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Extended Abstract

Background: Floods are one of the most important natural hazards that annually inflict
irreparable devastation across the country. Spatial analysis of flood hazard sensitivity and the
preparation of hazard maps are important approaches in flood management. The Aji Chai Basin's
large area and special geographical conditions make it one of the basins with high flooding
hazards. As a result, the current study mainly aims to use a statistical model and multi-criteria
decision-making techniques to create a flood hazard map for this basin. For this reason, flood
hazard maps were created using 18 parameters affecting the occurrence of floods. The
investigated parameters were Elevation, Slope, Aspect, Topographic wetness index, Sediment
transport index, Stream power index, Earth curvature, Drainage texture, Rainfall, Distance to the
river, River density, Lithology, Hydrological soil groups, Geomorphology, Distance to bridge,
Distance to dam, Normalized Difference Vegetation Index, and Land use.

Methods: The study area of this research is the Aji Chai Basin, which is located in East
Azerbaijan Province in terms of political divisions. The Aji Chai Basin is located in an almost
rectangular shape between the Sabalan Mountain and the Ghoshe Dagh mountain range in the
north, the Boz Gosh mountain range in the south, and the Sahand Mountain in the southwest. The
area of this basin is about 10985.9 km?. The elevation changes of the basin are from 1255 m at
the outlet of the basin to 3816 m on the slopes of Sabalan Mountain. In general, the Sabalan and
Sahand mountains, with a height above 3600 m, are considered the most important topographic
features in the region's roughness. The average annual rainfall of the Aji Chai Basin is about 315
mm based on the information from synoptic stations (Four stations, viz. Tabriz, Bostan Abad,
Sarab, and Heris) and rain gauges (24 stations) available in the region.

To achieve the research aim, the Analytical Network Process (ANP) model was employed as a
multi-criteria decision analysis method, and the Statistical Index (SI) model was utilized as a two-
variable statistical method. The Analytical Network Process is one of the multi-criteria decision-
making methods developed by Saaty in 1996. The statistical index (SI) method was introduced
by Van Westen in 1997. The research models were implemented using the location of 274 flood
points that happened in the past. The map of the location of flood points in the area was prepared
through the information of the regional water company of East Azerbaijan Province, field survey,
and the Landsat 8 satellite image of the OLI-TIRS sensor. The accuracy of the results was
evaluated using three statistical indices, namely Sensitivity, Specificity, and Accuracy, along with
the ROC curve and the area under the curve (AUC).

Results: The results of parameter weighting using the ANP model showed that the rainfall,
geomorphology, and slope are the three parameters with the highest weight with coefficients of
0.137, 0.104, and 0.101, respectively, indicating the great influence of these factors on the
occurrence of floods in the region. On the other hand, the sediment transport index and stream
power index were the two parameters of the lowest weight. The evaluation of the importance of
the parameters using the SI model also showed that areas near rivers and bridges and low-altitude
and low-slope areas were susceptible to flood hazards. The final maps were prepared from the
product of the weights of each of the parameters in their information layers and in five classes
from very low to very high potential. Examining the final maps showed that the distribution
pattern of hazard zones was similar in both models, and flat and plain surfaces were identified as
areas with a high flooding hazard. The important cities of the basin, such as Tabriz, Sarab, and
Bostanabad, are also in high and very high hazard classes, which shows the vulnerability of these
cities when destructive floods occur. Since these cities are formed along the rivers, it shows the
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need for authorities to pay serious attention to urban flood management. On the other hand, the
heights and steep slopes have the lowest potential for flooding.

Conclusion: Examining the area of each flood hazard class in the research models showed that
about 34% and 46% of the areas of the region in the ANP and SI models, respectively, were in
high and very high areas in terms of flooding. Examining the maps shows that the metropolis of
Tabriz, which is considered the most important population center in the basin, is located in high
and very high classes in terms of flooding due to its development along the Mehranroud and Aji
Chai rivers. This shows the need for the serious attention of the regional authorities to manage
the flood hazard in the basin as best as possible. The results of evaluating the accuracy of the
models showed that the performance of both models was good in preparing the maps of the flood
hazard potential in the region. Nevertheless, the SI model with a coefficient of 0.945 has the
highest value of the AUC, which indicates the greater accuracy of this model compared to the
ANP model.
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http://dx.doi.org/10.61882/jwmr.2024.1265
http://jwmr.sanru.ac.ir/article-1-1265-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61882/jwmr.2024.1265 |

29>y 355 g pade (Slo) (s dese

vy 9 S 3l oalizal b slo 2T 3ol 9> 5 Jow 53 Jlad saaig 9 (b))

sba ANP Juo (Saaty & Vargas, 2006) aad .o
(S piblasl  Sols Jolis AHP Juo (slo Shg als
Pl (plojon jsbas S g (oS laslme (605,54
@ 6 boglad ) (5l wyp g (295 Glrawlie
GBI la Ky g agugd 5 Jlite Syl )3
Garcia et al., ) cul a8l 1> (5lye aludis baslgy y 05Me
Gl Lyl BB als o 5len j> (slaSss oo a0],8 (2008
Jae S 3 ) g (55 ol Alins (i (gl als o
S S oS Alkiaso yuand 3y el yo Lﬁ’l)a Lol (glass
ool 29 dbul (laSd Jae o b o) S50 Jalge
Coglgl sl (s g (295 dmalie slapu ylo JSis
S yellb (295 (samnlio (gl ‘A’HP Je ailen Ll
Dy o odlitul byl weSee gAY dlael

sgwple o goae yolie ) Gasuie
Lot Canad] [l &S “__;Bl; Caodl 405 ¢ 205 (gdunlio
2l o Cunddty ] aadigs b yolic
AW = Aoy (V) sl

oy Woda ol (295 (sumlio uple A o )3 &5
S Sokg 1Mo (0 5S ) Anax 5 (Cuenl <o ps) g
Shawbro b (295 sdunlie oy yile Coro pusd Wl
235 0 Ll (CR) (6)B5le s

(] = Amax =1 () e
n—1 ;

)90 slradlse dlasi 0 g (6,85l &5 CI o o &S
At s pilo 3> duan o
CR= — (0)
5 Gl (585l 5 b (Sabl s CR clasly ol yo
dyg0 polic dlasi 4 & cuol olay esls Sl RI
s Jod JB Sloj (2g) smmliio )l (St dulic
Ay bl odol Canddy /Yl S (4B le F 5 aS dg
o plopge @ ol Jas g o pgw JSts Joli pou
dwle byl ol 0js plee dlbye sl >
bla il US> gy cpl a8 Cuwl S5 & Y 005 0
a lass G le 5l olyed g Jdoay adie jd gl
S 58 i (25 Slunlie
@959 5l 5590 LY agd
Felil VA 5l 3a0 diiin gy b Sl gy
s 989 slad Sy 4885 4rd Cua S £989 ) e
oy 4 dabl jd sl s oolaiwl (s> o sl ddgs
logy] 4485 45 0976 5 Jow 989 5 Loty Sl S pp i
&LO))I L L?‘?" )‘ EVWIPN-Y L;’xjaw dLhuU9) Cowlodds 4»>|.))J
o)yl S ol by e oS bl Cuoway YU
GBS e )b Sre g peely fi) o gble

XNy

Glio i bug $20in (S 5 o (Sla
s 58y s Jpnilty (SUbA2E a8 3 (55l Jtn sgliine
Jos s gy Gl gy nl dlea 1 cusloss 1))
sladie ((Slgyin slagds) wylmediz (¢S e
2)S o)Ll pdlo (65:50L g solSealy sl )Xl 5 (5Ll
(ANP) (sleSs o sy Jao 51 ol ingsy 55 1
S slaghy) (pyesd asld I (S olyea
IS glgisa el padls by (pizmen g o)lnesi>
ol 05 o3litsl glo] (gla Ja
(ST) 5,lef o Wi Joso

VY Jls )3 sy 09 b (ST) o)l pasls g,

ol s K sy ol (W et al,, 2016) 1 b yse
3y50 Slalllas I (6l 53 03518 j5body &S sl 0 it 93
Wu et al, 2016) cwl aB5 5 osolawwl
Jade (olol yasls g, ,> (Oztekin&Topal, 2005;
b o) 8 plgisds (andil olg ya ly S s
Sl Ji o 05135 32 s 4 33 g s 5155
bl 32 (hgy cnl dgde iy adllae 390 03gaxe JS
o (Cao et al., 2016) cuwl dalo ya 1> Jow Jlod x5e8
P9 e iy o daly jloslaal b by,

W, =In (%) = In [(% %)] (V) 4l

ij

ol j ol 51T oS a0l 031> 159 Wiy dlasly 0 5o

S 15D g bl 11 o8 53w as o515 D
Slasd Nj aiwn dallas 3)g0 03gat0 )3 Juw £o8y jlas
Mij 9J sebl 511 oM > Jew g8y Jlad sloJusy
JS ola N i j golyly 511 oS 3 JuSy dlass
M g adlae 3)90 03910 )3 Jow g4 Jod (slausio
a5 ool il s dalllas 550 035050 (sla JuSly JS ol
b (Wii) (559 sl cuslosds <y (In) (oneb o)
SRS Jow Slilad (sl> o5 (2o sl ol o0 aid

R=n
FFHSI = Z W (Y) ekl
R=1
uadli xS cui ya n g Wij FFHSI ] 5 o
Lj el 51T WS (559 polie e o g8y Jlad Coplis
Cao et al., ) siwn byl dlass o SI Juo 1 oolazul
(2016
(ANPT) (gleSus Julos sl,8 Joro
Sl Sbyy Jl (So lSd Jlos a8
VA Jlo o sle I pobogs bawgs a5 sl o)bmotis
polie o alblsy)l jl glasis s opl oCunol 48l arwgs
S 35 5 (ol (i) (Siualy ilisie (sloags
Pl (B obls)) ass S B polie o

2. Analytic Network Process

1. Statistical Index
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6 . Stream power index
7 . Sediment transport index

3. Inverse Distance Weighted
4. Euclidean Distance
5. Topographic Wetness Index
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Figure 2. The network model for the preparation of a flood hazard potential map
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Table 2. Final weight of parameters and the inconsistency index
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Figure 4. The flood hazard potential map using the SI model

bla piored .Slodhy olaid] 25 4 1) didhis colue
Jgon g g aailhdg; (Sod55 )yl 0dd Cb S oo
ad gbadds b bl Sligren a5 wlanily )8 glas)l 18
shs s gblie p ihie L oyl & aad e olis ond

slaadds ) jlad oW I Sy pa Colue ()

5l aopd YF sgs ANP Juo o oS aad o ol ol
Syl 8ol s 9ol e b slaay, j ddlais colue
Iy adlaio Coluwe | o ¥F 51 Lin 30 ST Jae

it 225 (Y Joio) wlodls olaid] sy jlas gy la WS
sy ¥F 5l i oS b 5 o5 sl oS (Jde 90
e £589 skas Sl 1 o2 colus =¥ >
Table 4. The area of each flood hazard class
e ANP s ST Jas
Class ol (o) cole ol o (i) eolie
(%) Area Km? (%) Area Km?
oS
VeryTow 17.7 1941 17 1856
27 2956 27.4 3010
Low
Jﬁ‘d 3
Mod;;te 213 2341 9.4 1034.7
sl
i g)h 32 3526 432 4745
oL s
Ve r; fiigh 2 221 3 340

039 g3 ailalo )3 Jow £989 yhad il slaadds ans
JMae iy +[AFQ Cops b ST Jdo gy cpl b el
Je ol yig b Kby &S cunl atib 1) sove pj pdaw

Caol ANP o b duwlio p

035 dw 5l s Jie 51 S pp gl 8> (b))l Hslated

olyendy Accuracy 4 Specificity Sensitivity ¢!
JS5) i elaiwl (AUC) poxio o gdow s ROC oo
2 Je 90 o 3 Sles oS Kad o i Gisw ol gl (O


http://dx.doi.org/10.61882/jwmr.2024.1265
http://jwmr.sanru.ac.ir/article-1-1265-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61882/jwmr.2024.1265 |

29>y 35 g pade (Jlo) s dase

¥ 9 S5l ol b slo 2l 5o 0l 49> 53 o £989 Jd (sandig 9 (b))
myliel g ijgel clmodly oluly b Jae 8> byl -0 s>
Table 5. Assessing the accuracy of models based on training and validation data
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Figure 5. The ROC curve based on training data
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