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Figure 1. Principles of the dynamic modelling approach 

�)$2�ILVKLQJ�DUHD�����������DV�WKH�ILUVW�VWHS�WRZDUGV�UHJLRQDOLVHG��JOREDO�FKDUDFWHULVDWLRQ�RI�WKH�KROLVWLF��
HFRV\VWHP�VFDOH�LPSDFW�RI�ELRPDVV�UHPRYDO�E\�ILVKHULHV��XVLQJ�WKH�GDWD�WKDW�LV�FXUUHQWO\�DYDLODEOH��
7KH�$GULDWLF�6HD� LV� D� VXE�UHJLRQ�RI� WKH�0HGLWHUUDQHDQ�DQG�%ODFN�6HD�)$2�ILVKLQJ�DUHD�� D� UHJLRQ�
FXUUHQWO\� H[SHULHQFLQJ�GLVSURSRUWLRQDOO\�KHDY\�H[SORLWDWLRQ� OHYHOV�� ,W� LV� DOVR�ZHOO� VWXGLHG� IURP�DQ�
HFRORJLFDO�SHUVSHFWLYH��PDNLQJ�LW�D�VXLWDEOH�FKRLFH�IRU�D�SURRI�RI�FRQFHSW�LQ�WHUPV�RI�GDWD�DYDLODELOLW\�
DQG�VWXGLHV�IRU�FRPSDULVRQ��DV�ZHOO�DV�EHLQJ�D�PDQDJHDEOH�VL]H�LQ�WHUPV�RI�SUHOLPLQDU\�GDWD�FROOHFWLRQ�
DQG�PRGHOOLQJ�JURXQGZRUN� 
� 
0HWKRGRORJ\ 
(FRSDWK�ZLWK�(FRVLP��(:(���D�VXLWH�RI�PRGHOV�EDVHG�RQ�WURSKLF�IRRG�ZHE�LQWHUDFWLRQV�� LV�ZLGHO\�
FLWHG�DV�RQH�RI�WKH�PRVW�UREXVW�DQG�FRPPRQO\�LPSOHPHQWHG�HFRV\VWHP�PRGHOV��,W�KDV�EHHQ�DSSOLHG�DW�
D�EURDG�UDQJH�RI�VFDOHV�ERWK�LQ�ILVKHULHV�PDQDJHPHQW�DQG�HFRORJLFDO�VWXGLHV�DQG�HYHQ�LQ�FRQMXQFWLRQ�
ZLWK�/&$��WR�DFKLHYH�PRUH�KROLVWLF�DVVHVVPHQW�RI�V\VWHPV�DQG�VXSSO\�FKDLQV�RI�VHDIRRG�SURGXFWV�
�$YDGt�HW�DO����������:KLOVW�WKH�FKRLFH�RI�PRGHO�LWVHOI�LV�QRW�D�QRYHO�IXVLRQ�ZLWK�/&$��WKH�DLP�RI�WKLV�
ZRUN� LV� WR� EXLOG� D� JHQHULF�PRGHOOLQJ� IUDPHZRUN� WKDW� FDQ� EH� IHG�ZLWK� UHJLRQ�VSHFLILF� ILVKHU\� DQG�
ELRSK\VLFDO�LQIRUPDWLRQ�LQ�RUGHU�WR�DFKLHYH�D�JOREDOO\�FRQVLVWHQW�DSSURDFK�WR�WKH�HQGSRLQW��:KLOVW�
SUHYLRXV�HIIRUWV�KDYH�SURYLGHG�LQWHJUDWLRQ�RI�D�UDQJH�RI�PLG�SRLQW�LQGLFDWRUV�IRU�RYHU�ILVKLQJ��WURSKLF�
OHYHO� LPSDFWV� �+RUQERUJ�HW� DO��� ������� SRWHQWLDOO\� ORVW� \LHOG� �(PDQXHOVVRQ�HW� DO��� ������ DQG�PRVW�
UHFHQWO\�GLVWDQFH�WR�WDUJHW�LQGLFDWRUV��%DFK�HW�DO����������WKHVH�SUHGRPLQDQWO\�UHODWH�WR�LPSDFWV�RQ�WKH�
5HVRXUFHV�$R3��/DQJORLV�HW�DO���������DQG�DUH�QRW�FXUUHQWO\�RSHUDWLRQDO�� 
 
8VLQJ�DQ�DGDSWDWLRQ�RI�WKH�WLPH�G\QDPLF�PRGXOH�RI�(:(��3DXO\��&KULVWHQVHQ�DQG�:DOWHUV���������
WHPSRUDO�FKDQJHV� LQ� WKH�ELRPDVV�RI�VSHFLHV�DQG�RU�IXQFWLRQDO�JURXSV�DUH� VLPXODWHG� LQ� UHVSRQVH� WR�
ILVKLQJ�SUHVVXUH�DQG�VSHFLHV�LQWHUDFWLRQV��7KLV�DOORZV�WKH�HIIHFWV�RI�SUHGDWLRQ�DQG�RWKHU�PHGLDWLQJ�
IDFWRUV�RFFXUULQJ�LQ�WKH�PDULQH�HFRV\VWHP�WR�EH�LQWHJUDWHG��(DFK�\HDU�RI�WKH�VLPXODWLRQ�LV�IHG�E\�WKH�
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7KH�$GULDWLF�6HD�PRGHO�FRQVLVWV�RI�����PDULQH�VSHFLHV�DQG����)XQFWLRQDO�*URXSV�UHSRUWHG�LQ�)$2�
FDWFK�GDWD�IRU�WKH�DUHD��DQG�IRU�ZKLFK�ELRORJLFDO�GDWD�LV�DYDLODEOH�RQOLQH�LQ�)LVKEDVH�DQG�6HDOLIHEDVH�
GDWDEDVHV��:LWK�WKLV�GDWD�LW�LV�SRVVLEOH�WR�KDYH�WZR�DSSURDFKHV��RQH�PDNLQJ�XVH�RI�LQGLYLGXDO�VSHFLHV�
OHYHO�GHWDLO�SURYLGHG�E\�)$2�)LVK6WDW-�GDWDEDVH�RI�DQ\�VSHFLHV�LQFOXGHG�LQ�FDWFK�UHSRUWHG�E\�ILVKHULHV�
RSHUDWLQJ�WKDW�WKDW�DUHD��$�VHFRQG�YDULDWLRQ��FRPPRQO\�LPSOHPHQWHG�LQ�(:(�PRGHOV��LV�WKH�XVH�RI�XS�
WR����)XQFWLRQDO�*URXSV��ZKLFK�FDWHJRULVH�PDULQH�VSHFLHV�EDVHG�RQ�HFRORJLFDO�DQG�SK\VLFDO� WUDLWV�
LQFOXGLQJ�KDELWDW�SUHIHUHQFHV�DQG�VL]H��DQG�DQ�DYHUDJH�YDOXH�LV�GHULYHG�IRU�HDFK�LQSXW�SDUDPHWHU� 
� 
'\QDPLF�LQWHU�VSHFLHV�LQWHUDFWLRQV�DUH�VLPXODWHG�WKURXJK�D�V\VWHP�RI�RUGLQDU\�GLIIHUHQWLDO�HTXDWLRQV��
,QWHUDFWLRQV�DUH�LQWURGXFHG�DV�SUHGDWLRQ�SUHVVXUH�RQ�HDFK�SUH\�W\SH��EDVHG�RQ�D�YHUVLRQ�RI�D�JHQHULF�
GLHW�PDWUL[� GHILQHG� E\�&KULVWHQVHQ� HW� DO� �������ZKHUH� HDFK� VSHFLHV� LV� ERWK� SUHGDWRU� DQG� SUH\� DV�
GHILQHG�E\�FROXPQ�RU�URZ��UHSUHVHQWHG�DV�D�SURSRUWLRQ�RI�WKH�ELRPDVV�PDNLQJ�XS�WKH�GLHW�RI�HDFK�

114



��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/LIH�&\FOH�$VVHVVPHQW�RI�)RRG�������/&$�)RRGV������ 
2Q�³7KH�UROH�RI�HPHUJLQJ�HFRQRPLHV�LQ�JOREDO�IRRG�VHFXULW\´ 
������2FWREHU�������/LPD��3HUX��K\EULG�FRQIHUHQFH� 
 

 � 

Figure 2. Possibilities to derive endpoint Characterisation Factor consistent with PDF metric.  

SUHGDWRU�� )RUDJLQJ� DUHQD� SULQFLSOHV� �$KUHQV� HW� DO�� ������ DOVR� HQDEOH� GHWDLO� WR� EH� DGGHG� RQ� ILVK�
EHKDYLRXUV�UHODWLQJ�WR�SUHGDWLRQ�HIIHFWLYHQHVV�DQG�SUHGDWRU�DYRLGDQFH��DV�ZHOO�DV�WKH�GLUHFW�LQIOXHQFH�
RI�ELRPDVV�UHPRYDO�E\�ILVKLQJ�� 
 
0DLQ�UHVXOWV�	�'LVFXVVLRQ 
7KH�PRGHOOLQJ�DSSURDFK�DOORZV�WKH�FKDUDFWHULVDWLRQ�RI�WKH�HFRORJLFDOO\�G\QDPLF�LPSDFW�RI�ILVKLQJ�
DFWLYLW\�LQ�WKH�$GULDWLF�6HD��0LGSRLQW�&)V�DUH�GHYHORSHG�IRU�ILVK�VWRFNV��DV�WKH�ILUVW�VWHS�WR�TXDQWLI\LQJ�
WKH� GLUHFW� DQG� LQGLUHFW� LPSDFWV� RI� ELRPDVV� UHPRYDO� RQ� ELRGLYHUVLW\� LQWR� WKH� /&$� IUDPHZRUN��$�
SUHGLFWLYH�WLPH�VHULHV�RI�ELRPDVV�IRU�HDFK�VSHFLHV�DQG�IXQFWLRQDO�JURXSV�ZLOO�DOORZ�WKH�FDOFXODWLRQ�RI�
D� UDQJH�RI� ILVKHULHV� UHOHYDQW� LQGLFDWRUV� WR�H[SORUH� WKH� UHODWLYH�VWDWH�RI�VWRFNV�RYHU� WLPH�DV�ZHOO�DV�
SURYLGLQJ�D�PLGSRLQW�&)�IRU�ELRWLF�FKDQJH��7KHVH�FDQ�EH�H[SORUHG�IRU�DQFLOODU\�XQGHUVWDQGLQJ�DQG�
FRPSDULVRQ�RI�LPSDFWV�LQ�WKH�HFRV\VWHP��DV�ZHOO�DV�WKH�GDWD�IRU�FDOFXODWLQJ�GDPDJH�OHYHO�&)V�� 
 
7KH�NH\�QRYHOW\�WKDW�WKLV�DSSURDFK�XOWLPDWHO\�DLPV�WR�SURYLGH�LV�WKH�FRPSOHWLRQ�RI�WKH�LPSDFW�SDWKZD\�
IRU�ELRPDVV�UHPRYDO�WR�WKH�HQGSRLQW�IRU�(FRV\VWHP�4XDOLW\��7KH�GHULYDWLRQ�RI�DQ�HQGSRLQW�LQGLFDWRU�
LQ� 3')� LV� D� FHQWUDO� OLQH� RI� ZRUN�� WR� HQVXUH� KDUPRQLVDWLRQ� LQ� OLQH� ZLWK� 81(3�6(7$&� */$0�
UHFRPPHQGDWLRQV��)ULVFKNQHFKW�DQG�-ROOLHW��������DQG�KDV�UDLVHG�VRPH�FKDOOHQJHV��7KH�FDOFXODWLRQ�
RI�3')��D�PHWULF�WKDW�LV�FORVHO\�OLQNHG�WR�ODQG�XVH�FKDQJH�LPSDFWV�ZKHUH�DQ�LPSDFW�LQ�WKH�HFRV\VWHP�
FDQ�EH�DVVXPHG�WR�DIIHFW�DQ\�VSHFLHV�RFFXUULQJ�WKHUH�WR�VRPH�H[WHQW�� LV�PRVW�FRPPRQO\�PHDVXUHG�
XVLQJ�XQVSHFLILHG�VSHFLHV�ULFKQHVV�FKDQJHV��$V�ILVKHULHV�DUH�ERWK�WKH�LPSDFW�DQG�WKH�LPSDFWHG�PHGLXP��
ZLWK� VSHFLHV� OHYHO� GDWD� DYDLODEOH� WKLV� SUHVHQWV� WKH� SRVVLELOLW\� WR� KDYH� D� PRUH� GHWDLOHG� OHYHO� RI�
DVVHVVPHQW�WKURXJK�FKDQJH�LQ�DEXQGDQFHV�ZLWKLQ�WKH�HFRV\VWHP��7KLV�LV�KRZHYHU��D�GHYLDWLRQ�IURP�
WKH�W\SLFDO�PHWKRG�RI�DSSO\LQJ�3')��3RVVLELOLWLHV�WR�FRQVLGHU�DUH�RXWOLQHG�LQ�)LJXUH����2SWLRQV�LQFOXGH�
GHULYLQJ� D� IUDFWLRQDO� 3')� WKDW� LQFRUSRUDWHV� DEXQGDQFH� LQIRUPDWLRQ� RYHU� WKH� WRWDO� HFRV\VWHP�� RU�
DSSO\LQJ�D�ILVKHULHV�UHOHYDQW�WKUHVKROG��WR�OLQN�GHSOHWLRQ�RI�DEXQGDQFH�WR�WKH�SRWHQWLDO�GLVDSSHDUDQFH�
RI�WKH�VSHFLHV��VLPLODU�WR�WKH�3$)��3RWHQWLDOO\�$IIHFWHG�)UDFWLRQV�RI�VSHFLHV��WR�3')�DSSURDFK�DSSOLHG�
WR� HFRWR[LFRORJ\� LPSDFWV�� ,Q� WKLV� VHQVH�� VHYHUDO� RSWLRQV�ZLOO� EH� GLVFXVVHG� WR� HVWLPDWH�&)V� DW� WKH�
HQGSRLQW�OHYHO� 
� 
 
 
 
 
 
 
 
 
 
 
 
 
 
$QRWKHU�QRYHO�HOHPHQW�LQWURGXFHG�LQWR�LPSDFW�DVVHVVPHQW�LV�E\�WKLV�PHWKRG�LV�KRZ�WR�UHSUHVHQW�WKH�
WHPSRUDO�G\QDPLVP�RI� WKH�V\VWHP�DQG�RI� WKH� LPSDFW��7KLV� WKHUHIRUH�SRVHV�VHYHUDO�PHWKRGRORJLFDO�
TXHVWLRQV��LQFOXGLQJ�KRZ�WR�GHDO�ZLWK�WHPSRUDOLW\�ZLWKLQ�WKH�VWDWLF�VWUXFWXUH�RI�FKDUDFWHULVDWLRQ�IDFWRUV��
DQG�KRZ�WR�OLQN�WKH�PLGSRLQW�WR�WKH�HQGSRLQW�� 
 
6HYHUDO�PHWKRGRORJLFDO�FKDOOHQJHV�DQG� OLPLWDWLRQV�DUH�DFNQRZOHGJHG�� VWHPPLQJ�IURP�D�YDULHW\�RI�
FXUUHQWO\�XQDYRLGDEOH�HOHPHQWV��(FRORJLFDO�PRGHOOLQJ�LV�LQKHUHQWO\�GDWD�LQWHQVLYH��DQG�(:(�LV�QR�
H[FHSWLRQ��:KHQ�FRXSOHG�ZLWK�WKH�DPELWLRXV�VFDOH�RI�WKH�DSSURDFK�WR�GHOLYHU�UHJLRQDOLVHG�PRGHOOLQJ�
ZLWK�JOREDO�FRYHUDJH��GDWD�DYDLODELOLW\�DQG�FRQVLVWHQF\�EHFRPHV�D�NH\�FKDOOHQJH��GXH�WR�GLIIHUHQFHV�
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FRPLQJ�IURP�UHDO�ZRUOG�GDWD�DOVR�LQWURGXFHV�DQ�DGGLWLRQDO�VRXUFH�RI�XQFHUWDLQW\��7KH�QHHG�WR�VWULNH�D�
EDODQFH�GHVFULELQJ�D�V\VWHP�DV�FRPSOH[�DV�WKH�RFHDQ�ZLWK�WKH�VLPSOLILFDWLRQ�UHTXLUHG�E\�PRGHOOLQJ��
LV�WKHQ�IXUWKHU�UHGXFHG�GRZQ�WR�RQH�LQGLFDWRU�PHWULF�LQ�WKH�/&$�IUDPHZRUN�� 
 
&RQFOXVLRQ 
7KH� DELOLW\� WR� LQFOXGH� D� PRUH� KROLVWLF� UHSUHVHQWDWLRQ� RI� ILVKLQJ� LPSDFWV� LPSURYHV� WKH�
FRPSUHKHQVLYHQHVV�RI�LPSDFW�DVVHVVPHQWV�UHODWLQJ�WR�WKH�OLIHF\FOH�RI�VHDIRRG�SURGXFWV��7KLV�LQ�WXUQ�
LPSURYHV�WKH�LQIRUPDWLYH�FDSDELOLW\�RI�/&$�DV�D�WRRO�IRU�JXLGLQJ�GHFLVLRQ�PDNLQJ�DQG�WDQJLEOH�DFWLRQ�
WRZDUGV� DFKLHYLQJ� WKH� JRDOV� GHILQHG� E\� WUHDWLHV� DQG� FRQVHUYDWLRQ� WDUJHWV�� LQFOXGLQJ� 6'*�����
$SSOLFDWLRQ�RI�WKH�DSSURDFK�JOREDOO\�XVLQJ�)$2�0DMRU�ILVKLQJ�DUHDV�IRU�UHJLRQDOLVDWLRQ�UHSUHVHQWV�
WKH�QH[W�VWHS��7KLV�SURRI�RI�FRQFHSW�SUHVHQWV�DQ�DSSURDFK�WR�LPSURYH�WKH�DFFXUDF\�RI�ILVKHULHV�/&,$�
XVLQJ� G\QDPLF� HFRV\VWHP� PRGHOOLQJ�� WKXV� SURYLGLQJ� D� VWHS� WRZDUGV� PRUH� UHDOLVWLF�� UHJLRQDOLVHG�
XQGHUVWDQGLQJ�RI� LPSDFWV� WR�EH� IDFHG� LQ� WKH� IXWXUH�RI� JOREDO� VHDIRRG� VXSSO\��7KLV� DGYDQFH��ZKHQ�
DSSOLHG�JOREDOO\�FDQ�JXLGH� WKH�GHYHORSPHQW�RI�PRUH�VXVWDLQDEOH� ILVKHULHV�SROLF\��7KXV�IDFLOLWDWLQJ�
LPSURYHG�VWRFN�PDQDJHPHQW�LQ�LQGLYLGXDO�HFRUHJLRQV�WR�D�PRUH�XQLIRUP�VWDQGDUG��WRZDUGV�WKH�JRDO�
RI�FUHDWLQJ�D�VXVWDLQDEOH�LQGXVWU\�FDSDEOH�RI�IHHGLQJ�WKH�ZRUOG�ZKLOVW�FRQVHUYLQJ�DQG�LPSURYLQJ�RFHDQ�
KHDOWK�� 
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