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Objective: Nowadays, due to climate change, the flood problem is one of the most
important problems in arid and semi-arid regions. Kerman Plain is one of these regions
that has suffered extensive damage in infrastructure and agriculture. The purpose of this
research is to analyze the flooding of the Kerman watershed and to zone the flood risk
using radar data processing and fuzzy techniques.

Methods: In this regard, eight factors were used: cumulative flow, discharge capacity,
distance from the watercourse, runoff rate, land cover, land elevation, slope and geology.
Pairwise comparison matrices for the aforementioned factors were prepared using the
fuzzy-hierarchical method, weighted and integrated in GIS. Then, a flood risk map was
drawn using the flood risk index.

Results: The results showed that about 16 percent of the study area is at very high risk
(81,184 hectares), 22 percent at high risk (111,628 hectares), 35 percent at medium risk
(177,590 hectares), 18 percent at low risk (91,332 hectares) and 9 percent at very low
risk (45,666 hectares). The results showed that in addition to agricultural gardens, many
residential areas are at risk of flooding. In addition, By processing radar images, the flood
that occurred on August 8, 1401 in the study area was mapped and used to validate the
flood hazard map.

Conclusions: the present study shows that many areas of the Kerman Plain are at high
flood risk and should be specifically considered..
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Extended Abstract

Introduction

Today, one of the important and fundamental factors that causes irreparable damage and losses to human-made
structures and the living environment every year is the issue of flooding. The main reason for this environmental
hazard is human interference in the natural balance of watersheds and their disruption in order to create and
intensify floods. Today, climate change and rainfall intensity, land use change, rapid urbanization, encroachment
and house building in the river area, and destruction of vegetation and soil and land conversion can be considered
as influential factors in creating and intensifying floods (Mirmousavi and Esmaili, 1400). There are important
rivers in Kerman city that are generally seasonal (Soleimani et al., 1400). The direction of flow of these rivers is
towards the Kerman plain, and this is an important factor in the occurrence of floods in this place. On the other
hand, Kerman is exposed to many floods due to the type of soil, climatically, severe temperature differences,
monsoon winds, lack of rainfall, and poor vegetation. In these circumstances, surveying flood-prone areas can play
a key role in spatial prediction of floods and help protect the lives and property of indigenous people in these areas.
In this research, an attempt has been made to create, weight, and combine maps of various factors affecting
flooding using Sentinel 1 radar data analysis and the Fuzzy-AHP method, and as a result, identify areas at risk of
flooding.

Materials and Methods

The flooding of the area depends on different geomorphological and hydrological factors (Dash and Sar, 2022
Mirmousavi and Esmaili, 1400), therefore, in this study, eight effective factors were used including the criteria of
elevation, cumulative flow, land cover, drainage capacity, distance from the watercourse, lithology, slope and
runoff rate. The threshold technique involves separating the image into different gray scale parts based on
histogram peaks (Deshmukh and Shinde, 2005). This method is often based on the fact that the spectral reflectance
rate by the flooded area in radar images is very low and, as a result, if you select pixels that are below a certain
threshold value, flooded areas are identified.

Results

In order to identify and prepare the flood risk layer, the factors affecting flooding were analyzed and mapped. In
order to achieve the flood risk map, in the fuzzy hierarchical method, each criterion must be weighted and
combined accordingly. The binary comparison matrix of the criteria is shown in Table 2. In this table, the factors
are examined and compared based on the fuzzy numbers in Table 1, and the final weight of each criterion is
calculated. Accordingly, the height factor with a weight of 0.043 has the least impact and the cumulative fractional
factor with a weight of 0.436 has the most impact on flooding. Given that each of the aforementioned factors is
also composed of sub-criteria and each of them has different impacts on flooding, they must be compared and
weighted binary. Therefore, a binary comparison matrix was prepared separately for all factors (Tables 3 to 10).
The fuzzy maps related to each of the factors are also seen in Figure 4. Among the various factors, the cumulative
flow factor is considered to be the most important criterion, which is presented in Figure 3a. As can be seen in this
figure, the studied area is divided into 5 classes in terms of cumulative flow. The accumulation of water flow
increases with the increase in the cumulative flow rate. In the binary comparison matrix related to the cumulative
flow criterion, the first-class subfactor has a weight of 0.126 and the last-class subfactor has a weight of 0.258
(Table 3). Another factor affecting flooding is the discharge capability criterion, as areas with low elevation and
lower watercourse density have low discharge capability and high susceptibility to flooding. While areas with high
elevation and high watercourse density have good discharge capability and are protected from flooding. As shown
in map b4, the studied area is divided into five categories in terms of drainage capacity, with the class with very
low drainage capacity having a weight of 0.332 and the class with very high drainage capacity having a weight of
0.035 (Table 4). Other criteria affecting flooding were also classified and weighted in the same way, as presented
in tables 5 to 10. The weights of the criteria, sub-criteria and the final weight of each criterion are given in table
11. The final weight of each criterion was obtained by multiplying the weight of the sub-factor by the weight of
the main factor of each sub-factor. In order to prepare the flood risk index, all the prepared and weighted maps
were combined. The aforementioned map was classified using the quantitative classification method. The flood
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hazard map is shown in Figure 5. As can be seen in this figure, the study area is classified into 5 flood hazard
classes: very low, low, medium, high, and very high. About 16 percent of the study area is at very high risk (81,184
hectares), 22 percent at high risk (111,628 hectares), 35 percent at medium risk (177,590 hectares), 18 percent at
low risk (91,332 hectares), and 9 percent at very low risk (45,666 hectares). The high and very high risk areas are
mostly located in alluvial fan and plain areas.

Conclusion

Flood risk in the study area was potentialized by combining the factors effective in causing floods. Based on the
results obtained, about 16 percent of the study area is at very high risk (81,184 hectares), 22 percent at high risk
(111,628 hectares), 35 percent at medium risk (177,590 hectares), 18 percent at low risk (91,332 hectares) and 9
percent at very low risk (45,666 hectares). Areas with very high and high risk are mostly located in alluvial fan
and plain areas. The results obtained showed that in addition to agricultural gardens, many residential areas,
especially villages, are at risk of flooding. Applying the threshold method to Sentinel 1 radar data revealed that
these data have a good ability to detect floods. Considering the ability of radar waves to penetrate clouds, they can
be used in cloudy and rainy weather conditions for flood monitoring. The results obtained from the validation of
the fuzzy hierarchical method indicate the efficiency of this method in determining flood risk, while it is a relatively
accurate method in decision-making. Therefore, it can be concluded that an index-based approach derived from
the integration of important factors can always be a valid solution in assessing flood risk. Also, given the increasing
incidence of floods in the study area, areas identified with very high and high flood risk can be considered by the
authorities to plan and provide flood management solutions and reduce the damage caused by it.
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Fig. 1. Map of Kerman watershed
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Fig. 3. Map of various factors affecting flooding, a: Cumulative flow map, b: Drainability map, c: Runoff
rate map, d: Distance from watercourse map, e: Land cover map, f: Slope map, g: Lithology, h: Elevation
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Table 2. Binary comparison matrix of factors
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Fig. 4. Fuzzy maps of different factors, a: Cumulative flow map, b: Drainability map, c: Runoff rate map,
d: Distance from watercourse map, e: Land cover map, f: Slope map, g: Lithology, h: Elevation
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Table 3. Weight of factors and subfactors and final weight
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Fig. 5. Flood hazard map
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Fig. 6. Map of flooded areas
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Fig. 7. Comparison of flood hazard map with flood affected areas map
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