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Research Article
Flooding is one of the most critical and destructive threats to human societies,

Received: developing cities, and their residents, which, if not prepared in advance and properly

28/05./2%24 ised form: planned, may cause irreparable loss of life and property to settlements, the strength of

?f,cﬂ}’zeozgn revised orm: buildings, and urban facilities. Tabriz metropolis is not exempt from this threat due to its

Accepted: special geographical location and history of destructive floods. The crossing and

25/11/2024 confluence of the two rivers, Meydan Chayi and Mehran Chayi, and the heights of Aun

Publisher online: Ebn Ali in areas 5, 1, and 10 of Tabriz city increase the risk of land vulnerability in these

02/12/2024 areas, making this area one of the most important flood-prone areas of Tabriz metropolis.
The present study is of an applied type and the research method is descriptive-analytical.
The aim of this research is to zone and investigate the vulnerability of different parts of
urban lands to flooding and the factors affecting this risk in regions 5, 1 and 10 of Tabriz
metropolis. The criteria and sub-criteria affecting the occurrence of floods were selected
by experts and specialists, and then the MCDM multi-criteria decision-making model
and the AHP analytic hierarchy process were used to zone the vulnerability of the lands
of these areas and calculate the role of each of the aforementioned criteria and sub-
criteria. Using the spatial analysis capabilities of Arc GIS software, the final layers of
flood risk zoning and factors affecting flooding were prepared. By combining these
layers, the final flood risk zoning map and identification of safe and vulnerable areas of
the study area were determined. The research results show that 1 percent of the lands in
the mentioned areas are in the very high risk zone, 17 percent are in the high risk zone,
30 percent are in the medium risk zone, 40 percent are in the low risk zone, and 3 percent
are in the very low risk zone in terms of flooding.
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Extended Abstract

Introduction

The excessive population growth and the extensive damages caused by natural hazards such as floods have
made the issue of vulnerability assessment one of the important objectives of studying cities. Considering the
natural conditions of Iran, not paying attention to the issue of floods can cause irreparable damages. Tabriz
metropolis is also always exposed to vulnerability and damages caused by floods due to its special geographical
location and history of destructive floods. The vulnerability of the lands of regions 1, 5 and 10 of Tabriz
metropolis to floods due to the passage and confluence of two dangerous rivers, the Meydan Chayi and Mehran
Chayi , through the middle of the study area makes this region one of the most important flood-prone areas of
Tabriz metropolis. Identifying flood-prone areas is a fundamental step for flood risk management. The
importance of reducing the vulnerability of urban lands to floods on the one hand and the necessity of zoning
and providing necessary and sufficient information on the vulnerability status of different urban lands at risk of
flooding for risk management on the other hand increase the importance and necessity of the present study. The
present study is of an applied type and its method is descriptive-analytical. Its aim is to zone and examine the
vulnerability of different urban lands at risk of flooding and the factors affecting this risk in areas 5, 1 and 10 of
Tabriz city. The results of this study show that 1 percent of the lands in the mentioned areas are in the very high
vulnerability risk zoning, 17 percent are in the high risk zone, 30 percent are in the medium risk zone, 40
percent are in the low risk zone and 3 percent are in the very low risk zone in terms of flooding.

Study Area

The scope of this research is the northern lands of Tabriz metropolis, including areas 1, 5 and 10 of Tabriz
Municipality, located at 46°16'12" to 46°23'17" east longitude and 38°6'42" to 38°2'9" north latitude, which is
limited to the Aun Ebn Ali mountain range from the north, to Darvazeh Tehran Street and Imam Khomeini
Street from the south, to Tabriz-Ahar Road from the east, and to Eram Town and Azariaijan Square from the west.

Material and Methods

In the first step, data, maps, photographs, and determination of the main priority criteria and relevant sub-
criteria were collected using field and library methods, using standards, expert opinions, and flood occurrence
statistics in the study area. To zone the vulnerability of the lands of the study areas, six effective variables with
layers of 1- slope 2- height 3- distance from rivers 4- distance from green space 5- distance from streams 6-
distance from canals, along with 5 sub-criteria for each criterion that are effective factors in the occurrence of
floods, were used and examined. Each of the variables defined in this study is a main criterion and each main
criterion is divided into several sub-criteria, the definition of which sub-criteria increases the accuracy of the
calculated weights and ultimately the optimal output of zoning maps of high-risk areas. Also, to assess the
damage caused by floods, we have used the variables of the age of buildings, quality of buildings, building
density, population density, distance to rivers, open space and land use in the study area. In this study,
considering that several criteria and sub-criteria were used to determine the vulnerability of urban lands to
flooding, the MCDM multi-criteria decision-making model was used, and to select the best option based on
different criteria through pairwise comparison, the AHP hierarchical process, one of the most widely used
methods for ranking and determining the importance of factors, was used.

After determining the factors from the existing digital maps, written documents, statistics and various reports
were entered into Arc GIS software to prepare the maps and the required information after editing and defining
topological relationships. Also, advanced models such as AHP and SAW weighting were used to zone the risk
area. After determining the matrix and the two-to-two relationship of the factors, the specific value was
calculated by Choice ExPert software. After determining the weight of each factor in the Arc GIS environment,
we multiplied the prepared weights in each of the layers, so that a flood risk zoning map was obtained from the
combination of layers in the Arc GIS environment. AUTO DESKMAP software was also used to digitize the
existing maps. Given that land suitability analysis is a multi-attribute problem and can be performed using a
Raster model, Arc GIS software was selected for multi-attribute analysis operations and the UTM coordinate
system was considered for them.

To examine the vulnerability of different parts of the study areas to flooding, after weighting each of the criteria
and sub-criteria determined based on the AHP method in the GIS geographic information system, it was
categorized into five groups from very high to very low vulnerability. Based on the identified criteria, which is
the first part of the AHP analysis, the candidates were evaluated. Using pairwise comparisons of options, each
of the criteria was prioritized. The purpose of using the analytic hierarchy process technique was to select the
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best option based on different criteria through pairwise comparison. It should be noted that for weighting and
combining the layers, by presenting a questionnaire to expert experts, the factors determined in this study were
compared and their importance was valued from 1 to 9, so that the value of 1 indicates the equal importance of
two factors and the number 9 indicates the very high importance of one factor compared to another. After
collecting the opinions of the experts, all factors and criteria were compared two by two using the Expert
Choice software and placed in the weight matrix, and the result was determined as follows.

Distane to Distance from Distance from Distance from Slope Height Criterion name
space green channels the river masil
0.088 0.182 0.205 0.224 0.158 0.143 Weight relative

Result and Discussion

Relative weight maps of each of the criteria (elevation, slope, distance to the stream, distance to the river,
distance to canals and distance from green space) and the determined sub-criteria were prepared based on the
level of vulnerability of the lands of the study area. In this stage of the research, for zoning and preparing a
flood risk map in the lands of regions (1, 5 and 10) of Tabriz metropolis, the maps obtained from examining the
layers effective in flood risk were integrated again in the Arc GIS environment and the final weight of the
layers and the final flood risk zoning map in the study area were produced. Which were identified with
different colors of the points with very low flood risk and very high risk in the study area map. The prepared
zoning map shows that approximately 1 percent of the lands of regions 5, 1, and 10 of Tabriz city are in very
high risk zoning, 17 percent in high risk zoning, 39 percent in medium risk zone, 40 percent in low risk zone,
and 3 percent in very low risk zone in terms of flooding. In the final step, the flood risk zoning map was
combined with the land use map on the building density blocks, and a new map was created with the flood risk
zoning in the building density blocks of the study area.

Conclusion
The present study examined and zoned the lands of regions 1, 5, and 10 of Tabriz Municipality by selecting 6
influential variables along with the relevant subvariables. The layers were classified into five normal units from
1 to 5, where the number 1 indicates the lowest risk and the number 5 means the highest risk of flooding. Then,
using the AHP method, the relative weight of the aforementioned layers was calculated separately and the
zoning map of each of them was extracted separately, which in the present study, each layer is marked with
different colors in the zoning maps. Several methods have been proposed for determining weight, including
ranking, attribution, and pairwise comparison methods. In this study, the pairwise analysis process method was
used to weight the criteria. This method and the results obtained are consistent with the methods and results of
the research of Mousavinasb et al. (1403), Mohammad Doost et al. (1403), Vojdani Nozar et al. (1402),
Ghanbari et al. (1402), Zarei and Keshavarz (1403). The results of this study show that 1 percent of the lands in
the aforementioned areas are in the very high risk zone, 17 percent are high risk, 30 percent are medium risk,
40 percent are in the low risk zone, and 3 percent are in the very low risk zone in terms of flooding. Using the
final zoning map and the zoning map of urban areas, while identifying safe and vulnerable areas of lands in
areas 1, 5, and 10 of Tabriz Municipality during floods, appropriate management strategies for proper planning
and necessary preparedness to deal with floods in vulnerable areas of the study area were expressed, along with
predicting the extent of damage caused by floods and strategies to reduce damage and adjust the damage caused
by floods in the study area. The results of the present study and the final zoning map of urban lands located in
areas 1, 5 and 10 of Tabriz metropolis, based on the level of vulnerability to flooding, indicate the presence of
canals, rivers and streams along with a decrease in height and slope in the south and southwest of the region, as
well as the presence of heights in the north of the study area, making the lands of these areas vulnerable to
flooding. Therefore, it is proven that most of the urban settlements vulnerable to flooding (18%) are
concentrated in the south and southwest of the northern lands of Tabriz city.

1- About 18% of the study area is at serious risk of flooding, requiring the adoption of necessary measures to prevent
human, financial, and social losses in these areas.

2- In the northern parts of the study area, due to the high altitude and steep slope leading to the Aun Ebn Ali Mountains, in
order to prevent mud from flowing into urban streets and its penetration into various uses and to prevent damage during
heavy rainfall, the need to create flood barriers in the required places becomes apparent, such as the end of Yousef Abad
Street and Shahid Beheshti Street in District One, the end of Vali Amr Street in District Five, and Rezvan and Beheshti
Streets in District Ten.

3- Continuous dredging of Meydan Chayi and Mehran Chayi and other channels and streams located in the danger zone
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4- Preventing unauthorized construction and preventing the expansion of the city in the area of Meydan Chayi and Mehran
Chayi rivers

5- Increasing vegetation cover in accordance with the climate of the study area in areas where a high risk of flooding has
been identified and preventing the change in use of this type of land

6- Non-issuance a building permit for underground applications in the southern and southwestern parts of the study area,
which have variable heights and steep slopes.

7- Establishment of fire departments, rescue centers, and necessary machinery in the southern and southwestern parts of the
study area.

8- Vulnerable uses should be removed from flood-prone areas or moved to appropriate locations in the study area.

9- Providing necessary facilities and incentives for urban regeneration and reconstruction and retrofitting of dilapidated
urban fabric located in lands with high vulnerability risk in the study area

10- Preventing the accumulation and dumping of waste on the Mehran Chayi route and Meydan Chayi

11- Improving the urban sewage system and not using it to repel floods and taking necessary measures to repel surface
water in the entire study area.

12- Providing necessary training to citizens of the study area regarding floods and solutions to deal with them

13- Timely forecasting of flood risk and establishment of urban and public warning systems in the study areas

14- Continuous monitoring and evaluation of the measures taken and the relevant programs.

Key words: Tabriz metropolis, flood, urban land vulnerability, zoning, Arc GIS, AHP.
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