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Article History: On the northern and southern slopes of Tabriz, several small and large drainage
basins direct their runoff toward the city. Urban expansion toward the outlets of
these basins, together with extensive land-use changes and modifications to
Revised: 28 April 2026 natural watercourses in recent decades, has increased the risk of flooding. This
study aimed to evaluate and prioritize the flood-susceptibility potential of
drainage basins draining into the metropolitan area of Tabriz using morphometric
Available Online: analyses and multi-criteria decision-making (MCDM) models. To this end, the
03 May 2026 morphometric characteristics of the northern and southern basins—including
basin area, number of streams, drainage density, stream frequency, drainage
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texture, drainage intensity, circularity ratio, form factor, compactness coefficient,
basin relief, and ruggedness number—were extracted using a Geographic
Flood Susceptibility Information System (GIS). The SWARA method was then applied to determine
the weights of the criteria affecting flood susceptibility, followed by the MABAC

Keywords:

Morphometric Analysis model to rank the basins based on their flood-susceptibility potential. The results
Multi-Criteria Decision revealed that among the northern basins, Basin N1 exhibited the highest flood
Making (MCDM) susceptibility, with a final weight of 0.206. Similarly, among the southern basins,

Basin S6 was identified as the most sensitive unit, with a weight of 0.366. These
basins mainly owe their high flood-susceptibility potential to larger area, high
Tabriz Metropolitan Area drainage density, and steep slopes.
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Extended Abstract

Introduction

Several small and large drainage basins flow toward the city of Tabriz. The city’s expansion toward
the outlets of these basins, along with extensive land-use changes and the alteration of natural
watercourses over recent decades, has increased the flood hazard. During precipitation events, these
basins collect and convey rainfall-derived waters that manifest as surface runoff and ephemeral flows
within the basins. Subsequently, following the steep and generally uniform topographic gradient of the
slopes, these flows are directed downstream toward lower-lying areas and the urban extent of Tabriz.
Meanwhile, the rapid and unregulated physical expansion of the Tabriz metropolis toward the outlets of
these basins, together with the continuous intensification of construction activities—including residential
and commercial buildings as well as transportation networks—within and across the corridors of
secondary watercourses, and without adequate consideration of hydrological and geomorphological
constraints in urban planning and design processes, has substantially increased the risk of various hydro-
geomorphological hazards. These hazards include sudden and destructive flash floods as well as unstable
slope movements in the affected areas.

Material and Methods

The study area of the present research comprises the basins toward the metropolitan area of Tabriz.
Tabriz, the capital of East Azerbaijan Province, is located at geographical coordinate's 38° 02'— 38°10’
north latitude and 46° 11’ — 46° 23’ east longitude, with a mean elevation of approximately 1366 m above
sea level. According to records from the synoptic meteorological station at Tabriz International Airport,
the city’s mean annual precipitation during the period 1992-2024 is approximately 255 mm.

In the present study, a Digital Elevation Model (DEM) with a spatial resolution of 12.5 meters was
employed to delineate the catchment areas of the region and to calculate their morphometric parameters.
Subsequently, two different methods were employed for data analysis: (1) the MABAC model and (2)
the SWARA model. The Multi-Attributive Border Approximation area Comparison (MABAC) method
was introduced by Pamugar and Cirovié in 2015. This method is among the most recent multi-criteria
decision-making (MCDM) techniques and is widely used for ranking alternatives. The SWARA model is
applied as a multi-criteria decision-making technique to calculate the weights of criteria and sub-criteria.

Results and Discussion

In the present study, the morphometric characteristics of the northern and southern basins of Tabriz
were analyzed, including parameters such as basin area, stream number, drainage density, stream
frequency, drainage texture, drainage intensity, circularity ratio, form factor, compactness coefficient,
relief, and ruggedness number. These parameters were extracted using a Geographic Information System
(GIS). The research findings indicate that the morphometric characteristics of drainage basins play a
decisive role in intensifying or mitigating flood susceptibility. In this regard, criteria such as basin area,
stream density, and elevation were identified as the most influential factors affecting runoff generation
and the occurrence of flash floods. The results obtained from the SWARA model for criteria weighting
reveal that parameters related to basin size and shape (e.g., basin area, compactness coefficient, and
circularity ratio), as well as drainage network characteristics (such as drainage density and stream
number), contribute most significantly to increased flood susceptibility.

Conclusion

This study was conducted with the aim of assessing and prioritizing the flood susceptibility potential
of basins into the metropolitan area of Tabriz, through the integration of morphometric analysis and the
combined application of the MABAC and SWARA multi criteria decision making methods. Basin
prioritization using the MABAC model indicated that Basin N1, located on the northern slopes of Tabriz,
was identified as the most flood-prone basin, with the highest final weight (0.206). This basin, due to a
combination of relatively large area, high drainage density, and considerable slope, provides favorable
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conditions for rapid runoff generation and an increased flood hazard. In contrast, basins with negative
final weights (such as Basins 2 and 4 in the northern sector) exhibit lower flood susceptibility, which is
mainly attributed to moderating morphological characteristics such as elongated basin shape and low
drainage density. In the southern sector, Basin N6 ranked first with a final weight of 0.366. The
predominance of this basin is primarily due to its larger area, significant elevation differences, and high
drainage density, all of which are key factors contributing to increased runoff volume and flow velocity.
These findings indicate that even in semi-arid climatic regions, the presence of large and steep
mountainous basins can significantly intensify the risk of flash floods, particularly during wet seasons.
From an applied perspective, the results of this research can serve as an effective tool for urban,
environmental, and watershed managers and planners. The proposed prioritization facilitates the optimal
allocation of resources and the implementation of both structural and non-structural measures—such as
the construction of sediment retention dams, land-use pattern modification, conservation and restoration
of vegetation cover, and the design of early warning systems—in high-risk basins. Particularly in light of
the rapid and unregulated physical expansion of Tabriz toward the outlets of these basins, the
incorporation of hydrological and geomorphological considerations into urban development plans and the
enforcement of construction controls within stream buffer zones are increasingly imperative. In
conclusion, this study confirms the effectiveness of integrating Geographic Information Systems (GIS),
quantitative morphometric analyses, and multi-criteria decision-making methods in basin-scale natural
hazard assessment. It is recommended that future studies enhance model accuracy and reliability by
incorporating hydro climatic parameters (such as rainfall intensity and duration), anthropogenic factors
(including land-use change and building density), and higher-resolution datasets. Such an approach would
not only contribute to improved flood risk management in the metropolitan area of Tabriz but could also
serve as a methodological framework for other cities located adjacent to mountainous drainage basins.
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Table 2- Morphometric characteristics of the southern basins

- NS N S N B S S N Y A > B o
g g g Y=g Y=g Fg Fe= s TR
s 2 S 8 3 2 a8 3 2 a8 a8 a8 Parameter
23 42 48 5.5 30 8 12.8 14 Basin area (km?)
44 49 116 11 45 14 20 22 Stream number
2 2.16 2.12 2 2.03 1.87 1.95 2.07 Drainage density
1.91 1.16 241 2 1.5 1.75 1.56 1.57 Stream frequency
1.42 1.05 2.62 0.65 1.29 0.72 0.68 0.76 Drainage texture
0.95 0.53 1.13 1 0.73 0.93 0.8 0.75 Drainage intensity
0.30 0.24 0.30 0.24 0.31 0.27 0.19 0.21 Circularity ratio
0.38 0.35 0.34 0.46 0.36 0.44 0.41 0.40 Form factor
1.81 2.02 1.8 2.03 1.79 1.93 2.35 2.18 Compactness coefficient
565 795 927 379 600 396 475 469 Relief (meter)
1.13 1.71 1.96 0.75 1.21 0.74 0.92 0.97 Ruggedness number
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P50 GalS slo Lre conl ioghy Lol Bos basg> (655 s Jomily a5 sl 3l oo amast aslllas £4.540 5 QT
A a8 )5 L) 5 0diS s Jelge lese @ alyd ol
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Table 3- Morphometric characteristics of the northern basins

Basin N5 Basin N4 Basin N3 Basin N2 Basin N1 Parameter
83 38 31 52 122 Basin area (Hectare)
16 9 7 4 23 Stream number
7 6.5 7.3 34 5.5 Drainage density
19 23 22 7 18 Stream frequency
3.5 2.5 3 1.2 4.5 Drainage texture
2.7 3.5 3 2 32 Drainage intensity
0.50 0.38 0.69 0.60 0.59 Circularity ratio
0.59 0.66 0.69 0.64 0.56 Form factor
1.41 1.64 1.21 1.28 1.31 Compactness coefficient
368 331 264 288 363 Relief (meter)
2.5 2.15 1.92 0.98 1.99 Ruggedness number
0/4
/3 1 0263
f‘ 0/2
o
2
0/1
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Fig. 2. Criteria weighting using the SWARA method

A G bl b)) iz Jols Gudod (o ol ouds oolaiw]l MABAC Jow 5l leasss (sainiuglgl o anlsl jo
D05 oSS el o yilo g 00l oolaiwl ANP g AHP (slo yig, jo sl o0 % b (ﬁ)ﬂ sldssz) lbay S

(05 ¥ Jgu)



o Gl SLAbe> 5 5 (G S S (G958 Sy glgl

Sl Gloasy> gl proal il =F Jgua
Table 4- Decision matrix of the northern basins

LAM

O
Criteria

s Jled Gloasy>
northern basins

Basin area
Stream number
Drainage density
Stream frequency
Drainage texture
Drainage intensity
Circularity ratio
Form factor
Compactness
coefficient
Relief

Basin N1
Basin N2
Basin N3
Basin N4
Basin N5

W » W | Ruggedness number
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Table 5- Decision matrix of the southern basins

)Ls“
Criteria

Basin area

Form factor

coefficient
Relief

R oy slbasy>
southern basins

Stream number
Drainage density
Stream frequency
Drainage texture
Drainage intensity

Circularity ratio

Compactness

Basin S1
Basin S2
Basin S3
Basin S4
Basin S5
Basin S6
Basin S7
Basin S8

U v 9w L w w | Ruggedness number

(SN~ NG I ST VRN N N
N Q00N LN WA
B9 OWL VNNV
N WU WA W
WhWOWHRLWL
QNN R WW
WL W B NN
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WhWHRWWORWL
N QO WWnWh DN
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Table 6- Normalized matrix of the northern basins

S o, o > E
Criteria 8 %‘ 2 5 Rz 2 . » =

< o< a ) = =] s ) ] =]

o] g 3] =) % 2 = 51 =5 « =

< 2 S g = §= 2z s B85 .8 v

= = o & o © k= < Sy 35 kS

o3 : ‘% g 20 op ) S g (== =i
s Jled gloass> o 15 s g s s = g3 ~ S|
. m o -5 IS -= g [ o 53 o)

northern basins s g g g g 5= ~ O o
A & & A O 5

~

Basin N1 1 1 0 1 1 0.25 0.33 1 0.5 0 0.5
Basin N2 0.4 0 0 1 0 1 0.33 0.5 1 1 1

Basin N3 0 0.25 1 0.33 0.66 0.5 0 1 1 0.5
Basin N4 0.2 0.5 0.33 0 0.33 0 1 0 0 0.33 0
Basin N5 0.6 0.75 0.66 0.33 0 0.25 0.33 0 0.5 1 1
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Table 7- Normalized matrix of the southern basins

o . ’
Criteria 5 2 ;:f g £ 2 . -
s € & 2 £ B g & 8= g
s £ <% & £ E =2 B £33 3 3
sk B0OE 2 % 2 & & g £E 2B 2
R oy gbase 2 g 8 £ g s = g2 ~ =
. m o B= < B= K= o o S 3 )
southern basins = g g g s = =~ O g
« A & & §F§ © g
[
Basin S1 028 033 0.6 075 033 08 1 0.5 033 0.83 0.75
Basin S2 0.28 0.16 0 1 033 0.8 1 0.25 0 0.83 1
Basin S3 0.14 0 0 0.75 066 0.6 0.5 0.25 1 1 1
Basin S4 042 05 0.6 1 1 1 0 0.75 1 0.66 0.5
Basin S5 0 0 0.2 0.5 1 0.6 0.25 1 0.33 0 0
Basin S6 1 1 0.8 1 0 1 0.75 0 0 1 1
Basin S7 0.57 0.83 1 0 0.33 0 0.25 0 0.33  0.66 0.75
Basin S8 042 0.5 0.4 0.5 0 0.6 0.75 0.5 0 0.33 0.5
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Table 8- Values of the similarity area boundary matrix (G) for the northern basins

ot

> (9]

5 ey Iy g = K] <

38 7 £ = Z =i . 2 £

:v: = 15 ] 5 s S b e =

- g Q 2 5 2 3] S o o =

Jhexo S 2 o 53 = k= z & 55 S 2
> = I 3 & 3 g i ie 3 &
Criteria 2 g s g g & = £ g0 ~ 5
m I .8 = .5 = [5) ) 33 )

= g 2 g ‘3 = - O 2

Z a Z a 5 S 2

G 0368 0.274 0.162 0.015 0.135 0.086 0.057 0.026 0.050 0.233 0.023
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Table 9- Values of the similarity area boundary matrix (G) for the southern basins

Bt
) )
5 2 2 2 £z o 2
2 ‘3 £ E| & =] = 2 g
S 2 S 2 = 5 s I} SR =
o g |5} =) S 2 31 S O [ =
o > Q = o=
, = E kS 3 - g 2 S SR g 2
B = e & g o = S = g 6
o B g on an o0 < g [aWgam) Q =
Criteria Z g s £ s o = £% oo £
m o B < = = 3] o 38 51
5 B 2 s F & = 3 2
©n R~ B Q

G 0359 0259 0.169 0.017 0141 0.104 0064 0029 0042 0236 0.025
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Table 10- Values of distances of alternatives from the similarity area boundary (q) for the northern basins

)LS'M > © 2 _u;)'

Criteria _ﬂg é“ ] 5 ‘3 2 - @ g

5 =i g 3 = 5 S IS} o = 3

: 5 3 =3 & = > Q g.2 4 =

Lgl_:né\..ay © g o o - g R S ISER3) Q 2

= o B= 5 ) = <= I} 8

. 7 =) =y %D N) = é IS ~ =

e Jes 8 3 s = S < = g 8 3

M o 5 5 3 g 2 2 3 o

northern a = = 2 g 35 o 80

. ) n A A =

basins &
Basin N1 0.158 0.102 -0.042 0.005 0.065 -0.007 -0.001 0.016 -0.002 -0.088 -0.001
Basin N2 0 -0.086 -0.042 0.005 -0.035 0.040 -0.001 0.005 0.014 0.057 0.007

BasinN3  -0.105 -0.039 0.078 -0.001 0.032 0.009 -0.015 -0.005 0.014 0.057 -0.001
BasinN4 -0.053 0.008 -0.002 -0.005 -0.001 -0.023 0.027 -0.005 -0.018 -0.039 -0.008
Basin N5  0.053  0.055 0.038 -0.001 -0.035 -0.007 -0.001 0.005 -0.002 0.057 -0.007
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Table 11- Values of distances of alternatives from the similarity area boundary (q) for the southern basins
Lxs
J

* 5 2 & = o "
. = =] = =
Criteria ) @ é 8 =] o = & 8 é g - 2,
— Hierd Z
2 £ S = $ £5 e EE 3 BE
L R 12 < < S = = 5] [ on =
Ry & 5 £ E £ A S 5 £ g ER
< o —
southern A I = X 3 ©
basins i _ Z = ©

BasinS1  -0.021 -0.008 0.023  0.001 -0.008 0.010 0.020  0.003 0 0.030  0.001
BasinS2  -0.021 -0.039 -0.049 0.003 -0.008 0.010 0.020 -0.002 -0.010 0.030  0.005
BasinS3  -0.059 -0.071 -0.049 0.001  0.025 -0.003 -0.001 -0.002 0.022 0.054  0.005
BasinS4  0.016 0.023  0.023  0.003 0.059 0.022 -0.022 0.008 0.022  0.005 -0.002
BasinS5  -0.096 -0.071 -0.025 -0.002 0.059 -0.003 -0.011 0.013 0 -0.091  -0.010
BasinS6  0.167  0.117  0.047 0.003 -0.041 -0.022 0.010 -0.008 -0.010 0.054  0.005
BasinS7  0.054 0.086 0.071 -0.007 -0.008 -0.041 -0.011 -0.008 0 0.005  0.001
BasinS8  0.016  0.023  0.001 -0.002 -0.041 -0.003 0.010 0.003 -0.010 -0.043 -0.002
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Table 12- Final weights of the options and ranking of the southern basins

asg> W O3 as,

basin Final weights Rank
4 2 Basin S1 0.051 4
3z Basin S2 -0.062 6
3, = Basin S3 0.077 7
3~ g Basin S4 0.158 2
¥ 3 Basin S5 -0.236 8
@ Basin S6 0.366 1
Basin S7 0.144 3
Basin S8 -0.050 5
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Table 13- Final weights of the options and ranking of the northern basins

4 = a9 =W 039 )
3 = basin Final weights Rank
3 38 Basin N1 0.206 1
) g Basin N2 -0.035 4
3£ Basin N3 0.024 3
5 2 Basin N4 -0.119 5
Basin N5 0.159 2
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Fig.3. Flood susceptibility prioritization of the northern basins of Tabriz
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