
�
�

ASSESSI NG DEBRI S M I TI GATI ON EFFI CI ENCY USI NG RI SK -
ORI ENTED CRI TERI A: APPL I CATI ON TO LE O EUROPEAN 

MI SSI ON 

Thibault  L ANG(1), Roberto DESTEFANI S(2), L eanne EVAN S(3), L ili th GRASSI (2), Scott  K EM PF(4) , 
Fr ank SCHAEFER(4), Thérèse DONATH (1)  

 (1)ONERA, System Design and Performance Evaluation Department, F-91761  Palaiseau, France.  
CP* : thibault.lang @ onera.fr 

(2)Thales Alenia Space Italia, Space environment and Debris coordination, Strada Antica di Collegno n. 253, 10146 
Torino, Italy. CP* : Roberto.Destefanis@thalesaleniaspace.com 

(3)OHB system AG, Space System Studies Department, Universitätsallee 27-29 28359 Bremen Germany. 
Leanne.evans@ohb-system.de 

(4)Fraunhofer Ernst-Mach-Institut,Spacecraft Technology Group, Eckerstraße 4, 79104 Freiburg, Germany. 
CP* :Scott.Kempf@emi.fraunhofer.de 

 
*CP: Contact Point 
�

ABSTRACT 

7KLV�SDSHU�DGGUHVVHV� WKH� ILUVW� UHVXOWV�RI� WKH�DSSOLFDWLRQ�

RI�D�JHQHULF�PHWKRGRORJ\�GHYHORSHG�WR�DVVHVV�WKH�ULVN�RI�

VSDFH� PLVVLRQV� GXH� WR� WKH� WKUHDW� RI� VSDFH� GHEULV�� 7KLV�

ZRUN�LV�SHUIRUPHG�DV�SDUW�RI�WKH����PRQWKV�3ð�527(&7�

SURMHFW� �3UHGLFWLRQ��3URWHFWLRQ�	�5HGXFWLRQ�RI�2UEL7DO�

([SRVXUH� WR� &ROOLVLRQ� 7KUHDWV�� WKDW� ZDV� LQLWLDWHG� LQ�

0DUFK� ����� ZLWKLQ� WKH� (8� VHYHQWK� IUDPHZRUN�

SURJUDPPH��7KH�PHWKRG�LV�EULHIO\�SUHVHQWHG�WKURXJK�WKH�

YXOQHUDELOLW\� DVVHVVPHQW� RI� WKH� PLVVLRQ� RI� D�

�6(17,1(/��� W\SH�� � VXE� V\VWHP��'LIIHUHQW�PLWLJDWLRQ�

VFHQDULRV� DUH� FRQVLGHUHG� DQG� WKHLU� HIILFLHQFLHV�

TXDQWLILHG� XVLQJ� WKH� ULVN�RULHQWHG� FULWHULD�� 1XPHULFDO�

UHVXOWV� DUH� SUHVHQWHG� DQG� DQDO\VHG� WR� LOOXVWUDWH� WKH�

SURSRVHG�DSSURDFK��

�
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1 I NTRODUCTI ON 

5HFHQW�QXPHULFDO�VLPXODWLRQV�RQ�WKH�HYROXWLRQ�RI�RUELWDO�

GHEULV� SRSXODWLRQ� LQ� ORZ�(DUWK� RUELW� LQGLFDWH� WKDW� WKH�

SRSXODWLRQ� KDV� UHDFKHG� DQ� DODUPLQJ� SRLQW� ZKHUH� WKH�

HQYLURQPHQW� LV� XQVWDEOH� DQG� SRSXODWLRQ� JURZWK� LV�

LQHYLWDEOH� >�@�� 5HPHGLDO� PHDVXUHV� WR� EH� HQIRUFHG� SOD\�

WKXV� D� PDMRU� UROH� WR� UHGXFH� VSDFH� PLVVLRQ� ULVN� DQG�

HQVXUH�VXVWDLQDEOH�VSDFH�DFWLYLWLHV��0RGHOV�RI�ORQJ�WHUP�

GHEULV�HQYLURQPHQW�HYROXWLRQ�>�@�FRXSOHG�WRJHWKHU�ZLWK�

PLVVLRQ� ULVN� DVVHVVPHQW� WRROV� VKRXOG� EHFRPH�

SDUWLFXODUO\� XVHIXO� LQ� DVVHVVLQJ� WKH� PRVW� HIIHFWLYH�

PLWLJDWLRQ�DQG�UHPHGLDWLRQ�PHDVXUHV���

7KLV�SDSHU�DGGUHVVHV� WKH� ILUVW� UHVXOWV�RI� WKH�DSSOLFDWLRQ�

RI�D�JHQHULF�PHWKRGRORJ\�GHYHORSHG�WR�DVVHVV�WKH�ULVN�RI�

VSDFH�PLVVLRQV�XQGHU�GLIIHUHQW�PLWLJDWLRQ�SROLFLHV��

&RQWUDULO\� WR� PDQ\� VWXGLHV�� ZKLFK� IRFXV� RQ� WKH�

YXOQHUDELOLW\� RI� WKH�SK\VLFDO� V\VWHP�E\� LWVHOI� RU� RQH�RI�

LWV�FRPSRQHQWV�>�@��WKH�SURSRVHG�DSSURDFK�FRQVLGHUV�WKH�

ULVN�DW�D�PLVVLRQ�OHYHO��DQG�DLPV�DW�HYDOXDWLQJ�LW�RYHU�WKH�

PLVVLRQ�OLIHWLPH��7KHUHIRUH�� WKH�LQIOXHQFH�RI�SHUPDQHQW�

HIIHFWV� DV� ZHOO� DV� WUDQVLHQW� HIIHFWV� RI� D� WKUHDW� PD\� EH�

WDNHQ� LQWR� DFFRXQW� DQG� DQDO\VHG�� WKXV� DOORZLQJ� D�PRUH�

FRPSUHKHQVLYH� DVVHVVPHQW� RI� WKH� HIIHFWV� RI� WKH�

PLWLJDWLRQ� SROLFLHV�� 7KH� PHWKRG� LV� EDVHG� RQ� WKH�

HYDOXDWLRQ�RI�D�YXOQHUDELOLW\�LQGH[�>�@� ZKLFK�GHILQHV�D�
ULVN�RI�PLVVLRQ�SHUIRUPDQFH� GHJUDGDWLRQ�GXH� WR� HIIHFWV�

RI� ERWK� WUDFNDEOH� DQG� XQWUDFNDEOH� VSDFH� GHEULV� RQ� D�

FRPSOH[�VSDFH�V\VWHP��

7KH�SDSHU� LV�RUJDQL]HG�DV� IROORZV��7KH� VWXG\�FDVH� WKDW�

ZLOO�EH�XVHG�WR�LOOXVWUDWH�WKH�PHWKRG�LV�SUHVHQWHG�LQ�WKH�

QH[W� VHFWLRQ�� ,Q� VHFWLRQ� ��� WKH�PHWKRG� IRU� SHUIRUPDQFH�

HYDOXDWLRQ� LV� SUHVHQWHG� DQG� WKH� GLIIHUHQW� PLWLJDWLRQ�

VFHQDULRV� GHVFULEHG�� 6HFWLRQ� �� LV� GHYRWHG� WR�

YXOQHUDELOLW\� GHILQLWLRQ� DQG� DVVHVVPHQW� IRU� WKH�

FRQVLGHUHG� VWXG\� FDVH� XQGHU� WKH� GLIIHUHQW� PLWLJDWLRQ�

SROLFLHV�� 7KH� HIILFLHQF\� RI� HDFK� PLWLJDWLRQ� LV� DOVR�

GLVFXVVHG�LQ�WKLV�VHFWLRQ��&RQFOXGLQJ�UHPDUNV�DUH�JLYHQ�

LQ�WKH�ODVW�VHFWLRQ�RI�WKH�SDSHU��
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2 STUDY CASE 

2.1 M ission char acterist ics and space system 

2QH�RI� WKH�3ð�527(&7�REMHFWLYHV� LV� WKH� HYDOXDWLRQ�RI�

WKH�YXOQHUDELOLW\�RI�D�³6(17,1(/���W\SH´��6���PLVVLRQ�

RYHU� LWV� OLIHWLPH�GXH� WR� WKH� VSDFH�GHEULV� WKUHDW��6�� LV� D�

QHDU�SRODU�VXQ�V\QFKURQRXV�RUELWLQJ�VDWHOOLWH�V\VWHP�IRU�

WKH� FRQWLQXDWLRQ� RI� 6\QWKHWLF� $SHUWXUH� 5DGDU�

RSHUDWLRQDO� DSSOLFDWLRQV�� 6�� LV� D�&�EDQG� LPDJLQJ� UDGDU�

PLVVLRQ�WR�SURYLGH�DQ�DOO�ZHDWKHU�GD\�DQG�QLJKW�VXSSO\�

RI� LPDJHU\� IRU� *0(6� XVHU� VHUYLFHV
�
�� 7KH� VDWHOOLWH� LV�

VXSSRVHG�RSHUDWLRQDO�DW�-DQXDU\��VW�������

�

$�VLPSOLILHG�DSSURDFK�LV�FRQVLGHUHG�KHUH�E\�IRFXVLQJ�RQ�

WKH�PLVVLRQ�RI�D�VXE�V\VWHP�RI�WKH�VDWHOOLWH��QDPHO\�WKH�

$WWLWXGH� DQG�2UELW� &RQWURO� 6\VWHP� �$2&6��� 1RWH� WKDW�

WKH� PHWKRG� UHPDLQV� XQFKDQJHG� E\� DGGUHVVLQJ� WKH�

PLVVLRQ� RI� D� VXE� V\VWHP� RI� WKH� VDWHOOLWH� RU� WKDW� RI� WKH�

HQWLUH�VSDFH�VHJPHQW��7KH�PLVVLRQ�RU�WKH�JOREDO�VHUYLFH�

GHILQHG� IRU� WKH� $2&6� LV� �SURYLGH� DWWLWXGH� DQG� RUELW�

FRQWURO´�WR�WKH�VDWHOOLWH�RYHU�WKH�LWV�OLIHWLPH��VXSSRVHG�WR�

EH������\HDUV��VWDUWLQJ�DW�-DQXDU\��VW�������

�

�
�

Figure 1. : Left, internal modelled S1-type components. 
Right, internal AOCS active components. 

2.2 Definit ion of the threat 

$PRQJ� DOO� WKH� SKHQRPHQD� WKDW� FDQ� LPSDFW� WKH�

UHDOL]DWLRQ�RI�WKH�PLVVLRQ�E\�WKH�VSDFH�V\VWHP��WKH�WKUHDW�

RI� VSDFH� GHEULV� LV� FRQVLGHUHG� LQ� WKLV� SDSHU�� )RU� WKH�

FRQVLGHUHG� /RZ� (DUWK� 2UELW� �/(2��� WKH� SRSXODWLRQ� RI�

VSDFH� REMHFWV� FDQ� LQGHHG� KDYH� D� QRQ�QHJOLJLEOH� HIIHFWV�

RQ� WKH� PLVVLRQ� SHUIRUPDQFH�� 7KHVH� HIIHFWV� KDYH� EHHQ�

VHSDUDWHG� LQWR� WZR� FDWHJRULHV�� DFFRUGLQJ� ZKHWKHU� WKH�

VSDFH�REMHFWV�FDQ�EH�WUDFNHG��FDWDORJXHG��RU�QRW���

�

)RU� VSDFH� REMHFWV� RI� VL]H� ODUJH� HQRXJK�� GHWHFWLRQ� DQG�

WUDFNLQJ�FDQ�EH�DFKLHYHG�E\�VSDFH�VLWXDWLRQDO�DZDUHQHVV�

�66$�� V\VWHPV�� $� FDWDORJXH� RI� WZR� OLQH� HOHPHQWV�

FRUUHVSRQGLQJ�WR�WKHVH�REMHFWV�FDQ�KHQFH�EH�XSGDWHG�DQG�

WKHLU�WUDMHFWRULHV�FDQ�EH�SUHGLFWHG��,W�LV�KHQFH�SRVVLEOH�WR�

DVVHVV� FROOLVLRQV� ULVNV� ZLWK� UHVSHFW� WR� RSHUDWLRQDO�

�����������������������������������������������������������
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VDWHOOLWHV�DQG�WR�GHFLGH�RI�DYRLGDQFH�PDQRHXYUHV�LQ�FDVH�

RI�KLJK�ULVNV�FRQMXQFWLRQV�>�@�>�@�>�@��'XULQJ�PDQRHXYUH�

SKDVHV�� LW� FDQ� EH� DVVXPHG� WKDW� VRPH� VHUYLFHV�

FRQWULEXWLQJ� WR� WKH� PLVVLRQ� ZRXOG� QRW� DEOH� WR� EH�

SHUIRUPHG��IRU�LQVWDQFH�RQH�FDQ�DVVXPH�WKDW��DFTXLULQJ�

GDWD�� ZRXOG� QRW� EH� SHUIRUPHG� GXH� WR� GLIILFXOWLHV� WR�

VWDELOL]H� WKH� OLQH� RI� VLJKW� RI� WKH� VHQVRU�� �� ,Q� DGGLWLRQ��

UHDFWLRQ� WR� WUDFNDEOH� VSDFH� REMHFWV� ZRXOG� DOVR� LPSDFW�

WKH� SK\VLFDO� UHVRXUFHV� RI� WKH� VDWHOOLWH�� VLQFH� H[WUD�

SURSHOODQW�FRQVXPSWLRQ�ZRXOG�EH�UHTXLUHG���

�

)RU� VPDOOHU� VSDFH� REMHFWV�� QR� FRQMXQFWLRQ� DVVHVVPHQW�

FDQ� EH� SUHGLFWHG� DQG� WKH� VSDFH� V\VWHP� FDQQRW� SURWHFW�

LWVHOI� IURP� SRWHQWLDO� LPSDFWV�� 3K\VLFDO� FRPSRQHQWV� RI�

WKH� VDWHOOLWH� FDQ� EH� GLUHFWO\� GHJUDGHG� DIWHU� LPSDFW� RU�

DIWHU�FXPXODWHG�LPSDFWV�LQGXFLQJ�D�SRWHQWLDO�GHFUHDVH�RI�

WKH�JOREDO�SHUIRUPDQFH�RI�WKH�VHUYLFH��

%RWK�HIIHFWV�DUH�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�PHWKRGRORJ\��

2.3 M aj or  wor king hypothesis 

• ,W� LV� DVVXPHG� WKDW� WKH� $2&6� FDQ
W� HQVXUH� LWV�

SULQFLSDO�PLVVLRQ�GXULQJ�DYRLGDQFH�PDQRHXYUHV��

• 7KH� WZR� GHEULV� IOX[� SUHGLFWLRQ� VFHQDULRV� XVHG� LQ�

WKLV�VWXG\�DUH�WKRVH�LPSOHPHQWHG�LQ�0$67(5������

�GHYHORSHG� E\� (6$��� 7KH� PLWLJDWLRQ� SROLFLHV�

HQIRUFHG�IRU�HDFK�PRGHO�DUH�OLVWHG�RQ�)LJ������

• $FWLYH� 'HEULV� 5HPRYDO� �$'5�� RU� (YHQW� &ORXG�

HIIHFWV�DUH�QRW�PRGHOOHG�LQ�WKLV�VWXG\���

• /HWKDO�XQWUDFNDEOH�GHEULV��VL]H�a��FP��IRU�ZKLFK�D�

FROOLVLRQ� ZLWK� WKH� VDWHOOLWH� HQWDLOV� WKH� ORVW� RI� WKH�

PLVVLRQ�DUH�QRW�FRQVLGHUHG�KHUH��

• 2QO\� 66$� UHODWHG� PLWLJDWLRQV� DQG� PLWLJDWLRQV�

SROLFLHV� HQIRUFHG� LQ� 0$67(5������ GHEULV� IOX[�

VFHQDULRV�DUH�FRQVLGHUHG��

• 2QO\� IDLOXUH� SUREDELOLWLHV� RI� LQWHUQDO� FRPSRQHQWV�

DUH� HYDOXDWHG�� 7KH� RWKHU� FRPSRQHQWV� DUH� DVVXPHG�

LQYXOQHUDEOH�WR�WKH�GHEULV�LPSDFW��

�

Figure 2. : BAU and MIT2 traffic scenarios from 
MASTER-2009 
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Figure 4. : Example of 
architectures association with 
a redundancy for star trackers 

3 PERFORM ANCE EVA L UATI ON 

$�SUREDELOLVWLF�DSSURDFK�KDV�EHHQ�FKRVHQ� WR�GHILQH� WKH�

QRWLRQ� RI� SHUIRUPDQFH�� 7KH� HYDOXDWLRQ� RI� WKH� PLVVLRQ�

SHUIRUPDQFH� FRQVLVWV� KHQFH� LQ� WKH� FRPSXWDWLRQ� RI� WKH�

SUREDELOLW\� RI� VXFFHVV� RI� WKH� PLVVLRQ�� ZLWK� UHVSHFW� WR�

WLPH��

7KHUH� H[LVW� PDQ\� DSSURDFKHV� WKDW� FDQ� EH� XVHG� WR�

HYDOXDWH� WKH� SHUIRUPDQFHV� RI� V\VWHPV� LQ� D� VWRFKDVWLF�

IUDPHZRUN� >�@�� %D\HVLDQ� QHWZRUNV�� 0DUNRY� FKDLQV��

0RQWH�&DUOR�VLPXODWLRQV��HWF��7KH�DSSURDFK�XVHG�KHUH�LV�

WKH�$7/$6�PHWKRGRORJ\�GHYHORSHG�E\�21(5$�>�@��

3.1 M odelli ng: Architectures associat ion 

$�YHU\� VLPSOH�DQG�JHQHULF�ZD\�RI�GHVFULELQJ�D� VHUYLFH�

RU� IXQFWLRQ� LV� WR� FRQVLGHU� WKDW� D� VHUYLFH� FRQVLVWV� LQ�

DQVZHULQJ� DQ� RUGHU� JLYHQ� DW� VRPH� LQVWDQW� ZLWKLQ� D�

VSHFLILF� DQVZHU� GHOD\�� ZKLFK� OHDGV� WR� WKH� IROORZLQJ�

SHUIRUPDQFH�QRWLRQ��

π
)
�V�W��

ZKLFK�UHSUHVHQWV�WKH�SUREDELOLW\�RI�VXFFHVV�WKDW�IXQFWLRQ�

)� SURYLGHV� DW� WLPH� W� DQ� DQVZHU� WR� DQ� RUGHU� UHFHLYHG� DW�

WLPH�V��

7R�FRPSXWH�WKH�SHUIRUPDQFH�RI�WKH�PLVVLRQ��RQH�QHHGV�

WR�GHFRPSRVH�WKH�JOREDO�VHUYLFH�RIIHUHG�E\�WKH�$2&6�LQ�

HOHPHQWDU\� VHUYLFHV� E\� WKH� PHDQV� RI� WHPSRUDO� ORJLF�

�VLPXOWDQHLW\�� 6,0�� 6HTXHQFH�� 6(4��� 7KLV�

GHFRPSRVLWLRQ� UHVXOWV� LQ� D� IXQFWLRQDO� WUHH� IURP� ZKLFK�

WKH� �OHDYHV�� DUH� WKH� HOHPHQWDU\� IXQFWLRQV� RI� WKH� ODVW�

OHYHO�RI�UDPLILFDWLRQ�DV�GHVFULEHG�RQ�)LJ�������

�

�

Figure 3. :Functional tree representing a generic AOCS 
mission. Red contours define the elementary  functions 

8VLQJ� WKLV�PRGHOOLQJ�� WKH� SUREDELOLW\� RI� VXFFHVV� RI� WKH�

PLVVLRQ� FDQ� EH� UHFXUVLYHO\� FRPSXWHG� IURP� WKH�

SUREDELOLW\� RI� VXFFHVV� RI� HDFK� HOHPHQWDU\� IXQFWLRQ��

DORQJ�WKH�IXQFWLRQDO�WUHH��

,W�LV�RI�FRXUVH�SRVVLEOH��IRU�D�JLYHQ�OHDI�RI�WKLV�WUHH��WR�JR�

LQWR� IXUWKHU� GHWDLO� E\� GHYHORSLQJ� LW� XQWLO� UHDFKLQJ�

HOHPHQWDU\� IXQFWLRQV� VSHFLILF� WR� WKH� PLVVLRQ�� ,Q�

DJUHHPHQW�ZLWK�WKH�PDFURVFRSLF�OHYHO�RI�WKH�VWXG\�� �QR�

PRUH�UHILQHPHQW�LV�DSSOLHG���

6HYHUDO� SK\VLFDO� VROXWLRQV� FDQ� VDWLVI\� WKH� JHQHULF�

HOHPHQWDU\�IXQFWLRQV�RI�WKLV�WUHH��7KH�RQH�SOXJJHG�KHUH�

LV� LQVSLUHG� IURP� WKH� DUFKLWHFWXUH� XVHG� IRU� 6��� $Q�

H[DPSOH� RI� DVVRFLDWLRQ� RI� D� IXQFWLRQ� ZLWK� D� SK\VLFDO�

DUFKLWHFWXUH� RI�

FRPSRQHQWV� LV�

UHSUHVHQWHG� RQ� )LJ��

��� 7KH� SK\VLFDO�

DUFKLWHFWXUH� LV�

GHVFULEHG� E\� WKH�

PHDQV� RI� ERROHQ�

ORJLF� WKDW� GHILQH� DOO�

WKH� SRVVLEOH�

FRQILJXUDWLRQV� RI�

WKH� V\VWHP� WR� IXOILO�

WKH� IXQFWLRQ�� ,Q�

QRPLQDO� PRGH��

UHJDUGOHVV� WKH�

GHEULV� WKUHDW�� WKH�

SHUIRUPDQFH� RI�

HDFK� IXQFWLRQ� LV�

JLYHQ� E\� WKH� DELOLW\�

RI� WKH� V\VWHP� LQ�

HDFK� FRQILJXUDWLRQ� WR� VDWLVI\� WKH� IXQFWLRQ�� � 7KHVH�

LQIRUPDWLRQ� DUH� SURYLGHG� E\� WKH� PDQXIDFWXUHU� RI� WKH�

V\VWHP��

)RU�WKH�QHHG�RI�WKLV�VWXG\��WKH�QRPLQDO�SHUIRUPDQFHV�RI�

HDFK�SRVVLEOH�V\VWHP�FRQILJXUDWLRQ�KDYH�EHHQ�JHQHUDWHG�

XQGHU� WZR� PDLQ� DVVXPSWLRQV�� 7KH� V\VWHP� UHDFWV�

LQVWDQWDQHRXVO\�ZLWK�D�SUREDELOLW\�RI� VXFFHVV� IROORZLQJ�

D�OLQHDU�GHFUHDVH�RYHU�WKH�VLPXODWLRQ�WLPH�UDQJLQJ�IURP�

�� WR��������� �1DWXUDOO\�� LW� LV� SRVVLEOH� WR� FRQVLGHU�PRUH�

UHDOLVWLF� SHUIRUPDQFHV� UHIOHFWLQJ� WKH� EHKDYLRXU� RI� WKH�

V\VWHP��

3.2 Resources 

(DFK�FRPSRQHQW��RU�JURXS�RI�FRPSRQHQWV��LV�DVVRFLDWHG�

WR� RQH� RU� VHYHUDO� UHVRXUFHV. $� UHVRXUFH GHILQHV� D�
SK\VLFDO�TXDQWLW\�WKDW�LV�³SURGXFHG´�E\�D�FRPSRQHQW��RU�

³UHTXLUHG´� E\� LW� WR� ZRUN� SURSHUO\� ,I� D� UHVRXUFH�

DYDLODELOLW\� EHFRPHV� EHORZ� D� JLYHQ� WKUHVKROG�� GHILQHG�

E\� WKH� QHHGV� RI� LW� E\� RWKHU� SK\VLFDO� FRPSRQHQWV�� WKHQ�

WKH� V\VWHP� FDQQRW� IXOILO� LWV� PLVVLRQ� DQ\PRUH�� 7KH�

SUREDELOLW\�RI�VXFFHVV�RI� WKH�PLVVLRQ�ZLOO�FRQVHTXHQWO\�

EHFRPH�]HUR��

7ZR�UHVRXUFHV�DUH�WDNHQ�LQWR�FRQVLGHUDWLRQ�LQ�WKLV�VWXG\��

• (OHFWULFDO�SRZHU��

• 3URSHOODQW��

%HFDXVH� WKH� HOHFWULFDO� SRZHU� LV� JHQHUDWHG� E\� VRODU�

SDQHOV� WKDW� DUH� H[WHUQDO� FRPSRQHQWV� DQG� WKXV�

LQYXOQHUDEOH� WR� WKH� GHEULV� LQ� WKLV� VWXG\� �FI�� ����� �� WKLV�



��

�

UHVRXUFH� DYDLODELOLW\� LV� JLYHQ� E\� D� GHWHUPLQLVWLF�PRGHO�

WKDW� LQFOXGHV�DQ�HVWLPDWLRQ�RI�D�GHFUHDVH�RYHU�WLPH�GXH�

WR�WKH�FRPELQHG�HIIHFWV�RI�WKH�VSDFH�ZHDWKHU�DQG�GHEULV�

LPSDFWV��,W�LV�VXSSRVHG�WKDW�WKH�V\VWHP�LV�ZHOO�GHVLJQHG�

DQG�FRQVHTXHQWO\�WKH�HOHFWULFDO�SRZHU�DYDLODELOLW\�LV�VWLOO�

JUHDWHU�WKDQ�WKH�FRPSRQHQWV�QHHG��

5HJDUGLQJ�SURSHOODQW��D�VLPSOH�GHWHUPLQLVWLF�DSSURDFK�LV�

WDNHQ�LQ�WKLV�VWXG\�E\�FRQVLGHULQJ�D�IL[HG�PHDQ�QXPEHU�

RI�LQ�SODQH�DQG�RXW�RI�SODQH�RUELW�PDQRHXYUHV�SHU�\HDU��

7KHVH� GDWD� UHIOHFW� D� VLPSOLILHG� DSSURDFK� RI� WKH�

PDQRHXYUHV� VHTXHQFHV� WKDW� HQDEOH� WR� NQRZ� WKH�

SURSHOODQW�FRQVXPSWLRQ�IRU�PDLQWDLQLQJ�WKH�RUELW��

$WWLWXGH� PDQRHXYUHV� DUH� HQVXUHG� E\� UHDFWLRQ� ZKHHOV��

7KH\� DUH� HOHFWULFDO� DFWXDWRUV� WKDW� GR� QRW� UHTXLUH� DQ\�

SURSHOODQW���7KH�GHVDWXUDWLRQ�RI�WKH�DFFXPXODWHG�DQJXODU�

PRPHQWXP� RI� WKH� UHDFWLRQ� ZKHHOV� LV� QRW� WDNHQ� LQWR�

DFFRXQW�LQ�WKLV�VWXG\��

$QWL�FROOLVLRQ� PDQRHXYUHV� DUH� SUREDELOLVWLF� DQG�

PDQDJHG� LQWHUQDOO\��:KHQ� DQ� DYRLGDQFH� PDQRHXYUH� LV�

GHFLGHG�� WKH� FRVW�PRGHO� LV� XVHG� WR�SURYLGH� DQ�RUGHU� RI�

PDJQLWXGH�RI�WKH�VSHHG�LQFUHPHQW��DQG�KHQFH�SURSHOODQW�

FRQVXPSWLRQ�� QHFHVVDU\� IRU� WKH� VDWHOOLWH� WR� DYRLG� D�

WUDFNDEOH� VSDFH� GHEULV� LQ� FROOLVLRQ� FRXUVH� DFFRUGLQJ� WR�

DQ� DFFHSWDEOH� VDIHW\� GLVWDQFH� RI� ��� NP�� D� SURSDJDWHG�

WUDFN�DFFXUDF\�IURP�66$�V\VWHPV�DQG�WKH�GHOD\�EHWZHHQ�

WKH�LQVWDQW�RI�LQLWLDWLRQ�RI�WKH�DYRLGDQFH�PDQRHXYUH�DQG�

WKH�HVWLPDWHG�LQVWDQW�RI�LPSDFW��VFHQDULR�GHSHQGHQW����

3.3 Untr ackable debr is eff ects on the 
perfor mance  

,PSDFWV� RI� XQWUDFNDEOH� GHEULV� ZLOO� SRWHQWLDOO\� GDPDJH�

WKH� FRPSRQHQWV� UHDOLVLQJ� WKH� IXQFWLRQ�� \LHOGLQJ� WR� D�

GHFUHDVH� RI� WKH� SUREDELOLWLHV� WR� EH� LQ� FRQILJXUDWLRQV� RI�

WKH� V\VWHP� OHDGLQJ� WR� QRQH�]HUR� SHUIRUPDQFHV�� DQG�

FRQVHTXHQWO\� D� GHFUHDVH� RI� WKH� SHUIRUPDQFH� RI� WKH�

IXQFWLRQ�DV�WLPH�JRHV�E\��

0RUHRYHU�� ZKHQ� XQWUDFNDEOH� GHEULV� WKUHDWV� DIIHFW� WKH�

VWDWH�RI�D�SK\VLFDO�FRPSRQHQW�RI�WKH�V\VWHP��LW�FDXVHV�D�

SRWHQWLDO� GHFUHDVH� LQ� WKH� DYDLODELOLW\� RI� WKH� SURGXFHG�

UHVRXUFH� �IRU� LQVWDQFH�� LPSDFWV� RI� XQWUDFNDEOH� VSDFH�

GHEULV� RQ� VRODU� SDQHOV� PD\� GHVWUR\� SKRWRYROWDLF� FHOOV��

OHDGLQJ�WR�D�GHFUHDVH�LQ�DYDLODELOLW\�RI�HOHFWULFDO�SRZHU���

3.4 Tr ackable debr is eff ects on the 
perfor mance  

7R�FRQVHTXHQWO\�XSGDWH�WKH�SUREDELOLW\�RI�VXFFHVV�RI�WKH�

PLVVLRQ��RQH�VKRXOG�FRPSXWH� WKH�SUREDELOLW\�RI�VXFFHVV�

RI� WKH� V\VWHP� WR� LQLWLDWH� DQ� DYRLGDQFH�PDQRHXYUH�� ,W� LV�

EDVHG�RQ�0$67(5������GHEULV�IOX[�PRGHOOLQJ�FRXSOHG�

ZLWK�D�VLPSOLILFDWLRQ�RI�D�FROOLVLRQ�DYRLGDQFH�SURFHGXUH�

IRU�/(2�VDWHOOLWHV�ZKHUH�FROOLVLRQ�ULVN�LV�HYDOXDWHG�E\�D�

PXOWL� VWDJHV� DSSURDFK� EHIRUH� GHFLGLQJ� RI� D�PDQRHXYUH�

>��@�� ,Q� WKLV� VWXG\� DQG� DFFRUGLQJ� WR� WKH� ZRUNLQJ�

DVVXPSWLRQV�� WKH� SUREDELOLW\� RI� VXFFHVV� RI� WKH� $2&6�

PLVVLRQ�LV�ZHLJKWHG�E\�WKH�SUREDELOLW\�WR�QRW�LQLWLDWH�DQ�

DYRLGDQFH�PDQRHXYUH�DW�D�JLYHQ�LQVWDQW���

1RWH� WKDW� IRU�DQ�HQWLUH� VDWHOOLWH��RQO\� IHZ� IXQFWLRQV�DUH�

LQKLELWHG� E\� DQ� DYRLGDQFH� PDQRHXYUH�� ,Q� RUGHU� WR�

H[FOXGH� SHUIRUPDQFH� GHSHQGHQFLHV� EHWZHHQ� WKH�

IXQFWLRQV�� WKH� SUREDELOLW\� WR� QRW� LQLWLDWH� D� PDQRHXYUH�

ZRXOG� EH� FRQVLGHUHG� DV� D� ILFWLYH� UHVRXUFH�� ,W� LV� KHQFH�

DVVXPHG� WKDW� LI� WKLV� SUREDELOLW\� LV� ORZHU� WKDQ� D� JLYHQ�

WKUHVKROG��GHILQHG�E\�WKH�QHHG�RI�WKH�IXQFWLRQV��WKHQ�WKH�

SUREDELOLW\�RI�VXFFHVV�RI�WKH�PLVVLRQ�ZLOO�EH�]HUR��7KLV�

XSGDWH� UXOH�ZKLFK�FRQVWUDLQWV� WKH�PLVVLRQ� UHDOLVDWLRQ� LV�

YHU\� FRQVHUYDWLYH� DQG�ZLOO� EH� VXEMHFW� WR� LPSURYHPHQWV�

LQ�IXWXUH�ZRUN���

7KH� SURSHOODQW� FRVW� RI� WKH� SUREDELOLVWLF� DYRLGDQFH�

PDQRHXYUHV� RYHU� WLPH� LV� PDQDJHG� LQWHUQDOO\� DQG� WKH�

HYROXWLRQ� RI� WKH� SURSHOODQW� PDVV� H[SHFWDQF\� IRU� WKH�

VDWHOOLWH�DFFRUGLQJ� WR� WKH�GLIIHUHQW� W\SHV�RI�PDQRHXYUHV�

DQG�WKH�GU\�PDVV�LV�HYDOXDWHG��:KHQ�WKH�SURSHOODQW�PDVV�

H[SHFWDQF\�PRYHV�EHORZ� WKH�GH�RUELWLQJ�PDVV� WKHQ� WKH�

V\VWHP�FDQQRW�IXOILO�LWV�PLVVLRQ�DQ\PRUH�DQG�WKH�JOREDO�

SHUIRUPDQFH�GURSV�GRZQ�WR�]HUR��

3.5 Descr ipt ion of the scenar ios 

,Q� DOO� WKH� IROORZLQJ�� D� VFHQDULR� FRQVLVWV� LQ� D� VWDWLVWLFDO�

UHSDUWLWLRQ�PRGHO�RI�VSDFH�GHEULV�FRPELQHG�ZLWK�D�66$�

V\VWHP�PRGHO��7KH�PLVVLRQ�UHPDLQV�XQFKDQJHG�DV�ZHOO�

DV�WKH�SK\VLFDO�DUFKLWHFWXUH��

�

7KH� JHQHUDO� LGHD� RI� WKH� PHWKRG� LV� WKDW�� XQGHU� WZR�

GLIIHUHQW� JLYHQ� VFHQDULL�� WKH� YDULRXV� HOHPHQWDU\�

IXQFWLRQV�ZLOO�QRW�EH�H[HFXWHG�H[DFWO\�LQ�WKH�VDPH�ZD\��

ZKLFK�ZLOO�HQWDLO�D�SHUIRUPDQFH�JDS�DW�WKH�PLVVLRQ�OHYHO��

7KH�SHUIRUPDQFH�JDS�EHWZHHQ�D�VFHQDULR�RI�LQWHUHVW�DQG�

D�VFHQDULR�RI�UHIHUHQFH�UHSUHVHQWV�WKH�JUDYLW\�WHUP�LQ�WKH�

ULVN�IRUPXODWLRQ��

�

7KH� VFHQDULR� RI� UHIHUHQFH� LQ� WKLV� VWXG\� FRQVLVWV� LQ�

FRQVLGHULQJ� WKH� FXUUHQW� GHEULV� IOX[�SRSXODWLRQ�ZLWK� WKH�

SUHVHQW�66$�V\VWHP��7KH�%XVLQHVV�DV�8VXDO��0$67(5�

������GHEULV� IOX[�SUHGLFWLRQ� LV�FKRVHQ��DQG� WZR�FULWHULD�

UHIOHFWLQJ�WKH�SHUIRUPDQFHV�RI�WKH�66$�V\VWHPV��QDPHO\�

WKH� WUDFNDEOH� VL]H� DQG� WKH� WUDFNLQJ� DFFXUDF\�� DUH� VHW� WR�

UHVSHFWLYHO\����FP�DQG���NP��

�

Table 1. :Description of the different scenarios 

��
�

2Q� 7DE�� �� LV� GHSLFWHG� DOO� WKH� VFHQDULRV�� 2QO\� RQH�

SDUDPHWHU�SHU�VFHQDULR�RI�LQWHUHVW�LV�PRGLI\�ZLWK�UHJDUG�



��

�

WR� WKH� UHIHUHQFH� SDUDPHWHUV� LQ� RUGHU� WR� HYDOXDWH� WKH�

HIIHFWV� RI� HDFK� RQH� RQ� WKH�PLVVLRQ
V� YXOQHUDELOLW\�� 7KH�

WZR� ILUVW� VFHQDULL� RI� LQWHUHVW� KDYH� WKH� VDPH� GHEULV� IOX[�

VFHQDULR� PRGHO� EXW� VKRZ� JDLQV� LQ� WHUP� RI� 66$�

SHUIRUPDQFHV��,Q�WKH�WKLUG�VFHQDULR�RI�LQWHUHVW�WKH�GHEULV�

IOX[� PRGHO� LV� VZLWFKHG� IURP� %D8� WR� 0,7�� �IXOO�

PLWLJDWLRQ���

�

)LQDOO\�� IURP� WKHVH� VFHQDULRV� WKH� JRDO� LV� WR� DVVHVV� WKH�

HIILFLHQFLHV� RI� WKH� PLWLJDWLRQ� UHODWHG� WR� 66$� V\VWHP�

�LPSURYHPHQWV��DQG�WKH�PLWLJDWLRQ�PHDVXUHV�LPSDFWLQJ�

WKH�GHEULV�SRSXODWLRQ���

4 VUL NERABI L I TY ASSESSM ENT AND 
M I TI GATI ON EFFI CI ENCY 

4.1 Vulnerabili ty index def ini t ion 

9XOQHUDELOLW\� LV� GHILQHG� DV� D� ULVN� RI� GHJUDGDWLRQ� LQ�

PLVVLRQ� SHUIRUPDQFH� EHWZHHQ� WZR� VFHQDULRV�� 7KLV�

YXOQHUDELOLW\�LQGH[�KDV�EHHQ�HYDOXDWHG�IRU�WKH�SURSRVHG�

VFHQDULRV� RI� LQWHUHVW� ZLWK� UHJDUG� WR� WKH� UHIHUHQFH�

VFHQDULR�� � +HUH� EHORZ� LV� FDOOHG� EDFN� WKH� YXOQHUDELOLW\�

LQGH[�IRUPXOD�IRU�WKH�SHULRG�RI�VWXG\��

�

:KHUH��

• β�τ��n� >���@� UHSUHVHQWV� WKH� OLNHOLQHVV� WKDW� WKH�XVHU�

UHTXLUHV�WKH�VHUYLFH�IURP�WKH�$2&6�DW�LQVWDQW�τ��)RU�

QXPHULFDO� HYDOXDWLRQ�� LW� LV� DVVXPHG� WKDW� D� XVHU¶V�

UHTXHVW� LV�SHUPDQHQW�RYHU� WKH�SHULRG�RI�VWXG\�� WKDW�

LV�β ����ZRUVW�FDVH���

• ∆�τ�� LV� WKH�PD[LPXP�GHOD\� LQ�ZKLFK� DQ� DQVZHU� WR�

WKLV�RUGHU�DW�LQVWDQW�τ�LV�DFFHSWDEOH�IRU�WKH�XVHU��$V�

WKH�EHKDYLRXU� RI� WKH�$2&6�ZDV�PRGHOOHG� WR� UHDFW�

LQVWDQWDQHRXVO\� ZKHQ� UHTXLUHG�� D� PD[LPXP�

UHVSRQVH�GHOD\�RI�WKH�V\VWHP�DOORZHG�E\�WKH�XVHU�LV�

IL[HG�WR�∆� ���VHFRQG��

• S
LQW�UHI

��τ�∆�τ���LV�WKH�SUREDELOLW\�RI�UHDOLVDWLRQ�RI�WKH�

VFHQDULR� RI� LQWHUHVW� UDWKHU� WKDQ� WKH� UHIHUHQFH� RQH��

DQG�KHUH�LV�VHW�WR���LQ�RUGHU�WR�FRPSDUH�WKH�VFHQDULL�

ZLWKRXW�UHIHUULQJ�WR�WKHLU�UHVSHFWLYH�OLNHOLQHVV���

• [ ]����������LQW τττστττσ ∆+−∆+ ref � UHSUHVHQWV� WKH�

GLIIHUHQFH� RI� FXPXODWHG� SHUIRUPDQFHV� RI� WKH�

PLVVLRQ� EHWZHHQ� WLPH� τ� � DQG� τ� �∆�τ��� 1RWH� WKDW�

σ�V�W� � ∑
≤≤ tds

F ds ���π ��

7KH�6$9(63$&(�WRRO�VXSSRUWV�RI�FRXUVH�PRUH�UHDOLVWLF�

WLPH� HYROXWLRQV� RI� WKH� YDULDEOHV� β�τ��� ∆�τ��� DQG� S
LQW�UHI

�

�τ�∆�τ����

4.2 Vulnerabili ty index evaluat ion 

7KH�YXOQHUDELOLW\�DVVHVVPHQW� LV�SUHVHQWHG� LQ� WZR� VWHSV��

2Q�WKH�RQH�KDQG�WKH�YXOQHUDELOLW\�RI�WKH�$2&6�PLVVLRQ�

LV� HYDOXDWHG� FRQVLGHULQJ� RQO\� WKH� XQWUDFNDEOH� GHEULV�

HIIHFWV� �OHIW� SDUW� RI� 7DE�� ���� 2Q� WKH� RWKHU� KDQG� WKH�

YXOQHUDELOLW\� LV�HYDOXDWHG�FRQVLGHULQJ�ERWK��XQWUDFNDEOH�

DQG� WUDFNDEOH� GHEULV� HIIHFWV� �5LJKW� SDUW� RI� 7DE�� ����

([SODQDWLRQV� DUH� JLYHQ� WR� MXVWLI\� WKH� WUHQGV� RI� WKH�

UHVXOWV��

(DFK� 6$9(63$&(
V� UXQ� WDNHV� DERXW� �� KRXUV� WR�

HYDOXDWH� WKH� SHUIRUPDQFH� RI� WKH� $2&6� PLVVLRQ� RYHU�

�����\HDUV��VR���KRXUV�WR�HYDOXDWH�D�YXOQHUDELOLW\�LQGH[���

1XPHULFDO� UHVXOWV�SUHVHQWHG� LQ�7DE����DUH�H[SUHVVHG�E\�

WZR� GHULYHG� IRUPV� RI� WKH� YXOQHUDELOLW\� LQGH[� DV�

GHVFULEHG�EHORZ��

�

• 9�
LQW�UHI

� � LV� WKH� SHUFHQWDJH� RI� WKH� PD[LPDO�

YXOQHUDELOLW\�LQGH[���

• /*
LQW�UHI

��LV�WKH�PLVVLRQ�OLIHWLPH�JDS�EHWZHHQ�WKH�

WZR�VFHQDULRV�IRU�HTXDO�PHDQ�SHUIRUPDQFHV��

(DFK� �YXOQHUDELOLW\�� YDOXH� LQ� 7DE�� �� UHYHDOV� E\� URZ� D�

ULVN� OHYHO� RI� D� VFHQDULR� RI� LQWHUHVW� L� �6&�� ,QW� L�� ZLWK�

UHJDUG�WR�WKH�VFHQDULR�RI�UHIHUHQFH��6&��5HI���

�

Table 2.:Vulnerabilit y indexes for all  scenarii  

�

7KH�JUHDWHU�9�
LQW�UHI

�LV��WKH�ORZHU�YXOQHUDEOH�WR�WKH�WKUHDW�

WKH�PLVVLRQ�LV��7KLV�UHDVRQLQJ�LV�LGHQWLFDO�IRU��/*
LQW�UHI

���

4.3 Risk mit igat ion eff iciency by reducing the 
tr acking accur acy (SC I nt  1 wr t  SC Ref)  

3HUIRUPDQFHV�DUH�HTXDO�EHWZHHQ�WKH�VFHQDULR�RI�LQWHUHVW�

�� DQG� WKH� UHIHUHQFH� RQH� EHFDXVH� WKH� VHQVLWLYLW\�

SDUDPHWHU�LV�WKH�SURSDJDWHG�WUDFN�DFFXUDF\�DQG�FRQFHUQV�

RQO\� WKH� WUDFNDEOH� GHEULV�� ,QGHHG�� WKH� IDLOXUH�

SUREDELOLWLHV� RI� WKH� $2&6� FRPSRQHQWV� DUH� HTXDO� IRU�

[ ] ττττστττστβττ dpV ref
tf

to

refref ���������������� LQWLQW�LQW� ∆+−∆+××∆+=∫
�

����

ref

ref
ref

tf

to

ref

ref
ref

P

V
LG

d

V
V

LQW�
LQW�

LQW�
LQW�

����
�����

�

=

×
∆+×

=
∫ ττττστβ

�

����

�

����



�

ERWK� VFHQDULRV� DQG� KHQFH� WKH� YXOQHUDELOLW\� LQGH[HV� DUH�

HTXDO�WR�]HUR��

$�SURSDJDWHG�WUDFN�DFFXUDF\�RI�����P��LQVWHDG�RI���NP�

LQLWLDOO\�� DOORZV� D� EHWWHU� VSDFH� VLWXDWLRQDO� DZDUHQHVV��

3UHGLFWLRQV� RI� FROOLVLRQ� ULVNV� DUH� LPSURYHG� DQG� WKH�

SUREDELOLW\� WR� UHDOL]H� DQWL�FROOLVLRQ� PDQRHXYUHV� LV� WKXV�

ORZHU��

�7KH�PLVVLRQ�LV�OHVV�YXOQHUDEOH�^9�
LQW�UHI�

 �������/*
LQW�UHI

�

 ����KRXUV`�LQ�WKH�VFHQDULR�RI�LQWHUHVW���ZLWK�UHVSHFW�WR�

WKH� UHIHUHQFH� VFHQDULR� WKDQNV� WR� WKH� ULVN�PLWLJDWLRQ� RQ�

WUDFNDEOH�GHEULV���

4.4 Risk mit igat ion eff iciency by reducing the 
tr acking debr is size (SC I nt 2 wr t  SC Ref)  

6FHQDULR� RI� LQWHUHVW� �� LV� VOLJKWO\� OHVV� YXOQHUDEOH� WR� WKH�

XQWUDFNDEOH� WKUHDW� WKDQ� WKH� UHIHUHQFH� VFHQDULR� EHFDXVH�

WKH� XSSHU� OLPLW� RI� WKH� XQWUDFNDEOH� GHEULV� VL]H� LV� JRQH�

GRZQ�WR���FP��LQVWHDG�RI�LQLWLDOO\����FP���7KHUH�LV�WKXV�

D�ORZHU�XQWUDFNDEOH�GHEULV�IOX[�LQ�VFHQDULR�RI�LQWHUHVW���

ZLWK� UHVSHFW� WR� WKH� UHIHUHQFH� VFHQDULR�� WKDW¶V� ZK\� WKH�

YXOQHUDELOLW\�LQGH[HV�DUH�SRVLWLYH���

$� IOX[� VWXG\� RQ� 0$67(5������ KLJKOLJKWV� WKDW� WKH�

SURSRUWLRQ�IRU�REMHFW�GLDPHWHUV�UDQJLQJ�IURP��FP�WR����

FP� LV� DSSUR[LPDWHO\� WKH� VDPH� WKDW� REMHFW� GLDPHWHUV�

UDQJLQJ�IURP����FP�WR����P��WKH�XSSHU�GLDPHWHU�OLPLW�LQ�

WKLV�VWXG\���FRQVHTXHQWO\�WKH�WUDFNDEOH�IOX[�LV�GRXEOHG�LQ�

WKH�VFHQDULR�RI�LQWHUHVW�����)RU�D�JLYHQ�SURSDJDWHG�WUDFN�

DFFXUDF\� RI� �� NP�� WKH� UDWH� RI� DOHUWV� ZRXOG� EH� PXFK�

JUHDWHU� IRU� D�PLQLPXP� VL]H� RI� FDWDORJXHG� REMHFWV� RI� ��

FP� WKDQ� ��� FP� >��@�� )LQDOO\� WKH� QHJDWLYH� WUDFNDEOH�

GHEULV�HIIHFWV�RYHUFRPH�WKH�³JDLQ´�RI�XQWUDFNDEOH�GHEULV�

HIIHFWV�� 7KH� YDOXH� RI� WKH� YXOQHUDELOLW\� LQGH[HV� DUH�

FRQVHTXHQWO\�QHJDWLYH��

7KH�PLVVLRQ�LV�ILQDOO\�PRUH�YXOQHUDEOH�^9�
LQW�UHI�

 �������

/*
LQW�UHI

� ������KRXUV`�LQ�WKH�VFHQDULR�RI�LQWHUHVW���ZLWK�

UHVSHFW�WR�WKH�UHIHUHQFH�VFHQDULR��7ZR�UHFRPPHQGDWLRQV�

FDQ�EH�PDGH�IURP�WKLV�FDVH��

• 7KH�WUDFNLQJ�GHEULV�VL]H�DV�WR�EH�FRQVLVWHQW�ZLWK�WKH�

WUDFNLQJ� DFFXUDF\�� 8QFRXSOHG� HYROXWLRQ� RI� WKHVH�

SDUDPHWHUV�FRXOG�ZRUVHQ�WKH�66$����

• 7KH�YXOQHUDELOLW\�RI�D�PLVVLRQ�KDV�WR�GHDO�ZLWK�ERWK��

XQWUDFNDEOH� DQG� WUDFNDEOH� HIIHFWV� HVSHFLDOO\� ZKHQ�

FRQIOLFWLQJ�HIIHFWV�DSSHDUV��

4.5 Risk mit igat ion eff iciency by reducing the 
debr is populat ion (SC I nt  3 wr t  SC Ref)  

6LQFH� RQ� VFHQDULR� RI� LQWHUHVW� �� �)XOO� PLWLJDWLRQ�� WKH�

RYHUDOO� GHEULV� SRSXODWLRQ� LV� VOLJKWO\� ORZHU� �YHU\�

RSWLPLVWLF� PLWLJDWLRQ� PHDVXUHV� FRXSOHG� ZLWK� D�

³IDYRXUDEOH´� VRODU� DFWLYLW\��� WKHQ� IRU� WKH� VDPH� 66$�

V\VWHP� DV� WKH� UHIHUHQFH� VFHQDULR�� WKH� EHQHILFLDO�

WUDFNDEOH� GHEULV� HIIHFWV� DUH� DGGHG� WR� WKH� XQWUDFNDEOH�

RQHV��GHFUHDVLQJ�WKH�JOREDO�YXOQHUDELOLW\�RI�WKH�PLVVLRQ��

7KH�PLVVLRQ�LV� OHVV�YXOQHUDEOH�^9�
LQW�UHI�

 �������/*
LQW�UHI

�

 ����KRXUV`�LQ�WKH�VFHQDULR�RI�LQWHUHVW���ZLWK�UHVSHFW�WR�

WKH� UHIHUHQFH� VFHQDULR� WKDQNV� WR� WKH� ULVN�PLWLJDWLRQ� RQ�

WUDFNDEOH�DQG�XQWUDFNDEOH�GHEULV��

5 CONCL USI ON 

7KH� QXPHULFDO� UHVXOWV� SURYLGHG� LQ� WKLV� SDSHU� LOOXVWUDWH�

WKH�DSSOLFDWLRQ�RI� WKH�PHWKRG�RQ�D� VLPSOLILHG�H[DPSOH��

7KHVH� UHVXOWV� UHSUHVHQW� D� ILUVW� VWHS� LQ� WKH� XVH� RI� WKH�

JOREDO� 6$9(63$&(� WRRO� GHYHORSHG� XQGHU� WKH� 3ð�

527(&7�SURMHFW��7KH�JOREDO�WUHQGV�DUH�FRUUHFW�DQG�WKH�

WRRO� VKRZV� LWV� DELOLW\� WR� FDWFK� ILQH� VHQVLWLYLWLHV��

0LWLJDWLRQ� HIILFLHQFLHV�PXVW� EH� HYDOXDWHG� DW� VKRUW��PLG�

DQG� ORQJ� WHUP� LQ� RUGHU� WR� ILJXUH� RXW� LWV� VXVWDLQDELOLW\�

RYHU� WLPH�� 7KH� WRRO� DOORZV� WKLV� HYROXWLRQ� DVSHFW� E\�

UXQQLQJ�WKH�VFHQDULL�RI�LQWHUHVW�IRU�GLIIHUHQW�WLPHIUDPHV��

7KH� YXOQHUDELOLW\� LQGH[� JLYHV� D� UHODWLYH� YDOXH� WR� D�

UHIHUHQFH� WKDW� KDV� WR� EH� XVHG� IRU� FRPSDULVRQ� RI�

PLWLJDWLRQ� HIILFLHQFLHV� DQG� QRW� IRU� TXDQWLILFDWLRQ��

1HYHUWKHOHVV� WKH� PLVVLRQ� OLIHWLPH� JDS� LQGH[� LV�

HYDOXDWLQJ�DQ�DYHUDJH�RI�WKH�JDLQ�RU�WKH�ORVW�RI�D�PLVVLRQ�

OLIHWLPH�DQG� WKXV�RIIHUV�D�FRVW� LQGH[� WKDW� FDQ�EH�SXW� LQ�

UHJDUG�ZLWK�WKH�FRVW�QHHGHG�IRU�WKH�LPSOHPHQWDWLRQ�RI�D�

PLWLJDWLRQ�PHDVXUH��7KH�QRWLRQ�RI�UHWXUQ�RQ�LQYHVWPHQW�

LV�KHQFH�UHDFKDEOH���

0RUH� UHSUHVHQWDWLYH� FDVH� VWXGLHV� ZLOO� EH� DGGUHVVHG� LQ�

WKH�3ð��527(&7�SURMHFW�VLQFH�RQH�REMHFWLYH�FRQVLVWV�LQ�

DVVHVVLQJ�YXOQHUDELOLW\�WR�VSDFH�GHEULV�RI�WKUHH�PLVVLRQV�

RI� LQWHUHVW� IRU� (8�� 6HQWLQHO��� DW� /(2�� WKH� *$/,/(2�

FRQVWHOODWLRQ� DW� 0(2�� DQG� WKH� 07*� ZHDWKHU�

REVHUYDWLRQ�FRQVWHOODWLRQ�DW�*(2��

0RUH� DFFXUDWH� PRGHOV� DERXW� WKH� SK\VLFDO� DUFKLWHFWXUH�

DQG�LWV�DELOLW\�WR�IXOILO�WKH�PLVVLRQ�ZLOO�EH�GHYHORSHG�WR�

DSSO\� WKLV� PHWKRGRORJ\� WR� PRUH� UHSUHVHQWDWLYH� FDVH�

VWXGLHV��

)LQDOO\�� WKH� 6$9(63$&(� WRRO� HYDOXDWHV� WKH�

YXOQHUDELOLW\�RI�VSDFH�PLVVLRQV�GXH�WR�RUELWDO�GHEULV�DQG�

LWV�DSSURDFK�LV�XQLTXH�VLQFH�

• 7KLV� WRRO� ZRUNV� DW� PLVVLRQ� OHYHO� �L�H�� WKH� VHUYLFHV�

RIIHUHG�WR�8VHUV��LQVWHDG�RI�6�&�OHYHO�RQO\��7KHQ��LW�

DOORZV� DQDO\]LQJ� YHU\� LQQRYDWLYH� SURWHFWLRQ�

VROXWLRQV�OLNH�6�&�UHGXQGDQF\��6�&�IDFWRUL]DWLRQ�«���

• ,W� DOVR� DOORZV� WKH� DQDO\VLV� RI� JOREDO� WUDGH�RIIV� WR�

LQFUHDVH� VDIHW\� LQ� VSDFH� �H�J�� 6SDFH� 6XUYHLOODQFH�

7UDFNLQJ� YV� SURWHFWLRQ�� 667� YV� $FWLYH� 'HEULV�

5HPRYDO��$'5�YV�PLWLJDWLRQ���

• $W�VSDFH�VHJPHQW�OHYHO��LW�WDNHV�LQWR�DFFRXQW�WKUHDWV�

FRPLQJ� ERWK� IURP� WUDFNDEOH� GHEULV� �L�H�� LQGXFLQJ�

DYRLGDQFH�PDQHXYHUV��DQG�IURP�XQWUDFNDEOH�GHEULV�

�L�H�� LQGXFLQJ� FROOLVLRQV� ZLWK� WKH� 6�&� IURP�

FDWDVWURSKLF�WR�PLQRU�OHYHOV����

• $W�VSDFH�VHJPHQW�OHYHO�DQG�IRU�WKH�XQWUDFNDEOH�SDUW�

RI�GHEULV��WKH�XQGHUO\LQJ�PHWKRG�LV�DEOH�WR�GHDO�ZLWK�



�

ERWK�H[WHUQDO�DQG�LQWHUQDO�FRPSRQHQWV��LQ�RQH�UXQ��

• 7KLV�WRRO�LV�DEOH�WR�VKRZ�HIIHFWV��RU�VHQVLWLYLWLHV��RI�

PXOWL�VFDOH� SURWHFWLRQ� VROXWLRQV� �L�H�� DW� PLVVLRQ�

OHYHO�� DW� VSDFH� VHJPHQW� OHYHO�� DW� FRPSRQHQW� OHYHO��

DV�ZHOO�DV�FRPELQHG�H[WHUQDO�VROXWLRQV��L�H��FRPLQJ�

IURP� 6SDFH� 6XUYHLOODQFH� DQG� 7UDFNLQJ�� PLWLJDWLRQ�

PHDVXUHV�RU�$FWLYH�'HEULV�5HPRYDO�PHDVXUHV���

6 ACK NOWLE DGEM ENT 

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�2QHUD
V�³6SDFH�6\VWHP�

6XUYLYDELOLW\´� UHVHDUFK� SURJUDPPH� WHDP�� QDPHO\� 0UV�

&DWKHULQH�-ROO\��'U��6\OYDLQ�%HUWUDQG��DQG�'U��6WHSKDQLH�

3UXGKRPPH� IRU� WKHLU� XVHIXO� FRPPHQWV� RQ� WKDW� ZRUN��

ZKLFK� ZDV� DOVR� KLJKO\� VXSSRUWHG� E\� 2QHUD¶V�

6$9(63$&(� WRRO� LQWHJUDWLRQ� WHDP�� QDPHO\�0U�$QGUp�

(OLH��'U��5RPDLQ�.HUYDUF�DQG�'U��3DWULFH�&DUOH��WKURXJK�

WKHLU� WHFKQLFDO� FRQWULEXWLRQ� RQ� WKH� PLVVLRQ¶V� ULVN�

FRPSXWDWLRQ��
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