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ABSTRACT

Introduction

The expansion of urbanization, land-use alterations, and the increase in
impervious surfaces over recent decades have modified runoff regimes and
intensified flood hazards. This issue is more pronounced in arid and semi-arid
regions due to the occurrence of short-duration torrential rainfall, sparse
vegetation cover, and poor natural drainage, leading to flash floods with severe
economic and social consequences. Under such conditions, flood hazard
zonation serves as a pivotal tool in risk management and spatial planning.
Although hydrological-hydraulic models (e.g., HEC-HMS and HEC-RAS) are
suitable for accurate flow simulation, they require long-term and highly
detailed hydrometric data. In contrast, Multi-Criteria Decision-Making
(MCDM) approaches in a GIS environment, particularly the Analytic
Hierarchy Process (AHP), enable the simultaneous integration of hydrological,
geomorphological, and anthropogenic factors, proving highly efficient in data-
scarce basins. The Bardaskan catchment in northeastern Iran, characterized by
an arid to semi-arid climate, an absence of perennial rivers, and increasing
development adjacent to waterways, is highly susceptible to flash floods.
Therefore, this study aimed to map flood hazards in this basin using a GIS-
AHP approach.
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Methodology

The research framework is based on multi-criteria analysis within a GIS environment.
Initially, seven key flood occurrence criteria were selected based on literature review
and expert consensus: physiography, slope, land use, soil permeability, annual rainfall,
instantaneous rainfall, and distance from rivers. The utilized data included the 30-meter
resolution SRTM Digital Elevation Model (DEM), geological and soil maps, Landsat 8
(OLI) imagery for land use extraction and 30-year (1991-2021) climatic data from
regional meteorological stations.

Slope and drainage networks were derived using the DEM and Arc Hydro tools. The
land use map was generated via supervised classification (Maximum Likelihood
algorithm) and evaluated with an overall accuracy of 88% and a Kappa coefficient of
0.75. Mean annual and short-duration rainfall maps were prepared using Kriging
interpolation.

To weight the criteria, a pairwise comparison questionnaire was completed by 23
experts. Weights were extracted through matrix normalization and row averaging, and
the consistency of judgments was evaluated using the Inconsistency Index; the
calculated Consistency Ratio (CR=0.034) was below the acceptable threshold of 0.1.
Subsequently, the standardized layers were combined using the weighted overlay
method to calculate the composite flood hazard index. The final map was classified into
five hazard categories: no hazard, very low, low, moderate, and high. For validation,
flood occurrence data from 30 villages and ROC curve analysis were employed.

Results and Discussion

The AHP results indicated that distance from the river, with a weight of 0.4289, is the
most significant factor influencing flood hazard. This was followed by instantaneous
rainfall (0.1897) and annual rainfall (0.1578), confirming the prominent role of hydro-
climatic variables. Slope, with a weight of 0.0968, plays a complementary role in
accelerating runoff routing. Physiographic criteria (0.0558), land use (0.0403), and soil
permeability (0.0307) obtained lower weights, indicating that the occurrence pattern is
primarily controlled by natural and hydrological factors rather than purely
anthropogenic ones.

The zonation map revealed that 27.9% of the basin area falls within the high-hazard
class and 26.9% in the moderate-hazard class, whereas 19.23%, 17.58%, and 8.35%
were assessed as low, very low, and no hazard, respectively. High-hazard zones are
predominantly concentrated adjacent to waterways in the central and downstream
sections of the basin, where lower slopes, higher drainage density, and the concentration
of human activities simultaneously facilitate runoff accumulation and increase peak
discharge. Conversely, upstream elevations with steeper slopes and sparse drainage
networks mostly fall into low-hazard categories.

Validation using observational data from 30 villages demonstrated that the model
correctly placed 14 flooded villages in high-hazard classes (TP=14), missed 4 instances
(FN=4), correctly identified 8 non-flooded villages as low-hazard (TN=8), and
overestimated 4 cases (FP=4). The calculated sensitivity, specificity, and overall
accuracy were 0.78, 0.67, and 0.73, respectively. The ROC analysis yielded an
AUC=0.782 (SE=0.084, Sig=0.009), reflecting the model’s acceptable performance in
distinguishing flood-prone from non-flood-prone areas. Cross-analyses with slope and
land use classes showed that the highest overlap for high-hazard zones occurs at slopes
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less than 12% and within urban and agricultural land uses, while densely vegetated land
uses predominantly align with low-hazard classes.

Conclusions

The dominant weight of distance from rivers and the significance of short-duration
rainfall suggest that floods in the Bardaskan basin are primarily flash floods triggered
by extreme short-duration precipitation and rapid runoff concentration in the drainage
network. This pattern is consistent with the basin’s arid/semi-arid climate and
geomorphological conditions. Furthermore, the intersection of high-hazard zones with
gently sloping and developed urban-agricultural areas demonstrates that the interaction
between natural factors and land-use changes plays a decisive role in exacerbating risk.
The model’s performance, evaluated by statistical indices and the ROC curve, validates
the efficiency of the GIS-AHP approach under data-scarce conditions. Managerial
implications of the findings include establishing safe waterway buffers, prohibiting or
conditionally managing development in high-hazard zones, reinforcing infrastructure
for runoff collection and routing (especially in dilapidated urban fabrics), designing
early warning systems tailored to short-duration rainfall, and improving land use by
enhancing effective infiltration and surface roughness. To improve accuracy, future
studies should employ systematic recording of flood events, higher spatiotemporal
resolution rainfall data, and local calibration of weights. Overall, the integrated GIS-
AHP approach provides a practical, cost-effective framework for flood hazard zonation
in similarly data-scarce basins and can serve as a decision-making baseline for risk
management and urban development planning in Bardaskan.
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Table (1): Stages of calculating the Analytic Hierarchy Process (AHP) in flood hazard zonation.
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Figure (2): Maps of the criteria used in the AHP model for flood hazard zoning in the
Bardaskan watershed. Including: (a) sub-watersheds extracted from the main basin;
(b) slope map; (c) distance from the main rivers map;
(d) Watershed land-use map; (e) average rainfall distribution map;

(f) Short-duration (instantaneous) rainfall map; and (g) hydrologic soil units
(permeability) map
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Table (1): Pairwise comparison matrix among the 7 selected criteria for urban flood hazard zonation in
Bardaskan (The results were derived from the opinions of 23 experts and specialists in hydrology and
geomorphology).
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Figure (2): Flood hazard zonation map within the Bardaskan city watershed.
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Table (3): Correlation of flood hazard classes with areal share and the dominant AHP model criteria.
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Table (4): Error matrix and accuracy assessment indices of the flood susceptibility zoning model.
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Figure (4): ROC curve for evaluating the accuracy of the flood susceptibility map (Area under the Curve
(AUC) = 0.782, standard error = 0.084 and significance level = 0.009).
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Table (5): Physiographic characteristics of the sub-watersheds extracted from the Bardaskan city watershed.
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Table (6): The result of spatial correlation between the flood hazard map and sub-basins, interpreted through
morphometric analysis.
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