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Extended Abstract

Introduction

Floods rank among the most devastating natural disasters, causing extensive financial and human
losses worldwide, including in Iran. Climate change and the increased frequency of extreme climatic
events have further underscored the importance of accurate flood analysis and risk management. The core
of any flood analysis whether multivariate frequency analysis, trend assessment, or hydraulic structure
design depends on the precise identification of individual flood events and the quantitative extraction of
their key characteristics (flood features). These features typically include the event's start and end time,
peak discharge (peak), total direct runoff volume, and flood duration. Conventional methods for
extracting these features are often based on manual or semi-automated procedures that rely on the
analyst's subjective judgment, posing challenges such as time consumption, lack of full reproducibility,
and difficulty in transferability to different watersheds. Particularly when dealing with large volumes of
streamflow time-series data, these methods become inefficient and prone to introducing systematic
uncertainties in subsequent analytical stages. The two main methodological challenges in this path are the
objective and optimal selection of flood events from continuous data series and the accurate separation
of the flood hydrograph from baseflow to calculate the true volume. The common approach for flood
sampling is the Peaks Over Threshold method, which itself heavily depends on determining an optimal
threshold and criteria for event independence. On the other hand, simplified methods such as connecting
a straight line between start and end points are often used to define event bounds and calculate volume,
which lack sufficient accuracy. Therefore, the development of an automatic, objective, and generic
method that can standardize the complete process of event selection and feature extraction with minimal
user intervention is a research and operational necessity. This study aims to address this methodological
gap by proposing a comprehensive automatic framework and testing it in a basin with a complex and
variable hydrological regime the Kajo River basin in southeastern Iran. The Kajo basin, influenced by
two distinct rainfall systems (Mediterranean and Monsoonal), the presence of an upstream dam, and a
history of destructive floods, provides an ideal testing ground for evaluating the efficiency and robustness
of the proposed method.

Material and Methods

This research was conducted using an integrated and automated methodological framework that covers
all stages from flood event selection to feature extraction. The study area is the Kajo River basin in
southeastern Iran, with an approximate area of 6,178 square kilometers. The primary data used were daily
streamflow time series from two hydrometric stations, Chandokan (located in the upstream section) and
Pirsohrab (located in the downstream section), over a 50-year period. The methodological core is based
on two main pillars. The first stage is the automatic selection of flood events using the Peaks Over
Threshold model. To eliminate the inherent subjectivity in threshold determination, an automated
algorithm based on the Anderson-Darling goodness-of-fit test was implemented. This algorithm
systematically evaluates candidate thresholds and selects as optimal the threshold for which the
exceedance series shows the best fit with the Generalized Pareto Distribution. Simultaneously, the well-
known independence criteria from the United States Water Resources Council were applied to distinguish
independent events, and the validity of the final extracted flood sample was evaluated using Kendall's
correlation coefficient test and the calculation of the Dispersion Index. The second stage is the automatic
identification of characteristics for each flood event, which itself comprises two key processes: first, the
start and end times of each flood are determined algorithmically based on ratios of the peak discharge and
a fixed time window; subsequently, for the precise separation of the net flood hydrograph from baseflow
and calculation of the actual volume, the Master Recession Curve method is employed. In this step, using
the matching strip method, the master recession curve is extracted from the entire data period and fitted
with Wittenberg's analytical equation. Deep baseflow is defined as the average of minimum flows during
the dry period and is used as a baseline. Finally, this complex methodological framework is implemented
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in a user-friendly toolbox with a graphical interface in the MATLAB software environment, named
SFE_IFC, to make the analysis process fully automated and executable on large datasets.

Results and Discussion

The application of the proposed framework to the Kajo River basin data yielded significant
quantitative and qualitative results. The optimal flood thresholds for the Chandokan (upstream) and
Pirsohrab (downstream) stations were calculated as 52 and 177.6 m?%/s, respectively. This significant
difference clearly illustrates the impact of increasing basin area and hydrological changes along the river
course. Statistical evaluations confirmed the correct performance of the algorithm; Dispersion Index
values close to one and non-significant Kendall's correlation coefficients at the 95% confidence level
validated the assumption of event independence and the adequacy of the modeling. Over the 50-year
period, 102 flood events were automatically identified at the Chandokan station and 82 events at the
Pirsohrab station. Analysis of the extracted features revealed a strong positive correlation between flood
volume and its duration. The coefficient of determination for this relationship was approximately 0.61 for
the Pirsohrab station and 0.36 for the Chandokan station. This result indicates that flood volume is a
primary determinant of the flood duration period in this basin. One of the important findings of this
research was elucidating the role of different rainfall regimes on flood characteristics. Results showed
that approximately 84% of floods at Pirsohrab and 65% at Chandokan occurred during the Mediterranean
rainfall season (cold season). The visual outputs from the toolbox (separated hydrographs) clearly
demonstrated that the proposed method can correctly identify start and end times for both single-peak and
complex multi-peak floods. Furthermore, the fit of the master recession curve with a coefficient of
determination greater than 0.9 proved the method's high accuracy in modeling the recession limb and,
consequently, in calculating volume. Despite the construction of the Zirdan Dam upstream, the
observation of large floods downstream (at the Pirsohrab station) indicates the intensity of flood processes
in this basin and the necessity for considering complementary management measures.

Conclusion

This study successfully developed and validated a generic automatic method for the objective selection
of flood events and the accurate extraction of their characteristics from daily streamflow data. The
presented framework, by integrating an automatic optimal threshold selection algorithm within the Peaks
Over Threshold model and the Master Recession Curve method, systematically addresses two major
methodological problems in flood analysis. Implementing this framework in a user-friendly MATLAB
toolbox has transformed it into a powerful operational tool for researchers and engineers, capable of
drastically reducing analysis time while simultaneously enhancing reproducibility and transparency.
Applying the method in the Kajo River basin not only proved its efficacy in a complex hydrological
environment influenced by two climatic regimes but also provided valuable hydrological insights into the
occurrence patterns and characteristics of floods in this important basin, including the dominance of cold-
season floods in terms of frequency and the superiority of warm-season floods in terms of volume and
duration. The findings emphasize the urgent need for focused attention on flood management and the
development of flood control infrastructure in basins similar to Kajo. While the proposed method
represents an important step toward standardization, its dependence on the quality and continuity of input
data and the need for empirical adjustment of some parameters for basins with vastly different conditions
remain its limitations. For future studies, validation of the method in basins with diverse hydroclimatic
regimes, its integration with radar rainfall data and rainfall-runoff models for causal analysis, and
investigation of the impacts of climate change on flood characteristics using this framework are
recommended.
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Fig. 4. GUI for selecting flood events and identifying flood characteristics (Zhang et al., 2021)
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Fig. 7. Examples of hydrographs for flood events at the Pirsohrab station. Four flood events, labeled a, b, c, and d,
are shown.
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Fig. 8. Examples of hydrographs for flood events at the Chandokan station. Four flood events, labeled a, b, ¢, and d,
are shown.
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ARTICLE INFO ABSTRACT

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.

Acknowledgements
We are grateful to all the scientific consultants of this paper.



YY-FY o 9F8 (Ll ¥ o)l 10 ulo ISSN (Print):2322-1682  ISSN (Online):2383-3076
s gl

VAT 2 aamn o sbla g Lt s
et (LA G

SI5T (g yawd DOI: 10.22067/GEOEH.2026.98037.1655 Ry Al

33 St
9'?9# T Gy,

oW @ g g Jbd sbawls 5l o)l bades ) G Jow G0 Coglgl
Srogdyge s p>ll g SWARA-MABAC by o9 3l colisiwl b sy poetd
' o o dmendlane ¢ yay sy das gl S (Sliwg ) pl et M paile LSy (s dozo

. PP . . e ot =
Oyl o33 <3 i oGS ¢ auxo pole 9 (539 yaoli y 8USLINS (5 59dg9 90955 09,5

WS> Ao GleMb|

A Wl 3525 53 5 S5 sl slbass> iy iz 5 e sloards o allio sy U
T T 5O A A 5 S edee Solie b gse il Ol b0 el ys )b
L;""‘Ja G s 55w g G,é‘)‘ G5 50 005 Sl Lol pen doases> oy
Lg u&jf L}"‘ Sl 00 u)l..\.w 65.59 J.Ja.> u‘““‘]‘s‘ e ) ‘)..\}‘ Ado di> (5‘0 u] 9
ASON & (e ol Gleade> (i Jemily sotaglsl 5 (2l Soe
oo plosl o Lxedin (6 S aoal SLb s 5 (6 siegd 50 (Sla o 5l solil b 5y,
oo 55 o9z 9 (Jlod laads> (62058550 sla Sy Il ¢ pslaie ooy o
Sad o Sy b w@alpl Slol s iSe; oST5 w@al il slaw ol sl el b S S
da¢e g &L‘L’)| A ‘L;é).w.‘! o o sd‘).n.\aJiw Cnns ‘6‘0).3‘\) Cnnd su_ui.h) (5)""’55)9" ' -
3 oolaiwl b cdalal jo 1050 5 sl (655 o 40 J50 sbolze (39 SWARA s,
Josils 0 3VL /Y8 oled 059 UNT adge o Jlods slaasgs o y0 4 slo ol SRy Al
Oloreds < IVFF ()35 L S6 adg> 5 g Sbade> ()3 Sboe LISy 655 o S oS
S Coles (o Lo s 4 Baes s> ol ol glolid adgs o 5 wle

i 1865 0 oYU (65 S il 5leas ol g YU LiSey (oSTs

VE O/ YA 16,555k g,

VEOI YN et bl F b

oS lals

o)l.‘c.mé.;_? 6[@JJA

(MCDM) 5 ;.5 puoncas

doddo
sl 2 1) ool oo ld Al den &5 Wgd oo Dguine ;a5 0 Dbl (PNl R g (e 5l O
5 olaidl ( cloixl Gaos u‘).ul.v b Jsb ;o oauay (! .(Rezaei Moghaddam & Rahimpour, 2024) i,l38 e
olesle )55 el 4 (Haltas, Yildirim, Oztas & Demir, 2021) cwl ailds > 4 ez ol jo 1, daorecens
Ozay & ) wlazs S )15 aodlow ;50 con poye 3l 5 o)l ¥ 51 i ¥ 2 VY B VAN laJlo o weloge Sl

E-mail: rezmogh@tabrizu.ac.ir pade Slo ;) e dese 1 gtus Bdiangs


https://orcid.org/0000-0003-2626-4656
file:///C:/Users/user/Downloads/rezmogh@tabrizu.ac.ir
https://orcid.org/0000-0003-0664-1688
https://doi.org/10.22067/geoeh.2026.98037.1655

- ol g pudo Jlo,

e Gl BAbe> 1§ (S e (Guis gl

Slodw £58g 10 soge i oyl sloasg> 5 o8 sleanl ] (Orhan, 2023; Balcl, Bilgen & Aksoy, 2024
Ozdemir) 5l Lol JUIS 55, » sl il gsiin (850 (5 iagd 50 Jelo 4 ads> ), 0iS o lig] ool
Perucen ) ms so 45| loady> Suils ied (slo oS35 <5 sl Hipe (63,523, (8 fnshpe Jalod 5 42525 (& Bird, 2009
00,5 JKal 1) asg> 5990 L, ailed o (509890 G:J sl g, (& Angilieri, 2011; Prakash et al., 2019
Abher, Adinarayana & Gorantiwar, 2014; Taib et ) s 451, QT S8y e AliSe sladi> 0550 ;0 oy i g
5 b (bt laais 4 Bues 5 aasgo UL 1) 5l adge o (Spd Gl Sy s esdoe Sl (., 2024
56 Sllg, S35 eeiis a8 b puiitens ol 4y n 2ol ol (Shekar & Mathew, 2024) 595 oo (soidinb 3,503

.(Mohammed et al., 2025) d3lw co diais )l 32 ol slaase> ancaglyl lp 1) lag)] wl ol g 35,105
o Ll Loy T 1 o3l 5l (B a5 el oas plosl yla calisee 3blio jo Gubos o900 b bl | jo goaxine Oladss
slass> 5 (Rezaei Moghaddam, Hejazi, Valizadeh Kamran & Rahimpour, 2020a) :)|,Ses 4 suie Wlo, e o0
09,5 am 33 1) S0 g8 0955 tally VY Lol oS gataglsl 5o Camla L5 51 1) slrad] ol adg>
Saonl SWARA (230059 (29) b (g 22335 gl 3l (St pp Sloogas g ads> S50 (L4505 &b sla Sy
039 O bl i A Y g T T laadg> j olo i gl Wdged eend 49> 5 V0 Gl |y bl 8 (o
Sohail ) Sgeme g Jotew 2055 50 )18 (655 o YL ol Log)5 10 g 0090 (/=AY g +/= AV «/AYY «/VFY) Sl
5 &ly plezr a0y, assm 53 OOlew & Sl (5509850955 (S0, 3,509, 65, 4 b (& Mahmood, 2024
(305 o Sarial b Uy T B 5 a5 O (5 oghyos55 (5o g 32 (ol 39 605 55k Jao |y inSy y55
o plis @l rizres Canl Sgliie ;00 ads> 4 sladsz I (5 5es8)90555 Lo Ty a5 Bls (LiS @l WD (o) 2
FSzsS Slaady> ;4S5 bt )3 o 13l ] (S35 e Combis  padians job 4 Adg> ) Sy Colus &S
A5y 28y ool g cwlidine) 5 (BT ss coud aiile G teghysessy slayiel)ly o diin 5 ndice]
do9> (6 jud Juws Jumdly (Rezaei Moghaddam, Rajabi, Rahimpour & Farazian, 2025) ),Ses 4 pade Slo,y asS
99 2yl 5o Jleme 033l 00,8 (susy  GIS g 0jlraniz (65T praal by S 5 L 1) e o glrasds 5 ]
S35 Sonals] Sl WIS 1y G (i ALS sy 5 e 5ol oIS Gl ANP L o liso oo
S dom s iy C1 B2 A2 axlg aw ols lis ol ol ol 0olaiwl MABAC Jowe 51 SGjelg,000 slaasly
S g 50k cad Jos 4y a8 (Bblie saisd oo Jol 1) (m 0 egkeS VYO Joles) ad5> a0 )0 Ve dgam 5 W) )
o9 1) S pdycam| s&io5 ;o (Mohammed et al., 2025) 4] )Sen g domo . aiiuwd o €989 9 llg, ddgi datins o5
S 31 ool b S fashygn el V4 038, oyl Koyt yse ol Sl eolital b s oyl 5o 1y (sl o sl
solie olul j abem 5 00 .l zl il ArcGIS l38le 5 50 5 e VYO S8 &y08 L (DEM) elas )| o098, Jow
A5yl 18 e ylas 1a5 51 YL g il adgm 53 ¥ aS ol ylid s ad ganadlsl o)l (CP) oS 5 el b
9 el laads> yteghyge el 5 (e dems deily a5 o0l Sledllae wns oo (L85 Beod by (o) 2
STy ddg> cod g JSb ale ol el aisS s i Sldlae cpl ol el a8 5 plxl e il bl
SloS iy (o5 Sl Cuanl 403 (Sla byl gazme yo 20 AT oM Sl 0 adg> Colas 5 550
St $blin > Sl cul STl ol b syl 0T (5o spaalne 5 o s ey 5o S 5es85e
S35 (6 S 3blis 5 A5 rasb sl Ty 5 e SlosS o (o ais Jolos & f5aS 5 00 s
fodins y3bo 43 4 Cunsl 055 9z g Jlod sloaials ;0 5 T (slbadg> (6 5%egd y90 el 2 35505 50 Ghghy (il 6 )9lss
Geiod cpl ildid § &5 j00 (6 petdes b srds 3blie (o loges a5 iy Olalllae M5 .05 lo Bl 5 5 q S S 5
2 e jhd Gl s ytestise swanlp 8l (Kigkz gy @ csilosd - Sdehisest haili 3, L



vy 1P lawali ¥ o)louds 1O ol ¢ oo Ol yblo g Ll a4y yls

9 6)”55)5"° LSLmua?L..u ‘(DEM) GCL(U)‘ (5'°95) 6[.90\)‘0 )‘ uLo).o.Q solaul 0)‘.)).1‘59 B~ L.S)'e.’“‘“" 4.:...45) Lv Ls‘o.)jdm
.A.;S‘Sa Sl S A LS‘@.L}?S d.'ol...a )L.\,:.lg: Co pde st.g 6‘51-.’)[5 99 6‘4.,.:_? ‘o)Ls_mA.:_? LS)-SW LSLQJ-:L"J
axflbo Sjy90 ddlaie

Ol 350 plgie iy ed ool fpd O A (pite il gladasg pole agly dalllas o )y5e sogame
5 oot adly B,b b F5O VY B FFO VY 5 Lt o TAC Vo) B YA ¥ Ll ol 0 5y olol,d]
Sty g oK) Lol b yad cpl @Yl (S5l lawgie () JS0) il o o VYEF Lo zhaws 51 ] lawgie glis )|
Cld (Byph AbsS 10 s Al e yie e YOO 0905 Yo YT B VAAY sl Jlo opo g 30 Madlipm oF0g,8 ,o &8y
L bl g sl cle on o3 slrosS ol Jlod 5o ool oid 00508 g )| a0 (S 1 ansgio o b (5150 (290,
Sl s Ceoms 4y Sy 9 SxgS i pl laass> deogS e dlawly 4ol 18 sipa SlaassT eog ] Ggix 4o g
2908 Slades (555 Ews 5 (L] (625 00508 Dlyss g ladds> (nl (295 Ceoms & D (S g drg Nigd s
ol 0als ol 38l e £58g jlas alidS ams iz (b ol

o9y 9 Olgo
@ e ppl sleads> aniagsl 5 65 b Jeedly ol Ban b g Llos - hog Ghs, b hegh ol
L DEM) (ol )l (ag8) Jowo 5l yolo 3uiod ;5 025 (o0 518 (69 ,2)8 Dlidad 0505 )3 9 Cewl 0o plonil 525 1B
o ooliiosl basg> (5 togh 50 (slo ol drmsloes g dilaio 3yl slaady> gl il gz 2o VYID lSe SSE5 0,08
=Y SWARA oo =) il ouls #8lg oolaiwl 5,90 ool Judow 5 455205 (gl calies g, 90 dalol jo () Jguz) ol
MABAC

bl arslons J30,8 5 (552098550 sl el =Y Jgar
Table 1- Morphometric parameters and their calculation formulas
& Joe by
Reference Formula Parameter
Fs = Nu/A
Nu = ;51 dog> slaaal ol S slaxs

(Stream frequency) asl .1 Jlgl 3
Horton (1945) 7

A:)'.:\ﬁ] 3.59>Q>L...a

Dd = Lu/A Drai densi ene <15
Horton (1945) Lu= 55 1 Aoy slaaalpl S Job (Drainage density) _:Se; o515

bt = Nu/P Drainage texture) _iSe; <l
Horton (1945) P= ;i hog L (Drainage texture) _:Sa; <l
Schumm (1956) Di = Fs/Dd (Drainage intensity) _iSej oo
Horton (1945) Cc = 0.2812 x P/A%S (Compactness coefficient) $s,u8 y,o

Singh & Singh (2017) Rc = 4 x3.14 A/P? (Circularity ratio) -og ;9de Cas

Horton (1945) Ff = A/Lb? (Form factor) Js& <y o

Schumm (1956)

Strahler (1964)

Bh = hmax — hmin
hmax = ;, ) &og ¢l iSlos
hmin = j, )T io5> glas,l J8los
Rn = Bh x Dd

Relief) asg> glas | S

(Ruggedness number)  lseal soc




\Bg Q'}l&o& 9 P’\s'“ ‘;La’)
o Gl SLAbe> 5 5 (G S S (G958 Sy glgl

46°13'0"E 46°20'0"E 46°27'0"E

a 15 e O & e S adg>

The basins leading to the metropolitan of Tabriz

=
z )
o ©
IEB 3:
3 3
dem (meter)
Value
High : 2518
— -
z Low : 1501 i
& [
~ 0
£ &
';1 «

46°13'0"E 46°20'0"E ] 46°2T'0"E
asdllac 050 dilaie oLl s CosBge —) K&
Fig. 1. Geographical location of the study area
SWARA Juw

pigm o3l U lons 5 Laslons (335 Anmlons (sl olmntiz (55 onensd oo S5 Sy lyte & o
bl 55 655 o oo S ol ) Bl e s ol s ko ol 31 esliil b Lo slomsss s 5 W lone 5 comend Sl e
4.3‘5...4)).3 Q)}a&#ml.g.]ou)‘)& ul.w)l.la,u‘ 0)9-6 M‘ Q»L»‘ﬁo.bl.é.'l.w‘ 0)9.& le.lb)Lu.a 4.1.‘>fa Q‘ll)‘b le).».a‘)bu.ud.]aab
B |)] )Luwm| od.db.b@ul.a “55-“‘(5" &9)....4 P9 )L.v.o )‘ le)Lu.c S] )L}.O.c ambu -Y u)»)’-u-"jﬁ ) ‘;9)4 O yge0

WS g0 LSS Sl o sl 11l g 9 oo 0l = V) (LB jlae L BLS

n
nA.
5 = LA )
n
il oo b ol olass oaimslii ] gyl o (sl Lol S Lt o a8l glaass, Ay sololiss S slasin )] 4o as

D58 g0 LSl o )Las S olie &y aly S WK 0 e pslate a4 K 0 dlins oY

1 j=1
Ki:{Sj+1 i>1 ™
Do dales S vae dduwed Jol jlso sl Q; Slaie 1995 oo Ao 5 abaly 51 Q) (gouze (59 -F
1
_Jk -1 j=1
k;
adgl slagyzy Egeme 1 (Q)) bojlns 12 adgl 39 al> o ol 5o T go Cews @ (F) alal) 5o )b 5l o jlna (oo 59 —0
'é\))fﬁso m.m.a.;
qj
W: = = ¥
: jn:1 q ™

KerSuliene, Zavadskas & Turskis, ) ol co o )lxe JS Slaad oacas Ll n g jlxe cond (59 odims (L5 W, ol o as
2010



Y¥ 1P lawali ¥ o)louds 1O ol ¢ oo Ol yblo g Ll a4y yls

MABAC Juo
Rezaei ) ogd oo oslawl laniF saudd, cgz a5 Sl o)laenis LS)—SW S SiSS p Saas 95> g,
5 s T 5 bylas e ) il ) Soge 4 hg, opl 2! sleplE .(Moghaddam & Rahimpour, 2025
ol il dlop Y anil oo g loan S 38 s i g Jled o &ly o pl slaass> (s lsenl sue g glis)
Slodley gd o ol ] Hlae 3035 dulin el (53,5081, 5 b Jlxs ubiiio (g5l laSy Ban b ol b ol oreas
Ol 5o ead Jlo g penal e yilo 50,5 1059 =Y 00,8 B OV U - o Gl asein 85L SO 0 ools 00,5 o g
3o e -F ] oo Cuwd 4 SWARA L g 3l 9,51 AANP AHP (ooman olagbs; Gasb 5l ke ()59 al> e
oste (0) gabal) 5l 5w (nl o 05b o0 patine ol 4zl e o e 58 Gl Al e nl )5 e Sle Calil sl

109 o0 438 )S
A \1/m .
gi=(2%) " 5ji=1..n ©

misowob(?)ib‘)d))b)lwuwb)ftLbd..u;dLoLS‘)LxAJ.&boMJLa)JWJALA@)BJJOLM5WJJLA

qij=f"ij—g]-; i=1,..,m, j=1,..,n %)

Wedoo i JoP S A Ganas,) Sux g aie S p ol kel Al e ol o Ay S ganas, F
Iy G as, g oo Ol 438 cp i olosedas ol il 1) Jlade o iy oS glay 5§ (Pamucar & Cirovi¢, 2015)
Loyl Slly, oom e 50 (Gl G5 5 Sl 3yl > 550 50 jgeamme IS diilate saimoLis (A) jpl Aoy Colus

5 YL gl (o0 4 e a5 WS e Bl o 1) (g i (5,L Yeess Jaawg b9 S (Mohammed et al., 2025) &S
Coluss o) gls (Abdeta, Tesemma, Tura & Atlabachew, 2020; Shekar & Mathew, 2024) 545 oo lls, o531
GBS VYY L o 5 43 86 ddg> (o5 slaasals ;0 g NT abg> o Jlals slaasals ;o aS ols lid aalllas 550 (sloasg>
Shekar ) ail co 33wl Ad9> 15 (533985 oaims lid i (NU) anl sl slows .5 lo 1) ol o iiin a0 10 ogl S FA 4
L o> sloals ;0 S6 asg> 5 anlpl YW L Jlods slaaisls ;o N1 ass> dalllas )40 dilais 4o (& Mathew, 2024
O s a5 el 5ol ce Slilg, ads jo basss> ! (oYU Juwsly S5l a5 wilaiils 1) laanl pl oy i anl 1 VY7
5O g8 o odline 0uiSTy oLS ibe L gliwasS bl o Yw (Dd) eS2; o515 YL polie (Horton, 1945)
&yl )b (Fs) anl T Slgl 8 .ol oguil alS iligr 5 pdudets oS L sble sl S5s 5/ Dd 5oyl polie aS Jl>
b Ygora DA Gial33l 15 o)l Coe (S (DA) (2505 o515 b ool ol ol Dl by Sl 5o solS
Rezaei ) col iSa) YU o515 g ol obl, ,S5lo anlpl Slgls (oYU polie .ol of ot anl ] sla JUIS slaas i l33!
anl 5l o oo dols 4 5 009 (555098 ,509855 moe sl yal b 51 o (D) i8a; <dL (Moghaddam et al., 2020a
30 9 S Gpdudedl Cod b sainy lid LiSe; cdl YL olis (Bisht, Chaudhry, Sharma & Soni, 2018) s )ls o,Lal
anl 1 gl polie Cons (DI) o8 wads (Rezaei Moghaddam et al., 2020a) ol co by, Juwily ial33l ass

1- Multi-Attributive Border Approximation area Comparison



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

olie 455 5ba; R g0 )] Adgo Corlus 4y Cod laanl pl 15150550 50 Sl il ol sl (iS5 0515 &
Sgd dydd  SWHb sl g, plln jo by, (iali8l 4y yonie Wilgh so a5 sl (6 5SS ) pimmn odi LS YL
ooliiul 5] dog> S Kb yges8y oSS al o candils gl Ygans (RC) (slopls Coms .(Mohammed et al., 2025)
5 &b JSo samolid SYL polie a5 Jbo o sl Sle> g eaniS BT ge8 sasolis Re iymly polae 04 oo
oz sbaly o cal ails 1) sl cpl lade o ias < /P Jlake b et slaaials ;o N3 ase> . conl sglopls
Sy S hpogi (sl o ol gz il Sy (B (68 S o )5 1, i ity /Y |y S4 g 3
9 A5 Uy, L Leogas a5 cowl FoundS JSO L slads buiadylas Ygons FE 5ol laie 05, 00,15 4 5 pl ads>
Slily,y s a5 cewl 5 jg0n S0 L lasse sacmolas FE 5WL lade ¢ blie jo sl bad o o £485 yinS Jlaio|
Sly g 1052188 o Jlods slaass> sl el )l opl polie (Duressa et al., 2024) el 5YL o Olylas 5 Sy
WS oo Saie |y ab g S aS el (6,50 (gallS )l (Co) (So,88 oo Sl 00 + /YT T8 pgix slaasg>
saasylis V5l 5 5 polae ojls JelS (glople IS 5l dbgm aS Conl pime cpl 4 b V L ol (S0 08 o yo S
Rezaei Moghaddam, ) & 15,95 5 (655 o 4 Cod oV Gl 51 Glopls sloasss wiws 4by>  SauisS
P omb g YL e glay laie 4y (H) s> S elas )| DU (Hejazi, Valizadeh Kamran & Rahimpour, 2020b
Sl iy Jomliy 5 5055 slocad 500l Logas H 5Vl polie 5o diyss 5yl adg Sy cpgp0 el
Olis 8,90 asg> ol )l Ol s gwy  (Mohammed et al., 2025) cool Cgu, Jail 5 ordaw Qlils, « S 2ol 8
Ok g P G gl BB (g dn te YPA L NS o)led a9 ( Jlods slaaiels slaadg> )5 oS was o
ode Sl ools plaisl 89> 4y Jlade p ies yie ATV LSO dss> 50 psix laaials ool alils 1) abg> dlads
oty 5 mm) 6158l 5| GiadlS (5 ns ol 2505 (ST 5 ad> elis] ST 0 Jols 45 (R1) (5 lpasl
L1y ase> SO glay)l sl 5 g tisle Sowmes b opl (Mohammed et al., 2025) aas oo &3}l Jow 9 Siulu )3
5 )lgeal Jles sy Sbles 2ol )l ol YL polde (Melton, 1957) oS’ o 6)'[**«5;5 Sl anels g ol oSS
S98 o0 SUSU laodow 58y Jloxxl (ial33l 5 (6 d3585 (ol (oo Slly; Al carge ol (nl &5 Conl oy

.(Rai, Chandel, Mishra & Singh, 2018; Sutradhar & Mondal, 2023)
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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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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
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o
2
0/1
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Fig. 2. Criteria weighting using the SWARA method
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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

EN SRS e
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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
BN WL WOLA
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
@5 sbasy> lp (G) b colis 4l e polie -1 Jeua
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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Fig.4. Flood susceptibility prioritization of the southern basins of Tabriz
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