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Extended abstract

Introduction

Flood risk management is one of the most significant environmental and developmental challenges in arid
and semi-arid regions of Iran. The Fakhraabad watershed in Yazd is prone to sudden floods due to its unique
climatic and topographical characteristics, which can result in substantial economic, social, and
environmental damages. Since studies related to natural phenomena are often associated with complexity
and uncertainty, employing multi-criteria decision-making methods capable of effectively managing these
uncertainties can play a key role in improving the analysis and simulation of natural resource-related
phenomena. Ultimately, this approach could lead to a reduction in the economic and human costs resulting
from these events. Among these methods, the Analytic Hierarchy Process (AHP) has gained a special
position due to its simple structure, transparency, and widespread use in natural resource studies and
watershed management. This method provides a systematic way of weighting and prioritizing criteria and
has offered reliable results in many studies. However, when data or expert judgments are uncertain, the use
of complementary approaches can enhance the accuracy of results. In this regard, the IRNAHP method
(Fuzzy Analytic Hierarchy Process with Interval Numbers) has a greater ability to model uncertain
conditions and can be used as a complement to AHP. Comparing these two methods, while maintaining the
position of AHP as a foundational tool, provides a suitable path for selecting a more precise approach in
flood risk management.

Materials and methods

In this study, to prioritize the sub-basins of the Fakhraabad watershed in Yazd based on flood susceptibility,
eight main criteria were used: Digital Elevation Model (DEM), slope, precipitation, fractal dimension,
connectivity, Topographic Wetness Index (TWI), Topographic Control Index, and stream power. Data
related to these criteria were extracted from hydrological sources, topographic maps, and climatic data, and
processed in a Geographic Information System (GIS) environment. To weight and prioritize the criteria,
two multi-criteria decision-making methods, AHP and IRNAHP, were applied. In the AHP method,
pairwise comparisons were completed with expert opinions, and the relative weights of the criteria were
calculated. In the IRNAHP method, fuzzy logic and interval numbers were used to consider the uncertainty
in human judgments. The weights obtained from both methods were integrated in the GIS environment to
produce flood susceptibility maps of the sub-basins. Finally, to validate the results obtained from the two
methods, the output of the SWAT model was used as a reference for comparison to evaluate the accuracy
and reliability of each method.

Results and discussion

Comparing the results of the two methods with the SWAT model output showed that both AHP and
IRNAHP were able to provide an appropriate flood susceptibility zonation pattern. The AHP method, due
to its simplicity, transparency, and widespread application in water resource studies, remains a valuable
tool. However, as the number of pairwise comparisons increases and expert judgments become more
uncertain, the likelihood of uncertainty in the weighting of the indicators also rises. In contrast, the IRNAHP
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method, utilizing fuzzy logic and interval numbers, was able to better manage this uncertainty and provide
more accurate results. Compared to similar studies, the findings of this research also indicated that IRNAHP
performed better than AHP in dealing with ambiguous data and environmental complexities.

Conclusion

This study compared the two methods, AHP and IRNAHP, for analyzing the flood susceptibility of the sub-
basins in the Fakhraabad watershed in Yazd. The results showed that in the AHP method, sub-basins 4, 3,
31, 27, and 29 had the highest flood susceptibility, while sub-basins 15, 22, 14, 21, and 6 showed the lowest
susceptibility. In the IRNAHP method, sub-basins 4, 3, 31, 27, and 24 had the highest flood susceptibility,
while sub-basins 15, 22, 14, 21, and 12 had the lowest. Due to its simple structure and high interpretability,
AHP remains a reliable method for prioritizing criteria. However, when the data or expert opinions contain
ambiguity and uncertainty, its accuracy decreases. In contrast, the IRNAHP method, by incorporating fuzzy
logic and interval numbers, overcomes this limitation and provides more accurate results. Therefore, it can
be concluded that IRNAHP, as a complementary approach to AHP, is a more efficient tool for flood risk
management in vulnerable areas.
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Fig 1. Geographical location of the Fakhrabad watershed in Iran and Yazd province
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Table 1. Parameter values in the calibration stage

Parameter Parameter values
v__EPCO.bsn 0.394
r__OV_N.hru 30.46

r__SOL_BD().sol 1.52
v__CH_N2.rte 0.075
v__CH_K2.rte 21.21
v__SFTMP.bsn 6.61
v__ESCO.hru 0.82

v__ALPHA_BNK.rte 0.55

r__SOL_AWC().sol 1.75

r__SOL_ALB().sol 0.01
r__ CN2.mgt -0.099
v__ALPHA_BF.gw 0.071
v__GW_DELAY.gw 339.8

v__GWQMN.gw 286.69
v__SMTMP.bsn 8.16
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Table 2. Results of calibration and validation of the average monthly discharge of the station
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Fig. 2. Average observed and simulated discharge diagram of the basin station in the model verification and validation stage
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Table 3. Physiographic characteristics of sub-basins

Sub. Basin Longitude (m) Latitude (m) Elevation (m) Perimeter (km) Area (ha)
1 225903 3508607 2643 13.5 369.5
2 223746 3505692 3176 18 500.1
3 222536 3507082 3003 195 1300.2
4 224916 3505373 3111 22.8 825.9
5 227836 3506958 2576 15.6 549.8
6 227282 3505195 2819 17.3 530.2
7 229910 3505583 2380 10.3 255.8
8 228712 3503582 2491 16 861.1
9 226206 3502981 2747 12.0 4331
10 228415 3501530 2661 9.6 227.8
11 227468 3501285 2410 2.6 23.8
12 231277 3502585 2316 18.1 884.0
13 224102 3502131 3180 20.8 740.6
14 233121 3501894 2156 6.9 106.0
15 233530 3500930 2049 0.5 1.7
16 223854 3501002 3173 16.9 510.7
17 230495 3500393 2495 134 502.7
18 227812 3500193 2616 115 390.7

19 233150 3499148 2265 12.8 517.9
20 235515 3500969 2170 18.0 1121.1
21 238747 3500276 1864 8.1 159.1
22 231821 3499860 2218 12.6 200.6
23 229488 3497695 2708 16.0 645.6
24 223710 3498061 3058 24.7 2149.8
25 230595 3496353 2759 19.3 1010.4
26 233699 3497301 2291 10.7 404.3
27 236199 3497983 2184 18.1 899.7
28 226902 3496809 2955 215 1467.3
29 235483 3495426 2352 16.3 477.2
30 234700 3494199 2410 12.1 417

31 231794 3493401 2767 225 1530.5
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Fig. 3. Flooding priority map of the study basin using the SWAT model
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Table 4. Indicators and weights used in the AHP method

Index Index weight Index Index weight
Tei 0/224 P 0/096
Twi 0/167 Ic 0/252
Spi 0/296 E 0/036

S 0/043 FR 0/617
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