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Abstract

Woater 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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to each criterion qualitatively with integration of expert
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Questionnaire

]
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Implementation of Fuzzy
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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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Table 2. Linguistic variables for rating criteria (Patil &
(Kant, 2014

}"riangular Linguistic scale for rating criteria
uzzy scale

(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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Table 3. Fuzzy weights for criteria (Patil and Kant, 2014)

.. . T . Defuzzi
e 0 55,8 usSan |y 0 OlsS e S50l (e 42 12 Name of criteria Fuzzy weights fied
B . weight
L o © Reliability of the (0.209,0332,0513)  0.347
Ol a5 08 O el o e (Wbl )8 BiLg 5p olis ‘é’ater Sf“ppl.y
ost of project
g D gLad 5 Ly gae 6\3 Logad s Lol Ll i s implementation (026, 0255, G250 220
) » . Social satisfaction
s abols mls s el e Sle il oS (e 3B slael 4 and public (0.123,0.201,0.315)  0.210
BRNL; J Participation
ol DO Water quality (0.061,0.094,0.156)  0.101
Speed of (0.059, 0.091,0.147)  0.097
implementation
3B 55 el oS- T U
Table 4. The fuzzy decision matrix
Decision c1 Q2 c3 4 Cs
matrix
Upper, middle
and lower U M L U M L U M L U M L U M L
fuzzy numbers
Al 7.5 55 375 725 525 3.25 8 6 4 7 5 3 625 425 25
A2 6.5 4.5 3 85 65 45 7.5 55 35 7.5 575 375 8 6 4
A3 9.25 725 475 85 65 45 7 5 3 9 7 5 7.25 525 325
A4 6 4 225 17 5 3 8 6 45 75 55 35 75 55 3.5
AS 7 5 3 625 425 3 875 6775 475 85 65 45 775 575 4
A6 6.5 4.5 25 95 75 575 875 675 475 625 425 25 9 7 5
A7 8.5 6.5 45 75 55 35 775 575 375 6 4 25 85 65 45
A8 9 7 5 75 55 35 725 525 325 65 45 325 95 75 55
A9 825 625 425 725 525 35 725 525 325 925 725 525 7 5 3
Al0 825 625 45 925 725 55 8 6 45 875 675 475 85 65 45
Fuzzy weight 0.51 0.33 021 0.14 0.09 0.06 043 028 0.18 031 020 0.12 0.15 0.09 0.06
Indifference
12 08 04 12 08 04 12 08 04 12 08 04 12 08 04
threshold
Preference
2.8 2.4 2 28 24 2 2.8 2.4 2 2 1.6 1.2 2 1.6 1.2
threshold
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Table 5. An example of fuzzy preference functions

Al C1 C2 C3 C4 C5
upy; mpy; Ipy; upy; mpy; Ipy; upy; mpy; 1pyy; upyy; mpy; 1py; upy; mpyg Ipgy
A2 1 0 0 1 0.64 0 1 0.22 0 1 0 0 0 1 1
2 5
A3 1 0.22 0 1 0.64 0 1 0 0 1 0.9 0 0 1 1
2 2
A4 0.722 0 0 1 0 0 1 0.47 0 1 0 0 0 1 1
5
A5 1 0 0 1 0 0 1 0.85 0 1 04 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 1
6
A8 1 0.08 0 1 0 0 1 0.1 0 1 0 0 0 0 1
3
A9 1 0 0 1 0 0 1 0.1 0 1 1.15 0 0 1 1
Al0 1 0 0 1 1 0 1 0.47 0 1 0.65 0 0 0.66 1
5 6
3B bl > -F Jue
Table 6. Fuzzy flows
phy phy; phi*
Alternatives  u@; m@; 167 ud; mo; 167 upPet mopet 10t
Al 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
Al10 1.131 0.272 0.187 0.975 0.052 0.168 0.962 0.221 -0.788

@30 IS8 4 5 Szl b il iy a5 (550 US4 sl
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Table 7. The final ranking of scenarios

Scenarios Net flow Rank
Al -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

Al10 0.132 3
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