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Hydro-geomorphic Prioritizing watershed sub-basins based on their flood potential plays a crucial role in
Indicators, guiding policy-making and improving water resources management strategies,
MACBETH Model, particularly in areas located near critical infrastructure and environmentally sensitive
Varzeqan-Chai zones. Given the mountainous nature of the study area, the presence of unstable
Watershed, atmospheric systems, and precipitation-generating weather patterns, the likelihood of
Northwestern Iran. flooding in this basin is considerable. In spring, the combined effects of snowmelt and
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rainfall-induced runoff led to a substantial increase in discharge, which can trigger
flooding and erosion and pose a threat to surrounding agricultural lands. Therefore,
identifying and analysing the factors influencing the flood susceptibility of the region
can be highly beneficial for developing effective flood risk management and mitigation
strategies, as well as for sustainable water resources planning in this and other similar
areas.

Methodology

In this study, 1:100,000 scale geological maps, land-use maps, climatic data from
meteorological stations located within and around the watershed, a digital elevation
model (DEM), and field observations were used. Data processing and spatial analyses
were performed in the ArcGIS software environment. For the analysis, a set of
morphometric and climatic indices including stream number and order, stream length,
drainage density and texture, drainage frequency, curve number (CN), area,
compactness coefficient, circularity ratio, form factor, relief, slope, and

Accepted: 2026/05/03 precipitationwas employed. Subsequently, the MACBETH weighting method was
Published: 2026/00/00 applied to determine the relative importance of hydro-geomorphic and climatic

parameters, and by applying the derived weights, the final flood susceptibility map was
produced.
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Results and Discussion

After calculating the geomorphometric parameter values for each sub-basin, the weighting process was carried out
using the MACBETH model. Once the influence of each parameter on the sub-basins of the region was determined, the
final weight of each sub-basin was computed based on the sum of the 14 parameters employed in the study, and the
sub-basins were subsequently prioritized. The final parameter weights for the 12 sub-basins under investigation indicate
that Sub-basins 5, 11, and 2, with coefficients of 0.264, 0.184, and 0.145 respectively, have the highest weights and
thus exhibit the greatest flood sensitivity.

Following the determination of the final parameter weights, a final map was generated to prioritize the Varzeqan-Chai
sub-basins in terms of flood susceptibility by applying the obtained weights to each thematic layer. Out of the 12
analyzed sub-basins, 3 sub-basins fall into the "very high" sensitivity class, 2 into the "high" class, 2 into the "moderate"
class, 2 into the "low" class, and 3 into the "very low" class.

Conclusions

In the present study, an effort was made to examine the role of hydro-geomorphic and climatic indices in the flood
susceptibility of the sub-basins within the Varzeqan-Chai watershed. Fourteen hydro-geomorphic and climatic
parameters were employed to assess the sub-basins. The zoning results indicate that approximately 66% of the
watershed area falls within the “high” and “very high” susceptibility classes, about 6.7% lies in the “moderate” class,
and roughly 24.06% is categorized as “low” and “very low.” This distribution highlights the predominance of high-risk
zones in the region and underscores the necessity of prioritizing flood management efforts in the most vulnerable parts
of the watershed.
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Figure 1: Location of the Varzeqan-Chai Watershed
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Figure 3: Maps of Area, Stream Number, Stream Order, Stream Length, Drainage Density, and Drainage Texture in the Varzeqan-
Chai Watershed
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Figure 4: Maps of Stream Frequency, Infiltration Number, Compactness Coefficient, Circularity Ratio, Form Factor, and Relief in the
Varzeqan-Chai Watershed
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Figure 5: Slope and Precipitation Maps of the Varzeqan-Chai Watershed
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Table 3: Ranking of Parameters in the Varzeqan-Chai Watershed
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Table 4: Influence of Each Parameter in the Sub-basins of the Varzeqan-Chai Watershed
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Figure 6: Weight Coefficient Diagram of the Varzeqan-Chai Sub-basins in Terms of Flooding

100



\f'bxlﬁ FA. a)La.ja Ay ST 4‘55}3}5)}&}553)-\:.&

oy Sopy () e SS9l g ok (LU g (6 S Juw (SS9 <o gl

S S Sl Hhai 51 ad g 0§ (Guiun ol gl Al dugd

Ol Jlesl b 505 Jow & Sl S5 51 (6l (859 sloadg 5 (sannaglsl jskaea da il b 039 e 5l g
Ol cdss> 5 8 (5 iy e Sioled pegdle asdi cpl (V) IS 0005 as oles aids daay¥ 51 S5 jo s odelcasoa
S (oo ol B 5 |y (Sl gblie (olulis

46°16'30"E 46°27'0"E 46°37'30"E

it

o Lwyy

38°3730°N
38°37"3 0"N

4T

vz »

S Ju

. e
. -

[ s
C e

[ sbsche
It \_aop oo
Int_2 Y_aop e
Int_3 Y_4op oo

38°270°N
38°2"l'0 "N

—— km
[} 2 4 8 12 16

46°1 6"30"E 46"2‘7'0"E 46°3 7"30"E

Sz 0B)s9 G P Jw Comlus i 5l bades 5 5 (guasuca glgl alddi Y S
Figure 7: Sub-basin Prioritization Map of Flood Susceptibility in the Varzeqan-Chai Watershed
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  With i,s,  i ´ ,  s ´ ∈  { 1,2,3,4,5,6 }
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  V  (  A i ) =   ∑  j = 1 n   W j (  V j )


    ∑  j=1 n   W j =1,      W j >0    and   {     V j  (  A i  upper reference level ) =100    V j  (  A i  lower reference level ) =0    
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  V  (  X − ) = 0   ( Arbitrary   assignment )


  ∀  ( X,Y ) ∈  ∁ 0 :V  ( X ) -  ( Y ) =0


  ∀  ( X,Y ) ∈  ∁ i ∪…∪  ∁ s    with i,s∈  { 1,2,3,4,5,6 } and i≤s:V  ( X ) -V(Y)≥I


  ∀  ( X,Y ) ∈  ∁ i ∪…∪  ∁ s    and ∀  ( W,Z ) ∈i,s∈  ∁   i ´ ∪…∪  ∁   s ´


  i≤s,   i ´ ≤  s ´  and i>  s ´ :V  ( X ) -V  ( Y ) ≥V  ( W ) -V  ( Z ) +i-  s ´


   W j
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  V  (  A i )


  Fs =   Nu / A


  Dd =   Lu / A


  Dt =   Nu / P


  If =   Dd   ×   Fs


  Cc =   0 . 2812   ×   P /  A  0 . 5


  Rc   =   4 × 3 . 14   A /  P 2


  Ff   =   A /  Lb 2


  Bh   =   hmax   −   hmin


  hmax =


  hmin =

