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Abstract  
Water crisis and its management techniques in urban water supply systems is a crucial issue. 
Many different natural and unnatural disasters, including earthquake and terrorist attacks, cause 
the greatest damages to these systems. Before the crises occur, Prioritizing effective strategies 
by experts can greatly reduce these damages. In this study, Fuzzy PROMTHEE II method has 
been used for the ranking of Tehran City’s water supply risk management scenarios including 
prevention and preparedness in pre-crisis conditions, with consideration of experts’ opinions in 
Tehran Province Water & Wastewater Company. Due to the uncertainties in experts’ opinions 
and parameters required for urban water supply risk management, fuzzy theory is applied. The 
results show that the reliability of the water supply and cost of project implementation criteria 
have the highest importance, respectively. By ranking of scenarios, it was found that measures 
such as strengthening passive defense in supply and distribution systems, and consumption 
management and encouraging people to save the emergency water as well as contract with the 
companies producing water packaging with score of 0.192, 0.176 and 0.132, have the highest 
ranks among actions before the crisis, respectively. The proposed decision-making model can 
help decision makers to prioritize drinking water supply scenarios under the emergency 
conditions. 

Keywords: Risk Management, PROMETHEE II, Drinking Water Supply, Fuzzy Theory, Water 
Crisis. 
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�H# ���(��M7��#��� ��&!'� �� ���A�,&N;7 #�,�����H��
����(,� �	#��'� )Adachi et al., 2008.( �3�	���� ���	_�L '
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��
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���6� �$ (,� �D# ����&&� !�(,� ��
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��@, �7� �^��L��S,�@��� �$ �@;7L�A�&.L �	I "�"	��3 ��	� �	@ 
# ��
�&����@� .�@;7�6� !&.L ���I �@&��� ��,�6� k�B&�H� �������
�S�� �@����@,��L� ���� ���� .�'� 
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Fig 1. General framework of fuzzy PROMETHEE II method for drinking water supply and distribution management in 
this research 
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�_� ' ���V� >@,�4x ��i�&��#�	,��������	�� �)A1 :(
������ ��i�����������	� ��8� �� �6��'	��[t�	3' �� X	I
# ���� �A.A�&��.�@;7L �����_� >@,����>� �� �
�� ��i� �	L�

� ��i� ��� �����o�B �� �$���$��	VP$&�;��	+ *� �	� ��	;�
,�;,��I&���L� .h�V ��$&(.(,� 
�.0��J��@��Y�7|$ �L��+$ '��	&&�,&N;	7 	#��+$ �)A2:( 

���B�i� ���	7� �+o�V 9�6S� �$ �A.A� �{�L&�	� ����	�� ' �
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K.�A /J#�� '#�7#� "��� ' (�0�B�K��� /?@
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'�8��N(/��� = �@0��I&"���� ��	#��4 	����	� .(Yazdani and 

Sayedin, 2017).� �� �@���6� !�+�� n&9��	H@� "	��� �&= �@0��I
 ��	8� �	�L ���	� ' (	7&# �;	7��'�� 9��V �� l;i� �	��� �	L
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 �	���� �� ��F ��&e	 &I �	��� ����	3� �L ����	V .���]	I 9��	o 
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�� *� ������ ' ��8� ����� �� �$��' ��	� !&�2	� ��H	� ��	&#

 �_S	� ��	�� ��	;0� ��$ �� ���� �_S� �� �;�73 �:��A� �� <��i�
.�� # 
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�_S� ' Y�G;#� j��4 ���,��� ' k�o� ��� ��L 	�\*�)A8:( 
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������		3 �		� ($�		� �		L�*�#�		6���.#		�M��		H� 		��*� �		#���
����&#���L�'� �� ���A'�&V �&� ��8� !2�&.�@$ !

'(4(�,��-.� 5"� 6--.7 

� ��		���		� JL'[		I !�6�&		&6� �' !&K'� �� �		L��AHP ��		0�
K'� /�		� ���);		,�AHP ��		0��		� K'� �� �		;0�:�� JL'[		I !

�&e#�&,�@L !�+$��������� )Hsieh et al., 2004 .(���� K'� !
AHP ��0���SH���7�) �;0����	: .(	,� f'�	6� (�;0� �	L��	�!

� �� K'�����'� �	@{�L .(	,� ���&!I �^�	� '��	:�:&��H@	 
,��� ���� �#������:��,���	� �'�	V ' �#�&� ���) X����� '� /

�	� X����� �L ���:��, X|, ' y; � ���0 X����� �L �� (���0
 Y�	, �� �$ �;��, K'� ��,�m�ba I&��	� �S	,�8� ���� ��H@	  

)Saaty, 1980(/��:��	,�# l4�	� �	$ ����o ����� �	;�$P/c
���� � �	$ ����	o �� .(	,� ��:��, ���0 X����� /	���l4�	� !
P/c�&�; /���� N&�Z� �� �� ���G� ��#�&: (	��A'� �� �� ��� ��	L

��� �h���/���>� ����# �D#.(Gogus and Boucher, 1998) 
�:�ijp����>� N&�Z� 9�8&
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�� (S7#j��0 9��o �������/�	
'� 9�7��G� X����� y��	��
 �A��6�P(,� 

)P(















=

1pp
p1p
pp1

p

2n1n

n221

n112

ij 

� �� �� 
n� ����� ' (,� ��, �L �� �S��� �o�@� ���6� 	� ���	� !�X	�M

��0 �����+���) �@#��a,b,c �$ �@;7L (a' F�� �Vb���	� ���G�
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� ���!JL'[I���� �G� �� �' �S,�8��9�7 	
'��/9���	S� ��
��$���0 '�Y'�
P��� ���);,.

���8�(Y��6� ���0 ����� �6�3 (Motevallian et al., 2014) 
Table 1. Fuzzy equivalents of crisp values (Motevallian 

et al., 2014) 

Crisp values Definition Fuzzy 
equivalents

1 Equal importance (1,1,1)
3 Moderate importance (2,3,4)
5 Strong importance (4,5,6)
7 Very strong importance (6,7,8)
9 Extreme importance (8,9,9)

'(9(��� :/�PROMETHEE II  ;"�� 

��L # ���G� �� �$ ��B&�� ����� ./� ������ JL'[I !��S�� �@��
��@		,��L��		�2�&��		� �� *�		� *� !�		I �&K'� �� ��		8� �� J

PROMETHEE II  � ' �� ���);,��A�&6�3 ��� "&(9��D# �� �L
,�@���$�', ��&N;7 �L��2�&��H� �H� *� !�	�� Y�	B �� �$
�� ��		^�		&&��		� �/��		0 y		�@� ���.�		� ���);		,���		z����		0�
f�		�6#� ]		I������		� #		&������		���		 # ��� ��		� �B�&�		@ 		��
9���B� NHS� ��#�����S�$ J#�� ��9���B� ��NL��	0 	���	@$ 

(Zadeh, 1996) .K'� PROMETHEE II ��0�$��&S���K'� 
PROMETHEE '����� ��0�(,� .��=�� ��	z����	0�'K'� 
PROMETHEE ����A'�&!��� A �,���' �	@� Y�	, �� Y�	����

P��p I&��H@			  �			� )Le Téno and Mareschal, 1998 .(
K'� �L�)+;i������PROMETHEE II ��	0��	$ ���� ��	
'
� �� 	� K'� �� JL'[	I !PROMETHEE II  ��	0���	� �	h���

A�A �,���Y�, �� ���_�L 'UcP� ���);	,� �	� .(Lolli et al., 
2016) 
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Triangular
fuzzy scale Linguistic scale for rating criteria 

(1,1,3) Very poor
(1,3,5) Poor
(3,5,7) Medium
(5,7,9) Good
(7,9,11) Very good

2 Indifference 
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���84(��0 �'�6��L��&(Patil and Kant, 2014) 
Table 3. Fuzzy weights for criteria (Patil and Kant, 2014) 

Name of criteria Fuzzy weights 
Defuzzi

fied 
weight

Reliability of the 
water supply (0.209, 0.332, 0.513) 0.347 
Cost of project 
implementation (0.187, 0.283, 0.433) 0.296 
Social satisfaction 
and public 
Participation

(0.123, 0.201, 0.315) 0.210 

Water quality (0.061,0.094,0.156) 0.101 
Speed of 
implementation (0.059, 0.091, 0.147) 0.097 

�2�&$ /*� !&)&�� *� (�	�� /��;	,����	�;
� (�($��	 � '
�����A' �#��� (S�� �S@
 ��
� (A�H, ' (��, '�6�	&.L ����	@

)@� �S@
 ��
��	� �$ �����(	S�� �	� �	� ��	$ ��	_6� �� � ��	�
�S��.��� "
��G���p'q,�@���$ �D# ����������� (&��	H� �H� *�� *� !

��� ���6� ������ �&&��� \��� �� ' �� !�	,�@H� 9'�	�3 ' (�
��0 ����� ����+����S��.�� "������Z� X&�	;# ' N��� �+	o�V d

Y'�
}.(,� ���� 

���89(X����� N&�Z� ��&: ���0 
Table 4. The fuzzy decision matrix 

Decision 
matrix C1 C2 C3 C4 C5 

Upper, middle 
and lower 

fuzzy numbers
U M L U M L U M L U M L U M L

A1 7.5 5.5 3.75 7.25 5.25 3.25 8 6 4 7 5 3 6.25 4.25 2.5 

A2 6.5 4.5 3 8.5 6.5 4.5 7.5 5.5 3.5 7.75 5.75 3.75 8 6 4

A3 9.25 7.25 4.75 8.5 6.5 4.5 7 5 3 9 7 5 7.25 5.25 3.25

A4 6 4 2.25 7 5 3 8 6 4.5 7.5 5.5 3.5 7.5 5.5 3.75

A5 7 5 3 6.25 4.25 3 8.75 6.75 4.75 8.5 6.5 4.5 7.75 5.75 4

A6 6.5 4.5 2.5 9.5 7.5 5.75 8.75 6.75 4.75 6.25 4.25 2.5 9 7 5

A7 8.5 6.5 4.5 7.5 5.5 3.5 7.75 5.75 3.75 6 4 2.5 8.5 6.5 4.5 

A8 9 7 5 7.5 5.5 3.5 7.25 5.25 3.25 6.5 4.5 3.25 9.5 7.5 5.5 

A9 8.25 6.25 4.25 7.25 5.25 3.5 7.25 5.25 3.25 9.25 7.25 5.25 7 5 3

A10 8.25 6.25 4.5 9.25 7.25 5.5 8 6 4.5 8.75 6.75 4.75 8.5 6.5 4.5 

Fuzzy weight 0.51 0.33 0.21 0.14 0.09 0.06 0.43 0.28 0.18 0.31 0.20 0.12 0.15 0.09 0.06

Indifference 
threshold

1.2 0.8 0.4 1.2 0.8 0.4 1.2 0.8 0.4 1.2 0.8 0.4 1.2 0.8 0.4 

Preference 
threshold 

2.8 2.4 2 2.8 2.4 2 2.8 2.4 2 2 1.6 1.2 2 1.6 1.2 
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���8G(M��� �#��# !&&6� \���(��A'� ���0 
Table 5. An example of fuzzy preference functions 

A1 C1 C2 C3 C4 C5 
�����,� �����,� 	����,� �����,� �����,� 	����,� �����,� �����,� 	����,� �����,� �����,� 	����,� �����,� �����,� 	����,�

A2 1 0 0 1 0.64
2

0 1 0.22
5

0 1 0 0 0 1 1

A3 1 0.22
2

0 1 0.64
2

0 1 0 0 1 0.9 0 0 1 1

A4 0.722 0 0 1 0 0 1 0.47
5

0 1 0 0 0 1 1

A5 1 0 0 1 0 0 1 0.85 0 1 0.4 0 0 1 1
A6 1 0 0 1 1 0 1 0.85 0 1 0 0 0 0 1
A7 1 0 0 1 0 0 1 0.35 0 1 0 0 0 0.66

6
1

A8 1 0.08
3

0 1 0 0 1 0.1 0 1 0 0 0 0 1

A9 1 0 0 1 0 0 1 0.1 0 1 1.15 0 0 1 1
A10 1 0 0 1 1 0 1 0.47

5
0 1 0.65 0 0 0.66

6
1

���8H(�
#����0 9��
Table 6. Fuzzy flows 
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�� �� �
�� ����

Alternatives �∅� �∅� 	∅� �∅�� �∅�� 	∅�� �∅���� �∅���� 	∅����

A1 1.102 0.125 0.148 1.003 0.338 0.168 0.933 -0.213 -0.855
A2 1.104 0.149 0.187 1.015 0.198 0.168 0.935 -0.048 -0.828
A3 1.130 0.436 0.187 0.967 0.013 0.151 0.979 0.423 -0.828
A4 1.003 0.149 0.187 1.015 0.278 0.163 0.840 -0.128 -0.828
A5 1.095 0.194 0.187 1.013 0.139 0.168 0.926 0.054 -0.825
A6 1.095 0.085 0.187 0.974 0.375 0.168 0.926 -0.290 -0.786
A7 1.099 0.144 0.187 1.002 0.200 0.168 0.931 -0.056 -0.814
A8 1.127 0.177 0.167 0.953 0.276 0.168 0.959 -0.099 -0.785
A9 1.123 0.382 0.187 0.919 0.033 0.139 0.983 0.349 -0.805
A10 1.131 0.272 0.187 0.975 0.052 0.168 0.962 0.221 -0.788
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Table 7. The final ranking of scenarios 

Scenarios Net flow Rank 
A1 -0.045 9
A2 0.0198 7
A3 0.192 1
A4 -0.038 8
A5 0.052 4
A6 -0.050 10
A7 0.020 6
A8 0.025 5
A9 0.176 2

A10 0.132 3
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