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Province, Iran), causing significant damage to infrastructure and agricultural lands.
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Results: The AHP method identified sub-basins 4, 3, 31, 27, and 29 as the most
flood-prone but showed low accuracy. The BWM method, with a reduced number
of pairwise comparisons, provided higher accuracy and ranked sub-basins 4, 3, 31,
27, and 24 as having the highest flood potential. The IRNAHP method, using
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Extended Abstract

Introduction
Flooding is one of the major natural hazards affecting human settlements, infrastructure, agricultural lands, and

natural resources. The spatially heterogeneous nature of flood-generating processes makes the identification of
areas with higher flood potential an important component of watershed management and flood-risk reduction. This
issue is particularly important in arid and semi-arid regions, where highly variable precipitation, steep topography,
limited vegetation cover, and concentrated rainfall events can generate rapid runoff and localized flooding.
Therefore, identifying and prioritizing sub-basins according to their relative flood potential can provide a practical
basis for watershed planning and the allocation of flood-control measures.

Flood susceptibility and hazard assessment commonly involve multiple physiographic, hydrologic, and
geomorphological factors. Because these factors have different dimensions and relative effects on runoff
generation and flood response, multi-criteria decision-making (MCDM) methods have increasingly been used to
integrate them within a spatial framework. The Analytic Hierarchy Process (AHP) is one of the most widely used
approaches; however, conventional AHP may require a relatively large number of pairwise comparisons and can
be sensitive to uncertainty in expert judgments. The Best-Worst Method (BWM) reduces the number of required
pairwise comparisons by focusing on the best and worst criteria. The Interval Rough Number AHP (IRNAHP)
approach further provides a mechanism for representing uncertainty and imprecision in expert judgments through
interval rough numbers rather than fuzzy numbers.

The Fakhrabad watershed in Yazd Province, Iran, is exposed to flood-related hazards, making the identification of
relatively flood-prone sub-basins important for watershed management. The present study aimed to identify and
prioritize the sub-basins of the Fakhrabad watershed according to their flood potential and to compare the
performance of three MCDM approaches, namely AHP, BWM, and IRNAHP. An additional objective was to
evaluate the consistency of the resulting prioritizations against the spatial information obtained from the Soil and
Water Assessment Tool (SWAT) hydrological model.

Materials and Methods

Study framework

The study was conducted in the Fakhrabad watershed, located in Yazd Province, central Iran. The watershed covers
an area of about 20,014 ha, has a mean elevation of approximately 2,720 m and a mean annual precipitation of
about 205 mm. Using contour lines at a scale of 1:25,000 together with a 30 m digital elevation model, the
watershed was divided into 31 sub-basins, and the spatial flood potential of each sub-basin was assessed using a
combination of topographic, rainfall, geomorphological, and hydrological indicators. The overall methodological
framework consisted of four main stages: (1) preparation of spatial flood-related criteria, (2) weighting of criteria
using three MCDM approaches, (3) calculation and ranking of the flood potential of the sub-basins, and (4)
comparison of the resulting rankings with SWAT model outputs.

Selection and preparation of flood-potential criteria

Eight criteria relevant to flood generation and concentration were selected: digital elevation model (DEM), slope,
rainfall, fractal dimension of the drainage network, index of connectivity, topographic wetness index (TWI),
topographic control index (TCI), and stream power index (SPI).

The DEM served as the basis for deriving slope and other terrain-related indices. Rainfall distribution was included
because precipitation directly affects the amount and temporal concentration of surface runoff. The fractal
dimension characterized drainage-network complexity, while the index of connectivity represented the degree to
which runoff and sediment are transferred through the drainage system. TWI described spatial variations in soil-
moisture accumulation and saturation potential, and TCI represented the influence of terrain configuration—
particularly depressions and irregularities—on flow concentration and hydrological response. SPI characterized
the potential energy and erosive power of flowing water as a function of contributing area and slope.

The 30 m DEM was processed in ArcGIS 10.7 to derive the required topographic and hydrological layers. Criteria
were standardized according to their relationship with flood potential and incorporated into the MCDM
framework.

Multi-criteria decision-making methods
Three MCDM approaches were applied to determine criterion weights and rank the sub-basins.
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The Analytic Hierarchy Process (AHP) was applied by constructing pairwise comparison matrices for the selected
criteria using the 1-9 Saaty scale. Relative importance was determined through expert judgments, the consistency
ratio of each matrix was checked, and the resulting weights were used to calculate the flood-potential score of each
sub-basin. With eight criteria, each expert completed 28 pairwise comparisons.

The Best-Worst Method (BWM) was used as an alternative weighting approach. The most and least important
criteria are first identified, after which the best criterion is compared with the others and the others with the worst
criterion, and optimal weights are obtained by solving a min-max linear programming model. For eight criteria
this requires only 13 comparisons per expert instead of 28, simplifying the decision-making process and limiting
the inconsistency introduced by redundant comparisons.

The Interval Rough Number AHP (IRNAHP) method was also applied to account for uncertainty in expert
judgments. Interval rough numbers represent uncertain assessments through lower and upper approximation
intervals rather than single crisp values, allowing each expert to provide two values when hesitating between
adjacent points of the Saaty scale. Consistency ratios were computed separately for the lower and upper
approximations and averaged, and the weighted criteria were integrated into a flood-potential score and priority
ranking. For each method, the standardized criteria and their weights were combined into an overall flood-potential
index, and the sub-basins were ranked from higher to lower flood potential.

SWAT modelling and comparative assessment

The Soil and Water Assessment Tool (SWAT) was used as an independent hydrological reference for evaluating
the spatial prioritization produced by the MCDM approaches. The model represented major components of the
hydrological cycle, including precipitation, evapotranspiration, infiltration, surface runoff, percolation, and
baseflow, with runoff simulated via the SCS Curve Number (SCS-CN) approach and evapotranspiration estimated
using the Penman-Monteith method. Input data comprised the 30 m DEM, land-use and soil maps, daily
meteorological records, and monthly discharge data from the hydrometric station at the watershed outlet.

Model calibration and uncertainty analysis were conducted using the SUFI-2 algorithm within SWAT-CUP, with
calibration over 1998-2013 and validation over an independent period (2014-2022). Performance was assessed
using the Nash-Sutcliffe efficiency (NSE) and the coefficient of determination (R2). The spatially distributed SCS-
CN values from the calibrated model, reflecting the combined effect of land use, vegetation cover, soil and slope
on runoff generation, were then used to derive a sub-basin flood-potential reference map for assessing agreement
with the MCDM-based prioritizations.

Results

The results demonstrated that the three MCDM methods produced broadly similar spatial patterns in the
identification of high-priority sub-basins, although differences were observed in the final ranking of some sub-
basins. The SWAT simulations provided the hydrological basis for evaluating the MCDM results. The model
showed acceptable performance, with NSE and R2 of 0.71 and 0.72 during calibration and 0.70 and 0.72 during
validation, corresponding to a "good" and an "acceptable™ performance class, respectively, according to the criteria
of Moriasi et al. (2007). On this basis, sub-basins 4, 3, 31, 27, and 24 were identified as the areas with the highest
runoff-generation potential, whereas sub-basins 15, 22, 14, 21, and 19 showed the lowest values.

The AHP method identified sub-basins 4, 3, 31, 27, and 29 as the five highest-priority sub-basins in terms of flood
potential, while sub-basins 15, 22, 14, 21, and 6 were ranked lowest. However, comparison with the SWAT-based
reference indicated that the AHP-based prioritization had lower agreement with the hydrological results than the
other approaches. The BWM method produced a different fifth-ranked sub-basin. The five highest-priority sub-
basins identified by BWM were 4, 3, 31, 27, and 24, and the lowest-priority sub-basins were 15, 22, 21, 14, and
19. The first four priority sub-basins were therefore consistent with those obtained from AHP, while sub-basin 24
replaced sub-basin 29 among the highest-priority areas. The BWM results showed a higher degree of agreement
with the SWAT reference than the conventional AHP results.

The IRNAHP method also identified 4, 3, 31, 27, and 24 as the highest-priority sub-basins and 15, 22, 14, 21, and
19 as the lowest-priority ones. The resulting spatial pattern showed the highest agreement with the SWAT-based
reference among the three MCDM approaches, with differences relative to BWM confined to intermediate ranking
positions. This result indicates that incorporating uncertainty in the weighting process through interval rough
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numbers can improve the representation of expert judgments and consequently enhance the correspondence
between MCDM-based prioritization and hydrological response.

The repeated identification of sub-basins 4, 3, 31, and 27 among the highest-priority areas across the different
methods indicates that these sub-basins possess a relatively consistent combination of the characteristics
represented by the selected flood-related criteria. In contrast, the difference between sub-basins 24 and 29
demonstrates the sensitivity of lower-ranked priority positions to the choice of weighting method.

Discussion

The results demonstrate the importance of the weighting procedure in spatial flood prioritization. Although all
three approaches used the same eight flood-related criteria, their different approaches to representing expert
preferences resulted in differences in the final ranking of some sub-basins.

The conventional AHP approach is straightforward and widely applicable; however, the large number of pairwise
comparisons can increase the burden on decision-makers and may introduce inconsistencies into the weighting
process. In the present study, this limitation was reflected in the comparatively lower agreement of the AHP-based
ranking with the SWAT reference.

The BWM approach reduced the humber of pairwise comparisons by requiring judgments primarily in relation to
the best and worst criteria. This characteristic makes BWM potentially attractive for practical watershed
applications in which expert time and computational resources are limited. In the present study, BWM produced
a priority pattern closer to the hydrological reference than conventional AHP.

The IRNAHP approach provided the highest agreement with the SWAT -based reference. One possible explanation
is its ability to represent uncertainty associated with expert judgments through interval rough numbers rather than
relying exclusively on precise numerical comparisons. Flood generation is controlled by interacting processes and
spatially variable watershed characteristics; consequently, representing uncertainty in the weighting stage may
improve the robustness of the resulting prioritization. This advantage, however, is obtained at the cost of a
considerably larger number of judgments, since each expert must provide interval-valued responses for all 28
comparisons.

The consistency of sub-basins 4, 3, 31, and 27 among the highest-priority areas is particularly important from a
watershed-management perspective. These areas can be considered priority locations for more detailed
hydrological investigation and for the planning of structural and non-structural flood mitigation measures.
Nevertheless, the results should be interpreted as a relative prioritization of sub-basins, rather than as a direct
estimation of flood discharge or flood depth. The integration of MCDM techniques with hydrological modelling
can therefore provide a useful screening framework for identifying locations where more detailed flood studies
should be concentrated.

The comparison also highlights the complementary nature of MCDM and hydrological modelling. MCDM
methods are capable of integrating multiple spatial criteria and expert knowledge, whereas SWAT provides a
process-based representation of watershed hydrological response. Because observed discharge data were available
only at the watershed outlet, the spatially distributed SWAT outputs also made it possible to evaluate sub-basin-
scale priorities that could not be verified with the available measurements. Using SWAT as an independent
reference therefore provides a means of assessing whether the spatial priorities derived from expert-based criteria
are consistent with simulated runoff behaviour.

Conclusions

This study developed and evaluated an MCDM-based framework for prioritizing sub-basins according to their
flood potential in the Fakhrabad watershed of Yazd Province, Iran. Eight flood-related criteria, including DEM,
slope, rainfall, drainage-network fractal dimension, index of connectivity, topographic wetness index, topographic
control index, and stream power index, were integrated using AHP, BWM, and IRNAHP. The results showed that
the AHP approach identified sub-basins 4, 3, 31, 27, and 29 as the highest-priority areas, whereas both BWM and
IRNAHP identified sub-basins 4, 3, 31, 27, and 24. Comparison with SWAT outputs indicated that IRNAHP
provided the highest agreement with the hydrological reference, suggesting that the representation of uncertainty
in expert judgments can improve flood-potential prioritization.
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Although IRNAHP produced the most accurate results in the present study, BWM offers an efficient alternative
because it requires fewer pairwise comparisons and is relatively straightforward to implement. Therefore, for
practical flood-hazard prioritization in arid and semi-arid watersheds, BWM can provide a useful balance between
methodological simplicity and agreement with hydrological modelling results. The proposed framework can
support watershed managers in identifying priority sub-basins for further investigation, monitoring, and flood-risk
reduction. However, the ranking should be considered a screening and prioritization tool and should be
complemented by detailed hydrodynamic and flood-inundation modelling where site-specific design or risk
assessment is required.
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