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Abstract 
INTRODUCTION: Flood is a natural hazard with the highest frequency and the widest geographic 

distribution around the world. Indiscriminate exploitation of forests and pastures, changing the 

land use and turning them into unsuitable agricultural lands, along with the indiscriminate 

construction of residential areas, have caused an increase in floods. This article is done with the 

aim of prioritizing flood vulnerability criteria in Qirokarzin city in Fars province, Iran.  

METHODS: In this descriptive-analytical research, priorities and effective criteria were selected 

through library studies, examining various sources, as well as the Delphi technique, then, the 

opinion of experts and specialists was asked and prioritization was done using a questionnaire. 

FINDINGS: The findings of the research indicated that 12 effective criteria in the occurrence of 

floods in the study area are: land use, streets and public roads, distance to the river, soil texture, 

amount of precipitation, not respecting the boundaries and development of urban areas towards 

the rivers, high runoff coefficient in the areas residential, low width of the communication 

network, population density, type of building materials, slope of the land and overall capacity of 

flood control.  In the following, for each criterion, the graph of importance percentage and degree 

of importance was drawn, and finally, based on that, the priority of the effective criteria in the 

study area was determined. 

CONCLUSION: According to the results obtained, appropriate structural and non-structural 

measures should be taken to minimize flood damage as much as possible. Therefore, managers 

and executives should consider appropriate management plans to reduce flood damage and 

include its results in regional development planning programs. 
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Methods 
lood can be considered as one of the 

costliest natural hazards in developing 

and developed countries around the 

world (1&2)  and is one of the main 

threats to the development of human 

society. (3&4)  

According to the Emergency Events 

Database (EM-DAT), flood was the second 

deadliest disaster after earthquake in 2023. Apart 

from the loss of life and physical damages, flood 

has caused about 400 billion dollars in damages 

from 2000 to 2022. (5) Recently, it has increased in 

areas that have not had a history of heavy rainfall 

and subsequent flooding. (6) 

In many studies, factors such as increased 

urbanization due to rapid population growth and 

increased migration of villagers have been 

identified as the main cause of increased peak flow 

and increased risk of flooding in many cities 

around the world. (7) Urban land use changes are 

one of the important factors of increasing flood 

F 
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sensitivity. The increase of urban impervious 

surfaces such as roads, buildings, parking lots and 

other paved areas strongly affects the amount and 

speed of runoff during high intensity rainfall events 

(8). In recent decades, the frequency and total 

amount of extreme precipitations have been 

increasing in the United States (9), China (10) and 

Iran (11), and decreasing in West and Central 

Africa (12), Mediterranean regions (13) and India. 

(14) Significant changes in precipitation can 

intensify the effect of floods and droughts on 

agriculture (15); therefore, the issue of urban 

floods has been raised as a serious issue in big cities 

and its consequences have also affected sustainable 

urban development. 

In this regard, a research was conducted to 

assess flood vulnerability using Delphi and fuzzy 

TOPSIS methods in South Korea's Han River in 

three stages. In the first stage, evaluation of the 

criteria (hydrological, economic and social)  and 

their weight using the Delphi technique, in the 

second stage, experts were surveyed about the 

criteria and their weights using the Delphi 

technique. In the last step, flood risks were 

measured in different parts of the river and its 

adjacent basins using the fuzzy TOPSIS approach. 

The results showed that among the examined 

criteria, the hydrological criterion is particularly 

important. (16) 

In addition, in another research that was 

conducted using the Delphi method, the 

prioritization of flood vulnerability in the Taquari-

Antas basin showed that the highest scores are 

related to the aspects of the ability to deal with the 

vulnerability and exposure to floods of 

infrastructure and people. Overall, in this research, 

the focus was on the stage before the disaster. (17) 

Another research in Brazil aimed at 

prioritizing and zoning floods in the river basin 

(Juqueriquere) using Delphi and AHP methods. 

The results showed that even if the initial rating 

scores were in a limited range, the Delphi method 

can adequately distribute these scores in the final 

scale from 1 to 10. (18) 

A research was conducted in Malaysia with 

the aim of valuing residential properties according 

to the level of flood exposure using the Delphi 

method. The results of this method, four categories 

of characteristics are environmental, spatial, 

structural and economic. The findings showed that 

the valuation approach in Malaysia will change the 

identification of the value of residential properties 

at risk of flooding. (19) 

In a research, the Delphi technique has been 

investigated in detail in terms of its history, 

definition, types, goals and applications, conditions 

of use, main components, process, advantages and 

limitations, and suggestions for better use of the 

Delphi method. (20) 

Locating the flood spread in the Eiver 

watershed in North Khorasan province, using the 

Delphi method, showed that indicators such as soil 

infiltration, flood quality, soil texture, slope and 

presence of aqueduct and sub-criterion of water, 

aquifer and topography and infiltration criterion 

are important respectively. (21) 

The prioritization of effective criteria in 

reducing the stability of the agricultural ecosystem 

in West Azerbaijan province using the fuzzy 

Delphi technique showed that among the 

ecological, economic and social criteria, the 

economic criterion had the greatest effect in 

reducing the stability of agricultural production in 

the province. Meanwhile, the sub-criterion of high 

production cost and low income of farmers with a 

relative weight of 0.27 was the most important. 

(22) 

 The prioritization of flood vulnerability of 

Azimiyeh Karaj using 17 criteria showed that the 

transmission capacity of the main channel, flood 

control operations and drainage density were 

identified as the most important criteria in the study 

area. The Delphi technique is considered a suitable 

and acceptable mechanism to show the 

vulnerability of cities against floods (23).  

A research on flood susceptibility map in 

Haraz watershed in Mazandaran province was 

prepared by using Artificial Neural Network 

(ANN), Frequency Ratio (FR) and Evidential 

Belief Function (EBF) models. The results showed 

that the lower elevations and near the river have a 

high probability and sensitivity to flooding. (24) 

Also, Sanaifard et al (2023) in their research 

showed that the dams on the north side of the city 

do not match with the existing channels in 

Sabzevar city. So that the network of urban roads 

plays a role in guiding the urban flood more than 

the network of Sabzevar canals. (25) 

In fact, identifying and prioritizing criteria to 

reduce flood vulnerability is very important, and 

the Delphi method is a suitable method for doing 

this. 

The advantages of Delphi can be mentioned: 

cheap, versatile, objective, non-threatening, easy to 

identify and understand, highly flexible approach, 

application in different disciplines and the 
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possibility of being used on a wide geographical 

level, no need to train interviewers, anonymity, 

presenting open discussions, identifying and 

understanding the underlying theme. (26-28) This 

technique prevents wasting time and energy for 

irrelevant or biased decisions because Delphi 

predictions are made with an analytical and 

systematic method. (29)  

Qirokarzin city has experienced many floods 

in the historical periods in 1986, 1991, 2001, 2013, 

2016, 2017, 2019 which caused casualties and 

damages in the city. In the present study, with the 

aim of identifying the most important criteria of 

flood occurrence in Qirokarzin city, it was tried to 

prioritize the criteria according to their degree and 

percentage of importance and using the Delphi 

method. 

Study area 

Qirokarzin is one of the cities of Fars 

province with Qir city as its center. 

Geographically, it is located between longitude 52 

degrees 6 minutes and 53 degrees 13 minutes east 

to latitude 28 degrees 32 minutes and 28 degrees 

54 minutes north (Figure 1).  The area of Qirokarzin 

city is 339,473 hectares, its height is 750 meters 

above sea level, and its average annual 

precipitation is 319.6 mm in a statistical period of 

20 years.  The highest rainfall in February and the 

lowest rainfall in June are 86.6 and 0 mm, 

respectively. The average highest and lowest 

temperatures are reported 34.1 and 12.4 in July and 

December, respectively.  According to Dumarten 

climate index, the study area is classified as dry 

areas. The maximum height of the study area is 

2187 meters in the north of the city and the 

minimum height is 314 meters in the south and 

center of the city.  The most important rivers of 

Qirokarzin city, the Qareaghaj River enters 

Qirokarzin plain from north to south. The main 

channel of Mobarakabad, which comes from the 

east, and the channel of Dutoulghaz, which enters 

the eastern part of the plain from the south-west of 

Qir, feed the plain during floods. (30) 

Most of the soil in the study area is of Entisol 

type. According to the census of 2016, the 

population of Qirokarzin city was 71,203 people.  
 

Methods 

In this descriptive-analytical research, 

priorities and effective criteria were selected 

through library studies, examining various sources, 

as well as the Delphi technique, and by using the 

opinion questionnaire of experts and specialists. 

The Delphi method is a structured process for 

gathering and summarizing knowledge from a 

group of experts using a set of questionnaires with 

controlled feedback. (31) 
 

Table 1. The percentage and degree of importance of the vulnerability criteria of Qirokarzin city against floods based 

on the Delphi method (research findings, 2024) 
Importance 

percentage 

Importance 

degree 
Criterion 

25.5 6.4 Land use 

26.6 6.6 Streets and public roads 

31.5 7.8 Distance to the river 

28 7 Soil  texture 

29.4 7.3 Amount of precipitation 

34.2 8.5 
Ignoring the river boundary & development of urban 

areas towards the ravine 

29 7.2 High runoff coefficient in residential areas 

25.9 6.5 Low width of the communication network 

23.5 5.8 Population density 

26.3 6.6 Type of building materials 

31.5 7.9 Land slope 

32.8 8.2 The overall ability to flood prevention 
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Figure 1. Location of Qirokarzin city in Fars province (research findings, 2024) 
 

Findings 

In order to select the desired criteria, the 

criterion importance chart was set and 12 effective 

criteria on flood vulnerability of Qirokarzin city are 

obtained. To select the most appropriate criteria, 

the best percentage of importance and the best 

degree of importance were used. Since all the 

examined criteria are more than half of the 

maximum percentage of importance and more than 

half of the degree of importance; therefore, all 

criteria are important in the vulnerability of 

Qirokarzin city against flood. The importance 

percentage of the criteria is another component to 

measure the importance of the criteria, which is 

presented in Table 1. 

However, ignoring the river boundary & 

development of urban areas towards the ravine 

(with an importance degree of 8.5 and an 

importance percentage of 34.2), the overall ability 

to flood prevention (with an importance degree of 

8.2 and an importance percentage of 32.8), the 

slope of the land (with an importance degree of 7.9 

and an importance percentage of 31.5) and distance 

to the river (with an importance degree of 7.8 and 

an importance percentage of 31.5) are the most 

important criteria; while population density (with 

an importance degree of 5.8 and an importance 

percentage of 23.5) and land use (with an 

importance degree of 6.4 and an importance 

percentage of 25.5) are among the least important 

measures of flood vulnerability in Qirokarzin city. 

Finally, in order to measure the research criteria 

more appropriately, the priority percentage of the 

investigated criteria in Qirokarzin city in flood 

vulnerability is presented based on the percentage 

of importance, from high to low importance 

(Figure 2 & Table 3).  

The number of choices made for each degree of 
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importance (n) was considered as its score. 

The weight of the criteria was considered in the 

range between zero and 10, and each degree of 

importance represented a range of weight. Using 

equations 1 and 2, for each criterion, two statistical 

components, including the percentage and degree 

of importance of the criterion, were calculated in 

order to provide the importance of the criterion 

based on the graph (33). 

To determine the importance percentage, first 

the weighted score of each class was obtained, then 

the adjusted weight coefficient (Yi) was calculated 

by dividing the weight of each class into the total 

weight of each criteria with a score, and finally, 

using this coefficient and the weight of each 

criterion, the weighted score was calculated. (Zi) 

was obtained.  In the last step, the importance 

percentage of each criterion was obtained by 

dividing the total weighted score of each criterion 

by the maximum weighted score obtainable for 

each criterion.  To calculate the degree of 

importance of each criterion, the weighted average 

of the importance of each criterion was calculated 

from the sum of the points multiplied by the weight 

and finally divided by the total number of points 

(equal to the total number of respondents). 

 

Equation 1: 
 

 

Equation 2: 
 

Xi= the initial weight,  

n= is the number of people who voted for each 

importance level, 

Yi= is the adjusted weight, 

Zi is the weighted score. 

  

 
 

 

Table 2. Determining the degree of importance of criteria (20) 

Very low Low Average High Very high Importance degree of the criterion 

1 3 5 7 9 Numerical expression 
0-2 2-4 4-6 6-8 8-10 Numerical scope of expression 
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Figure 2. The importance percentage of the vulnerability criteria of Qirokarzin city against floods (source: research 

findings, 2024) 
 

Table 3. The priority of effective criteria in the vulnerability of Qirokarzin city against floods (research findings, 2024) 

Criterion Criterion priority 

Ignoring the river boundary & development of urban areas towards the ravine 1.  

The overall ability to flood prevention 2.  

Land slope 3.  

Distance to the river 4.  

Amount of precipitation 5.  

High runoff coefficient in residential areas 6.  

Soil  texture 7.  

Streets and public roads 8.  

Type of building materials 9.  

Low width of the communication network 10.  

Land  use 11.  

Population density 12.  
 
 

Discussion and Conclusion 

Many researches have been done in the field of 

prioritizing flood vulnerability criteria in different 

parts of the world due to the effects of floods on 

human societies. Among others, Pouresmaeel et al. 

(2021) believe that the transmission capacity of the 

main channel, flood control operation, drainage 

density, topography and land use are the most 

important vulnerability criteria of the Azimiyeh, 

Karaj region. (23) However, due to their findings, 

it can be acknowledged that it is consistent with the 

present research. 

According to the research results of Alipour et 

al. (2015) (21),  floodplains are located at lower 

elevations and low slopes and on the edges of 

rivers; considering the findings of the current 

research, the slope of the land and the distance from 

the river are relatively important, so it can be said 

that this research is consistent with the current 

research.(23) 

According to the Madruga de Brito et al. (2017) 

(17) research, human factors and infrastructure 

were identified as the most important criteria of 

flood vulnerability in Brazil, which is consistent 

with the results of the current research, that is, the 

criterion of not respecting the privacy and 

development of urban areas towards the rivers is 

the first priority.  However, this research is 

consistent with the results of Madruga et al. 

because they also  concluded that the Delphi 

technique allows experts with different views to 

prioritize indicators in a systematic and transparent 

manner.  In fact, the use of the Delphi technique in 

the current research enabled the researchers to 

prioritize the effective criteria in the flood of 

Qirokarzin city with collective agreement. 

The results of the survey showed that according 

to the opinions of experts and specialists, the 

population density with the degree of importance 

of 5.8 and the percentage of importance of 23.5 had 

the least effect on the flood of Qirokarzin city.  This 

is while ignoring the river boundary & 

development of urban areas towards the ravine  

with the degree of importance of 8.5 and the 

percentage of importance of 34.2 has had the 

greatest effect on the floods of recent years in the 

study area. 

Considering that the results mentioned in this 

article are based on the effective measures of flood 

vulnerability of Qirokarzin city, it is suggested to 

minimize the damage caused by flood as much as 

possible with appropriate structural and non-

structural measures. In addition, by using the 

results of this research, it is possible for managers 

and executive officials to consider suitable 

management plans to reduce the damages caused 

by floods and the results to be considered in 

regional development planning plans.  
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