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The paper discusses the concept, methods and application of the Crisis Probability Curves (CPCs) to assess 
vulnerability to droughts in selected regions in India, Portugal, and Russia using published data on susceptibility and 
water stress indices. The CPCs, which are estimated from regression models and represented in a diagram as contour 
plots, are a spatiotemporal vulnerability yardstick that estimates vulnerability levels and thresholds to the combined 
impacts of environmental stress and human susceptibility (or lack of adaptive capacity). As compared to the CPCs for 
Russia, those for India and Portugal tilt more towards the water stress axis. This implies that the level of vulnerability 
in the latter countries tends to be more sensitive to the changes in water stress level than socio-economic susceptibility. 
For a particular water stress level, however, the probability of crisis occurring in India is higher than in Portugal. 
India has thus the lowest vulnerability threshold. Using pooled and panel regression, the information for three case 
study regions was combined to develop a common measure of vulnerability thresholds. Building common or generic 
thresholds will allow comparison of vulnerability across regions, which can be useful for policy in terms of developing 
priority list for providing adaptation support in vulnerable regions. However, the results revealed that there is a risk 
of under- or overestimating vulnerability thresholds when comparing regions not only with different level, but also 
varying sources of vulnerability. Thus, more crucial than developing generic vulnerability thresholds is highlighting 
differential vulnerability through selection of appropriate susceptibility indicators.
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7KH� LQYHVWLJDWLRQ� RI� KXPDQ�HQYLURQPHQW� OLQNV� WR�
XQGHUVWDQG� KXPDQ� DGDSWDWLRQ� WR� WKH� LPSDFWV� RI� FOLPDWH�
FKDQJH�LV�D�FKDOOHQJLQJ�WDVN�EHFDXVH�LW�UHTXLUHV�DSSURSULDWH�
FRQFHSWV� DQG� PHWKRGV� WKDW� WUDQVYHUVH� DFURVV� YDULRXV�
GLVFLSOLQHV��Stern et al.��1991:6��H[SODLQHG�WKDW�³>WKH@�VWXG\�
RI� KXPDQ� LQWHUDFWLRQV� ZLWK� WKH� JOREDO� HQYLURQPHQW� SRVHV�
GLI¿FXOW� SUREOHPV� RI� WKHRU\� DQG� PHWKRG� WKDW� >GHPDQGV@�
QHZ�OLQNV�DPRQJ�GLVFLSOLQHV�� WKHRUHWLFDO�FRQVWUXFWV� WR�GHDO�
ZLWK� WKH� FRPSOH[LWLHV� DQG� WKH� ODUJH� VSDWLDO� DQG� WHPSRUDO�
VFDOHV�� DQG� FDUHIXO� VHOHFWLRQ� RI� UHVHDUFK�PHWKRGV´�� ,Q� WKH�
ODVW� WZR� GHFDGHV�� H[SHUWV� IURP� WKH� ¿HOGV� RI� HFRQRPLFV��
HFRORJ\�� JHRJUDSK\� DQG� VRFLRORJ\� KDYH� GHYHORSHG� D�
QXPEHU� RI� FRQFHSWV� DQG� PHWKRGV� IRU� DVVHVVLQJ� KXPDQ�
YXOQHUDELOLW\�DQG�DGDSWDWLRQ�LQFOXGLQJ��IRU�H[DPSOH��6RFLDO�
9XOQHUDELOLW\� �Adger 1999��� 'RXEOH� ([SRVXUH� �O’Brien 
and Leichenko 2000���9XOQHUDELOLW\�5HVLOLHQFH��Moss et al. 
2001��� 5LVN�&KDLQ� �Heitzmann et al. 2002��� 9XOQHUDELOLW\�
IRU�6XVWDLQDELOLW\��Turner et al. 2003���(LJKW�6WHS�$SSURDFK�
�Polsky et al. 2003���DQG�,QWHUYXOQHUDELOLW\��$costa-Michlik 
and Rounsevell 2005, 2008; Acosta-Michlik and Espaldon 
2008, 2011���(DFK�RI�WKHP�KDV�LWV�RZQ�PHULWV�GHSHQGLQJ�RQ�
WKH�H[SRVXUH�XQLW��VSDWLDO�VFDOH�DQG�WHPSRUDO�GXUDWLRQ�RI�WKH�
DQDO\VLV�

0RVW�RI�WKHVH�SUHYLRXV�YXOQHUDELOLW\�VWXGLHV�KDYH�WKXV�
IDU�IRFXVHG�RQ�GHYHORSLQJ�YXOQHUDELOLW\�LQGLFHV�DQG�RU�PDSV�
WR� SUHVHQW� DQ�RYHUYLHZ�RI� YXOQHUDELOLW\� DFURVV� UHJLRQV� EXW�

ZLWKRXW�SURYLGLQJ�SUDFWLFDO�WKUHVKROGV�IRU�D�FULWLFDO�VWDWH�

6XFK� WKUHVKROGV� FDQ� SRVVLEO\� LQIRUP� SROLF\� ZKHUH�
DQG�ZKHQ�DGDSWDWLRQ�DFWLRQV�VKRXOG�EH�PDGH��9XOQHUDELOLW\�
WKUHVKROG� LV� D� XVHIXO� FRQFHSW� WKDW� LV� DSSOLHG� LQ� UHODWHG�
GLVFLSOLQHV� VXFK� DV� SRYHUW\� DQG� IRRG� VHFXULW\� �H�J��
Chaudhuri et al. 2002; Dilley and Boudreau 2001��DV�ZHOO�
DV�HQYLURQPHQW�DQG�HFRORJ\��H�J��Prato 2007; Matzdorf et 
al. 2008; Lintz et al. 2011���6R�IDU��YHU\�OLWWOH�UHVHDUFK�KDV�
EHHQ�GRQH�WR�LQYHVWLJDWH�YXOQHUDELOLW\�WKUHVKROGV�WR�FOLPDWH�
FKDQJH�LPSDFWV��H�J��Luers et al. 2003; Luers 2005; Adger 
2006��� 7KH� DVVHVVPHQW� RI� YXOQHUDELOLW\� WR� WKH� LPSDFWV�
RI� FOLPDWH� FKDQJH� �H�J�� ÀRRGV�� GURXJKWV�� HWF��� VKRXOG� EH�
DEOH� WR� LGHQWLI\� WKUHVKROGV� DW�ZKLFK� WKH� OHYHO� RI� H[SRVXUH�
LV� PHDVXUDEOH� DQG� WKH� DELOLW\� RI� FRPPXQLWLHV� WR� DGDSW� LV�
FRPSDUDEOH�DFURVV�VSDFH�DQG�RYHU�WLPH���7KLV�SDSHU�SUHVHQWV�
D�PRGHOLQJ�DSSURDFK�FDOOHG�&ULVLV�3UREDELOLW\�&XUYHV��&3&V��
WR� FRQWULEXWH� WR� WKH� DVVHVVPHQW� RI� YXOQHUDELOLW\� WKUHVKROGV�
DQG�WKXV�¿OO�DQ�LPSRUWDQW�JDS�LQ�YXOQHUDELOLW\�UHVHDUFK��7KH�
FRQFHSW�RI�&3&V�FDSWXUHV� WKH� OLQN�EHWZHHQ�KXPDQ�DQG� LWV�
HQYLURQPHQW�DQG�LWV�PHWKRG�HQDEOHV�WKH�HPSLULFDO�HVWLPDWLRQ�
RI� YXOQHUDELOLW\� WKUHVKROGV�� 7KH� HPSLULFDO� DSSOLFDWLRQ� RI�
&3&V� IRFXVHV� KHUH� RQ� WKH� YXOQHUDELOLW\� DVVHVVPHQWV� RI�
GLIIHUHQW�UHJLRQV�WR�GURXJKWV�RYHU�D�ORQJ�SHULRG�RI�WLPH�

7KH�PHWKRG�WKDW�ZH�XVHG�WR�HVWLPDWH�WKH�&3&V�DSSO\�
WKH�NQRZOHGJH�RQ�SUREDELOLW\��$FFRUGLQJ�WR�IUHTXHQWLVW�YLHZ

��3RWVGDP�,QVWLWXWH�IRU�&OLPDWH�,PSDFW�5HVHDUFK��3,.���7HOHJUDSKHQEHUJ�$����������3RWVGDP��*HUPDQ\��7HO��������������������)D[�������������������(�PDLO��OLOLEHWK#
SLN�SRWVGDP�GH

2�6FKRRO�RI�(QYLURQPHQWDO�6FLHQFH�DQG�0DQDJHPHQW��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV�/RV�%DxRV��83/%����/RV�%DxRV��/DJXQD��3KLOLSSLQHV
2�'HSDUWPHQW�RI�(FRQRPLFV�DQG�6WDWLVWLFV��8QLYHUVLW\�RI�6DOHUQR��',6(6���,WDO\
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RQ�SUREDELOLW\��Kleindorfer et al. 1993��� WKH�DYDLODELOLW\�RI�
TXDQWL¿DEOH�DOEHLW�OLPLWHG�LQIRUPDWLRQ�DOORZV�WKH�HVWLPDWLRQ�
RI� SUREDELOLW\� RI� UHJXODUO\� RFFXUULQJ� SKHQRPHQD� E\� WKHLU�
ORQJ�UXQ� IUHTXHQFLHV��:KLOVW� WKH� NQRZOHGJH� WR� XQGHUVWDQG�
WKH�YXOQHUDELOLW\�FRQFHSW�LV�OLPLWHG��TXDQWL¿DEOH�LQIRUPDWLRQ�
WKDW� FDQ�PHDVXUH� WKH� ULVNV� RU� OLNHOLKRRG� RI� RFFXUUHQFH� RI�
GDPDJLQJ�HYHQWV�LV�DYDLODEOH��,W�LV�WKXV�SRVVLEOH�WR�DSSO\�WKH�
IUHTXHQWLVW�DSSURDFK�WR�HVWLPDWH�WKH�SUREDELOLW\�RI�GDPDJLQJ�
HYHQW��H�J��FULVLV��UHVXOWLQJ�IURP�YXOQHUDELOLW\��7KH�&3&V�DUH�
HVWLPDWHG� IURP� UHJUHVVLRQ� IXQFWLRQV� DQG� UHSUHVHQWHG� LQ� D�
GLDJUDP�LQ�WKH�IRUP�RI�FRQWRXU�SORWV��7KH�IXQFWLRQV�DUH�XVHG�WR�
GH¿QH�WKH�UHODWLRQVKLS�RI�WKH�PDJQLWXGH�RI�LPSDFWV��L�H��FULVLV��
WR�WKH�OHYHO�RI�HQYLURQPHQWDO�H[SRVXUH��H�J��ZDWHU�VWUHVV��DQG�
VRFLR�HFRQRPLF�VXVFHSWLELOLW\��H�J��LQFRPH��HGXFDWLRQ��HWF���

7KH� DXWKRUV� GH¿QH� &3&V� DV� D� VSDWLRWHPSRUDO�
YXOQHUDELOLW\� \DUGVWLFN� WKDW� HVWLPDWHV� FULVLV� WKUHVKROGV� WR�
WKH� FRPELQHG� LPSDFWV� RI� HQYLURQPHQWDO� VWUHVV� DQG� KXPDQ�
VXVFHSWLELOLW\�� ,W� LV� D� \DUGVWLFN� EHFDXVH� WKH� HVWLPDWHG�
SUREDELOLW\� FXUYHV� �RU� WKUHVKROGV�� UHSUHVHQW� D� ZHOO�
GH¿QHG� PHDVXUH� JHQHUDWHG� IURP� REVHUYHG� NQRZOHGJH�
RI� VXVFHSWLELOLW\� DQG� ZDWHU� VWUHVV�� DQG� YDOLGDWHG� WKURXJK�
YDULRXV�VWDWLVWLFDO�WHFKQLTXHV��,W�LV�VSDWLRWHPSRUDO�EHFDXVH�LW�
DOORZV�FRPSDULVRQV�RI�H[SRVXUH�XQLWV�DW�D�VSHFL¿HG�VSDWLDO�
VFDOH��H�J��FRPPXQLW\��SURYLQFH��UHJLRQ��FRXQWU\��DQG�WKHLU�
OHYHOV� RI� YXOQHUDELOLW\� LQ� D� JLYHQ� WHPSRUDO� GXUDWLRQ� �H�J��
PRQWKO\��DQQXDOO\���,Q�VKRUW��XVLQJ�&3&V�RQH�FDQ�FRPSDUH�
YXOQHUDELOLW\�OHYHOV�DQG�WKUHVKROGV�DFURVV�UHJLRQV�RYHU�WLPH�

,Q�WKLV�VWXG\��WKH�UHVHDUFKHUV�DLP�WR�SUHVHQW�WKH�FRQFHSW�
RI�WKH�&3&V��SURSRVH�D�PHWKRG�WR�HVWLPDWH�WKHP�HPSLULFDOO\�
DQG��XVLQJ� WKH�HPSLULFDO� UHVXOWV�� WR� VKRZ� WKHLU�SRWHQWLDO� LQ�
PHDVXULQJ� DQG� FRPSDULQJ� YXOQHUDELOLW\� WKUHVKROGV� DFURVV�
UHJLRQV��7KLV�DUWLFOH�LV�DQ�H[WHQVLRQ�RI�D�VLPLODU�DUWLFOH�ZKLFK�
JHQHUDWHG�&3&V�IRU�RQO\�RQH�FRXQWU\��Acosta-Michlik et al. 
2006���7KH�DGGHG�YDOXH�RI�H[WHQGLQJ�WKH�DSSOLFDWLRQ�RI�WKH�
&3&V� WR� GLIIHUHQW� FRXQWULHV� LQFOXGHV� UHJLRQDO� FRPSDUDWLYH�
DVVHVVPHQWV�RI�YXOQHUDELOLW\�FRQGLWLRQV�DQG�GHYHORSPHQW�RI�
FRPPRQ�YXOQHUDELOLW\�WKUHVKROGV��7KH�ODWWHU� LV�UHOHYDQW�IRU�
WHVWLQJ�WKH�SUDFWLFDO�XWLOLW\�RI�&3&V�IRU�SROLF\��SDUWLFXODUO\�
LQ�WHUPV�RI�GHYHORSLQJ�SULRULW\�OLVW�IRU�SURYLGLQJ�DGDSWDWLRQ�
VXSSRUW� LQ� YXOQHUDEOH� UHJLRQV�� ,W� LV� LPSRUWDQW� WR� QRWH� DW�
WKLV� SRLQW� WKDW�ZH� RQO\� XVHG� DYDLODEOH� GDWD� IURP� SUHYLRXV�
OLWHUDWXUH� WR� DFKLHYH� WKHVH� UHVHDUFK� REMHFWLYHV�� 7KH�
UHVHDUFKHUV�FKRVH�GDWDVHW�WKDW�DUH�FRQVLVWHQW�DFURVV�UHJLRQV�
WR�DOORZ�IRU�UHJLRQDO�FRPSDULVRQ��7R�WHVW�WKH�DSSOLFDELOLW\�RI�
WKH�FRQFHSW�DQG�PHWKRG�RI�&3&V�LQ�PHDVXULQJ�YXOQHUDELOLW\�
WKUHVKROGV��ZH� DSSOLHG� WKHP�RQ� HPSLULFDO� GDWD� LQ� VHOHFWHG�
FDVH� VWXG\� UHJLRQV� LQ� ,QGLD� �$QGKUD� 3UDGHVK��� 3RUWXJDO�
�$OJDUYH� DQG� $OHQWHMR�� DQG� 5XVVLD� �9ROJRJUDG� DQG�
6DUDWRY�� IRU� WKH� SHULRG� ����������� 7KHVH� FRXQWULHV� KDYH�
GLVWLQFW� VRFLDO�� HFRQRPLF�� HQYLURQPHQWDO� DQG� LQVWLWXWLRQDO�
V\VWHPV� WKDW� DUH� UHOHYDQW� IRU� UHJLRQDO� FRPSDUDWLYH�

DVVHVVPHQWV� RI� WKUHVKROGV�� 7KH� UHVHDUFKHUV� DVVHVVHG� WKH�
YXOQHUDELOLW\� RI� WKH� SHRSOH� �WKH� H[SRVXUH� XQLW�� OLYLQJ� LQ�
WKHVH�UHJLRQV��WKH�VSDWLDO�VFDOH��RQ�DQ�DQQXDO�EDVLV�RYHU���
\HDUV� �WKH� WHPSRUDO� GXUDWLRQ��� $OWKRXJK� WKH� &3&V� DUH�
SURPLVLQJ� SROLF\� WRROV�� WKLV� UHVHDUFK� LV� PRUH� UHVHDUFK�
RULHQWHG��IRFXVLQJ�RQ�PRGHO�YHUL¿FDWLRQ��)XWXUH�DSSOLFDWLRQ�
RI� WKH� &3&V� IRU� SROLF\� DQDO\VLV� VKRXOG� DLP� QRW� RQO\� WR�
XVH� PRUH� XS�WR�GDWH� GDWD� EXW� DOVR� FRQVLGHU� WKH� UHVHDUFK�
UHFRPPHQGDWLRQV�� 6HFWLRQ� �� GHDOV� ZLWK� WKH� FRQFHSW�
XQGHUO\LQJ�&3&V�DQG�VHFWLRQ���WKH�PHWKRG�XVHG�WR�HVWLPDWH�
WKHP�� 6HFWLRQ� �� SUHVHQWV� WKH� UHVXOWV� RI� WKH� YXOQHUDELOLW\�
DVVHVVPHQW� DQG� EDVHG� RQ� WKHVH� UHVXOWV�� VHFWLRQ� �� GUDZV�
FRQFOXVLRQV� RQ� WKH� XWLOLW\� RI� WKH� &3&V� IRU� TXDQWLI\LQJ�
YXOQHUDELOLW\�WKUHVKROGV�

7KH�6HFXULW\�'LDJUDPV�DQG�&3&V

7KH�FRQFHSW�XQGHUO\LQJ�WKH�&3&V��ZKLFK�LV�GHVFULEHG�
LQ� WKH� QH[W� VHFWLRQ�� ZDV� GUDZQ� IURP� WKH� ¿HOG� RI� KXPDQ�
VHFXULW\�� )URP� WKH� WUDGLWLRQDO� LVVXHV� RQ� PLOLWDU\� WKUHDWV��
WHUULWRULDO� LQWHJULW\�DQG�SROLWLFDO� LQGHSHQGHQFH��UHVHDUFK�RQ�
KXPDQ� VHFXULW\� KDV� VKLIWHG� LWV� IRFXV� WR� QRQ�FRQYHQWLRQDO�
WKUHDWV� LQFOXGLQJ� HQYLURQPHQWDO� VWUHVV� EURXJKW� DERXW� E\�
JOREDO� ZDUPLQJ�� µµ,W� LV� QRZ� DFFHSWHG� WKDW� HQYLURQPHQWDO�
VWUHVV�� RIWHQ� WKH� UHVXOW� RI� JOREDO� HQYLURQPHQWDO� FKDQJH��
FRXSOHG� ZLWK� LQFUHDVLQJO\� YXOQHUDEOH� VRFLHWLHV�� PD\�
FRQWULEXWH�WR�LQVHFXULW\�DQG�HYHQ�FRQÀLFW¶¶��Lonergan et al. 
2000���Alcamo and Endejan��2002��KDYH�GHYHORSHG�6HFXULW\�
'LDJUDPV�WR�SURYLGH�TXDQWLWDWLYH�PHDQLQJ�WR�HDUOLHU�VWXGLHV�
OLQNLQJ�HQYLURQPHQWDO�FKDQJH�DQG�KXPDQ�VHFXULW\��Homer-
Dixon 1994, Lietzmann and Vest 1999���ZKLFK�ZHUH�PRVWO\�
TXDOLWDWLYH�� 8VLQJ� 6HFXULW\� 'LDJUDPV� RQH� FDQ� DVVHVV� WKH�
OLNHOLKRRG�DQG�GHJUHH�RI�DQ�HQYLURQPHQW�UHODWHG�FULVLV�DQG�
LGHQWLI\�WKH�ORFDOLW\�RI�WKH�FULVLV�DQG�WKH�DIIHFWHG�SRSXODWLRQ��
7KH\�FDQ�DOVR�KHOS�WR�GHYHORS�D�EURDGHU�YLHZ�RI�KRZ�FOLPDWH�
FKDQJH�PD\�DIIHFW�QDWLRQDO��UHJLRQDO�DQG�JOREDO�VHFXULW\��7KH�
6HFXULW\�'LDJUDPV�IUDPHZRUN�GH¿QHV�YXOQHUDELOLW\�WR�FOLPDWH�
FKDQJH�DFFRUGLQJ�WR�WKUHH�FRPSRQHQWV��HQYLURQPHQWDO�VWUHVV��
VWDWH�VXVFHSWLELOLW\��DQG�HQYLURQPHQWDO�FULVLV��7KH�WHUP�³VWDWH�
VXVFHSWLELOLW\´�LQ�WKH�RULJLQDO�GH¿QLWLRQ�RI�6HFXULW\�'LDJUDPV�
UHIHUV� WR� WKH� LQDELOLW\�RI� D� VWDWH� �L�H�� JRYHUQPHQW�� WR� UHVLVW�
DQG� UHFRYHU� IURP� FULVLV� EURXJKW� DERXW� E\� HQYLURQPHQWDO�
VWUHVV��,Q�DVVHVVLQJ�VXVFHSWLELOLW\�WR�GURXJKWV�IURP�D�VRFLR�
HFRQRPLF� SHUVSHFWLYH� XVLQJ� WKH� IUDPHZRUN� RI� 6HFXULW\�
'LDJUDPV�� Acosta-Michlik et al.� �2006, 2008a�� UHGH¿QH�
WKHVH�FRPSRQHQWV� WR�PDNH� LW�PRUH�UHOHYDQW�DQG�H[SOLFLW� LQ�
XQGHUVWDQGLQJ�KXPDQ�YXOQHUDELOLW\�WR�ZDWHU�VWUHVV�

���:DWHU�VWUHVV� LV� WKH� LQWHQVLW\��H[WHQW�� WLPLQJ�DQG�GXUDWLRQ�
RI� D� FKDQJH� LQ� QRUPDO� ZDWHU� UHVRXUFH� DYDLODELOLW\� WKDW�
GLVUXSWV�HFRQRPLF�DQG�KXPDQ�DFWLYLWLHV�

���6RFLR�HFRQRPLF�VXVFHSWLELOLW\�LV�WKH�LQDELOLW\�RI�WKH�VWDWH�
DQG� VRFLHW\� WR� SURWHFW� DQG� VXSSRUW� FRPPXQLWLHV� IURP
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DGYHUVH�ZDWHU�VWUHVV�LI�PDUNHW�PHFKDQLVPV�IDLO�WR�SURYLGH�
WKH�QHFHVVDU\�UHVRXUFHV�IRU�FRSLQJ�ZLWK�WKH�VWUHVV�

���(QYLURQPHQWDO�FULVLV� LV�DQ�XQVWDEOH�RU�FULWLFDO�HFRQRPLF�
DQG�KXPDQ�VWDWH�RI�DIIDLUV�FDXVHG�E\�WKH�VXVFHSWLELOLW\�RI
D� VRFLHW\� WR� ZDWHU� VWUHVV�� ZKLFK� KDV� VHULRXV� DGYHUVH�
FRQVHTXHQFHV� RQ� HFRQRPLF� GHYHORSPHQW� DQG� UHTXLUHV�
QDWLRQDO�RU�LQWHUQDWLRQDO�HPHUJHQF\�VXSSRUW�

)URP� WKH� DERYH� GH¿QLWLRQ�� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\� LPSOLHV� LQDELOLW\�WR�DGDSW�RU� ODFN�RI�DGDSWLYH�
FDSDFLW\��,Q�WKLV�SDSHU��ZH�WKXV�FRQVLGHU�VXVFHSWLELOLW\�DV�WKH�
LQYHUVH� RI� DGDSWLYH� FDSDFLW\��$OWKRXJK� WKH� FOLPDWH� FKDQJH�
UHVHDUFK�FRPPXQLW\�WKURXJK�WKH�,QWHUJRYHUQPHQWDO�3DQHO�IRU�
&OLPDWH�&KDQJH��,3&&��PRVWO\�UHIHUV� WR�DGDSWLYH�FDSDFLW\�
DV�RQH�LPSRUWDQW�FRPSRQHQW�RI�YXOQHUDELOLW\��WKH�UHVHDUFKHUG�
SUHIHU�WR�XVH�WKH�WHUP�VXVFHSWLELOLW\�EHFDXVH�RI�LWV�UHOHYDQFH�
WR�WKH�PHWKRG�ZH�FKRVH�WR�HVWLPDWH�YXOQHUDELOLW\�WKUHVKROGV�
LQ�WKLV�VWXG\��

%HFDXVH� WKH� YXOQHUDELOLW\� WKUHVKROGV� ZHUH� JHQHUDWHG�
XVLQJ�LQGLFHV�RI�ZDWHU�VWUHVV��VRFLR�HFRQRPLF�VXVFHSWLELOLW\�
DQG�HQYLURQPHQWDO�FULVLV�WKH�&3&V�DUH�YHU\�FRQVLVWHQW�ZLWK�
WKH�6HFXULW\�'LDJUDPV��DV�GH¿QHG�E\�Alcamo and Endejan 
�2002���+RZHYHU��WKH�SUDFWLFDO�XWLOLW\�RI�WKH�6HFXULW\�'LDJUDPV�
IUDPHZRUN�IRU�DVVHVVLQJ�YXOQHUDELOLW\�WKUHVKROGV�DFURVV�VSDFH�
DQG�RYHU� WLPH�KDV�EHHQ�DGYDQFHG�RQO\� WKURXJK�V\VWHPDWLF�
LQWHJUDWLRQ�RI�WKH�FRQFHSW�RI�&3&V��DV�SURSRVHG�E\�Acosta-
Michlik et al.� �2006�� DQG� IXUWKHU� GHYHORSHG� LQ� WKLV� SDSHU���������

&RQFHSW�EHKLQG�WKH�&3&V

)ROORZLQJ� WKH� ,3&&� GH¿QLWLRQ� RI� YXOQHUDELOLW\��
WKH� &3&V� DUH� GHULYHG� IURP� D� FRQFHSWXDO� WKLQNLQJ� WKDW�
YXOQHUDELOLW\�LV�³WKH�GHJUHH�WR�ZKLFK�D�V\VWHP�LV�VXVFHSWLEOH�
WR��RU�XQDEOH�WR�FRSH�ZLWK��DGYHUVH�HIIHFWV�RI�FOLPDWH�FKDQJH��
LQFOXGLQJ�FOLPDWH�YDULDELOLW\�DQG�H[WUHPHV´� �IPCC  2001���
9XOQHUDELOLW\� DQG� WKXV� WKH� VXVFHSWLELOLW\� RI� D� V\VWHP� WR� D�
JLYHQ�FOLPDWLF�VWUHVV�FDQ�EH�H[SUHVVHG�WKURXJK�WKH�IROORZLQJ�
IXQFWLRQ�

�� � � � �

:KHUH�WKH�GHSHQGHQW�YDULDEOH�]�LV�D�PHDVXUH�RI�WKH�OHYHO�RI�
YXOQHUDELOLW\��7KH� LQGHSHQGHQW�YDULDEOHV�[�DQG�\�DUH� VRPH�
PHDVXUDEOH� LQGLFDWRUV�RI� WKH�V\VWHP¶V�VXVFHSWLELOLW\�DQG�RI�
WKH�HQYLURQPHQWDO�VWUHVV�WR�ZKLFK�WKH�V\VWHP�LV�VXVFHSWLEOH��
UHVSHFWLYHO\� �)LJXUH� ��� >�@�� 7KH� KRUL]RQWDO� GLPHQVLRQ�
UHSUHVHQWV�WKH�WZR�LQGHSHQGHQW��RU�LQSXW��YDULDEOHV�[�DQG�\��
DQG� WKH� YHUWLFDO� GLPHQVLRQ� UHSUHVHQWV� WKH� RXWFRPH� ]� IURP�
WKH� FRPELQHG� LQÀXHQFH�RI� WKH� LQSXW�YDULDEOHV��$V�Morgan 
and Henrion��1990��H[SODLQ��³>WKH@�VXUIDFH�GLVSOD\V�GLUHFWO\�
KRZ�WKH�YDOXH�RI�]�FKDQJHV�ZLWK�WKH�YDULDWLRQV�LQ�WKH�YDOXHV�
RI�LWV�LQSXWV��DQG�LV�VRPHWLPHV�WHUPHG�DV�UHVSRQVH�VXUIDFH´��
,PDJLQH�]�DV�D�VPRRWK�VXUIDFH�DVFHQGLQJ�HYHQO\�XSKLOO��ZH�
GLYLGH�WKLV�VXUIDFH�LQWR�IRXU�HTXDO�TXDGUDQWV�DQG�FKRRVH�RQO\�
WKH�TXDGUDQW�ZLWK�SRVLWLYH�[�DQG�\�YDOXHV��Figure 1a���:H�
ZDQW�ERWK�WKHVH�YDOXHV�WR�EH�SRVLWLYH�EHFDXVH�WKH�VXUIDFH�RI�
WKH�GLDJUDP� LV�XVHG� WR� UHSUHVHQW� WKH� OHYHO�RI�YXOQHUDELOLW\��
ZKLFK� FDQ� EH� ]HUR� �RU� QR� YXOQHUDELOLW\�� EXW�� WKHRUHWLFDOO\��
QHYHU�QHJDWLYH��)RU�H[DPSOH��JLYHQ�VRPH�VFDOHG�YDOXHV�RI�
WKH�LQSXW�YDULDEOHV�[��VXVFHSWLELOLW\��DQG�\��VWUHVV��EHWZHHQ���
DQG����WKH�OHYHO�RI�YXOQHUDELOLW\�LV�ORZHU�WKH�FORVHU�WKH�LQSXW�
YDOXHV�DUH�WR�]HUR��5HIHUULQJ�WR�)LJXUH��D��VRPH�UHDGHU�PD\�
¿QG� LW� FRXQWHU�LQWXLWLYH� WR� KDYH� WKH� OHYHO� RI� YXOQHUDELOLW\�
LQFUHDVLQJ� DV� RQH� JRHV� XS� DORQJ� WKH� YHUWLFDO� ]�D[LV�� EXW� LW�
LV� QRW�� ,Q� WKLV� SDSHU� ZH� DVVHVV� YXOQHUDELOLW\� EDVHG� RQ� WKH�
FRQFHSW�RI�WKH�UHVSRQVH�VXUIDFH��,I�RQH�LV�WR�VOLFH�WKH�VXUIDFH�
RI�WKH�KLOO�OHQJWKZLVH��L�H��ORQJLWXGLQDO���WKHQ�WKH�VXUIDFH�DW�
WKH� ORZHU� SDUW� LV� ODUJHU� WKDQ� DW� WKH� KLJKHU� SDUW� RI� WKH� KLOO��
+HQFH�WKH�ODUJHU�WKH�VXUIDFH��WKH�KLJKHU�LV�WKH�YXOQHUDELOLW\��
6R�DVVXPLQJ�WKDW�WKH�ORQJLWXGLQDO�VOLFHV�FRUUHVSRQG�WR�SRLQWV�
]���]���]��DQG�]��� LI�RQH�LV� WR�SORW�RQO\� WKH�HGJHV�RI� WKHVH�
IRXU� VOLFHV� �UHSUHVHQWHG� E\� WKH� FRQYH[� FRQWRXUV� LQ� )LJXUH�
�D�� RQ� D� WZR�GLPHQVLRQDO� GLDJUDP� RI� [�D[LV� DQG� \�D[LV��
WKHQ�WKH�FRQWRXU�SORW�RI�]��LV�FORVHVW��L�H��VPDOOHVW�UHVSRQVH�
VXUIDFH�� DQG� ]�� IDUWKHVW� �L�H�� ODUJHVW� UHVSRQVH� VXUIDFH�� WR�
WKH� ]HUR� YDOXHV� RI� WKH� [\� D[HV��$FFRUGLQJO\�� WKH� OHYHO� RI�
YXOQHUDELOLW\�LV�ORZHVW�DW�]��DQG�KLJKHVW�DW�]���7KH�FRQWRXU�
SORWV�DUH�WKH�ELUG¶V�H\H�YLHZ�RI�D�¿QLWH�QXPEHU�RI�VOLFHV�RI�
WKH�VXUIDFH��7KHVH�FRQWRXU�SORWV��L�H�]���«�]����ZKLFK�VKRZV�
OLQHV� RI� FRQVWDQW� HOHYDWLRQ� RU� KHLJKW��PHDVXUHV� WKH� GHJUHH�
RI� YXOQHUDELOLW\� DW� YDU\LQJ� FRPELQDWLRQ�RI� VXVFHSWLELOLW\�[�
DQG�HQYLURQPHQWDO�VWUHVV�\��,Q�WKH�QH[W�VHFWLRQ�RQ�PHWKRGV��

Crisis Probability Curves
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Figure 1. Surface (a) and contour (b) plots of the Security Diagram.
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WKHVH�FRQWRXU�SORWV�FDQ�EH�HVWLPDWHG�XVLQJ�REVHUYHG�GDWD�RI�
WKH�GHSHQGHQW�YDULDEOH�]�DQG�LQGHSHQGHQW�YDULDEOHV�[�DQG�\��

)RU� WKH� SXUSRVH� RI� WKLV� VWXG\�� WKH� UHVHDUFKHUV� DUH�
RQO\� LQWHUHVWHG� LQ� WKH� FRQWRXU� SORWV� WKDW� FRUUHVSRQG� WR� WKH�
YXOQHUDELOLW\� OHYHOV� ZKHUH� WKH� SUREDELOLWLHV� RI� FULVLV� WR�
RFFXU�DUH�KLJK��7KHVH�SDUWLFXODU�FRQWRXU�SORWV�DUH�ZKDW�ZH�
FDOO� ³FULVLV� SUREDELOLW\� FXUYHV´� EHFDXVH� WKH\� UHSUHVHQW� WKH�
WKUHVKROGV�DW�ZKLFK�WKH�OHYHOV�RI�YXOQHUDELOLW\�FRXOG�OHDG�WR�
D�FULVLV�GXH�WR�LQDELOLW\�RI�WKH�V\VWHP�WR�DGDSW�WR�WKH�LPSDFWV�
RI� WKH� VWUHVV� ZLWKRXW� DQ\� HPHUJHQF\� VXSSRUW�� :LWKLQ� WKH�
FRQWH[W�RI�WKH�6HFXULW\�'LDJUDPV��WKH�UHVHDUFKHUV�HVWLPDWHG�
WZR�RI�WKHVH�FXUYHV��ZKLFK�UHIHU�WR�DV�ORZ�FULVLV�SUREDELOLW\�
FXUYH��&3&/��DQG�KLJK�FULVLV�SUREDELOLW\�FXUYH��&3&H���7KH�
&3&/�DQG�&3&H�PD\�FRUUHVSRQG�� IRU� H[DPSOH�� WR� FRQWRXU�
SORWV�]

2
� DQG�]�� LQ�)LJXUH��E�� UHVSHFWLYHO\��7KH� LPSRUWDQFH�

RI�WKHVH�FXUYHV�LV�VKRZQ�LQ�WKH�WZR�GLPHQVLRQDO�FRQFHSWXDO�
UHSUHVHQWDWLRQ�RI�WKH�6HFXULW\�'LDJUDPV�LQ�)LJXUH����$V�LQ�
)LJXUH��E��WKH�x�D[LV�UHSUHVHQWV�WKH�LQGH[�RI�VRFLR�HFRQRPLF�
VXVFHSWLELOLW\� �66,�� DQG� WKH� y�D[LV� UHSUHVHQWV� WKH� LQGH[� RI�
ZDWHU�VWUHVV� �:6,���7KH�XVH�RI�DJJUHJDWHG� LQGLFHV� WKDW�DUH�
VFDOHG�RU�QRUPDOL]HG�QRW�RQO\�SURYLGHV�HTXDO�XQLWV� IRU� WKH�
D[HV��EXW�DOVR�DOORZV�UHSUHVHQWDWLRQ�RI�D�VHW�RI�UHOHYDQW�VRFLR�
HFRQRPLF�VXVFHSWLELOLW\�DQG�ZDWHU�VWUHVV�LQGLFDWRUV��6LQFH�WKH�
VSDWLDO�VFDOH�RI�WKLV�VWXG\�LV�UHJLRQDO�DQG�WKH�WHPSRUDO�LQWHUYDO�
LV�DQQXDO�� WKH�VFDWWHUHG�ER[HV� LQ� WKH�GLDJUDP�UHSUHVHQW� WKH�
OHYHOV�RI�WKH�VRFLR�HFRQRPLF�VXVFHSWLELOLW\�LQGH[�DQG�ZDWHU�
VWUHVV�LQGH[�RI�WKH�UHJLRQ�LQ�D�JLYHQ�\HDU��7KH�ER[HV�DUH�WKXV�
D�PHDVXUH�RI�YXOQHUDELOLW\�OHYHOV�DQG�WKH�&3&V�SURYLGH�WKH�
YXOQHUDELOLW\� WKUHVKROGV�DW�ZKLFK�FULVLV�DUH� OLNHO\� WR�RFFXU��
:KHQ� FOLPDWH� FKDQJH� LPSDFWV� VXFK� DV� GURXJKWV� UHDFK� DQ�
XQSUHFHGHQWHG� OHYHO� EH\RQG� WKH� FDSDFLW\� RI� WKH� SHRSOH� WR�
DGDSW� DQG� UHFRYHU�� FULVLV� FRXOG� RFFXU�� 7KH� SUREDELOLW\� RI�
FULVLV�RFFXUUHQFH�LV�KLJKHU�WKH�IXUWKHU�WKH�ER[HV�DUH�IURP�WKH�
RULJLQ�DQG�WKH�FORVHU�WKH\�DUH�WR�WKH�&3&

H
��DV�UHSUHVHQWHG�E\�

WKH�JUH\�ER[HV�

7KH�SUREDELOLW\�FXUYHV�DUH�D�FRQYHQLHQW�\DUGVWLFN�IRU�
PHDVXULQJ�WKH�GHJUHH�RI�YXOQHUDELOLW\�RI�D�UHJLRQ�RYHU�WLPH��
+RZHYHU�� WR� PDNH� WKHVH� \DUGVWLFNV� PRUH� SROLF\� UHOHYDQW��
WKH\� VKRXOG� EH� JHQHUDWHG� IURP� UREXVW�PRGHOV� WKDW� FDQ� EH�

VXEPLWWHG�WR�VRPH�YDOLGLW\�WHVWV�DQG�HPSLULFDO HVWLPDWLRQV��
$PRQJ�RWKHUV��WKH�VWDWLVWLFDO�WHVW�DQG�HVWLPDWLRQ�RI�WKH�&3&/�
DQG�&3&

H
�DUH�QHFHVVDU\�IRU�WKH�IROORZLQJ�UHDVRQV�

���7KH� GLVWDQFH� EHWZHHQ� WKH� WZR� FULVLV� SUREDELOLW\� FXUYHV��
L�H�� ORZ� SUREDELOLW\� FXUYH� �&3&/�� DQG� KLJK� SUREDELOLW\�
FXUYH� �&3&

H
��� GH¿QHV� WKH� FULWLFDO� ]RQH� ZKHUH� D� UHJLRQ�

FRXOG�EH�SURQH�WR�FULVLV��7KH�ODUJHU�WKH�JDS�EHWZHHQ�WKHVH�
FXUYHV��WKH�ZHDNHU�WKH�SRZHU�RI�WKH�GLDJUDP�WR�SUHGLFW�WKH�
SUREDELOLW\�RI�FULVLV�LQFLGHQFH�EHFDXVH�PDQ\�UHJLRQV�ZLOO�
WHQG�WR�EH�ORFDWHG�ZLWKLQ�WKH�FULWLFDO�DUHD�

���7KH� GLVWDQFH� RI� WKH� FXUYHV� IURP� WKH� LQWHUVHFWLRQ� WHOOV� D�
ORW�DERXW�WKH�SUHGLFWLYH�FDSDELOLW\�RI�WKH�GLDJUDP��,I�WKH�
FXUYHV�DUH�IDUWKHU�DZD\�IURP�WKH�LQWHUVHFWLRQ�RU�ORZHU�OHIW�
FRUQHU�RI�WKH�GLDJUDP��FULVLV�RFFXUUHQFH�LV�OHVV�IUHTXHQW�DV�
LW�JLYHV�DPSOH�VSDFH�IRU�FULVLV�IUHH�]RQH�

���7KH� VKDSH� RI� WKH� FXUYHV� LQÀXHQFHV� WKH� IUHTXHQF\� RI�
FULVLV�HYHQWV��)RU�H[DPSOH��FULVLV�SUREDELOLW\�FXUYHV�ZLWK�
VWUDLJKW�FRQWRXUV�LQFUHDVH�WKH�QXPEHU�RI�FULVLV�RFFXUUHQFH�
DV�FRPSDUHG�WR�WKRVH�ZLWK�FRQYH[�FRQWRXUV�

7R�HODERUDWH�DUJXPHQW�����DERYH��WKH�&3&/�DQG�&3&H�DUH�
SUHVHQWHG�LQ�WKH�IRUP�RI�VWUDLJKW�OLQHV�LQ�)LJXUH��E��6WUDLJKW�
FULVLV�SUREDELOLW\�FXUYHV�LQFUHDVH�WKH�QXPEHU�RI�HYHQWV��LI�WKH�
DVVHVVPHQW�LV�GRQH�IRU�RQH�UHJLRQ��RU�QXPEHU�RI�UHJLRQV��LI�
UHJLRQDO�DVVHVVPHQW� LV�FDUULHG�RXW��IDOOLQJ�ZLWKLQ�WKH�FULVLV�
]RQH��DV�H[HPSOL¿HG�E\�WKH�EODFN�ER[HV�LQ�WKH�GLDJUDP��,Q�
FRQWUDVW��WKHVH�ER[HV�DUH�EHORZ�WKH�FULWLFDO�OHYHOV�ZKHQ�WKH�
&3&/�DQG�&3&H� DUH�FRQYH[��&RQVHTXHQWO\�� LW� LV� LPSRUWDQW�
WR� LQYHVWLJDWH�ZKHWKHU� RU� QRW� WKH� FULVLV� SUREDELOLW\� FXUYHV�
IROORZ�D�VWUDLJKW�OLQH��7R�VXP�XS��WKH�SUHGLFWLYH�SRZHU�RI�WKH�
6HFXULW\�'LDJUDP�GHSHQGV�RQ�WKH�SUHFLVLRQ�RI�WKH�HVWLPDWHG�
&3&/�DQG�&3&H��ZKLFK�LQ�WXUQ�LV�GHSHQGHQW�QRW�RQO\�RQ�WKH�
LQGLFDWRUV�FKRVHQ�WR�PHDVXUH�WKH�OHYHO�RI�VXVFHSWLELOLW\�DQG�
ZDWHU�VWUHVV��EXW�DOVR�RQ�WKH�FULVLV�GDWD�

METHODS

(VWLPDWLRQ�RI�&3&�)XQFWLRQ

7KH�YXOQHUDELOLW\�IXQFWLRQ�LQ�HTXDWLRQ�>�@�ZDV�XVHG�DV
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Figure 2. Convex (left) and Straight (right) Crisis Probability Curves.
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GXPPLHV�ZHUH�LQFOXGHG�LQ�DOO�UHJUHVVLRQ�PRGHOV�WR�FRQVLGHU�
WKH� EUHDNV� LQ� WKH� REVHUYDWLRQV� UHVXOWLQJ� IURP� VWUXFWXUDO�
FKDQJHV��)RU�H[DPSOH��IRU�3RUWXJDO��WKH�LQWHUFHSW�ZDV�JLYHQ�
WZR�GLIIHUHQW�YDOXHV�FRUUHVSRQGLQJ�WR�³EHIRUH´�DQG�³DIWHU´�
WKH� \HDU� ������ ZKHQ� 3RUWXJDO� MRLQHG� (XURSHDQ� 8QLRQ�� ,Q�
WKH� FDVH� RI� 5XVVLD�� D� GLIIHUHQW� FRQVWDQW� LV� DOORZHG� EHIRUH�
DQG� DIWHU� ������ ZKLFK� ZDV� WKH� \HDU� RI� WKH� GLVVROXWLRQ� RI�
WKH� 6RYLHW�8QLRQ��7KH�&3&/� DQG�&3&H� FRUUHVSRQG� WR� WKH�
HVWLPDWHV� IURP� HTXDWLRQ� >�@� DW� ���� DQG� ����� FRQ¿GHQFH�
LQWHUYDO�� UHVSHFWLYHO\��:H� FKRVH� WKHVH� LQWHUYDOV� WR� SURYLGH�
D� UHDVRQDEOH� GLVWDQFH� EHWZHHQ� WKH� &3&V�� 1RW� RQO\� WKH�
GLVWDQFH�EHWZHHQ��EXW�DOVR�WKH�VKDSH�RI�WKH�&3&V�ZLOO�FKDQJH�
GHSHQGLQJ� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\� DQG�ZDWHU� VWUHVV� RYHU� D� ORQJ�SHULRG�RI� WLPH��
7KH�&3&V�DUH�WKXV�QRW�VWDWLF�EHFDXVH�WKH\�WDNH�LQWR�DFFRXQW�
WKH� ORQJ�WHUP� GHYHORSPHQW� LQ� WKH� OHYHOV� RI� YXOQHUDELOLW\�
LQGLFDWRUV��

0D[LPXP� OLNHOLKRRG� ZDV� XVHG� WR� HVWLPDWH� ERWK� WKH�
OLQN� IXQFWLRQ� )�<W�� DQG� OLQHDU� VSHFL¿FDWLRQ�� +RZHYHU�� LW�
LV�ZHOO�NQRZQ�WKDW� LQ�D� WLPH�VHULHV� IUDPHZRUN��L�H��DQQXDO�
GDWD�FRXOG�GLVSOD\�D�KLJK�GHJUHH�RI� WHPSRUDO�GHSHQGHQF\��
SDUWLFXODU�DWWHQWLRQ�PXVW�EH�GHYRWHG�WR�YHULI\�WKH�SUHVHQFH�RI�
VWDWLRQDU\�YDULDEOHV�RU�FRLQWHJUDWHG�V\VWHP�WR�DYRLG�VSXULRXV�
UHVXOWV� FDXVHG� E\� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� VWRFKDVWLF�
WUHQGV�� 7KXV�� SULRU� WR� PRGHO� VSHFL¿FDWLRQ� DQG� HVWLPDWLRQ��
D�VWDWLRQDULW\�WHVW�RI�WKH�WLPH�VHULHV�KDV�EHHQ�SHUIRUPHG�RQ�
DOO� WKH� YDULDEOHV� WR� FKHFN� IRU� HYHQWXDO� XQLW� URRWV� DQG� DQ\�
HQVXLQJ�VSXULRXV�UHJUHVVLRQ��7KH�GDWD�VHULHV�RI�:6,�DQG�66,�
IRU�,QGLD��3RUWXJDO�DQG�5XVVLD�ZHUH�WHVWHG�IRU�WKH�SUHVHQFH�
RI�D�XQLW�URRW�XVLQJ�WKH�VWDQGDUG�WRRO�RI�DXJPHQWHG�'LFNH\�
)XOOHU��$')��WHVW�

7KH�&DVH�6WXG\�5HJLRQV

7KH� FDVH� VWXG\� UHJLRQV� WKDW� ZHUH� VHOHFWHG� WR� WHVW�
WKH� SUDFWLFDO� XWLOLW\� RI� &3&V� IRU� UHJLRQDO� FRPSDUDWLYH�
DVVHVVPHQWV� LQFOXGH�$QGKUD�3UDGHVK� LQ�,QGLD��$OJDUYH�DQG�
$OHQWHMR�LQ�3RUWXJDO�DQG��9ROJRJUDG�DQG�6DUDWRY�LQ�5XVVLD�
�)LJXUH� ����7KHUH� DUH� WZR� LPSRUWDQW� UHDVRQV� IRU� VHOHFWLQJ�
WKHP��7KH\� KDYH� GLVWLQFW� VRFLDO�� HFRQRPLF�� HQYLURQPHQWDO�
DQG� LQVWLWXWLRQDO� V\VWHPV�� ZKLFK� DUH� XVHIXO� IRU� PRGHO�
YHUL¿FDWLRQ��DQG�WLPH�VHULHV�GDWD�IRU�WKH�HVWLPDWLRQ�RI�&3&V�
DUH� DYDLODEOH� IURP�SUHYLRXV� VWXGLHV� �L�H��Acosta-Michlik et 
al. 2008a; Alcamo et al. 2008; Tänzler et al. 2008��

&RYHULQJ� DQ� DUHD� RI� DERXW� �������� NP2�� $QGKUD�
3UDGHVK�LV�WKH�¿IWK�ODUJHVW�VWDWH�LQ�,QGLD�DQG�WKH�IRXUWK�PRVW�
SRSXORXV��2XW�RI�WKH����0�SRSXODWLRQ�LQ�������QHDUO\�WKUHH�
TXDUWHUV�OLYH�LQ�UXUDO�DUHDV��7KH�VWDWH�KDV�DUHDV�ULFK�LQ�ZDWHU�
UHVRXUFHV�� EXW� DOVR� VHPL�DULG� UHJLRQV� ZKHUH� DJULFXOWXUH� LV�
PDLQO\� UDLQIHG�� $OWKRXJK� DJULFXOWXUH¶V� VKDUH� WR� *'3� KDV�
VLJQL¿FDQWO\� GHFOLQHG�� WKH� VHFWRU� FRQWLQXHV� WR� SOD\� D� YLWDO�

D�EDVLV� IRU�HVWLPDWLQJ� WKH�&3&V� IRU� WKH� IROORZLQJ� UHJLRQV��
$QGKUD�3UDGHVK�LQ�,QGLD��$OJDUYH�DQG�$OHQWHMR�LQ�3RUWXJDO��
DQG�9ROJRJUDG�DQG�6DUDWRY�LQ�5XVVLD��7KH�GHSHQGHQW�YDULDEOH�
z�LQ�HTXDWLRQ�>�@�LV�D�VHW�RI�GLVFUHWH�YDOXHV��WDNLQJ�WKH�YDOXH�
RI���WR�LQGLFDWH�WKH�SUHVHQFH�DQG���WR�LQGLFDWH�WKH�DEVHQFH�
RI�D�FULVLV�LQ�WKHVH�UHJLRQV��6XFK�D�ELQDU\�W\SH�RI�GHSHQGHQW�
YDULDEOH�UHQGHUV�WKH�XVH�RI�FRQYHQWLRQDO�UHJUHVVLRQ�PHWKRGV�
LQDSSURSULDWH�EHFDXVH�LW�ZRXOG�UHVXOW�LQ�FRQFHSWXDO�SUREOHPV�
VXFK� DV� WKH� QHHG� WR� LPSRVH� XQUHDOLVWLF� K\SRWKHVHV� RQ� WKH�
GLVWULEXWLRQ� RI� WKH� HUURUV� DQG� LQ� VWDWLVWLFDO� SUREOHPV� VXFK�
DV� KHWHURVNHGDVWLFLW\� �Greene 1993��� 7KH� ELQDU\� FKRLFH�
PRGHO� LV� D� EHWWHU� VWDWLVWLFDO� WRRO� IRU� HVWLPDWLQJ� WKH� &3&V��
7KLV�PRGHO�ZDV�DSSOLHG�LQ�WKLV�SDSHU�WR�LGHQWLI\�WKH�VKDSH�
RI�WKH�FULVLV�SUREDELOLW\�FXUYHV�DQG�WR�GHWHUPLQH�WKH�UHODWLYH�
SRVLWLRQ� RI� WKHVH� FXUYHV� LQ� WKH� 6HFXULW\� 'LDJUDPV�� ,Q� WKH�
ELQDU\�FKRLFH�IUDPHZRUN��WKH�H[SODQDWRU\�YDULDEOHV�FDQ�KDYH�
D�FRQWLQXRXV�GLVWULEXWLRQ��DV�LQ�WKLV�FDVH��ZKHUH�ERWK�ZDWHU�
VWUHVV�LQGH[��:6,��DQG�VRFLR�HFRQRPLF�VXVFHSWLELOLW\�LQGH[�
�66,�� DUH�FRQWLQXRXV�EHWZHHQ���DQG����7KH� ODWHQW�YDULDEOH�
UHSUHVHQWLQJ� WKH� XQREVHUYDEOH� LQGLFDWRU� �L�H�� WKH� FKDQFH�
WKDW� WKH� ELQDU\� HYHQW�ZLOO� WDNH� SODFH�� LV� OLQHDUO\� UHJUHVVHG�
RQ�WKH�H[SODQDWRU\�YDULDEOHV��7KH�SUREDELOLW\�RI�FULVLV�HYHQW�
�P(CRI=1)�� LV� FRPSXWHG� E\� HYDOXDWLQJ� WKH� ODWHQW� YDULDEOH�
ZLWK�YDOXHV�UDQJLQJ�IURP���WR����7KH�UHJUHVVLRQ�IXQFWLRQ�WR�
HVWLPDWH�WKH�ODWHQW�YDULDEOH�LV�JLYHQ�LQ�HTXDWLRQ�>�@�DQG�WKH�
SUREDELOLW\�RI�WKH�HYHQW�LV�JLYHQ�LQ�HTXDWLRQ�>�@�

� � � � � �

ZKHUH�WSIit UHIHUV� WR� WKH�ZDWHU� VWUHVV� LQGH[� LQ� UHJLRQ� i� DW�
WLPH� t�� SSIit� WKH� VRFLR�HFRQRPLF� VXVFHSWLELOLW\� LQGH[� LQ�
UHJLRQ�L�DW�WLPH�W��DQG�CRIit�RFFXUUHQFH�RI�FULVLV�LQ�UHJLRQ�L�
DW�WLPH�W��,Q�HFRQRPHWULFV�OLWHUDWXUH��WKHUH�DUH�WZR�FRPPRQ�
FKRLFHV�IRU�WKH�IXQFWLRQ����WKH�VWDQGDUG�ORJLVWLF�GLVWULEXWLRQ�
IXQFWLRQ��ORJLW�PRGHO��DQG�WKH�VWDQGDUG�QRUPDO�GLVWULEXWLRQ�
IXQFWLRQ� �SURELW� PRGHO��� %RWK� PRGHOV� ZHUH� HVWLPDWHG� WR�
GHWHUPLQH� ZKLFK� RI� WKHP� EHWWHU� UHSUHVHQW� WKH� SUREDELOLW\�
RI� GURXJKW�UHODWHG� FULVLV� LQ� WKH� FDVH� VWXG\� UHJLRQV�� 7KH�
SDUDPHWHU�HVWLPDWHV�IURP�ERWK�PRGHOV�FDQ�EH�LQWHUSUHWHG�DV�
SUHGLFWHG�RU�IRUHFDVWV�SUREDELOLWLHV�JLYHQ�D�VHW�RI�YDOXHV�LQ�
WKH�H[SODQDWRU\�YDULDEOHV� �Liao 1994���7KXV�� WKH�HVWLPDWHV�
IURP� P(CRIit = 1)� DUH� SUHGLFWHG� SUREDELOLWLHV� RI� FULVLV�
HYHQW��DQG�WKHVH�HVWLPDWHV�ZHUH�XVHG�WR�JHQHUDWH�WKH�&3&V��
%HFDXVH� WKH� ORJLW�DQG�SURELW�PRGHOV�DUH�JHQHUDOL]HG� OLQHDU�
PRGHOV�H[SUHVVLQJ�WKH�OLQHDU�UHODWLRQVKLS�RI�WKH�SUREDELOLWLHV�
RI�FULVLV� WR� WKH� LQGLFHV�RI�ZDWHU�VWUHVV�DQG�VRFLR�HFRQRPLF�
VXVFHSWLELOLW\��WKH�HVWLPDWHG�&3&V�LQ�WKLV�SDSHU�DUH�SUHVHQWHG�
LQ�VWUDLJKW�OLQHV�2

'LIIHUHQW�PRGHO�VSHFL¿FDWLRQV�WR�HVWLPDWH�HTXDWLRQ�>�@�
LQFOXGLQJ�VLPSOH��SRROHG��DQG�SDQHO� UHJUHVVLRQV�ZHUH�XVHG�
IRU�WKH�OLQHDU�SDUW�RI�WKH�PRGHO��EXW�WKH�OLQN�IXQFWLRQ�F(Yit) 
UHPDLQHG� WKH� VDPH� IRU� DOO� WKH� FDVH� VWXG\� UHJLRQV��&RQWURO
��7KH�UHVHDUFKHUV�DSSOLHG�ERWK�OLQHDU�DQG�QRQ�OLQHDU�PRGHOV�WR�LGHQWLI\�WKH�PRUH�DSSURSULDWH�UHJUHVVLRQ�IXQFWLRQ��7KH�UHVXOWV�RI�WKH�OLQHDU�PRGHOV�\LHOGHG�EHWWHU�UHVXOWV�
KHQFH�RQO\�WKH�OLQHDU�UHJUHVVLRQ�IXQFWLRQ�LV�SUHVHQWHG�KHUH�

Crisis Probability Curves
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UROH�LQ�WKH�VWDWH¶V�HFRQRP\��FRQWULEXWLQJ�RYHU�D�WKLUG�RI�WKH�
VWDWH¶V�*'3� DV�ZHOO� DV� SURYLGLQJ� D� OLYHOLKRRG� IRU� RYHU� ���
��RI� WKH�SRSXODWLRQ�DQG�HPSOR\PHQW� WR�RYHU������RI� WKH�
ODERXU�IRUFH���$OPRVW������RI�WKH�JURVV�FURSSHG�DUHD�ODFNV�
VWDEOH� LUULJDWLRQ� DQG� LV� FDWHJRUL]HG� DV� �UDLQIHG� GU\ODQGV���
6LQFH������GURXJKWV�KDYH�IUHTXHQWO\�DIIHFWHG�PDQ\�GLVWULFWV�
LQ� $QGKUD� 3UDGHVK� RIWHQ� FDXVLQJ� VKRUWDJH� RI� GULQNLQJ�
ZDWHU��ORVV�RI�DJULFXOWXUH�OLYHOLKRRGV��PLJUDWLRQ�RI�IDPLOLHV��
FXPXODWLYH�LQGHEWHGQHVV��DQG�LQ�UHFHQW�\HDUV��HYHQ�VXLFLGHV�
RI�IDUPHUV�

%HFDXVH� RI� WKHLU� UHODWLYHO\� ZDUP� DQG� GU\� FOLPDWH�
$OJDUYH� DQG� $OHQWHMR� DUH� WKH� UHJLRQV� LQ� 3RUWXJDO� WKDW�
IUHTXHQWO\� VXIIHU� IURP� GURXJKWV�� DIIHFWLQJ� WKH� HFRQRP\¶V�
WRXULVP�DQG�DJULFXOWXUH��3RUWXJDO¶V�HFRQRP\�LV�YHU\�GLYHUVH�
VR� WKDW�ZHDOWK� UHPDLQV� UDWKHU�XQHYHQO\�GLVWULEXWHG��:KLOVW�
WKH�DUHDV�DURXQG�WKH�FDSLWDO�/LVERQ�KDYH�SHU�FDSLWD�LQFRPH�
WKDW� LV� FORVH� WR� (XURSHDQ� DYHUDJH�� WKRVH� LQ� WKH� $OHQWHMR�
UHJLRQ� UHPDLQ�YHU\�SRRU��:LWK� DQ� DUHD�RI��������NP2�� WKH�
$OHQWHMR�UHJLRQ�FRYHUV�D�TXDUWHU�RI�WKH�3RUWXJDO¶V�ODQG�DUHD��
+RZHYHU��LW�LV�KRPH�WR�RQO\�����RI�WKH�FRXQWU\
V�RYHU����0�
SHRSOH�LQ�������7KH�UHJLRQ�LV�SUHGRPLQDQWO\�DJULFXOWXUH�ZLWK�
YHU\� ORZ�FRQWULEXWLRQ� WR� WKH�FRXQWU\¶V�*'3�EHFDXVH�PDQ\�
DUHDV� DUH�PDUJLQDO��7KH�$OJDUYH� UHJLRQ�KDV� D� ODQG�DUHD�RI�
������NP2�H[WHQGLQJ�DORQJ�WKH�FRDVWDO�OLQHV��$V�FRPSDUHG�WR

$OHQWHMR�� PDQ\� SHRSOH� KHUH� FDSLWDOL]H� RQ� WRXULVP��
1HYHUWKHOHVV�� ERWK� UHJLRQV� DUH� DPRQJ� WKH� SRRUHVW� LQ�
WKH� FRXQWU\� DQG� WKXV� UHFHLYH� VWUXFWXUDO� VXSSRUW� IURP� WKH�
(XURSHDQ�&RPPLVVLRQ�

7KH�WZR�FDVH�VWXG\�UHJLRQV�LQ�5XVVLD�DUH�9ROJRJUDG�DQG�
6DUDWRY��ZKLFK�DUH� ORFDWHG� LQ� WKH�VRXWK�RI�9ROJD�UHVHUYRLU��
9ROJRJUDG�KDV�D�ODQG�DUHD�RI���������NP2�ZLWK�DERXW���0�
SRSXODWLRQ�� DQG� 6DUDWRY� KDV� D� ODQG� DUHD� RI� ���� NP2� ZLWK�
OHVV�WKDQ���0�SRSXODWLRQ�LQ�������7KH�9ROJRJUDG�UHJLRQ�KDV�
����ULYHUV�DQG�WZR�ELJ�GDPV�WKDW�VXSSRUW�WKH�ZDWHU�VXSSO\�
IRU� ERWK� LQGXVWU\� DQG� DJULFXOWXUH�� 1HYHUWKHOHVV�� GURXJKWV�
KDYH� VLJQL¿FDQW� HIIHFW�RQ�DJULFXOWXUH�QRW�RQO\�EHFDXVH� WKH�
WHPSHUDWXUH�FDQ�EHFRPH�YHU\�KLJK�LQ�VXPPHU�����±�����&���
EXW�DOVR�EHFDXVH�WZR�WKLUGV�RI�WKH�DQQXDO�UDLQ�IDOOV�LQ�VXPPHU�
ZKHQ� HYDSRUDWLRQ� LV� YHU\� KLJK�� 6DUDWRY� LV� LQ� WKH� KHDUW� RI�
WKH� HFRQRPLF� FHQWUH� RI� 9ROJD�� :LWK� LWV� ���� VPDOO� ULYHUV�
DQG� WKH�PLOGHU� VXPPHU� WHPSHUDWXUH�� WKH� UHJLRQ� KDV� EHWWHU�
ZDWHU� VXSSO\� WKDQ�9ROJRJUDG�� 7KH� UHJLRQ� LV� YHU\� VXLWDEOH�
IRU� DJULFXOWXUH�� EXW� LW� LV� DOVR� ULFK� LQ� PLQHUDO� UHVRXUFHV��
&RQVHTXHQWO\�� PDFKLQH� DQG� HOHFWULF� LQGXVWULHV�� SHWUROHXP�
DQG�FKHPLFDO�LQGXVWULHV��DQG�IRRG�SURFHVVLQJ�FRPSDQLHV�DUH�
LPSRUWDQW� LQ� WKH�6DUDWRY� UHJLRQ��7KH�SROLWLFDO� UHIRUPV�DQG�
HQVXLQJ�FULVLV�EHWZHHQ������DQG������KDG�VHYHUH� LPSDFWV�
RQ�PDQ\�VPDOO�LQGXVWULHV�DV�ZHOO�DV�PLGGOH��DQG�ORZ�LQFRPH�
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Figure 3. Map of case study regions. 
               Source: Security Diagrams Project, http://www.usf.uni-kassel.de/secdiag/frame01e.html



IDPLOLHV�LQ�ERWK�UHJLRQV��Shleifer and Treisman 2001��

$PRQJ� WKH� WKUHH� FDVH� VWXG\� DUHDV�� WKH� UHJLRQ� RI�
$QGKUD� 3UDGHVK� LQ� ,QGLD� KDG� WKH� KLJKHVW� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\�LQGH[��66,��WKURXJKRXW�WKH�SHULRG�����������
�)LJXUH� ���� ,WV� VXVFHSWLELOLW\� LQGH[� VWHDGLO\� GHFOLQHG� DW� D�
UDWH�IDVWHU� WKDQ�WKDW�RI�5XVVLD�IURP������WR�������7KH�IDOO�
LQ� *'3� SHU� FDSLWD� LQ�$QGKUD� 3UDGHVK� GXH� WR� WKH� DGYHUVH�
LPSDFWV�RI�JOREDO�HFRQRPLF�FULVLV�FDXVHG�WKH�VRFLR�HFRQRPLF�
VXVFHSWLELOLW\� WR� LQFUHDVH� LQ� ����� �Acosta-Michlik et al. 
2008a����6RFLR�HFRQRPLF�VXVFHSWLELOLW\�LQ�WKH�9ROJRJUDG�DQG�
6DUDWRY� UHJLRQV� LQ�5XVVLD�ZDV� ORZ��SDUWLFXODUO\� LQ� WKH� ODWH�
����V�DQG�HDUO\�����V��+RZHYHU��WKH�FRPELQHG�HIIHFWV�RI�D�
JOREDO� HFRQRPLF� FULVLV� DQG� GRPHVWLF� VWUXFWXUDO� DGMXVWPHQW�
�L�H��GHFHQWUDOL]DWLRQ�RI�6RYLHW�SRZHU��LQ�WKH�HDUO\�����V�KDYH�
FRQWULEXWHG�WR�WKH�LQFUHDVH�LQ�VRFLR�HFRQRPLF�VXVFHSWLELOLW\�
LQ�5XVVLD��7KH�3RUWXJXHVH�UHJLRQV�RI�$OJDUYH�DQG�$OHQWHMR�
KDG�WKH�VHFRQG�KLJKHVW�OHYHO�RI�VRFLR�HFRQRPLF�VXVFHSWLELOLW\�
IURP� ����� WR� ������ 7KH� GUDVWLF� GHFOLQH� LQ� VXVFHSWLELOLW\�
IURP������FDQ�EH�DWWULEXWHG�WR�WKH�LPSDFWV�RI�WKH�VWUXFWXUDO�
UHIRUPV�IROORZLQJ�WKH�IDOO�RI�WKH�GLFWDWRUVKLS�UHJLPH�LQ�������
$QRWKHU� VLJQL¿FDQW� GURS� LQ� WKH� OHYHO� RI� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\� ZDV� H[SHULHQFHG� LQ� WKH� 3RUWXJXHVH� UHJLRQV�
IURP�������ZKLFK�FDQ�EH�WUDFHG�IURP�WKH�VWUXFWXUDO�FKDQJHV

IROORZLQJ�3RUWXJDO¶V�DFFHVVLRQ�WR�WKH�(XURSHDQ�&RPPXQLW\�
LQ�������)URP������WR������WKH�3RUWXJXHVH�FDVH�VWXG\�UHJLRQV�
UHFRUGHG� WKH� ORZHVW� OHYHO� RI� VRFLR�HFRQRPLF� VXVFHSWLELOLW\�
GXH�WR�VLJQL¿FDQW�HFRQRPLF�GHYHORSPHQW�

7KH�LQGLFHV�IRU�ZDWHU�VWUHVV��:6,��VKRZHG�YHU\�HUUDWLF�
WUHQG�IRU�DOO�WKH�FDVH�VWXG\�UHJLRQV�IURP������WR�������ZLWK�
WKH�3RUWXJXHVH�UHJLRQV�VKRZLQJ�WKH�ODUJHVW�PHDQ�GHYLDWLRQ�
�)LJXUH�����7KH�ZDWHU�VWUHVV�LQGLFHV�ZHUH�YHU\�KLJK�DW�RYHU�
����LQ������DQG�������:KLOVW�WKH�(0�'$7�GDWDEDVH�GLG�QRW�
UHSRUW�DQ\�RFFXUUHQFH�RI�FULVLV�LQ�ERWK�\HDUV��WKH�UHVXOWV�RI�
WKH�PHGLD�FRQWHQW�DQDO\VLV�FRQGXFWHG�E\�Tänzler et al��2008��
UHSRUWHG�D�FULVLV��7DEOH������7KH�KLJKHVW�OHYHO�RI�ZDWHU�VWUHVV�
LQGH[�LQ�WKH�FDVH�VWXG\�UHJLRQ�LQ�,QGLD�ZDV�UHFRUGHG�IRU�WKH�
\HDU�������$OWKRXJK�WKH�OHYHO�RI�ZDWHU�VWUHVV�DSSURDFKHG�WKH�
DYHUDJH�PHDQ�OHYHO�LQ������DQG�������FULVHV�ZHUH�UHSRUWHG�
LQ� WKHVH� \HDUV��7KHVH� FULVLV� HYHQWV� FRXOG� EH� H[SODLQHG� QRW�
RQO\� E\� WKH� GHOD\HG� DQG� H[WHQGHG� LPSDFWV� RI� WKH� ZDWHU�
VWUHVV�LQ�������EXW�DOVR�E\�WKH�DEVHQFH�RI�GURXJKW�DGDSWDWLRQ�
PHDVXUHV� SULRU� WR� WKLV� \HDU�� $QGKUD� 3UDGHVK� H[SHULHQFHG�
WKH� QH[W� KLJKHVW� OHYHOV� RI� ZDWHU� VWUHVV� LQ� ����� DQG� ������
$JDLQ��QR�UHFRUGV�RI�FULVLV�ZHUH�IRXQG�LQ�WKH�(0�'$7��EXW�
WKH�PHGLD�FRQWHQW�DQDO\VLV�UHYHDOHG�WKH�SUHVHQFH�RI�FULVHV�LQ�
WKHVH�\HDUV��7KH�5XVVLDQ�UHJLRQV�RI�9ROJRJUDG�DQG�6DUDWRY
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Figure 4. Trends in socio-economic susceptibility and water stress, 1970-1995. 
               Source: Alcamo et al. 2008, Acosta-Michlik et al. 2008a.
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UHFRUGHG� WKH� KLJKHVW� LQGLFHV� RI� ZDWHU� VWUHVV� LQ� ����� DQG�
������GXULQJ�ZKLFK�FULVHV�ZHUH�DOVR�UHSRUWHG��Golubev and 
Dronin��2004��UHSRUWHG�RWKHU�PDMRU�GURXJKWV�LQ�&HQWUDO�DQG�
6RXWKHUQ�5XVVLD�LQ������������DQG������

'DWD�GHVFULSWLRQ

7KH�PDLQ�IRFXV�RI�WKLV�SDSHU�LV�WKH�GLVFXVVLRQ�RI�&3&V�
DV� D� PRGHO� IRU� DVVHVVLQJ� YXOQHUDELOLW\� WKUHVKROGV�� KHQFH�
WKLV�VHFWLRQ�RQO\�EULHÀ\�GHVFULEHV�WKH�PHWKRGV�IRU�GHULYLQJ�
WKH�WKUHH�LQSXW�YDULDEOHV�IRU�HVWLPDWLQJ�WKH�&3&V��'HWDLOHG�
GLVFXVVLRQ� RQ� WKH� PHWKRGV� XVHG� WR� GHULYH� WKHVH� YDULDEOHV�
DUH� SXEOLVKHG� HOVHZKHUH�� Acosta-Michlik et al.� �2006��
DQG� Acosta-Michlik et al. �2008a�� IRU� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\�� Alcamo et al. �2008�� IRU� ZDWHU� VWUHVV�� DQG�
Tänzler et al. �2008��IRU�GURXJKW�UHODWHG�FULVLV��

7KH� VXVFHSWLELOLW\� LQGH[� LQ� )LJXUH� �� ZDV� JHQHUDWHG�
IURP�FRPELQLQJ�VRFLR�HFRQRPLF�LQGLFDWRUV�WKDW�DUH�UHOHYDQW�
IRU� LPSURYLQJ� WKH� DGDSWLYH� FDSDFLW\� RI� FRPPXQLWLHV� LQ�
WKH� DJULFXOWXUDO� VHFWRU� �Acosta-Michlik et al. 2008a���
7KHVH� LQGLFDWRUV� LQFOXGH� ¿QDQFLDO� UHVRXUFHV�� DJULFXOWXUH�
GHSHQGHQF\�� LQIUDVWUXFWXUH� GHYHORSPHQW�� KHDOWK� FRQGLWLRQ��
HGXFDWLRQDO�DWWDLQPHQW��DQG�JHQGHU�LQHTXDOLW\��8VLQJ�IX]]\�
ORJLF�DSSURDFK��D�VWHSZLVH�DJJUHJDWLRQ�RI�WKH�LQGLFDWRUV�ZDV�
DSSOLHG� WR� GHYHORS� LQGLFHV� UDQJLQJ� IURP��� WR� ���$Q� LQGH[�
RI� RQH� ���� LPSOLHV� D� YHU\� KLJK� OHYHO� RI� VXVFHSWLELOLW\�� DQG�
DQ�LQGH[�RI�]HUR�����LQGLFDWHV�DQ�DEVHQFH�RU�QHJOLJLEOH�OHYHO�
RI� VXVFHSWLELOLW\�� �Eierdanz et al. 2008�� GLVFXVV� LQ� GHWDLO�
WKH� WKUHH�FRPSRQHQWV�RI� IX]]\� ORJLF�±� IX]]L¿FDWLRQ�� IX]]\�
LQIHUHQFH�DQG�GHIX]]L¿FDWLRQ�±�DQG�KRZ�WKH\�DSSOLHG�WKHP�
WR�WKH�FRQFHSW�RI�VXVFHSWLELOLW\�

7R� FRPSXWH� WKH� ZDWHU� VWUHVV� LQGH[� �)LJXUH� ���� WKLV�
SDSHU� FRQVLGHUHG� WKUHH� ZDWHU� VWUHVV� LQGLFDWRUV� WKDW� ZHUH�
JHQHUDWHG�IURP�WKH�:DWHU*$3�PRGHO��Alcamo et al. 2003a, 
b��� 7KHVH� LQGLFDWRUV� DUH�� WKH� ZLWKGUDZDO� WR� DYDLODELOLW\�
UDWLR��WKH�GHYLDWLRQ�RI�ZDWHU�DYDLODELOLW\�IURP�LWV�ORQJ�WHUP�
�FOLPDWH�QRUPDO�� DYHUDJH�� DQG� WKH�SHUFHQWDJH�RI� DUHD�ZLWK�
KLJK�ZDWHU�VWUHVV��GH¿QHG�DV�ZDWHU�ZLWKGUDZDO�WR�DYDLODELOLW\�
UDWLR�RI�����RU�KLJKHU�� �Alcamo et al. 2008���$OWKRXJK� WKH�
:DWHU*$3�PRGHO�JHQHUDWHG�D�ZLGH�UDQJH�RI�LQGLFDWRUV��RQO\�

WKHVH�WKUHH�ZHUH�FKRVHQ�EHFDXVH�LQGLFDWRU�����FRYHUV�UHJLRQV�
ZKHUH�ZDWHU� XVH� DFFRXQWV� IRU� D� ODUJH� IUDFWLRQ� RI� WKH� WRWDO�
DYDLODEOH� ZDWHU� UHVRXUFHV�� LQGLFDWRU� ���� UHSUHVHQWV� HYHQWV�
ZKHUH�D�VKRUW�WHUP�EXW�VKDUS�GHFUHDVH�LQ�ZDWHU�DYDLODELOLW\�
DIIHFWV� D� UHJLRQ�� DQG� LQGLFDWRU� ���� LQFOXGHV� VLWXDWLRQV� LQ�
ZKLFK� WKHUH� LV� DQ� XQHYHQ� VSDWLDO� GLVWULEXWLRQ� RI� ZDWHU�
UHVRXUFHV�DFURVV�D�UHJLRQ��Alcamo et al. �2008��DSSOLHG�WKH�
³0D[,QGH[´�DSSURDFK��ZKLFK�WDNHV�WKH�PD[LPXP�YDOXH�RI�
WKH�LQGLFDWRUV�WKDW�DUH�FRQVLGHUHG�LQ�WKH�DQDO\VLV��WR�JHQHUDWH�
ZDWHU�VWUHVV�LQGLFHV�IRU�WKH�SHULRG������������

7KH�LGHQWL¿FDWLRQ�RI�UHOHYDQW�LQGLFDWRUV�IRU�FULVLV�ZDV�
D�FKDOOHQJH�EHFDXVH�RI�WKH�ODFN�RI�QRW�RQO\�LQIRUPDWLRQ�RQ�
GURXJKW�UHODWHG�FULVLV��EXW�DOVR�D�FOHDU�FRQFHSW�DQG�VWDQGDUG�
LQGLFDWRUV�RI�HQYLURQPHQWDO�FULVLV�IURP�GLIIHUHQW�VRXUFHV�DQG�
IRU�GLIIHUHQW�FRXQWULHV��,Q�WKH�LQWHUQDWLRQDO�GLVDVWHU�GDWDEDVH�
�(0�'$7���DQ�HYHQW�LV�UHSRUWHG�DV�GLVDVWHU�LQ�WKH�GDWDEDVH�
LI� LW� GH¿QHV� DW� OHDVW� RQH� RI� WKH� IROORZLQJ� FULWHULD�� ��� RU�
PRUH�SHRSOH�UHSRUWHG�NLOOHG������SHRSOH�UHSRUWHG�DIIHFWHG��
GHFODUDWLRQ�RI�D�VWDWH�RI�HPHUJHQF\��DQG�FDOO�IRU�LQWHUQDWLRQDO�
DVVLVWDQFH�� 8VLQJ� LQIRUPDWLRQ� IURP� RQOLQH� QHZV� GDWDEDVH�
LVVXHG�E\�)DFWLYD� �LQIRUPDWLRQ�VHUYLFH�E\�5HXWHUV�	�'RZ�
-RQHV��DQG�QHZVSDSHUV�ZLWK�D�VSHFL¿F�UHJLRQDO�IRFXV��Tänzler 
et al.� �2008�� DSSOLHG� PHGLD� FRQWHQW� DQDO\VLV� DQG� LPSDFW�
UHSRUWV�IURP�ORFDO�VXUYH\V�WR�ERWK�YDOLGDWH�DQG�FRPSOHPHQW�
WKH�(0�'$7�GDWDEDVH��7KH�PHGLD�FRQWHQW�DQDO\VLV�FRPELQHV�
TXDQWLWDWLYH� DQG�TXDOLWDWLYH� FRGLQJ� WR�GHWHUPLQH� D� µFULVLV¶��
WKH� QXPEHU� RI� KLWV� ZHUH� QRWHG� DQG� WKHQ� WKH� DUWLFOHV�ZHUH�
VFUHHQHG� WR�ERWK�YHULI\� WKH� UHOHYDQFH�RI� WKH� DUWLFOH� DQG� WR�
LGHQWLI\�LQ�ZKDW�FRQWH[W�WKH�WHUP�µGURXJKW¶�ZDV�PHQWLRQHG��
7KH�DVVHVVPHQW�ZDV�EDVHG�RQ�WKH�µµDWWULEXWHV¶¶�RI�WKH�FULVLV�DV�
UHSRUWHG�E\�WKH�PHGLD��IRU�H[DPSOH��µVLJQL¿FDQW�FXWEDFNV�LQ�
K\GURHOHFWULF�SURGXFWLRQ¶��µFXUWDLOPHQW�RI�GULQNLQJ�VXSSO\¶��
µWKH�GLVWULEXWLRQ�RI�DLG¶��µWKH�DGRSWLRQ�RI�HPHUJHQF\�SODQV¶��
µSUD\HUV� IRU� UDLQ¶�� µGHPRQVWUDWLRQV¶� DQG� HYHQ� LQFLGHQFH�
RI� µSHRSOH� FRPPLWWLQJ� VXLFLGH¶� �Tänzler et al. 2008���'XH�
WR� WKH�GHDUWK� LQ� UHJLRQDO�GDWD� IRU�5XVVLD� LQ�ERWK�(0�'$7�
DQG�)DFWLYD� GDWDEDVHV��ZH� FDUULHG� RXW� DGGLWLRQDO� OLWHUDWXUH�
UHYLHZ�WR�LPSURYH�WKH�FULVLV�GDWD��7R�FUHDWH�D�EHWWHU�GDWDEDVH�
RQ�GURXJKW�UHODWHG� FULVLV� �7DEOH�����ZH� WKXV� FRPELQHG� WKH�
GDWD�IURP�(0�'$7��Tänzler et al. �2008��DQG�Golubev and 
Dronin� �2004��� ,W� LV� LPSRUWDQW� WR� HPSKDVL]H� DW� WKLV� SRLQW
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Table 1. Occurrences of drought-related crisis in the case study areas, 1970-1995.

 1970 1971 1972 1973 1974 ���� 1976 1977 1978 1979 1980 1981 1982
,QGLD � � � � � � � � � � � � �
3RUWXJDO � � � � � � � � � � � � �
5XVVLD � � � � � � � � � � � � �
� 1983 1984 ���� 1986 1987 1988 1989 1990 1991 1992 1993 1994 ����
,QGLD � � � � � � � � � � � � �
3RUWXJDO � � � � � � � � � � � � �
5XVVLD � � � � � � � � � � � � �
1RWH���� �SUHVHQFH�RI�FULVLV���� �DEVHQFH�RI�FULVLV
6RXUFHV��(0�'$7���7lQ]OHU��)HLO��.U|PNHU��	�(LHUGDQ]���������*ROXEHY�DQG�'URQLQ��������



��
WKDW� WKH�SRRU�TXDOLW\�RI�FULVLV�GDWD� LQ� WHUPV�RI�FRQVLVWHQF\�
DQG�FRPSOHWHQHVV�PD\�KDYH�DIIHFWHG�WKH�VWDWLVWLFDO�¿W�RI�WKH�
HVWLPDWHG�&3&�IXQFWLRQV�

7KH�QH[W�VHFWLRQ�GLVFXVVHV�WKH�YXOQHUDELOLW\�WKUHVKROGV�
WKDW�ZHUH�HVWLPDWHG�IURP�WKH�VRFLR�HFRQRPLF�VXVFHSWLELOLW\�
DQG�ZDWHU�VWUHVV�LQGLFHV�DV�ZHOO�DV�FULVLV�GDWD�IRU�WKH�VHOHFWHG�
UHJLRQV�LQ�,QGLD��3RUWXJDO�DQG�5XVVLD�

5(68/76�$1'�',6&866,21

(VWLPDWHG�&3&�)XQFWLRQV�

7KUHH� PRGHO� VSHFL¿FDWLRQV� ZHUH� WHVWHG� LQFOXGLQJ�
VLPSOH��SRROHG�DQG�SDQHO�UHJUHVVLRQV��7KH�UHVXOWV�RI�WKH�ORJLW�
HVWLPDWLRQ�IRU�WKHVH�GLIIHUHQW�PRGHOV�DUH�DV�IROORZV���

02'(/����VLPSOH�
)RU�,QGLD��� <W�� �������������������:6,W�����������66,W
)RU�3RUWXJDO��� <W�� ��������������������:6,W������������66,W
)RU�5XVVLD��� <W�� ���������������������:6,W������������66,W

02'(/����SRROHG�
)RU�DOO�FRXQWULHV��<W�� �����������������:6,W���������66,W

02'(/����SDQHO�
)RU�DOO�FRXQWULHV��<W� �������,QGLD��������3RUWXJDO��������

�5XVVLD����������:6,W��������66,W

7KH�VLJQV�RI�WKH�LQWHUFHSW�DQG�FRHI¿FLHQWV�DUH�FRQVLVWHQW�
IRU� DOO� WKH� FRXQWULHV� LQ�0RGHO����0RUHRYHU�� WKH� UHJUHVVLRQ�
LQWHUFHSWV�WXUQHG�RXW�WR�EH�VWDWLVWLFDOO\�VLJQL¿FDQW�IRU�DOO�WKH�
FRXQWULHV��*HQHUDOO\��WKH�FRHI¿FLHQWV�IRU�:6,�GLVSOD\�UDWKHU�
KLJK�OHYHOV�RI�VLJQL¿FDQFH�QRW�RQO\�LQ�0RGHO���EXW�DOVR�LQ�WKH�
RWKHU�WZR�PRGHOV��7KH�OLNHOLKRRG�UDWLR��/5��WHVWV�VKRZ�WKDW�
WKH�QXOO�K\SRWKHVLV�RQ�WKH�VLJQL¿FDQFH�RI�:6,�DV�H[SODQDWRU\�
YDULDEOH�IRU�WKH�SUREDELOLW\�RI�FULVLV�FDQQRW�EH�UHMHFWHG�JLYHQ�
WKH�YHU\�ORZ�3�9DOXHV�UDQJLQJ�IURP�RQO\��������WR�������,Q�
FRQWUDVW�� WKH� VWDWLVWLFDO� VLJQL¿FDQFH� RI� WKH� 66,� FRHI¿FLHQWV�
LQ�0RGHO���LV�UDWKHU�ORZ�ZLWK�3�9DOXHV�IRU�/5�WHVW�UDQJLQJ�
IURP� DV� KLJK� DV� ����� WR� ������ +RZHYHU�� WKHVH� UHVXOWV� GR�
QRW�QHFHVVDULO\�PHDQ� WKDW�66,� LV�QRW�D� UHOHYDQW�YDULDEOH� WR�
H[SODLQ�WKH�SUREDELOLW\�RI�FULVLV��7KH�SRVVLEOH�SUHVHQFH�RI�D�
XQLW�URRW�LQ�WKH�66,�WLPH�VHULHV�GDWD�PD\�KDYH�DIIHFWHG�WKH�
SUHFLVLRQ�RI�WKH�VXVFHSWLELOLW\�HVWLPDWRUV��,W�LV�ZRUWK�QRWLQJ�
WKDW�XQLW�URRW� WHVWV�VXFK�DV�'LFNH\�)XOOHU�DUH�FKDUDFWHUL]HG�
E\�KDYLQJ� ORZ�SRZHU��7KDW� LV�� WKH\� WHQG� WR�EH�RIWHQ�SURQH�
WR� WKH� W\SH� ,,� HUURU� RI� DFFHSWLQJ� WKH� QXOO� K\SRWKHVLV�ZKHQ�
LQ�IDFW�LW�LV�QRW�WUXH��7KLV�LV�SDUWLFXODUO\�WUXH�LQ�FDVHV�ZKHUH�
VDPSOH� VL]H� LV� OLPLWHG�� OLNH� WKH�PRGHOV� LQ� WKLV� SDSHU�ZLWK�
RQO\����REVHUYDWLRQV��,PSURYLQJ�WKH�PRGHOV�E\�XVLQJ�ORQJHU�
WLPH� VHULHV�ZLOO�PRVW� OLNHO\�JLYH�EHWWHU� UHVXOWV� LQ� WHUPV�RI�
VWDWLRQDULW\�� $V� IRU� WKH� UHVXOWV� RI� 0RGHO� ��� DJDLQ� KHUH��

ZKLOVW� WKH� LQWHUFHSW�DQG�:6,�FRHI¿FLHQW� �LQ�ERWK�FDVHV� WKH�
3�9DOXHV�RI�/5�WHVWV�DUH�VPDOOHU�WKDQ�������KDYH�YHU\�KLJK�
VWDWLVWLFDO�VLJQL¿FDQFH��WKH�66,�FRHI¿FLHQW�LV�OHVV�VWDWLVWLFDOO\�
VLJQL¿FDQW� GLVSOD\LQJ� D� 3�YDOXH� RI� ������+RZHYHU�� OLNH� LQ�
0RGHO���WKH�VWDWLVWLFDO�VLJQL¿FDQFH�RI�WKH�66,�FRHI¿FLHQW�LQ�
0RGHO���KDV�VOLJKWO\�LPSURYHG�ZLWK�D�3�YDOXH�RI�������7KH�
WKUHH�PRGHOV�VKRZ�WKDW�WKH�VWDWLVWLFDO�VLJQL¿FDQFH�RI�WKH�66,�
FRHI¿FLHQWV�LPSURYHV�DV�WKH�QXPEHU�RI�REVHUYDWLRQV�LQ�WKH�
PRGHO�HVWLPDWLRQ�LQFUHDVHV���

$V� D� VXPPDU\�� WKH� HVWLPDWLRQ� IRU� WKH� WKUHH� PRGHO�
VSHFL¿FDWLRQV� VKRZ� WKDW�� WKH� FRHI¿FLHQWV�RI�ERWK�:6,� DQG�
66,� DUH� JHQHUDOO\� RI� SRVLWLYH� VLJQ�� ZKLFK� LV� FRQVLVWHQW�
ZLWK� WKH� WKHRU\� WKDW� ZDWHU� VWUHVV� DQG� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\�KDYH�GLUHFW�UHODWLRQVKLS�ZLWK�WKH�SUREDELOLW\�RI�
ZDWHU�FULVLV��DQG�:KLOVW�WKH�FRHI¿FLHQWV�RI�:6,�DUH�DOZD\V�
KLJKO\� VLJQL¿FDQW�� WKH� VWDWLVWLFDO� VLJQL¿FDQFH� RI� WKH� 66,�
FRHI¿FLHQWV�LV�UDWKHU�ORZ��7KHUH�DUH�UHDVRQV�KRZHYHU�QRW�WR�
WRWDOO\� GLVPLVVHG� WKH� LPSRUWDQFH� RI� 66,� LQ� H[SODLQLQJ� WKH�
RFFXUUHQFH�RI�FULVLV��

��7KH� ¿UVW� UHDVRQ� UHODWHV� WR� WKH� TXDQWLW\� RI� GDWD� DQG� LV�
WKXV�D�SXUHO\� WHFKQLFDO� LVVXH��&RQVLGHULQJ� WKH� VPDOO� VL]H�
RI� WKH� GDWDVHW�� WKH� DV\PSWRWLF� QDWXUH� RI� WKH� UHVXOWV� KDV�
WR� EH� FRQVLGHUHG� FDUHIXOO\��7KH� VXVSLFLRQ� WKDW� XQLW� URRWV�
DUH�SUHVHQW� LQ� WKH� UHJUHVVRUV� VXJJHVWV� VRPH�ÀH[LELOLW\� LQ�
GRLQJ�LQIHUHQFH�EDVHG�RQ�DV\PSWRWLF�QRUPDO�GLVWULEXWLRQV��
0RUHRYHU�� WKH� FRUUHFW� VLJQ� RI� WKH� FRHI¿FLHQWV� VXJJHVWV�
WKDW�D�ODUJHU�GDWDVHW��HLWKHU�EDVHG�RQ�ORQJHU�WLPH�VHULHV��RU�
PRUH�FRXQWULHV�DV�VKRZQ�LQ�0RGHO����FRXOG� LPSURYH�WKH�
VLJQL¿FDQFH�RI�66,�H[SODQDWRU\�YDULDEOH�

��7KH� VHFRQG� UHDVRQ� UHODWHV� WR� WKH� TXDOLW\� RI� WKH� GDWD��
,PSRUWDQW�VRFLR�HFRQRPLF� LQGLFDWRUV��ZKLFK�VLJQL¿FDQWO\�
LQÀXHQFH� WKH� RFFXUUHQFH� RI� FULVLV�� PD\� KDYH� EHHQ�
H[FOXGHG� IURP� WKH� DJJUHJDWHG� LQGH[� RI� VRFLR�HFRQRPLF�
VXVFHSWLELOLW\�� ,W� LV� LPSRUWDQW� WR�PHQWLRQ� KHUH� WKDW� LQ� DQ�
DWWHPSW�WR�FUHDWH�D�FRQVLVWHQW�GDWDVHW�IRU�GLIIHUHQW�UHJLRQV��
Acosta-Michlik et al.� �2008a�� XVHG� QRW� RQO\� WKH� VDPH�
QXPEHU�EXW� DOVR� WKH� VDPH� W\SH�RI� LQGLFDWRUV� WR� FRPSXWH�
WKH�VRFLR�HFRQRPLF�VXVFHSWLELOLW\�LQGH[��$V�D�UHVXOW��VRPH�
VXVFHSWLELOLW\�LQGLFDWRUV�WKDW�EHWWHU�H[SODLQ�WKH�YDULDWLRQ�LQ�
FULVLV�PD\�KDYH�EHHQ�QHJOHFWHG�LQ�WKH�PRGHO��

$OWKRXJK�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WKH�GDWD�WKDW�ZH�
XVHG�WR�DSSO\�WKH�FRQFHSW�DQG�PHWKRGV�RI�WKH�&3&V�DIIHFWHG�
WKH�SUHFLVLRQ�RI�WKH�HVWLPDWHG�66,�FRHI¿FLHQWV��WKH�UHVXOWV�RI�
WKH�HVWLPDWLRQV�DUH�RQ� WKH�ZKROH�VXI¿FLHQW� WR� LOOXVWUDWH� WKH�
XWLOLW\�RI�WKH�PRGHOLQJ�DSSURDFK�IRU�DVVHVVLQJ�YXOQHUDELOLW\�
SDWWHUQ�DQG�WKUHVKROGV�

Crisis Probability Curves

��7KH�UHVXOWV�RI�WKH�SURELW�HVWLPDWLRQ�DUH�YHU\�VLPLODU�VR�WKH\�DUH�QRW�SUHVHQWHG�KHUH��0RUHRYHU��WKH�VWDWLVWLFDO�VLJQL¿FDQFH�RI�WKH�FRHI¿FLHQWV�IURP�WKH�SURELW�PRGHO�LV�ORZHU�
WKDQ�WKH�ORJLW�PRGHO�



��

9XOQHUDELOLW\�SDWWHUQ�DQG�WKUHVKROGV

7KH�ER[HV�UHSUHVHQWLQJ�WKH�OHYHOV�RI�YXOQHUDELOLW\�IRU�
WKH� VHOHFWHG� UHJLRQV� LQ� ,QGLD�� 3RUWXJDO� DQG� 5XVVLD� VKRZ�
GLIIHUHQW� GLVWULEXWLRQ� SDWWHUQV� �)LJXUH� ���� )RU� ,QGLD� WKHVH�
ER[HV�WHQG�WR�JDWKHU�WRJHWKHU�YHU\�FORVH�LQ�WKH�PLGGOH��ULJKW�
KDQG�VLGH�RI�WKH�GLDJUDP��ZKLFK�LPSOLHV�WKDW�WKH�FDVH�VWXG\�
UHJLRQ� LQ� WKLV� FRXQWU\� UHTXLUHV� D� KLJKHU� OHYHO� RI� DGDSWLYH�
FDSDFLW\� WR� RYHUFRPH� WKH� LPSDFWV� RI� ZDWHU� VWUHVV�� 7KH�
GLVWULEXWLRQ�RI�WKH�ER[HV�IRU�5XVVLD�VKRZV�DOPRVW�D�VLPLODU�
FURZGLQJ� SDWWHUQ�� EXW� WKH� ER[HV� WHQG� WR� JURXS� WRJHWKHU� LQ�
WKH�ORZHU�SDUW�RI�WKH�GLDJUDP��*HQHUDOO\��5XVVLD�WKXV�WHQGV�
WR�H[SHULHQFH� ORZHU� OHYHOV�RI�YXOQHUDELOLW\� WKDQ�,QGLD��7KH�
GLVWULEXWLRQ� RI� WKH� ER[HV� IRU� 3RUWXJDO� LV� TXLWH� GLVSHUVHG��
ZKLFK� PDNHV� LW� GLI¿FXOW� WR� GLVFHUQ� DQ\� SDUWLFXODU� SDWWHUQ�
RI�YXOQHUDELOLW\��7KH�JUH\�ER[HV�UHSUHVHQW�WKH�YXOQHUDELOLW\�
OHYHOV�ZKHUH�ZDWHU� FULVHV� KDYH� RFFXUUHG�� ,Q�)LJXUH� ��� WKH�
UHVHDUFKHUV�VXSHULPSRVHG�WKH�&3&V��ZKLFK�ZHUH�HVWLPDWHG�
IURP�0RGHO��� �VLPSOH� UHJUHVVLRQ���RQ� WKH� VFDWWHUHG�ER[HV��
0RVW� JUH\� ER[HV� DUH� ORFDWHG� FORVH� WR� WKH� &3&V��ZKLFK� LV�
WKHRUHWLFDOO\� FRQVLVWHQW�� +RZHYHU�� IHZ� ER[HV� WKDW� GR� QRW�
VKRZ�DQ\�RFFXUUHQFH�RI�FULVLV��L�H��QRW�JUH\��DUH�DOVR�ORFDWHG�
EHWZHHQ�WKH� ORZ�DQG�KLJK�SUREDELOLW\�FXUYHV��7KH�DEVHQFH�
RI� FULVLV� PD\� EH� H[SODLQHG� E\� WKH� SUHVHQFH� RI� DGDSWDWLRQ�
PHDVXUHV� WDNHQ� E\� JRYHUQPHQWV� WR� SUHYHQW� WKH� SRVVLEOH�
RFFXUUHQFH� RI� FULVLV�� ,I� VXFK� PHDVXUHV� ZHUH� WDNHQ� LQWR�
FRQVLGHUDWLRQ�� WKHVH� ER[HV� VKRXOG� KDYH� EHHQ� RXWVLGH� WKH�
FULWLFDO�]RQH�EHFDXVH�WKH�OHYHO�RI�VXVFHSWLELOLW\�ZRXOG�KDYH�
EHHQ� ORZHU�� +RZHYHU�� WKH� VRFLR�HFRQRPLF� VXVFHSWLELOLW\�
LQGLFHV�� ZKLFK� ZH� DGRSWHG� IURP� Acosta-Michlik et al. 
�2008a���GR�QRW�LQFOXGH�VXFK�LQIRUPDWLRQ��)XWXUH�DSSOLFDWLRQ�
RI�&3&V�VKRXOG�WKXV�H[SOLFLWO\�FRQVLGHU�DGDSWDWLRQ�SROLFLHV�
DQG�SURJUDPV�LQ�GLIIHUHQW�UHJLRQV�LQ�PRGHO�HVWLPDWLRQV�

7KH� HVWLPDWHG� &3&V� IRU� WKH� GLIIHUHQW� UHJLRQV� YDU\�
VLJQL¿FDQWO\� LQ� WHUPV� RI� LQFOLQDWLRQ� DQG� SRVLWLRQ� LQ� WKH�
GLDJUDP�VSDFH��)LJXUH�����7KH�&3&V�IRU�,QGLD�DQG�3RUWXJDO�
WLOW�PRUH�WRZDUGV�WKH�ZDWHU�VWUHVV�D[LV��LPSO\LQJ�WKDW�WKH�OHYHO�
RI�YXOQHUDELOLW\�WHQGV�WR�EH�PRUH�VHQVLWLYH�WR�WKH�FKDQJHV�LQ�
ZDWHU� VWUHVV� OHYHO� WKDQ� VRFLR�HFRQRPLF� VXVFHSWLELOLW\�� 7KH�
SRVLWLRQ�RI�WKH�LQWHUFHSW�RI�WKH�KLJK�FULVLV�SUREDELOLW\�FXUYH�
�&3&+��LV�D�ELW�ORZHU�IRU�,QGLD�WKDQ�3RUWXJDO��ZKLFK�PHDQV�
WKDW� IRU� JLYHQ� ZDWHU� VWUHVV� OHYHO�� WKH� SUREDELOLW\� RI� FULVLV�
RFFXUULQJ�LQ�WKH�IRUPHU�LV�KLJKHU�WKDQ�WKH�ODWWHU�FRXQWU\��,Q�
RWKHU� ZRUGV�� ,QGLD� KDV� ORZHU� YXOQHUDELOLW\� WKUHVKROG� WKDQ�
3RUWXJDO��,QGLD�ZDV�LQGHHG�PRVW�YXOQHUDEOH�WR�ZDWHU�VWUHVV�
LQ� WKH� SDVW� DV� HYLGHQW� IURP� WKH� UHSRUWV� WKDW� IDUPHUV� ZHUH�
FRPPLWWLQJ�VXLFLGH�GXH�WR�FURS�IDLOXUHV�DQG�LQDELOLW\�WR�SD\�
WKHLU�GHEWV��Newman 2007; Gruère 2008���7KH�ODFN�RI�VWDEOH�
LUULJDWLRQ� FRQWULEXWHV� WR� KLJK� YXOQHUDELOLW\� LQ� PDQ\� SDUWV�
RI� ,QGLD��0RUHRYHU�� XQOLNH� LQ� 3RUWXJDO� ZKHUH� WKH� IDUPHUV�
LQ�PDUJLQDO� DUHDV� UHFHLYH� VLJQL¿FDQW� LQFRPH� VXSSRUW� IURP�
WKH� JRYHUQPHQW� WKURXJK� WKH� &RPPRQ�$JULFXOWXUDO� 3ROLF\�
�&$3���WKH�IDUPHUV�LQ�,QGLD�DUH�PRVWO\�OHIW�DORQH�WR�GHDO�ZLWK�
WKH�DGYHUVH�FRQVHTXHQFHV�RI�GURXJKWV��7KH�SORW�RI�WKH�&3&V

IRU� WKH� UHJLRQV� LQ�5XVVLD� LV� YHU\� GLIIHUHQW� IURP� ,QGLD� DQG�
3RUWXJDO��7KH�SUREDELOLW\�FXUYHV�DUH�DOPRVW�HTXDOO\�LQFOLQHG�
WR� ERWK� ZDWHU� VWUHVV� DQG� VRFLR�HFRQRPLF� VXVFHSWLELOLW\��
ZKLFK� LPSOLHV� WKDW� ERWK� YDULDEOHV� KDYH� VLPLODU� � LQÀXHQFH�
RQ�WKH�SUREDELOLW\�RI�WKH�RFFXUUHQFH�RI�FULVLV��7KH�GLVWDQFHV
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Figure 5. CPCs and vulnerability thresholds for different 
case studies, 1970-1995.



EHWZHHQ� WKH�&3&V� GLIIHU� IRU� WKH� GLIIHUHQW� UHJLRQV� �)LJXUH�
����:H� XVHG� WKH� VDPH� FRQ¿GHQFH� LQWHUYDOV� IRU� WKH� &3&+�
��� ��� DQG� &3&+� ���� ��� IRU� DOO� WKH� FDVH� VWXG\� UHJLRQV��
1RQHWKHOHVV�� WKH� GLVWDQFHV� EHWZHHQ� WKH� &3&V� YDU\� DFURVV�
UHJLRQV�GHSHQGLQJ�RQ�WKH�YDOXHV�RI�WKH�UHJUHVVLRQ�HVWLPDWHV��
7KH�GLVWDQFH�EHWZHHQ�WKH�&3&/�DQG�&3&H�LV�PXFK�ZLGHU�IRU�
WKH�UHJLRQV�LQ�3RUWXJDO�DQG�5XVVLD�WKDQ�IRU�,QGLD��7KH�SRZHU�
IRU�SUHGLFWLQJ�WKH�SUREDELOLW\�RI�FULVLV�LQ�WKH�IRUPHU�UHJLRQV�
LV� WKXV�ZHDNHU�EHFDXVH�LW�SURYLGHV�PRUH�URRP�IRU�FULVLV� WR�
RFFXU� UHVXOWLQJ� WR� OHVV� SUHFLVH� SUHGLFWLRQ�� 2QH� UHDVRQ� IRU�
WKLV� LV� SHUKDSV� WKH� LQGLFDWRUV� FKRVHQ� WR� HVWLPDWH� &3&V��
SDUWLFXODUO\� ZLWK� UHVSHFW� WR� VRFLR�HFRQRPLF� VXVFHSWLELOLW\��
PD\�EH�OHVV�UHOHYDQW�IRU�FULVLV�RFFXUUHQFH�LQ�WKHVH�UHJLRQV��
7KHVH� UHVXOWV� WKXV� UHYHDO� WKH� OLPLWDWLRQV� RI� FRPSDULQJ�
YXOQHUDELOLW\� WKUHVKROGV� XVLQJ� WKH� VDPH� VHW� RI� LQGLFDWRUV�
DFURVV� UHJLRQV� ZLWK� GLIIHUHQW� HFRQRPLF� GHYHORSPHQW��
VRFLDO� VWUXFWXUH� DQG� LQVWLWXWLRQDO� V\VWHP��$Q� LQGLFDWRU� WKDW�
LV�LPSRUWDQW�LQ�RQH�FRXQWU\�PD\�QRW�QHFHVVDULO\�EH�UHOHYDQW�
IRU�DQRWKHU��&RQVHTXHQWO\��DGDSWDWLRQ�PHDVXUHV�IRU�WKH�VDPH�
W\SH�DQG�OHYHO�RI�ZDWHU�VWUHVV�ZLOO�EH�GLIIHUHQW�IRU�GLIIHUHQW�
HFRQRPLF��VRFLDO�DQG�LQVWLWXWLRQDO�VHWWLQJV��

7KH� SORWV� RI� WKH� &3&V� HVWLPDWHG� IURP� 0RGHO� ��
�SRROHG�UHJUHVVLRQ��DV�ZHOO�DV�WKH�RFFXUUHQFHV�RI�FULVLV�IRU�
WKH� GLIIHUHQW� FDVH� VWXG\� UHJLRQV� DUH� SUHVHQWHG� LQ� )LJXUH�
6��7KH�ER[HV��ZKLFK� UHSUHVHQW� WKH� FULVLV�RFFXUUHQFHV�� WHQG�
WR� JDWKHU� DURXQG� WKH� &3&V�� 7KHVH� UHVXOWV� DUH� GHVLUDEOH�
FRQFHSWXDOO\�� +RZHYHU�� WKH� UHVHDUFKHUV� QRWLFHG� WKDW� WKH�
GLVWLQFW� FKDUDFWHULVWLFV� RI� WKH� &3&V� IRU� HDFK� FDVH� VWXG\�
UHJLRQ� LQ� WHUPV� RI� LQFOLQDWLRQ�� GLVWDQFH� DQG� SRVLWLRQ�
DUH� FRQFHDOHG� E\� SRROLQJ� WRJHWKHU� WKH� LQIRUPDWLRQ�� 7KH�
YXOQHUDELOLW\�WKUHVKROGV�DSSHDU�WR�UHSOLFDWH�WKRVH�RI�3RUWXJDO��
ZKLFK�FDQ�EH�DVFULEHG�WR�WKH�UDWKHU�GLVSHUVHG�SDWWHUQ�RI�LWV�
ER[HV� �)LJXUH� ���� :KLOVW� EXLOGLQJ� FRPPRQ� WKUHVKROGV��
VXFK�DV� WKRVH�SUHVHQWHG� LQ�)LJXUH����ZRXOG�DOORZ�D�GLUHFW�
FRPSDULVRQ� RI� YXOQHUDELOLW\� DFURVV� UHJLRQV�� WKHUH� LV� D� ULVN�
RI� XQGHU�� RU� RYHUHVWLPDWLQJ� YXOQHUDELOLW\� WKUHVKROGV� LI� WKH�
UHJLRQV�KDYH�VLJQL¿FDQWO\�GLIIHUHQW�HFRQRPLF�GHYHORSPHQW��
VRFLDO�VWUXFWXUH�DQG�LQVWLWXWLRQDO�V\VWHP��7KH�UHVXOWV�RI� WKH�
GLIIHUHQW�PRGHOV�IRU�HVWLPDWLQJ�&3&V�FRQYH\�DQ�LPSRUWDQW�
NQRZOHGJH�� 7KDW� LV�� GLIIHUHQWLDO� YXOQHUDELOLW\� LV� HYLGHQW�
QRW� RQO\� DW� WKH� FRPPXQLW\� OHYHO� �Acosta-Michlik 2005; 
Acosta-Michlik et al. 2008b; Acosta-Michlik and Espaldon 
2008; Acosta-Michlik and Rounsevell 2008��� EXW� DOVR� DW� D�
KLJKHU� DGPLQLVWUDWLYH� OHYHO�� +LJKOLJKWLQJ� WKH� GLIIHUHQWLDO�
YXOQHUDELOLW\� WKURXJK�VHOHFWLRQ�RI�DSSURSULDWH� LQGLFDWRUV�RI�
VXVFHSWLELOLW\�LV�FUXFLDO�IRU�HVWLPDWLQJ�UHOLDEOH�YXOQHUDELOLW\�
WKUHVKROGV��

7KH�LQWHUFHSWV�DQG�UHJLRQDO�GXPP\�FRHI¿FLHQWV�RI�WKH�
HVWLPDWHG�&3&V�IURP�0RGHO����SDQHO�UHJUHVVLRQ��DUH�DOPRVW�
VLPLODU�WR�WKRVH�IURP�0RGHO����,W�LV�WKXV�QRW�QHFHVVDU\�WR�SORW�
WKH�IRUPHU�EHFDXVH�WKH�&3&V�DUH�DOPRVW�LGHQWLFDO�WR�)LJXUH�
6�

��

&21&/86,216

7KH� SDSHU� GLVFXVVHV� WKH� FRQFHSW�� PHWKRGV� DQG�
DSSOLFDWLRQ�RI�&3&V�WR�DVVHVV�YXOQHUDELOLW\�LQ�VHOHFWHG�UHJLRQV�
LQ�,QGLD��$QGKUD�3UDGHVK���3RUWXJDO��$OJDUYH�DQG�$OHQWHMR��
DQG� 5XVVLD� �9ROJRJUDG� DQG� 6DUDWRY�� XVLQJ� SXEOLVKHG� GDWD�
RQ� VXVFHSWLELOLW\� DQG� ZDWHU� VWUHVV� LQGLFHV� IRU� WKH� SHULRG�
����������� 7KH� &3&V� DUH� YXOQHUDELOLW\� WKUHVKROGV�� ZKLFK�
DUH� HVWLPDWHG� IURP� UHJUHVVLRQ� IXQFWLRQV� DQG� UHSUHVHQWHG�
LQ� D� GLDJUDP� DV� FRQWRXU� SORWV� ZLWK� FRQVWDQW� HOHYDWLRQ��
7KH� IXQFWLRQV� GH¿QH� WKH� UHODWLRQVKLS� RI� WKH�PDJQLWXGH� RI�
LPSDFWV��L�H��FULVLV��WR�WKH�ZDWHU�VWUHVV�DQG�VRFLR�HFRQRPLF�
VXVFHSWLELOLW\� LQGLFHV�� 6LPLODU� LQGLFHV� DUH� XVHG� LQ� PDQ\�
VWXGLHV� WR� DVVHVV� YXOQHUDELOLW\�� +RZHYHU�� DOWKRXJK� WKH�
YXOQHUDELOLW\� LQGLFHV� IURP� SUHYLRXV� VWXGLHV� DUH� JHQHUDWHG�
XVLQJ� VRPH� TXDQWLWDWLYH� PHWKRGV� �H�J�� LQGLVFULPLQDWH�
DJJUHJDWLRQ�� IX]]\� ORJLF�� DQG� ZHLJKWHG� LQGLFDWRUV�� HWF����
WKH�DVVHVVPHQW�RI�YXOQHUDELOLW\�LV�QRW�SXUHO\�EDVHG�RQ�VRPH�
H[SOLFLW�HPSLULFDO�FULWHULD��7KH�LQGLFHV�DUH�DW�EHVW�FRPSDUHG��
FRPELQHG�RU�PDSSHG� WR�GHULYH�VRPH�TXDOLWDWLYH� LQGLFDWLRQ�
RI�WKH�OHYHO�RI�YXOQHUDELOLW\��0RUHRYHU��WKHUH�LV�D�GHDUWK�LQ�
UHVHDUFK�RQ�WKH�HPSLULFDO�HVWLPDWLRQ�OLQNLQJ�VXVFHSWLELOLW\��RU�
ODFN�RI�DGDSWLYH�FDSDFLW\��DQG�ZDWHU�VWUHVV�LQGLFHV�WR�KXPDQ�
LPSDFWV�RYHU�WLPH�DQG�DFURVV�UHJLRQV��,Q�WKLV�SDSHU��WKH�QRYHO�
DSSURDFK�RQ�&3&V�ZHUH�GHYHORSHG�WR�FRPSDUH�WKHVH�LQGLFHV�
WR�VRPH�HPSLULFDOO\�GHULYHG�WKUHVKROGV��RIIHULQJ�VWDWLVWLFDOO\�
WHVWHG� DQG� HVWLPDWHG� FULWHULD� IRU� UHJLRQDO� FRPSDUDWLYH�
DVVHVVPHQWV�RI�YXOQHUDELOLW\�

'LIIHUHQW� UHJUHVVLRQ� PRGHOV� ZHUH� XVHG� WR� HVWLPDWH�
WKH�IXQFWLRQV�RI�&3&V�LQFOXGLQJ�VLPSOH��SRROHG�DQG�SDQHO��
(VWLPDWLQJ� WKH� &3&V� IRU� HDFK� FDVH� VWXG\� UHJLRQ� XVLQJ�
VLPSOH� UHJUHVVLRQ� PRGHO� UHYHDOHG� WKDW� WKH� FKDUDFWHULVWLFV�
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Figure 6. Crisis occurrence and vulnerability thresholds for 
different case studies, 1970-1995.
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RI�YXOQHUDELOLW\�WKUHVKROGV��DV�GHSLFWHG�LQ�WKH�LQWHUFHSW�DQG�
VORSH�RI�WKH�FRQWRXU�SORWV��DUH�YHU\�GLYHUVH�IRU�UHJLRQV�ZLWK�
GLIIHUHQW� HFRQRPLF�� VRFLDO� DQG� LQVWLWXWLRQDO� FRQGLWLRQV��
8VLQJ�SRROHG�DQG�SDQHO�UHJUHVVLRQ��WKH�LQIRUPDWLRQ�IRU�WKH�
WKUHH�FDVH�VWXG\�UHJLRQV�ZDV�FRPELQHG�WR�GHYHORS�D�FRPPRQ�
PHDVXUH� RI� YXOQHUDELOLW\� WKUHVKROGV�� %XLOGLQJ� FRPPRQ� RU�
JHQHULF� WKUHVKROGV� ZLOO� DOORZ� FRPSDULVRQ� RI� YXOQHUDELOLW\�
DFURVV�UHJLRQV�RU�FRXQWULHV��ZKLFK�FDQ�EH�XVHIXO�IRU�SROLF\�
LQ�WHUPV�RI�GHYHORSLQJ�SULRULW\�OLVW�IRU�SURYLGLQJ�DGDSWDWLRQ�
VXSSRUW�LQ�YXOQHUDEOH�UHJLRQV��+RZHYHU��WKH�UHVXOWV�UHYHDOHG�
WKDW�WKHUH�LV�D�ULVN�RI�XQGHU��RU�RYHUHVWLPDWLQJ�YXOQHUDELOLW\�
WKUHVKROGV�ZKHQ�FRPSDULQJ�UHJLRQV�QRW�RQO\�ZLWK�GLIIHUHQW�
OHYHO��EXW�DOVR�YDU\LQJ�VRXUFHV�RI�YXOQHUDELOLW\��7KXV��PRUH�
FUXFLDO� WKDQ�GHYHORSLQJ�JHQHULF� YXOQHUDELOLW\� WKUHVKROGV� LV�
KLJKOLJKWLQJ� GLIIHUHQWLDO� YXOQHUDELOLW\� WKURXJK� VHOHFWLRQ�
RI� DSSURSULDWH� VXVFHSWLELOLW\� LQGLFDWRUV�� ZKLFK� VKRXOG� QRW�
QHFHVVDULO\� EH� WKH� VDPH� IRU� GLIIHUHQW� UHJLRQV�� 0RUHRYHU��
UHJLRQDO�FRPSDULVRQV�RI�YXOQHUDELOLW\�WKUHVKROGV�XVLQJ�&3&V�
ZLOO�EH�PRUH�DSSURSULDWH�IRU�JURXS�RI�FRXQWULHV�ZLWK�VLPLODU�
RU�FRPPRQ�DWWULEXWHV��)RU�H[DPSOH��ZKLOVW�FRQWULEXWLRQ�RI�
DJULFXOWXUH� WR� *'3� UHPDLQV� KLJK� LQ� OHDVW� GHYHORSHG� DQG�
GHYHORSLQJ�FRXQWULHV��WKLV�LV�QRW�WKH�FDVH�LQ�GHYHORSHG�DQG�
LQGXVWULDO�FRXQWULHV��6XVFHSWLELOLW\�RI�DJULFXOWXUH�WR�GURXJKW�
GXH�WR�ODFN�RI�LUULJDWLRQ�DQG�RU�FURS�LQVXUDQFH�ZLOO�EH�YHU\�
UHOHYDQW�ZKHQ�FRPSDULQJ�FRXQWULHV�ZLWKLQ�$VLD��EXW�QRW�VR�
PXFK�EHWZHHQ�$VLDQ�DQG�(XURSHDQ�FRXQWULHV�OLNH�,QGLD�DQG�
3RUWXJDO������

$Q�LPSRUWDQW�FRQWULEXWLRQ�RI�WKLV�SDSHU�WR�YXOQHUDELOLW\�
UHVHDUFK�LV�WKH�GHYHORSPHQW�RI�YXOQHUDELOLW\�WKUHVKROGV�WKDW�
DUH� EDVHG� RQ� HPSLULFDO� PHWKRGV� DQG� VXEMHFW� WR� VWDWLVWLFDO�
YDOLGDWLRQ�� )ROORZLQJ� WKH� GLVFXVVLRQ� RI� WKH�PRGHO� UHVXOWV��
ZH� UHFRPPHQG� WKDW� IXWXUH� DSSOLFDWLRQ� RI� WKH� &3&V� IRU�
YXOQHUDELOLW\� DVVHVVPHQWV� VKRXOG� EH� DEOH� WR�� LGHQWLI\�PRVW�
UHOHYDQW� VXVFHSWLELOLW\� LQGLFDWRUV� IRU� GLIIHUHQW� UHJLRQV� WR�
FDSWXUH� GLIIHUHQWLDO� YXOQHUDELOLW\�� LQFOXGH� WKH� HIIHFWV� RI�
DGDSWDWLRQ�PHDVXUHV�WR�H[SODLQ�WKH�QRQ�RFFXUUHQFH�RI�FULVLV�
HYHQ� DW� D� KLJKHU� OHYHO� RI� ZDWHU� VWUHVV� DQG� VXVFHSWLELOLW\��
LQFUHDVH�WKH�QXPEHU�RI�REVHUYDWLRQV�WR�LPSURYH�WKH�VWDWLVWLFDO�
VLJQL¿FDQFH�RI�WKH�UHJUHVVLRQ�FRHI¿FLHQWV��LQ�SDUWLFXODU�RI�WKH�
VRFLR�HFRQRPLF�VXVFHSWLELOLW\��DQG�FUHDWH�D�FRPSUHKHQVLYH�
GDWDEDVH� RI� YXOQHUDELOLW\� LPSDFWV� WKDW� DGHTXDWHO\� FRYHUV�
WKH� FULVLV� VLWXDWLRQV� LQ� GLIIHUHQW� UHJLRQV��$GGUHVVLQJ� WKHVH�
LVVXHV�ZLOO�PDNH�&3&V�D�SUDFWLFDO�WRRO�IRU�DVVHVVLQJ�QRW�RQO\�
YXOQHUDELOLW\�FRQGLWLRQV�EXW�DOVR�DGDSWDWLRQ�PHDVXUHV��7KH�
ODWWHU�LV�YHU\�UHOHYDQW�IRU�IXUWKHU�DGYDQFLQJ�&3&V�DV�WRROV�IRU�
GHVLJQLQJ�DGDSWDWLRQ�SROLFLHV�DQG�PRQLWRULQJ�SROLF\�LPSDFWV�

5()(5(1&(6

$FRVWD�0LFKOLN�� /�� ������ ,QWHUYXOQHUDELOLW\� $VVHVVPHQW��
6KLIWLQJ�� )RFL� IURP�*HQHULF� ,QGLFHV� WR�$GDSWLYH�$JHQWV�
LQ� $VVHVVLQJ�9XOQHUDELOLW\�WR�*OREDO�(QYLURQPHQWDO�&KDQJH�
�$� 3LORW� 3URMHFW� LQ� WKH� 3KLOLSSLQHV��� 3URMHFW�5HSRUW� RI� WKH�
$GYDQFHG�,QVWLWXWH�RQ�9XOQHUDELOLW\�WR�*OREDO�

� (QYLURQPHQWDO� &KDQJH�� KWWS���ZZZ�VWDUW�RUJ�3URJUDP�
DGYDQFHGBLQVWLWXWHVB��KWPO�

$FRVWD�0LFKOLN��/���DQG�(VSDOGRQ��9��������5HGXFLQJ�YXOQHUDELOLW\�
RI� UXUDO� FRPPXQLWLHV� LQ� WKH� 3KLOLSSLQHV��0RGHOOLQJ� VRFLDO�
OLQNV� EHWZHHQ� VFLHQFH� DQG� SROLF\�� ,Q�� 5�� .DVSHUVRQ� DQG�
0�� %HUEHULDQ� �HGV���� ,QWHJUDWLQJ� VFLHQFH� DQG� SROLF\� ±�
9XOQHUDELOLW\�DQG�UHVLOLHQFH�LQ�JOREDO�HQYLURQPHQWDO�FKDQJH��
(DUWKVFDQ��/RQGRQ��8.�

$FRVWD�0LFKOLN��/��DQG�(VSDOGRQ��9��������$VVHVVLQJ�YXOQHUDELOLW\�
RI� VHOHFWHG� IDUPLQJ� FRPPXQLWLHV� LQ� WKH� 3KLOLSSLQHV� EDVHG�
RQ� D� EHKDYLRXUDO� PRGHO� RI� DJHQW
V� DGDSWDWLRQ� WR� JOREDO�
HQYLURQPHQWDO� FKDQJH��*OREDO�(QYLURQPHQWDO�&KDQJH�� ����
���±����

$FRVWD�0LFKOLN��/��DQG�5RXQVHYHOO��0��������)URP�JHQHULF�LQGLFHV�
WR�DGDSWLYH�DJHQWV��6KLIWLQJ�IRFL�LQ�DVVHVVLQJ�YXOQHUDELOLW\�WR�
WKH�FRPELQHG�LPSDFWV�RI�JOREDOL]DWLRQ�DQG�FOLPDWH�FKDQJH��
,+'3�8SGDWH���������SS����±���

$FRVWD�0LFKOLN�� /�� DQG� 5RXQVHYHOO�� 0�� ������ $Q� DJHQW�EDVHG�
IUDPHZRUN� IRU�DVVHVVLQJ�YXOQHUDELOLW\� IXWXUHV�� ,Q��3DWW��$���
6FKU|WHU�� '��� .OHLQ�� 5�-�7�� DQG� GH� OD� 9HJD�/HLQHUW�� $�&��
�HGV��� $VVHVVLQJ� 9XOQHUDELOLW\� WR� *OREDO� (QYLURQPHQWDO�
&KDQJH��0DNLQJ� LQIRUPDWLRQ� XVHIXO� IRU� DGDSWDWLRQ� SROLF\�
DQG�GHFLVLRQ�PDNLQJ��/RQGRQ��(DUWKVFDQ�

$FRVWD�0LFKOLN�� /��� .XPDU�� .�6��� .OHLQ�� 5�-�7�� DQG� &DPSH�� 6��
����D��$SSOLFDWLRQ�RI�IX]]\�PRGHOV�WR�DVVHVV�VXVFHSWLELOLW\�
WR� GURXJKWV� IURP� D� VRFLR�HFRQRPLF� SHUVSHFWLYH�� 5HJLRQDO�
(QYLURQPHQWDO� &KDQJH�� ��� ��������� GRL�� ��������V������
�����������

$FRVWD�0LFKOLN�� /��� &KXQOLQJ�� /��� DQG� .HONDU�� 8�� ����E��
'LIIHUHQWLDO�9XOQHUDELOLWLHV� WR�&OLPDWH�&KDQJH� LQ�$VLD�DQG�
WKH�&KDOOHQJHV�IRU�$GDSWDWLRQ�ZLWKLQ�WKH�.\RWR�&RQWH[W��,Q��
&OLPDWH�&KDQJH��.\RWR��7HQ�<HDUV�6WLOO�&RXQWLQJ��*URYHU�
�HG��� �LQ� SUHVV�� 6FLHQFH� 3XEOLVKHUV�� ,QF�� (Q¿HOG�� 1HZ�
+DPSVKLUH��������86$�

$FRVWD�0LFKOLN��/���(LHUGDQ]��)���$OFDPR��-���.OHLQ��5�-�7���.XPDU��
.��� &DPSH�� 6��� &DULXV�� $��� 7lQ]OHU�� '�� DQG� .U|PNHU�� '��
������+RZ�YXOQHUDEOH�LV�,QGLD�WR�FOLPDWLF�VWUHVV"�0HDVXULQJ�
YXOQHUDELOLW\�WR�GURXJKW�XVLQJ�WKH�6HFXULW\�'LDJUDP�FRQFHSW��
&OLPDWH�&KDQJH� DQG�+XPDQ�6HFXULW\��',(�(5'(�6SHFLDO�
9ROXPH�RQ�&OLPDWH�&KDQJH������������������

$GJHU��:�1��������9XOQHUDELOLW\��*OREDO�(QYLURQPHQWDO�&KDQJH��
�������������GRL����������M�JORHQYFKD�������������

$GJHU�� :�1�� ������ 6RFLDO� YXOQHUDELOLW\� WR� FOLPDWH� FKDQJH� DQG�
H[WUHPHV� LQ� FRDVWDO� 9LHWQDP�� :RUOG� 'HYHORSPHQW� 9RO��
���������������

$OFDPR��-���'|OO��3���+HQULFKV��7���.DVSDU��)���/HKQHU��%���5|VFK��
7�� DQG� 6LHEHUW�� 6�� ����D� 'HYHORSPHQW� DQG� WHVWLQJ� RI� WKH�
:DWHU*$3���JOREDO�PRGHO�RI�ZDWHU�XVH�DQG�DYDLODELOLW\��±�
+\GURORJLFDO�6FLHQFHV���������������



$OFDPR��-���'|OO��3���+HQULFKV��7���.DVSDU��)���/HKQHU��%���5|VFK��7���
DQG�6LHEHUW��6������E��*OREDO�HVWLPDWHV�RI�ZDWHU�ZLWKGUDZDOV�
DQG�DYDLODELOLW\�XQGHU�FXUUHQW�DQG�IXWXUH�³EXVLQHVV�DV�XVXDO´�
FRQGLWLRQV��±�+\GURORJLFDO�6FLHQFHV����������������

$OFDPR�� -��� DQG� (QGHMDQ�� 0�� ������ 7KH� VHFXULW\� GLDJUDP�� DQ�
DSSURDFK� WR�TXDQWLI\LQJ�JOREDO� HQYLURQPHQWDO� VHFXULW\�� ,Q��
3HW]ROG�%UDGOH\� (�� &DULXV�$�� 9LQF]H�$� �HGV�� 5HVSRQGLQJ�
WR� HQYLURQPHQWDO� FRQÀLFWV�� ,PSOLFDWLRQV� IRU� WKHRU\� DQG�
SUDFWLFH��6SULQJHU��1HWKHUODQGV�

$OFDPR�� -���$FRVWD�0LFKOLN�� /��� &DULXV��$��� (LHUGDQ]�� )��� .OHLQ��
5�-�7���.U|PNHU��'��DQG�7lQ]OHU��'��������$�QHZ�DSSURDFK�
WR� TXDQWLI\LQJ� DQG� FRPSDULQJ� YXOQHUDELOLW\� WR� GURXJKW��
5HJLRQDO�(QYLURQPHQWDO�&KDQJH��������������GRL����������
V�����������������

&KDXGKXUL�� 6��� -DODQ�� -�� DQG� 6XU\DKDGL�� $�� ������ $VVHVVLQJ�
+RXVHKROG� 9XOQHUDELOLW\� WR� 3RYHUW\� IURP� &URVV�VHFWLRQDO�
'DWD��$�0HWKRGRORJ\�DQG�(VWLPDWHV�IURP�,QGRQHVLD��:RUOG��
'HSDUWPHQW�RI�(FRQRPLFV�'LVFXVVLRQ�3DSHU�6HULHV��S�������
1HZ�<RUN�

'LOOH\�� 0�� DQG� %RXGUHDX�� 7�(�� ����� &RPLQJ� WR� WHUPV� ZLWK�
YXOQHUDELOLW\��D�FULWLTXH�RI�WKH�IRRG�VHFXULW\�GH¿QLWLRQ��)RRG�
3ROLF\��������������

(LHUGDQ]�� )��� $OFDPR�� -��� $FRVWD�0LFKOLN�� /��� .U|PNHU�� '��
DQG� 7lQ]OHU�� '�� ������ 8VLQJ� IX]]\� VHW� WKHRU\� WR� DGGUHVV�
WKH� XQFHUWDLQW\� RI� VXVFHSWLELOLW\� WR� GURXJKW�� 5HJLRQDO�
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