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Abstract

Background and Objective: To determine and zonation of flood prone hazardous area and
prioritization the sub-basins in terms of flood potential can have great contributions in promising
watershed management. The present research aims to prioritize flood and sedimentation potential in
the sub-basins of the Bonekooh watershed using TOPSIS, SAW, ELECTRE and VIKOR methods.
Material and Methodology: In this present study, we used area estimation indices, drainage density,
gravel coefficient, basin average height, basin average slope, curve number, sediment yield, cover
percentage, sediment delivery ratio, runoff height and concentration time as an important indicators
affecting water permeability, runoff production and, consequently, the potential for flooding and
sedimentation. Then, using the Analytic Hierarchy Process (AHP) method, the weight of each index is
met. Following the formation of decision matrix with 18 options (sub-basins) and 11 criteria
(evaluation index), Technique for order Preference by Similarity to ideal Solution (TOPSIS), Simple
Additive Weighting (SAW), Elimination Et Choice Translation Reality (ELECTRE) and Vise
Kriterijumska Optimizacija Kompromisno Resenje (VIKOR) techniques were used to prioritize sub-
basins. Borda and Copland methods were used to combine the rank of proposed techniques. The
residual sum of squares (RSS) method was used to determine the closest method to the final result.
Also, in order to validate the models, we estimated the percentage change and the intensity of the
changes.

Findings: The results showed that the highest runoff height index (0.18) and the gravel coefficient had
the lowest weight (0.028), according to experts. Prioritization results showed that in SAW, TOPSIS
and VIKOR methods, sub-zones 9, 4, and 2 ranked first to third priorities respectively and are in a
more critical situation, but in the ELECTRE approach sub-basins 9, 4, 2 and 7, respectively, have the
first to third priorities. Considering the results of the combined ranking of the proposed techniques,
sub-basins 9, 4 and 2 are in first to third priority, respectively, and have a more critical situation than
the rest of the sub-basins. Also, zones with flood and sedimentation potential in the area showed that
32% of the area in high and very high risk. The results of the sum squared error showed that the
VIKOR method had the least error and the ELECTRE method had the most error than the final

1- Assistant Professor Higher Education Complex of Shirvan, Khorsasn Shomali, Shirvan, Iran.
2- Ph.D. Graduate in Watershed Management Sciences and Engineering, Gorgan University of Agricultural
Sciences and Natural Resources, Golestan, Gorgan, Iran. *(Corresponding Author)
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ranking. Also, the TOPSIS and VIKOR methods with the lowest percentage of change (59.72%) were
ranked first and the ELECTRE method with the highest percentage change (65.27%) is the last rank.
The lowest intensity was also observed in the VIKOR method (4.59) and the highest intensity

variation was observed in ELECTRE method (5.61).

Discussion and Conclusion: Therefore, it can be said that multi-criteria decision-making techniques
are a practical and appropriate approach for better decision-making based on mathematical sciences
and optimization. Therefore, these types of low-cost and fast-track research can be prioritized to

protect watersheds.

Key words: Flooding, Sedimentation, multi-criteria decision making, Hablehroud River Basin.

o () o)ee G;Lafl 0,5 eolatnl Ko Copas
L 2lad o)lmesiz pSpeeal Glagby, 38 (EdoS
Bble oluls el o 1) Slélss Sledbl iw
I3 asllhas 5500 1y letal oLk 5 3lwo w35 sl conlio
Copde sanid oLl (OF) lKes 5 alFeS aols
S by 5 oSl b T, 508 3blia o

aisls 1,8 dslllae 90 0,Lre S
50 Rt gloane; o ullacism ) sancasls
(V8O0 AF OY) ol 48,5 15 ik ) 6 )b a3
ol e ads> 5 gon Caglsl 4 (OY) GllSen 5 35l
i 5% 5 oliial b (31 (58 5 o ysashze 5L
ol ol bl sy 1S ase> 40 GIS 4 440
059 bl 5y Sjashge slagially ) eslind
spbie 4 ceslin 9,505, Sy olgie 4 GIS 5 90 51 i
OA) JlSen 5 ol 05i o0 (A Lbads> ) (sancagls
2 Sape wsiyaelin joliie 4 be ads> ) s Cagl
0,50g, 3l eolatwl L 1) aie S ded g Sl 3blie
LT i ol iols pll GIS 4 jg0 5l i oS 5
anlllas 0,90 uiul Glaasg> p; 5l oo BV/FF aS sl lis
Bble cpl a5 wiylo [ wlas Lo B lawgie slacyg; 4o
ails gl o slpaing sbla> Sloladl cuglgl o ulus
s 9 o9 g0 el YE 5loslanul L (V) oS 4
o1y e Sl zgl 5 Gl s i ( olidlie Sledib|

mls s )5 anslis u’JIBLT)’I Gl )_..xfl Wog> g3 9o

doddo

gobatdl elaizl ¢ So5d axly S lsie 4 selgess>
A Cepse s Grsaeln Sl el 5 SFLOps
plod Wl LS sl 5 Glnae gy ool 5l 0gd e a8
Ll 55uloiem sp,aebp 50 1) mdul pinn dlSie ol
Booe ormb mlo drwgi slagz b oS sl 3 (Vo)) sl
& Lej Goanl cplply wed oo ol 2l ,.:uT sldse o
anwgs 6lp b gl caslio Cu e 5 Si,4elp Holate
ol 5ozl slrojsm umcaslsl (F5Y) cosl 55550 Jlaky
939750 gl Luld g Sundg ulul p laade> 5 ganes,
5 ol Sllas a4 e Culgs o o ol Glalop ol
"o b slatuglel sl 5 elus laads> 5 )0 Sbl>
(F90) o9

“Coglgl ojlme wiz (65 S peenal slahs, oSl (S
SrSpeead Plaw > cl (5L, Jgol Golol n oo
sl ,bso Ul ASQT 0594 caml Sz gl)lo o )lxe i
Sl oo (o Samgllae ioli8l arils olay K0S b eie

ot ol g, Jdo s 0sd (6,500 sl alS cely

Wi 0013 arwgs (MADM) aasls aix (5,5 seead lgie

(A VIS o S5 g50 Jloos o 4y a5
Slaie) ;o ol Wiz (Speeal ol ol
95 Oy el 48,5 )15 e 5l (5l a2 g 3,50 Bl
e Bl sl s MCDM (s, 51 () 5en
FO) GLen 5 LS 5 5 oulejor s jlae glog b
»# ExSeeai glp 38 AHP 5 VIKOR (glas S0,


https://www.sciencedirect.com/science/article/pii/S0022169417303207#!
https://www.sciencedirect.com/science/article/pii/S0959652616319242#!
https://www.sciencedirect.com/science/article/pii/S0959652616319242#!

AT . oy 5t y3bie 4 VIKOR , ELECTRE SAW .TOPSIS sl Joto duus i

sohie (pdy el Cawal Pl (20 pae g bl Slles
@lios) 9 S e SobB suncaglsl Gaios onl Sus
MADM sla oo 4y azgi L osSty 5ol sloojs>
oolail b ylgy B el (gilwdinge g Sldly,) ple 5 Sl
9 S de Skl Sl 1, leades 5 i glahy,
5 oy O30 |y dlol> @l 5 00,5 ganuglyl oliosw,
s w3l Glpse g olpyaebn ey o sls 18 L)
J> $lp olbie Slogoas dagancoglyl cpl S8 L auilgs

Ao les sl Aog> L'JT’.‘ Mo

‘0995 9 dlge

axdllao 5 yg0 adilaio

¥E N B YO ol e Slate b ogSiy juul ojg>
by GBy5 OF ALY YU ldlss Job o Jled
Col oaiiadly s plawl jo moyeyieshS YYPA Colis
o Jels eogaze cnl (BlSmss 5 (SFnd () JS5)
boee o] b (s ol i 5 SlasS sl
P 2eSle lacds (pizes g laad g lapliweys
Aldls baugie Sai)l ol cadzdly ol sl oogaze
a5 VIA o] Gl bwgie slos 3y e VA adg> ol
o FoOF oogame ol abais o sy gl .ol 8,5 b
9 &l Jald (Il slas )5 (n fodes Zanl byo whans ]
2L 2l g b s (55)5laS (LIl (had sladlsl>

(YO) o

soul asg> 3 aS ols las Soiegdyee Julod g 4y
@l el bsgie ol (29 5 05 S Gl 9550 s
Sleladl plol jelaie 4y ool soncaglyl (V) o, Ken 4
S8 Sl s Lo aiulp 5l eolaul b S e
aS ols plas obs,l guls .aisls )8 axlllas 090 1, (FAHP)

o adg> 5 1 YYIYY 5 Lagie (35 5 laady> 5 7. FEIFE

oyl ol 5l plas a5 il azs 3 1,8 oby s b ool o5 0
o ell ek a4 cbla> g 20 pae Sleladl as
“Cagdsl (V) Ohles 5 sl pe sl (55900 (bl
Jelos Sl eslitul b leadez 5 sl Glep o
o)l wiz (6 25 el Slo 09 5 (55008590 sl el
b leads> 5 o Cuglgl @l wisly 13 aslllas 5,90
asg> 5 aS ols ylis CF 4 TOPSIS sla Jow 5l oslazwl
Sl 413 Jol a0 cad y W VYXY 5+ Ll LY o)l
ilep adg> ) o pdaiae Olpie & dde>n; il g
3l b ool Jsol 5l (SOl end anslis
el Gancuslyl wilite gloais; o sl L s
3 bl b cupoe obladl Jlel jglate 4 piioren
Cydgace 4 azgi b lbads> 15 gancaslyl oul sleoje>
Slyeeds Ghgriiws 4135 lodlo (b osSy sl o>
L e o (J"‘ PLRPGI PV (S“Al)‘ ng.,)lf ) Lg‘oéj.‘;.mf
KV B e oD ..\..Jy 9 u){.._w Cﬁ‘ LgLQLsu) L)AAJ‘)S‘
5 055 el laossm g @lios) 5 e adllhs

b 3l Jew Sl alS o b ‘L‘bf)] GauCasll




SR 9 (5 90

VP olo Ccliguud 31 NNV o )losls ciann ) o (65909550 g pole A¥

620000 640000 660000 680000

3960000 3980000

3940000

dnegelL L),

L
|:| yradnuoB 4z s 4

A WHC e
# egalliV b,

3920000

boonkooh N
Gar,r\nsar S
- maertS 44 g
e st $ NOItatS (s sies 3 o5
620000 640000 660000 680000

Hablehroud RiVer Basin

034k Ails0g; ad g — 095y il 095 CanmBige —) JS
Figure 1. Location of the Bonekooh Watershed and Hablehroud River Basin
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Table 1. Estimates of assessment indicators for prioritizing sub basins in the Bonekooh Watershed
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Figure 2. Estimated weight for each of the evaluation indicators using the AHP method
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Table 2. Prioritization of sub-basins in the Bonekooh Watershed using multi-criteria decision-making methods
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Figure 3. Prioritization of sub-basins using four proposed methods (SAW, TOPSIS, VIKOR, ELECTRE)
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Table 3. Ranking of recommended techniques (SAW, TOPSIS, VIKOR, ELECTRE) using Brada and Copland

methods
A \s 4 Ay ¥ Y Y \ oo olgl
SW12 | SW1 | SW3,SW13 | SW7 | SW10, SW8 SW2 | SW4 | SW9 192 29,
SW12 | SW1 | SW3,SW13 | SW7 | SW10, SW8 SW2 | SW4 | SW9 | odes o,
\# 0 VF VY VY 1 Ve 3 S gl
SW11 | SW14 SW17 SW6 SW16 SWi18 | SW5 | SW15 1552 b9,
SW11 | SW14 SW17 SW6 SW16 SW18 | SW5 | SW15 | «des Jhg,

Lo oles a4 S |, oz o 2t ELECTRE

lobs, da s, o o <l ELECTRE , TOPSIS
Sl 4 Slis soye pyieS L VIKOR 4TOPSIS

Syl s BT as) o as,s FOIVY Ol a4 Olyis a0

SAW, )solpion sla g, (RSS) Lz wla 1o ggeme
oals a1 ¥ Jga> ,o (TOPSIS, VIKOR, ELECTRE

ekailea cnlply ols ol ganas; 4 cud (5568 sl

G laiy s sogy (RSS) s wilay o £ gm0 duwlono —F Jgu

Table 4. Calculating Total Squared Error (RSS) Proposed Methods
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Table 5. The percentage of variations of the four suggested methods relative to each other
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Table 6: The severity of the changes in the four suggested methods compared to each other
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Table 7. Risk of flood formation and sedimentation in the sub-basins of the Bonekooh Watershed
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Figure 4. Potential hazard zones for flood formation and sedimentation in sub-basins in the Bonekooh Watershed
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