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ABSTRACT 
Earthquake, because of the extent of its domain and the severity of damages that makes, is 
considered as one of the world’s most recognized natural disasters and is among the factors 
that can lead to a crisis. Iran, due to being located in the Alpine-Himalayan earthquake belt, 
is no exception to this rule and considered as one of the most disaster-prone countries in 
the world. Seismic zoning map of Iran shows that two-thirds of the country is located on 
the high-risk earthquake axis; hence, Iran is reportedly ranked among the 10 countries of 
the world most vulnerable to natural disasters. After an earthquake, relief assistance is very 
important to reduce losses and it is made possible by facilities including forces, equipment 
and appropriate infrastructures. To achieve these objectives, it is necessary to take 
precautionary measures as soon as possible. Hospitals, as the first and most important 
treatment centers for injured people must be ready to provide health care in the best way 
possible in the event of a disaster. To achieve good performance in critical situations, 
hospitals need a disaster and crisis preparedness plan. Such a plan should be based on 
identifying vulnerable points; accordingly, the present paper seeks to design a model by 
which it will be possible to achieve the mentioned objectives, namely, determining suitable 
locations for the construction and establishment of health centers. The model is used to 
consider the location of health centers based on the minimum distance between the scene 
of disaster and the hospital and the maximum level of service in each area. To solve the 
model, the information of Kermanshah Metropolis was used. In fact, the model has been 
framed as a mathematical model along with knowledge of Operations Research and solved 
using a heuristic algorithm. The results of this model show that the construction health 
centers in new areas has a large impact on reducing the travel time of injured people. 
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INTRODUCTION 

 

All hazards have two different origins: A) natural hazards, B) hazards arising from technology or human-

induced hazards; earthquake is a kind of natural hazards (Mose, Tun Lin; Pathranakul, Pairote, 2006). Iran, due 

to being located in the Alpine-Himalayan earthquake belt, is no exception to this rule and considered as one of 

the most disaster-prone countries in the world (Sasanpoor, Farzaneh; Moosavand, Jafar, 2010). According to the 

seismic zoning map of Iran, two-thirds of the country is located on the high-risk earthquake axis (Asghari, M., 

R. Mohammad, 2008); and more importantly, only 20 of the total 687 cities of the country have been located in 

low-risk areas (Akasheh, Bahram, 2004). An earthquake is the sudden release of energy in the Earth’s crust that 

creates seismic waves. In fact, the excess energy is released in a very short time due to the occurrence of 

disturbance (Gibson, Gary, 2002). At the global level, natural disasters, particularly earth quakes, on average, 

annually cause more than 160 thousand casualties and more than 145 million dollars of financial losses 

(Poorahmad, Ahmad et al., 2009). Often, costs of crisis prevention are much less than the costs of dealing with, 

controlling and reconstructing damages caused by a disaster (Farhangi, Ali Akbar et al., 2009). In developing 

countries, mortality caused by natural disasters and the number of injured people are respectively 3 to 4 and 40 

times greater than developed countries (Tavakoli, Behrouz; Tavakoli, Shahab, 1992). According to recorded 

reports, most (31 of 40) of the well-known disasters in the world have been occurred in Iran (Biroudian, Nader, 

2006). Iran with 120 thousand human casualties is considered to be among the countries of deadly earthquakes 

(Abdollahi, Majid, 2005); accordingly, the country is considered to be one of the 10 countries most vulnerable 
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to natural disasters around the world (Amini, Elham, 2005). After an earthquake, relief assistance is very 

important to reduce losses and it is made possible by facilities including forces, equipment and appropriate 

infrastructures. To achieve these objectives, it is necessary to take precautionary measures as soon as possible 

(Ghanavati, Ezatollah et al., 2009). Hospitals, as the first and most important treatment centers for injured 

people must be ready to provide health care in the best way possible in the event of a disaster (Daneshmandi, 

Mohammad, 2010). To achieve good performance in critical situations, hospitals need a disaster andcrisis 

preparedness plan. Such a plan should be based on identifying vulnerable points (Tofighi, Shahram et al., 2009). 

In the first 48 hours of a disaster, it will be difficult for human resources to be present in the hospital; hence, 

hospital managers should prepare, in advance, a field hospital with all necessary equipment and keep it for a day 

of disaster (Karimi, Hamid Reza, 2010). Thus, prediction of hospitals and clinics locations is vital in times of 

disaster. 

The main purpose of this paper is to select the optimal places for location and establishment of relief centers 

in Kermanshah Metropolis. Among the secondary objectives of this paper, it can be pointed to assessing the 

adequacy of resources available and how to choose them as final locations for construction of the clinic, using a 

model with heuristic solutions as an appropriate way to determine the optimal location of health centers, and 

evaluating the impact of applicants behavior on the selection of the location. Due to the problems such as 1- the 

mismatch between the number of fire stations and the population, 2- the mismatch of the spatial distribution of 

stations with the requirements and the urban texture, 3- insufficient number of hospitals and clinics with respect 

to the population and the area of the city, and 4- inappropriate establishment of hospitals in the old texture of the 

city, high-traffic areas, and narrow and one-way streets, the purpose of the present paper is focused on 

minimizing the travel distance to other relief centers to maximize the efficiency of health centers in addressing 

injured people at the time of the earthquake and enable them to cover all areas of the city.  

In the following, the research literature and data collection method as well as the way of framing the 

mathematical model of this study are presented. 

 

The research literature: 

The first scientific attitude to the issue of location has been done by mathematicians of centuries ago; for 

example, the single facility location problem has been proposed in the works of seventeenth-century 

mathematicians. However, the mathematicians of the past were not independently engaged in the location 

problem; but they dealt with the problem in efforts to solve the extremum problems of linear functions 

(minimum or maximum of functions).All location theories try to identify factors affecting spatial settlement of 

various urban activities through the application of different techniques. Most theories of location have been 

proposed in Germany. The oldest location model belongs to Saffell (1878), which was completed by scholars 

such as Lon Hart and Alfred Weber who provided new models in this field until World War II. The location 

problem has wide applications among which it can be pointed to locating new branches of a bank, supermarkets, 

fire stations (Yang, Lili, F et al.,  2007), factories, a traffic network design, network services such as health care 

and emergency services (Siddhartha, S. et al., 2010; Harper, P.R., et al., 2005), public safety (Siddhartha, S. et 

al., 2010; Shavandi, Hassan et al., 2006), ambulances (Schmid, Verena; Doerner, Karl F., 2010), power 

distribution systems (Acharya et al., 2006), warehouses in supply chain systems, and bus stops in the public 

transport network (Ghanbari, Reza, Mahdavi-Amiri, Nezam, 2001; Marin et al., 2009) as well as location of 

defense (Uno, Takeshi; Katagiri, Hideki, 2008), emergency signs, and emergency vehicles (Beraldi, P., M.E. 

Bruni, 2009; Geroliminis et al., 2009) in urban networks. 

O'Kelly (O'Kelly, M.E., 1987), for the first time, provided a model for the location of interacting hub 

facilities; afterwards, Campbell (Campbell, J.F., 1994) in a study introduced different types of hub location 

problems which are actually used as basic models in other studies. Calik et al. (Calik, H., et al., 2009) 

investigated the hub covering problem over incomplete hub networks and provided an integer programming 

model in this regard. The main purpose of their model was to locate hubs where they are connected together and 

allocate non-hub nodes to hub nodes, so that the travel time between the origin and destination nodes to range in 

a specified interval. Schmid et al. (2010) developed a model to solve ambulance location and relocation 

problems with time-dependent travel times. Their model allow vehicles to be repositioned in order to maintain a 

certain coverage standard throughout the planning horizon. They have formulated an MIP for the problem to 

optimize the coverage in various locations simultaneously. In this model, the problem is solvedmeta-

heuristically using variable neighborhood search. 

Lee et al. (2010) introduced the classical hierarchical covering location problem whose objective is tofind 

locations maximizing the number of covered customers, where the customers are assumed to be covered if they 

are located within a specific distance from the facility, and not covered otherwise. Alsalloum et al. (2006) 

focused on extending models for the maximal covering location problems to identify the optimal locations of 

pre-specified number of emergency medical service stations through the goal programming with two objectives: 

1- locating stations so that the maximum expected demand can be reached within a pre-specified target time and 

2- ensuring that any demand arising located within the service area of the station will find at least one vehicle. 



134 
 

 

Yang et al. (2007) provided a fuzzy multi-objective programming for optimization of fire station locations 

through genetic algorithms. To makes it easy to apply a genetic algorithm for the problem solving, the original 

fuzzy multiple objectives were appropriately converted into a single unified “min–max” goal. This approach has 

three distinguish features: 1) considering fuzzy nature of a decision maker (DM), 2) fully considering the 

demands for the facilities from the areas with various fire risk categories, and 3) being more understandable and 

practical to DM. 

Ishii et al. (2007) provided a model in facility location problems to consider the satisfaction degree with 

respect to the distance from the facility for each customer and preference of the site in an urban area. In this 

model, the objective is to find the site of the facility which maximizes the minimal satisfaction degree among all 

demand points as well as maximizes the preference of the site. However, there exists no site maximizing both 

criteria. Tavakkoli-Moghaddam et al. (2008) provided a hybrid method for an expected maximal covering 

location problem to optimize allocation-location decisions. Their nonlinear stochastic model is used to select the 

best locations of emergency centers along with considering the maximum allocation decisions covering the total 

demands expected. To solve the model, they have offered an efficient hybrid method based on the simulation 

and genetic algorithm. Bashiri et al. (2009) took in their consideration multi-facility location problems to find 

optimal location of new facilities with respect to a set of existing ones and minimize the total distance traveled 

between facilities. 

Geroliminis et al. (2009) developed a model for locating emergency vehicles on urban networks 

considering both spatial and temporal demand characteristics to ensure emergency response systems in urban 

areas are located in a way that the adequate coverage and rapid response time are achieved. Schmid et al. (2010) 

developed a model to solve ambulance location and relocation problems with time-dependent travel times. Their 

model allow vehicles to be repositioned in order to maintain a certain coverage standard throughout the planning 

horizon. They have formulated an MIP for the problem to optimize the coverage in various locations 

simultaneously. In this model, the problem is solved meta-heuristically using variable neighborhood search. Lee 

et al. (2010) introduced the classical hierarchical covering location problem whose objective is to find locations 

maximizing the number of covered customers, where the customers are assumed to be covered if they are 

located within a specific distance from the facility, and not covered otherwise. 

S. Syam et al. (2010) developed and solved a location-allocation model for the location and allocation of 

specialized health care services such as traumatic brain injury treatment. In fact, the model is a cost 

minimization model with service proportion requirements which is solved using simulated annealing. Shavandi 

et al. (2006) provided a fuzzy location–allocation model for congested systems. They focused on these systems, 

because in service networks, such as health and emergency services, public safety, firefighting and so on, the 

location of servers and allocation of demand nodes to them have a strong impact on the congestion at each 

server and as such, on the quality of service. 

Araghi et al. (2003) in a study as “treatment management in disasters: A review of the Bam earthquake” 

investigated disaster management in the Bam earthquake in terms of human resource management, management 

of transferring injured people, and management of facilities and treatment planning and provided solutions to 

some of the problems presented in the disaster management of Iran (Araghi, Hassan et al., 2003). Mohammadi 

et al. (2005) conducted a study as “location of relief centers (in an earthquake) using GIS and the AHP multiple 

criteria evaluation”. Using the geographic information systems (GIS),they combined the maps of facilities and 

regional limiting factors together to determine the appropriate sites for the establishment of relief centers; then 

they used the Analytic Hierarchy Process (AHP) to determine the best site. 

 

Explanation of the facility location problem: 

In facility location problems, the final output is the establishment of some new facilities which are divided 

into two categories in terms of customer service: 

 Customer service is on-site (This means that customers receive the service without visiting facilities). 

 Customers visit facilities to receive the service (figure 1). As it observed in figure 1, schools and 

hospitals are obvious examples of such facilities. 

A closer look at the first group shows that the on-site customer service can also be divided into parts: direct 

trips and tours. In direct trips, the service provider should necessarily return to the location of the facility after 

the service; such as fire trucks which must return to fire stations and be ready for operations. In tours, the 

service can be delivered at customers’ locations one after another. Repairmen and postmen are obvious 

examples of this type of on-site customer services. 
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Fig. 1: the ways by which a facility can provide services for customers 

 

The proposed model: 

After defining the problem, its modeling begins by collecting required information. Then, the model is 

designed and needs to be solved to achieve the objective which is here to determine appropriate locations for 

construction and establishment of health centers. The model formulation for the establishment of health centers 

isin such a way that customer service is performed with respect to the minimum distance between the scene of 

disaster and the health center. Here, the model covers Kermanshah-Iran and tries to minimize the costs of 

locating health centers and maximize service levels in each area. The model provided in this study has been 

framed as a mathematical model along with knowledge of Operations Research and solved using a heuristic 

algorithm. Various objectives can be considered in relation to the location of treatment centers. Here, the main 

purpose of locating health centers is to minimize the travel time of injured people from the scene of accident to 

the health center in Kermanshah-Iran. In the following, the mathematical model of the problem is presented. The 

goal of this problem is to select 𝑛 optimum locations for the construction of health centers in year 𝑚. In the 

model designed for this problem, special behaviors have been defined for clients (patients). The behaviors 

include selecting the nearest center by clients. In this regard, two paths were defined for the travel of a client 

(patient), from which the shortest one is selected by the client.  

 

Defining distances between regions and sections and determining their values: 

Here, the term “distance” only refers to the distance from each region to every section; so the distances 

between sections are not regarded. The matrix of distances between different regions is available. Using the 

matrix and the calculation of a weighted average of these distances, the matrix of the distance between region 

𝑖 (𝑖 = 1,… ,186) and section𝑠 (𝑠 = 1,… ,26) is obtained. This matrix is called 𝐶𝑖𝑠  (equation 1). 

 

𝐶𝑖𝑠 = (𝐶𝑖𝑗 (𝑆𝑍)′)   𝑆𝑍𝑖𝑗𝑖𝑗           (1) 

In equation 1,𝐶𝑖𝑠 and(𝑆𝑍)′ respectively stand for the matrix of the distance per day between regions and the 

transpose of the matrix determining the regions within each sector. The operation performed on the numerator of 

this fraction is the matrix multiplication of 𝐶𝑖𝑠 × (𝑆𝑍)′. 

 

The partial allocation model: 

Considering the issue that two paths have been defined for the travel of each client, the demand allocation 

algorithm can be designed. After allocation of demands to each region, the objective function can be defined to 

find the optimal locations for the construction of health centers. If 𝑠 is defined as the set of sections where the 

health centers will be constructed, the following equations will show the mathematical model of demands 

attracted by centers located in sections 𝑠and 𝑠′ when the applicant’s behavior in selecting a health center follows 

the behavioral model described above (equations2). 

Location Problems

Selecting the 
Location of New 

Facilities

Customers visit the 
facilities.

Schools , Hospitals

Customer service is 
on-site.

Direct Trips

Fire 
Trucks, Ambulance

s

Tours

Repairmen 
, Postmen
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𝑋𝑠 =   𝑎ℎ𝑎𝑖𝑗
𝑖𝑗

 

𝐶 𝑖 ≥ 𝐶𝑖𝑠𝐼𝑖
𝑠    ∀𝑖 

𝐶 𝑗 ≥ 𝐶𝑗𝑠 𝐼𝑗
𝑠    ∀𝑗 

𝐶𝑖𝑗 = 𝑚𝑖𝑛 𝐶 𝑖  ,𝐶 𝑗      ∀𝑖, 𝑗 

 𝑎ℎ = 1

𝑁

ℎ=1

 

𝑋𝑠 ≤ 𝑐𝑎𝑝𝑠  
𝐼𝑖
𝑠 =  0,1  , 𝐼𝑗

𝑠 =  0,1           (2) 

 

The objective function model: 

Now, if 𝜑 is the set of all sections where the proposed health centers are located and 𝜓𝑚  is the set of n-

member subsets which can be formed by members of 𝜓 and based on the need of year 𝑚 to health centers, 

equation 3 will show the mathematical model of health centers location. 

𝑍𝑚 = min(   𝑎𝑖𝑗
𝑠  𝑆 ∗ 𝐶𝑖𝑗

𝑠 +    𝑎𝑖𝑗
𝑠 ′ 𝑆𝑚

′  ∗ 𝐶𝑖𝑗
𝑆 ′

)

186

𝑗=1

186

𝑖=1𝑠∈𝑆𝑚

186

𝑗=1

186

𝑖=1𝑠∈𝑆

 

𝑠. 𝑡  

𝑛 ⎸𝑆⎸ = 𝑛
𝑆 ∈ 𝛹𝑚

𝑆𝑚
′ ≡ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡

  

      (3) 

In above equations,𝑎𝑖𝑗
𝑠 and 𝑎𝑖𝑗

𝑠 ′
 stand for the demands allocated to sections 𝑠 and 𝑠′. Each demand is 

allocated to the nearest section in sets 𝑠 or𝑆𝑚
′  . The selected section includes the shortest distance between 𝑖 and 

𝑗 for the intended demand. If the selected section belongs to 𝑠, the shortest distance will be 𝐶𝑖𝑗
𝑠 ; and if the section 

belongs to 𝑆𝑚
′ , the shortest distance will be 𝐶𝑖𝑗

𝑆 ′
. 

In the following, the results obtained from implementation of the model in Kermanshah Metropolis and 

their analyses are assessed. 

 

The case study: 

After designing the model and its solution algorithm, the implementation of the model in Kermanshah 

Metropolis was assessed. In this regard, firstly, the data required for solving the model were collected; and after 

solving the model using these algorithms, desired locations were obtained by year and time of solving the model 

for the same year with respect to the objectives specified in Kermanshah-Iran. In the following, the data 

collection method is explained. 

 

The data collection method: 

Information and data required for this study have been collected from various sources including the 

Statistical Center of Iran, Kermanshah Municipality, and National Disaster Management Organization of Iran. 

Due to the limitations of the study, part of the information not available has been collected using a 

questionnaire. Other input data such as the segmentation of traffic areas and definition of the distance between 

them have been obtained through consultation with experts. 

 

Developing the questionnaire: 

The questionnaire used in this study includes 13 items which were answered by clients of 4 clinic sat two 

different times. The questionnaire includes data such as the number of visits in a month, the average distance 

traveled, criteria for the selection of the health center, the origin of movement to the clinic, time of the visit to 

the clinic, and the average waiting time. 

 

Predicting the demands of patients in each region of Kermanshah: 

To predict the rate of patients’ demands in each region of Kermanshah, firstly, the kilometers traveled in 

each region of the city should be found; accordingly, using the Guess software and available database, the vector 

of the distance traveled by rides for the same year was obtained; then, using the prediction model mentioned in 

the previous section, relevant vectors were estimated. Through multiplying this vector by the prediction vectors 

for different years and normalizing them, a vector called 𝛼is obtained, so that each element of 𝛼 specifies the 
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share of each region from the rate of demands. If the 𝛼-vector of a given year is multiplied by the total distance 

traveled in the same year, the distance of each region traveled in the same year will be determined. 

 

Determining regions with the potential for construction of a clinic: 

One of the most important parts of solving the model in this study is to obtain the candidate sites for the 

construction of a clinic and select the optimal locations from them considering the rate of available demands. 

Since the construction of a clinic in regions with high traffic is difficult and its efficiency will be very low at the 

time of an accident due to the closure of many roads leading to the clinic, which makes the transfer of patients 

and injured people slow, the high-traffic regions were removed and finally 121 regions were considered as the 

candidates for the construction of health centers. Due to the high number of the nominated regions, which 

complicates the problem, they were divided into several sections. This reduced the complexity of the problem 

and the time of solving the model. For this type of segmentation, an index called “Access Index” was 

determined, based on which the regions were classified. According to this index, regions in the vicinity of main 

crossings and roads are known as the core; also, the regions in the vicinity of the cores, as long as not crossing 

into high-traffic regions or being in the neighborhood of a main road, will be placed in the category of the cores. 

After segmentation of the regions using the access index,26 sections were obtained, from which finally 6 

locations with the highest levels of availability were selected. Table 1 shows the results of applying the model in 

Kermanshah Metropolis. 

 
Table 1: the time table of solving the model 

Nominated Regions 
The time of solving the model 

Selected regions for the construction of health 

centers 

Path 1 Path 2 Path 1 Path 2 

0 0.213 0.203 0 0 

1 0.213 0.203 3 3 

2 0.214 0.218 2 and 3 2 and 3 

3 0.207 0.224 2, 3 and 6 2, 3 and 6 

4 0.212 0.218 2, 3, 4 and 6 2, 3, 4 and 6 

5 0.221 0.347 2, 3, 4, 1 and 6 2, 3, 4, 1 and 6 

6 0.212 0.247 1, 2, 3, 4, 5 and 6 1, 2, 3, 4, 5 and 6 

 

The interesting results obtained from table 1 show that in each region, transfer of patients to health centers 

from both nominated paths has no impact on prioritizing or changing the locations for the construction of health 

centers. The results indicate that the longest path for transferring patients in each region is shorter than the 

shortest travel path of the adjacent region; as a result, the health centers can properly cover their own regions. 

Figure 2shows the changes in the time ofsolving the model.  

 

 
 

Fig. 2: changes in the time of solving the model based on the movement in paths 1 and 2 The number of 

residents and buildings in each region 
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Table 2 shows the number of residents and buildings in each region according to the 2006 census. 
 

Table 2: the number of residents and buildings in each region 

Regions Number of Existing Buildings Total Population 

1 23577 81022 

2 29720 123391 

3 39590 165529 

4 36204 127682 

5 44971 165334 

6 49864 188447 

Total  223926 851405 

 

Table 3: ratio of area and population 

Regions 
Population Area Population Density 

(Persons per hectare) Region Percent to the entire city In hectare Percent to the entire city 

1 81022 9.87 1130 11.28 71.701 

2 123391 16.60 1121 11.19 110.072 

3 165529 22.10 1665 16.63 99.417 

4 127682 13.44 1672 16.70 76.365 

5 165334 18.77 2258 22.55 73.221 

6 188447 20.27 2164 21.61 87.083 

Total  851405 100 10010 100 86.31 

 

The introduction of the city under study: 

Kermanshah, the capital of Kermanshah Province, is located in the eastern half of Kermanshah Province, 

between 34 degrees and 19 minutes of north latitude and 47 degrees and 7 minutes of eastern longitude. The 

city’s average height above sea level is 1322 meters. The city of Kermanshah, in terms of the natural position, 

has been developed and spread somewhere between environmental areas. From the north, the city is bounded by 

the heights of Taghe Bostan and Parav; and from the south, it is bounded by highlands known as “Sefid Kooh” 

(the White Mountain) from the Zagros Mountains. Kermanshah is the second largest and most populous city in 

the West and North-West region of Iran (after the city of Tabriz) and is considered as the largest city of 

Kermanshah Province. According to the municipal zoning, the city has 6 regions. 

 
Table 4: latitude and longitude of Kermanshah 

Region 

Eastern Longitude Northern Latitude 

Minimum Maximum Minimum Maximum 

Minutes Degrees Minutes Degrees Minutes Degrees Minutes Degrees 

Whole Province 24 45 7 48 40 33 18 35 

Kermanshah City 25 46 29 47 47 33 47 34 

 

 
Map 1: seismic hazard map of Iran 
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Map 2: the location of Kermanshah in Iran 

 
Map 3: political divisions of Kermanshah 

 

Determining the functional radius of health centers in Kermanshah: 

Six locations have been considered as candidates for the construction of health centers in Kermanshah. 

Each of these six sites is located in one of the six regions of Kermanshah city. 
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Map 4: the map of the six regions of Kermanshah city 

 
Map 5: Determining the functional radius of health centers in the city under study 

 

The land use pattern of health centers in Kermanshah city: 

 
Table 5: the area of health centers in different parts of Kermanshah  

Land Use 

 (Health Centers) 

Area 

 (Square Meters) 

Net Area of Urban 

Section 

Gross Area of   

Urban Section 

Per Capita (Square 

Meters) 

Northern Part 277017 1.46 1.04 1.06 

Middle Part 19854 0.35 0.15 2.33 

Eastern Part 87640 1.23 0.59 0.98 

Western Part 155811 2.25 1.38 1.78 
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Fig. 3: the percent of reduction in casualties at each stage due to the construction of health centers 

 
Fig. 4: the percent of reduction in casualties compared to primary conditions due to the construction of health 

centers 

 

The results analysis: 

The increase in urban population and the expansion of urban areas has caused the location for new health 

centers to be of utmost importance. Among the factors increasing the attractiveness and satisfaction of health 

centers, it can be pointed to proper access, reduction in travel time of patients, and reduction of waiting time. 

The main objective of this study was to minimize the costs of locating health centers and increase the levels of 

their services. In fact, the research tried to minimize the transfer time of injured people to reduce casualties and 

prevent further damage to patients and thereby reduce health care costs. The advantage of this study, in 

comparison with other studied conducted in this regard, is to use mathematical models, heuristic algorithm, and 

finding relatively accurate location of health centers.  
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