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Figure 1. Location of the studied watershed in Mazandaran province, Iran
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Table 1. Indicators used in this research
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1- Multi-criteria decision-making method


http://dx.doi.org/10.52547/jwmr.13.26.10
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.21.9
http://jwmr.sanru.ac.ir/article-1-1123-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22516174.1401.13.26.21.9 ]

[ DOI: 10.52547/jwmr.13.26.10 ]

VY

Apdy &S Cwl ol )0 A Ojs ke (s om0
ALY Llgy) 15l 0nd 4ineS ] don (gl 3lanyis

Min max j (|E — aBj. |ﬂ - ajwl) (v)
wi ww . ()
ZS-W]=1 Wj =0 forallj
5500 Gl &
wB .
|W—j—aB]| <¢ MIN ¢ (f)
wj .
|W —ajw| <e¢ (@)
jwj=1 (%)

Slxe 09 W] lxe i ()59 WB Yoo (ol )
L okre cp s (59 WW 035 oo dunlio jlne (p yigg b S
9 slme Opyiete 1ol o ol lipl sl ey o (LS
09.0)'1 Jusd 5l o )bl dlﬁd}o}] leolitwl b o yaslis
Jexe (ot & o Lajlins yS03 (s A5 45 o 5
Ospeh b pasede Wil (g 9 <8)5 )8 awnlie 55
a g pd el cpjiere J8 lapadll (359 solated,
IR awlie 90 ) 4 Cond 35 Byl )03 9 O]
Wy j 50 yasld o ege b b ed i duglis ) ax a8 )
28,5 )8 aulde 3590 15 adld p i b L‘bu”l“’ o
S obey ol plsl sl (V) )5 e 56 Wl g
Lingo sl (gilwaine Hlib8lsy 4 Excel sla,ljole s
3 omen.ts odlitwl SPSS16 oyl l38le 5 9VA aseus
oo 3l (6 3ll o o (13)9] Cawd 4y yolate 4y g, (pl
U»Lul ).u)lf)l.wl) w)a.o Ml?u J}o)ﬁ )9‘»@ a.)l.m.w] &
£

(R=¢ (v)
bl 2 &8 b o () 5lel oy (S (Sl (S €
Joia olol 2 9 jlme (3 ) o Jlime (i S|

YY) 255 o Al ¥

Table 2. Calculate the incompatibility coefficient

Sod 03l50laey (shpe 9 (6050 LS jises (.\551 FRIAPCOY

BWM g, 5l ooliusl b oM i 3 5095 3500 0jg> (6 (b))

) olgse b polais! Cf Jlae 4 (Wj>= 0, Wj = 1)
Dyl Cowd 4 1y Di a5 55,1 ) dlaly ©ygo 4 w6 S
Di = X" Wj * Pij (")
ol P g auss 059 W daus ui)b\ Di a, L’x‘ 5
slagiyy > SLll o ptage Sl (S Al T anS L
ol byl (W) 455 oms  MCDM
On e) Clalie pbl (Gig om JBg) mpeed
S Sy 4SS sloand )3 Adle bylns
lplss o oS wilas 3 1108 solatwl 350 (g3dale 0)lize i
ol lls  aiile bl 5 coles s Ll
scuie gl &S Blasl Ay 35 spbds sla b,
moRe gy s (B lagbyy 4 Cand gl
2 ey ool Adlios bagsdgy ol dlex 5| (BWM) ¢ 5y
Sl (02b) porde plul p (2l) bwg V4O Jl
W pdy Ojgo () Slualde byl 3 (YY) Ab (Byme
2lo g 039 @2 ye lagwld @u S cp it g 408 Cnee b
ool 5 Al 5,005 oo i &S sl il oli3 lold
ol &S ol el @ ye (95 Sluslic BWM i,
29) Slulie > 48T g2 pe Clulie bl p ()
bl b g plabl BB gl ol by 258 0 plosl (6 a8
ol 1S o o) AHP s, ds o sy 5,5 jls
Dgds oo &yl daldl j3 gy oyl plool

BWM g, b aliuws Jo glaols

O 5 e O Y S el Slalire e )
lyline ol g sline ()0 O (29) Sl Pl =V e
Syline 4 Cund e cyite Szl Pl 55 ]
owrle 5 e ALY el 5l oeolael LS
(B) Sz oy ying Canod] 0B ylis Apj Dgus o asks BTO
On 29y dmslis pbool —¥.(Aph=1) !  jlixe 4 cud
sl ozl do e ol )3 Olre (p g jlas plo
O AU Y olsel 5l oolitul b jlee (p 5y &) s boylize
5 Coranl 0403 LS Bjw 33,5 oo JsSuis OTW s ilo
(Bww=1) Cal W jlas o 5d 4 G ] )l o)

S Gy drslre =Y Join

asw \ Y Y ¥

I 5 \s A a

&5 sl e -J¥¥ \ VS

AR Y YIvY ATARY oy

) 0 uL\M) XE L |) u] LY u,o.).;).‘i b)La] dwu:l}u quao
15l e oSl A alay 5l oolizl L

SSpy
X} = @y ()

12

K 5 logjg om slas) Slyglone ggezme SSur o] o &8
ol 390 ) (sanasd, o5 Wil o e b ladlgie slus
DS (o Oy
OS5 Jgo st
0> 035 Sl U e @ g0 ) (S5 Jge 8
D.))s 03)9‘ » ‘) d)lﬂ‘ 4Ml> SleMb| ua.u)b L Lg)‘“"‘ 4)90.5
bs Jlade ol a8 .l doyd 0 o s oyd oS col

Sl (p P & Comd jlme op i Sz )| e

_ ey 0]

slr &l Tl gl sl Sitonyd el
Poxe N A Al paix e bpatls awlie
el )bl lae )3 a5 ol ("One-way ANOVA) 45 L
obsladl e d el &S bl g e 2!
9 1y (oB9y oz )b ool Gl VATV Jlo 53 4ol el
aod 9ol L (2905 090°) iS5 laojlail b (il )y
a1y pxie G Do 5l wibyls 3BT > &S canl ol po
d)ﬁfoﬂ.\jl aliseo oYl 5 d)l)ﬁ' Oy

1- Friedman Test 2- Non-Parametric Statistical Test

3- One-way analysis of variance 4- Milton Friedman
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Extended Abstract

Introduction and Objective: Floods are one of the most important natural disasters that cause
the most damage to infrastructure sectors and greatly affect people's economic and social
activities. The occurrence of this phenomenon cannot be prevented, but by taking measures, its
effects can be reduced to a great extent. One of the management methods to reduce damage caused
by floods is to identify vulnerable areas. The purpose of this research is to determine the
vulnerable areas of Tajen watershed using a new approach.

Materials and Methods: Therefore, in this study, with the aim of identifying flood vulnerable
areas in four economic, socio-cultural, structural-physical and policy-institutional dimensions, the
"Best of the Worst Method (BWM)" which is based on linear planning, for Index weighting was
used. In order to rank the criteria, Friedman test was used. The statistical population of the study
is the villages at risk of flooding in Tajan watershed in Mazandaran province. To do this, 208
questionnaires were randomly completed by residents of 40 villages. In this study, in order to
analyze the questionnaires and implement the BWM method, SPSS16 software and Lingol18
optimization model were used, respectively.

Results: The results of Friedman statistical test showed that there was a significant difference
(Sig = 0.00) between the criteria studied in this study. The economic criterion with a rank of 2.85
has the highest importance compared to the other three criteria. Also, the results of weighting the
indicators using the BWM method, which are based on the preference of the best and the worst,
also showed that in the economic dimension of the agricultural income dependence index (0.284),
in the structural-physical dimension of the index, there are appropriate communication channels
(road and bright) (0.243), in the policy dimension, the index of destruction of natural resources
(0.379) and in the socio-cultural dimension, the index of access to health centers (0.391) have the
highest weight and have a great impact on vulnerability in terms of respondents. Residents are
flooded. Also, in this study, the value of incompatibility index was less than 0.1, which indicates
the good accuracy of the BWM model in weighting vulnerability indices.

Conclusion: In order to reduce costs and reduce the complexity caused by the large number of
criteria and sub-criteria affecting the vulnerability of an area to floods, the use of new multi-
criteria decision-making methods based on linear programming is emphasized.

Keywords: Flood hazard, Flood management, Linear programming, Multi-criteria decision
making, Tajan watershed
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