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Today, the world is exposed to unprecedented natural hazards, and floods are one of the most
important of them, which, given the spatial extent of their occurrence, have the potential to
become hazards with a high level of vulnerability. Therefore, one of the significant issues
with the risk assessment approach is urban floods, which needs to be examined from a
systemic perspective in urban areas. Accordingly, the present study assessed and zoned flood
risk in the urban area of Noorabad. In this regard, the research process was a combination of
steps including determining the study area, identifying effective criteria in urban flooding
including slope, slope direction, elevation, distance from the river, land use, lithology,
precipitation, and slope curvature, weighting and prioritizing the floodplains based on their
impact on the research problem, fuzzing the information layers based on fuzzy functions, and
finally preparing a flood risk potential zoning map based on the FAHP model, and finally
validating the model and field evidence. The results of the research showed that each
criterion with its related sub-criteria played a role in the flood risk process in Noorabad to
varying degrees, and among them, the criterion of distance from the river with a coefficient
of 0.219 played the greatest role in flood risk. The final results from the zoning map showed
that the majority of the study area, equivalent to 38%, is located in areas with high and very
high potential for flood risk. Therefore, a significant part of the urban area of Noorabad has
the potential for flood risk, and these flood zones are significant in the river areas and
adjacent to rivers throughout the city. The more complementary results of this study showed
that apart from the areas mentioned above, due to the cumulative role of effective
parameters, especially topographic and physiographic conditions, a significant part of
Noorabad city has medium to high flooding potential. Therefore, the present study serves as
a database and in the process of completing data from previous studies regarding flood risk
potential and identifying flood-prone areas in the urban area of Noorabad, and is useful for
urban managers.
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Introduction

Today, the world is exposed to unprecedented natural hazards, with an average of 255 million people
exposed to natural hazards each year between 1994 and 2003. Considering these cases, with the flood
management approach, the existence of a systemic approach based on the recognition of effective
natural and human components, prioritization of effective parameters, and then flood zoning based on
complete knowledge of the region and an accurate database is a suitable path towards urban
management with the aim of urban flood problem and reducing the risk and vulnerability caused by it.
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The results of research worldwide indicate the importance of urban floods as a process that has the
potential to become a hazard. Accordingly, it is necessary to pay attention to them in the urban
management system with a resilience approach and risk reduction from different angles, with a
systemic-spatial approach, and based on combined models of occurrence, and this has expanded in
recent years. The study area of this research is the city of Noorabad, as the center of Delfan County,
Lorestan, located in a mountainous plain, and the physical space of the city has expanded along two
rivers (Gachineh and Badavar). Accordingly, in the aforementioned study, considering the specific
location of the Noorabad urban area and its potential in relation to urban flooding, urban flood hazard
assessment and zoning were conducted in a systematic format.

Methodology

The present research method is an applied approach based on theoretical studies with the aim of
theoretical development of the subject, as well as multi-stage field studies using the fuzzy analytic
hierarchy process (FAHP). Accordingly, the methodology of this research is based on identifying and
determining the region, introducing 8 effective parameters in the urban flood problem in Noorabad,
zoning based on FAHP, and finally validation based on the method and field validation, which are
described below. Therefore, in this study, 8 parameters were selected and with the help of the analytic
hierarchy process and according to the opinions of experts in the form of a questionnaire, the weight of
the criteria and sub-criteria effective in the flooding of the study area was determined and then the
criteria under study were compared in pairs. Accordingly, the role of each criterion and its related sub-
criteria in flood risk was determined, and the prioritization of the 8 criteria in the flood risk process in
the urban area of Noorabad was also determined. In the next step, eight related layers were created and
the layers were fuzzified using different fuzzy functions. Finally, using the fuzzy sum operator, a
spatial prediction map of flood potential in the urban area of Noorabad was prepared. In order to
evaluate the performance and validate the model, the area under the curve (AUC) obtained from the
receiver operating characteristic (ROC) curve was used, and then field validation was performed based
on the collected points and their matching with the zoning map.

Result and Discussion

In this stage, 8 selected criteria and their sub-criteria were evaluated. Accordingly, in each criterion, the
more important sub-criterion has led to a greater flood risk potential. The results of weighting and
prioritizing the criteria showed that the distance from the river criterion with a score of 0.219 has the
highest importance and the Aspect layer with a score of 0.069 has the lowest importance. The
supplementary results of this section showed that the criteria of distance from the river, rainfall, land use,
slope, lithology, elevation, slope curvature, and aspect play a role in the flood risk process, respectively.
The inconsistency rate was also 0.04, which indicates the accuracy and validity of the results. The
systematic estimation resulting from the fuzzification of the eight criteria based on fuzzy functions
indicates the impact of each of them with different degrees on flood risk and also in different areas of the
study area. The results showed that areas with very high risk potential, high potential, medium potential,
low potential and very low potential cover 13.3, 25.3, 35.4, 19.9 and 6.1% of the study area, respectively.
Based on the quantitative results of this study from the FAHP model, 74 percent of the study area is in
the medium risk potential category, and with a closer look, nearly 38.6 percent of the study area is in the
high and very high risk category. Next, the model used was evaluated for accuracy and validation
purposes. The results showed that the AUC was 0.771, which, considering the range of 0.5 to 1 from
unacceptable to acceptable, indicates the accuracy and efficiency of the model used in assessing flood
risk potential and identifying flood-prone areas in Noorabad.

Conclusion

The results showed that a significant part of the urban area of Noorabad has the potential for flood
risk, and these flood zones are significant in areas adjacent to urban rivers. The more complementary
results of this study showed that apart from the areas mentioned above, due to the cumulative role of
effective criteria, especially topographic and physiographic conditions, a significant part of the city of
Noorabad has the potential to flood. Evidence from the 2019 flood, studies by Rostami et al. (2019), as
well as field studies in this research and a case study of flood-prone areas in the study area, along with
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the preparation of a map of flood-affected areas, confirm this. Therefore, the results of this study are a
suitable database that complements data from previous studies. In addition, the final results showed
that in urban development plans, observing the privacy of stream channels, and especially the
separation of level one, two, and three privacy, in other words, prohibited, conditional, and permitted
privacy, in the form of preparing city environmental documents and the necessity of a strategy for
their implementation, is very important and effective.
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