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 SUMMARY

7KLV�UHSRUW�LV�D�MRLQW�HIIRUW�RI�H[SHUWV�IURP����(XURSHDQ�FRXQWULHV��FR�RUGLQDWHG�E\
WKH�(XURSHDQ�7RSLF�&HQWUH�RQ�$LU�4XDOLW\��RQ�UHTXHVW�RI�WKH�(QYLURQPHQW�0LQLVWHUV
DW�D�FRQIHUHQFH�KHOG�LQ�/RQGRQ�LQ�0D\�������7KH�UHSRUW�UHYLHZV�V\VWHPV�IRU
IRUHFDVWLQJ�DQG�LQIRUPDWLRQ�RQ�R]RQH�HSLVRGHV��DV�FXUUHQWO\�LQ�XVH�DQG�XQGHU
GHYHORSPHQW�LQ�WKH�FRXQWULHV��2QFH�D�IRUHFDVW�KDV�EHHQ�PDGH��LW�LV�UHOHDVHG�WR�WKH
WDUJHW�JURXSV�XVLQJ�D�UDQJH�RI�FRPPXQLFDWLRQ�FKDQQHOV��SUHVV�UHOHDVH��,QWHUQHW�
WHOHWH[W�V\VWHPV��HWF����7KH�IRUHFDVW�EXOOHWLQ�JLYHV�LQIRUPDWLRQ�RQ�PD[LPXP�R]RQH
FRQFHQWUDWLRQV�H[SHFWHG�IRU�WKH�FRPLQJ�������KRXUV��,Q�D�IHZ�FDVHV�WKH�IRUHFDVW�LV
PDGH�IRU�VSHFLILF�ORFDWLRQV�EXW�PRUH�JHQHUDOO\�D�QDWLRQDO�RU�UHJLRQDO�IRUHFDVW�LV
PDGH��7R�PDNH�WKH�EXOOHWLQ�PRUH�XQGHUVWDQGDEOH�WR�WKH�JHQHUDO�SXEOLF��DLU�TXDOLW\
LQGLFDWRUV��H�J��JRRG�DLU�TXDOLW\��VHYHUH�VPRJ��UDWKHU�WKDQ�FRQFHQWUDWLRQ�OHYHOV�DUH
SUHVHQWHG��&ULWHULD�IRU�WHVWLQJ�WKH�YDOLGLW\�DQG�UHOLDELOLW\�RI�IRUHFDVWLQJ�V\VWHPV�DUH
GLVFXVVHG��DQG�UHFRPPHQGDWLRQV�DUH�PDGH�WR�LPSURYH�DQG�VSHHG�XS�FXUUHQW
V\VWHPV�IRU�H[FKDQJH�RI�QDWLRQDO�R]RQH�GDWD��5HFRPPHQGDWLRQV�IRU�IXUWKHU�ZRUN
FRQFOXGH�WKH�UHSRUW�
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1. INTRODUCTION

1.1. Background and terms of reference of the work

,Q�0D\�������WKH�0LQLVWHULDO�&RQIHUHQFH�RQ�7URSRVSKHULF�2]RQH�LQ�1RUWKZHVW
(XURSH�ZDV�KHOG�LQ�/RQGRQ��,Q�WKH�6WDWHPHQW�E\�WKH�0LQLVWHUV�IRU�WKH�(QYLURQPHQW
DW�WKH�&RQIHUHQFH��XQGHU�SRLQW����WKH�(XURSHDQ�(QYLURQPHQW�$JHQF\�ZDV�FDOOHG��LQ
FR�RSHUDWLRQ�ZLWK�WHFKQLFDO�H[SHUWV�WKURXJKRXW�(XURSH��WR�GHYHORS�DQ�DFWLRQ�SODQ
IRU�D�FR�RUGLQDWHG�(XURSHDQ�V\VWHP�IRU�GDWD�H[FKDQJH�DQG�IRU�IRUHFDVWLQJ�DLU
SROOXWLRQ�HSLVRGHV��7KH�0LQLVWHUV�FRPPLWWHG�WKHLU�HLJKW�FRXQWULHV�WR�IXOO�FR�
RSHUDWLRQ�ZLWK�WKH�$JHQF\�IRU�WKLV�ZRUN��DQG�DJUHHG�WR�HVWDEOLVK�D�SLORW�JURXS�IRU
WKH�1RUWK�(XURSHDQ�VXE�UHJLRQ�

7KH�(XURSHDQ�(QYLURQPHQW�$JHQF\��(($��DJUHHG�WR�WDNH�XS�WKLV�WDVN��8QGHU�FR�
RUGLQDWLRQ�RI�WKH�(XURSHDQ�7RSLF�&HQWUH�RQ�$LU�4XDOLW\��(7&�$4���D�7HFKQLFDO
:RUNLQJ�*URXS�RQ�'DWD�H[FKDQJH�DQG�)RUHFDVWLQJ�IRU�2]RQH�HSLVRGHV�LQ
1RUWKZHVW�(XURSH��7:*�')2��ZDV�IRUPHG��0HPEHUV�RI�WKH�*URXS�DUH�VFLHQWLILF
H[SHUWV��QRPLQDWHG�E\�WKH�HLJKW�FRXQWULHV�SDUWLFLSDWLQJ�LQ�WKH�0LQLVWHULDO
&RQIHUHQFH�DQG�E\�RWKHU�LQWHUHVWHG�(($�PHPEHU�FRXQWULHV�FRQQHFWHG�WR�WKH�QRUWK�
ZHVWHUQ�(XURSHDQ�R]RQH�HSLVRGH�V\VWHPV��DQG�H[SHUWV�IURP�WKH�(7&�$4��7KH
H[SHUWV�SDUWLFLSDWLQJ�LQ�WKH�JURXS�DUH�OLVWHG�LQ�$QQH[���

7KH�WHUPV�RI�UHIHUHQFH�IRU�WKH�ZRUN�RI�WKH�JURXS�DV��DJUHHG�ZHUH��WR�GHYHORS�DQ
DFWLRQ�SODQ�IRU�D�FR�RUGLQDWHG�V\VWHP�IRU�GDWD�H[FKDQJH�DQG�IRU�IRUHFDVWLQJ�R]RQH
HSLVRGHV�LQ�1RUWK�ZHVW�(XURSH�DV�WKH\�RFFXU��DQG�SURYLGLQJ�D�EDVLV�IRU�WKH�PHPEHU
FRXQWULHV�WR�VXSSO\�LQIRUPDWLRQ�WR�WKH�SXEOLF�DERXW�WKHVH�HSLVRGHV�

7KH�ZRUN�RI�WKH�*URXS�LQFOXGHG�
• UHYLHZLQJ�DQG�UHSRUWLQJ�RQ�V\VWHPV�FXUUHQWO\�LQ�XVH�LQ�WKH�SDUWLFLSDWLQJ�FRXQWULHV
IRU�GDWD�H[FKDQJH�DQG�IRUHFDVWLQJ�RI�R]RQH�HSLVRGHV��DQG�FXUUHQW�UHVHDUFK�IRU
GHYHORSPHQW�DQG�LPSURYHPHQW�RI�VXFK�V\VWHPV��RQ�WKH�EDVLV�RI�QDWLRQDO�UHSRUWV
DQG�LQIRUPDWLRQ�SUHVHQWHG�DW�WKH�0LQLVWHULDO�FRQIHUHQFH�

• GHYHORSLQJ�FRPPRQ�FULWHULD�IRU�WHVWLQJ�WKH�YDOLGLW\�DQG�UHOLDELOLW\�RI�R]RQH
IRUHFDVWLQJ�V\VWHPV��DQG�UHSRUWLQJ�RQ�HYDOXDWLRQ�RI�H[LVWLQJ�IRUHFDVWLQJ�V\VWHPV�
XVLQJ�WKHVH�FULWHULD�

• PDNLQJ�UHFRPPHQGDWLRQV�IRU�LPSURYLQJ�H[LVWLQJ�GDWD�H[FKDQJH�V\VWHPV�IRU
R]RQH��UHGXFLQJ�WKH�FXUUHQW�GHOD\V�LQ�LQIRUPDWLRQ��DQG�WDNLQJ�DGYDQWDJH�RI�QHZ
WHFKQRORJLHV��VXFK�DV�WKH�,QWHUQHW�

,Q�WKH�WLPH�SHULRG�EHWZHHQ�-XO\������DQG�0DUFK�������WKH�JURXS�KDG�WZR�PHHWLQJV
LQ�%LOWKRYHQ��WKH�1HWKHUODQGV��RQ����2FWREHU������DQG�RQ����-DQXDU\�������7KLV
UHSRUW�SURYLGHV�WKH�UHVXOWV�RI�WKH�ZRUN�LQ�WKLV�WLPH�SHULRG�

1.2. Ozone forecasting and data exchange

(SLVRGHV�RI�SKRWRFKHPLFDO�DLU�SROOXWLRQ�DUH�SHULRGV�RI�VRPH�GD\V�WR�VRPH�ZHHNV
ZLWK�FDOP��ZDUP��VXQQ\�ZHDWKHU��LQ�ZKLFK�DWPRVSKHULF�SKRWRFKHPLFDO�UHDFWLRQV�RI
QLWURJHQ�R[LGHV�DQG�YRODWLOH�RUJDQLF�FRPSRXQGV�OHDG�WR�D�KRVW�RI�PRVWO\�QR[LRXV�DLU
SROOXWDQWV��2]RQH�LV�FRQVLGHUHG�WR�EH�WKH�PRVW�LPSRUWDQW�RI�WKHVH�LQ�YLHZ�RI�LWV
FRQFHQWUDWLRQV�DQG�LWV�HIIHFWV�RQ��KXPDQ�KHDOWK�



7

2]RQH�HSLVRGH�LQIRUPDWLRQ�DQG�IRUHFDVWV�DUH�LVVXHG�SXEOLFO\�LQ�YDULRXV�(XURSHDQ
FRXQWULHV��([SOLFLWO\�RU�LPSOLFLWO\��WKH�JRDOV�RI�WKLV�LQIRUPDWLRQ�DUH��YDQ�$DOVW��������
�� WR�VDWLVI\�QHHGV�RI�SXEOLF�LQIRUPDWLRQ�
�� WR�IXUWKHU�UHGXFWLRQ�DQG�SUHYHQWLRQ�RI�H[SRVXUH�
�� WR�DOHUW�DXWKRULWLHV��LQGXVWU\�DQG�WKH�SXEOLF�WR�WDNH�PHDVXUHV�IRU�HPLVVLRQ
UHGXFWLRQ�

�� WR�LQFUHDVH�SXEOLF�VXSSRUW�IRU�VWUXFWXUDO�PHDVXUHV�

7KHVH�JRDOV�UHTXLUH�WKDW�UHOLDEOH�LQIRUPDWLRQ�LV�SURYLGHG�RQ�D�WLPHO\�EDVLV�
7\SLFDOO\��WKH�ILUVW�WZR�JRDOV�UHTXLUH�WKH�LQIRUPDWLRQ�WR�EH�DYDLODEOH�LQ�QHDU�UHDO
WLPH��DQG�D�IRUHFDVW�WR�EH�DYDLODEOH�IRU�RQH�GD\�LQ�DGYDQFH��7KH�WLPH�UHTXLUHG�WR
SUHSDUH�HPLVVLRQ�UHGXFWLRQ�PHDVXUHV�LV�DW�OHDVW�RQH�GD\��DQG�SUHIHUHQWLDOO\�D�IHZ
GD\V��GHSHQGLQJ�RQ�WKH�ORJLVWLFV�

&XUUHQW�QDWLRQDO�VPRJ�LQIRUPDWLRQ�V\VWHPV��DV�LQ�RSHUDWLRQ�LQ�YDULRXV�(XURSHDQ
FRXQWULHV��FDQ�SURYLGH�QHDU�UHDO�WLPH�LQIRUPDWLRQ�DQG�RU�IRUHFDVWV�IRU�RQH�GD\�LQ
DGYDQFH��7KHVH�LQIRUPDWLRQ�V\VWHPV�RSHUDWH�RQ�WKH�EDVLV�RI�HPSLULFDO�PHWKRGV
DQG�RU�H[SHUW�RSLQLRQV��VWDWLVWLFDO�PRGHOV��FDXVDO�PRGHOV�RU�FRPELQDWLRQV�
�)URPDJH�������

7KH�VLPSOHVW�HPSLULFDO�PRGHO�LV�SHUVLVWHQFH��DVVXPLQJ�WKDW�WKH�IRUHFDVWHG
FRQFHQWUDWLRQ�LV�HTXDO�WR�WKH�DFWXDO�RQH��([SHUW�RSLQLRQ��EDVHG�RQ�PHDVXUHG�GDWD
DQG�SHUVRQDO�H[SHULHQFH�PD\�OHDG�WR�LPSURYHG�SUHGLFWLRQV�

,Q�VWDWLVWLFDO�PRGHOV��WKH�SUHGLFWLRQ�LV�JHQHUDWHG�IURP�DFWXDO�PHDVXULQJ�GDWD�
FRPELQHG�ZLWK�VWDWLVWLFDO�LQIRUPDWLRQ�RQ�WKH�PRVW�OLNHO\�HYROXWLRQ�RI�WKH
FRQFHQWUDWLRQ�DW�WKH�JLYHQ�RU�SUHGLFWHG�PHWHRURORJLFDO�FRQGLWLRQV��7KH�VWDWLVWLFDO
LQIRUPDWLRQ�LV�H[WUDFWHG�IURP�D�GDWDEDVH�RI�PHDVXUHPHQWV�RYHU�VHYHUDO�\HDUV��,Q�VR�
FDOOHG�DUWLILFLDO�QHXUDO�QHWZRUNV��WKH�V\VWHP�LV�VHOI�OHDUQLQJ�LQ�WKH�VHQVH�WKDW�LW
RSWLPLVHV�SUHGLFWLRQV�RQ�WKH�EDVLV�RI�HDUOLHU�H[SHULHQFH�

,Q�FDXVDO�PRGHOV��WKH�FRQFHQWUDWLRQ�LV�FDOFXODWHG�IURP�HPLVVLRQV�RI�R]RQH�SUHFXUVRUV
�YRODWLOH�RUJDQLF�FRPSRXQGV�DQG�QLWURJHQ�R[LGHV��DQG�IRUHFDVWHG�PHWHRURORJLFDO
FRQGLWLRQV�LQ�(XURSH��WDNLQJ�LQWR�DFFRXQW�UHOHYDQW�DWPRVSKHULF�SURFHVVHV�VXFK�DV
GLVSHUVLRQ��WUDQVSRUW��FKHPLFDO�FRQYHUVLRQ�DQG�GHSRVLWLRQ�

([SHULHQFH�LQ�(XURSHDQ�FRXQWULHV�KDV�VKRZQ�WKDW�H[SHUW�MXGJHPHQW�FDQ�LQFUHDVH
WKH�SHUIRUPDQFH�RI�PRUH�IRUPDO�R]RQH�HSLVRGH�SUHGLFWLRQ�V\VWHPV�FRQVLGHUDEO\�
,QIRUPDWLRQ�IURP�PHDVXUHPHQWV�LQ�FRXQWULHV�XSZLQG�PD\�LPSURYH�WKH�TXDOLW\�RI
WKH�IRUHFDVW��6RPH�(XURSHDQ�FRXQWULHV�URXWLQHO\�H[FKDQJH�YHU\�UHFHQW�RU�DFWXDO
R]RQH�FRQFHQWUDWLRQ�GDWD��VHH�&KDSWHU����

,Q�WKH�SDVW�IHZ�\HDUV��VHYHUDO�(XURSHDQ�FRXQWULHV��ERWK�(8�0HPEHU�6WDWHV�DQG
&HQWUDO�(XURSHDQ�FRXQWULHV��KDYH�H[FKDQJHG�LQIRUPDWLRQ�RQ�DLU�SROOXWLRQ�DQG�RQ
LQIRUPDWLRQ�DQG�IRUHFDVWLQJ�V\VWHPV�LQ�D�VHULHV�RI�LQIRUPDO�ZRUNVKRSV�RQ
LQWHUQDWLRQDO�H[FKDQJH�RI�GDWD�IRU�VPRJ�ZDUQLQJ�DQG�DLU�SROOXWLRQ�LQIRUPDWLRQ
V\VWHPV�LQ�(XURSH�

1.3. EU Air Quality legislation on ozone and work in progress

&RXQFLO�'LUHFWLYH�������((&�RQ�DLU�SROOXWLRQ�E\�R]RQH��ZKLFK�LV�FXUUHQWO\�LQ�IRUFH�
GHILQHV�ILYH�WKUHVKROG�YDOXHV�IRU�WKH�FRQFHQWUDWLRQ�RI�R]RQH��DQG�SURYLGHV�JXLGHOLQHV
RQ�PHDVXUHPHQWV�RI�R]RQH�DQG�UHSRUWLQJ�RI�WKH�GDWD��7KUHVKROG�YDOXHV�KDYH�EHHQ
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VHW�IRU�SURWHFWLRQ�RI�KXPDQ�KHDOWK������µJ�P�����K�DYHUDJH��DQG�RI�YHJHWDWLRQ�����
µJ�P��KRXUO\�DYHUDJH�DQG����µJ�P�����K�DYHUDJH���7KH�UHOHYDQW�WKUHVKROG�YDOXHV�LQ
WKH�FRQWH[W�RI�WKLV�UHSRUW�DUH�WKH��SRSXODWLRQ�LQIRUPDWLRQ�WKUHVKROG�YDOXH�RI����
µJ�P���DV�DQ�KRXUO\�DYHUDJH�DQG�WKH�SRSXODWLRQ�ZDUQLQJ�WKUHVKROG�YDOXH�RI����
µJ�P��DV�DQ�KRXUO\�DYHUDJH��,Q�FDVH�RI�H[FHHGDQFH�RI�WKHVH�YDOXHV��0HPEHU�6WDWHV
VKDOO�WDNH�WKH�QHFHVVDU\�VWHSV�WR�LQIRUP�WKH�SXEOLF��,QIRUPDWLRQ�WR�EH�SURYLGHG
LQFOXGHV�WLPH��GXUDWLRQ��DQG�SODFH�RI�WKH�H[FHHGDQFHV��WKH�WKUHVKROG�H[FHHGHG��WKH
SRSXODWLRQ�FRQFHUQHG��DQG�SUHFDXWLRQV�WR�EH�WDNHQ��DQG�DOVR�IRUHFDVWV�FRQFHUQLQJ
WKH�FKDQJH�LQ�FRQFHQWUDWLRQ��WKH�JHRJUDSKLFDO�DUHD�FRQFHUQHG��DQG�WKH�GXUDWLRQ�RI
WKH�H[FHHGDQFH�LQ�IXWXUH�

0HPEHU�6WDWHV�PXVW�UHSRUW�WR�WKH�(XURSHDQ�&RPPLVVLRQ�WKH�PHWKRG�XVHG�WR
GHWHUPLQH�R]RQH�FRQFHQWUDWLRQV��WKH�FR�RUGLQDWHV�RI�WKH�PHDVXULQJ�VWDWLRQV��D
GHVFULSWLRQ�RI�WKH�DUHD�FRYHUHG�E\�WKH�VWDWLRQV��WKH�VLWH�VHOHFWLRQ�FULWHULD�DQG�WKH
UHVXOW�RI�DQ\�LQGLFDWLYH�PHDVXULQJ�SURJUDPPH�

([FHHGDQFHV�RI�DOO�ILYH�WKUHVKROG�YDOXHV��SHULRGV�RI�H[FHHGDQFH��DQG�VWDWLVWLFV
�PD[LPXP��PHGLDQ�����SHUFHQWLOH��RI�KRXUO\�DQG�HLJKW�KRXUO\�FRQFHQWUDWLRQV
UHFRUGHG�VKRXOG�EH�UHSRUWHG�ZLWKLQ�VL[�PRQWKV�DIWHU�WKH�\HDU��([FHHGDQFHV�RI�WKH
LQIRUPDWLRQ�DQG�ZDUQLQJ�WKUHVKROG�OHYHOV�VKRXOG�EH�UHSRUWHG�EHIRUH�WKH�HQG�RI�WKH
PRQWK�IROORZLQJ�WKH�PRQWK�RI�WKH�H[FHHGDQFH��LI�SRVVLEOH�FRPSOHPHQWHG�ZLWK
UHOHYDQW�LQIRUPDWLRQ��ZKLFK�PLJKW�H[SODLQ�WKH�UHDVRQV�

$QQXDOO\��WKH�&RPPLVVLRQ�UHSRUWV�RQ�WKH�UHSRUWHG�OHYHOV�LQ�WKH�SUHYLRXV�\HDU��DQG
SURYLGHV�DQ�LQIRUPDWLRQ�GRFXPHQW�RQ�H[FHHGDQFHV�LQ�WKH�VXPPHU�SHULRG�RI�WKH
FXUUHQW�\HDU��,Q�DGGLWLRQ�WR�WKH�DQQXDO�UHSRUWLQJ�WKH�&RPPLVVLRQ�LV�REOLJHG�WR
VXEPLW�WR�WKH�&RXQFLO�QR�ODWHU�WKDQ�IRXU�\HDUV�DIWHU�LPSOHPHQWDWLRQ�RI�WKH�'LUHFWLYH
�L�H��0DUFK�������D�FRQVROLGDWHG�UHSRUW�RQ�WKH�LQIRUPDWLRQ�FROOHFWHG�FRQWDLQLQJ�DQ
HYDOXDWLRQ�RI�WKH�SKRWRFKHPLFDO�SROOXWLRQ�LQ�WKH�&RPPXQLW\��&XUUHQWO\��WKHVH
UHSRUWV�DUH�SUHSDUHG�IRU�WKH�&RPPLVVLRQ�E\�WKH�(($�(XURSHDQ�7RSLF�&HQWUH�RQ�$LU
4XDOLW\��(7&�$4���VHH�'H�/HHXZ�HW�DO���������6OX\WHU�HW�DO����������$OO�LQIRUPDWLRQ
VXEPLWWHG�WR�WKH�&RPPLVVLRQ�XQGHU�WKLV�'LUHFWLYH�LV�DOVR�DYDLODEOH�DW�WKH�(7&�$4�

3UHSDUDWLRQV�DUH�QRZ�XQGHUZD\�E\�WKH�&RPPLVVLRQ�DQG�0HPEHU�6WDWHV�IRU�D�QHZ
R]RQH�'LUHFWLYH�XQGHU�WKH�VR�FDOOHG�)UDPHZRUN�'LUHFWLYH��&RXQFLO�'LUHFWLYH
������(&�RQ�DPELHQW�DLU�TXDOLW\�DVVHVVPHQW�DQG�PDQDJHPHQW���7KLV�'DXJKWHU
'LUHFWLYH�ZLOO�FRQWDLQ�LQWHU�DOLD�UHYLVHG�VWDQGDUGV�IRU�2]RQH�VHUYLQJ�DV�D�UDWLRQDO
IUDPHZRUN�IRU�WKH�&RPPLVVLRQ·V�GHYHORSPHQW�RI�DQ�DEDWHPHQW�VWUDWHJ\�GHPDQGHG
E\�WKH�FXUUHQW�2]RQH�'LUHFWLYH�DQG�ZKLFK�KDV�EHHQ�VWDUWHG��UHFHQWO\�E\�HVWDEOLVKLQJ
D�MRLQW�$G�KRF�:RUNLQJ�*URXS��IRU�ERWK�LVVXHV�

8QGHU�&RXQFLO�'HFLVLRQ��������RQ�([FKDQJH�RI�,QIRUPDWLRQ��DGRSWHG�RQ���
-DQXDU\�������2-���������D�UHFLSURFDO�H[FKDQJH�RI�LQIRUPDWLRQ�DQG�GDWD�IURP
QHWZRUNV�DQG�LQGLYLGXDO�VWDWLRQV�PHDVXULQJ�DPELHQW�DLU�SROOXWLRQ�ZLWKLQ�WKH
0HPEHU�6WDWHV�ZLOO�EH�HVWDEOLVKHG��$PRQJ�RWKHU�SROOXWDQWV��H[FKDQJH�RI�PRUH
H[WHQGHG�LQIRUPDWLRQ�RQ�R]RQH�DQG�UHODWHG�VXEVWDQFHV��12[��12���3$1�
�10�92&��DQG�YDULRXV�LQGLYLGXDO�RUJDQLFV��LV�IRUHVHHQ��7KH�ILUVW�WUDQVIHU�ZLWK
UHJDUG�WR�WKLV�GHFLVLRQ�VKRXOG�WDNH�SODFH�E\�2FWREHU������DW�WKH�ODWHVW�DQG�FRQFHUQ
WKH�\HDU�������7KH�LQIRUPDWLRQ�ZLOO�EH�FROOHFWHG�LQ�DQ�LQIRUPDWLRQ�V\VWHP��DQG
UHJXODU�UHSRUWV�ZLOO�EH�SURYLGHG��(($�ZLOO�EH�FDOOHG�XSRQ�E\�WKH�&RPPLVVLRQ
UHJDUGLQJ�WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�WKHVH�LQIRUPDWLRQ�V\VWHPV�DQG�UHSRUWV�
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YDQ�$DOVW�5�0��������2]RQH�HSLVRGH�SUHGLFWLRQ�LQ�VXSSRUW�RI�R]RQH�HSLVRGH
PDQDJHPHQW��3DSHU�SUHVHQWHG�DW�WKH�0LQLVWHULDO�&RQIHUHQFH�RQ
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)URPDJH�$��������3UpYLVLRQ�GHV�SRLQWHV�GH�SROOXWLRQ�DWPRVSKpULTXH��pWDW�GH�O·DUW
GDQV�OH�PRQGH�HW�SHUVSHFWLYHV�SRXU�OD�UpJLRQ�,OH�GH�)UDQFH��$LUSDULI��3DULV�

'H�/HHXZ�)���YDQ�=DQWYRRUW�(��������([FHHGDQFHV�RI�R]RQH�WKUHVKROG�YDOXHV�LQ�WKH
(XURSHDQ�&RPPXQLW\�LQ�������(XURSHDQ�7RSLF�&HQWUH�RQ�$LU�4XDOLW\�
5,90��%LOWKRYHQ��WKH�1HWKHUODQGV

6OX\WHU�5���YDQ�=DQWYRRUW�(��������,QIRUPDWLRQ�GRFXPHQW�FRQFHUQLQJ�DLU�SROOXWLRQ
E\�R]RQH��2YHUYLHZ�RI�WKH�VLWXDWLRQ�LQ�WKH�(XURSHDQ�8QLRQ�GXULQJ�WKH�����
VXPPHU�VHDVRQ��$SULO�-XO\���(XURSHDQ�7RSLF�&HQWUH�RQ�$LU�4XDOLW\��5,90�
%LOWKRYHQ��WKH�1HWKHUODQGV
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2. NATIONAL SYSTEMS FOR FORECASTING OZONE

2.1. Introduction

,Q�WKLV�FKDSWHU��EULHI�GHVFULSWLYH�LQIRUPDWLRQ�LV�SURYLGHG�IRU�HDFK�RI�WKH�WHQ
FRXQWULHV�SDUWLFLSDWLQJ�LQ�WKLV�VWXG\�RQ�RSHUDWLRQDO�V\VWHPV�IRU�R]RQH�IRUHFDVWLQJ�
DQG�RQ�QDWLRQDO�UHVHDUFK�DQG�GHYHORSPHQW�HIIRUWV�IRU�VXFK�V\VWHPV�
)RU�HDFK�FRXQWU\��DQG�IRU�HDFK�RI�WKH�V\VWHPV�LQ�RSHUDWLRQ�LQ�WKDW�FRXQWU\��VXPPDU\
WDEOHV�LQ�VHFWLRQ������SURYLGH�FRQFLVH�LQIRUPDWLRQ�RQ�
• ZKDW�SXUSRVH�XVH�WKH�V\VWHP�LV�LQWHQGHG�WR�VXSSRUW
• PRGHO�RU�V\VWHP�W\SH
• W\SH�RI�RXWSXW�SURGXFHG
• LQSXW�QHHGHG
• YDOLGDWLRQ�SHUIRUPDQFH�HYDOXDWLRQ

2.2. Austria

2.2.1. Operational systems

,Q�$XVWULD��WKH�)HGHUDO�(QYLURQPHQW�$JHQF\�KDV�GHYHORSHG�D�V\VWHP�IRU�WKH�IRUHFDVW
RI�GDLO\�PD[LPXP�R]RQH�YDOXHV��7KH�V\VWHP�LV�FXUUHQWO\�WHVWHG�DQG�WKH�RXWSXW�LV
SODQQHG�WR�EH�SUHVHQWHG�UHJXODUO\�WR�WKH�SXEOLF��VWDUWLQJ�IURP������

7KH�V\VWHP�ZDV�HVWDEOLVKHG�WR�SURYLGH�LQIRUPDWLRQ�WR�WKH�SXEOLF�FRQFHUQLQJ�WKH
PD[LPXP�R]RQH�FRQFHQWUDWLRQ�RI�WKH�QH[W�GD\�

)RU�WKLV�SXUSRVH�D�VLPSOH�VWDWLVWLFDO�PRGHO�ZDV�GHYHORSHG��$�GHWDLOHG�GHVFULSWLRQ�RI
WKH�PRGHO�FDQ�EH�IRXQG�LQ�7UHQGSURJQRVH�UHJLRQDOHU�2]RQPD[LPD�XQWHU�(LQEH]XJ
YHUVFKLHGHQHU�PHWHRURORJLVFKHU�'DWHQ���������8%$�%(������8PZHOWEXQGHVDPW�:LHQ�
$XVWULD�

7KH�V\VWHP�FDOFXODWHV�WKH�H[SHFWHG�PD[LPXP�R]RQH�FRQFHQWUDWLRQV�IRU���
PHDVXUHPHQW�VWDWLRQV�GLVWULEXWHG�RYHU�WKH�ZKROH�IHGHUDO�WHUULWRU\�RI�$XVWULD��2]RQH
IRUHFDVW�PDSV�DUH�FDOFXODWHG�E\�VSDWLDO�LQWHUSRODWLRQ�RI�WKHVH����YDOXHV�

7KH�RXWSXW�LV�D�VSDWLDO�PDS�RI�$XVWULD�VKRZLQJ�WKH�H[SHFWHG�PD[LPXP�WKUHH�KRXU
PHDQ�YDOXH�RI�WKH�QH[W�GD\��'LIIHUHQW�FODVVHV�RI�FRQFHQWUDWLRQ�UDQJHV�DUH�VKRZQ�LQ
GLIIHUHQW�FRORXUV�

7KH�IRUHFDVW�LV�FDOFXODWHG�RQFH�HYHU\�GD\�LQ�WKH�ODWH�DIWHUQRRQ�GXULQJ�WKH�VXPPHU
VHDVRQ��L�H��IURP���$SULO�WLOO����6HSWHPEHU���7KHUH�LV�QR�H[SOLFLW�XQFHUWDLQW\
LQGLFDWLRQ��EXW��DV�PHQWLRQHG�DERYH��FRQFHQWUDWLRQ�UDQJHV�LQVWHDG�RI�YDOXHV�DUH
SUHVHQWHG�

$V�DQ�LQSXW�WKH�PRGHO�QHHGV�DLU�TXDOLW\�DQG�PHWHRURORJLFDO�GDWD��2]RQH�GDWD�DUH
WUDQVPLWWHG�URXWLQHO\�WR�WKH�)HGHUDO�(QYLURQPHQW�$JHQF\�IURP�LWV�RZQ�DQG�WKH
3URYLQFLDO�PHDVXUHPHQW�VLWHV�YLD�WKH�2]RQGDWHQYHUEXQG��2'9��LQ�(QJOLVK��2]RQH
GDWD�QHWZRUN���$GGLWLRQDOO\��SUHGLFWHG�PD[LPXP�WHPSHUDWXUHV�RI�WKH�QH[W�GD\�DUH
REWDLQHG�IURP�WKH�$XVWULDQ�&HQWUDO�,QVWLWXWH�IRU�0HWHRURORJ\�DQG�*HRG\QDPLFV�
ZKLFK�LV�DOVR�FRQQHFWHG�WR�WKH�2'9�

7KH�V\VWHP�UHTXLUHV�DOPRVW�QR�PDLQWHQDQFH�GXULQJ�QRUPDO�RSHUDWLRQ��&RPSXWHU
FDSDFLW\�LV�QR�SUREOHP��EXW�WKLV�LV�GXH�WR�WKH�XVH�RI�DOUHDG\�H[LVWLQJ�XWLOLWLHV�RI�WKH
2'9�DQG�LWV�FRPSXWHUV��0RVW�WLPH�FRQVXPLQJ�DUH�YDOLGDWLRQ�DQG�SHUIRUPDQFH
HYDOXDWLRQ�
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6\VWHPDWLF�YDOLGDWLRQV�DQG�SHUIRUPDQFH�HYDOXDWLRQ�DUH�SHUIRUPHG�RQFH�D�\HDU�DW�WKH
HQG�RI�WKH�R]RQH�VHDVRQ��)RU�WKLV�SURFHVV��WKH�FDOFXODWHG�PD[LPXP�R]RQH�YDOXHV�DUH
FRPSDUHG�WR�PHDVXUHG�RQHV��7KH�GLIIHUHQFHV�RI�WKH�WZR�YDOXHV�DUH�VXEMHFWHG�WR
VWDWLVWLFDO�DQDO\VLV�

7KH�PDLQ�DGYDQWDJH�RI�WKH�V\VWHP�LV�LWV�VLPSOLFLW\��7KH�PDSV�DUH�FDOFXODWHG�RQ�D
URXWLQHO\�EDVLV�DQG�UHTXLUH�QR�DGGLWLRQDO�PDQSRZHU�

7KH�PDLQ�GLVDGYDQWDJH�LV�D�SRRU�SUHGLFWLRQ�TXDOLW\�HVSHFLDOO\�RQ�GD\V�ZLWK�KLJK
R]RQH�YDOXHV�

2.2.2. Austrian research and development efforts

$V�GHVFULEHG�LQ�������WKH�V\VWHP�FXUUHQWO\�XVHG�LQ�$XVWULD�IRU�R]RQH�IRUHFDVW�KDV�D
SRRU�SHUIRUPDQFH�HVSHFLDOO\�RQ�GD\V�ZLWK�KLJK�R]RQH�H[SRVXUH��&RQVHTXHQWO\�
UHVHDUFK�LV�GRQH�WR�LPSURYH�WKH�V\VWHP�

$W�SUHVHQW�WZR�GLIIHUHQW�DSSURDFKHV�DUH�LQYHVWLJDWHG�

��� :LWKLQ�WKH�3DQQRQLDQ�2]RQH�3URMHFW�D�/DJUDQJLDQ�SKRWRFKHPLFDO�PHWHRURORJLFDO
PRGHO�ZDV�GHYHORSHG�IRU�WKH�VLPXODWLRQ�RI�R]RQH�IRUPDWLRQ�LQ�QRUWK�HDVWHUQ
$XVWULD��0RGHOOLQJ�LV�EDVHG�RQ�WKH�FDOFXODWLRQ�RI�SK\VLFDO�DQG�FKHPLFDO�SURFHVVHV
ZLWKLQ�DQ�DLU�SDUFHO�WKDW�LV�WUDQVSRUWHG�DORQJ�D����KRXU�EDFN�WUDMHFWRU\�
3ULPDULO\��WKH�PRGHO�ZDV�GHYHORSHG�IRU�WKH�DVVHVVPHQW�RI�R]RQH�SUHFXUVRU
UHGXFWLRQ�VWUDWHJLHV��$Q\KRZ��WKLV�PRGHO�LV�DOVR�DEOH�WR�SUHGLFW�R]RQH
FRQFHQWUDWLRQV�DQG�LQLWLDO�WHVWV�KDYH�EHHQ�SHUIRUPHG�GXULQJ�WKH�VXPPHU������

7KH�PRGHO�LWVHOI�LV�TXLWH�FRPSOH[�DQG�QHHGV�D�PXOWLWXGH�RI�LQSXW�GDWD��H�J��D
WHPSRUDOO\�DQG�VSDWLDOO\�GLVDJJUHJDWHG�HPLVVLRQ�LQYHQWRU\�ZLWK�D�UHVROXWLRQ�RI��
[���NP�LQ�WKH�3DQQRQLDQ�DUHD��$XVWULD��+XQJDU\��&]HFK�5HSXEOLF�DQG�6ORYDNLD�
DQG�VHYHUDO�PHWHRURORJLFDO�GDWD��7KHVH�GDWD�RULJLQDWH�IURP�(&0:)�5HDGLQJ�
8.�DQG�DUH�IXUWKHU�SURFHVVHG�E\�WKH�$XVWULDQ�&HQWUDO�,QVWLWXWH�IRU�0HWHRURORJ\
DQG�*HRG\QDPLFV��(VSHFLDOO\�IRU�IRUHFDVWV��UHDO�WLPH�WUDQVIHU�RI�WKHVH�GDWD�KDV�WR
EH�HQVXUHG�

7KH�PDLQ�DGYDQWDJH�RI�WKH�PRGHO�LV�WKDW��LQ�SULQFLSOH��LW�LV�DEOH�WR�GHDO�ZLWK
SUREOHPV�OLNH�XQXVXDO�KLJK�SKRWRFKHPLFDO�R]RQH�IRUPDWLRQ�DQG�WUDQVSRUW
SKHQRPHQD�GXH�WR�VSHFLDO�ZHDWKHU�FRQGLWLRQV�

7KH�PDMRU�GLVDGYDQWDJH�LV�LWV�FRPSOH[LW\�DQG�WKH�KXJH�DPRXQW�RI�QHFHVVDU\
LQSXW�GDWD�

���7KH�)HGHUDO�(QYLURQPHQW�$JHQF\�SODQV�WR�LPSOHPHQW�DQ�R]RQH�IRUHFDVW�V\VWHP
EDVHG�RQ�DUWLILFLDO�QHXUDO�QHWZRUNV��6XFK�V\VWHPV�DUH�DOUHDG\�LQ�XVH�E\�VRPH
SURYLQFLDO�DXWKRULWLHV�LQ�*HUPDQ\��2QH�PDLQ�DGYDQWDJH�FRPSDUHG�WR�WKH�V\VWHP
FXUUHQWO\�XVHG�LQ�$XVWULD�LV�WKDW�D�ORW�RI�GLIIHUHQW�LQSXW�SDUDPHWHUV�FDQ�EH
LQFOXGHG�VLPXOWDQHRXVO\�ZLWKLQ�D�UHODWLYHO\�VLPSOH�V\VWHP�

2.3. Belgium

2.3.1. Operational system in Belgium

602*6723���6WDWLVWLFDO�0RGHOV�2I�*URXQG�OHYHO�6KRUW�7HUP�2]RQH�3ROOXWLRQ�
MXGJHG�E\�DQ�´H[SHUW�RSLQLRQµ�

6LQFH����������D�VHW�RI�WKUHH�W\SHV�RI�R]RQH�IRUHFDVWLQJ�PRGHOV���FOXVWHUHG�XQGHU�WKH
602*6723�QDPH���DUH�URXWLQHO\�RSHUDWHG�DW�&(/,1(�,5&(/��,QWHUUHJLRQDO�&HOO
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IRU�WKH�(QYLURQPHQW��LQ�%HOJLXP��7KH�)ODQGHUV��:DOORQLD�DQG�%UXVVHOV�5HJLRQV�FR�
RSHUDWH�LQ�WKLV�&HOO�IRU�RUJDQLVLQJ�D�VWDQGE\�IROORZ�XS�RI�HSLVRGHV�RI�SKRWRFKHPLFDO
SROOXWLRQ��%\�DQ�´$LU�4XDOLW\�%XOOHWLQµ�EURDGFDVW�E\�,5&(/�DFFRUGLQJ�WR�WKH�2]RQH
'LUHFWLYH�������((&�WKH�SXEOLF�LV�LQIRUPHG�RQ�WKH�H[FHHGDQFHV�RI�LQIRUPDWLRQ�DOHUW
WKUHVKROGV��7KH�EXOOHWLQ�LQFOXGHV�YHUEDOLVHG�PRGHO�SUHGLFWLRQV�IRU�IXUWKHU
H[FHHGDQFHV�RI�WKH�WKUHVKROGV�IRU�WKH�VDPH�GD\�DQG�IRU�WKH�QH[W�WZR�GD\V�
 
602*6723�KDV�EHHQ�GHYHORSHG�E\�9,72��)OHPLVK�,QVWLWXWH�IRU�7HFKQRORJLFDO
5HVHDUFK��DQG�LV�GHVFULEHG�LQ�'XPRQW�HW�DO����������DQG�LQ�/LVVHQV�HW�DO��������

7KH�SXUSRVH�RI�WKH�R]RQH�IRUHFDVWLQJ�PRGHO�FOXVWHU�LV�WR�LQIRUP�SHRSOH�VR�WKH\�FDQ
WDNH�PHDVXUHV�WR�UHGXFH�H[SRVXUH�WR�KLJK�R]RQH�FRQFHQWUDWLRQV��7KH�PRGHO
WKHUHIRUH�RQO\�RSHUDWHV�RQ�GD\V�ZLWK�UHDVRQDEOH�ULVN�RI�H[FHHGLQJ�WKH�(8�SXEOLF
LQIRUPDWLRQ�WKUHVKROG�RI������J�Pó�VRPHZKHUH�LQ�%HOJLXP��ULVN�RI�D�VR�FDOOHG
´R]RQH�GD\µ��

2]RQH�IRUHFDVWV�IRU�WKH�QH[W�WZR�GD\V�DUH�QRW�XVHG�WR�WULJJHU�VKRUW�WHUP�PHDVXUHV�DW
DOO�EHFDXVH�WHPSRUDU\�PHDVXUHV�ZRXOG�QRW�KDYH�DQ\�HIIHFW�RQ�R]RQH�PD[LPD�LQ
%HOJLXP��7KH\�PD\�HYHQ�EH�FRXQWHUSURGXFWLYH��DV�KDV�EHHQ�GHPRQVWUDWHG�E\
9DQGHUVWUDHWHQ�HW�DO���������DQG�'XPRQW��������

7KH�602*6723�PRGHO�FOXVWHU�FRQVLVWV�RI�WZR�FODVVLFDO�UHJUHVVLRQ�PRGHOV��WZR
´QHDUHVW�QHLJKERXUµ�OLNH�PRGHOV�DQG�IRXU�VWUDWLILHG�FDVXLVWLF�PRGHOV��7KH�´QHDUHVW
QHLJKERXUµ�OLNH�PRGHOV�ORRN�LQ�D�PXOWL�GLPHQVLRQDO�VSDFH��PDGH�XS�E\�WKH
H[SODQDWRU\�YDULDEOHV�ZHLJKWHG�E\�WKHLU�UHJUHVVLRQ�W�YDOXH��IRU�WKH�VKRUWHVW�GLVWDQFH
EHWZHHQ�WKH�DFWXDO�REVHUYHG�GDWD�SRLQW�DQG�WKH�SRLQWV�LQ�WKH�VHW�RI�KLVWRULFDO�GDWD�
7KH�FDVXLVWLF�PRGHOV�ILQDOO\�XVH�QHXUDO�QHWZRUN�DOJRULWKPV��%HIRUH�EHLQJ�EURDGFDVW�
WKH�UHVXOWV�IURP�WKH�YDULRXV�PRGHO�W\SHV�DUH�HYDOXDWHG�E\�DQ�,5&(/�VWDII�PHPEHU
DQG�LQWHJUDWHG�LQWR�D�VLQJOH�IRUHFDVW��´H[SHUW�RSLQLRQµ��

7KH�PRGHOV�SUHGLFW�WKH�PD[LPDO�R]RQH�FRQFHQWUDWLRQV�IRU�GD\����VDPH�GD\���IRU
GD\���DQG�GD\���DW�WKH����PHDVXULQJ�SRLQWV�LQ�%HOJLXP��%\�PHDQV�RI�D�VSDWLDO
LQWHUSRODWLRQ�LQ�D��[��NP�QDWLRQ�ZLGH�JULG��PDSV�DUH�GUDZQ�VKRZLQJ�WKH�H[SHFWHG
GDLO\�PD[LPDO�R]RQH�FRQFHQWUDWLRQV�DOO�RYHU�WKH�FRXQWU\��,I�VRPHZKHUH�LQ�%HOJLXP
WKH�PD[LPXP�SUHGLFWHG�YDOXH�H[FHHGV������J�Pó��WKH�SXEOLF�LV�LQIRUPHG�WR�WDNH
SUHFDXWLRQV�RQ�WKDW�GD\��7KH�GHJUHH�RI�SUREDELOLW\�RI�WKH�H[FHHGDQFH�RI������J�Pó
LV�QRW�H[SUHVVHG�QXPHULFDOO\�LQ�WKH�$LU�4XDOLW\�%XOOHWLQ�EXW�WKH�DVVHVVLQJ�H[SHUW�PD\
LQGLFDWH�LW�DV�ZHOO�DV�LWV�JHRJUDSKLFDO�VSUHDG��WDNLQJ�LQWR�DFFRXQW�DOVR�WKH�XQFHUWDLQW\
RQ�PHWHRURORJLFDO�IRUHFDVW�

602*6723�LQSXW�FRQVLVWV�RI�WKUHH�PHWHRURORJLFDO�IRUHFDVW�SDUDPHWHUV������
SURYLGHG�E\�D�VSHFLDOLVHG�ZHDWKHU�IRUHFDVWLQJ�EXUHDX��DQG�WZR�SROOXWLRQ�SDUDPHWHUV
DFWXDOO\�PHDVXUHG�LQ�WKH�DLU�TXDOLW\�QHWZRUNV�RI�WKH�5HJLRQV����DQG����
• WKH�GDLO\�PD[LPXP�WHPSHUDWXUH��70$;�
• WKH�GLIIHUHQFH�EHWZHHQ�PD[LPXP�DQG�PLQLPXP�WHPSHUDWXUH��75$1*(�
• WKH�GDLO\�DYHUDJH�ZLQG�VSHHG��$9*:63�
• WKH�HDUO\�PRUQLQJ�R]RQH�DQG���LI�DYDLODEOH���12��FRQFHQWUDWLRQ��02512;�
• WKH�PD[LPXP�R]RQH�FRQFHQWUDWLRQ�RI�WKH�SUHYLRXV�GD\��2�����
7KRVH�ILYH�LQSXW�SDUDPHWHUV�DUH�QHHGHG�DW�DOO����R]RQH�PHDVXULQJ�VLWHV�LQ�%HOJLXP
DQG�IRU�HDFK�RI�WKH�WKUHH�GD\V�RI�WKH�IRUHFDVWLQJ�WLPH�VSDQ��2����IRU�GD\���DQG
GD\���EHLQJ�WKH�PRGHO·V�RZQ�SUHYLVLRQV�IRU�GD\���DQG�GD\���UHVSHFWLYHO\��
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%\�WKH�QDWXUH�RI�WKH�PRGHO��QRQ�GHWHUPLQLVWLF��QR�HPLVVLRQ�GDWD�DUH�UHTXLUHG�
+RZHYHU��WKH�H[SHUW�PD\�FRQVLGHU�WKH�W\SH�RI�WUDIILF�HPLVVLRQV�RI�R]RQH�SUHFXUVRUV
�12[�DQG�92&��ZKLFK�DUH�WR�EH�H[SHFWHG��RQ�WKH�ILUVW�GD\�RI�UHGXFHG�WUDIILF
HPLVVLRQV��H�J��RQ�6DWXUGD\V��R]RQH�PD[LPD�WHQG�WR�EH�XQGHUHVWLPDWHG�E\�WKH
PRGHO�

2SHUDWLQJ�WKH�PRGHOV��LQFOXGLQJ�WKH�DFTXLVLWLRQ�RI�LQSXW�LQIRUPDWLRQ��SURGXFWLRQ�RI
WDEOHV�DQG�PDSV��DVVHVVPHQW�RI�UHVXOWV��UHGDFWLRQ�DQG�EURDGFDVWLQJ�RI�WKH�ILQDO�$LU
4XDOLW\�%XOOHWLQ��ID[��SKRQH��,QWHUQHW������DQVZHULQJ�WR�TXHVWLRQV�IURP�SROLF\�SHRSOH�
SUHVV�DQG�SXEOLF��UHSUHVHQW�D�IXOO�WLPH�MRE�IRU�DQ�H[SHULHQFHG�VWDII�PHPEHU�GXULQJ
WKH�VXPPHU�PRQWKV��7DNLQJ�LQWR�DFFRXQW�WKH�YDOLGDWLRQ��XSJUDGLQJ��XSGDWLQJ�
UHSRUWLQJ��HWF��WKH�VWDII�UHVRXUFHV�PRXQW�XS�WR�D�KDOI�WLPH�MRE�RQ�D�\HDUO\�EDVLV�

0RGHO�SHUIRUPDQFHV�DUH�HYDOXDWHG�DIWHU�HDFK�VXPPHU�VHDVRQ��,W�LV�GRQH�E\�PHDQV�RI
D�IRXU�HOHPHQW�FRQWLQJHQF\�PDWUL[��PRGHO�REVHUYDWLRQ�YHUVXV�\HV�QR��IRU�WKH
LQGLYLGXDO����R]RQH�PRQLWRULQJ�VLWHV�DV�ZHOO�DV�IRU�WKH�QDWLRQ�ZLGH�SUHGLFWLRQ�RI�DQ
´R]RQH�GD\µ��6WUDWLILHG�FDVXLVWLF��QHXUDO�QHWZRUN�EDVHG��PRGHOV�FOHDUO\�SHUIRUP
EHWWHU�WKDQ�WKH�RWKHU�PRGHOV�LQ�SUHGLFWLQJ�WKH�H[WUHPH�R]RQH�FRQFHQWUDWLRQ�YDOXHV�
���RXW�RI����R]RQH�GD\V��FRQF��!������J�Pó��GXULQJ�WKH�VXPPHU�RI������ZHUH
SUHGLFWHG�FRUUHFWO\��ZLWK�RQO\���IDOVH�DODUPV��5HJUHVVLRQ�PRGHOV�SUHGLFWHG�RQO\���RXW
RI�WKH����R]RQH�GD\V�DQG�LQ�IDFW�RXWVFRUH�WKH�RWKHU�PRGHOV�RQO\�LQ�SUHGLFWLQJ�QRQ�
R]RQH�GD\V�

2.3.2. National research and development efforts in Belgium

602*6723�PRGHO

• 6LQFH����'HFHPEHU������WKH�PRGHO�KDV�EHHQ�H[WHQGHG�ZLWK�D�ZLQWHUVPRJ
�62���SUHYLVLRQ�PRGXOH�WKDW�KDV�DOPRVW�WKH�VDPH�FKDUDFWHULVWLFV�DV�WKH
R]RQH�SUHYLVLRQ�PRGXOH�

• ([FHSW�IRU�VRPH�HPSLULFDO�FRQVLGHUDWLRQV�RI�GLIIHUHQW�W\SHV�RI�R]RQH
SUHFXUVRU�HPLVVLRQ�GD\V��ZRUNLQJ�GD\V�YHUVXV�ZHHNHQGV�DQG�KROLGD\V��QR
VXEVWDQWLDO�PRGLILFDWLRQV�ZLOO�EH�LPSOHPHQWHG�WR�WKH�PRGHO·V�SKLORVRSK\�

• 3UH��DQG�SRVW�SURFHVVLQJ�IDFLOLWLHV�ZLOO�EH�ZRUNHG�RXW�
���DPHOLRUDWLRQ��DXWRPDWLRQ��RI�WKH�DFTXLVLWLRQ�RI�LQSXW�GDWD��
HVSHFLDOO\�DFTXLVLWLRQ�DQG�LQSXW�RI�PHWHRURORJLFDO�SUHYLVLRQV�
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´SKRWRFKHPLFDO�UHVHUYRLUµ�SUHOXGLQJ�KLJK�JURXQG�OHYHO�R]RQH�FRQFHQWUDWLRQV
RQ�WKH�QH[W�GD\�
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7KH�V\VWHP�KDV�EHHQ�LQ�D�WHVW�RSHUDWLRQ�VLQFH�0DUFK�������DQG�LV�VHW�XS�WR�PDNH��
���KRXUV�IRUHFDVWV�DXWRPDWLFDOO\�WZLFH�D�GD\�IRU�VHOHFWHG�VLWHV�RU�UHFHSWRU�SRLQWV
ZLWKLQ�WKH�(0(3�JULG�FRYHULQJ�DOO�RI�(XURSH�

7KH�WUDQVSRUW�PRGHO�LV�FDOFXODWLQJ���'�EDFN�WUDMHFWRULHV�FRYHULQJ�DW�OHDVW�WKH�IRXU
GD\V�SUHFHGLQJ�WKH�DUULYDO�WLPH�ZLWK�H[FHSWLRQ�RI�WUDMHFWRULHV�WUDYHUVLQJ�WKH
ERXQGDULHV�RI�WKH�'0,�+,5/$0�DUHD��WKH�YHUVLRQ�XVHG�LQ�WKH�(XURSH�YHUVLRQ��(�
FRYHULQJ�PRVW�RI�(XURSH��ZLWK�KRUL]RQWDO�UHVROXWLRQ�RI����NP�[����NP�DQG�YHUWLFDO
UHVROXWLRQ�RI����OD\HUV��

3DUDPHWHUV�DORQJ�WKH�WUDMHFWRULHV�DUH�

• &R�RUGLQDWHV
• 2URJUDSK\
• +HLJKW�DERYH�JURXQG
• +RUL]RQWDO�ZLQG��X��Y�
• 7HPSHUDWXUH
• 5HODWLYH�KXPLGLW\

• ���PHWHU�KRUL]RQWDO�ZLQG��X��Y�
• 6XUIDFH�WHPSHUDWXUH
• 3UHFLSLWDWLRQ�LQWHQVLW\
• 7RWDO�FORXG�FRYHU
• 6XUIDFH�WHPSHUDWXUH
• 6XUIDFH�IOX[HV�RI�KHDW
• 6XUIDFH�IOX[HV�RI�PRPHQWXP
• +HLJKW�RI�PL[LQJ�OD\HU

7KH�FRQFHQWUDWLRQ�RI�DERXW����FKHPLFDO�VSHFLHV�DUH�FDOFXODWHG�E\�D�FKHPLVWU\�PRGHO
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�������7ZR�V\VWHPV�DUH�XVHG�
• D�JHQHUDO�WUHQG�RQH�GD\�LQ�DGYDQFH�LQ�FROODERUDWLRQ�ZLWK�WKH�)UHQFK
PHWHRURORJLFDO�VHUYLFHV��0pWpR�)UDQFH���7KLV�WUHQG�LV�EDVHG�RQ�PHWHRURORJLFDO
FRQGLWLRQV�FRQGXFLYH�WR�KLJK�R]RQH�OHYHOV�

• D�IRUHFDVW�RI�WKH�H[SHFWHG�PD[LPXP�YDOXH�RI�R]RQH�LQ�WKH�PRUQLQJ�IRU�WKH�VDPH
GD\��7KLV�PRGHO�KDV�EHHQ�GHYHORSHG�E\�D�UHVHDUFK�WHDP�RI�VWDWLVWLFLDQV��)UHQFK
8QLYHUVLWLHV�RI�2UVD\�DQG�/\RQ��IRU�WKH�3DULV�DUHD�
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6LQFH�WKH�ILUVW�V\VWHP�SURYLGHV�RQO\�D�WUHQG��PRUH�HPSKDVLV�ZLOO�EH�SXW�RQ�WKH
VHFRQG�RQH�

7KLV�PRGHO�ZDV�WHVWHG�IRU�WKH�ILUVW�WLPH�GXULQJ�6XPPHU�������-XQH�$XJXVW���,Q�IDFW�
WZR�W\SHV�RI�VWDWLVWLFDO�PRGHOV�ZHUH�UXQQLQJ�GXULQJ�WKH�VDPH�SHULRG�
• WKH�OLQHDU�PRGHO�LV�EDVHG�RQ�D�FODVVLILFDWLRQ����FODVVHV��DFFRUGLQJ�WR�WKH
FDOFXODWLRQ�RI�D�GLVWDQFH�EHWZHHQ�WZR�GD\V��XSRQ�GLIIHUHQW�GDLO\�SURILOHV���>2�@�
>12[@��ZLQG�VSHHG��VXUIDFH�WHPSHUDWXUH�DQG��∆7�����P���IROORZHG�E\�D�PXOWLSOH
UHJUHVVLRQ�ZLWKLQ�HDFK�FODVV��$�GD\�LV�FODVVLILHG�LQWR�RQH�FODVV�DFFRUGLQJ�WR�WKH
SURILOHV�RI�WKH�SUHYLRXV�GD\�DQG�QLJKW�

• WKH�QRQ�OLQHDU�DXWR�UHJUHVVLYH��QRQ�SDUDPHWULFDO��PRGHO�LV�EDVHG�RQ�D�VLPLODULW\
LQGH[�EHWZHHQ�WKH�SUHVHQW�GD\�DQG�SDVW�GD\V�RI�WKH�GDWD�EDVH��7KH�FRPSXWDWLRQ
RI�WKH�LQGH[�WDNHV�LQWR�DFFRXQW�WKH�VDPH�SURILOHV�DV�WKH�OLQHDU�PRGHOV��7KH
SUHGLFWHG�R]RQH�PD[LPXP�LV�WKH�EDU\FHQWUH�RI�WKH�REVHUYHG�R]RQH�PD[LPXP�RI
WKH�QHDUHVW�QHLJKERXUV�LQ�WKH�GDWD�EDVH�

,W�SURYLGHV�HDFK�PRUQLQJ�DW���D�P��D����KRXUV�R]RQH�IRUHFDVW��WKDW�LV�WR�VD\�WKH
H[SHFWHG�PD[LPXP�YDOXH�RI�WKH�R]RQH�FRQFHQWUDWLRQ�RI�WKH�DIWHUQRRQ�IRU�HDFK
R]RQH�PRQLWRULQJ�VLWH�RI�3DULV�DJJORPHUDWLRQ����VLWHV���1RW�RQO\�GR�WKH\�SURGXFH
>2�@PD[��EXW�WKH\�DOVR�JLYH�IRU�HDFK�VLWH�D�FRQILGHQFH�LQWHUYDO�DQG�WKH�SUREDELOLW\�RI
H[FHHGDQFH�RI�WKH�ILUVW�WZR�OHYHOV�RI�WKH�DOHUW�V\VWHP�LPSOHPHQWHG�LQ�3DULV�DUHD�����
�J�P���LQIRUPDWLRQ�RI�WKH�DXWKRULWLHV��DQG������J�P���LQIRUPDWLRQ�RI�WKH
SRSXODWLRQ���7KH�DOHUW�WKUHVKROG�LV������J�P��EXW�VLQFH�LW�QHYHU�RFFXUUHG�LQ�WKH�SDVW
WKH�IRUHFDVW�RI�WKH�WKUHVKROG�LV�YHU\�GLIILFXOW�

'XH�WR�WKHVH�HLJKW�SUHGLFWLRQV��WKH�PRGHO�WKHQ�IRUHFDVWV�WKH�SUREDELOLW\�RI�LVVXLQJ�DQ
R]RQH�ZDUQLQJ�RI�OHYHO���������J�P���RU�OHYHO���������J�P����WKH�ORFDO�UHJXODWLRQ�RYHU
3DULV�PHWURSROLWDQ�DUHD�UHTXLUHV�WKDW�D�WKUHVKROG�EH�H[FHHGHG�LQ�DW�OHDVW�WZR
PHDVXULQJ�VLWHV�LQ�D�WLPH�VSDQ�OHVV�WKDQ�RQH�KRXU��7KH�HQIRUFHPHQW�RI�WKLV�DOHUW
V\VWHP�FDQ�LQYROYH�WHPSRUDU\�PHDVXUHV�VXFK�DV�IUHH�SXEOLF�WUDQVSRUWDWLRQ�RQ�GD\V�RI
KLJK�SROOXWLRQ�

%RWK�PRGHOV�XVH�WKH�VDPH�SUHGLFWRUV��KRXUO\�YDOXHV�RI�>2�@�DQG�>12[@��KRXUO\
DYHUDJHV�RI�ZLQG�VSHHG��VXUIDFH�WHPSHUDWXUH�DQG�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ��
DQG����P��'XH�WR�GDWD�DYDLODELOLW\��RQO\�PHDVXUHG�GDWD�DUH�HPSOR\HG��QRWH�WKDW�QR
QXPHULFDOO\�SUHGLFWHG�PHWHRURORJLFDO�SDUDPHWHU�LV�XVHG��7KH�QRQ�OLQHDU�PRGHO
WKRXJK�JLYHV�WKH�SRVVLELOLW\�RI�IRUHFDVWLQJ�7PD[�DQG�WKH�DYHUDJH�ZLQG�VSHHG�EHWZHHQ
��DQG���S�P��EHIRUH�IRUHFDVWLQJ�>2�@PD[��XVLQJ�WKH�VDPH�VWDWLVWLFDO�PHWKRG��0RUHRYHU�
QR�DLU�TXDOLW\�GDWD�IURP�RWKHU�DLU�TXDOLW\�PRQLWRULQJ�QHWZRUNV�RXWVLGH�WKH�3DULV�DUHD
DUH�XVHG��WKXV�PLQLPLVLQJ�WKH�HIIHFW�RI�ORQJ�UDQJH�WUDQVSRUW�

6XPPHU������ZDV�D�FOHDQ�SHULRG�LQ�3DULV�WKDQNV�WR��EDG��PHWHRURORJLFDO�FRQGLWLRQV�
&RQVHTXHQWO\�QR�H[FHHGDQFH�RI������J�P��ZDV�UHSRUWHG�DQG�RQO\�D�IHZ�H[FHHGDQFHV
RI������J�P��ZHUH�PHDVXUHG��/DVW�VXPPHU�ZDV�WKHUHIRUH�QRW�D�JRRG�YDOLGDWLRQ�GDWD
VHW��7KH�PRGHOV�ZLOO�EH�EHWWHU�HYDOXDWHG�DIWHU������R]RQH�VHDVRQ�

$,53$5,)�LQWHQGV�WR�UXQ�WKH�PRGHOV�HYHU\�VXPPHU�VHDVRQ��-XQH�WR�$XJXVW��DQG�WR
HYDOXDWH�LWV�SHUIRUPDQFHV�DIWHU�HDFK�SHULRG��7KH�PRGHOV�DUH�VWLOO�XQGHU
LPSURYHPHQW��5HO\LQJ�RQ�WKHLU�NQRZOHGJH�JDLQHG�ZLWK�WKH�GHYHORSPHQW�RI�WKH�VKRUW
WHUP�IRUHFDVW�V\VWHP�����KRXUV���WKH�VWDWLVWLFLDQV�QRZ�ZRUN�RQ�D�RQH�GD\�LQ�DGYDQFH
IRUHFDVW�
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%HFDXVH�QR�PHWHRURORJLFDO�IRUHFDVW�LV�XVHG��WKHVH�PRGHOV�DVVXPH�D�VWDELOLW\�RI
ZHDWKHU�FRQGLWLRQV�IURP�WKH�PRUQLQJ�WR�WKH�DIWHUQRRQ��LW�LV�WKHUHIRUH�H[SHFWHG�WKDW
WKH\�IDLOHG�WR�SUHGLFW�FRUUHFWO\�>2�@PD[�LQ�FDVH�RI�D�VXGGHQ�FKDQJH�LQ�ZHDWKHU
FRQGLWLRQV��0RUHRYHU��WKH�FDOLEUDWLRQ�GDWD�VHW�FRQVLVWV�RI�WKH�VXPPHUV�����������
%XW�LQ������DQG������WKHUH�ZHUH�RQO\���R]RQH�PHDVXULQJ�VLWHV��&RQVHTXHQWO\�WKH
GDWD�EDVH�LV�QRW�KRPRJHQHRXV�IRU�HDFK�VWDWLRQ�

,Q�WKH�QHDU�IXWXUH��WKLV�PRGHO�ZLOO�EH�LPSURYHG��LQ�FROODERUDWLRQ�ZLWK�0pWpR�)UDQFH�
ZLWK�WKH�LQWURGXFWLRQ�RI�IRUHFDVW�PHWHRURORJLFDO�SDUDPHWHUV��7KH�REMHFWLYH�LV�WR
SURYLGH�D�IRUHFDVW�RI�WKH�PD[LPXP�R]RQH�FRQFHQWUDWLRQ�RQH�GD\�LQ�DGYDQFH�RYHU
3DULV�PHWURSROLWDQ�DUHD�

7KH�IRUHFDVWLQJ�WRROV�UXQ�RQ�D�3&��3HQWLXP�������WKH�SURJUDP�FDQ�UXQ�HYHU\�GD\
IURP���D�P���ORFDO�WLPH�

&RVWV�RI�WKH�IRUHFDVWLQJ�SURJUDP�
LQYHVWPHQW�EXGJHW��SUHOLPLQDU\�VXUYH\��PRGHO�GHYHORSPHQW�DQG�FRPSXWHU
SXUFKDVH��

��PLOOLRQV�)UHQFK�)UDQFV�IRU���\HDUV
UXQQLQJ�EXGJHW�
PDQDJHPHQW�RI�WKH�SURJUDP�E\�DQ�$LU�3ROOXWLRQ�(QJLQHHU����PDQ�PRQWKV�

2.6.2.  National research and development efforts

6HYHUDO�UHVHDUFK�SURMHFWV�RQ�R]RQH�IRUHFDVWLQJ�DUH�VXSSRUWHG�E\�D�QDWLRQDO�UHVHDUFK
IXQG�RI�WKH�)UHQFK�0LQLVWU\�RI�WKH�(QYLURQPHQW��35,0(48$/��

,Q�6WUDVERXUJ��$63$��DLU�TXDOLW\�PRQLWRULQJ�QHWZRUN�RI�$OVDFH��LQWHQGV�WR�IUDPH�D
VWDWLVWLFDO�PRGHO�WR�IRUHFDVW�D�SKRWRFKHPLFDO�SROOXWLRQ�LQGH[����KRXUV�LQ�DGYDQFH
�$63$���������,W�LV�DLPHG�DW�VXSSRUWLQJ�SXEOLF�LQIRUPDWLRQ��SL��DQG�DW�WDNLQJ
WHPSRUDU\�PHDVXUHV�VXFK�DV�WKH�LQWHQVLILFDWLRQ�RI�SXEOLF�WUDQVSRUWDWLRQ��7KH
FDOFXODWLRQ�RI�WKH�LQGH[�UHOLHV�RQ�WKH�IRUHFDVW��>2�@PD[��,Q�WKH�ILUVW�LQVWDQFH��WKH
PRGHO�ZLOO�SURGXFH�D�IRUHFDVW�IRU�WKH�6WUDVERXUJ�.HKO�DUHD��ZLWK�D�YLHZ�RI�D�SRVVLEOH
H[WHQVLRQ�WR�WKH�ZKROH�5KLQH�EDVLQ�

7KH�IRUHFDVWLQJ�V\VWHP�ZLOO�EH�EDVHG�RQ�GLVFULPLQDQW�DQDO\VLV��EXW�ZLOO�DOVR�WDNH�LQWR
DFFRXQW�HPLVVLRQV��XVLQJ�DQ�KRXUO\�HPLVVLRQ�VFKHPH��DQWKURSRJHQLF�DQG�ELRJHQLF�
EXLOW�LQ�WKH�ZDNH�RI�D�FDGDVWHU�RI�������5(./,3�SURJUDP���,W�ZLOO�XVH�GDLO\�D
QXPHULFDO�ZHDWKHU�IRUHFDVW��WKH�HPLVVLRQV�DQG�ORFDO�DLU�TXDOLW\�PHDVXUHPHQWV�

,Q�1DQWHV��WKH�&67%��&HQWUH�6FLHQWLILTXH�HW�WHFKQLTXH�GX�%kWLPHQW��ZLOO�GHYHORS�D
VWDWLVWLFDO�PRGHO�WR�IRUHFDVW�WKH�IXOO�FRQFHQWUDWLRQ�VHULHV�RI�>2�@�RI�WKH�GD\�DQG�WKH
IROORZLQJ�GD\�����K�IRUHFDVW���&67%���������,Q�D�ILUVW�VWHS��D�IDFWRUDO�DQDO\VLV
�FOXVWHULQJ�IROORZHG�E\�D�KLHUDUFKLFDO�FODVVLILFDWLRQ�WHFKQLTXH��ZLOO�LGHQWLI\�GLIIHUHQW
VLWXDWLRQ�W\SHV��7KHQ�DQ�$5,0$�PRGHO�ZLOO�EH�GHYHORSHG�ZLWKLQ�HDFK�FODVV��7KH
VLWXDWLRQ�W\SH�RI�WKH�SUHYLRXV�GD\�ZLOO�EH�GHWHUPLQHG�E\�ORFDO�>2�@�PHDVXUHPHQWV���
VLWHV���PHWHRURORJLFDO�REVHUYDWLRQV�DQG�HPLVVLRQV��WUDIILF�DQG�LQGXVWULHV��RI�WKH
SUHYLRXV�GD\��ZKHUHDV�WKH�VLWXDWLRQ�W\SH�RI�WKH�GD\�DQG�WKH�IROORZLQJ�GD\�ZLOO�EH
GHWHUPLQHG�E\�WKH�PHWHRURORJLFDO�IRUHFDVW�

7KH�&67%�LQWHQGV�WR�GHYHORS�D�VRIWZDUH�WKDW�FRXOG�EH�XVHG�IRU�RWKHU�FLWLHV�WKDQ
1DQWHV�ZKHQ�LW�LV�VKRZHG�WKDW�WKH�PRGHO�LV�UHDVRQDEO\�VXFFHVVIXO�
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,Q�3DULV�DUHD��WKH�/0'�WHDP��8QLYHUVLW\�ODERUDWRU\�RI�G\QDPLF�PHWHRURORJ\��KDV
SURSRVHG�WR�GHYHORS�DQ�RULJLQDO�K\EULG�PRGHO��ZKLFK�XVHV�ERWK�FDXVDO�DQG�VWDWLVWLFDO
PHWKRGV��/0'���������7KLV�V\VWHP�FRQVLVWV�RI�D�VLPSOLILHG�GHWHUPLQLVWLF�PRGHO��ER[
PRGHO��ZKRVH�SDUDPHWHUV��H�J��FRQVWDQWV�RI�WKH�SKRWRFKHPLFDO�UHDFWLRQV��DUH
DGMXVWHG�WR�ILW�WKH�GDWD�VHW�RI�DLU�TXDOLW\�PHDVXUHG�GDWD��$,53$5,)�VLWHV�VLQFH�������
WKLV�WHFKQLTXH�LV�QDPHG�LQYHUWHG�PRGHOOLQJ��XQOLNH�XVXDO�GHWHUPLQLVWLF�PRGHOOLQJ
IRU�ZKLFK�WKH�SDUDPHWHUV�DUH�IL[HG�RQFH�DQG�IRU�DOO��7KH�ER[�PRGHO�LQYROYHV�D
VLPSOLILFDWLRQ�RI�
• WKH�G\QDPLF��XVH�RI�WKH�DYHUDJH�ZLQG�VSHHG�RQO\��DQG�FODVVLILFDWLRQ�DFFRUGLQJ�WR
PHWHRURORJLFDO�SDUDPHWHUV��WHPSHUDWXUH��KXPLGLW\������D�PL[LQJ�FRHIILFLHQW�EHLQJ
DVVLJQHG�WR�HDFK�FODVV�

• WKH�FKHPLVWU\��VLPSOLILHG�0(/&+,25�PRGHO��ZLWK�D�OLPLWHG�QXPEHU�RI�UHDFWLRQV
DQG�ZLWK�DGMXVWDEOH�SDUDPHWHUV�

7KH�/0'�PRGHO�ZLOO�SURGXFH�D�IXOO�FRQFHQWUDWLRQ�VHULHV��FDXVDO�RXWSXW��DQG�D
SUREDELOLW\�RI�H[FHHGDQFH��VWDWLVWLFDO�RXWSXW���WKHUHIRUH�LW�LQFOXGHV�DQ�XQFHUWDLQW\
LQGLFDWLRQ��%HFDXVH�RI�WKH�XVH�RI�D�GHWHUPLQLVWLF�VXE�PRGXOH��LQLWLDO�FRQGLWLRQV�DUH
QHHGHG��7KH�PLVVLQJ�YDOXHV�ZLOO�EH��UHVWRUHG��WKDQNV�WR�GLIIHUHQW�GDWD�DVVLPLODWLRQ
PHWKRGV��H�J��.DOPDQ�ILOWHUV��

References

$63$��������,QYHVWLJDWLRQV�FRQFHUQDQW�OH�GpYHORSSHPHQW�G
XQ�V\VWqPH�GH�SUpYLVLRQ
VWDWLVWLTXH�GHV�SRLQWHV�GH�SROOXWLRQ�SDU�O
R]RQH�VXU�OD�]RQH�GH�6WUDVERXUJ�.HKO�
$63$�����������

&67%��������0pWKRGRORJLH�SRXU�OD�FRQVWUXFWLRQ�GH�PRGqOHV�VWRFKDVWLTXHV�DSSOLTXpV
j�OD�SUpYLVLRQ�WHPSRUHOOH�GHV�SRLQWHV�GH�SROOXWLRQ��&67%��1DQWHV�������

'DFXQKD�&DVWHOOH�'��HW�DO���������)RUHFDVWLQJ�R]RQH�SHDNV�LQ�3DULV�DUHD��WR�EH
SXEOLVKHG�

/0'��������3UpYLVLRQ�HW�SUpYLVLELOLWp�GHV�SRLQWHV�GH�SROOXWLRQ�j�O
pFKHOOH�XUEDLQH�SDU
PRGpOLVDWLRQ�LQYHUVH��/0'�&156��8QLYHUVLWp�3LHUUH�HW�0DULH�&XULH��PDL
�����

2.7. Germany

$V�DOUHDG\�PHQWLRQHG�LQ�WKH�6WDWHPHQW�E\�0LQLVWHUV�IRU�WKH�(QYLURQPHQW���*HUPDQ\
LQWURGXFHG�DQ�Å2]RQH�/DZ´�DPHQGPHQW�WR�WKH�)HGHUDO�$LU�4XDOLW\�&RQWURO�$FW
�%XQGHVLPPLVVLRQVVFKXW]JHVHW]��%,P6FK*���HQDFWHG�LW�RQ�WKH���WK�RI�-XO\�������DQG
UHVWULFWHG�LW�WR�WKH�ILYH�\HDU�SHULRG�HQGLQJ�LQ������

7KH�2]RQH�/DZ�LQFOXGHV�UHVWULFWLRQV�RQ�KLJKO\�SROOXWLQJ�YHKLFOHV��3URYLVLRQV
LQFOXGH�
0RWRU�YHKLFOH�WUDIILF�VKDOO�EH�SURKLELWHG�LQ�WKH�FDVH�RI�LQFUHDVHG�R]RQH
FRQFHQWUDWLRQV�LQ�D�IHGHUDO�VWDWH��%XQGHVODQG��RU�SDUWV�RI�D�IHGHUDO�VWDWH�LI�DW�OHDVW��
PHDVXULQJ�VLWHV��ORFDWHG�PRUH�WKDQ����NP�DSDUW�EXW�OHVV�WKDQ�����NP�DSDUW��DQG�RI
ZKLFK�DW�OHDVW���DUH�ORFDWHG�LQ�WKH�VDPH�IHGHUDO�VWDWH�DQG
��� PHDVXULQJ�DQ�R]RQH�FRQFHQWUDWLRQ�RI�����µJ�P��DV�D�PHDQ�YDOXH�GXULQJ�RQH

KRXU�RQ�WKH�VDPH�GD\�DQG

                                                
1 Statement by Ministers for the Environment of Belgium, Denmark, France, Germany, Ireland, Luxembourg,
the Netherlands and the UK or their personal representatives; Ministerial Conference on Tropospheric Ozone in
Northwest Europe, Lancaster House, London 20 - 21 May 1996.
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��� SURMHFWLQJ�WKDW�����µJ�P���EDVHG�RQ�PHWHRURORJLFDO�LQIRUPDWLRQ�E\�WKH
*HUPDQ�:HDWKHU�6HUYLFH��':'��ZLOO�EH�PHDVXUHG�E\�WKHVH�PHDVXULQJ�VLWHV�LQ
WKH�FRXUVH�RI�WKH�IROORZLQJ�GD\�

7KH�WUDIILF�EDQ�VKDOO�QRW�DSSO\�WR�PRWRU�YHKLFOHV�ZLWK�ORZ�H[KDXVW�HPLVVLRQV��H�J����
ZD\�FDW��PRGHUQ�GLHVHO���6RPH�IXUWKHU�H[FHSWLRQV�DUH�PDGH��L�H��IRU�SXEOLF�WUDIILF
DQG�SXEOLF�VXSSO\�YHKLFOHV�

7KH�FRPSHWHQW�DXWKRULWLHV�DUH�WR�UHTXHVW�WKH�GULYHUV�DQG�RZQHUV�RI�PRWRU�YHKLFOHV
DV�ZHOO�DV�WKH�RSHUDWRUV�RI�LQWHUQDO�FRPEXVWLRQ�HQJLQHV�LQ�WKH�QRQ�FRPPHUFLDO�ILHOG
QRW�WR�XVH�WKHP�DV�VRRQ�DV�DQ�R]RQH�FRQFHQWUDWLRQ�RI�����µJ�P��LV�PHDVXUHG�

2.7.1. Operational systems

7R�GHDO�ZLWK�WKH�DERYH�PHQWLRQHG�2]RQH�/DZ
V�FULWHULD��WKH�80(*��KDV�RUJDQLVHG�D
FHQWUH�IRU�R]RQH�GDWD�H[FKDQJH�RQ�EHKDOI�RI�WKH�)5*·V�IHGHUDO�VWDWHV��2]RQH�GDWD
DQG�PHW�GDWD�PHDVXUHG�LQ�HDFK�RI�WKH�IHGHUDO�VWDWHV��ZLOO�EH�VHQW�WR�WKH�FHQWUH�DQG
ZLOO�EH�PDGH�DYDLODEOH�IRU�DOO��5HO\LQJ�RQ�WKLV�GDWD�EDVH�DQG�RQ�WKH�ZHDWKHU�IRUHFDVW
RI�WKH�*HUPDQ�:HDWKHU�6HUYLFH��':'���HDFK�IHGHUDO�VWDWH�KDV�WR�SURYLGH�DQ�R]RQH
SURJQRVLV��'HSHQGLQJ�RQ�WKH�LQGLYLGXDO�IHGHUDO�VWDWH��GLIIHUHQW�PHWKRGV�DUH�DSSOLHG
WR�IRUHFDVWLQJ��LI�LW�FDQ�EH�DVVXPHG�WKDW�DQ�R]RQH�YDOXH�RI�����µJ�Pó�ZLOO�EH
H[FHHGHG�RQ�WKH�QH[W�GD\��7KH�PHWKRGV�WR�EH�DSSOLHG�DUH�PRVWO\�EDVHG�RQ�H[SHUW
NQRZOHGJH��VWDWLVWLFDO��PXOWLSOH��UHJUHVVLRQ�PRGHOV�RU�QHXUDO�QHWZRUNV��$Q�RYHUYLHZ
RI�WKHVH�PHWKRGV�LV�FRPSLOHG�DW�WKH�HQG�RI�WKLV�VHFWLRQ��7DEOHV�������DQG��������VHH
VHFWLRQ������IRU�H[SODQDWLRQ�RI�WKH�V\PEROV�XVHG��DFFRUGLQJ�WR�WKH�VFKHPH�IRU�WKH
FRXQWULHV
�V\QRSVLV�

7KH�)HGHUDO�(QYLURQPHQWDO�$JHQF\�RI�*HUPDQ\��8%$��DGGLWLRQDOO\�SURYLGHV�D
GHVFULSWLRQ�RI�WKH�H[SHFWHG�R]RQH�SDWWHUQ�LQ�*HUPDQ\�IRU�WKH�QH[W�GD\�GXULQJ�WKH
VXPPHU�VHDVRQ�WR�LQIRUP�WKH�SXEOLF���7KDW�LQIRUPDWLRQ�PD\�EH�GRZQORDGHG�YLD
SKRQH���7KH�FDOFXODWLRQ�LV�EDVHG�RQ�D�PXOWLSOH�OLQHDU�UHJUHVVLRQ�LQYROYLQJ�DERXW����
PHDVXULQJ�VLWHV�LQ�*HUPDQ\��7KH�PD[LPXP�R]RQH�FRQFHQWUDWLRQ�IRU�WKH�IROORZLQJ
GD\��2��SURJ��LV�RXWSXW��7KH�PD[LPXP�R]RQH�FRQFHQWUDWLRQ��PD[�2��DFW��DQG�WKH
WHPSHUDWXUH�PD[LPXP��PD[�7DFW��IRU�WKH�DFWXDO�GD\��DV�ZHOO�DV�WKH�PD[LPXP
WHPSHUDWXUH�IRUHFDVW��PD[�7SURJ��VXSSOLHG�E\�':'�DUH�LQSXW�DQG�FRXSOHG�E\�WKH
IROORZLQJ�HTXDWLRQ�

PD[�2��SURJ�� �N���D��PD[�7DFW�ó���E��PD[�7SURJ�ó���F��PD[�2��DFW�
ZKHUH��N��D��E��DQG�F�DUH��UHJUHVVLRQ�FRHIILFLHQWV�

7KH�UHJUHVVLRQ�HTXDWLRQ�LPSOLFLWO\�VKRZV�D�G\QDPLF�OLQN�WR�WKH�HYROYLQJ�ZHDWKHU
VLWXDWLRQ�ZLWK�UHVSHFW�WR�WKH�PD[LPXP�WHPSHUDWXUH�IRUHFDVW�E\�WKH�':'
V�(8523$
PRGHO��7KH�\HDUO\�R]RQH�SURJQRVLV�HYDOXDWLRQ�VKRZV�VLJQLILFDQW�ELDVHV�DQG�YDULDQFHV
IRU�WKH�YDULRXV�VWDWLRQV��)UHTXHQWO\��D�ODUJH�URRW�PHDQ�VTXDUH�HUURU��UPVH�
FRUUHVSRQGV�WR�D�VLJQLILFDQW�ELDV��%\�HOLPLQDWLQJ�WKH�ELDV�D�GLPLQLVKLQJ�RI�WKH�UPVH
RI�DERXW�����ZDV�DFKLHYHG�DQG�ZDV�FRXSOHG�ZLWK�D�FOHDU�LPSURYHPHQW�RI�WKH
SUHGLFWLYH�FDSDELOLWLHV�RI�WKLV�UHJUHVVLRQ�PHWKRG�FRPSDUHG�ZLWK�WKH�DVVXPSWLRQ�RI
SHUVLVWHQFH��LQ�WHUPV�RI�UHGXFWLRQ�RI�WKH�YDULDQFH��UY���H�J��IRU�D�VWDWLRQ�LQ�%DYDULD
WKH�LPSURYHPHQW�ZDV�IURP�������WR��������

                                                
2 Gesellschaft für Umweltmessungen und Umwelterhebungen GmbH.
3 This activity does not refer to the ozone law whose execution is in the federal state's competence exclusively.
4 phone: ++30 8903 2759; USER: Presse; Baud: 9600, N 8 1 (No Parity, 8 databits, 1 stopbit);
Terminal: ANSI-BBS; protocol for download: ZMODEM or XMODEM



22

7DEOH������

IHGHUDO

VWDWH�

RSHUDWLRQ SXUSRVH V\V�W\SH RXWSXW

FRQF�VSDFH�VSDQ�XQF

%: ���� SL��PHDV HPS PD[�UHJLR��G�QR

%< ���� SL��PHDV VWDW�QHXU PD[�SRLQW��G�QR

%( ���� SL��PHDV VWDW�UHJU��HPS PD[�UHJLR��G�QR

%% ���� SL VWDW�QHXU PD[�SRLQW��G�QR

++ ���� SL��PHDV HPS PD[�UHJLR��G�QR

+( ���� SL��PHDV VWDW�QHXU PD[�UHJLR��G�QR

1, ���� SL VWDW�UHJU PD[�UHJLR��SRLQW��G�QR

1: ���� PHDV HPS PD[�SRLQW��G�QR

53 SL HPS PD[��G�QR

6/ ���� SL HPS PD[�UHJLR��G�QR

61 ���� SL VWDW�QHXU PD[�SRLQW��G�QR

67 ���� SL VWDW�QHXU PD[�SRLQW��G�\HV

6+ PHDV VWDW�UHJU PD[�SRLQW��G�QR

7+ ���� SL VWDW�UHJU��HPS VHULHV��PD[��G�QR

7DEOH�������

IHGHUDO

VWDWH�

LQSXW

$4�UHJ��PHW�UHJ��HP��UHJ

FRPS YDO

%: 2����12����1092&���7�VHULHV��DFWXDO�GD\�

PD[�7��SUHFLSLWDWLRQ��2&7��''��))��IRUHFDVW�IRU�WKH�QH[W�GD\

IURP�*HUPDQ�:HDWKHU�6HUYLFH�

UHJ��\

%< 2���12���''��))��7��5+��S UHJ

%( 2���2��UHJLR��12[��7��''

%% 2����12[���&2���''���))���7���5+�VHULHV��2&7��PD[�7��IRUHFDVW� UHJ

++ 2���2��UHJLR��''��))��7��5+��DFWXDO�GD\�DQG�IRUHFDVW�IURP�WKH

6HD�:HDWKHU�6HUYLFH���RULJLQ�RI�WKH�DLU�PDVV

LQF

+( 2���7 UHJ

1, 2���7 UHJ

1: 2���DFWXDO���''��))��7��2&7��IRUHFDVW�RI�WKH�*HUPDQ�:HDWKHU

6HUYLFH�

LQF

53 2���DFWXDO���7��2&7��IRUHFDVW�RI�WKH�*HUPDQ�:HDWKHU�6HUYLFH�

6/ 2���DFWXDO���7 UHJ

61 2���''��))��7��5+��2&7 UHJ

67 2���12��12���&2��''��))��7��5+��2&7��DFWXDO�GD\��7��IRUHFDVW� UHJ

6+ 2���7 UHJ

7+ 2���&2��12��12���12[ UHJ

2.7.2. Research and development efforts

8%$�LV�IXQGLQJ�DQ�5�	�'�SURMHFW�IRU�LPSURYLQJ�WKH�DFWXDO�PHWKRG�GHVFULEHG�LQ
VHFWLRQ��������7KH�PDLQ�REMHFWLYH�RI�WKLV�5�	�'�SURMHFW�LV�WKH�GHYHORSPHQW�DQG

                                                
5 BW: Baden-Württemberg, BY: Bayern, BE: Berlin, BB: Brandenburg, HH: Hamburg, HE: Hessen, NI:
Niedersachsen, NW: Nordrhein-Westfalen, RP: Rheinland-Pfalz, SL: Saarland, SN: Sachsen, ST: Sachsen-
Anhalt, SH: Schleswig-Holstein, TH: Thüringen
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FRPSDULVRQ�RI�GLIIHUHQW�SURFHGXUHV�WR�IRUHFDVW�GDLO\�PD[LPD�DQG�D�WKUHH�GD\�WUHQG
RI�ORZ�OHYHO�R]RQH�RYHU�*HUPDQ\��+RXUO\�R]RQH�YDOXHV�RI�����PJ�Pó�DQG�KLJKHU�DUH
RI�SDUWLFXODU�LQWHUHVW��7KH�EDVLF�LGHD�LV�WKDW�D�ZHLJKWHG�FRPELQDWLRQ�RI�VSHFLILF
DSSURDFKHV�PLJKW�EH�PRUH�VXFFHVVIXO�WKDQ�RQH�VFKHPH�DORQH��7KH�DSSURDFKHV�DUH�

• WKH�(XOHULDQ�FKHPLFDO�WUDQVSRUW�PRGHO�5(0��ZLWK�WKUHH�FRPSOH[�FKHPLFDO�FRGHV
DQG�D�ODWHUDO�JULG�UHVROXWLRQ�RI�DERXW����NP��7KH�PRGHO�DUHD�FRYHUV�:HVW�DQG
&HQWUDO�(XURSH�DQG�XVHV�WKH�3+2;$�HPLVVLRQ�GDWDEDVH��7KH�PHWHRURORJLFDO
IRUHFDVW�LV�JLYHQ�E\�WKH�':'
V�(8523$�PRGHO��5(0��VKRXOG�GHVFULEH�WKH�EURDG
VFDOH�WUDQVSRUW�RI�FKHPLFDO�FRQVWLWXHQWV�DQG�WKH�JHQHUDO�IRUPDWLRQ�RI�HSLVRGHV
ZLWK�KLJK�R]RQH�FRQFHQWUDWLRQV�DQG��DGGLWLRQDOO\��SURYLGH�WUHQG�LQIRUPDWLRQ�

• VWDWLVWLFDO�DQDO\VLV�RI�����ORFDO�JURXSV�RI�WLPH�VHULHV�E\�FRPELQLQJ�KLHUDUFKLFDO
FOXVWHU�DQDO\VLV�DQG�UHJUHVVLRQ�PHWKRGV��)RU�WKHVH�H[DPLQDWLRQV��WLPH�VHULHV�RI
PHWHRURORJLFDO�SDUDPHWHUV�DQG�DPELHQW�DLU�FRQFHQWUDWLRQ�RI�R]RQH��SOXV�D�VSHFLDO
SURFHGXUH�IRU�GHWHUPLQLQJ�VHULHV�RI�REMHFWLYH�ODUJH�VFDOH�ZHDWKHU�VLWXDWLRQV��DUH
WDNHQ�LQWR�FRQVLGHUDWLRQ��%HFDXVH��PDQ\�RI�WKH�WLPH�VHULHV�DUH�UHODWLYHO\�VKRUW
�DERXW���\HDUV��DQG�FRQWDLQ�RQO\�D�UHODWLYHO\�VPDOO�QXPEHU�RI�KLJK�R]RQH�HSLVRGHV
FRQFHQWUDWLRQV��ZLWK�UHVSHFW�WR�VWDWLVWLFDO�HYDOXDWLRQ��UHJUHVVLRQ�PHWKRGV�DQG
VWDQGDUG�VWDWLVWLFDO�WHFKQLTXHV�FDQ�UXQ�LQWR�SUREOHPV�LQ�VRPH�FDVHV�

• WR�RYHUFRPH�WKHVH�OLPLWDWLRQV�DQG�WR�JHW�D�EHWWHU�GHVFULSWLRQ�RI�WKH�ORFDO�DQG
KLJKO\�QRQ�OLQHDU�SURFHVVHV�RI�R]RQH�JHQHUDWLRQ��VRPH�WHVWV�DUH�PDGH�WR�XWLOLVH
IX]]\�DQG�QHXURIX]]\�FRQFHSWV��6XFK�V\VWHPV�FDQ�GHDO�ZLWK�SRRUO\�GHILQHG
SDUDPHWHU�GLVWULEXWLRQV�WR�VRPH�H[WHQW�DQG�ZLWK�TXDOLWDWLYH�VHWV�RI�UXOHV
GHWHUPLQHG�E\�FOXVWHU�DQDO\VLV�DQG�H[SHUW�DGYLFH��'LIIHUHQW�FRQFHSWV�DUH
GHYHORSHG�WR�JHW�UXOH�EDVHV�E\�XVH�RI�VSHFLDO�FOXVWHU�DOJRULWKPV��,Q�WKLV�FRQWH[W
WKH�QHXURIX]]\�V\VWHPV�FDQ�FRPELQH�FRQWUROOHG�RU�XQFRQWUROOHG�OHDUQLQJ
SURFHGXUHV�ZLWK�WKH�WXQLQJ�RI�WKH�IX]]\�V\VWHP�UXOH�EDVHV�

$OO�WKH�VHSDUDWH�WRROV�PHQWLRQHG�DERYH�ZLOO�EH�EURXJKW�LQWR�D�QHXURIX]]\�V\VWHP��VR
WKDW�IRU�HDFK�UHJLRQ�DQG�HSLVRGH�WKH�EHVW�FRPELQDWLRQ�RI�WKH�GLIIHUHQW�SURFHGXUHV
FDQ�EH�IRXQG��7KH�V\VWHP�ZLOO�VXSSRUW�ERWK�D�EHWWHU�ORFDO�IRUHFDVW�RI�ORZ�OHYHO�R]RQH
FRQFHQWUDWLRQV�DQG�D�EHWWHU�LQVLJKW�LQWR�WKH�GDLO\�ZHDWKHU�SDWWHUQV�DQG�FKHPLFDO
SURFHVVHV�UHODWHG�WR�WKRVH�FRQFHQWUDWLRQV�

2.8. Luxembourg

2.8.1. Operational air quality measuring and ozone forecasting system

7KH�H[LVWLQJ�PHDVXULQJ�QHW�IRU�DLU�TXDOLW\���UpVHDX�QDWLRQDO�GH�PHVXUH�HW�GH
FRQWU{OH�GH�OD�TXDOLWp�GH�O
DLU���KDV�EHHQ�RSHUDWLRQDO�VLQFH�������$�EURFKXUH�WR
GRFXPHQW�WKH�H[LVWLQJ�PHDVXULQJ�HTXLSPHQW�LV�DYDLODEOH��7KH�IRUHFDVWLQJ�RI
PD[LPXP�R]RQH�OHYHOV�IRU�WKH�QH[W�GD\�KDV�EHHQ�GRQH�HYHU\�\HDU�VLQFH������GXULQJ
WKH�ZDUP�VHDVRQ��6LQFH�-XO\������D�JUDSKLF�VKRZLQJ�WKH�PD[LPXP�R]RQH�YDOXHV�RI
WKH�GD\�DQG�D�IRUHFDVW�RI�WKH�PD[LPXP�R]RQH�OHYHO�RI�WKH�QH[W�GD\�KDYH�EHHQ
SXEOLVKHG�

7KH�QHW�FRPSULVHV�ILYH�PHDVXULQJ�VWDWLRQV��ZKLFK�WRGD\�DQDO\VH����JURXSV�RI
SROOXWDQWV��62���12��12���2���&+���72&��&2��&2���%7;��30����GHSHQGLQJ�RQ�WKH
VWDWLRQ�
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7KH�SXUSRVH�RI�WKH�R]RQH�IRUHFDVWLQJ�LV�SXEOLF�LQIRUPDWLRQ�DERXW�WKH�QH[W�GD\
V
R]RQH�FRQFHQWUDWLRQ��0RUHRYHU��WKH�PHVVDJH�FRQWDLQV�DGGLWLRQDO�LQIRUPDWLRQ�ZLWK
EHKDYLRXUDO�JXLGHOLQHV�IRU�LQGLYLGXDOV�WR�DYRLG�XQQHFHVVDU\�HPLVVLRQV�RI�R]RQH
SUHFXUVRU�SROOXWDQWV��7KH�R]RQH�IRUHFDVWLQJ�LV�DOVR�LQWHQGHG�WR�KHOS�R]RQH�VHQVLWLYH
LQGLYLGXDOV�DYRLG�H[SRVXUH�WR�KLJK�JURXQG�OHYHO�R]RQH�FRQFHQWUDWLRQV�IRU�H[WHQGHG
WLPH�SHULRGV��7KH�R]RQH�IRUHFDVW�PHVVDJH�LV�VHQW�RXW�WZLFH�D�GD\��PRUQLQJ�DQG�ODWH
DIWHUQRRQ���$W�WKH�VDPH�WLPH�DQ�DQVZHULQJ�PDFKLQH���2]RQWHOHIRQ���KDV�EHHQ�VHW�XS
WR�DOORZ�SHRSOH�WR�FDOO�RQ�WKH�SKRQH�DW�DQ\�WLPH�GXULQJ�WKH�GD\�IRU�LQIRUPDWLRQ�RQ
FXUUHQW�R]RQH�OHYHOV�DQG�RQ�WKH�QH[W�GD\
V�IRUHFDVW�OHYHO�

7KH�PRGHO�LQ�XVH�WR�GHWHUPLQH�WKH�QH[W�GD\
V�R]RQH�OHYHO�LV�HPSLULFDO�DQG�EDVHG
PDLQO\�RQ�WKH�FXUUHQW�R]RQH�FRQFHQWUDWLRQV�DQG�RQ�PHWHRURORJLFDO�GDWD��,W�LV�DOVR
LPSRUWDQW�WR�KDYH�DQ�H[SHULHQFHG�RSHUDWRU�SUHGLFW�WKH�R]RQH�OHYHO�

7KH�RXWSXW�RI�WKH�PRGHO�DOORZV�WR�IRUHFDVW�D�FRQFHQWUDWLRQ�EDQG�RI�DSSUR[����
�J�P���ZKLFK�WKH�DFWXDO�R]RQH�PD[LPXP�RI�WKH�QH[W�GD\�LV�H[SHFWHG�WR�UHDFK��7KH
IRUHFDVW�WLPH�VSDQ�LV����KRXUV��1R�VWDWLVWLFDO�LQIRUPDWLRQ�LV�DYDLODEOH�DW�WKLV�PRPHQW
DERXW�WKH�IRUHFDVWLQJ�DFFXUDF\�

7KH�LQSXW�GDWD�IRU�WKH�IRUHFDVWLQJ�RI�R]RQH�DUH�GHULYHG�SDUWO\�IURP�WKH�LQIRUPDWLRQ
DYDLODEOH�IURP�WKH�DLU�TXDOLW\�PHDVXULQJ�QHW��0RVW�RI�WKH�UHTXLUHG�LQSXW�GDWD�DUH
WDNHQ�IURP�WKH�PHWHRURORJLFDO�VWDWLRQ�RI�WKH�HQYLURQPHQW�DJHQF\�DQG�IURP�WKH
QDWLRQDO�PHWHRURORJLFDO�VHUYLFH�

7KH�R]RQH�IRUHFDVWLQJ�LV�GRQH�E\�WKH�VWDII�LQ�FKDUJH�RI�WKH�DLU�TXDOLW\�PHDVXULQJ�QHW�
7KH�PHVVDJH�RQ�IXWXUH�R]RQH�OHYHOV�LV�WUDQVPLWWHG�WR�WKH�PHGLD�WRJHWKHU�ZLWK
LQIRUPDWLRQ�RQ�WKH�ODWHVW�PHDVXUHG�R]RQH�FRQFHQWUDWLRQV��7KHUHIRUH�WKH�WLPH
UHTXLUHG�MXVW�IRU�WKH�SUHGLFWLRQ�RI�R]RQH�LV�ORZ��DV�WKH�HTXLSPHQW�DQG�WKH�VWDII�DUH�LQ
SODFH�DQ\ZD\��7KH�UHTXLUHG�WLPH�IRU�WKH�IRUHFDVWLQJ�LWVHOI�LV�WKHUHIRUH�HVWLPDWHG�DW
���PDQ�GD\V�SHU�\HDU�RQO\�

7KH�YDOLGDWLRQ�RI�WKH�R]RQH�DQDO\VHUV�LV�GRQH�DXWRPDWLFDOO\�HYHU\�GD\�E\�WKH
HTXLSPHQW�LWVHOI��]HUR�FKHFN�DQG�VSDQ�FKHFN���7KH�R]RQH�DQDO\VHUV�DUH�YDOLGDWHG
DQQXDOO\�LQ�VSULQJ�GXULQJ�WKH�SDUWLFLSDWLRQ�LQ�LQWHUQDWLRQDO�LQWHUFRPSDULVRQ�WHVWV�

7KH�YDOLGDWLRQ�RI�WKH�R]RQH�IRUHFDVWLQJ�V\VWHP�LV�GRQH�LUUHJXODUO\�

([SHULHQFH�ZLWK�WKH�IRUHFDVWLQJ�V\VWHP�

$GYDQWDJHV� HDV\�WR�XVH ��GXH�WR�LWV�LQWHJUDWLRQ�LQ�WKH�DLU�TXDOLW\
PHDVXULQJ�QHWZRUN

��GXH�WR�VPDOO�QXPEHU�RI�LQSXW�SDUDPHWHUV

'LVDGYDQWDJHV� WKH�H[DFW�PD[LPXP�R]RQH�YDOXH�FDQQRW�EH�IRUHFDVW

/LPLWDWLRQV� FXUUHQWO\�WKH�ORZ�QXPEHU�RI�PHDVXULQJ�VLWHV�DQG�WKH�VPDOO�RSHUDWLQJ
WHDP�GRHV�QRW�DOORZ�DQ�H[WHQVLRQ�RI�WKH�IRUHFDVWLQJ�V\VWHP
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3UDFWLFDO�SUREOHPV� QRQH

)RUHFDVWLQJ�RI�ORQJ�UDQJH�WUDQVSRUW��/57��HSLVRGHV��OLPLWHG�SRVVLELOLWLHV�WR�IRUHFDVW
/57�HSLVRGHV�RQ�D�QDWLRQDO�OHYHO

2.8.2. National research and development efforts

1DWLRQDO�UHVHDUFK�DQG�GHYHORSPHQW�RQ�WURSRVSKHULF�R]RQH�IRUHFDVWLQJ�GR�QRW�H[LVW
DW�WKLV�PRPHQW�

2.9. The Netherlands

2.9.1. Operational systems

7KH�'XWFK�R]RQH�IRUHFDVWLQJ�V\VWHP�LV�EDVHG�RQ�WZR�PRGHOV��D�FDXVDO�DQG�D
VWDWLVWLFDO�PRGHO��DQG�H[SHUW�RSLQLRQ��7KH�H[SHUW�PDNHV�WKH�SURJQRVLV�RQ�WKH�EDVLV
RI�WKH�PRGHO�RXWSXW�DQG�UHFHQW�PHDVXUHPHQWV�DQG�PHWHRURORJ\��6LQFH������5,90
LVVXHV�GDLO\�R]RQH�IRUHFDVWV��)URP�WKH�VXPPHU�RI�������WKH�IRUHFDVWLQJ�V\VWHP�KDV�LWV
SUHVHQW�IRUP��7KH�DLP�RI�WKH�IRUHFDVWLQJ�V\VWHP�LV�WR�LQIRUP�WKH�SXEOLF��7KH�IRUHFDVW
JLYHV�WKH�H[SHFWHG�PD[LPXP�FRQFHQWUDWLRQ�RI�WKH�QH[W�GD\�IRU�ILYH�'XWFK�UHJLRQV�LQ
D�PDS��LQFOXGLQJ�WKH�DUHDV�RYHU�ZKLFK�DOHUW�OHYHOV�DUH�H[SHFWHG�WR�EHFRPH�H[FHHGHG
���������������DQG�����µJ�P��LQ�GLIIHUHQW�JUH\�VKDGHV���$OVR��WKH�H[SHFWHG�DOHUW
OHYHOV�WKDW�DUH�H[FHHGHG�IRU�WKH�IROORZLQJ�GD\�DUH�SUHVHQWHG�LQ�D�WDEOH�SHU�UHJLRQ�

7KH�FDXVDO�PRGHO�LV�WKH�/DJUDQJLDQ�03$�PRGHO��'H�/HHXZ�HW�DO�������������
1RRUGLMN��������7KH�PRGHO�JLYHV�WKH�FRQFHQWUDWLRQ�RQ������30�ORFDO�VXPPHU�WLPH�
RQ�ILYH�ORFDWLRQV�LQ�WKH�1HWKHUODQGV�IRU�RQH��WZR�DQG�WKUHH�GD\V�LQ�DGYDQFH��$OVR�
WKH�FRQFHQWUDWLRQ�SURILOH�RYHU�WKH�EDFNZDUG�WUDMHFWRU\�LV�JHQHUDWHG��1R�XQFHUWDLQW\
LQGLFDWLRQ�LV�JLYHQ��7KH�PRGHO�LQFOXGHV�QRQ�OLQHDU�DWPRVSKHULF�FKHPLVWU\�
GHSRVLWLRQ�DQG�H[FKDQJH�EHWZHHQ�GLIIHUHQW�DWPRVSKHULF�OD\HUV��,W�QHHGV�HPLVVLRQV
RI�92&�DQG�12[�RQ�D�(XURSHDQ�VFDOH��$�SURJQRVLV�RI�(XURSHDQ�VFDOH�ZLQG�ILHOGV�
UHFHLYHG�IURP�(&0:)��5HDGLQJ��8.���LV�QHFHVVDU\�WR�FRPSXWH�WKH�UHTXLUHG����KRXU
EDFN�WUDMHFWRULHV��)XUWKHU��WKH�ZHDWKHU�SURJQRVLV�RI�.10,�JLYHV�WKH�LQSXW�IRU�FORXG
FRYHU�DQG�WHPSHUDWXUH��7KH�03$�IRUHFDVWV�DUH�FRPSXWHG�GXULQJ�WKH�QLJKW�

7KH�VWDWLVWLFDO�PRGHO�352=21�FRPSXWHV�WKH�PD[LPXP�FRQFHQWUDWLRQ�IRU�HDFK�VLWH
RI�WKH�'XWFK�PRQLWRULQJ�QHWZRUN��RQH�WR�WKUHH�GD\V�LQ�DGYDQFH��1RRUGLMN��������1R
XQFHUWDLQW\�LQGLFDWLRQ�LV�JLYHQ��7KH�PRGHO�UHTXLUHV�WKH�PD[LPXP�FRQFHQWUDWLRQV�RI
WKH�'XWFK�PRQLWRULQJ�VLWHV�RI�WKH�ODVW�GD\��VWDWLVWLFV�IURP�WKH�SDVW��WKH�PD[LPXP
WHPSHUDWXUH�RI�WKH�ODVW�GD\�DQG�WKH�IRUHFDVWHG�WHPSHUDWXUH��ERWK�DV�DQ�DYHUDJH�RYHU
WKH�1HWKHUODQGV��7KH�PRGHO�WDNHV�WKH�VHDVRQ��PRQWK��DQG�VLWH�VSHFLILF
FKDUDFWHULVWLFV��UXUDO�YHUVXV�FLW\�VWUHHW�ORFDWLRQV��LQWR�DFFRXQW��7KH�PRGHO�LV�VWDUWHG
DW������$0�DQG������30�

,Q�PDQ\�FDVHV�WKH�FRQFHQWUDWLRQV�H[SHFWHG�E\�352=21�DUH�WKH�EDVLV�IRU�WKH�VPRJ
IRUHFDVW��IRU�H[DPSOH�ZKHQ�WKH�PRGHO�DQG�WKH�H[SHUW�H[SHFW�D�FRQWLQXDWLRQ�RI�ORZ
FRQFHQWUDWLRQV��,Q�WKRVH�FDVHV�RQO\�D�TXDOLW\�FRQWURO�E\�WKH�H[SHUW�LV�UHTXLUHG��$V
IXUWKHU�LQSXW�WKH�UHVXOWV�RI�WKH�03$�PRGHO��HVSHFLDOO\�WKH�GHULYHG�WUDMHFWRULHV��LV
RIWHQ�XVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�ODVW�FRQFHQWUDWLRQ�PHDVXUHPHQWV�DQG�WKH�PRVW
UHFHQW�ZHDWKHU�IRUHFDVW��(YHQWXDOO\��PRUH�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�ZHDWKHU�LV
XVHG�DQG�RU�DGGLWLRQDO�352=21�IRUHFDVWV�DUH�PDGH�

7KH�VPRJ�IRUHFDVWV�LVVXHG�E\�5,90�DQG�WKH�DXWRPDWLFDOO\�VWDUWHG�IRUHFDVWV�RI
352=21�DUH�HYDOXDWHG�DIWHU�HDFK�VXPPHU��9DQ�'RHVEXUJ��������7KH�PDLQ�FULWHULD
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DUH�WKH�ELDV�DQG�VWDQGDUG�GHYLDWLRQ��WKH�QXPEHU�RI�H[FHHGDQFHV�WKDW�DUH�PHDVXUHG�
WKH�WRWDO�QXPEHU�RI�IRUHFDVWHG�H[FHHGDQFHV�DQG�WKH�QXPEHU�RI�FRUUHFWO\�IRUHFDVWHG
H[FHHGDQFHV��)RU�D�YLVXDO�LQWHUSUHWDWLRQ��WLPH�VHULHV�RI�IRUHFDVWV�DQG�PHDVXUHPHQWV
DQG�;�<�SORWV�RI�ERWK�DUH�LQFOXGHG�

,Q�JHQHUDO��WKH�V\VWHP�SHUIRUPV�ZHOO�HQRXJK��7KH�PRGHO�352=21�LV�D�JRRG�EDVLV
RQ�PRVW�GD\V��,Q�DEQRUPDO�VLWXDWLRQV��VXFK�DV�KLJK�WHPSHUDWXUHV�ZLWK�ZLQG�IURP�VHD
RU�IURP�QRUWKHUO\�GLUHFWLRQV��WKH�PRGHO�LV�NQRZQ�WR�SURGXFH�IDOVH�IRUHFDVWV��2Q�WKH
EDVLV�RI�PRUH�GHWDLOHG�RU�UHFHQW�PHWHRURORJLFDO�LQIRUPDWLRQ�H[WUD�PRGHO�UXQV�FDQ
EH�H[HFXWHG��DV�WKH�PRGHO�LV�HDV\�WR�UXQ�DQG�WKH�FRPSXWLQJ�WLPH�UHTXLUHV�RQO\�D�IHZ
VHFRQGV��7KH�RXWSXW�RI�WKH�PRGHO�03$�LV�PXFK�OHVV�UHOLDEOH��DQG�D�PRGHO�UXQ�LV�QRW
HDV\�WR�VWDUW�DQG�WDNHV�DERXW���KRXUV��03$�LV�WKHUHIRUH�RQO\�XVHG�RQ�DQ�DXWRPDWLF
EDVLV��7KH�H[SHUW�RSLQLRQ�LV�NQRZQ�WR�OHDG�WR�D�PRGHUDWH�LPSURYHPHQW�RI�WKH
IRUHFDVW�

,Q�RUGHU�WR�RSHUDWH�WKH�V\VWHP����ZHHNV�RI�WKH�H[SHUW�LV�QHFHVVDU\��03$�UHTXLUHV
GXULQJ�WKH�VXPPHU�DERXW�����KRXUV�FRPSXWLQJ�WLPH�RQ�D�81,;�PDFKLQH�
352=21�QHHGV�OHVV�WKDQ�RQH��(YDOXDWLRQ�WDNHV�D�IHZ�ZHHNV�SHU�\HDU��0DLQWHQDQFH
UHTXLUHV�DERXW�RQH�ZHHN�SHU�\HDU�

2.9.2. National research efforts

$W�WKLV�PRPHQW��QR�UHVHDUFK�HIIRUWV�WR�LPSURYH�WKH�R]RQH�IRUHFDVW�V\VWHP�DUH
IRUHVHHQ�

References

'H�/HHXZ��)�$�$�0���9DQ�5KHLQHFN�/H\VVLXV��+�-���%XLOWMHV��3�-�+��������
0RGHOPDWLJH�EHUHNHQLQJ�YDQ�JURHLVHL]RHQJHPLGGHOGH�R]RQFRQFHQWUDWLHV�
0RGHOEHVFKULMYLQJ�HQ�YRRUORSLJH�UHVXOWDWHQ��5,90�	�712��UHSRUW�QU
�����������%LOWKRYHQ��WKH�1HWKHUODQGV��LQ�'XWFK��

'H�/HHXZ��)�$�$�0���9DQ�5KHLQHFN�/H\VVLXV��+�-���%XLOWMHV��3�-�+���������&DOFXODWLRQ
RI�ORQJ�WHUP�DYHUDJHG�JURXQG�OHYHO�R]RQH�FRQFHQWUDWLRQV��$WPRVSKHULF
(QYLURQPHQW���$����������

1RRUGLMN��+���������7KH�QDWLRQDO�VPRJ�ZDUQLQJ�V\VWHP�LQ�WKH�1HWKHUODQGV��D
FRPELQDWLRQ�RI�PHDVXULQJ�DQG�PRGHOOLQJ��,Q��%DOGDVDQR�HW�DO���HGV���$LU
3ROOXWLRQ�,,��3ROOXWLRQ�&RQWURO�DQG�0RQLWRULQJ��&RPSXWDWLRQDO�0HFKDQLFV
3XEOLFDWLRQV��6RXWKDPSWRQ�

9DQ�'RHVEXUJ��0�-���������(YDOXDWLH�YDQ�GH�]RPHUVPRJVLWXDWLH�LQ�������5,90�
UHSRUW�QU������������%LOWKRYHQ��WKH�1HWKHUODQGV��LQ�'XWFK��

2.10. Sweden

2.10.1. Operational systems

6ZHGHQ�KDV�QR�R]RQH�IRUHFDVWLQJ�V\VWHP�LQ�URXWLQH�RSHUDWLRQ�\HW��,Q������DQ�R]RQH
LQIRUPDWLRQ�V\VWHP�ZDV�LPSOHPHQWHG��GXH�WR�WKH�(8�R]RQH�GLUHFWLYH��7KH�6ZHGLVK
(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH�KDV�WKH�UHVSRQVLELOLW\�IRU�WKLV�R]RQH�LQIRUPDWLRQ
V\VWHP�RQ�EHKDOI�RI�WKH�6ZHGLVK�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��7KH�V\VWHP�LV
EDVHG�RQ�R]RQH�FRQFHQWUDWLRQV�PHDVXUHG�DW�D�QXPEHU�RI�PRQLWRULQJ�VLWHV�RYHU�WKH
FRXQWU\��,I�WKH�R]RQH�FRQFHQWUDWLRQ�H[FHHGV�WKH�LQIRUPDWLRQ�WKUHVKROG������µJ�P��
WKH�SXEOLF�ZLOO�EH�LQIRUPHG��$�SURJQRVLV�RI�WKH�H[SHFWHG�GHYHORSPHQW�LV�DOVR�JLYHQ�
EDVHG�RQ�WKH�IRUHFDVW�ZHDWKHU�VLWXDWLRQ�DQG�H[SHULHQFHV�IURP�VLPLODU�IRUPHU�R]RQH
HSLVRGHV�
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2.10.2.  National research and development efforts

7KH�6ZHGLVK�0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH�KDV�GHYHORSHG�D�OLPLWHG
DUHD��RII�OLQH��(XOHULDQ�DWPRVSKHULF�WUDQVSRUW�PRGHO��FDOOHG�0$7&+��0HVR�VFDOH
$WPRVSKHULF�7UDQVSRUW�DQG�&KHPLVWU\�PRGHOOLQJ�V\VWHP���7KH�PRGHO�LV�EDVHG�RQ�D
WHUUDLQ�IROORZLQJ�YHUWLFDO�FRRUGLQDWH�DQG�PDVV�FRQVHUYLQJ��SRVLWLYH�GHILQLWH
DGYHFWLRQ�VFKHPH��ZLWK�VPDOO�SKDVH�DQG�DPSOLWXGH�HUURUV�

7KH�PRGHO�LQFOXGHV�PRGXOHV�IRU�HPLVVLRQ�LQSXW��YHUWLFDO�WXUEXOHQW�GLIIXVLRQ�DQG
GHSRVLWLRQ�SURFHVVHV��7KH�PRGHO�FDQ�KDQGOH�DQ�DUELWUDU\�QXPEHU�RI�FKHPLFDO
FRPSRQHQWV�DQG�SURYLGHV�D�IUDPHZRUN�IRU�LQFOXVLRQ�RI�PRGXOHV�GHVFULELQJ�SK\VLFDO
DQG�FKHPLFDO�WUDQVIRUPDWLRQ�SURFHVVHV�EHWZHHQ�GLIIHUHQW�FRPSRQHQWV�

6LPXODWLRQV�RQ�KLVWRULFDO�GDWD�VKRZ�JRRG�FRUUHODWLRQ�ZLWK�PHDVXUHPHQWV�RYHU
(XURSH��LQGLFDWLQJ�JRRG�SRVVLELOLWLHV�WR�IRUHFDVW�/57�HSLVRGHV�LQ�WKH�IXWXUH�

7KH�0$7&+�IRUHFDVWLQJ�PRGHO�ZLOO�EH�LPSURYHG�FRQFHUQLQJ�HPLVVLRQV�DQG
FKHPLFDO�IDWH�RI�ELRJHQLF�92&�GXULQJ�VSULQJ�������7KH�PRGHO�UHVXOWV�IRU�92&�
R]RQH�DQG�12��ZLOO�EH�FRPSDUHG�WR�PHDVXUHG�GDWD�REWDLQHG�GXULQJ�VSULQJ�DQG
VXPPHU�������IURP�WKH�(0(3��725�DQG�+DQVD�PHDVXUHPHQW�QHWZRUNV�LQ�(XURSH
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/DQJQHU�-��5HJLRQDO�VFDOH�PRGHOOLQJ�RI�SKRWRFKHPLFDO�R[LGDQWV�DW�WKH�6ZHGLVK
0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH��60+,���7R�DSSHDU�LQ�SURFHHGLQJV
IURP�WKH�ILUVW�(85275$&��5(0$3(�ZRUNVKRS�LQ�&RSHQKDJHQ�������
6HSWHPEHU������

2.11. United Kingdom

2.11.1. Operational systems

8.�$LU�3ROOXWLRQ�)RUHFDVWLQJ�6\VWHP
7KLV�LQFRUSRUDWHV�WKH�
7UDMHFWRU\�2]RQH�)RUHFDVWLQJ�0RGHO
�DQG�H[SHUW�DQDO\VLV�RI
PRQLWRULQJ�GDWD�DQG�PHWHRURORJLFDO�IRUHFDVWV��'HWDLOV�RI�WKH�IRUHFDVWLQJ�V\VWHP�FDQ
EH�IRXQG�LQ�6WHGPDQ�DQG�:LOOLV��������DQG�WKH�PRGHO�KDV�EHHQ�GHVFULEHG�E\
6WHGPDQ�DQG�:LOOLDPV��������

7KH�V\VWHP�KDV�EHHQ�RSHUDWLRQDO�VLQFH���$SULO������

'HVFULSWLRQ�RI�V\VWHP�
• 7KH�V\VWHP�LV�LQWHQGHG�WR�VXSSRUW�SXEOLF�LQIRUPDWLRQ�DQG�UHGXFH�H[SRVXUH�
• 7KH�V\VWHP�LQFRUSRUDWHV�DQ�H[SHUW�RSLQLRQ�HPSLULFDO�DQDO\VLV�RI�PRQLWRULQJ�GDWD
DQG�PHWHRURORJLFDO�IRUHFDVWV�DQG�WKH�UHVXOWV�RI�D�FDXVDO�PRGHO�

• 7KH�RXWSXW�RI�WKH�IRUHFDVWLQJ�V\VWHP�LV�D�IRUHFDVW�RI�DLU�TXDOLW\�EDQG�IRU�QLQH
JHRJUDSKLFDO�UHJLRQV�IRU�WKH�IROORZLQJ�GD\��)RUHFDVWV�DUH�LVVXHG��HDFK�DIWHUQRRQ
DQG�D�UHYLVHG�IRUHFDVW�FDQ�EH�LVVXHG�LQ�WKH�PRUQLQJ�GXULQJ�DLU�SROOXWLRQ�HSLVRGHV�
7KLV�DLU�TXDOLW\�EDQG�UHSUHVHQWV�WKH�PD[LPXP�H[SHFWHG�KRXUO\�DYHUDJH�R]RQH
FRQFHQWUDWLRQ��7KH��7UDMHFWRU\�2]RQH�)RUHFDVWLQJ�0RGHO�FDOFXODWHV�PD[LPXP
R]RQH�FRQFHQWUDWLRQV�IRU�LQGLYLGXDO�VLWH�ORFDWLRQV�IRU�����RU���GD\V�DKHDG��1R
XQFHUWDLQW\�LQGLFDWLRQ�LV�LQFOXGHG�LQ�WKH�PRGHO�RU�WKH�RXWSXW�IRUHFDVW�

• 1DWLRQDO�2��GDWD�DUH�UHTXLUHG��DQG�LQWHUQDWLRQDO�2��GDWD�ZRXOG�EH�XVHIXO��IRU
H[SHUW�DQDO\VLV��1HZVSDSHU�W\SH�ZHDWKHU�IRUHFDVWV�DUH�DOVR�UHTXLUHG�IRU�H[SHUW
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DQDO\VLV��)RUHFDVW�DLU�PDVV�EDFN�WUDMHFWRULHV��IRUHFDVW�PD[LPXP�WHPSHUDWXUHV�DQG
D�92&�HPLVVLRQ�LQYHQWRU\�IRU�(XURSH�DUH�UHTXLUHG�IRU�WKH�PRGHO�

• $SSUR[��ILYH�PDQ�ZHHNV�HIIRUW�DUH�UHTXLUHG�HDFK�\HDU�DQG�DERXW����N(&8�DUH
UHTXLUHG�WR�FRYHU�WKH�FRVWV�RI�H[WUDFWLQJ�PHW�GDWD�DQG�UXQQLQJ�WKH�PRGHO��7KH
PRGHO�UXQV�RQ�6XQ�81,;�ZRUNVWDWLRQ�

• 5HJXODU�SHUIRUPDQFH�WHVWLQJ�RI�WKH�UHVXOWV�RI�WKH�IRUHFDVWLQJ�V\VWHP�LV
XQGHUWDNHQ���3HUIRUPDQFH�LV�DVVHVVHG�IRXU�WLPHV�D�\HDU�

 
7KH�FRPELQDWLRQ�RI�D�WUDQVSRUW�PRGHO�DQG�H[SHUW�DQDO\VLV�RI�WKHVH�PRGHO�UHVXOWV
DORQJ�ZLWK�PRQLWRULQJ�GDWD�DQG�IRUHFDVW�PHWHRURORJLFDO�LQIRUPDWLRQ�KDYH�SURYHG
VXFFHVVIXO�LQ�WKH�8.��7KH�PRGHO�LQFRUSRUDWHV�/RQJ�5DQJH�7UDQVSRUW��ZKLFK�LV
LPSRUWDQW�IRU�WKH�8.�EHFDXVH�2]RQH�FRQFHQWUDWLRQV�FDQ�EH�KLJKO\�GHSHQGHQW�RQ
WUDMHFWRU\�GLUHFWLRQ��$�YLVXDO�DQDO\VLV�RI�EDFN�WUDMHFWRU\�SORWV�KDV�DOVR�EHHQ�IRXQG�WR
EH�YDOXDEOH��7KH�PRGHO�UHVXOWV�DUH�HDV\�WR�LQWHUSUHW�EHFDXVH�RI�WKH�VLPSOLILHG�OLQHDU
FKHPLFDO�VFKHPH�DGRSWHG�

7KH�PRGHO�LV�D�ZRUVW�FDVH�PRGHO�DQG�WKHUHIRUH�WHQGV�WR�RYHU�HVWLPDWH�R]RQH
FRQFHQWUDWLRQV�LQ�HDUO\�DQG�ODWH�VXPPHU��7KLV�LV�QRW�D�ELJ�SUREOHP�VLQFH�H[SHUW
DQDO\VLV�LV�DOZD\V�DYDLODEOH��([SHUW�DQDO\VLV�LV�DOVR�XVHIXO�RQ�RFFDVLRQV�ZKHQ
PHWHRURORJLFDO�IRUHFDVWV�DUH�QRW�DFFXUDWH�

7KH�IRUHFDVWV�WKDW�DUH�LVVXHG�WHQG�WR�HUU�RQ�WKH�VLGH�RI�FDXWLRQ�DQG�SUHGLFW�PRUH
RFFXUUHQFHV�RI�KLJK�R]RQH�FRQFHQWUDWLRQV�WKDQ�DUH�PHDVXUHG��7KLV�LV�EHFDXVH�WKH
PDLQ�SXUSRVH�RI�WKH�IRUHFDVWLQJ�V\VWHP�LV�WR�SURYLGH�WKH�SXEOLF�ZLWK�LQIRUPDWLRQ
DQG�HQDEOH�LQGLYLGXDOV�WR�PRGHUDWH�H[SRVXUH�

2.11.2.  National research and development efforts

7KH�SRVVLELOLW\�RI�XSGDWLQJ�WKH�VLPSOLILHG�FKHPLFDO�VFKHPH�LQ�WKH�PRGHO�WR
LQFRUSRUDWH�UHYLVHG�´3KRWRFKHPLFDO�2[LGDQW�&UHDWLRQ�3RWHQWLDOVµ�RI�92&V�LV
FXUUHQWO\�EHLQJ�LQYHVWLJDWHG��7KLV�VWXG\�LV�GXH�WR�EH�FRPSOHWHG�EHIRUH�WKH�VXPPHU
RI������
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6WHGPDQ��-��5��DQG�:LOOLDPV��0��/���������$�WUDMHFWRU\�PRGHO�RI�UHODWLRQVKLS
EHWZHHQ�R]RQH�DQG�SUHFXUVRU�HPLVVLRQV��$WPRVSKHULF�(QYLURQPHQW����$�������
�����

6WHGPDQ��-��5��DQG�:LOOLV��3��*���������$LU�4XDOLW\�)RUHFDVWLQJ�LQ�WKH�8QLWHG
.LQJGRP��������$($�7HFKQRORJ\��1DWLRQDO�(QYLURQPHQWDO�7HFKQRORJ\
&HQWUH��5HSRUW�$($�5$03��������������

2.12. Information from other countries

$LU�SROOXWLRQ�IRUHFDVWLQJ�LV�D�ILHOG�ZKLFK�EHJDQ�WR�EH�GHYHORSHG�DERXW����\HDUV�DJR�
VHH�H�J��5HYOHWW���������1XPHURXV�R]RQH�IRUHFDVWLQJ�PRGHOV���LQ�FRPSOH[LW\�UDQJLQJ
IURP�VLPSOH�UHJUHVVLRQ�PRGHOV�WR�VRSKLVWLFDWHG�SKRWRFKHPLFDO�WUDQVSRUW�PRGHOV
KDYH�EHHQ�GHYHORSHG��$�JOREDO�LQYHQWRU\�RI�FXUUHQWO\�RSHUDWLRQDO�IRUHFDVW�V\VWHPV
KDV�EHHQ�SUHSDUHG�E\�$,53$5,)��)URPDJH���������2XWVLGH�WKH����(XURSHDQ
FRXQWULHV�GLVFXVVHG�KHUH��RSHUDWLRQDO�V\VWHPV�FDQ�EH�IRXQG�LQ�D�QXPEHU�RI�FLWLHV�DQG
VWDWHV�RI�86$��&DQDGD��-DSDQ��7RN\R���+RQJ�.RQJ��0H[LFR��6RXWK�.RUHD��DQG
$XVWUDOLD��:LWKLQ�(XURSH�WKHUH�LV��EHVLGHV�WKH�V\VWHPV�GLVFXVVHG�KHUH��RQO\�RQH
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V\VWHP�RSHUDWLRQDO��LQ�=�ULFK��6ZLW]HUODQG��LQ�1RUZD\�DQG�*UHHFH�IRUHFDVW�V\VWHPV
DUH�XQGHU�GHYHORSPHQW�

0RVW�RI�WKH�V\VWHPV�XVH�VWDWLVWLFDO��PXOWLSOH�UHJUHVVLRQ��PRGHOV��7HPSHUDWXUH�DQG
SUHYLRXV�GD\·V�R]RQH�OHYHOV�DUH�FRPPRQO\�XVHG�DV�LQGHSHQGHQW�YDULDEOH��,Q�WKH
PRUH�UHFHQWO\�GHYHORSHG�V\VWHPV�WKH�XVH�RI�QHXUDO�QHWZRUNV�LV�IUHTXHQWO\
LQWURGXFHG��2XWSXW�RI�WKH�V\VWHP�LV�WRPRUURZ·V�PD[LPXP�R]RQH�OHYHO��WKDW�LV�D
IRUHFDVW�VSDQ�RI�OHVV�WKDQ���K��IRUHFDVWV�IRU���K�DUH�JLYHQ�E\�RQH�RU�WZR�V\VWHPV
RQO\�

References

)URPDJH�$���������3UpYLVLRQ�GHV�SRLQWHV�GH�SROOXWLRQ�DWPRVSKpULTXH��pWDW�GH�O·DUW
GDQV�OH�PRQGH�HW�SHUVSHFWLYHV�SRXU�OD�UpJLRQ�,OH�GH�)UDQFH��$LUSDULI��3DULV�

5HYOHWW�*�+���������2]RQH�IRUHFDVWLQJ�XVLQJ�HPSLULFDO�PRGHOOLQJ��-��$LU�3ROOXW��&RQWU�
$VVRF��������������

2.13. Overview and discussion

7DEOHV��������DQG��������SURYLGH�DQ�RYHUYLHZ�RI�V\VWHPV�WKDW�DUH�QRZ�RSHUDWLRQDO�RU
ZLOO�EHFRPH�RSHUDWLRQDO�LQ�WKH�QHDU�IXWXUH�LQ�WKH�WHQ�SDUWLFLSDWLQJ�FRXQWULHV��)RU
HDFK�FRXQWU\��DQG�IRU�HDFK�RI�WKH�V\VWHPV�LQ�RSHUDWLRQ�LQ�WKDW�FRXQWU\��WKH�WDEOHV
VXPPDULVH�WKH�IROORZLQJ�FKDUDFWHULVWLFV�

V\VWHP VKRUW�QDPH�RU�DFURQ\P�RI�WKH�IRUHFDVW�V\VWHP�
RSHUDWLRQ GDWH�ZKHQ�V\VWHP�EHFDPH��RU�ZLOO�EH��RSHUDWLRQDO�
SXUSRVH ZKDW�SXUSRVH�XVH�WKH�V\VWHP�LV�LQWHQGHG�WR�VXSSRUW��SXEOLF�LQIRUPDWLRQ��SL��

UHGXFH�H[SRVXUH��H[S���WDNH�WHPSRUDU\�PHDVXUHV��PHDV��
V\V�W\S PHWKRGRORJ\�XVHG�LQ�WKH�IRUHFDVW�V\VWHP��VWDWLVWLFDO�UHJUHVVLRQ�PRGHO��VWDW��WKLV

W\SH�PD\�EH�IXUWKHU�VXEGLYLGHG�LQWR��PXOWLSOH��UHJUHVVLRQ��UHJU���QHXUDO
QHWZRUNV��QHXU��DQG�RWKHU��RWKHU����FDXVDO�RU�GHWHUPLQLVWLF�PRGHO��FDXV���H[SHUW
RSLQLRQ�DQG�RU�HPSLULFDO�PRGHOV��HPS���RU�FRPELQDWLRQV�

RXWSXW W\SH�RI�RXWSXW�SURGXFHG�
FRQF��IXOO�WLPH�VHULHV�RI�KRXUO\�FRQFHQWUDWLRQV��VHULHV���RU�PD[LPXP�OHYHO�RQO\
�PD[��
VSDFH��VSDWLDO�UHSUHVHQWDWLYHQHVV�RI�IRUHFDVW��IRU�D�VLQJOH�ORFDWLRQ��SRLQW���DUHD
DYHUDJHV��UHJLR��RU�QDWLRQDO�DYHUDJHV��QDWO��
VSDQ��IRUHFDVW�WLPH�VSDQ��LQ�KRXUV�RU�GD\V��
XQF��XQFHUWDLQW\�LQGLFDWLRQ��\HV�QR��

LQSXW UHTXLUHG�LQSXW
$4��DLU�TXDOLW\�GDWD��2��DQG�RU�RWKHU�FRPSRQHQWV�DW�ORFDO��QDWLRQDO�RU
LQWHUQDWLRQDO�VFDOH�
PHW��PHWHRURORJLFDO�GDWD��X��7��5+������DW��ORFDO��QDWLRQDO�RU�LQWHUQDWLRQDO��H�J�
(XURSHDQ��VFDOH�
HP��HPLVVLRQ�GDWD��12[��92&��&2������DW��ORFDO��QDWLRQDO�RU�LQWHUQDWLRQDO��H�J�
(XURSHDQ��VFDOH�

FRPS KDUGZDUH�UHTXLUHPHQWV�
YDO IUHTXHQF\�RI�YDOLGDWLRQ�RI�WKH�IRUHFDVW�V\VWHP�DQG�RU�IUHTXHQF\�RI�SHUIRUPDQFH

HYDOXDWLRQ�LQFLGHQWDOO\��LQF���RU�DW�UHJXODU�LQWHUYDOV��UHJ��IUHTXHQF\��
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$FFRUGLQJ�WR�WKH�7DEOHV�DOO�FRXQWULHV�KDYH�RQH�RU�PRUH�IRUHFDVW�V\VWHPV�LQ
RSHUDWLRQ��'HYHORSPHQW�RI�IRUHFDVW�V\VWHPV�VWDUWHG�DV�HDUO\�DV������������WKDW�LV�
ZHOO�EHIRUH�WKH�R]RQH�GLUHFWLYH�ZDV�DGRSWHG��+RZHYHU��LQ�VRPH�FDVHV�IRUHFDVWV�DUH
QRW�LVVXHG�IRU�WKH�ZKROH�FRXQWU\�EXW�RQO\�IRU�D��OLPLWHG��QXPEHU�RI�FLWLHV�UHJLRQV�
([SHUW�MXGJHPHQW�IRUPV�DQ�LPSRUWDQW�LQSXW�LQ�PRVW�FRXQWULHV��LQ�VRPH�FRXQWULHV
WKHUH�LV�D�WHQGHQF\�WRZDUGV�FDXVDO�PRGHOOLQJ�

7DEOH�������

FRXQWU\ V\VWHP RSHUDWLRQ SXUSRVH V\V�W\SH RXWSXW
FRQF���VSDFH���VSDQ
XQF

$XVWULD �������� SL UHJU PD[���VSDWLDO
FRQF��G��QR

H[SHUW
RSLQLRQ

�������� SL�H[S H[S PD[�����UHJLR�������G
QR

%HOJLXP 602*6723 �������� SL�H[S QHXU PD[��SRLQW��QDWO���G
QR

H[SHUW
RSLQLRQ

�������� SL�H[S HPS PD[������QDWO��������G
\HV

'HQPDUN 602* �������� SL HPS VHU�PD[
SRLQW�UHJ�QDWO�QR�QR

)RUHFDVW ��������� SL FDXV VHU�PD[
SRLQW�UHJ�QDWO���K
\HV

'$&)26 ��������
�WHVW�

SL�PHDV FDXV�VWDW VHULHV���SRLQW�������K
\HV

)LQODQG )0, -XO\����� SL HPS PD[�����UHJ����������G
QR

)UDQFH �������� SL�H[S�
PHDV

VWDW��UHJU�
RWKHU�HP
S

PD[����SRLQW��������K
\HV

*HUPDQ\ 8%$ VXPPHU�
�� SL VWDW�UHJU PD[����SRLQW��������G
QR

/X[HPERXUJ $4�QHWZRUN VLQFH����� SL��H[S�
PHDV

HPS PD[����UHJLR��������K
QR

1HWKHUODQGV 5,90 �������� SL RWKHU�FDXV
��HPS

PD[��SRLQW�UHJLR���G
QR

6ZHGHQ �������� SL HPS�H[S VHULHV���SRLQW��������G
QR

0$7&+ �������� SL FDXV VHULHV���UHJLR��'����K
QR

8. 8.�$3)6 �������� SL�H[S FDXV�H[S PD[�����DUHD���������G
QR

8.�72)0 �������� SL�H[S FDXV PD[�����SRLQW���������G
QR
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3XEOLF�LQIRUPDWLRQ�LV�E\�IDU�WKH�PRVW�LPSRUWDQW�DSSOLFDWLRQ�RI�WKH�IRUHFDVW�V\VWHPV�
RQO\�LQ�D�VPDOO�QXPEHU�RI�FRXQWULHV�RU�UHJLRQV�GRHV�WKH�IRUHFDVW�VXSSRUW�WHPSRUDU\
PHDVXUHV�RQ�KLJKO\�SROOXWLQJ�DFWLYLWLHV��LQGXVWU\��WUDIILF��

7KH�IRUHFDVW�VSDQ�RI�WKH�V\VWHPV�LV�JHQHUDOO\�RQH�GD\��WKDW�LV��WRPRUURZ·V�PD[LPXP
YDOXH���7KH�7:*�QRWHG�WKDW�DQ�H[WHQVLRQ�RI�WKH�VSDQ�LV�LPSRUWDQW�HVSHFLDOO\�ZKHQ
WKH�IRUHFDVW�IRUPV�WKH�EDVLV�IRU�WHPSRUDU\�DEDWHPHQW�PHDVXUHV��,QIRUPDWLRQ�RQ
R]RQH�OHYHOV�LQ�QHLJKERXULQJ�FRXQWULHV�PLJKW�LPSURYH�WKH�SHUIRUPDQFH�RI�WKH
FXUUHQW�V\VWHPV�

$OO�FRXQWULHV�HYDOXDWH�WKH�SHUIRUPDQFHV�RI�WKHLU�V\VWHPV�RQ�D�UHJXODU�EDVLV��7KH
HYDOXDWLRQ�PHWKRGV�DUH��KRZHYHU��TXLWH�GLIIHUHQW�DQG�D�QHHG�WR�KDUPRQLVH�WKHP�KDV
EHHQ�UHFRJQLVHG�

                                                
6 FF: horizontal wind speed
  DD: horizontal wind direction
  T: Tmax, Tmin, (=> Trange (Tmax - Tmin))
  RH: relative humidity
  OCT: cloud cover (octas) or solar radiation

7DEOH��������

FRXQWU\ V\VWHP ����������LQSXW
$4�UHJ��PHW�UHJ��HP��UHJ

FRPS� YDO�

$XVWULD 2��ORF��7�SURJ UHJ�

H[SHUW
RSLQLRQ

2���12[�ORF��PHWHR�LQWHUQDWO� LQF�

%HOJLXP 602*�
6723

2���12[�QDWO��))��7�QDWO��� 3&�3HQWLXP UHJ���\

H[SHUW
RSLQLRQ

2���12[�QDWO��))��''��7��5+�
2&7��QDWO���

� UHJ���\

'HQPDUN 602* $4�ORFDO��PHW�QDWO 3&�	
PDLQIUDPH

UHJ

)RUHFDVW ���PHW��(XURSH��HP��(XURSH ZRUNVWDWLRQ UHJ

'$&)26 12[��62���&2��92&��(X�
�X�7��5+��3UHF��1�K�7���(X�2���(X

6XSHUFRPSXWHU�
ODUJH�ZRUNVWDWLRQ

UHJ��G
LQF���\

)LQODQG )0, 2��ORF��ZHDWKHU�IRUHFDVW��PHWHRURO�
REVHUYDWLRQV

� �

)UDQFH 2��ORF��7��X��∆7�����P��12[�ORF 3& LQF�

*HUPDQ\ 8%$ PD[�2��ORF��PD[�7�ORF��DFWXDO�GD\�
PD[�7��IRUHFDVW�IRU�QH[W�GD\�

3& UHJ�

/X[HPERXUJ $4
QHWZRUN

2��ORF��PHW��7��5+��X���K�IRUHF��� �� LQF�

1HWKHUODQGV 5,90 2���7��5+��ORFDO�
X��12[��92&��(X�

81,;�ZRUNVWDWLRQ UHJ�
��\

6ZHGHQ 2��ORFDO��PHW�(XURSH 3&��PDLQIUDPH �

0$7&+ �2��LQWHUQDW����(XURSH��X��7
(XURSH��12[��92&��&2

PDLQIUDPH UHJ

8. 8.�$3)6 2��ORF��7��X��FORXG�ORF UHJ���\

8.
72)0

EDFN�WUDMHFWRULHV��7��92&�HPLVVLRQV�
(XURSH

8QL[�:RUNVWDWLRQ
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2QFH�D�IRUHFDVW�KDV�EHHQ�PDGH��LW�LV�UHOHDVHG�WR�WKH�WDUJHW�JURXSV�XVLQJ�D�UDQJH�RI
FRPPXQLFDWLRQ�FKDQQHOV��SUHVV�UHOHDVH��,QWHUQHW��WHOHWH[W�V\VWHPV��HWF����7KH
IRUHFDVW�EXOOHWLQ�JLYHV�LQIRUPDWLRQ�RQ�PD[LPXP�R]RQH�FRQFHQWUDWLRQV�H[SHFWHG�IRU
WKH�FRPLQJ�������KRXUV��,Q�D�IHZ�FDVHV�WKH�IRUHFDVW�LV�PDGH�IRU�VSHFLILF�ORFDWLRQV�EXW
PRUH�JHQHUDOO\�D�QDWLRQDO�RU�UHJLRQDO�IRUHFDVW�LV�PDGH��7R�PDNH�WKH�EXOOHWLQ�PRUH
XQGHUVWDQGDEOH�WR�WKH�JHQHUDO�SXEOLF��DLU�TXDOLW\�LQGLFDWRUV��H�J��JRRG�DLU�TXDOLW\�
VHYHUH�VPRJ��UDWKHU�WKDQ�FRQFHQWUDWLRQ�OHYHOV�DUH�SUHVHQWHG�

'XULQJ�LWV�PHHWLQJV��WKH�:RUNLQJ�*URXS�GLVFXVVHG�WKH�RSWLRQV�RI�RQH�FHQWUDO
IRUHFDVW�V\VWHP�SURYLGLQJ�LQIRUPDWLRQ�IRU�WKH�ZKROH�RI�WKH�(8�UHJLRQ��7KH�JHQHUDO
YLHZ�ZDV�WKDW�QH[W�WR�VXFK�D�FHQWUDO�V\VWHP��ORFDO�IRUHFDVW�V\VWHPV�DW�QDWLRQDO�RU
UHJLRQDO�VFDOH�DUH�QHHGHG��7KH�DLPV�RI�IRUHFDVWV�LQ�WKH�YDULRXV�FRXQWULHV�DUH�VR
GLYHUVH�WKDW�D�FHQWUDO�V\VWHP�FDQ�KDUGO\�PHHW�DOO�VSHFLILF�UHTXLUHPHQWV��0RUHRYHU��LW
LV�MXGJHG�WKDW�PRGHOV��LQ�SDUWLFXODU�VWDWLVWLFDO�PRGHOV��EDVHG�RQ�ORFDO�FRQGLWLRQV�DQG
ORFDO�LQSXWV�ZLOO�KDYH�EHWWHU�SHUIRUPDQFH�WKDQ�D�(XURSHDQ�VFDOH�PRGHO��2Q�WKH
RWKHU�KDQG��D�MRLQW�(XURSHDQ�IRUHFDVW�V\VWHP�ZRXOG�SURYLGH�LQIRUPDWLRQ�RQ�ODUJHU
VSDWLDO�VFDOHV�WKDW�ZRXOG�LPSURYH�LQVLJKW�LQWR�WKH�EXLOG�XS�DQG�IXUWKHU�GHYHORSPHQW
RI�DQ�DFWXDO�R]RQH�HSLVRGH��,Q�SULQFLSOH��D�FRQWLQHQWDO�VFDOH�IRUHFDVW�PRGHO�LV�DEOH�WR
HYDOXDWH�WKH�HIIHFWLYHQHVV�RI��ORFDO�VFDOH��DEDWHPHQW�PHDVXUHV��7KH�GHYHORSPHQW�RI�D
FRPPRQ�SKRWRFKHPLFDO�WUDQVSRUW�PRGHO�LV�HQFRXUDJHG�E\�WKH�7:*��7KH�UHVXOWV�RI
VXFK�D�FDXVDO�PRGHO�ZLOO�IRUP�HVVHQWLDO�LQSXWV�WR�QDWLRQDO�V\VWHPV�IRU�H[WHQGLQJ�WKH
IRUHFDVW�SHULRG�WR�D�PHGLXP�UDQJH�SHULRG�RI���WR���GD\V��0RUHRYHU��ZKHQ�WKH
FXUUHQW�IRUHFDVW�PRGHOV�DUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�WKH�UHVXOWV�RI�VXFK�D
SKRWRFKHPLFDO�PRGHO��D�EHWWHU�SHUIRUPDQFH�VKRXOG�EH�UHDOLVHG�
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3. CRITERIA FOR TESTING VALIDITY AND RELIABILITY OF
SMOG FORECAST SYSTEMS

3.1. Introduction

2SHUDWLRQDO�VPRJ�IRUHFDVWLQJ�V\VWHPV�PD\�XVH�VHYHUDO�W\SHV�RI�IRUHFDVW�LQVWUXPHQWV�
$V�GLVFXVVHG�LQ�&KDSWHU����WKUHH�PDMRU�WRROV�FDQ�EH�GHILQHG�
• VWDWLVWLFDO�PRGHOV�XVLQJ�PXOWLSOH�UHJUHVVLRQ�RU�D�FODVVLILFDWLRQ�VWUDWHJ\�DQG�RU
PRGHOV�EDVHG�RQ�QHXUDO�QHWZRUNV�

• FDXVDO�PRGHOV�OLQNLQJ�HPLVVLRQV�ZLWK�DLU�TXDOLW\��WKH�GHWHUPLQLVWLF�PRGHOV�XVHG
KHUH�PD\�VKRZ�GLIIHUHQW�OHYHOV�LQ�VRSKLVWLFDWLRQ�LQ�GHVFULELQJ�WKH�XQGHUO\LQJ
SK\VLFR�FKHPLFDO�SURFHVVHV�RI�VPRJ�IRUPDWLRQ�

• WKH�KXPDQ�H[SHUW�

,Q�DQ�RSHUDWLRQDO�V\VWHP�HDFK�RI�WKHVH�WRROV�KDV�LWV�RZQ�ZHLJKW�LQ�WKH�SUHSDUDWLRQ�RI
WKH�HQG�SURGXFW��7KH�HQG�SURGXFW�LV�GHILQHG�KHUH�DV�WKH�IRUHFDVW�PHVVDJH�WKDW�LV
DFWXDOO\�SURYLGHG�WR�WKH�XVHUV��H�J��DXWKRULWLHV��SXEOLF��QHZVSDSHUV���$V�WKH�HQG�XVHUV
PLJKW�DGDSW�WKHLU�EHKDYLRXU�GHSHQGLQJ�RQ�WKH�IRUHFDVW��LW�LV�LPSRUWDQW�WR�NQRZ�KRZ
UHOLDEOH�WKH�ILQDO�IRUHFDVW�LV��+HUH�FULWHULD�IRU�YDOLGDWLRQ�RI�WKLV�HQG�SURGXFW�ZLOO�EH
GLVFXVVHG�

$�IRUHFDVW�V\VWHP�PD\�KDYH�GLIIHUHQW�REMHFWLYHV��H�J��XVHG�IRU�LQIRUPDWLRQ�WR�WKH
SXEOLF�RU�XVHG�DV�WULJJHU�IRU�VKRUW�WHUP�DEDWHPHQW�PHDVXUHV���'HSHQGLQJ�RQ�WKH
DSSOLFDWLRQ�LW�ZLOO�EH�QHFHVVDU\�WR�LQWURGXFH�VHYHUDO�SHUIRUPDQFH�LQGLFDWRUV��HDFK
HYDOXDWLQJ�GLIIHUHQW�DVSHFWV�RI�WKH�IRUHFDVW�V\VWHP��$V�D�VWHSSLQJ�VWRQH�LQ�WKH
GHYHORSPHQW�RI�KDUPRQLVHG�HYDOXDWLRQ�FULWHULD�LQ�WKLV�FKDSWHU�WZR�VHWV�RI�VNLOO
SDUDPHWHUV�DUH�GLVFXVVHG�LQ�VRPH�GHWDLO��7KH�ILUVW�VHW�RI�LQGLFDWRUV�LV�GHVLJQHG�IRU
HYDOXDWLQJ�TXDOLWDWLYH�LQIRUPDWLRQ��WKH�IRUHFDVW�PHDVXUHPHQWV�DUH�DERYH�EHORZ�D
WKUHVKROG�YDOXH���7KH�VHFRQG�VHW�FDQ�EH�DSSOLHG�ZKHQ�PRUH�QXPHULFDO�LQIRUPDWLRQ
LV�DYDLODEOH��2Q�WKH�EDVLV�RI�UHVXOWV�IURP�WKH�'XWFK�IRUHFDVW�V\VWHP�WKH�SUDFWLFDO
DSSOLFDWLRQ�RI�WKH�SURSRVHG�SDUDPHWHUV�LV�GHPRQVWUDWHG�

2EYLRXVO\��FULWHULD�DQG�PHWKRGV�GHYHORSHG�KHUH�FDQ��RU�HYHQ�VKRXOG��QRW�RQO\�EH
DSSOLHG�WR�WKH�HQG�SURGXFWV�EXW�DOVR�WR�LQWHUPHGLDWH�SURGXFWV�IURP�WKH
�PDWKHPDWLFDO��VXE�PRGHOV��7KLV��KRZHYHU��LV�PRUH�DQ�LQWHUQDO�PDWWHU�IRU�WKH
IRUHFDVWLQJ�JURXS��HYDOXDWLQJ�WKH�SHUIRUPDQFH�RI�WKH�H[LVWLQJ�WRROV�PD\�SURYLGH
LQIRUPDWLRQ�RQ�ZKHUH�DQG�KRZ�WR�LPSURYH�WKH�V\VWHP�

$�IRUHFDVW�PHVVDJH�PD\�KDYH�YDULRXV�SUHVHQWDWLRQ�IRUPV�ZKHUH�PDMRU�GLIIHUHQFHV
DUH�PDLQO\�LQ�D�TXDQWLWDWLYH�RU�TXDOLWDWLYH�UHSUHVHQWDWLRQ�RI�FRQFHQWUDWLRQV��DQG�LQ
WKH�VSDWLDO�FRYHUDJH��SRLQW�YV��DUHD��RI�WKH�IRUHFDVW��,Q�WKH�FXUUHQW�V\VWHPV�RQO\
PD[LPXP�R]RQH�FRQFHQWUDWLRQ�DQG�RU�DLU�TXDOLW\�OHYHO�LV�IRUHFDVW��LQ�FRQWUDVW�WR
ZHDWKHU�IRUHFDVWV�D�SUREDELOLW\�UDQJH�RI�WKH�H[SHFWHG�YDOXHV�LV�JHQHUDOO\�QRW
LQFOXGHG�LQ�WKH�IRUHFDVW��$Q�LQGLFDWLRQ�RI�WKH�WLPH�RI�H[FHHGDQFH�LV�JHQHUDOO\�DOVR
QRW�LQFOXGHG�LQ�WKH�PHVVDJH��,QFOXGLQJ�D�WLPH�LQGLFDWRU�PLJKW�LQFUHDVH�WKH�YDOXH�RI
WKH�IRUHFDVW�PHVVDJH��HVSHFLDOO\�IRU�VHQVLWLYH�JURXSV�LQIRUPDWLRQ�RQ�WKH�H[SHFWHG
WLPH�DQG�GXUDWLRQ�RI�D�VPRJ�HYHQW��H�J��ZKHWKHU�KLJK�FRQFHQWUDWLRQV�H[SHFWHG
GXULQJ�WKH�ZKROH�GD\�RU�RQO\�LQ�WKH�ODWH�DIWHUQRRQ��PLJKW�EH�LPSRUWDQW�
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$V�SUHVHQWHG�LQ�&KDSWHU���WKH�RSHUDWLRQDO�IRUHFDVW�V\VWHPV�JHQHUDOO\�SURYLGH
LQIRUPDWLRQ�DW�D�TXDOLWDWLYH�OHYHO�IRU�D�FHUWDLQ�DUHD��H�J��´LQ�6(�(QJODQG�DLU�TXDOLW\�ZLOO
EH�SRRUµ���,Q�WKLV�FKDSWHU�ILUVW�RI�DOO�HYDOXDWLRQ�PHWKRGV�IRU�WKLV�W\SH�RI�IRUHFDVW�DUH
GLVFXVVHG��$GGLWLRQDOO\��PHWKRGV�IRU�SHUIRUPDQFH�HYDOXDWLRQ�RI�WKH�QXPHULFDO
RXWSXW�RI�WKH�IRUHFDVW�V\VWHP��DQG�RU�LWV�VXE�V\VWHPV��DUH�SUHVHQWHG��+RZHYHU��DV�DQ\
W\SH�RI�HYDOXDWLRQ�UHTXLUHV�D�UHOLDEOH�VHW�RI�REVHUYDWLRQ�IRU�FRPSDULVRQ�ZLWK�WKH
SUHGLFWHG�YDOXHV��D�VKRUW�QRWH�RQ�WKLV�WRSLF�SUHFHGHV�WKH�GLVFXVVLRQ�RQ�HYDOXDWLRQ
WHFKQLTXHV�

3.2. Construction of a validation set using monitoring data

)RU�YDOLGDWLRQ�RI�WKH�IRUHFDVW�DQ�REVHUYDWLRQDO�GDWD�VHW�LV�QHHGHG��7KH�SULPDU\
LQIRUPDWLRQ�IRU�VXFK�D�GDWD�VHW�ZLOO�FRPH�IURP�D��URXWLQH��PRQLWRULQJ�QHWZRUN��7KH
REVHUYHG�SDUDPHWHU�WKDW�VHUYHV�DV�D�UHIHUHQFH�YDOXH�IRU�WKH�IRUHFDVW�PXVW�KDYH�D
VLPLODU�IRUP�DV�WKH�IRUHFDVW�LWVHOI��6LPLODU�WR�WKH�IRUHFDVW��WKH�REVHUYHG�YDOXH�VKRXOG
SURYLGH��FODVVLILHG��LQIRUPDWLRQ�RQ�R]RQH�OHYHOV�UHSUHVHQWDWLYH�IRU�D�FHUWDLQ��SUH�
GHILQHG��DUHD��:KHQ�LQ�WKH�VHOHFWHG�DUHD�PRUH�WKDQ�RQH�R]RQH�VWDWLRQ�LV�RSHUDWLRQDO
D�SUH�SURFHVVLQJ�RI�PRQLWRULQJ�GDWD�LV�UHTXLUHG��,Q�WKLV�FDVH�DQ�DUHD�UHSUHVHQWDWLYH
YDOXH�FDQ�EH�REWDLQHG�E\�
��� DQ�LQWHUSRODWLRQ�WHFKQLTXH��H�J��.ULJLQJ��WDNLQJ�LQWR�DFFRXQW�WKH
UHSUHVHQWDWLYHQHVV�RI�WKH�R]RQH�VWDWLRQV��UXUDO�XUEDQ�WUDIILF���6WDWLRQV�RXWVLGH�WKH
DUHD�PD\�EH�LQFOXGHG�ZLWK�DSSURSULDWH�ZHLJKWLQJ�IDFWRUV�

��� D�QXPHULFDO�DYHUDJLQJ�RYHU�DOO�VWDWLRQV�ZLWKLQ�WKH�DUHD�
��� E\�VHOHFWLQJ�WKH�KLJKHVW�YDOXH�PHDVXUHG�DW�DQ\�VWDWLRQ�DW�DQ\�WLPH�ZLWKLQ�WKH
VWXG\�DUHD�

7KH�PRVW�UHSUHVHQWDWLYH�VHW�ZLOO�EH�REWDLQHG�E\�WKH�ILUVW�SURFHGXUH��KRZHYHU�
UHODWLYHO\�KLJK�FRVWV�DUH�LQYROYHG�LQ�WKLV�SURFHGXUH��%\�WKH�VHFRQG�PHWKRG�SRVVLEO\�D
ODUJH�ELDV�LV�LQWURGXFHG�ZKHQ�WKH�R]RQH�VWDWLRQV�DUH�QRW�HTXDOO\�GLVWULEXWHG�RYHU�WKH
DUHD�DQG�RU�RYHU�WKH�YDULRXV�R]RQH�HQYLURQPHQWV��UXUDO�XUEDQ�VWUHHW���$�VPRJ�HYHQW
LV�GHILQHG�DV�D�GD\�RQ�ZKLFK�DW�OHDVW�RQH�KRXUO\�DYHUDJH�FRQFHQWUDWLRQ�H[FHHGV�D
FHUWDLQ�WKUHVKROG�YDOXH��,Q�WKH�ILUVW�WZR�PHWKRGV�LW�LV�QRW�VWUDLJKWIRUZDUG�WR�KDQGOH
WKH�WLPH�GLPHQVLRQ��VKRXOG�WKH�GDLO\�PD[LPXP�YDOXHV�REVHUYHG�DW�WKH�VWDWLRQV�EH
VHOHFWHG�ILUVW�DQG�WKHQ�WKH�LQWHUSRODWLRQ�DYHUDJLQJ�SURFHGXUH�EH�DSSOLHG�RU�VKRXOG
WKH�PD[LPXP�YDOXH�RI�WKH�KRXUO\�LQWHUSRODWHG�DYHUDJHG�YDOXHV�EH�VHOHFWHG"�7KH
WKLUG�PHWKRG�LV�UHFRPPHQGHG�IRU�LWV�VLPSOLFLW\�DQG�XQDPELJXRXV�UHVXOWV��LW�ZLOO�
KRZHYHU��OHDG�WR�VRPH�ELDV�WRZDUGV�KLJK�R]RQH�FODVVHV�EXW��LQ�YLHZ�RI�SURWHFWLRQ�RI
KXPDQ�KHDOWK�WKLV�ZLOO�EH�DFFHSWDEOH��%RWK�PHWKRG���DQG���KDYH�WKH�GLVDGYDQWDJH
WKDW�D�GHSHQGHQF\�RQ�WKH�QHWZRUN�FRQILJXUDWLRQ��QXPEHU�RI�VWDWLRQV��ORFDWLRQ�RI
VWDWLRQV��PD\�RFFXU�

)RU�YDOLGDWLRQ�RI�WKH�IRUHFDVW�SURFHGXUH�LQGHSHQGHQW�GDWD��WKDW�LV�GDWD�QRW�XVHG�LQ
WKH�GHYHORSPHQW�RI�D��VWDWLVWLFDO��PRGHO�LV�QHHGHG��$V�WKH�\HDUO\�QXPEHU�RI
H[FHHGDQFHV�LV�JHQHUDOO\�ORZ�DQG�WKH�QXPEHU�PLJKW�VKRZ�ODUJH�YDULDWLRQV�IURP�\HDU
WR�\HDU��LW�LV�GHVLUDEOH�WR�KDYH�VHYHUDO�\HDUV�RI�GDWD�DYDLODEOH�IRU�HYDOXDWLQJ�PRGHO
SHUIRUPDQFH��,I�WKLV�LV�QRW�IHDVLEOH��DQ�DOWHUQDWLYH�SURFHGXUH�PD\�EH�IROORZHG�
SDUDPHWHULVLQJ�WKH�PRGHO�RQ�WKH�DYDLODEOH�GDWD�H[FOXGLQJ�WKH�GDWD�IRU�RQH�\HDU�DQG
HYDOXDWLQJ�WKH�PRGHO�DJDLQVW�WKH�GDWD�IRU�WKLV�\HDU��%\�H[FOXGLQJ�VXFFHVVLYHO\�HDFK
\HDU�LQ�WKH�DYDLODEOH�WLPH�SHULRG��D�UHOLDEOH�HYDOXDWLRQ�PD\�VWLOO�EH�REWDLQHG�
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3.3. Criteria for validation

)RU�TXDOLWDWLYH�LQIRUPDWLRQ��WKH�VNLOO�RI�D�IRUHFDVW�V\VWHP�FDQ�EH�WHVWHG�E\�XVLQJ�D
ELQDU\�V\VWHP�IRU�FRPSDULVRQ�RI�IRUHFDVW�DQG�REVHUYHG�RFFXUUHQFH�RI�DLU�TXDOLW\
FODVVHV��WKDW�LV�XVLQJ�D�VWDQGDUG�FRQWLQJHQF\�WDEOH�RI�WKH�W\SH�GLVSOD\HG�LQ�7DEOH�����
:KHQ�1�LV�WKH�WRWDO�QXPEHU�RI�GDWD�SRLQWV�DQG�GHILQLQJ��I� �WRWDO�QXPEHU�RI
IRUHFDVW�H[FHHGDQFHV��P�� �WRWDO�QXPEHU�RI�REVHUYHG�H[FHHGDQFHV��D� �QXPEHU�RI
FRUUHFWO\�IRUHFDVW�H[FHHGDQFHV��WKH�RWKHU�PDWUL[�HOHPHQWV�LQ�7DEOH�����FDQ�EH
H[SUHVVHG�LQ�1��P��I��DQG�D�

7DEOH��������&RQWLQJHQF\�WDEOH�XVHG�IRU�YHULILFDWLRQ�RI�R]RQH�IRUHFDVWV��6HH�WH[W
IRU�H[SODQDWLRQ�RI�V\PEROV

REVHUYHG

IRUHFDVW \HV QR WRWDO

\HV D I�D I

QR P�D 1�D�P�I 1�I

WRWDO P 1�P 1

8VLQJ�WKHVH�GHILQLWLRQV��YDULRXV�VNLOO�SDUDPHWHUV�FDQ�EH�GHILQHG�
• IUDFWLRQ�RI�FRUUHFW�IRUHFDVW�VPRJ�HYHQWV��SUREDELOLW\�RI�GHWHFWLRQ��63 �D�P������

1RWH�WKDW�WKH�IUDFWLRQ�RI�´XQH[SHFWHGµ�HYHQWV�LV�JLYHQ�E\������63���
• IUDFWLRQ�RI�UHDOLVHG�IRUHFDVW�VPRJ�HYHQWV�65� �D�I������
 1RWH�WKDW�WKH�IUDFWLRQ�RI�´IDOVH�DODUPµ�LV�JLYHQ�E\������65���
%RWK�63�DQG�65�UDQJH�IURP���WR�����ZLWK�D�EHVW�YDOXH�RI�����

7KH�VNLOO�RI�IRUHFDVWLQJ�QRQ�HYHQWV��VPRJ�HYHQW�QRW�IRUHFDVW�DQG�QRW�RFFXUUHG��RU��LQ
RWKHU�ZRUGV�WKH�IRUHFDVWLQJ�RI�´FOHDQµ�GD\V��LV�JLYHQ�E\�WKH�FRUUHFW�QXOO�IRUHFDVW�
&1� ��1�D�P�I����1�P�������
([FOXGLQJ�WKH�VXFFHVVIXO�QXOO�IRUHFDVW�WKH�WKUHDW�VFRUH��67��WKDW�LV��WKH�UDWLR�RI�FRUUHFW
IRUHFDVW�HYHQWV�DQG�WRWDO�SRWHQWLDO�ULVN�HYHQWV�FDQ�EH�GHILQHG�
67� �D����P���I���D�������
67�UDQJHV�IURP���WR�����ZLWK�D�EHVW�YDOXH�RI�����

,Q�DQ�RYHUDOO�DVVHVVPHQW�RI�WKH�IRUHFDVW�VNLOO�DOO�IRXU�PDWUL[�HOHPHQWV�KDYH�WR�EH
FRQVLGHUHG��7KH�ZHLJKWLQJ�RI�HDFK�RI�WKH�IRXU�HOHPHQWV�LQ�WKH�WRWDO�VNLOO�PLJKW
GHSHQG�RQ�WKH�REMHFWLYHV�RI�WKH�IRUHFDVW�V\VWHP��:KHQ�WKH�PDLQ�REMHFWLYH�LV�D
ZDUQLQJ�RI�VHQVLWLYH�SRSXODWLRQ�JURXSV�WKH�QXPEHU�RI�XQH[SHFWHG�VPRJ�HYHQWV
VKRXOG�EH�PLQLPDO��,Q�FDVHV�ZKHUH�WKH�IRUHFDVW�LV�XVHG�DV�D�WULJJHU�IRU�VKRUW�WHUP
DEDWHPHQW�PHDVXUHV��H�J��WUDIILF�EDQ��WKH�´IDOVH�DODUPVµ�VKRXOG�EH�PLQLPDO�LQ�YLHZ
RI�WKH�KLJK�FRVWV�LQYROYHG�LQ�WDNLQJ�WKLV�NLQG�RI�PHDVXUHV��$�KLJK�IDOVH�DODUP�UDWH
ZLOO�DOVR�UHGXFH�WKH�FRQILGHQFH�RI�WKH�JHQHUDO�SXEOLF�LQ�WKH�V\VWHP�

$VVXPLQJ�DQ�HTXDO�ZHLJKW�WR�WKH�FRUUHFW�IRUHFDVWLQJ�RI�VPRJ�HYHQWV�DQG�RI�D�QRQ�
VPRJ�HYHQW��WKH�VFRULQJ�SDUDPHWHUV�63�DQG�65�FDQ�EH�FRPELQHG�WR�D�VXFFHVV�LQGH[�
6,��UDQJLQJ�IURP������WR�����ZLWK�D�EHVW�YDOXH�RI�����

SI
a

m

N a m f

N m
= + + − −

−
−



 ⋅1 100%
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$OWHUQDWLYH�QDPHV�XVHG�LQ�OLWHUDWXUH�IRU�WKH�VXFFHVV�LQGH[�DUH�´7UXH�6NLOO�6FRUH��766�µ
DQG�´+DQVVHQ�.XLSHUV�6NLOO�6FRUHµ�

$V�DQ�H[DPSOH��WKH�FRQWLQJHQF\�WDEOHV�RI�WKH�$,53$5,)�IRUHFDVW�V\VWHP�DUH
SUHVHQWHG�LQ�WDEOH������VHH�VHFWLRQ�������RQ�PRUH�GHWDLOV�RQ�WKH�PRGHOV�DSSOLHG��7KLV

WDEOH�VKRZV�WKDW�WKH�VFRUH��SDUDPHWHUV�VWURQJO\�YDU\�IURP�RQH�VXPPHU�WR�WKH�RWKHU
DQG�WKH\�GHSHQG�RQ�WKH�HYDOXDWLRQ�OHYHO��VHH�WKH�GLVFXVVLRQ�LQ���������1RWH�WKDW�DQ
HYDOXDWLRQ�RI�WKH�VNLOO�SDUDPHWHUV�63��65��DQG�6,��FDQ�RQO\�EH�GRQH�ZKHQ�WKHUH�LV�DW
OHDVW�RQH�FRUUHFWO\�IRUHFDVW�VPRJ�HYHQW��D�!�����

,Q�WKH�HYDOXDWLRQ�RI�VNLOO�SDUDPHWHUV�D�UHIHUHQFH�PRGHO�VKRXOG�EH�LQFOXGHG��7KH
SHUVLVWHQF\�PRGHO�LV�UHFRPPHQGHG�DV�UHIHUHQFH�PRGHO��7KH�SHUVLVWHQF\�PRGHO�LV�DQ
H[WUHPH�VLPSOH�PRGHO�DVVXPLQJ�WKDW�WKH�IRUHFDVW�VLWXDWLRQ�HTXDOV�WKH�SUHVHQW
VLWXDWLRQ��,Q�YLHZ�RI�WKH�SKHQRPHQRORJ\�DQG�DYHUDJHG�GXUDWLRQ�RI�R]RQH�VPRJ
HSLVRGHV�WKH�SHUVLVWHQF\�PRGHO�ZLOO�EH�UHDVRQDEOH�VXFFHVVIXO��WKH�VNLOO�RI�WKH�IRUHFDVW
V\VWHP�VKRXOG�EH�EHWWHU��,Q�SUDFWLFH�WKLV�PHDQV�WKDW�WKH�IRUHFDVW�V\VWHPV�VKRXOG�EH
DEOH�WR�SUHGLFW�DEUXSW�FKDQJHV�LQ�DLU�TXDOLW\�OHYHOV�

$OWKRXJK�PRVW�IRUHFDVW�V\VWHPV�SURYLGH�TXDOLWDWLYH�LQIRUPDWLRQ�DV�HQG�SURGXFW�
QXPHULFDO�LQIRUPDWLRQ�LV�IUHTXHQWO\�DYDLODEOH�LQ�WKH�VWHS�SULRU�WR�WKH�FODVVLILFDWLRQ�
8VLQJ�WKH�QXPHULFDO�GDWD�PRUH�H[WHQVLYH�VHWV�RI�VNLOO�SDUDPHWHUV�FDQ�EH�HYDOXDWHG�

                                                
7 For events that are rare, the Heidke Skill Score, HS, is used. This score is a measure of the skill of a set of
forecasts compared to the skill of a random forecast (see for a description of this parameter Doswell C.A. III,
Jones R. and Keller D.L. (1990) On summary measures of forecast skill in rare event forecasting based on
contingency tables. Wea. Forecasting, 5, 576-585).

7DEOH��������&RQWLQJHQF\�WDEOHV�IRU�WKH�$,53$5,)�R]RQH�IRUHFDVW�V\VWHP��VHH
VHFWLRQ�������IRU�GHWDLOV�RQ�WKH�PRGHOV�XVHG��

/HYHO��������µJ�P����LQIRUPDWLRQ�WR�WKH�DXWKRULWLHV�
63
FRUUHFW
IRUHFDVW

����63
XQH[SHFWHG
HYHQWV

����65
IDOVH�DODUP

&1
QRQ�HYHQWV

67
7KUHDW�VFRUH

1RQ�OLQHDU�PRGHO

VXPPHUV�������� ���� ���� ���� ���� ����

VXPPHU����� ���� ���� ���� ���� ����

/LQHDU�PRGHO

VXPPHUV�������� ���� ���� ���� ���� ����

VXPPHU����� ���� ���� ���� ���� ����

/HYHO��������µJ�P����LQIRUPDWLRQ�WR�WKH�SXEOLF�
63
FRUUHFW
IRUHFDVW

����63
XQH[SHFWHG
HYHQWV

����65
IDOVH�DODUP

&1
QRQ�HYHQWV

67
7KUHDW�VFRUH

1RQ�OLQHDU�PRGHO

VXPPHUV�������� ���� ���� ��� ����� ����

VXPPHU����� � � � ����� �

/LQHDU�PRGHO

VXPPHUV�������� ���� ���� ���� ���� ����

VXPPHU����� � � � ����� �
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%\�PHDQV�RI�WKHVH�VNLOO�SDUDPHWHUV�D�SURSHU�HYDOXDWLRQ�RI�WKH�IRUHFDVW�V\VWHP�DV�D
ZKROH�FDQ�EH�REWDLQHG�DV�ORQJ�DV�WKH�FODVVLILHG�LQIRUPDWLRQ�RI�WKH�HQG�SURGXFW�LV
EDVHG�RQ�GLUHFW�FODVVLILFDWLRQ�RI�WKH�UDZ�QXPHULFDO�GDWD��:KHQ�H[SHUW�MXGJHPHQW
FRPHV�LQWR�SOD\�GXULQJ�RU�DIWHU�WKH�FODVVLILFDWLRQ�VWHS��WKH�JLYHQ�VNLOO�SDUDPHWHUV�FDQ
RQO\�EH�XVHG�WR�HYDOXDWH�LQWHUPHGLDWH�SURGXFWV�

8VLQJ�VWDQGDUG�VWDWLVWLFV�OLNH�URRW�PHDQ�VTXDUH�HUURU��FRUUHODWLRQ�FRHIILFLHQWV�DQG
UHJUHVVLRQ�OLQHV�EHWZHHQ�REVHUYHG�DQG�IRUHFDVW�YDOXHV�WKH�SHUIRUPDQFH�RI�WKH
V\VWHPV�FDQ�EH�HYDOXDWHG��,Q�DGGLWLRQ��RWKHU�SDUDPHWHUV�FKDUDFWHULVWLF�IRU�WKH
SHUIRUPDQFH�RI�D�PRGHO�FDQ�EH�HYDOXDWHG��)RU�HYDOXDWLQJ�RI�WKH�QXPHULFDO�RXWSXW�RI
D�IRUHFDVW��VXE��V\VWHP�WKH�IROORZLQJ�VNLOO�SDUDPHWHUV��HDFK�HYDOXDWLQJ�GLIIHUHQW
DVSHFWV�RI�WKH�V\VWHP��FDQ�EH�FRQVLGHUHG�
• WKH�IUDFWLRQDO�ELDV��)%��EHWZHHQ�DYHUDJHG�YDOXHV�IRU�IRUHFDVW�DQG�REVHUYDWLRQ

( )
( )FB
P M

P M
=

−
+

2

ZKHUH�3�LV�WKH�IRUHFDVW�YDOXH�DQG�0��LV�WKH�REVHUYHG�YDOXH��)%�ZLOO�GHWHFW�DQ\
V\VWHPDWLF�GLIIHUHQFH�EHWZHHQ�REVHUYDWLRQ�DQG�IRUHFDVW��)%�UDQJHV�EHWZHHQ���
DQG����ZLWK�D�EHVW�YDOXH�RI���

• WKH�VNLOO�VFRUH��6�GHILQHG�DV�

( )
( )

S
P M

M M

i i

i i

= −
−

−












+ +

+

∑
∑

100 1 1 1

2

1

2

ZKHUH�3L�DQG�0L�DUH�IRUHFDVW��UHVSHFWLYHO\�REVHUYHG�YDOXHV�DW�GD\�L��7KH�VFRUH�6
LQFOXGHV�WKH�SHUVLVWHQF\�PRGHO�DV�UHIHUHQFH�PRGHO��$�YDOXH�6����LQGLFDWHV�WKDW�WKH
IRUHFDVW�PRGHO�LV�ZRUVH�WKDQ�WKH�SHUVLVWHQF\�PRGHO��$�VFRUH�6 ����LQGLFDWHV�WKH
SHUIHFW�PRGHO�
• WKH�KLW�VFRUH��+��FDQ�EH�GHILQHG�DV�

( )

H
N

r

r
where

P M r

= −

= −

∑100
1 2

2

∆

∆ min ,2
DQG�U�LV�DQ�XQFHUWDLQW\�UDQJH�DURXQG�WKH�IRUHFDVW�DQG�REVHUYHG�YDOXH��7KH
XQFHUWDLQW\�LQ�WKH�REVHUYHG�YDOXH�ZLOO�GHSHQG�RQ��H�J��XQFHUWDLQWLHV�LQ�WKH
PHDVXUHPHQWV�EXW�PRUH�LPSRUWDQW�ZLOO�EH�WKH�VSDWLDO�YDULDELOLW\�RI�0�ZLWKLQ�WKH
VWXG\�DUHD��7KH�XQFHUWDLQWLHV�LQ�IRUHFDVW�YDOXH�ZLOO�UHVXOW�IURP�XQFHUWDLQWLHV�LQ
WKH�LQSXW�SDUDPHWHUV��H�J��ZHDWKHU�IRUHFDVW��DQG�IURP�WKH�PRGHO�FRQFHSW��:KHQ
WKHVH�XQFHUWDLQWLHV�DUH�QRW�NQRZQ��WKH�KLW�VFRUH�PD\�SURYLGH�D�VLPSOH�HVWLPDWH
RI�WKHLU�LPSDFW�RQ�IRUHFDVW�SHUIRUPDQFH��7KH�KLW�VFRUH�+�LQGLFDWHV�WKH�RYHUODS
EHWZHHQ�WKH�LQWHUYDO��3�U��DQG��0�U���+�UDQJHV�EHWZHHQ���DQG�����ZLWK�D�EHVW
YDOXH�RI������'LVDGYDQWDJH�RI�+��LV�WKDW�LW�DVVXPHV�D�XQLIRUP�GLVWULEXWLRQ�RI�3��0
ZLWKLQ�WKH�LQWHUYDO��U�DQG�LW�DVVXPHV�HTXDO�UDQJHV�DURXQG�ERWK�3�DQG�0�

7ZR�RU�PRUH�RI�WKH�DERYH�GHILQHG�VNLOO�SDUDPHWHUV�FDQ�EH�FRPELQHG�LQ�D�VR�FDOOHG
SHUIRUPDQFH�HTXDWLRQ���7KH�SUHFLVH�IRUPXODWLRQ�RI�WKH�SHUIRUPDQFH�HTXDWLRQ�ZLOO

                                                
8 Cassmassi, for example, proposes a total performance score, PF, given by:

PF = SP - 10 E +PC +PC10
where PF is the total performance score

SP is the fraction of correct forecast smog events
E is the mean absolute error of prediction
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GHSHQG�RQ�WKH�DLP�RI�WKH�IRUHFDVW��LI�WKH�PDLQ�REMHFWLYH�LV�WR�IRUHFDVW�KLJK�R]RQH
HYHQWV��KLJK�ZHLJKW�VKRXOG�EH�JLYHQ�WR�H�J��63��LV�WKH�PDLQ�REMHFWLYH�WKH�IRUHFDVW�WKH
SUHGLFWLRQ�RI�R]RQH�OHYHOV�LUUHVSHFWLYH�RI�WKH�DLU�TXDOLW\�FODVV��KLJK�ZHLJKWV�VKRXOG�EH
JLYHQ�WR��H�J��6�RU�+��7KH�GHYHORSPHQW�RI�D�SHUIRUPDQFH�HTXDWLRQ�ZLOO�EH�UHJLRQ
VSHFLILF�DQG�IDOOV�WKHUHIRUH�RXWVLGH�WKH�VFRSH�RI�WKLV�SDSHU��+HUH�WKH�GLVFXVVLRQ�LV
OLPLWHG�WR�WKH�GHYHORSPHQW�RI�EXLOGLQJ�EORFNV�IRU�VXFK�D�SHUIRUPDQFH�HTXDWLRQ�

3.4. Discussion

)RU�D�VPRJ�IRUHFDVW�V\VWHP�LW�FDQ�EH�DUJXHG�WKDW�OHVV�VWULQJHQW�UHTXLUHPHQWV�DUH
QHHGHG�RQ�WKH�IRUHFDVW�VNLOOV�IRU�GD\V�RQ�ZKLFK�DLU�SROOXWLRQ�OHYHOV�DUH�PXFK�ORZHU
WKDQ�VPRJ�OHYHOV�WKDQ�RQ�GD\V�RQ�ZKLFK�DPELHQW�OHYHOV�DSSURDFK�VPRJ�OHYHOV��

7KHUHIRUH��D�PDVN�YDOXH�IRU�HYDOXDWLRQ���VKRXOG�EH�LQWURGXFHG��7DEOH�����JLYHV�WKH
HYDOXDWLRQ�RI�WKH�VPRJ�IRUHFDVWV�PDGH�GXULQJ�VXPPHU������IRU���UHJLRQV�LQ�WKH
1HWKHUODQGV��GDWD�SURYLGHG�E\�(ULN�1RRUGLMN��VHH�VHFWLRQ�����IRU�D�GHVFULSWLRQ�RI�WKH
'XWFK�IRUHFDVW�V\VWHP���,Q�WKH�GDLO\�'XWFK�VPRJ�PHVVDJH�ILYH�UHJLRQV�DUH�SUHVHQWHG�
WKH�UHVXOWV�REWDLQHG�IRU�WKH�UHJLRQV�VRXWK�ZHVW�DQG�HDVW��ZKLFK�DUH�QRW�UHSURGXFHG
KHUH��DUH�VLPLODU�WR�WKH�UHJLRQV�SUHVHQWHG�LQ�7DEOH������,Q�WKH�XSSHU�SDUW�RI�WKH
WDEOH�DOO�GD\V�DUH�XVHG�LQ�WKH�HYDOXDWLRQ��LQ�WKH�PLGGOH�SDUW��RQO\�GD\V�ZLWK�DQ
REVHUYHG�R]RQH�PD[LPXP�H[FHHGLQJ�����µJ�P���WKH�ORZHU�SDUW�JLYHV�WKH�HYDOXDWLRQ
EDVHG�RQ�GD\V�RQ�ZKLFK�WKH�����µJ�P��OHYHO�KDV�EHHQ�H[FHHGHG�

$�GHWDLOHG�DQDO\VLV�RI�WKH�SHUIRUPDQFH�RI�WKH�'XWFK�V\VWHPV�LV�EH\RQG�WKH�VFRSH�RI
WKLV�SDSHU��RQO\�D�PRUH�JHQHUDO�GLVFXVVLRQ�ZLOO�SUHVHQWHG�KHUH��,Q������WKH�REVHUYHG
QXPEHU�RI�VPRJ�GD\V�ZDV�ORZ��7KH�UHVXOWV�DUH�WKHUHIRUH�RQO\�LQGLFDWLYH��ILQDO
FRQFOXVLRQV�FDQ�RQO\�EH�PDGH�ZKHQ�WKH�HYDOXDWLRQ�LV�EDVHG�RQ�PRUH�VXPPHU
SHULRGV�

7KH�PDVN�YDOXH�ZLOO�PDLQO\�FKDQJH�WKH�QXPEHU�RI�´QRW�REVHUYHG�QRW�IRUHFDVWµ�
HYHQWV��7KHUHIRUH��WKH�IUDFWLRQ�RI�FRUUHFW�IRUHFDVW�VPRJ�HYHQWV��63��DQG�WKH�IUDFWLRQ
RI�UHDOLVHG�IRUHFDVW�VPRJ�HYHQWV��65��GR�QRW�GHSHQG�RQ�WKH�FKRLFH�RI�WKH�PDVN�YDOXH
DV�ORQJ�DV�WKH�PDVN�YDOXH�LV�ZHOO�EHORZ�WKH�VPRJ�WKUHVKROG�YDOXH��1RWH�WKDW�WKLV�LV�WR
D�OHVVHU�H[WHQW�WUXH�IRU�WKH�SHUVLVWHQF\�PRGHO��KHUH�IRU�VRPH�RI�WKH�UHJLRQV�DQ
LQFUHDVH�LQ�65�ZLWK�LQFUHDVLQJ�PDVN�YDOXH�LV�IRXQG��&OHDUO\�WKHUH�DUH�VXGGHQ
HQGLQJV�RI�D�VPRJ�SHULRG�ZLWK�GD\�WR�GD\�FKDQJHV�LQ�R]RQH�OHYHOV�RI����µJ�P��RU
PRUH��7KH�SHUVLVWHQF\�PRGHO�LV�QRW�DEOH�WR�IRUHVHH�WKHVH�VXGGHQ�FKDQJHV��E\
LQWURGXFLQJ�D�PDVN�OHYHO�WKH�GD\V�GLUHFWO\�DIWHU�DQ�HSLVRGH��WKH�SHUVLVWHQF\�PRGHO
ZLOO�IRUHFDVW�WKH�HYHQW�EXW�LW�LV�QRW�REVHUYHG��DUH�H[FOXGHG�IURP�WKH�DQDO\VLV�

                                                                                                                                         
PC is the percentage of predictions within 40 µg/m3 of observed concentrations
PC10 is the percentage of predictions within 40 µg/m3 of observed concentrations on days when

the observed changes from the preceding day was equal to or greater than 200 µg/m3.
The skill parameters S and H are similar but not equivalent to PC10 and PC.
(reference: J. C. Cassmassi (1987) Development of an objective ozone forecast model for the South coast air
basin. Paper presented at the 80th annual meeting of APCA, New York, June 21-26, 1987).
9 Note that this is in contrast to the evaluation of an atmospheric chemical transport model. Here one requires that
the performance of the system is independent of the actual levels. Only in this case, one may assume that the
model includes all relevant processes. Any bias may indicate that specific processes are incorrectly represented
in the model.
10 To avoid confusion with threshold values or screening values defined in other sense (for example, for warning
of the public), threshold values used in the evaluation of smog forecasting skills will be indicated as mask values.
A mask value of e.g. 150 µg/m3 means that only events with an observed value exceeding 150 µg/m3 are
included in the evaluation.
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7KH�6XFFHVV�,QGH[��6,��GHFUHDVHV�ZLWK�LQFUHDVLQJ�PDVN�YDOXH�IRU�DOO�VLWXDWLRQ�ZKHQ
65�LV�OHVV�WKDQ�������:KHQ�65�HTXDOV�������WKH�6XFFHVV�,QGH[�EHFRPHV�HTXDO�WR�63
DQG�LV�YLUWXDOO\�LQGHSHQGHQW�RI�PDVN�YDOXH�DV�ORQJ�DV�WKH�PDVN�YDOXH�LV�ZHOO�EHORZ
WKH�VPRJ�WKUHVKROG�YDOXH�

7KH�6NLOO�6FRUH��6��VKRZV�QR�V\VWHPDWLF�EHKDYLRXU�ZLWK�LQFUHDVLQJ�PDVN�YDOXH��LQ�RQH
FDVH��UHJLRQ�VRXWK�HDVW��PDVN�YDOXH�LV�����µJ�P���6�EHFRPHV�QHJDWLYH�WKDW�LPSOLHV
WKDW�WKH�SHUVLVWHQF\�PRGHO�SHUIRUPV�EHWWHU�WKDQ�WKH�IRUHFDVW�V\VWHP��$�SRVLWLYH�6�
YDOXH�LQGLFDWHV�WKDW���RQ�WKH�DYHUDJH���WKH�GLIIHUHQFH�EHWZHHQ�IRUHFDVW�DQG�UHDOLVHG
FRQFHQWUDWLRQV�LV�VPDOOHU�IRU�WKH�V\VWHP�WKDQ�IRU�WKH�SHUVLVWHQF\�PRGHO��WKLV�
KRZHYHU��GRHV�QRW�JXDUDQWHH�D�EHWWHU�VNLOO�LQ�IRUHFDVWLQJ�RI�VPRJ�HYHQWV��LQ�D
QXPEHU�RI�FDVHV�WKH�IRUHFDVW�V\VWHP�KDV�VPDOOHU�YDOXHV�IRU�WKH�IUDFWLRQV�63�DQG�65
WKDQ�WKH�SHUVLVWHQF\�PRGHO�

7KH�IUDFWLRQDO�ELDV�FKDQJHV�IURP�VOLJKWO\�SRVLWLYH�WR�QHJDWLYH�YDOXHV�ZKHQ�D�PDVN
YDOXH�LV�LQWURGXFHG��LQ�WKH�'XWFK�V\VWHP�WKHUH�LV�D�WHQGHQF\�WR�XQGHUHVWLPDWH�WKH
SHDN�YDOXHV��7KH�SHUVLVWHQF\�PRGHO�KDV�D�VLPLODU�EHKDYLRXU��$V�WKH�IRUHFDVW�V\VWHP
�WKH�'XWFK�V\VWHP�LV�ODUJHO\�EDVHG�RQ�D�FODVVLILHG�H[WUDSRODWLRQ�RI�PHDVXUHPHQW�RI
WKH�SUHYLRXV���K��DQG�WKH�SHUVLVWHQF\�PRGHO�ERWK�KDYH��WR�D�VPDOO��UHVSHFWLYHO\�ODUJH
H[WHQW��D�PHPRU\�HIIHFW�WKH�LQWURGXFWLRQ�RI�D�PDVN�YDOXH�ZLOO�V\VWHPDWLFDOO\�H[FOXGH
PRUH�GD\V�ZLWK�IRUHFDVW�YDOXH�H[FHHGLQJ�WKH�REVHUYHG�YDOXH�

7KH�KLW�VFRUH��+��KDV�EHHQ�HYDOXDWHG�ZLWK�D�UDQJH�U� ����µJ�P���$�PDVN�YDOXH�GRHV
QRW�VHHP�WR�KDYH�D�V\VWHPDWLF�HIIHFW�RQ�WKH�YDOXH�RI�+�DOWKRXJK�+�WHQGV�WR�EH�KLJKHU
ZKHQ�QR�PDVN�LV�DSSOLHG��$JDLQ�LW�VKRXOG�EH�PHQWLRQHG�WKDW�D�SRVLWLYH�6�GRHV�QRW
JXDUDQWHH�WKDW�WKH�KLW�VFRUH�RI�WKH�IRUHFDVW�V\VWHP�LV�KLJKHU�WKDQ�WKH�RQH�IRU�WKH
SHUVLVWHQF\�PRGHO��7KH�GLIIHUHQW�EHKDYLRXU�RI�WKH�FKRVHQ�VNLOO�SDUDPHWHUV�LQGLFDWHV
WKDW�WR�JHW�LQVLJKW�LQWR�WKH�SHUIRUPDQFH�RI�D�IRUHFDVW�V\VWHP��YDULRXV�VNLOO
SDUDPHWHUV�VKRXOG�EH�HYDOXDWHG�

(YDOXDWLRQ�RI�63��65��DQG�6,�IRU�VHYHUDO�UHJLRQ�LQ�WKH�8.�VKRZV�WKDW�IURP�\HDU�WR
\HDU�ODUJH�YDULDWLRQV�FDQ�EH�H[SHFWHG��LQ��������D�\HDU�ZLWK�D�UHODWLYHO\�ORZ�QXPEHU
RI�GD\V�ZLWK�SRRU�DLU�TXDOLW\���63��DQG�6,�DUH�����RU�KLJKHU��65�UDQJHV�IURP����WR
����EXW�LQ���RXW�RI���UHJLRQV�65��LV�EHORZ������,Q������63�DQG�6,�LQGLFDWH�D�OHVV
JRRG�SHUIRUPDQFH��UDQJLQJ�IURP����������WKH�65�VFRUH�LV�IRU���RXW�RI���UHJLRQV
EHORZ������)RU�D�SURSHU�HYDOXDWLRQ�RI�D�IRUHFDVW�V\VWHP�LW�LV�UHFRPPHQGHG�WR�XVH
GDWD�RI�VHYHUDO�VXPPHU�SHULRGV��HVSHFLDOO\�ZKHQ�WKH�QXPEHU�RI�VPRJ�HYHQWV�LV�ORZ�
$V�HDFK�VNLOO�SDUDPHWHU�HYDOXDWHV�RQO\�VSHFLILF�FKDUDFWHULVWLFV�RI�WKH�IRUHFDVW��WKH�XVH
RI�YDULRXV�VNLOO�SDUDPHWHUV�LV�UHFRPPHQGHG��:KHQ�VNLOO�SDUDPHWHUV�DUH�DOO�VFDOHG
EHWZHHQ���DQG�����VXPPDULVLQJ�JUDSKV�OLNH�)LJXUH�����FDQ�EH�PDGH��8VLQJ�VXFK�D
ILJXUH��D�GLUHFW�FRPSDULVRQ�EHWZHHQ�WKH�IRUHFDVW�PRGHO�DQG�WKH�UHIHUHQFH
�SHUVLVWHQF\��PRGHO�FDQ�EH�PDGH�
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7DEOH������(YDOXDWLRQ�RI�WKH�VPRJ�IRUHFDVW�RI�VXPPHU�������0D\�����
6HSWHPEHU�����PDGH�IRU�WKUHH�UHJLRQV�LQ�WKH�1HWKHUODQGV��D�VPRJ�HYHQW�LV

GHILQHG�DV�D�GD\�ZLWK�PD[LPXP�R]RQH�FRQFHQWUDWLRQ�H[FHHGLQJ�����µµJ�P���7KH
VNLOO�SDUDPHWHUV�63��65��6,��)%��6�DQG�+�DUH�GHILQHG�LQ�WKH�WH[W��7KH
SHUIRUPDQFH�RI�WKH�SHUVLVWHQF\�PRGHO�LV�JLYHQ�LQ�WKH�VHFRQG�FROXPQ�LQ�LWDOLFV�

VRXWK�HDVW ZHVW QRUWK

!� REVHUYHG !� REVHUYHG !� REVHUYHG

IRUHFDVW \HV QR WRWDO IRUHFDVW \HV QR WRWDO IRUHFDVW \HV QR W
\HV � � � \HV � � � \HV � � �
QR � ��� ��� QR � ��� ��� QR � ���

WRWDO � ��� ��� WRWDO � ���� ��� WRWDO � ���

63 ���� ���� 63 ���� ���� 63 ���� �
65 ���� ���� 65 ����� ���� 65 ����� �
6, ���� ���� 6, ���� ���� 6, ���� �
)% ����� ����� )% ����� ��� )% ����� �����

6 ���� QD 6 ���� QD 6 ���� Q
+ ���� ���� + ���� ���� + ���� �

!��� REVHUYHG !��� REVHUYHG !��� REVHUYHG

IRUHFDVW \HV QR WRWDO IRUHFDVW \HV QR WRWDO IRUHFDVW \HV QR W
\HV � � � \HV � � � \HV � � �
QR � �� �� QR � �� �� QR � ��

WRWDO � �� �� WRWDO � �� �� WRWDO � �� �
63 ���� ���� 63 ���� ���� 63 ���� �
65 ���� ���� 65 ����� ���� 65 ����� �
6, ���� ���� 6, ���� ���� 6, ���� �
)% ������ ������ )% ������ ������ )% ������ ������

6 ���� QD 6 ���� QD 6 ���� Q
+ ���� ���� + ���� ���� + ���� �

!��� REVHUYHG !��� REVHUYHG !��� REVHUYHG

IRUHFDVW \HV QR WRWDO IRUHFDVW \HV QR WRWDO IRUHFDVW \HV QR W
\HV � � � \HV � � � \HV � � �
QR � � �� QR � � �� QR � � �
WRWDO � �� �� WRWDO � � �� WRWDO � �

63 ���� ���� 63 ���� ���� 63 ���� �
65 ���� ���� 65 ����� ����� 65 ����� �

6, ���� ���� 6, ���� ���� 6, ���� �
)% ������ ������ )% ������ ������ )% ������ ������

6 ����� QD 6 ��� QD 6 ���� Q
+ ���� ���� + ���� ���� + ���� �
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)LJXUH������6XPPDU\�RI�WKH�HYDOXDWLRQ�RI�WKH�'XWFK�VPRJ�IRUHFDVW�V\VWHP�LQ�6XPPHU������
/HIW��UHJLRQ�VRXWK�HDVW��DOO�GDWD��5LJKW��ZHVW�UHJLRQ��RQO\�GD\V�ZLWK�R]RQH�H[FHHGLQJ����

µJ�P��DUH�LQFOXGHG�LQ�WKH�DQDO\VLV���$V�UHIHUHQFH�WKH�SHUVLVWHQF\�PRGHO�LV�LQFOXGHG�

3.5. Recommendations

,Q�SUHSDUDWLRQ�RI�DQ�REVHUYDWLRQDO�GDWD�VHW�IRU�HYDOXDWLQJ�IRUHFDVW�V\VWHPV�IRU�D
FHUWDLQ�UHJLRQ��WKH�KLJKHVW�REVHUYHG�YDOXH�LQ�WKDW�UHJLRQ�VKRXOG�EH�VHOHFWHG��7KLV
ZLOO�LQWURGXFH�VRPH�ELDV�WRZDUGV�KLJK�R]RQH�OHYHOV�EXW�WKLV�ZLOO�JLYH�WKH�EHVW
JXDUDQWHHV�IRU�LQIRUPDWLRQ�WR�WKH�SXEOLF�

,Q�DVVHVVPHQW�RI�WKH�VNLOO�RI�D�IRUHFDVW�SURFHGXUH�ERWK�WKH�FRUUHFWO\�SUHGLFWHG�VPRJ
HYHQWV�DQG�QRQ�VPRJ�HYHQWV��IDOVH�KLJKV��PLVVHG�KLJKV��VKRXOG�EH�FRQVLGHUHG��IRU
H[DPSOH�E\�HYDOXDWLQJ�WKH�VXFFHVV�LQGH[��$V�UHIHUHQFH�WKH�SHUVLVWHQF\�PRGHO�VKRXOG
DOZD\V�EH�LQFOXGHG�

:KHQ�TXDQWLWDWLYH�LQIRUPDWLRQ�LV�DYDLODEOH��VNLOO�SDUDPHWHUV�OLNH�IUDFWLRQDO�ELDV��VNLOO
VFRUH�DQG�KLW�VFRUH�VKRXOG�EH�HYDOXDWHG��,Q�WKHVH�HYDOXDWLRQV�QRW�DOO�GDWD�EXW�RQO\
PRGHUDWHO\�KLJK�R]RQH�OHYHOV��UHFRPPHQGHG�VFUHHQLQJ�YDOXH�LV�����µJ�P���VKRXOG
EH�LQFOXGHG��$JDLQ�D�FRPSDULVRQ�ZLWK�D�UHIHUHQFH�SHUVLVWHQF\�PRGHO�LV�HVVHQWLDO�

)RU�D�SURSHU�HYDOXDWLRQ�RI�D�IRUHFDVW�V\VWHP�LW�LV�UHFRPPHQGHG�WR�XVH�GDWD�RI�VHYHUDO
VXPPHU�SHULRGV��HVSHFLDOO\�ZKHQ�WKH�QXPEHU�RI�VPRJ�HYHQWV�LV�ORZ�

)XUWKHU�VWXG\�RQ�WKH�LQFRUSRUDWLRQ�RI�SUREDELOLW\�UDQJHV�LQ�IRUHFDVWV�DQG�HYDOXDWLRQ
SURFHGXUHV�LV�UHFRPPHQGHG�

,W�LV�UHFRPPHQGHG�WR�SURYLGH�LQIRUPDWLRQ�RQ�WKH�SHUIRUPDQFH�RI�WKH�IRUHFDVW
V\VWHPV�WR�WKH�HQG�XVHUV��+RZHYHU��WKH�FRPSOH[LW\�RI�D�VPRJ�IRUHFDVW�V\VWHP�ZLOO
PDNH�LW�GLIILFXOW�WR�H[SODLQ�WR�WKH�JHQHUDO�SXEOLF�WKH�PHDQLQJ�RI�WKH�YDULRXV�VNLOO
SDUDPHWHUV��7KHUHIRUH��LW�LV�UHFRPPHQGHG�WR�OLPLW�WKH�LQIRUPDWLRQ�WR�HDVLO\
XQGHUVWDQGDEOH�SDUDPHWHUV�VXFK�DV�6���SUREDELOLW\�RI�GHWHFWLRQ�RI�VPRJ�HYHQWV��DQG
����6���IDOVH�DODUP�UDWH��

,W�LV�UHFRPPHQGHG�WR�HYDOXDWH�WKH�IRUHFDVW�V\VWHPV�RSHUDWLRQDO�LQ�WKH�YDULRXV
FRXQWULHV�XVLQJ�WKH�VHW�RI�VNLOO�SDUDPHWHUV�SUHVHQWHG�KHUH��$V�D�QH[W�VWHS�WR
KDUPRQLVH�WKH�HYDOXDWLRQ�SURFHGXUHV��WKH�UHVXOWV�VKRXOG�EH�SUHVHQWHG�DQG�GLVFXVVHG
GXULQJ�D�IROORZ�XS�PHHWLQJ�RI�WKH�7:*�
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4. NEEDS AND OPTIONS FOR NEAR REAL TIME DATA
EXCHANGE

4.1. The requirement for data exchange

2]RQH�HSLVRGHV�LQ�1RUWKZHVW�(XURSH�DUH�D�WUDQVERXQGDU\�SKHQRPHQRQ��7KH
SUHVHQFH�RI�KLJK�FRQFHQWUDWLRQV�RI�SKRWRFKHPLFDOO\�GHULYHG�R]RQH�DW�JURXQG�OHYHO
DW�D�SDUWLFXODU�ORFDWLRQ�PD\�VWHP�LQ�SDUW�IURP�WKH�WUDQVSRUW�RI�R]RQH�DQG�LWV
SUHFXUVRUV�LQ�DLU�SDUFHOV�ZKLFK�KDYH�WUDYHOOHG�VLJQLILFDQW�GLVWDQFHV��KXQGUHGV�RI�NP��
7\SLFDOO\��WKH�SDWKV�WKDW�VXFK�DLU�SDUFHOV�IROORZ�FURVV�VHYHUDO�(XURSHDQ�QDWLRQDO
ERXQGDULHV��,QIRUPDWLRQ�RQ�WKH�YHU\�UHFHQW��QHDU�UHDO�WLPH��FRQFHQWUDWLRQV�RI�R]RQH
LQ�QHLJKERXULQJ�DQG�PRUH�GLVWDQW�FRXQWULHV�FDQ�SURYLGH�XVHIXO�DGGLWLRQDO
LQIRUPDWLRQ�IRU�QDWLRQDO�R]RQH�IRUHFDVWLQJ�DFWLYLWLHV��1DWLRQDO�R]RQH�IRUHFDVWLQJ
V\VWHPV�JHQHUDOO\�LQFOXGH�DQ�HOHPHQW�RI�H[SHUW�DQDO\VLV�LQ�WKH�SUHSDUDWLRQ�RI�D
IRUHFDVW��1HDU�UHDO�WLPH�R]RQH�GDWD�IURP�RWKHU�FRXQWULHV�FDQ�EH�LQFOXGHG�LQ�WKH
DQDO\VLV�DW�WKLV�VWDJH��,W�FDQ�SURYLGH�LQIRUPDWLRQ�RQ�WKH�JHQHUDO�VSDWLDO�GLVWULEXWLRQ
RI�KLJK�R]RQH�FRQFHQWUDWLRQV�DFURVV�1RUWK�:HVW�(XURSH�GXULQJ�HSLVRGHV��0RUH
LPSRUWDQWO\��LQ�FRQMXQFWLRQ�ZLWK�PHWHRURORJLFDO�IRUHFDVWV��LW�FDQ�SURYLGH�DQ
LQGLFDWLRQ�RI�WKH�R]RQH�FRQFHQWUDWLRQV�LQ�XSZLQG�DUHDV��([FKDQJHG�GDWD�FDQ
WKHUHIRUH�LPSURYH�WKH�DFFXUDF\�RI�QDWLRQDO�R]RQH�IRUHFDVWV�DQG�PD\�DOVR�DVVLVW�LQ�WKH
GHYHORSPHQW�RI�PRUH�DFFXUDWH�ORQJ�UDQJH�IRUHFDVWV��IRUHFDVWV�IRU�PRUH�GD\V�DKHDG��
7KH�FRPSXWHU�PRGHOV�XVHG�E\�QDWLRQDO�R]RQH�IRUHFDVWLQJ�V\VWHPV�DUH�FXUUHQWO\�QRW
GHVLJQHG�WR�LQFRUSRUDWH�H[FKDQJHG�R]RQH�GDWD��VXFK�V\VWHPV�PD\��KRZHYHU��EH
GHYHORSHG�LQ�WKH�IXWXUH��2]RQH�PHDVXUHPHQW�GDWD��PHWHRURORJLFDO�IRUHFDVWV�DQG�DLU
TXDOLW\�PRGHOV�DUH�DOO�UHTXLUHG�IRU�D�FRPSUHKHQVLYH�IRUHFDVWLQJ�V\VWHP�

7KH�DLPV�RI�GDWD�H[FKDQJH�DUH�WZRIROG�
• LW�SURYLGHV�DQ�LQSXW�WR�QDWLRQDO�H[SHUWV�DQG�DVVLVWV�LQ�LPSURYLQJ�WKH�DFFXUDF\�RI
R]RQH�IRUHFDVWV�

• LI�H[FKDQJHG�GDWD�LV�PDGH�GLUHFWO\�DYDLODEOH�WR�WKH�SXEOLF��IRU�LQVWDQFH�YLD�D
:RUOG�:LGH�:HE�SDJH��WKHQ�LW�VHUYHV�WR�HPSKDVLVH�WKH�WUDQVERXQGDU\�QDWXUH�RI
R]RQH�HSLVRGHV�LQ�1RUWKZHVW�(XURSH�

4.2. The possibility of a co-ordinated system of data exchange

,QIRUPDO�DUUDQJHPHQWV�IRU�WKH�ELODWHUDO�H[FKDQJH�RI�R]RQH�PHDVXUHPHQW�GDWD
EHWZHHQ�LQGLYLGXDO�SDLUV�RI�FRXQWULHV�KDYH�EHHQ�LQ�SODFH�IRU�VHYHUDO�\HDUV��)RU
H[DPSOH��WKH�8.�ZLWK�WKH�1HWKHUODQGV�DQG�%HOJLXP�ZLWK�*HUPDQ\��7KHUH�KDV�EHHQ
D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�DFFHVVLELOLW\�RI�,QWHUQHW�WHFKQRORJ\�LQ�WKH�ODVW�IHZ�\HDUV�
0RVW�LQVWLWXWHV�DQG�FRPSDQLHV�QRZ�KDYH�H�PDLO�IDFLOLWLHV�DQG�PDQ\�DOVR�KDYH�DFFHVV
WR�WKH�:RUOG�:LGH�:HE��7KLV�SURYLGHV�DQ�RSSRUWXQLW\�WR�GHYHORS�D�FR�RUGLQDWHG
V\VWHP�RI�H[FKDQJH�RI�QHDU�UHDO�WLPH�R]RQH�GDWD�LQ�1RUWKZHVW�(XURSH�XWLOLVLQJ�WKHVH
H[LVWLQJ�GDWD�FRPPXQLFDWLRQ�IDFLOLWLHV�

$�IRUPDO�FR�RUGLQDWHG�V\VWHP�LQ�ZKLFK�GDWD�LV�VHQW�WR�D�FHQWUDO�LQIRUPDWLRQ�KXE�
FROODWHG�DQG�D�VLQJOH�PHVVDJH�GLVVHPLQDWHG�WR�DOO�SDUWLFLSDQWV�KDV�VHYHUDO�DGYDQWDJHV
RYHU�PRUH�LQIRUPDO�ELODWHUDO�DUUDQJHPHQWV�
• &RQVLVWHQW�LQIRUPDWLRQ�LV�H[FKDQJHG�LQ�D�VWDQGDUG�IRUPDW�
• 7KH�LQIRUPDWLRQ�H[FKDQJHG�LV�RSWLPLVHG�EHFDXVH�LW�KDV�EHHQ�VSHFLILHG�E\
QDWLRQDO�H[SHUWV��H�J��WKH�PHPEHUV�RI�7:*�')2��
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• 'DWD�IURP�DOO�SDUWLFLSDWLQJ�FRXQWULHV�ZLOO�DUULYH�LQ�RQH�PHVVDJH�UDWKHU�WKDQ�LQ
VHYHUDO�PHVVDJHV�

• ,W�VKRXOG�EH�SRVVLEOH�WR�SUHVHQW�D�PDS�VKRZLQJ�R]RQH�FRQFHQWUDWLRQV�LQ
1RUWKZHVW�(XURSH�HDFK�GD\��2]RQH�FRQFHQWUDWLRQV�FRXOG�EH�UHSUHVHQWHG�E\
FRORXUHG�GRWV�RU�QXPEHUV�RQ�WKHVH�PDSV�

$�FR�RUGLQDWHG�GDWD�H[FKDQJH�V\VWHP�VKRXOG�HQFRXUDJH�FRXQWULHV�WR�SDUWLFLSDWH�LQ
GDWD�H[FKDQJH�DQG�WKH�FRQWDFWV�HVWDEOLVKHG�PD\�DOVR�HQFRXUDJH�KDUPRQLVDWLRQ�RI
IRUHFDVWLQJ�PHWKRGV�

4.3. The Working Group's recommendation

7KH�QDWLRQDO�H[SHUWV�SDUWLFLSDWLQJ�LQ�WKH�7HFKQLFDO�:RUNLQJ�*URXS�RQ�'DWD
H[FKDQJH�DQG�)RUHFDVWLQJ�2]RQH�HSLVRGHV�LQ�1RUWKZHVW�(XURSH�KDYH�FRQVLGHUHG
WKH�QHHGV�DQG�RSWLRQV�IRU�QHDU�UHDO�WLPH�GDWD�H[FKDQJH��7KH�SDUWLFLSDQWV�LQGLFDWHG
WKHLU�SRVLWLYH�LQWHUHVW�LQ�D�FR�RUGLQDWHG�V\VWHP�RI�GDWD�H[FKDQJH�DQG�WKHLU
ZLOOLQJQHVV�WR�SDUWLFLSDWH�LQ�VXFK�D�V\VWHP��ZLWK�VRPH�UHVWULFWLRQV�DV�WR�WHFKQLFDO
FDSDELOLWLHV���7KH�JURXS�FRQVLGHUHG�WZR�RSWLRQV�
• $�
FORVHG
�V\VWHP�RI�GDWD�H[FKDQJH�ZLWK�GLVVHPLQDWLRQ�WR�SDUWLFLSDWLQJ�LQVWLWXWHV
E\�H�PDLO�RQO\�

• $Q�
RSHQ
�V\VWHP�RI�GDWD�H[FKDQJH�ZLWK�GLVVHPLQDWLRQ�YLD�D�IUHHO\�DFFHVVLEOH
:RUOG�:LGH�:HE�SDJH�LQ�DGGLWLRQ�WR�GLVWULEXWLRQ�WR�SDUWLFLSDQWV�E\�H�PDLO�

7KH�7HFKQLFDO�:RUNLQJ�*URXS�UHFRPPHQGHG�WKDW�DQ�
RSHQ
�V\VWHP�EH�HVWDEOLVKHG
DQG�WKDW�WKLV�V\VWHP�EH�UHVWULFWHG�WR�H[FKDQJH�RI�R]RQH�GDWD��H[FOXGLQJ
PHWHRURORJLFDO�LQIRUPDWLRQ��ZKLFK�LV�JHQHUDOO\�DYDLODEOH�DW�WKH�QDWLRQDO�OHYHO��7KH
JURXS�DOVR�UHFRPPHQGHG�WKDW�R]RQH�FRQFHQWUDWLRQV�VKRXOG�EH�JLYHQ�LQ�µJP���WR�EH
FRQVLVWHQW�ZLWK�WKH�(8�GLUHFWLYH�DQG�WKDW�DOO�H[FKDQJHG�GDWD�VKRXOG�EH�FOHDUO\
PDUNHG�DV�SURYLVLRQDO�

4.4. Recommended specification for a co-ordinated system of data 
exchange

&RQVXOWDQWV�IURP�$($�7HFKQRORJ\
V�1DWLRQDO�(QYLURQPHQWDO�7HFKQRORJ\�&HQWUH
KDYH�FDUULHG�RXW�D�VWXG\�RI�WKH�IHDVLELOLW\�RI�VHWWLQJ�XS�D�FR�RUGLQDWHG�R]RQH�GDWD
H[FKDQJH�V\VWHP�IRU�1RUWKZHVW�(XURSH�DW�WKH�UHTXHVW�RI�WKH�8.�'HSDUWPHQW�RI�WKH
(QYLURQPHQW��7KLV�IHDVLELOLW\�VWXG\�LQFOXGHG�WKH�SUHSDUDWLRQ�RI�D�GUDIW�VSHFLILFDWLRQ
IRU�D�GDWD�H[FKDQJH�V\VWHP��FRPSLOHG�LQ�FRQMXQFWLRQ�ZLWK�QDWLRQDO�R]RQH�IRUHFDVWLQJ
H[SHUWV��7KH�GHWDLOHG�GUDIW�VSHFLILFDWLRQ�LV�LQFOXGHG�DV�$QQH[�$�

7KLV�VSHFLILFDWLRQ�LQFOXGHV�
• 7KH�SURYLVLRQ�RI�R]RQH�GDWD�IURP�D�VPDOO�QXPEHU�RI�UHJLRQDOO\�UHSUHVHQWDWLYH
UXUDO�PRQLWRULQJ�VLWHV�IURP�HDFK�SDUWLFLSDWLQJ�FRXQWU\��WKH�QXPEHU�RI�VLWHV�EHLQJ
GHWHUPLQHG�E\�WKH�VL]H�RI�HDFK�FRXQWU\���7KH�VLWHV�VKRXOG�EH�FKRVHQ�WR�UHIOHFW
R]RQH�FRQFHQWUDWLRQV�UHODWLQJ�WR�ORQJ�UDQJH�WUDQVSRUW�RI�R]RQH�DQG�LWV
SUHFXUVRUV��7KLV�GDWD�VKRXOG�LQFOXGH�\HVWHUGD\
V�PD[LPXP�KRXUO\�R]RQH
FRQFHQWUDWLRQ�DQG�DQ�H[DPSOH�RI�WKLV�PRUQLQJ
V�R]RQH�FRQFHQWUDWLRQ�

• 7KLV�GDWD�WR�EH�WUDQVPLWWHG�E\�H�PDLO�WR�D�FHQWUDO�LQIRUPDWLRQ�KXE�LQ�ODWH
PRUQLQJ�

• 7KHVH�PHVVDJHV�WR�EH�FROODWHG�WR�IRUP�D�VLQJOH�SDJH�VXPPDU\�WKDW�LV�WKHQ�H�
PDLOHG�WR�DOO�SDUWLFLSDQWV�DQG�PDGH�DYDLODEOH�RQ�D�ZRUOG�ZLGH�ZHE�SDJH�
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,W�LV�DQWLFLSDWHG�WKDW�SDUWLFLSDWLRQ�LQ�WKH�GDWD�H[FKDQJH�VKRXOG�QRW�HQWDLO�VLJQLILFDQW
FRVWV�DQG�LW�LV�VXJJHVWHG�WKDW�SDUWLFLSDQWV�LQFRUSRUDWH�WKLV�ZRUN�LQWR�WKHLU�R]RQH
IRUHFDVWLQJ�DFWLYLWLHV��7KH�FR�RUGLQDWLRQ�DFWLYLWLHV�RI�WKH�FHQWUDO�LQIRUPDWLRQ�KXE�ZLOO
HQWDLO�VRPH�FRVWV��7KHVH�ZLOO�FRQVLVW�RI�OLDLVRQ�ZLWK�QDWLRQDO�R]RQH�IRUHFDVWLQJ
FHQWUHV�WR�LQLWLDWH�GDWD�H[FKDQJH�DQG�VRPH�SURJUDPPLQJ�DQG�SURJUDP
PDLQWHQDQFH�WDVNV�

4.5. Readiness of countries to participate

$($�7HFKQRORJ\·V�IHDVLELOLW\�VWXG\�DOVR�H[SORUHG�ZKHWKHU�WKH�HQWKXVLDVP�DQG
WHFKQLFDO�LQIUDVWUXFWXUH�H[LVW�IRU�D�FR�RUGLQDWHG�GDWD�H[FKDQJH�V\VWHP�WR�EH
HVWDEOLVKHG��7KH�UHVSRQVHV�UHFHLYHG�E\�$($�7HFKQRORJ\�DQG�LQIRUPDWLRQ�SURYLGHG
E\�SDUWLFLSDQWV�LQ�WKH�7HFKQLFDO�:RUNLQJ�*URXS�DUH�VXPPDULVHG�LQ�WKLV�VHFWLRQ�

7KH�IROORZLQJ�FRXQWLHV�SDUWLFLSDWHG�LQ�WKH�0LQLVWHULDO�&RQIHUHQFH�RQ�7URSRVSKHULF
R]RQH�LQ�1RUWKZHVW�(XURSH�LQ�/RQGRQ�LQ�0D\������

%HOJLXP� %HOJLDQ�GDWD�LV�DOUHDG\�SXEOLVKHG�RQ�WKH�:RUOG�:LGH�:HE��VR�WKHUH
VKRXOG�EH�QR�WHFKQLFDO�GLIILFXOWLHV�LQ�H[FKDQJLQJ�GDWD�

'HQPDUN� 7ZR�LQVWLWXWLRQV�FROOHFW�R]RQH�GDWD�LQ�'HQPDUN��7KH
0HWHRURORJLFDO�2IILFH�DQG�WKH�1DWLRQDO�(QYLURQPHQWDO�5HVHDUFK
,QVWLWXWH��1(5,���7KH�8.�DOUHDG\�UHFHLYHV�GDWD�IURP�WKH
0HWHRURORJLFDO�2IILFH�DQG�1(5,�LV�ZLOOLQJ�DQG�DEOH�WR�SDUWLFLSDWH�

)UDQFH� 2]RQH�LV�PRQLWRUHG�E\�UHJLRQDO�DXWKRULWLHV��7KH�DXWKRULW\�IRU
*UHDWHU�3DULV�LV�ZLOOLQJ�WR�H[FKDQJH�GDWD�DQG�QRZ�KDV�DFFHVV�WR�WKH
,QWHUQHW�YLD�D�VHUYLFH�SURYLGHU�

*HUPDQ\� 8PZHOEXQGHVDPW�ZRXOG�OLNH�WR�SDUWLFLSDWH�LQ�WKH�GDWD�H[FKDQJH�

,UHODQG� 2]RQH�LV�PRQLWRUHG�E\�WKH�(3$��$�V\VWHP�LV�VHW�XS�WR�DXWRPDWLFDOO\
VHQG�ID[HV�FRQWDLQLQJ�KRXUO\�DYHUDJH�GDWD�ZKHQ�WULJJHUHG�E\
R]RQH�HSLVRGHV��7KH�(3$�PD\�KDYH�DFFHVV�WR�H�PDLO�EXW�WKH\
HQYLVDJH�WHFKQLFDO�SUREOHPV�LQ�SDUWLFLSDWLQJ�LQ�WKH�FR�RUGLQDWHG
GDWD�H[FKDQJH�V\VWHP��2]RQH�IRUHFDVWLQJ�IRU�,UHODQG�LV�GRQH�E\
WKH�,ULVK�0HWHRURORJLFDO�2IILFH��ZKR�ZLOO�EH�DEOH�WR�UHFHLYH�H�PDLO
PHVVDJHV�

/X[HPERXUJ� /X[HPERXUJ�ZRXOG�OLNH�WR�SDUWLFLSDWH�LQ�WKH�GDWD�H[FKDQJH�

7KH�1HWKHUODQGV� :KHQ�R]RQH�OHYHOV�DUH�HQKDQFHG��5,90�DOUHDG\�H[FKDQJHV�GDWD
ZLWK�QHLJKERXULQJ�FRXQWULHV��%HOJLXP��*HUPDQ\��/X[HPERXUJ�
)UDQFH��8.��DQG�ZRXOG�OLNH�WR�SDUWLFLSDWH�LQ�WKH�GDWD�H[FKDQJH
V\VWHP�

8.� $($�7HFKQRORJ\�KDV�ERWK�WKH�WHFKQLFDO�FDSDELOLW\�DQG�WKH�GHVLUH
WR�EH�LQYROYHG�

7KH�IROORZLQJ�FRXQWULHV�GLG�QRW�SDUWLFLSDWH�LQ�WKH�0LQLVWHULDO�&RQIHUHQFH�EXW�DUH
PHPEHUV�RI�WKH�7HFKQLFDO�:RUNLQJ�*URXS�DQG�H[SUHVVHG�WKH�ZLVK�WR�SDUWLFLSDWH�LQ
D�FR�RUGLQDWHG�GDWD�H[FKDQJH�V\VWHP��$XVWULD��)LQODQG��DQG�6ZHGHQ
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ANNEX A: DATA EXCHANGE PROTOCOL

,QWURGXFWLRQ

7KH�DLP�LV�WR�VHW�XS�D�ODUJHO\�DXWRPDWLF�V\VWHP��ZLWK�YHU\�OLWWOH�LQWHUYHQWLRQ�UHTXLUHG
WR�PDLQWDLQ�WKH�IORZ�RI�LQIRUPDWLRQ��7KH�LQWHQWLRQ�LV�WR�GLVVHPLQDWH�WKH�LQIRUPDWLRQ
E\�H�PDLO�DQG�YLD�D�ZRUOG�ZLGH�ZHE�SDJH�

,W�LV�KRSHG�WKDW�LI�DQ�DXWKRULW\�LV�ZLOOLQJ�WR�FRQWULEXWH�LQIRUPDWLRQ��LW�ZLOO�EH�DEOH�WR
GR�VR�E\�VHQGLQJ�LW�DV�H�PDLO��RU�E\�SODFLQJ�LW�LQ�D�ILOH�WKDW�FDQ�EH�UHFRYHUHG�E\�¶IWS·�

,Q�DQ�LGHDO�VFHQDULR��LW�LV�KRSHG�WKDW�D�PHVVDJH�ZLWK�RQH�RU�WZR�GDWD�LWHPV�ZLOO�EH
VHQW�GDLO\��IRU�D�VPDOO�QXPEHU��������RI�UHSUHVHQWDWLYH�UXUDO�VWDWLRQV�IURP�HDFK
SDUWLFLSDWLQJ�FRXQWU\���$V�D�WDUJHW�LW�LV�KRSHG�WR�UHFHLYH�GDLO\��LQ�WKH�ODWH�PRUQLQJ�
E\�H�PDLO�RU�XVLQJ�¶IWS·��D�GDWD�ILOH�FRQWDLQLQJ�WKH�LQIRUPDWLRQ�OLVWHG�KHUH�IRU�HDFK
VWDWLRQ�
• \HVWHUGD\·V�PD[LPXP�KRXUO\�DYHUDJH�R]RQH�FRQFHQWUDWLRQ�
• WKH�GDWH�DQG�WLPH�RI�WKH�PD[LPXP�KRXUO\�DYHUDJH�R]RQH�FRQFHQWUDWLRQ�
• DQ�H[DPSOH�KRXUO\�DYHUDJH�R]RQH�FRQFHQWUDWLRQ�IURP�UHFHQWO\�WKLV�PRUQLQJ�
• WKH�GDWH�DQG�WLPH�RI�WKH�H[DPSOH�KRXUO\�DYHUDJH�FRQFHQWUDWLRQ�
• VWDWLRQ�ODWLWXGH�
• VWDWLRQ�ORQJLWXGH�
• VWDWLRQ�DOWLWXGH�

,I�DQ�DXWKRULW\�ZLVKHV�WR�SDUWLFLSDWH��LW�QHHGV�WR�FKRRVH�D�VPDOO�QXPEHU�RI�VWDWLRQV
ZKRVH�GDWD�ZRXOG�EH�XVHIXO�WR�LWV�QHLJKERXU�FRXQWULHV�LQ�IRUHFDVWLQJ�R]RQH�HSLVRGHV�
7KH�VWDWLRQV�VKRXOG�EH�LGHQWLILHG�E\�QDPH�DQG�ODWLWXGH��ORQJLWXGH�DQG�DOWLWXGH�WR
WKH�SHUVRQ�ZKR�LV�DVNHG�WR�VHW�XS�WKH�WHFKQLFDO�DVSHFWV�

3URSRVHG�IRUPDW

7KH�LQWHQWLRQ�LV�WR�LVVXH�H�PDLO�PHVVDJHV�FRQWDLQLQJ�WKH�DJJUHJDWHG�LQIRUPDWLRQ�DW
������87��*07���7R�GR�WKLV�WKH�GDWD�QHHGV�WR�EH�UHFHLYHG�E\�������87�

7KH�H�PDLO�DFFRXQW�WR�VHQG�GDWD�WR�LV�WR�EH�GHFLGHG�

3OHDVH�XVH�SODLQ�H�PDLO�WH[W�UDWKHU�WKDQ�¶DWWDFKHG·�ZRUG�SURFHVVRU�RU�VSUHDGVKHHW
ILOHV��3OHDVH�XVH�D�PHVVDJH�VXEMHFW�RI�R]RQH�GDWD�IURP�>FRXQWU\�FRGH@��)RU�H[DPSOH
R]RQH�GDWD�IURP�%�

$Q�H�PDLO�DFFRXQW�WR�VHQG�TXHULHV�DQG�FRPPHQWV�WR�LV�WR�EH�GHFLGHG�

7KH�LQWHUQDWLRQDO�VWDQGDUG�DEEUHYLDWLRQ�FRXQWU\�QDPHV�VKRXOG�EH�XVHG��H�J��'�IRU
*HUPDQ\��%�IRU�%HOJLXP��DW�WKH�VWDUW�RI�HDFK�GDWD�OLQH��7ZHQW\�WZR�FKDUDFWHUV�DUH
DOORZHG�IRU�VLWH�QDPHV�

7KH�R]RQH�GDWD�VKRXOG�EH�ULJKW�DOLJQHG�LQ�WKH�WKUHH�FROXPQV�DOORFDWHG�IRU�WKHP��WR
WKH��QHDUHVW�ZKROH��J�P���,I�RQ�WKLV�RFFDVLRQ�QR�GDWXP�LV�DYDLODEOH�SOHDVH�SXW�¶QRW
DYDLODEOH·�OLQHG�XS�ZLWK�WKH�ULJKW�KDQG�HQG�RI�WKH�WLPH�DQG�GDWH��VRPH�H[DPSOHV�DUH
JLYHQ��
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7LPHV�VKRXOG�EH�JLYHQ�LQ����KRXU�IRUPDW�EXW�ZLWKRXW�FRORQV������IRU�FRPSDFWQHVV�
7KH�GDWHV�VKRXOG�KDYH�WZR�FKDUDFWHUV�IRU�WKH�QXPEHU��H�J�����RU����RU���ZLWK�D�VSDFH
LQ�IURQW�RI�LW��DQG�XVH�WKUHH�OHWWHU�DEEUHYLDWLRQV�IRU�PRQWK�QDPHV�LQ�DOO�ORZHU�FDVH�
7KH�VHW�RI�VWDQGDUG�DEEUHYLDWLRQV�LQ�(QJOLVK�LV�MDQ��IHE��PDU��DSU��PD\��MXQ��MXO��DXJ�
VHS��RFW��QRY��GHF�

/DWLWXGHV�DQG�ORQJLWXGHV�VKRXOG�EH�JLYHQ�LQ�GHJUHHV�DQG�PLQXWHV��QRW�GHFLPDO
GHJUHHV���$V�WKH�GHJUHH�V\PERO�LV�QRW�DYDLODEOH�LQ�WKH�¶VWDQGDUG·�H�PDLO�FKDUDFWHU�VHW�
LW�LV�VXJJHVWHG�WKDW�G�DQG�P�DUH�XVHG�LQ�SODFH�RI�WKH�GHJUHH�V\PERO�DQG�WKH�PLQXWH
V\PERO�

$W�WKH�EHJLQQLQJ�RI�HDFK�PHVVDJH�D�KHDGHU�VKRXOG�EH�LQFOXGHG�DV�LQ�WKH�H[DPSOH�
• ,I�LW�LV�YHU\�VLPSOH�WR�GR��WKH�WLPH�DQG�GDWH�RI�WKH�ODVW�GDWD�XSGDWH�LQ�WKH�IRUPDW
¶�����RQ����$SU���·�VKRXOG�EH�JLYHQ���2WKHUZLVH��VLPSO\�D�IL[HG�WLPH�DQG�WKH
GDWH�RI�WKH�PHVVDJH�

• 7KH�R]RQH�GDWD�VKRXOG�EH�LQ��JP�����1RWLFH�WKDW�WKH�¶�·�V\PERO�KDV�EHHQ�UHSODFHG
E\�X�LQ�WKH�WLWOH�OLQHV�

• ,W�LV�DVVXPHG�WKDW�DOO�GDWD�ZLOO�EH�SURYLGHG�DV�KRXUO\�DYHUDJHV��WR�EH�FRQVLVWHQW
ZLWK�WKH�(8�GLUHFWLYH��

([DPSOH�RI�SURSRVHG�PHVVDJH�IRUPDW

'DWD�ODVW�XSGDWHG�������������<HVWHUGD\
V�����([DPSOH�IURP
KKPP�RQ�GG�PPP�\\���������������PD[LPXP�������WKLV�PRUQLQJ
������������������������������FRQF�#�WLPH�����FRQF�#�WLPH��������������������$OW
�&RXQWU\���6WDWLRQ�1DPH�����������XJP�������������XJP����������/DW����/RQJ�����P�

%����VLWH�QDPH������������������#�������MDQ�����#�������MDQ���G��P1���G��P:�����
%����DQRWKHU�VLWH���������������#�������MDQ�����#�������MDQ���G��P1���G��P:�����

'����D�VLWH�QDPH����������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
'����PRUH�QDPHV�����������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
'����VLWH�����������������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
'����DQRWKHU�VLWH���������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����

*%���/RXJK�1DYDU����������������#�������MDQ�����#�������MDQ���G��P1���G��P:�����
*%���/XOOLQJWRQ�+HDWK�����������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
*%���6WUDWK�9DLFK���������������#�������MDQ�����#�������MDQ���G��P1���G��P:�����
*%���<DUQHU�:RRG����������������#�������MDQ���QRW�DYDLODEOH���G��P1���G��P:�����

/����VLWH�QDPH������������������#�������MDQ�����#�������MDQ���G��P1���G��P:�����

1/���:LMQDQGVUDGH���������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
1/���+RXWDNNHU������������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
1/���%UDDNPDQ�������������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
1/���/HLGXLQ������������������QRW�DYDLODEOH���QRW�DYDLODEOH���G��P1���G��P(�����
1/���(LEHUJHQ�������������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����
1/���.ROOXPHUZDDUG��������������#�������MDQ�����#�������MDQ���G��P1���G��P(�����

�UXOHU��������������������������������������������������������������������������
��������������������������������������������������������������������������������

A��Y�A��������������������Y�A�Y�A���������Y�A�Y�A���������Y�A�����Y�A�����Y�A��Y
VWDUWV�RI�ILHOGV�PDUNHG�XVLQJ�¶A·V���HQGV�PDUNHG�XVLQJ�¶Y·V
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5. RECOMMENDATIONS

7KH�QDWLRQDO�H[SHUWV�SDUWLFLSDWLQJ�LQ�WKH�7HFKQLFDO�:RUNLQJ�*URXS�RQ�'DWD
([FKDQJH�DQG�)RUHFDVWLQJ�2]RQH�HSLVRGHV�LQ�1RUWKZHVW�(XURSH�KDYH�FRQVLGHUHG
WKH�FXUUHQW�VLWXDWLRQ�ZLWK�UHVSHFW�WR�IRUHFDVWLQJ�RI�R]RQH�HSLVRGH�LQ�1RUWKZHVW
(XURSH��)RU�LPSURYHPHQW�RI�WKH�RSHUDWLRQDO�IRUHFDVW�V\VWHP�WKH�:RUNLQJ�*URXS
PDGH�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�

• H[WHQVLRQ�RI�WKH�UHJLRQ
 2QO\�1RUWKZHVW�(XURSHDQ�FRXQWULHV�SDUWLFLSDWHG�LQ�WKH�7HFKQLFDO�:RUNLQJ
*URXS��$Q�H[WHQVLRQ�RI�WKH�JURXS�ZLWK�6RXWK��&HQWUDO�DQG�(DVW�(XURSHDQ
FRXQWULHV�LV�UHFRPPHQGHG�

 
• H[FKDQJH�RI�GDWD
 
7KH�SDUWLFLSDWLQJ�FRXQWULHV�LQGLFDWHG�WKHLU�SRVLWLYH�LQWHUHVW�LQ�D�FR�RUGLQDWHG
V\VWHP�RI�GDWD�H[FKDQJH�DQG�WKHLU�ZLOOLQJQHVV�WR�SDUWLFLSDWH�LQ�VXFK�D�V\VWHP�

7KH�7HFKQLFDO�:RUNLQJ�*URXS�UHFRPPHQGHG�WKDW�DQ�
RSHQ
�V\VWHP�ZLWK
GLVVHPLQDWLRQ�YLD�D�IUHHO\�DFFHVVLEOH�:RUOG�:LGH�:HE�SDJH�LQ�DGGLWLRQ�WR
GLVWULEXWLRQ�WR�SDUWLFLSDQWV�E\�H�PDLO�EH�HVWDEOLVKHG�DQG�WKDW�WKLV�V\VWHP�EH
UHVWULFWHG�WR�H[FKDQJH�RI�R]RQH�GDWD��H[FOXGLQJ�PHWHRURORJLFDO�LQIRUPDWLRQ�
ZKLFK�LV�JHQHUDOO\�DYDLODEOH�DW�WKH�QDWLRQDO�OHYHO��7KH�JURXS�DOVR�UHFRPPHQGHG
WKDW�R]RQH�FRQFHQWUDWLRQV�VKRXOG�EH�JLYHQ�LQ�µJ�P��WR�EH�FRQVLVWHQW�ZLWK�WKH�(8
GLUHFWLYH�DQG�WKDW�DOO�H[FKDQJHG�GDWD�VKRXOG�EH�FOHDUO\�PDUNHG�DV�SURYLVLRQDO�
6SHFLILFDWLRQ�IRU�D�FR�RUGLQDWHG�V\VWHP�RI�GDWD�H[FKDQJH�LV�SUHVHQWHG��VHH
&KDSWHU����

$�(XURSHDQ�ZLGH�R]RQH�H[FHHGDQFH�LQIRUPDWLRQ�V\VWHP��SUHIHUDEO\�DFFHVVLEOH�WR
DOO�FRXQWULHV�YLD�WKH�,QWHUQHW��ZRXOG�JUHDWO\�KHOS�R]RQH�IRUHFDVWLQJ�LQ�FRXQWULHV
VLWXDWHG�LQ�WKH�OHVV�GHQVHO\�SRSXODWHG�UHJLRQV�RI�(XURSH�

• GHYHORSPHQW�RI�D�MRLQW�IRUHFDVW�V\VWHP

7KH�RSWLRQ�WR�GHYHORS�D�MRLQW�R]RQH�IRUHFDVW�V\VWHP�KDV�EHHQ�GLVFXVVHG�ZLWKLQ�WKH
7:*��+RZHYHU��VXFK�D�(XURSHDQ�IRUHFDVW�V\VWHP�FDQ�QHYHU�UHSODFH�WKH�V\VWHPV
RSHUDWLRQDO�DW�D�QDWLRQDO�RU�ORFDO�OHYHO��7KH�UHTXLUHPHQWV�RI�D�IRUHFDVW�V\VWHP
GLIIHU�VR�ZLGHO\�IURP�RQH�FRXQWU\�WR�WKH�RWKHU��H�J��WLPH�RI�IRUHFDVW��WKUHVKROG
OHYHOV�HWF���WKDW�´RQHµ�V\VWHP�FDQ�QHYHU�IXOILO�DOO�UHTXLUHPHQWV��0RUHRYHU��LW�LV
H[SHFWHG�WKDW�V\VWHPV�EDVHG�RQ�ORFDOO\�FROOHFWHG�LQSXW�GDWD�ZLOO�JHQHUDOO\�KDYH
EHWWHU�SHUIRUPDQFH�WKDQ�D�(XURSHDQ�V\VWHP�KDYLQJ�D�PRUH�FRDUVH�UHVROXWLRQ�
+RZHYHU��D�FHQWUDO�V\VWHP�EDVHG�RQ�D�QXPHULFDO�SKRWRFKHPLFDO�PRGHO�OLQN�WR�D
ZHDWKHU�SUHGLFWLRQ�PRGHO�ZRXOG�SURYLGH�EDVLF�LQIRUPDWLRQ�WKDW�LV�QHHGHG�WR
H[WHQG�WKH�IRUHFDVW�SHULRG�DV�UHTXHVWHG�E\�PDQ\�FRXQWULHV�

• HYDOXDWLRQ�RI�RSHUDWLRQDO�V\VWHPV

3URFHGXUHV�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�R]RQH�IRUHFDVW�V\VWHPV�ZHUH�GLVFXVVHG
E\�WKH�*URXS�DQG�WKH�XVH�RI�D�VHW�RI�VNLOO�SDUDPHWHUV�LV�UHFRPPHQGHG��VHH
&KDSWHU�����)RU�D�SURSHU�HYDOXDWLRQ�RI�D�IRUHFDVW�V\VWHP�LW�LV�UHFRPPHQGHG�WR�XVH
GDWD�RI�VHYHUDO�VXPPHU�SHULRGV��HVSHFLDOO\�ZKHQ�WKH�QXPEHU�RI�VPRJ�HYHQWV�LV
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ORZ��,QIRUPDWLRQ�RQ�WKH�SHUIRUPDQFH�RI�WKH�IRUHFDVW�V\VWHPV�VKRXOG�EH�SURYLGHG
WR�WKH�HQG�XVHUV��+RZHYHU��WKH�FRPSOH[LW\�RI�D�VPRJ�IRUHFDVW�V\VWHP�ZLOO�PDNH�LW
GLIILFXOW�WR�H[SODLQ�WR�WKH�JHQHUDO�SXEOLF�WKH�PHDQLQJ�RI�WKH�YDULRXV�VNLOO
SDUDPHWHUV��7KHUHIRUH��LW�LV�UHFRPPHQGHG�WR�OLPLW�WKH�LQIRUPDWLRQ�WR�HDVLO\
XQGHUVWDQGDEOH�SDUDPHWHUV�VXFK�DV�6���SUREDELOLW\�RI�GHWHFWLRQ�RI�VPRJ�HYHQWV�
DQG�����6���IDOVH�DODUP�UDWH��

,W�LV�UHFRPPHQGHG�WR�HYDOXDWH�WKH�IRUHFDVW�V\VWHPV�DQG�WR�SUHVHQW�DQG�GLVFXVV�WKH
UHVXOWV�GXULQJ�D�ZRUNVKRS�DV�D�QH[W�VWHS�WR�KDUPRQLVH�WKH�HYDOXDWLRQ�SURFHGXUHV�

)XUWKHU�VWXG\�RQ�WKH�LQFRUSRUDWLRQ�RI�SUREDELOLW\�UDQJHV�LQ�IRUHFDVW�DQG
HYDOXDWLRQ�SURFHGXUHV�LV�DOVR�UHFRPPHQGHG�



49

ANNEX 1. PARTICIPATING EXPERTS

/,67�2)�3$57,&,3$176
7HFKQLFDO�:RUNLQJ�*URXS�RQ�'DWD�H[FKDQJH�DQG�)RUHFDVWLQJ
IRU�2]RQH�(SLVRGHV�LQ�1RUWKZHVW�(XURSH

$8675,$
'U��-�UJHQ�6FKQHLGHU
)HGHUDO�(QYLURQPHQW�$JHQF\
'HSW��RI�$LU�4XDOLW\�&RQWURO
6SLWWHODXHU�/lQGH��
$������9LHQQD
7HO������������������
)D[������������������
(�PDLO��6FKQHLGHUM#XED�XEDYLH�JY�DW

%(/*,80
0U��*HUZLQ�'XPRQW
,5&(/�&(/,1(
.URRQODDQ����
%������%UXVVHOV
7HO�����������������
)D[�����������������
(�PDLO��FHOLQDLU#JUDIDLU�LKH�EH

'(10$5.
'U��)LQQ�3DOPJUHQ
1(5,
3�2��%R[����
'.������5RVNLOGH
7HO�����������������
)D[�����������������
(�PDLO��)3-#'08�'.

),1/$1'
0U��$QWWL�.XOPDOD
'LUHFWRU��$LU�4XDOLW\�5HVHDUFK
)LQQLVK�0HWHRURORJLFDO�,QVWLWXWH
6DKDDMDQNDWX���(
������+HOVLQNL
7HO������������������
)D[������������������
(�PDLO��DQWWL�NXOPDOD#IPL�IL

)5$1&(
0V��(OLVDEHWK�*LOLEHUW
$,53$5,)
����UXH�&ULOORQ
�������3DULV�&HGH[���
7HO�������������������
)D[�������������������
(�PDLO�
�����������#&20386(59(�&20

*(50$1<
0U��+HOPXW�6FKHX�+DFKWHO
80(*
'DLPOHUVWU���E
'�������.DUOVUXKH���
7HO������������������
)D[�����������������

0U��$UQR�*UDII
8PZHOWEXQGHVDPW
%LVPDUFNSODW]��
������%HUOLQ
7HO������������������
)D[������������������
(�PDLO��DUQR�JUDII#XED�GH

/8;(0%285*
0U��)UDQN�7KHZHV
$GPLQLVWUDWLRQ�GH�O·(QYLURQQHPHQW
���UXH�%HQGHU
/������/X[HPERXUJ
7HO�����������������
)D[�������������
(�PDLO��WKHZHV#DHY�HWDW�OX
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7+(�1(7+(5/$1'6
0U��(ULN�1RRUGLMN
5,90
$LU�5HVHDUFK�/DERUDWRU\
3�2��%R[��
1/������%$��%LOWKRYHQ
7HO������������������
)D[������������������
(�PDLO��(ULN�1RRUGLMN#ULYP�QO

6:('(1
0V��.DULQ�6M|EHUJ
6ZHGLVK�(QYLURQPHQWDO�5HVHDUFK�,QVW�
3�2��%R[������
6��������*|WHERUJ
7HO�����������������
)D[�����������������
(�PDLO��.DULQ�6MREHUJ#LYO�VH

81,7('�.,1*'20
0U��-RKQ�5��6WHGPDQ
$($�7HFKQRORJ\
1DWLRQDO�(QYLURQPHQW�7HFKQRORJ\
&HQWUH
(��&XOKDP��$ELQJGRQ
2[IRUGVKLUH�2;����'%
7HO�����������������
)D[�����������������
(�PDLO��MRKQ�VWHGPDQ#DHDW�FR�XN

'U��7UXGLH�0F0XOOHQ
'HSDUWPHQW�RI�WKH�(QYLURQPHQW
$LU�4XDOLW\�'LYLVLRQ
%�����5RPQH\�+RXVH
���0DUVKDP�6WUHHW
/RQGRQ�6:�3��3<
7HO������������������
)D[������������������
(�PDLO��DLU�TXDOLW\#GLDO�SLSH[�FRP

(7&�$4
0U��5RHO�YDQ�$DOVW
5,90
$LU�5HVHDUFK�/DERUDWRU\
3�2��%R[��
1/������%$��%LOWKRYHQ
7KH�1HWKHUODQGV
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