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Abstract

Flood is one of the natural disasters that causes the highest
number of casualties and economic damage every year in
different parts of the world and the country. Khalkhal County
is not an exception to this rule and the occurrence of this
destructive phenomenon during the past few years has
destroyed some communication roads and bridges and
damaged some residential area, agricultural lands, and
orchards located in this county. Therefore, considering the
importance of the subject; the main goal of this research is to
produce a flood hazard map in Khalkhal County. To this end,
firstly the digital layers of the effective parameters, including
slope, aspect, DEM, geology, land use, distance from city and
village, rainfall, distance from the river, and density of the river
were prepared. Then standardization of the maps was done
using the fuzzy membership function and the weight of each
criterion was determined based on its importance in the
occurrence of floods according to the CRITIC method. Finally,
using the MARCOS multi-criteria analysis method, a five-
story zoning map was prepared. The results of the study
showed that the slope, lithology, land use, and precipitation are
the most important causes of floods in Khalkhal County with
respective weight coefficients of 0.163, 0.155, 0.144, and
0.135. In addition, 25.12% and 14.58% of the range area are in
the very high- hazard class, respectively, which indicates the
potential of this county for floods. In addition, according to the
use of the ROC curve method and the sub-curve level (0.79),
the accuracy of the MARCOS method is good in identifying
and zoning areas prone to flood hazard in Khalkhal County.
The results of the current research, as a valuable input for
decision-makers, can play a key role in the process of
identifying flood-producing areas and prioritizing them for
watershed measures and resource, and capital management.
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Fig. 1- Sample imges of flood flows and erosion, destruction, and accumul
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Fig. 3- The map of the proposed criteria in flood hazard zoning of Khalkhal County
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Table 1- The type of fuzzy functions of thematic layers affecting the flood hazard in Khalkhal County
JB (b s M s 0 135,50 (9050 Y (51 pily g9 - ) Jgua

Variable Description Fuzzy function type
DEM As the height decreases, the flood hazard increases Decreasing linear function
Slope As the slope increases, the hazard of flooding increases  Increasing linear function
Apect Reclassifying and assigning codes based on their Large fuzzy function

importance in flooding and fuzzing

Land use Allocation of codes based on its importance in the Large fuzzy function

occurrence of flood hazard and then create a fuzzy map

Distance from
city and village

In the areas adjacent to cities and villages, the potential
for flood hazard increases

Close fuzzy function

Lithology

Allocation of codes based on its importance in the

Large fuzzy function

occurrence of flood hazard and then create a fuzzy map

Distance from
the river

In the areas near the river, the potential for flood
hazard increases

Close fuzzy function

River density

With the increase in river density, the hazard of

Increasing linear function

flooding increases

Rain

As the amount of rainfall increases, the hazard of

Increasing linear function

flooding increases.

ool gl yo opl 530S ya Congllas dnle —poxty dls ye
laas 35 K- Jlon) as g Kt Jlow] cangllas ajd oF ¢ ¥ Lalg,

D gu oo dumwlre
S (¥)
K+ =—
! Sal
K- = Si (%)
Saai

d.u).sLo 2 )hw -] ).:Lc.n o> ‘Si:(i:1,2,3,..m) ‘(395 J‘”.]j) P
] oo Candts B abasl, 5l 48 el o5
n

ji1
O ol )3 ey IS oauad) 9 (oled 3ySles sl — et Al o
Do o duwlbre Ay 5 4o Lgllas 3 Slas F alaly 5l edlawl b

Si = Vij

(8)

¢ B ki + ki
W =T 1 #)
M (%)) D)

(k) 5 Jlo) 35 Cangllas 3,Skos f(k-) SHlz9 ol 3
AV by oS cul S pn gly Jlonl ogllas 5Slas
a5y F(K) 5l ol cavday sluel olul p s D95 0 sl
6755 T(K) Jlade &8 ey 3351 plaS” 2 3980 plosil g4,
Stevi¢ et al, 2020; Jafarzadeh ) 5> (¢ s 45, sl azil
Llyy 9 slaJge,8 a8 iy Jasy> WLy (Ghoushchi et al, 2023
odlaiwl b Y g9y p (ool lles (glnl &0 4 0l &)
Sl coles 9 Nad o Slles aaster calculator &b jl

drge (il Aol 4 an g b cJdo 3l Juols  oles i gl sl

sl 018 2,3kl (oo 5o (13905 )1300j9 ©yg0 4 —p)lee Ao
S5 gy jl ekl b Jelge (23359 Al ye (gl cnl )
e bl o baodls ¢ gy ol > wcewl s plosil (CRITICE)
9 25 B JbSsu s 090 bjlee o Sy JBl
(Alinezhad & Khalili, 2019) cwws Js> wls)ls ks
S g le o JuS1 3 (ol g nl silwosly jslated,
ol Glsis CoB (yp 9 ke Sl 4 dagl
N e day dls po 50 .05 dlool (A ;3 A L plo) (Siad
abgpe o> 5 g odal Cawdds awwpdl )3 ,Soded 4 Cad bnylino
Aoy 53 ((Stuod (g pile JoS5 1 day o cudlaoly JuST >
2 Bobee 51 So o (Stod 5258 b baylins AT (o yilo
Jay Al yo )0 Ol L ile Al | dmy g o dulore S 20
Ot bl oo Cews 4 1) K03 (6l jlins b jlime ya (sl ggeme
al>p0 53 9 295 o0 485 £geome LT o | (g o jolate
o sl yelaie 4 098 0 dulie jlre o CleMbl o5 ¢ giay
cpl 45 05l 015 Laseiie jlae y il e il ol dls o
o las 934193 duglio | s REGRESS s 5l odlizusl | 3o jlae
dolomo polaito 4y e il 0 Cand &y () JljBlp 5 Lo )
Ee3e )3 bajlane 31 S jline Bl line o ledMbl 3
So o ledbl i S5 ol 3 g oy ol sl
@& 09 Arslre saio & BT AL o >l o Cusd & Egone
SleMbl ol JS ggeme 2 1y shne o LMD i slna yo

S e

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

vy



(s g po Ak Jsi ) ) ol (glathate O 8 15
3 oolatel b diwly cpl g il odds gl hgy ol 1 eolaiwl b
Olys & g (2o 48 BY ¢l )38l 5 S ROC g2
@Y g 5358y b a2 po 4l Gl 4 (Mo Slading 485 (9399
olg 3 dgdee (Syre b Sl 4 lgis 4 0393 5o
JuS1 5 ol SeMbl g &)g0 4 48 dplo I Juols 4o
dabdl 3 095 oo plAB] Stio maw i A Comnd g 5 00 Slg3] 8
Oz g 1l Sspes > 4 3] laany > @Sl 4 Jlai L
Olitisee 4z g5 O gl sl (sla jad s 5l sl Cund 4 gl Cono
doasls cpl 5l oozl b ol slading glseil 4 odos job 4,
oy sekaie 4 asbdl 5 1V (Jiang et al., 2014) cuwl 634 CBglaxo
bolid )3 osSile gy x5 84 5l Jols @l cono jiin
0SS Mo jlad g98y Sl I sy g ety s slaaigy
&y ) (o lgmle yy5las (g5, » @ dlasly Jlas! L MNDWI
S350 51905 G )B) VE) o sy V8 s 1 s ) 99
Fob) YWAA Jlo 55 VY O 1 e g (YVV/+0/ 4 o0l
Ao &y Canns 5 b gl yoianl YoV /-VIVY olain] 3 )50 5 guas
ok il ol M jlad gunaigg 455 LMNDWI a3l
& US55 oty auld 4 basye (5 0)lsld ol o plusl

ool o 021 iy lad

()

_(Green—MIR)

MNDWI=
(Green+MIR)

v Analysis and definition of the goal
v'Examining various sources and collecting
information
v Determining and defining the relevant I- the range of standard value changes
criteria for creating flood hazard in Khalkhal
county
¥' Production of information layers

first stage

results

958)S Yy

Verification of -

Reclassify jguos 5l oslsiol b abgyyo &Y sl V b yo0 (g oS
Dy o (shndtb (WIS O > Natural Breaks a0 4

_ ki (v)
) = ki + ki

Nk (A)
) = ki + kT

=W Srwiews -F-Y
p3Y e Jds (b o G jlas aindigy 4k gl el | g
e 35 )8 (g3 3)90 i I Jole lis Coo b
o jbey el )8 g o psdo | (ROCY) s 3,Skae (ot
Silakhori et al., ) cwl (gjlw i CB pund 5 dmpin )
O Blge | s ppai Hialed S ROC oo cid> ) (2023
L) o bl 5l Jleisl i o (dly cute g (e slad 5
e gaw e Cunl (s slaed; 4 baype polie plen
b Chms s jl ol a8 o) ;) Y B +/0 oo (slaels (AUCY)
Sl 04 Bl (gunadb o )5k ol st Sl Joe Jle
/A=A Jle A=Y Gyje0 4 (AUC)  poxiey) pdaw
wiumd 0=+ 5 dawgie 1 [F=2 IV gt 1 N= /A gt LS
5,S0s ghls sl Ll 1y AUC jlais oyt & o g ol
55 Lk opl o di (Chen et al, 2018) cusl < pYL aus
0ul 38 Jods s g (2Mows slodigy 4 25 L @l como

o Definition of the matrix of standard values  second

e Fuzzy evaluation and standardization of Stage

—[Criterion | Criterion| Criterion | . | Criterion |
Pixel
1 2 3 n
i . |Status In| |
| | Pixel 1 | Status 11 | Status 12 | Status 13
| | Pixel2 | Status 21 | Status 22 | Status 23 | . |Status 2n E
! | Pixel3 | Status 31 | Status 32 | Status 33 | . |Status 3n E

ase)s

= | Weighting of each of the criteria using
E.' the CRITIC method

[
Applying the different stages of the
MARCOS model on the weighted
standardized maps (according to the

relevant coefficients and formulas)
and preparing the final output.

< 33e)s ymoy

Fig. 4- Flowchart related to the research process
Biod il yd s bygspo )yl gld —F S

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

Y



VoRRY 55 VIVY 5 4 g Lagio s Juslty (gl ¢yt
{F Jgi2) died @Sk 5 05 jhd Jowly Gl @peyiashS
Mo s (aaing b bLI)l > (olig) 9 (5548 sblie Cuabg
7Y Jolxe) Ly ¥5 oo 4y JUds- g 9lS s cmd oo ()L o
isthae glaliog) lox |l saling) 5l ao)> T
Wy «lege (FF (S ollde ohla opbi ey
g 2 323 9 @93l el 9 Wl LS il (s g0 ( SBr3ggl>
Reb ol ol 4 drg Lo 4 uladS 15 sl
slalivgy ggome 5l duoyd YY/YY Joleo) Liwgy O+ 5 (pociins
b plobusg, jl a5 wload @l sy il 3 j Gl e
ol lelod bl (3Gl & (g @il ol ) 4B
OIS e Jaod olsS Jages bl puad bl S5t ¢3lo)l ¢ e

il o)l (e dusgd 5 (g 25

48°20'0"E  48°40'0"E 48"2(?'0"]3
1 1

48°4(?'0"E

Cou g b -V

Foe syl ol e gy Glaal 4 oliwd gl
syl 1 SO o 505 3 kil laddds al):ir.’.‘.wl 9 (Sudigs )
Sloaing g 3 Fe Slaadls (s pslaie 4 (B JS3) gyke
(P LY Joho) blae | Sy cutal i gl calise
0dd (558 slaaY ) abge slagyiy )8 Jlosl b g el s
bulgy 4 25 b (ob) Olles @0 4 olye 505 sl by
2 2l (295 AL ((Sg b8 3l Y (59 p dbgiye

5 JS5) dol s 4y s len b syl il
Ve rioghS YAMYD cjugSle (g, 5l Jols (293 4 4255 L
Colus I myoyioghs FAF/FY (piomen o)l I8 sy aalb

48°20'0"E  48°40'0"E
1 1

N N

Fuzzy map of aspect

T
37°40'0"N

T
37°20'0"N

Fuzzy map of slope

N

A

Fuzzy map of DEM

T
37°40'0"N
T
37°40'0"N

T
37°20'0"N
T
37°20'0"N

z z z
s B R
L = =)
Kilometers § Kilometers | & | s wm Kilometers | &
0510 20 30 40 “10510 20 30 40 “lo510 20 30 40 =
48°2q’0"E 48°4?'0"E 48°2(ID‘0"E 48°4(3'0"E 48°20'0"E 48°40'0"E
1 1
N Lithology fuzzy map N Fuzzy land use map NFuzzy map of distance from
A cities and
Zz Z z
S s S
— > =l
S S 5
o L ~
(2] o o
Z z z
= > =
LS 2 =
N I &
| g -~ [
Lag} Ll Lag}
z z z
= B | &
>
Kilometers ‘.’? e wmm Kilometers | & srarsss——— s Kilometers E
0510 20 30 40 “los10 20 30 40 “los10 20 30 40 «

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

vy



48°2(?’0"E

48°4q‘0"E

48°2(?'0"E 48°4(.)'0"E

48°29'0"E 48°4(?'0"E

A

Fuzzy map of rainfall

Kilometers
0510 20 30 40

T T
37°20'0"'N 37°40'0"N

37°0'0"N

N Fuzzy map of river density

Kilometers
0510 20 30 40

T T
37°20'0"N 37°40'0"N

37°0'0"N

N Fuzzy map of the distance
from the river

Kilometers
0510 20 30 40

T T
37°20'0""'N 37°40'0"N

37°0'0"'N

Fig. 5- Fuzzy standardized maps of the associated criteria in flood potential zoning of Khalkhal County
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Table 2- Correlation matrix of criteria associated in flood zoning of Khalkhal County
JBL i oo oM (530 3 Zobao S lro (Sumpod (s ilo Y Jg

Criterion  Slope  Aspect DEM Landuse Cityand Lithology River Disfrom  Rain
village density  the river
Slope 1 0.065 -0.421 0.076 0.078 0.435 -0.124 -0.032 -0.289
Aspect 0.065 1 0.063 0.045 0.067 0.041 0.031 0.083 -0.545
Dem -0.421  0.063 1 -0.014 -0/454 -0.062 0.032 0.082 0.923
Landuse  0.076 0.045 -0.014 1 0.234 0.213 0.032 0.053 -0.024
Cityand  0.078 0.067 -0.454 0.234 1 0.431 0.024 0.213 -0.563
village
Lithology  0.435 0.041  -0.062 0.213 0.431 1 -0.057 -0.046 -0.547
River -0.124  0.031  0.032 0.032 0.024 -0.057 1 0.132 0.021
density
Disfrom -0.032  0.083  0.082 0.053 0.213 -0.046 0.132 1 0.313
the river
Rain -0.289  -0.545 0.923 -0.024 -0.563 -0.547 0.021 0.313 1
Table 3- The contrast matrix of the associated criteria in flood zoning of Khalkhal County
JUdS (b o Vs G340 53 Zobe ) lime SLAT (pu ile Y g
Criterion  Slope  Aspect DEM Landuse Cityand Lithology River Disfrom  Rain
village density  the river
Slope 0 0934 1421 0.923 0.922 0.565 1.124 1.032 1.289
Aspect 0.934 0 0.937 0.955 0.933 0.959 0.969 0.917 1.545
Dem 1.421 0.937 0 1.014 1.454 1.062 0.968 0.918 0.077
Landuse  0.923 0.955 1.014 0 0.776 0.787 0.968 0.947 1.024
Cityand  0.922 0.933 1.454 0.776 0 0.569 0.976 0.787 1.563
village
Lithology  0.565 0.959  1.062 0.787 0.569 0 1.057 1.046 1.547
River 1.124 0.969  0.968 0.968 0.976 1.057 0 0.868 0.979
density
Dis from  1.032 0917 0918 0.947 0.787 1.046 0.868 0 0.687
the river
Rain 1.289 1545 0.077 1.024 1.563 1.547 0.979 0.687 0
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Table 4- Total contrast, standard deviation, amount of information and final weight of the criteria
)lre 2led 039 9 MBI (15w ¢ )lire Bl il 0L gg02ma —F Jga

Criterion Slop Aspect DEM Landuse Cityand Lithology River Dis from  Rain
e village density  the river
Total 8.211 8.149 7.851 7.384 7.970 7.592 7.909 7.202 8.711
contrast
Standard 0.367 0.165 0.241 0.361 0.201 0.378 0.175 0.168 0.287
deviation
Amountof  3.013 1.344  1.892 2.665 1.601 2.869 1.384 1.209 2.500
information
Final weight 0.163 0.072 0.102 0.144 0.086 0.155 0.074 0.065 0.135
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County
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Table 5- The area related to each of the hazard classes

Hazard Very low Low Moderate High Very high

classes hazard hazard hazard hazard hazard
Area (km? 304.33 607.72 694.41 669.09 388.45
Area (%) 11.42 22.81 26.07 25.12 14.58
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