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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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Fig. 1. General framework of fuzzy PROMETHEE II method for drinking water supply and distribution management in
this research
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(5,7,9) Good

(7,9,11) Very good

2 Indifference

Journal of Water and Wastewater

oobaslond @i By, b (536 055 S sl o 40l o8
4\,15?4{&,@ ng&e&,ﬁmﬁa},ﬁﬁ.;ﬁ@ osls
S 9o sn ul.x:.;‘@l.@ 059 ¥ dslae 5l aslal U was

w; = (1Wj,nl\zwj,uwj) = (min 5y

f
W mjyol/ MZW(m,D SMAX (1 ) W) ()

m=1

dslaa opl p3 S

Slosao MW 055 ol am Iw) Oloas s 536 035 W,
S sla M sald s slagss Y asuw; o5
T T X - JUPS e JUS TA | L P
e.,\J).:fr.;.o_.aj Ly oad s 035 slade o S minw
ol Lo 35 008 nd 059 lake o ey MAX W, 5 g oM
ool ol Soma sl plm oS

o ile Cole (6l 50 el Gy ile slize s o8
OB Sl a5 00 et S5 (5o e ] raad
i gl s o) st (He (5L slasl ¢ o
3L shael 5l ab § wolin gty S G5 slo e
s ssliad comal sual ¥ U s oS (lahais O b 5 2
o b g0 e (S Glaslome 51 S 2 (1 g
Sl st O dslae 31 (650 Llude (B ,8

Xy = (1Xij7mxij7uxij) = (mln(m:Lz,...,M) X (m.ij)> (O)
M
1/MZX(m,i,j)7maX(m:1,2,...,M) X (m.i.j)

m=1

dslas opl j5 oS

A Ixg sl e s Dl o slael (6508 e
sl 5 of YL as uxy ¢ Sl s mxy Glacde opl sl
S el g g5l & sl Slrs (61 oMo S e
e o lade Ry 3 laia

I o 5 e Sl () (30 uslie s g oS
3t Slome 53 0| (85 o el (ke | ez 5wl
Sleal 5syi0 A s gl a g oliw 355 Slude ol

1
Preference

Vol. 30, No. 4, 2019

M qu:u O
VWA Lo oF ol e o )00



dx.doi.org/10.22093/wwj.2018.133679.2692

w9 Ol et it ol eal e

ol 2 S uS e 0l (VY dolas) (25,5 0l 13U
ol el 2 e ol 4z m sl ki Loy i S5y ke
SaS o ol (\Wdslae) 63555 0lz 535 w0l 5 S
FeS slaie opl 4z el b g sl 3L O glie 5l ol Bt 4
S5 (VW dolas) Galls 0l 2 oo ol g3 2 40 55 il
555 00 03l PROMETHEE TT 5, 5 JlS (saisas, (s

Sl 63959 5 oz 95 Ol SNz

+

@i = (0], md;,ud;) =
J

Zil-zl:wjxpj(xi,jaxi-,j) (“‘)
=

i=l.,1j=1..]

n—1

diles o) 3 S
UD! Sleas MD! Lol ax 107 g3 5 0l > D
I VN5 (PR CEVISP N DN 5 LIPS IR EC I S KU-PS ) WS

ol gyl slaw 11 5 s, Lne

+

@ = (D!, md;,ud;) =
J

Z:-ij xPi(X; X)) (\Y)
- i=1.,0j=1.,]

n-1
dsles opl j3 a8

sl MmO us 107 (656 659,9 o\-u’.‘i)i

ol o oyl g YU a>ud;

net +

D = (1™, mD,ud™) = d; — D; (\F)

dilan o) 5 S

net

5 Glon MO Ll a1 L 36 s ol
sl e ol VL u> ud
@3B salie do o cpl 531 alls 0l 008 (50 8 1t o8
G 53 g Lo S o S50 g 5l oozl b palls ol
(Sugeno, 555 oo Jous oxbad sue S assud (w5 V0 dslae
1985)

Journal of Water and Wastewater

Py (x4 X'5) = (Ipy,;, ;. upy ) ()
dolas o) s S
MPyj <ol 2 1Py 3 636 Sannl b Shia (x4, X's)
Jesobs posled 5 Coma ol U YL ao upy ;5 Sle o>
e by jlre o, led

556 s)ls Conz il 6§55 23 PROMETHEE i) s
S ool 0 8 5 w5l slae Conle 4 255 L 005 o)
VAoVl gb 2ol o6l s (Brans et al., 1986)
2ol bl Sad i ol 5 Gl s Vb e e 1)
B B yme b slalwend
Ip; Bl slre b oy o>

)

0if min(ux; ; —1x;,;); (Ix; ; —ux,; ;) < uq
min((ux;; - Ix;;); (I ; —ux;,;)) —ug;

1pii',j = otherwise
e ub; ~ud;
Iif min(ux; ; —Ix;;); (Ix; ; —ux;. ;) 2 up;
mpy; e >
()
0if min(mx; ; —mx;,;); (mx; ; —mx, ;) <mgq
min(mx; ; —mx;;) —uq; .
mpj,; = - - otherwise
5] mpj _mqj
Iif min(mx; ; —mx; ;) > mp;
up; A e b YL 0
)
0if max(ux, ; —1x; ;); (Ix; ; —ux,; ;) < lq;
max((ux, ; —1x; .);(Ix; . —ux,.))—1q;
up;; = ()~ ) 0 2)~1q; otherwise

Ip; —1q;
Iif max(ux, ; - Ix; ;); (Ix; ; —ux; ;) 2 Ip;

IS4 (Al Ol 5 (25 5 60008 Ol et ey oS

Vol. 30, No. 4, 2019

VWAA Jlo F oyl e o5



dx.doi.org/10.22093/wwj.2018.133679.2692

iy oobe 5 s Luge 4 |

Ol 2l Sl SIS 5l dled 5 s la-0 e O
st ity 50 OF ol b dhlie Sl SIS
Al VY s 5 o O gan oS dy) b csl LT -f
s o s bl ades 5 ig sl OF el gl

S oW

5 Jolows 5 Jao o121 -F

olaled S 5 o 43 S s g laaaliin y 2ags onl o
o ol =) 1S LS5y sl ol U s 4l g5 gy
Dme o 5Ll =V a8 Sy 6 Kos slas 4 s L
Voo @l 5o AS Doso 4 sad (B ime sl V0 4
Ll ol med 5 b8 25 50 S o leslirs 4 s 5k
A5 Jol e sl eslimal b e s g slel 3L 5 gle iz
8 g 455 5 Jns 636 PROMETHEE 1 35, cos

b slxe (551 (s Gmens -V -F
A £ 0l s ks Sl ey sy ol oo
N 31 S o San S 0k a5 4l Gl S
95 Slaglin oitn o Sle i 3 sslizad b e i
53 oacd a8 By 5l Laslas 035wl (6l 5 wad Ll
S5 1 0t e (556 035 ¥ i vt sslid Yo Y e
bl b6 s ¥ Ui 5l Jols s ol cams o
O 5 oy 5 2l | Coanl 5 013 i T ke el
NPSVICE S IV I EH PP R PSR
Conl |2l S 5 S Sl 55 5 o tes o o) 2iS

azzdls

GIL pods u Sle Sl -Y-F
w\.;ﬁw‘eurus\ww;b .LLLI r}é rgjé
Olaabl Sl Jlas oS ol gl Vo 5 Sl O ol Jimg sy
J;Lmjgcw:‘%bj‘w;m;puT%‘uTw;\S
e obae (Jy ails St dn o) D s 5 S s 5 0508
i 0 U 5,8 esSan |y o olss 0 4 515 e 4> |5

NN

Journal of Water and Wastewater

xu(x)d(x
o JXHOOAR) (0)
[JUESRIES
dslan i) 53
X 5630 Cugae mUUX) sl o 5lal alad jluge X
e (556 Lalls ol s slie bl s S il o5 i
Lol ) WS 23l 1y slael op 2in 5ok Solg o

alllas 3 5 o dilaie 3 pme Y

ke g oo 2 OMSL 5 OF dilate gl ol e
555 ik LY g5 gl Jols xbw sle el

555 st ol el gl as s gily 5 ess IS 5 ol e
M 6l i Jols 6l aias O (gl ls ol S o ssliza
a3l o O Sl oyl s abaiar ¥ 5 Solagu oS
23T ol ol 155300 s QUL 5 0Lt Y S el
Cmrar Gl 8l Jold (o iy (BBl g ans 55 4 06
Loty 5l ol Wl e o ale Soell Jlses

035 DV b ddils Jold a8 e 8 Jalse 5 B e
iy sl ol Slas o) o ol 53 3 5 o s
3L 5 b Comaz wiile SIS Lses 01,68 4 00 o 5234
35 b (S5 O sl 5 Sl Lol 5 o) g8 e
il 3o L Gilan (65t s tn g s T Sl
g OS5 O ol s Sl Sl g5l 42
Gl Y 0les 5wl Sl b 5 (b plozal sloes
B P P A [ WSV TRCINR P S5 N SN Y

JUs 53 S LIl 3 5 nls glodes Corad) ol 51 iy
2 5 T a5 s 3l iy s 4t 53 S
Sl 53 63hSbl =) 51wl b st on ol ol plend
-Y el 5 0aS )5 ke 5 S ol ksl B35 50D
ity O 3 s 5 Gl 5l S ol 093 S a3
St 5l s ool 5 (g5l pslio =Y (ad Lyl 5 (6l
ol -Fadilsas Jasls par gl dy) 5lalind L Sl ]

5 DU L b 5 s ol o ol Sy e (Koolos S
GV bl Olles ol 5 colun gl ab iy Ol

NS 5 o dime O

Vol. 30, No. 4, 2019

VWAA Jlo F o led Fe 550



dx.doi.org/10.22093/wwj.2018.133679.2692

w9 Ol et it ol eal e

Szl @l $ e -Y-¥

Sl oS Coul (o PROMETHEE T i3, & bl 5l S
e o 1 slme o Conle b cline Com ) il s
o Sl 2 S el 09z G5y il 03 s e s S
0 g3 vl 55,8 i i 5l 5 g 5 Sl Ll
Q.:J.Jw‘rﬁjcﬁ;derﬁjé}wdderﬁoTjég
ol S ol s ol Sl ey o b S L5 s 5 )
3B US4 5 Szl wl s Gy s 50 S 4 slae]
&Y o Sl i VY 5 Y Sl b
Sl easdpe s 0 dsaz s (AD) sl gl 656 2y 5l
VIR FCTU PRSE IV A

3B pA Ok el -F-F

SVsloe gob s 5 (2555 5 2005 Ol eoler (8 00
sl 5a 03551 £ Jgaz s el a4l VF 5T 5 Y

(Patil and Kant, 2014) b ,Lxs 536 o59-Y Jou>
Table 3. Fuzzy weights for criteria (Patil and Kant, 2014)

Defuzzi
Name of criteria Fuzzy weights fied
weight
Reliability of th
cliability of the (0.209,0.332,0.513)  0.347
water supply
t of ject
Cost of projec (0.187,0.283,0433)  0.296
implementation
Social satisfaction
and public (0.123,0.201,0.315)  0.210
Participation
Water quality (0.061,0.094,0.156) 0.101
Speed of (0.059,0.091,0.147)  0.097
implementation

O b O el S e (iS5 L q 5 sl
13 ol ol 5 ot e it 3 2 5500 sl o

sl e.uT A\ d}xg

630 S e 5o -Y U5z
Table 4. The fuzzy decision matrix

Decision

matrix C1 C2 C3 C4 Cs
Upper, middle
and lower U M L Uu M L Uu M L U M L U M L
fuzzy numbers
Al 75 55 375 725 525 3.25 8 6 4 7 5 3 625 425 25
A2 6.5 45 3 85 65 45 75 55 35 7795 575 375 8 6 4
A3 925 725 475 85 65 45 7 5 3 9 7 5 725 525 325
A4 6 4 225 7 5 3 8 6 45 75 55 35 75 55 3.5
AS 7 5 3 625 425 3 875 6.75 475 85 65 45 775 575 4
A6 65 45 25 95 75 575 875 6.75 475 625 425 25 9 7 5
A7 85 65 45 75 55 35 775 575 3775 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 5.5 8 6 45 875 675 475 85 65 45
Fuzzy weight  0.51 0.33 021 0.14 0.09 0.06 0.43 0.28 0.18 0.31 020 0.12 0.15 0.09 0.06
Indifference

threshold 12 08 04 12 08 04 12 08 04 12 08 04 12 08 04

Preference

threshold 28 24 2 28 24 2 28 24 2 2 1.6 1.2 2 1.6 1.2
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Table 5. An example of fuzzy preference functions

Al C1 C2 C3 C4 Cs
up;y; mp;’; lpii’,i up;jiy; mpy; lpii’,i up;ir; mpy; lpii’,i up;iy; mp;yr; lpii’,i up;yy; mp;y; lpii’,i
A2 1 0 0 1 0.642 0 1 0225 0 1 0 0 0 1 1
A3 1 0222 0 1 0.642 0 1 0 0 1 0.9 0 0 1 1
A4 0722 O 0 1 0 0 1 0475 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 0666 1
A8 1 0.083 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
Al0 1 0 0 1 1 0 1 0475 0 1 0.65 0 0 0.666 1
3B bl -7 Jyue
Table 6. Fuzzy flows
phif phy; phi

Alternatives  u®; mo; 107 u@; m@; 167 ugret me@net 1gpet

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

Al0 1.131 0.272 0.187 0.975 0.052 0.168 0.962 0.221 -0.788

sl 26 gunes ;=Y Joue
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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