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1- Natural disasters

2- Epidemiology

3- Flooding potential


http://dx.doi.org/10.61186/jwmr.14.27.1
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.1.8
https://jwmr.sanru.ac.ir/article-1-1117-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

pilS Sozo g 03l ilane (Bg) (508 rawl Ul (g9 Ls)

A Jed )l sl ols )..>u| 05> 3 SYleas] Jlglyd cund Jdo 3l ookl b Juw 4 Camlus 4l s

s 585 5 1S5l olse 300 Lls Loty asgs (1l
» 09ML ol ol u_‘))xa J.w) LY U»Lu.o du.o9> u‘}a&dd
L',g.\ » sk u.wlw)_‘) Ol)..:.ﬁ ‘Jw sle,lus ALY Yi
.(\Y) Cowl 004 d).;o)’l.\il )L’&m ro Can )l D Adg>
d.da.m" W u;l t.,w)L.AL» Cuxo " '9 OMDOL&S &]9}@ 69.«99.0 u;l
8l raw Sclly) (g5l g 03 LLd

Slallas ‘5])3 (\”‘\Y"\"'w\”a) Cpdioe )‘1 LS)L.‘.-W. o,g\ﬁl.b.
@ el goje (iU 9 (Sidere Clasie
293 3 Lo LB > SlKe sla Julod g o 5 eslazl
Slodjsl g9y (GIS) (pldlye cleMbl gt 5 (RS)
baids O 9 (ewyp S oM edy )lfab. dL""u:’w
S e gy ol 5] sl s el
9 Olbsidy JPypomdle by o lye dde Julow anl )
P e Jeily 359 Jew g8y p See Jeles
Uil Glp Fee sla by, ‘__55‘)15 bl gl slaoje
ool uonl S sl il Gojes (35w Sy
SN olgear Slgld s by SLE bl )y ol
xS a Camls Db5)1 > Jaexe slaybg,y
P 2w oy 89y s glt 95 @By e Ll e
owl8l 0 s 4 ooyl Gliwl gmeg e slaolKiw)
(vY)

SlolB s gy D b5yl iagh I Saa

).ool 0j9> ) J...u Cslis 9 J‘.obl LSUM.&ES 4\31)‘ 5
Shalie oM aledb] jl aolitl b .cuwl gbgls
i Cygpod dilaie Clasuls & by ey cpiiz
@ Cond iz glain ) Sl dilaie cpwlus
0jo> JS Cumlus adllas opl 3> Cowl oud Wy Jaw
4 Coplas bbd I ilise gladdgs 5 (saias) 5 50l

wSlyy godge cpl 4 (b Slalllas > & 0us plonil Jows
Lol 045

g 9 dlge
sl guoo 3ol Sloddes s il slrsld sul i
FATY' B YVOYA" 55 LS WWPAL Colus b adss ol
Sl Jles jo,e YAYY B YA 5 5.5 Job
() JS8) ol ol @Bly o pSitie (i yied 9 )]
VYV g0 Cuipay dilaie O)lps 4 pd 9 (SHb (1Ske
P A ol cwl oS ke a gy can g e e

u"““"? 09/5 bLlas By .\.u.>‘.)); J.))Lw g.js.) Ju )ou]
Olgieds Joo 2 IS 55 (clopial)ly g taly it (lgice,
Cole 3 Whd (B (SlglE Cund (o) 4 Jie puite
Sl g )3 b 2 (gl odal Cowd & sy
5 odlizal b g odd Jlosl dbgrpe (cloasy 55 lilis
deo Jlisl g Conlus gbbaid ()l eaisy) @l
ool adias bl p ol Cawd & ddlllas dyg0 ddlaio
oS chwgie obj obj (L Cowlus b adb gz 4 dilate
Cond B9y (b)) pLIS gt oS A ol o5 (S 4
05,5 1S Jewo bl yein Jlein] a5 sy olis g
5 Mo VI L ly ol (LS dals )5 baedly o lae]
ol doyd yao b plydse pl o5 (LS dads ol
wo Jro 4 Cpmles @il (V) ghlSen 5 il
ity N5 oywile sl Jua 31 odlisol b 1y olyl )3 pensd
J 3905 g Sif whyoSl g ) pladjl (iluai
S o bl @) oud Cap s Jole oL
oubloy (2L by (adld (o) Jhdy 9 oo
oald (BlSgg cugby el (olRen adls
a3l @by jl Aol (iS5 @515 (SIS 95 Cunndse
9 o) 0l () v Bl () lgeal
Uhay 45 o Lt gl e edlizl dalyl g Lasls
€8> ghls wl)d ploajl (giloaing o S5 o )sNl Al
5 pB ol 0w 4 Cawlus L5yl 0 oYL
oo oty ©8 g sty > (VA) olSen
CEP e xSk LSS n e sl
b Jold Jow 2 oo Jolge I 3900 (y905l 1y orencs
Caa lBag) jl alold wildagy o515 dial s cglas)|
32505 oslawl u‘“”b‘ dﬁ)lf 9 Sk LA NS S FTS
2 Jew Buyloolug, WE o li] srwcons mli
)30 sladde oS 28 a6 plig jedS eSSl
Comslus Ak 45 0 Yl slazel il (gl o3lil
ojp> Jw Cowlua 4l (V) WS 5 (b sl Jew
@ bl 90 ang |y e 3y 53 1B )l)kgw Wy,
OB p e bl N (e dlade oo a8
(/A Como jlade L) (ot ) gdaw (bl (i)

b (aoys YA) didbis | rowg iso & ob ol
(A) chben 5 s )bl el (Vb OMew g989 Jloss]
o3litl L (gl jolad 550l ddg> (58 o Jrailty s
loding & 18,5 axis (ANP) (glaSid Jlos i3 )
odgixe ;3 pYb 5 0 45, ladalpl 5 e
Al a8 glailag, bl b beaddo M
P die o o pSany x> (b paen
ol o cpl & cl 03 25 slogls 5ol e
sl 03)5 3)lg p3ye (SNj g ddlate Cumdg 4 (42 JB
(0) e 5 gz 5 (VW) hlSen § (2l (Aagh 5
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Figure 1. Location of the study area in Ardabil Province and Iran
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1- United States Geological Survey
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Figure 2.The effective parameters on flood occurrence: a) Elevation, b) Slope

1- Flood Probability Index

2- Receiver Operating Characteristic
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Continued Figure 2. The effective parameters on flood occurrence: ¢) Aspect, d? Hydrologic soil group e) Drainage

density, ) Lithology, g) Slope curve, h) TW
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Continued Figure 2. The effective parameters on flood occurrence: i) Distance of river, j) Land use

3y8 ool 3yg0 i )liel dls yo )3 Lo 3 Yo g il Jaw 4 (ol bla5 auiss
(1) IS5 5 Jow 0 ol Bl & bgype 4l i8S (gl o @ (olus bl w02l &5 glaoMs gy b
ol o 1) als o 55 blis oyl o3 Ve &S 505 fpond Slelllae adlaio

FYOYA VN E fYotyr v fYofar o-nE

=
=
= o:
g =
3=
Z
Z 5
& >
> >
= s
5 5. =
= o il g
Flood events'
Jf“' bz ot \
* Flood poim(‘M 5
= |+ e BB vy =
= Flood point 2]
p . ” e
5 (A) gl =
< | Elevation (m) Qe
< Hgh: rare 3
s : 0 12525 5
- Low: vy Kilometers

erA'V-"E woey' "E e 8-"E

gl g5l 0jg 5 Jow 4 ol LliS cosdga =Y IS0
Figure 3. The location of the sensitive points on flood in Khiav Chai watershed
(o gl (@l ¥ JSs g Jow 4 ciliseo Slid coulus solyb g2 4 by po calises sl WS oo 5Lkl
WSl (o SB (SKidaskd 095 (0 ar (g acud 5 Jeo 4 oles blE asi gjlwosll 5 ans L
TWI (a3 Ls (b caiels (sliol (5 ool e (5 <2505 sl o e 4 Comlus > JISE byl
el 0sd &)l Bl o) (S @by, alol (& L adl e dilise Clid gaujloel 4 plidl glgls
sl b b Yl Slold b, 5l ool


http://dx.doi.org/10.61186/jwmr.14.27.1
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.1.8
https://jwmr.sanru.ac.ir/article-1-1117-en.html

OAlS ez g 0dlj laias Bg5y (g9 ronsl (DUl (39> LS,
VY bl g 5l /TY 0yl /pmd,lon Jlo sl 0jgn o e doliimgsy

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

4773 7“30"}3 47“4?0‘1 4?‘4%‘30"}3 47"4?’0"]." 47’47I‘30"E

47"37.'30"12 47'4?‘0"[ 47’42.'30"E 4T<l§'0'E 4'-"47“30"]:

r4
z o 7z Z
z |5 %
2 8 % L
8 = a7 %
= % 8
Z £ g
E; g g
H g g B
b » a1 3
2 - 2 L
b 2
5 ’
2 o & g
2 = ] s
z S = b
P & P
a S Sl
Elevation Calsses
. z
% 2 z| 08 0 2
Z £ | 5
2 5 21 88 285 z
=1 = Fa -
& 2| OB 343
5 509
. ) &
Il 205 D 1252sl IS ¢ z 0 1.252.5 =
252. ) 2 2 Kilometers =
B ;o5 m—mw—— Kilometers = 21 Rl £
2 3 = S A i pp
TTIIOR | ATA00F  4TA0F 474S0'R  4T4rE % 47T3TE ATAO00F 4TI ATSOR 4T4T0°F
b) (o a) (l
AT G JPDRNE  4Pisens SRR
UL OHOT  APSNE  47ASVE 44T ATATIE ATAOOE  4THXI0E 4T4SOL 474TI0OE
z iz %
- £ Z *
& F = i
P s S
z
5 = 2 g
i Al e
Aspect
&
. | -os
S pid} E
S = 0.74 =
3 :
Z | o
[ oss
Ao e
28 K5aiaue 058 2l oo s
a4 T 2] . 5
= | Iydrolegic soil group = %
2 = |l 122 -
[ 2012
4.84 - 1.27.
7 | M o 012525 5 z I 23 012525 5 @
i I - m—mw——Kilometer: 2 I 485 s Kilometer.
BO4TITAOCR 4TM00F 4TM2I0F 4TASOE 47°4T30°R % 473PA0F | 4TH00FE 4740F ATANOF  ATARIOF
d 6 0 (e
ATATIE ATMQOL  ATMIINE  4TMSO'E 4TMTI0E FYOTA VN E FYOFY v FYofa a-nE
z

. £

z #

& Bl =
= =
=
s <

z x ¥

= g z

=z

z

5 <

= : =

) = 3

= 3. 558 3 aS) 5 =

bl = | oSSaS sl s >
Drainage density

I 272 -0 =>

=3 = =

T = Z | [lo.22 =

S| o " o | 107 T

7| Geology = o 5

s - | 251 =
] oss £ =1 8.82 0 12525 5

z 0 1.252.5 5 E R [ —— Kilometers.

& . mw—mw——— Kilometerg :

5 a7sta0R  aTabwE  aTa30F | aTdSOR | aTataoE o erA'-"E Wit -"E vt a-"E

ANY) e) (o
(9 ¢S 6515 (0 S (o3850 05,5 (5 x> (g e (o (gl ] (] Jow &y caliseo lids Camlus gaijliel ¥ S
Figure 4. The scoring of effective parameters on flood susceptibility in different classes: a) Elevation, b) Slope,
¢) Aspect, d) Hydrologic soil group e) Drainage density, f) Lithology


http://dx.doi.org/10.61186/jwmr.14.27.1
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.1.8
https://jwmr.sanru.ac.ir/article-1-1117-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

Ol dezee g 03l dlaan 355y (<95 ranl HOLI (539> L)

A Jodyl sl gls sl ojgn 0 (YLl Slglhd caund Jao 5l okl b Jow 4 Comlus s yonss

4T3TIE 4T400'E 4T4230E 4TMS0'E 474730

z
z o
2 [&
& g
8 3
&
S

z
z 2
5 g
= &
2

z
z )
& FE-
= 2
= g
c =
%

7
7 =
2 s
£ Py
S

B 2954 z

£ 012525
o | 3336 Kilometers =
% 3
&

APTAE ATADIE 4TANE 4TASOR ATATNR

h (¢

ATATIE 4TH00C 4TX30T 4THSO'L 474730

z
z g
4 i
5 £
g z
&
%
z
z =
] &
g B
=
L

z el
o %
o &
&

el 5 s
~| Landuse L4 Z
z |2
4 B 534 ;—;
& ([ a2 :

[ose

I 041
z | oz 012525 5
% | o = —mw——— Kilometer.
Z &
% 4TITAE 4TA00E 4T4230°F 4TASOF 4TATAOR

Do(s

4FATIE ATHOE  4TN0T 4THSOT 4T4TIOT

z
z &
g H
a1 N
g 3
&
2

Z
z 2
2 [&
g 2
2

&
4 e}
g 2

rd
z 2
S| atala gliad L
= | Slope curvature E
=

I o4
I 023

g 01.252.5 5
#] 102 m—mw———Kilomete
B 4TI 4A00E ATHINE ATHSOR 4T4TOR

9

ATATIE 4TH00C  4TR0L 4T4SOC 4TTI0E

4
& &
#] [&
z
z &
s r&
b3
z
z i
= b
. . 3 =
. addag) i adald Z
2 | Distance of river =
o b
x %
I
z - P:ab 0 1.252.5 5 g
2|7 886 = mw——Kilometer:

ATITIOR ATG00E 4TAIME 4TMSQF 4TATI0R

w2l el (o Wiy, 3l alols (b TWI (adlis (¢ el (glizsl (j:uw 4 calisee clils cowlus jliel =¥ JS dalal
Continued Figure 4. The scoring of effective parameters on flood susceptibility in different classes: g) Slope curve, h)
TWI i) Distance of river, j) Land use

oimde ) 35l (295 0 dly e o5 5 ol 2185
(M)

Jow 42 Comlus 5y dlisee S WIS 13U (359
aallao )50 (sl yiolyl 4> Calizeo Lgl.mu»){f’).;l} Ol e
deopd axd b Jgdn cpl Canl oas 03yel (V) Jod> o
om0 Slg e &S Cuwl calie clid ) Juw g8
clib sl Jie Jew Cowles p e oyl


http://dx.doi.org/10.61186/jwmr.14.27.1
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.1.8
https://jwmr.sanru.ac.ir/article-1-1117-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

WilS Sozo 5 03l dlanae Bg) (g ye8 lrawl Ul (g9 Ls)

VY liasli g )l /T o)les [emdyles Jho jusol oo oo dolidiags

slrgls poul o5 3 Sllhe (slayially g 03l &) s o (Slglh Camms =) gt
Table 1. The frequency ratio between the passive floods and the study parameters in Khiav Chai watershed
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Extended Abstract

Introduction and Objective: The severity and frequency of floods, depends on watershed
characteristics, including shape, slope, drainage density and terrain parameters. Also,
hydrological characteristics such as rainfall, storage, interception, infiltration, and
anthropogenic activities can intensify or reduce the flood losses. Determining flood-prone and
flood-prone areas is a prerequisite for flood management planning and damage.

Material and Methods: This study was conducted to assess the flood susceptibility of
Khiavachai sub-watersheds located in the west of Ardabil province with an area of 12,680
hectares using frequency ratio method. Parameters of elevation, slope, land curvature,
topographic wetness index, distance from rivers, direction, drainage density, hydrological soil
group, geology and land use were used to assess flood sensitivity and prioritize sub-watersheds.
The spatial map of selected parameters was prepared in raster format. Then, according to the
historical flood events, the spatial location of 107 flood points in the area was determined. The
observed flood event points were randomly divided into groups consisting of 74 points (70%)
for calibration and 33 points (30%) for validation. Then, by comparative analysis between the
occurrence of previous floods and environmental parameters affecting the occurrence of floods,
the impact weight of each class of parameters was obtained. Finally, a flood probability map of
the study area was obtained.

Results: According to the flood potential map, flood susceptibility of Khiavachai watershed
was shown as five classes with very high, high, medium, low and very low levels. The results
showed that the sub-watersheds (1 and 2) adjacent to the outlet of the basin have the highest
flood sensitivity. In other words, flooding of sub-watersheds located downstream of Khiavachai
watershed is due to runoff accumulation and high flood prone due to the impact of other
variables of slope and rainfed agricultural land use.

Conclusion: Protecting the river and carrying out various watershed management operations to
convey the flow in these areas can reduce the potential damage caused by floods. The proposed
flood sensitivity map can be the basis for prioritizing flood areas as well as control measures for
flood management. Therefore, watershed management measures to control floods in this area
are more important.

Keywords: Critical watersheds, Flood probability, Flooding susceptibility, Prioritization, Soil
and water conservation
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