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1- Natural disasters

2- Epidemiology

3- Flooding potential
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Figure 1. Location of the study area in Ardabil Province and Iran
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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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Table 1. The frequency ratio between the passive floods and the study parameters in Khiav Chai watershed

(7) Jew

(%) Jo (F) b clab ok oo (F) b clab ek
Flood (%) Pixel (%) Classes Parameter (%) Pixel (%) Classes Parameter
22 0.7 A 09,5 67 6.7 1370-1700 olab
18 8.8 B RSP PIRWY 43 26.7 1700-2300 =)
51 10.1 C SB 34.3 2300-3000 Elevation
9 80.4 D SHG - 32.2 3000-4543 classes
- 2.7 0-0.5 16.8 1.6 0-5
- 3 0.5-1 WSy 29.3 61.4 5-12 i
9.2 4.7 1-15 ATY; 53.9 8.4 12-45 Slope
34.6 8.6 1.5-2 Drainage - 27.5 45-90
56.2 81.1 2-3.2 density 1 90<
415 21.1 th: o) 2.4 2.2 <
Qtbav o) Residential
. » ol el
28.3 14.8 Qviv owlis 18.3 0.2 Irrigation 393
farming
30.2 64.1 i Geol 10.6 6.4 w2 el 3
Qsiv eology Dry farming s
313 333 100 S alols 8.5 51 gt Landuse
Garden
3456 26.9 500 sl 9.6 188 S5 &y
Bush range
34.1 30.6 1000 Distance of 18.3 65.9 ]a“’9“° &
Mid-range
9.2 1000< river 323 13 7285 By
Poor range
6.3 77.4 -10.9 bl 0.8 0-6
71.6 121 0 Aleld 13.2 6-6.5
22.1 10.4 11.3 Curvature 31.6 6.5-7
45.6 0.5 Slo 259 7-75
12.3 16.6 Jbeis 14.9 7.5-8 TWI
9.3 JL‘“‘” 1.2 7.2 8-10
&
33 Gy VYS 9.3 35 10-12
9.4 3.8 el As
. . P pect 17.8 2.2 12-14
e
15.1 13.2 S 6.2 0.3 14-16
196 il 7.6 0.2 16-18
@
17 18.8 [y 274 0.09 18-20
[
15.9 14.9 J X 30.5 0.01 20-22
[

3 5eS b e VWYYV ) pgd 5 Jol (Slib (oS
scas g go Voo 5l 508 Aliag, il aold wus > VY
PN d.]ol».o U" ).) Ju.u) Q.)y YL 4\5 w‘ ol 6_919 é.‘a.ww
ol )38 b el 013 53 (VW) olySan 5 25
opldss Slallle b (555 Jowo Jiuilly pp SB1S 095 Casho,
bl w8 St g (Y0) oKea g Slns
S cisllas (YO) cdigl @lilllas b o3 celyj 5 (SoSuune
ol 4 (W) phlen 5 il adlae > piapen
9D 5 C (Siglasid 09)5 b (dblie ;> o 4 Comlus

el 0 0 )Ll (555168 ol (ynoj i

ool Cawd 4 (slaaiss 546 4 plidl GIS 5 oolizul b

sl 0jg Jew Comlus p IS0 byl olgisa
99y 5 odlitel b odel oy 4 oo add b glogls
Cawl 0dd 00l ol (<@l @) S5 0 s (Slglyd Judow
dib gy > slagld 35ul oje 50 oo 4 Gl 42
sy ool g2 5 Sl 5 o5 aagia 0l ol Sl
ool Cowd & Al b (canaib aub (gl Kensls
(V) Jodo 3 et oCanl 0ds o3l olis (o Q) S5 5o
9 Om® calises Lghdﬁb?ﬁ)‘ 5O /Ja.&Ag Comwlus )‘L::J.al
Gl 00l jasuie &by o 30w 4 Cawlue ddb
L;l)b Y o 0,lows L;Ubduo'?ﬁ)' aS b u‘*“" CJL\J


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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

S Laze g aal)'uﬂa‘aa &) ‘5)5.:‘_4»@»' U (o9 Lo,

\e Judyl eslagls 550l 056 50 SVl Jlold s Jio 3l odlatnl b Juw 4 Canolis 4l oy
fYoYA Vo E fYofyr .vE fyefo o-"E fYeyA Vv E fyefy g fYefor 0-"E
(<l
z
£ a z
= T = (
- o: - ;;
s =
2 = g -
£
Z
Z By =
5 Lz £
e S 3
= T =
o < > =
s g <
4 s
Y § - \k‘\ a
G &y Cagualais | i A ’ S >
=Z Flood susceptibility I\ /{L"'//Yf =; > IORPTRON L =
3 S bty i “
3 -“\ﬁ) Y == 3= = | Flood susceptibility A3
3~ o4 == v
- Lo gl oy : ° - H <
o |l 5 - =< s - : OV =
= < L y okl on o
- % | — B
[ A 0 15 3 = -Low: vy 0 12525
Kilometers Kilometers
YA V"E S fvOfY S"E fvere' o "E fverA'y-"E YRR Ve o-"E

Slasls sul ojg 5 @ly Sadde n 13 Jow 4 Comlas AL (0 Jow 4 Comlas il () -0 JSs
Figure 5. a) Flood sensitivity score b) Flood susceptibility cLasgification in sub-watersheds located in the Khiav Chai
watershe

o sl sl e ) @l il claads> ) )3 e 4y ol jlitel <Y g
Table 2. Flood susceptibility score in different sub-basins located in the Khiav Chai watershed

olib el (Sa) colus w0 b el (tS2) colus “ )
Classes Score Area (ha)  Sub-basin Classes Score Area (ha)  Sub-basin
Mid 39 392.55 13 Very high 45 201.64 1
Low 31 33.62 14 Mid 36 407.78 2
Low 33 697.19 15 Low 34 937.11 3
Mid 40 867.50 16 Mid 37 1023.69 4
Mid 37 989.28 17 Mid 39 567.36 5
Very low 31 1323.83 18 Mid 39 942.87 6
Mid 36 616.45 19 Low 32 116.72 7
Very low 32 490.18 20 Low 34 324.60 8
Low 33 533.11 21 Low 34 436.12 9
Very high 46 1158.96 22 Mid 38 338.25 10
Mid 39 392.55 23 Mid 39 325.23 11
Low 31 33.62 24 Mid 39 380.24 12

Slbl )3 gy o)l Jiole,d S Slolidl gl sl
s Gl 5 (S o2l Soglbe )l 45 laglis ailsag,
Sroie mve yba Jew 4 peles b Gl aop
e glaodly Judou g 30 by imedy ol p Wilodds
ey o &y ladee  glalie (Mo sble 4
A5 bl sble plo Jow jlas olise (sl gl (ol
SVl (hgy como 4 (W) gl)Ken 5 il 5 (V9)

ol 04 0,5l u_;|9|)5 Cund

Jaw 4 Comwlwss Al oy liis |
b e & Comles @l (om)liel jl Jols b
2 Gl oad &l (F) USG5 0 ROC oxie 51 ealatu!
Guals olwl 53 S bl s ol &1 ols ol
&S ol (B0 Gl 088yt g0 Jolse (sl jloial
ol oxd plwl Jod) sbwl 58w sl K
Iy llyy geas Jowe & Cundiml sloojg>
Loy ol 50 3l ol 00y (paseds wlas s CandYl
2 Y bl (Sl slagsol o a5 39 e Sl
Oeed DS Gypo Gluwl wils jl cbls joaad


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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

Ol ez g 0dlj dlaan g5y (g9 rons] DUl (39> LS

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

100
::u—-;\ 80 %
wn
=M ] o
313 60 -
1_3‘ =}
2y -
S 40
=
=1
2 ) 20
-+
4]

0

0 20 40 60 80 100

cgg-"-".‘ e T
Negative prediction rate

ROC oo jl odliiw] b Jow 4 cwlis 4ids cons =5 S5
Figure 6. The accuracy of the flood susceptibility map using the ROC curve

Slisly 3 6% o 5 jie Verr Sl 5eS aly)
P Vb 4 dog bl 0w g8y 4 sble cunlus
) 59 B ite igSe s S oo il 3 S s
g Wbgy > b W) 50k el Gble
2 ol colia jglateds oyl isul Caliee Glles plox]
e £589 J 30 Jlaol glac)lus Wl sble
Slg o ol )l Jow 4 Culus ddd amd ialS )
2 S S 35 5 b S 3blie saCagl) (sl
g oo dlpguiig Lwly cpl )0 ol O Co e (sl
) cblis josas 5 p3Y Sllidl ¢ il ozl 3
JyiS olelidl ! s pd 008 Gy Oluwwl wols
)8 gl 6lsg, GlbI s clalsag, o)l igloy
G906 55 o0 y3e ol Sloges g b 8l gl
4wl blE 5l asn AF/A &5 s o ol guls .Col
S gy Couo & Blodd (lupiy gone jsbodr Jow
b dew g8y 4 wlas 3ble s 5 (b5 > Syl
5 o odlatwl gy sadgizme 31 S bl o 3L
Cpe AbdS (68 o Slalio bla devg (gaiss oyl
el gy Gblio 3 & Cansl o 5 cosl @S 2L
Cows Jdo oyt 5l cuih saled ooliiwl cudgizw
bil 3 fae daxie o yiie I oslitul (el «Jlgly8

ol Moo &) Cpslss 5 (6525 oo

(65 o
Jae il ookl b aw dy ol bl cpsls aizd )
Jos)) slagls sul o5 > GVlas! Slgl cans
@ byye jlael (Slglhd s (bg) Sl edlitl b ad ans
Joslital b Coles 53 9 oy 2y90 yialil Ve > Jsho o
25 s Jsko p ily S Sl ATGGIS e
a5 w5 1,8 A0 B YS odgaoe 50 sdel Cowday ciljlel
5 b b Cowlas b (bl 4 bagyje jliel (508
b5 e Cuwlas b dblie & bgpe jliel oyt
adds calisee gblie Culus gy ool Ll (gl oS conl
LS gnadl oS &y o ddlale (G5 e 4 Cumlus
e b e 53 s i o 53 gl ol
SR 039 4 SO g Adg> Cundimly D elas g
Sble (pl 0 Jow jlas g YU saimlis oS 5)b 1,8
b 15 5 ol Lol S & o ol @b el
@ ooles 3ble s o)l slogld el (295 5 &l
P2 Mg Slly) peod Jre ez Mies (S e
0,8 YL cud &S b o)l Ll s CowdYL
oilBl el @ Lol wplS g8y slrsls sl
Bble e Y Coglsl (ghls slaojom s 5> (g3 Jo
()’I.o \Y’VY—YY’") L;CLQJ)‘ 4\.0...[9 » u)’t.w &999 LY L)"’L'”'s
Sl alol ply ogMe itud doyd WYl 5aS Cud g


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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

O Saze g 0dljilaan B, «cs )98 Slranl Ul 92 L2,
Y Ju)l slogls sl 050 50 SVleinl Slold s Jae 1 o0litnl b Juw 4 Coplius 45y

&l

1. Abdi, P. 2005. Analysis the flooding potential in Zanjan roud with SCS method and Geographical
information system. Watering and Drainage National committee. Technical workshop coexists with
floods (In Persian).

2. Arabameri, A., A. Seyed Danesh, M. Santosh, A. Cerda, S.Ch. Pal, O. Ghorbanzadeh, P. Roy and 1.
Chowdhuri. 2022. Flood susceptibility mapping using meta-heuristic algorithms, Geomatics, Natural
Hazards and Risk, 13:1, 949-974, DOI: 10.1080/19475705.2022.2060138

3. Avu, A. 2016. Prevalence of Post-Traumatic stress disorder and substance abuse among victims of
Flood disaster in Markurdi Local government area, Benue State Ph.D. Dissertation.

4. Center for Research on the Epidemiology of Disaster 2005. The OF DA/CRED International Disaster
Data Base. Brussels, Belguim: School of Public Health, University Catholique de Louvain.
http:/www.emdat.net/.

5. Choubin, B., E. Moradi, M. Golshan, J. Adamowski, F. Sajedi-Hosseini and A. Mosavi. 2019. An
ensemble prediction of flood susceptibility using multivariate discriminant analysis, classification and
regression trees, and support vector machines. Science of the Total Environment, 651: 2087-2096.

6. Darabi, H., K. Shahedi and M. Mardian. 2016. Flood susceptibility and probability mapping using
frequency ratio method in Pol-Doab Shazand Watershed. Journal of Management and Engineering

Watershed, 8(1): 68-79 (In Persian).

7. Das, S. and A. Gupta. 2021. Multi-criteria decision based geospatial mapping of flood susceptibility
and temporal hydro-geomorphic changes in the Subarnarekha basin, India. Geoscience Frontiers,
12(5): 101206. https://doi.ora/10.1016/j.0sf.2021.101206.

8. Esfandiary Darabad F, S, Laveahi S, R, Mostafazadeh and Kh. Haii. 2021. The zoning of flood risk
potential in the Ghotorchay watershed with ANP and WLC multi-criteria decision making methods.
Journal of Spatial Analysis of Environmental Hazards, 8(2):135-150 (In Persian).

9. Esfandvari Darabad, F. and Z. Samadi. 2015. Investigation and analysis of floods in Khiav Chai river
basin. Iranian Conference on Geoaraphical Sciences, Ardabil University, 5 pp (In Persian).

10.Esmali, A. and Kh. Abdollahi. 2011. Soil conservation and watershed management. University of
Mohagheah Ardabili Press, 575 pp (In Persian).

11. Fernandez, D.S. and M.A. Lutz. 2010. Urban flood hazard zoning in Tucuman Province, Argentina,
Usina GIS and Multicriteria Decision Analysis. Research Engineering Geoloay, 111(1-4): 90-98.

12. Golshan, M. 2018. The comparison of runoff and sediment in the point and regional scales using of
watershed hydro-geomorphologic characteristics. Ph.D. Dissertation, Sari Agricultural Sciences and
Natural Resources University, 130 pp (In Persian).

13. Golshan, M., A. Esmaliouri and Kh. Khosravi. 2017. Flood susceptibility using frequency ratio model
in Talar watershed. Journal of Natural Environmental Hazards, 7(15): 1-16 (In Persian).

14. Greenwood, A.J.B., G. Schoups, E.D. Campbell and N.J.L. Patrick. 2014. Bavyesian scrutiny of simple
rainfall-runoff models used in forest water management. Journal of Hydrology, 512: 344-365.

15. International Federation of Red Cross and Red Crescent Societies. 2002. World disaster report (2012)
Available: www.ifrc.org/ publicat/wdr2002/Chapter8. Asp. Accessed, 2006 Mar 13.

16. Kavian, A., M. Golshan and Z. Abdollahi. 2017. Flow discharge simulation based on land use change
predictions. Environmental Earth Sciences, 76(16): 588-604 (In Persian).

17. Khosroshahi, M. and B. Saghafian. 2008. Spatial prioritization of flood-prone areas is a solution for
flood control and watershed management operations in watersheds. Agricultural Sciences and Natural
Resources, 2(12): 128-138 (In Persian).

18.Lee, M.J,, J.E. Kang and S. Jeon. 2012. Application of frequency ratio model and validation for

predictive flooded area susceptibility mapping using GIS. In Geoscience and Remote Sensing
Symposium (IGARSS), 2012 IEEE International (pp. 895-898). IEEE.

19. Management and Planning Organization. 2001. Office of Technical Affairs and Standards
Development, River Flood Control Guide (Structural Methods), 242 p (In Persian).

20. Manandhar, B. 2010. Flood plain analysis and risk assessment of Lothar Khola, MSc Thesis,

Tribhuvan University, Institute of Forestry, Pokhara.

21. Morelli, S., A. Battistini and C. Filippo. 2014. Rapid assessment of fl ood susceptibility in urbanized
rivers using diaital terrain data: Application to the Arno river case study (Firenze, northern Italy).
Applied Geography, 54: 35-53.

22.Mostafazadeh, R., A, Sadoddin, A, Bahremand, V.B. Sheikh and A. ZareGarizi. 2017. Scenario
analysis of flood control structures using a multi-criteria decision making technique in Northeast Iran.
Natural Hazards, 87(3): 1827-1846. DOI: 10.1007/s11069-017-2851-1

23. Mostafazadeh, R. and S. Mehri. 2016. Trends in Variability of Flood Coefficient in River Gauge
Stations of Ardabil Province, Iran. Journal of Watershed Management Research, 9(17): 1-13 (In
Persian).

24.Nazaripouya, H. 2019. Evaluation of factor analysis method in prioritizing flood in northern Sub-
basins of Alvand Hamedan. Journal of Watershed Management Research, 10(20): 49-61(In Persian).


https://doi.org/10.1080/19475705.2022.2060138
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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

OlS deze g 03l ilaas g5 «(gy55 lrawl )DLl (g39> LS,
W VoV bl g )le /YY oyl /pmdylo Jlo susol 0jgn o e doliiimgy

25.0polot, E. 2013. Application of remote sensing and geographical information systems in flood

management, SAET, 6(10): 1884-1984.
26.Pallard, B., A. Castellarin and A. Montanari. 2009. A look at the links between drainage density and

flood statistics, Hydrology and Earth System Sciences, 13(1): 1019-1029.

27.Pandey, M., A. Arora, A. Arabameri, R. Costache, N. Kumar, V.N. Mishra, H. Nguyen, J. Mishra,
M.A. Siddiqui, Y. Ray, S. Soni and U.K. Shukla. 2021. Flood Susceptibility Modeling in a
Subtropical Humid Low-Relief Alluvial Plain Environment: Application of Novel Ensemble Machine
Learning Approach. Frontiers in Earth Science, 9: DOI: 10.3389/feart.2021.659296

28.Pham, B.T., A. Jaafari, T.V. Phong, H.P.H. Yen, T.T. Tuyen, V.V. Luong, H.D. Nguyen, H.V. Le,
and L.K. Foong. 2021. Improved flood susceptibility mapping using a best first decision tree
integrated with ensemble learning techniques, Geoscience Frontiers, 12(3): 101105.
https://doi.org/10.1016/j.9sf.2020.11.003

29.Pourghasemi, H.R., H.R. Moradi, M.S. Fatemi Aahdas, C. Gokceoalu and B. Pradhan. 2012. GIS-
based landslide susceptibility mappina with probabilistic likelihood ratio and spatial multi-criteria
evaluation models (North of Tehran, Iran). Arabian Journal of Geosciences, 7: 1857-1878.

30.Pradhan, B., U. Hagemann, M.Sh. Tehrany and P. Nikolas. 2014. An easy to use ArcMap based
texture analysis proagram for extraction of flooded areas from TerraSAR-X satellite image, Computers
and Geosciences, 63: 34-43.

31.Razavi, A. 2007. Principle of Water Resources Privacy. First Edition. University of Water and Power
Industry Publications. Tehran (In Persian).

32.Rezaei Moghaddam M.H., M.R. Rajabi, R. Daneshfarza and M. Keirizadeh. 2015. Zonation and
investigating the morpholoaical effects of flooding on Zarrineh-Roud River (From Sarigamish to
Noruzlu Dam). Geography and Environmental Hazards, 17: 1-20 (In Persian).

33.Roughani, M., M. Ghafouri and M. Tabatabaei. 2007. An innovative methodoloay for the
prioritization of sub-catchments for flood control. Journal of Applied Earth Observation and
Geoinformation, 9: 79-87 (In Persian).

34. Saghafian, B., H. Farazjoo, A. Sepehry and A. Naijafinejad. 2006. Effects of land use change on floods
in Golestan Dam drainage basin. Iran Water Resources Research, 2(1): 18-28 (In Persian).

35. Shafapour Tehrany, M., B. Pradhan and J. Mustafa-Neamah. 2014. Flood susceptibility mappina
usina novel ensemble weights of evidence and support vector machine models in GIS. Journal of
Hydroloay, 512: 332-343.

36. Shafapour Tehrany, M., B. Pradhan, M. Shattri and A. Noordin. 2015, Flood susceptibility assessment
using GIS-based support vector machine model with different kernel types Catena, 125: 91-101.

37. Shafapour Tehrany, M., L. Kumar, M.N. Jebur and F. Shabani. 2019. Evaluating the application of the
statistical index method in flood susceptibility mapping and its comparison with frequency ratio and
logistic regression methods,  Geomatics, Natural Hazards and Risk, 10(1): 79-101,
DOI: 10.1080/19475705.2018.1506509.

38.Wang, Y., Z. Fana, H. Hona, R. Costache and X. Tang. 2021. Flood susceptibility mapping by
integrating frequency ratio and index of entropy with multilayer perceptron and classification and
regression tree. Journal of Environmental Management, 298: 112449.
https://doi.org/10.1016/j.jenvman.2021.112449.


https://www.frontiersin.org/people/u/742193
https://www.frontiersin.org/people/u/1056583
https://www.frontiersin.org/people/u/1158924
https://www.frontiersin.org/people/u/564998
https://www.frontiersin.org/people/u/1214717
https://www.frontiersin.org/people/u/1572632
https://www.frontiersin.org/people/u/1291190
https://www.frontiersin.org/people/u/1563174
https://doi.org/10.1016/j.gsf.2020.11.003
https://doi.org/10.1080/19475705.2018.1506509
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-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOR: 20.1001.1.22516174.1402.14.27.1.8 ]

[ DOI: 10.61186/jwmr.14.27.1]

: Journal of Watershed Management Research, Vol. 14, N0.27, Spring and SUmMmer 2023 ............ooiiiiiiiniiiiiiiieieieeneaee 14
@Nole]
[=__sv_nc |
Flood Susceptibility Mapping using the Frequency Ratio Method in Khiav Chai
Watershed, Ardabil

Reza Joudi?, Abazar Esmali Ouri?, Raoof Mostafazadeh® and Mohammad Golshan*

1- M.Sc. Watershed Management Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
2- Professor, Department of Natural Resources, Faculty of Agriculture and Natural Resources, and Member of Water
Management Research Center, University of Mohaghegh Ardabili, Iran,
(Corresponding Author: esmaliouri@uma.ac.ir)
3- Associate Professor, Department of Natural Resources, Faculty of Agriculture and Natural Resources, and Member
of Water Management Research Center, University of Mohaghegh Ardabili, Iran
4- Ph.D. Watershed Management, Natural Resources and Watershed Management Office, Astara, Guilan, Iran
Received: 3 November 2020 Accepted: 6 June 2022

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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