ����

-XOLH '� 3LHWU]DN� $ FRPSDULVRQ RI DGYHFWLRQ

VFKHPHV IRU RFHDQ PRGHOOLQJ

1R� ����

3RXO )ULFK �FR�RUGLQDWRU�� +� $OH[DQGHUVVRQ� -�

$VKFURIW� %� 'DKOVWU|P� *�5� 'HPDUpH� $� 'UHEV�

$�)�9� YDQ (QJHOHQ� (�-� )¡UODQG� ,� +DQVVHQ�

%DXHU� 5� +HLQR� 7� -yQVVRQ� .� -RQDVVRQ� /�

.HHJDQ� 3��� 1RUGOL� 7� 6FKPLWK� 3� 6WHIIHQVHQ�

+� 7XRPHQYLUWD� 2�(� 7YHLWR� 1RUWK $WODQWLF

&OLPDWRORJLFDO 'DWDVHW �1$&' 9HUVLRQ �� � )LQDO

UHSRUW

1R� ����

*HRUJ .M UJDDUG $QGUHDVHQ� 'DLO\ UHVSRQVH RI

KLJK�ODWLWXGH FXUUHQW V\VWHPV WR VRODU ZLQG

YDULDWLRQV� DSSOLFDWLRQ RI UREXVW PXOWLSOH

UHJUHVVLRQ� 0HWKRGV RQ *RGKDYQ PDJQHWRPHWHU

GDWD

1R� ����

-DFRE :RJH 1LHOVHQ� .DUVWHQ %ROGLQJ

.ULVWHQVHQ� /RQQ\ +DQVHQ� ([WUHPH VHD OHYHO

KLJKV� D VWDWLVWLFDO WLGH JDXJH GDWD VWXG\

1R� ����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� 2OH %¡VVLQJ

&KULVWHQVHQ� 3KLOLSSH /RSH]� (ULN YDQ 0HLMJDDUG�

0LFKDHO %RW]HW� 7KH +,5/$0� 5HJLRQDO

$WPRVSKHULF &OLPDWH 0RGHO

1R� ����

;LDQJ�<X +XDQJ� +RUL]RQWDO GLIIXVLRQ DQG

ILOWHULQJ LQ D PHVRVFDOH QXPHULFDO ZHDWKHU

SUHGLFWLRQ PRGHO

1R� ����

+HQULN 6YHQVPDUN DQG (LJLO )ULLV�&KULVWHQVHQ�

9DULDWLRQ RI FRVPLF UD\ IOX[ DQG JOREDO FORXG

FRYHUDJH � D PLVVLQJ OLQN LQ VRODU�FOLPDWH

UHODWLRQVKLSV

1R� ����

-HQV +DYVNRY 6¡UHQVHQ DQG &KULVWLDQ �GXP

-HQVHQ� $ FRPSXWHU V\VWHP IRU WKH PDQDJHPHQW RI

HSLGHPLRORJLFDO GDWD DQG SUHGLFWLRQ RI ULVN DQG

HFRQRPLF FRQVHTXHQFHV GXULQJ RXWEUHDNV RI IRRW�
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DQG�PRXWK GLVHDVH� &(& $,5 3URJUDPPH� &RQWUDFW

1R� $,5� � &7�������

1R� ����

-HQV +DYVNRY 6¡UHQVHQ� 4XDVL�DXWRPDWLF RI LQSXW

IRU /,1&20 DQG 5,038))� DQG RXWSXW

FRQYHUVLRQ� &(& $,5 3URJUDPPH� &RQWUDFW 1R�

$,5� � &7�������

1R� ����

5DVKSDO 6� *LOO DQG +DQV +� 9DOHXU�

(YDOXDWLRQ RI WKH UDGDUVDW LPDJHU\ IRU WKH

RSHUDWLRQDO PDSSLQJ RI VHD LFH DURXQG *UHHQODQG

1R� �����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� %HQQHUW

0DFKHQKDXHU� 5LFKDUG *� -RQHV� &KULVWRSK 6FKlU�

3DROR 0LFKHOH 5XWL� 0DQXHO &DVWUR DQG *XLGR

9LVFRQWL�

9DOLGDWLRQ RI SUHVHQW�GD\ UHJLRQDO FOLPDWH

VLPXODWLRQV RYHU (XURSH� /$0 VLPXODWLRQV ZLWK

REVHUYHG ERXQGDU\ FRQGLWLRQV

1R� �����

1LHOV /DUVHQ� %M¡UQ .QXGVHQ� 3DXO (ULNVHQ� ,E

6WHHQ 0LNNHOVHQ� 6LJQH %HFK $QGHUVHQ DQG

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� (XURSHDQ

6WUDWRVSKHULF 0RQLWRULQJ 6WDWLRQV LQ WKH $UWLF� $Q

(XURSHDQ FRQWULEXWLRQ WR WKH 1HWZRUN IRU 'HWHFWLRQ

RI 6WUDWRVSKHULF &KDQJH �1'6&�� &(&

(QYLURQPHQW 3URJUDPPH &RQWUDFW (9�9�&7���

����� '0, FRQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� �����

1LHOV /DUVHQ� (IIHFWV RI KHWHURJHQHRXV FKHPLVWU\

RQ WKH FRPSRVLWLRQ RI WKH VWUDWRVSKHUH� &(&

(QYLURQPHQW 3URJUDPPH &RQWUDFW (9�9�&7���

����� '0, FRQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� ����

(� )ULLV &KULVWHQVHQ RJ &� 6N¡WW� &RQWULEXWLRQV

IURP WKH ,QWHUQDWLRQDO 6FLHQFH 7HDP� 7KH �UVWHG

0LVVLRQ � D SUH�ODXQFK FRPSHQGLXP

1R� ����

$OL[ 5DVPXVVHQ� 6LVVL .LLOVKROP� -HQV +DYVNRY

6¡UHQVHQ� ,E 6WHHQ 0LNNHOVHQ� $QDO\VLV RI

WURSRVSKHULF R]RQH PHDVXUHPHQWV LQ *UHHQODQG�

&RQWUDFW 1R� (9�9�&7������� �'* �� '7((��

'0,¶V FRQWULEXWLRQ WR &(& )LQDO 5HSRUW $UFWLF

7URSKRVSKHULF 2]RQH &KHPLVWU\ $5&72&

1R� ����

3HWHU 7KHMOO� $ VHDUFK IRU HIIHFWV RI H[WHUQDO

HYHQWV RQ WHUUHVWULDO DWPRVSKHULF SUHVVXUH� FRVPLF

UD\V

1R� ����

3HWHU 7KHMOO� $ VHDUFK IRU HIIHFWV RI H[WHUQDO

HYHQWV RQ WHUUHVWULDO DWPRVSKHULF SUHVVXUH� VHFWRU

ERXQGDU\ FURVVLQJV

1R� ����

.QXG /DVVHQ� 7ZHQWLHWK FHQWXU\ UHWUHDW RI VHD�LFH

LQ WKH *UHHQODQG 6HD

1R� ����

1LHOV :RHWPDQ 1LHOVHQ� %MDUQH $PVWUXS� -HVV

8� -¡UJHQVHQ�

+,5/$0 ��� SDUDOOHO WHVWV DW '0,� VHQVLWLYLW\ WR

W\SH RI VFKHPHV IRU WXUEXOHQFH� PRLVW SURFHVVHV DQG

DGYHFWLRQ

1R� ����

3HU +¡HJ� *HRUJ %HUJHWRQ /DUVHQ� +DQV�+HQULN

%HQ]RQ� 6WLJ 6\QGHUJDDUG� 0HWWH 'DKO

0RUWHQVHQ� 7KH *3626 SURMHFW

$OJRULWKP IXQFWLRQDO GHVLJQ DQG DQDO\VLV RI

LRQRVSKHUH� VWUDWRVSKHUH DQG WURSRVSKHUH

REVHUYDWLRQV

1R� ����

0HWWH 'DKO 0RUWHQVHQ� 3HU +¡HJ�

6DWHOOLWH DWPRVSKHUH SURILOLQJ UHWULHYDO LQ D

QRQOLQHDU WURSRVSKHUH

3UHYLRXVO\ HQWLWOHG� /LPLWDWLRQV LQGXFHG E\

0XOWLSDWK
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0HWWH 'DKO 0RUWHQVHQ� 3HU +¡HJ�

5HVROXWLRQ SURSHUWLHV LQ DWPRVSKHULF SURILOLQJ ZLWK

*36
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5�6� *LOO DQG 0� .� 5RVHQJUHQ

(YDOXDWLRQ RI WKH 5DGDUVDW LPDJHU\ IRU WKH

RSHUDWLRQDO PDSSLQJ RI VHD LFH DURXQG *UHHQODQG LQ
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5�6� *LOO� +�+� 9DOHXU� 3� 1LHOVHQ DQG .�4�

+DQVHQ� 8VLQJ (56 6$5 LPDJHV LQ WKH RSHUDWLRQDO

PDSSLQJ RI VHD LFH LQ WKH *UHHQODQG ZDWHUV� ILQDO

UHSRUW IRU (6$�(65,1¶V� SLORW SURMHNW QR�

33��33��'.� DQG �QG DQQRXQFHPHQW RI

RSSRUWXQLW\ IRU WKH H[SORLWDWLRQ RI (56 GDWD

SURMHNW 1R� $2���'. ���

1R� ����

3HU +¡HJ HW DO�� *36 $WPRVSKHUH SURILOLQJ

PHWKRGV DQG HUURU DVVHVVPHQWV

1R� ����

+� 6YHQVPDUN� 1� :RHWPDQQ 1LHOVHQ DQG $�0�

6HPSUHYLYD� /DUJH VFDOH VRIW DQG KDUG WXUEXOHQW

VWDWHV RI WKH DWPRVSKHUH
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3KLOLSSH /RSH]� (LJLO .DDV DQG $QQHWWH

*XOGEHUJ� 7KH IXOO SDUWLFOH�LQ�FHOO DGYHFWLRQ

VFKHPH LQ VSKHULFDO JHRPHWU\

1R� �����

+� 6YHQVPDUN� ,QIOXHQFH RI FRVPLF UD\V RQ HDUWK¶V

FOLPDWH

1R� �����

3HWHU 7KHMOO DQG +HQULN 6YHQVPDUN� 1RWHV RQ

WKH PHWKRG RI QRUPDOL]HG PXOWLYDULDWH UHJUHVVLRQ

1R� �����

.� /DVVHQ� ([WHQW RI VHD LFH LQ WKH *UHHQODQG 6HD

���������� DQ H[WHQVLRQ RI '0, 6FLHQWLILF 5HSRUW
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1LHOV /DUVHQ� $OEHUWR $GULDQL DQG *XLGR

'L'RQIUDQFHVFR� 0LFURSK\VLFDO DQDO\VLV RI SRODU

VWUDWRVSKHULF FORXGV REVHUYHG E\ OLGDU DW 0F0XUGR�

$QWDUFWLFD
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0HWWH 'DKO 0RUWHQVHQ� 7KH EDFN�

SURSDJDWLRQ PHWKRG IRU LQYHUVLRQ RI

UDGLR RFFXOWDWLRQ GDWD

1R� �����

;LDQJ�<X +XDQJ� 9DULDWLRQDO DQDO\VLV XVLQJ

VSDWLDO ILOWHUV

1R� ����

+HQULN )HGGHUVHQ� 3URMHFW RQ SUHGLFWLRQ RI

FOLPDWH YDULDWLRQV RQ VHDVRQHO WR LQWHUDQQXDO

WLPHVFDOHV �3529267� (8 FRQWUDFW (19$��

&7�������� '0, FRQWULEXWLRQ WR WKH ILQDO

UHSRUW�6WDWLVWLFDO DQDO\VLV DQG SRVW�SURFHVVLQJ RI

XQFRXSOHG 3529267 VLPXODWLRQV
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:LOKHOP 0D\� $ WLPH�VOLFH H[SHULPHQW ZLWK WKH

(&+$0� $�*&0 DW KLJK UHVROXWLRQ� WKH

H[SHULPHQWDO GHVLJQ DQG WKH DVVHVVPHQW RI FOLPDWH

FKDQJH DV FRPSDUHG WR D JUHHQKRXVH JDV

H[SHULPHQW ZLWK (&+$0��23<& DW ORZ

UHVROXWLRQ
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1LHOV /DUVHQ HW DO�� (XURSHDQ VWUDWRVSKHULF

PRQLWRULQJ VWDWLRQV LQ WKH $UWLF ,,� &(&

(QYLURQPHQW DQG &OLPDWH 3URJUDPPH &RQWUDFW

(19��&7�������� '0, &RQWULEXWLRQV WR WKH

SURMHFW
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$OH[DQGHU %DNODQRY� 3DUDPHWHULVDWLRQ RI WKH

GHSRVLWLRQ SURFHVVHV DQG UDGLRDFWLYH GHFD\� D

UHYLHZ DQG VRPH SUHOLPLQDU\ UHVXOWV ZLWK WKH

'(50$ PRGHO
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0HWWH 'DKO 0RUWHQVHQ� 1RQ�OLQHDU KLJK

UHVROXWLRQ LQYHUVLRQ RI UDGLR RFFXOWDWLRQ GDWD
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6WLJ 6\QGHUJDDUG� 5HWULHYDO DQDO\VLV DQG

PHWKRGRORJLHV LQ DWPRVSKHULF OLPE VRXQGLQJ

XVLQJ WKH *166 UDGLR RFFXOWDWLRQ WHFKQLTXH
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-XQ 6KH� -DFRE :RJH 1LHOVHQ� 2SHUDWLRQDO

ZDYH IRUHFDVWV RYHU WKH %DOWLF DQG 1RUWK 6HD
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+HQULN )HGGHUVHQ� 0RQWKO\ WHPSHUDWXUH

IRUHFDVWV IRU 'HQPDUN � VWDWLVWLFDO RU G\QDPLFDO"
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3� 7KHMOO� .� /DVVHQ� 6RODU IRUFLQJ RI WKH

1RUWKHUQ KHPLVSKHUH DLU WHPSHUDWXUH� QHZ GDWD
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7RUEHQ 6WRFNIOHW -¡UJHQVHQ� $NVHO :DOO¡H

+DQVHQ� &RPPHQW RQ ³9DULDWLRQ RI FRVPLF UD\

IOX[ DQG JOREDO FRYHUDJH � D PLVVLQJ OLQN LQ VRODU�

FOLPDWH UHODWLRQVKLSV´ E\ +HQULN 6YHQVPDUN DQG

(LJLO )ULLV�&KULVWHQVHQ
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0HWWH 'DKO 0HLQFNH� ,QYHUVLRQ PHWKRGV IRU

DWPRVSKHULF SURILOLQJ ZLWK *36 RFFXOWDWLRQV
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%HQ]RQ� +DQV�+HQULN� 2OVHQ� /DXVW�

6LPXODWLRQV RI FXUUHQW GHQVLW\ PHDVXUHPHQWV ZLWK

D )DUDGD\ &XUUHQW 0HWHU DQG D PDJQHWRPHWHU

1R� �����

+¡HJ� 3�� /HSSHOPHLHU� *� $&(� $WPRVSKHUH

&OLPDWH ([SHULPHQW� SURSRVHUV RI WKH PLVVLRQ
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+¡HJ� 3�� )$&(�,7� )LHOG�$OLJQHG &XUUHQW

([SHULPHQW LQ WKH ,RQRVSKHUH DQG 7KHUPRVSKHUH
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$OODQ *URVV� 6XUIDFH R]RQH DQG WURSRVSKHULF

FKHPLVWU\ ZLWK DSSOLFDWLRQV WR UHJLRQDO DLU TXDOLW\

PRGHOLQJ� 3K' WKHVLV
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+HQULN 9HGHO� &RQYHUVLRQ RI :*6�� JHRPHWULF

KHLJKWV WR 1:3 PRGHO +,5/$0 JHRSRWHQWLDO

KHLJKWV
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-pU{PH &KHQHYH]� $GYHFWLRQ H[SHULPHQWV ZLWK

'0,�+LUODP�7UDFHU
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1LHOV /DUVHQ� 3RODU VWUDWRVSKHULF FORXGV PLFUR�

SK\VLFDO DQG RSWLFDO PRGHOV
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1LHOV /DUVHQ� %M¡UQ 0� .QXGVHQ� 0LFKDHO

*DXVV RJ *LRYDQQL 3LWDUL� (IIHFWV IURP KLJK�

VSHHG FLYLO WUDIILF DLUFUDIW HPLVVLRQV RQ SRODU

VWUDWRVSKHULF FORXGV�


