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Introduction

Population growth, industrial expansion, urbanization, and urban buildings have led to dramatic
changes in the morphology of drainage basin.Also, flatten the land, raping the rivers and streams, and
changing the pattern of natural drainage cause flooding in the city.The purpose of this study was to
investigate the relation between the urban floods in Zahedan city and structural and environmental
factors, identify and measure human vulnerability so based on that to identify and prioritize the flood
areas.Structural factors include roughness, land slopes, type of land use and the characteristics of the
constructions that have provided the structural framework of Zahedan urban structures.

Methods and Methodology

First, the maps of the comprehensive and detailed plan were prepared by Sistan and Baluchestan
Department of Roads and Urban Development. Also, the land use information, main torrents and the
elevation points of the city were collected. After collecting maps, the required data and information
were collected by the library and field methods. The Digital Elevation Model (DEM) was prepared
and the slope and aspect maps were extracted from the DEM layer.

An Analytic Hierarchy Process (AHP) is a structured way of organizing and analyzing complex
decisions based on mathematics. It was developed by Thomas L. Saaty in the 1970s and has since
been widely studied and refined.By using the AHP hierarchy process analysis process, the decision-
making process was performed to weigh the desired criteria. Variables were weighed on priority by
Expert Choice(EC) software.

The decision maker evaluates the hierarchy tree, compares the factors and rival options. Then a pair
of comparisons is made. These comparisons determine the weight of each of the factors.

Finally, AHP logic combines matrices derived from paired comparisons to determine the best
decision for multi-criteria site locations.

In this research, the Delphi method has been used for general ranking and appropriate decision
making for criteria.In this way, each of the experts in a paired comparison of criteria measures their



opinion in a questionnaire, which is based on the AHP hierarchical technique.In this method, the
weight of each criterion is obtained with a degree of priority, which is equivalent to a value of
between 1 and 9, each number indicates the importance of a variable than another.Variables like
torrents and streams, land use, elevation, and slope of the area as the main variables in increasing the
risk of the flood were introduced to the experts and they were asked to evaluate the risk priority by
hierarchical method and scale from 1 to 9. After determining the weight of each criterion,
calculations and operations were performed to determine the hazardous locations using Geographical
Information System (GIS) with weighted overlay operation.

Results and Discussion

In this research, four main criteria to determine hazardous flood areas were used: 1- elevation factor,
2-slope factor, 3- Land use, 4- Urban Torrents.

Regarding the input of different layers with different scales, they were compared to their scale in
relation to the purpose of the study and were reclassified for overlapping operations. The purpose of
the integration of maps is to identify the places exposed to the risk of flood. The dimensions of each
pixel in the output map resulting from the integration of the maps should be determined in proportion
to the area of the study area. In this research, each pixel represents an area of 100 square meters.
After the weighing overlapping process, the flood hazard zonation map was prepared in Zahedan.
The results from the final flood hazard zonation map indicate that about 1% of urban areas are
located in the very high-risk zone, 17% in the relatively high-risk zone, 42% in the normal range,
28% in Low-risk area and 12% are in the extremely low-risk zone. Therefore, considering the
effective role of structural, environmental and climatic factors in the urban flooding areas, the most
vulnerable parts of the city were identified against the risk of flood risk. These areas include the end
of the streets of Maradgoli and Razmjomgadam, as well as the beginning of the streets of Imam
Khomeini, Saadi and a large part of Shahid Rajaee Street.

Conclusion

The excessive development of the city on the alluvial plain and the reduction of the permeable
surface by urban surface extension have led to flood risk. This has caused urban texture vulnerability
to this environmental hazard.

Most of the most vulnerable urban flood areas are located in the end parts of the city and has been
largely eliminated in the eastern and southeastern parts of the city due to the construction of flood
bands and structural plains. The densely populated areas of the city with a population density of over
200 people are most likely to be found on low-value land located on the floodways and torrents. The
regions of the eastern part of the city are more vulnerable to floods. Also according to the low price
of land and population density in the eastern half of the city, vulnerability in this part of the city is
more pronounced. Structural, managerial and educational proceedings to reduce the effects of the
urban flood are essential and inevitable.

Keywords: Flood, Environmental Hazards, Zahedan, Urban development, GIS.
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