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Abstract 
INTRODUCTION: Medical centers are directly involved in health of the individual and society 
and quick and cheap access to these centers in urban communities is of great importance. In 
providing urban services, considering some principles, including the principles of passive 
defense in structures, increases the efficiency of the urban system in the area of provision of 
better services to citizens and also the development of a sustainable city. This study aims to 
address the spatial analysis of medical centers in Omidiyeh City, Iran, based on the passive 
defense principles. 

METHODS: The present study was applied in terms of purpose and descriptive-analytical in 
terms of nature and method. The data collection method included the library and survey studies. 
The technique used in the analysis was also the analytic hierarchy process (AHP) based on the 
experts’ opinion and a pairwise comparison between the indicators in the geographic 
information system (GIS). 

FINDINGS: Combining the layers of population density, land use, communication network, 
medical centers, distance from industrial centers, and distance from fire stations as well as 
creating the final map, a suitable area for medical centers was identified. 

CONCLUSION: The study findings indicated that the distribution pattern of the health centers in 
Omidiyeh is not in accordance with the principles and criteria of passive defense and the 
establishment of new urban medical centers using the GIS capabilities in the city can be useful 
in providing services to citizens. 
  
Keywords: Passive Defense; Medical Centers; Site Selection; Omidiyeh; Analytic Hierarchy 
Process (AHP) 
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Introduction 
 review of the history of wars and 
conflicts, especially in recent centuries, 
shows that threats have developed from 

the military and the front lines to other areas (1). 
Investigating the history of the recent wars in the 
world, the history of 8 years of holy defense of 
Iran and the Israel’s attacks in the 33-day war 
against Lebanon indicate the widespread invasion 
against health centers by the enemies to disable 
them and create a widespread crisis (2). 

In the present era, the passive defense 
knowledge as one of the most novel defense 
sciences has always been of interest to scientific 
and military circles, to the extent that powerful 
countries have placed more importance on this 
issue. Passive defense refers to a set of measures 
that do not require the application of warfare and 
its implementation can prevent financial losses to 
vital and sensitive military and non-military 
equipment and facilities, in addition to preventing 
human casualties or reducing the extent of these 
losses and casualties to minimum (3). One of the 
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essential principles of passive defense is site 
selection, as without a proper site selecting, other 
defense considerations are practically ineffective 
or less effective. Site selection can be defined as 
finding a suitable place for a defense center, 
special facilities, an industrial zone, etc. in such a 
way that different parameters such as the shape of 
the area, distance from communication routes, 
distance from population centers, etc. with 
different weights are involved in finding it (4). 

The city of Omidiyeh, Iran, which was 
examined in this study, has some shortcomings in 
terms of health care service centers. The number 
of health centers in this city (one hospital, three 
clinics, and an emergency center) is not in a good 
position according to some common standards, 
namely the necessity of establishment of a 
hospital for every 45,000 to 50,000 people (5) 
considering the 91,000 population of the city 
based on the 2011 National Population and 
Housing Census. However, the city is in almost 
good condition in terms of distribution and access 
radius, which affect the vulnerability of the urban 
areas. The main purpose of this study is to find the 
indicators related to the site selection of medical 
centers, their prioritization, and their application 
in the study case of the Omidiyeh City. The 
secondary objective of the study is to assess the 
level of compliance of the medical centers 
existing in Omidiyeh City in terms of distribution 
and area of function with global standards. 

Although the provision of health care services 
in cities has a long history, there is no long-term 
history in locating health care centers, and such 
studies date back to the 1970s. Overall, no study 
has been accomplished on human crisis 
management with a passive defense approach in 
Omidiyeh and the few studies performed in this 
city have addressed crisis management in natural 
areas such as floods and earthquakes. In this 
section, some of the internal and international 
studies conducted in connection with this issue are 
as follows: 

In a study entitled “site selecting with passive 
defense considerations in the GIS environment” 
Tavakoli Zadeh et al.  evaluated the important 
principles of passive defense in crisis management 
and site selection of optimal areas for post-crisis 
reorganization and reconstruction. The results of 
this study suggested that the protection and 
preservation of important resources, facilities, and 

equipment in a region or city before the crisis and 
the proper site selecting for their transfer after the 
crisis can be very effective in reducing damages 
(6). 

Mohammadpour and Zarghami examined and 
introduced the requirements for locating urban 
facilities from a passive defense perspective. They 
briefly reviewed the models and techniques used 
in locating urban facilities, and introduced four 
models of Boolean logic, index overlay (IO), 
fuzzy logic, and weights-of-evidence. 
Additionally, they expressed the passive defense 
considerations in the design and planning of the 
urban infrastructure facilities, including water and 
sewage facilities, water treatment plants, gas 
facilities, electronic facilities, and site selection of 
fire stations, telecommunications, and medical 
centers for urban development. This study was of 
a descriptive type and provided a general 
overview of site selecting of urban facilities (7). 

Ferdowsi et al. in their study as “Hospital site 
selection using passive defense approach” 
investigating the criteria for hospital site selection 
concluded that the hospital sites should be safe and 
in the neighborhood of compatible uses and away 
from incompatible uses. This study showed that in 
locating a hospital with a passive defense approach, 
factors such as the hospital’s location (away from 
dangerous areas), access to highways and subways, 
proximity to densely populated areas, urban 
distributions, proximity to green spaces and open 
spaces and fire centers, and distance from faults and 
rivers must be considered (8). 

Hoseini et al. carried out a study on “The site 
selection of hospital centers on passive defense 
approach using colonial competitive algorithm 
(case study: District 3 of Tehran, Iran)” taking 
into account three principles of safety, 
adaptability, and efficiency, and selecting the sub-
criteria of pollution, population density, 
roadblocks, access to roads, proportionality, 
proximity, and service area. They concluded that 
the  site selecting of hospitals in District 3 of 
Tehran was not in line with the principles of 
passive defense, and proposed six new sites for 
hospital construction (9). 

In a study entitled “Modeling hospital site 
section by using Fuzzy logic by combining AHP 
and TOPSIS in ARCGIS environment”, with four 
criteria of adaptability, desirability, capacity, and 
layer of constraints, Pourahmad et al. assessed the 
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compatibility of land in Tabriz, Iran, for hospital 
construction (10). 

Grundy et al. in a study entitled “The role of 
public health as a lever of passive defense in war” 
concluded that paying attention to the health 
actions of public colleagues before the crisis and 
war will help plan and structure in war and leads 
to successful planning (11). 

Shishebori et al. in a study as “Robust site 
selection of hospitals with passive defense by 
integrated AHP-TOPSIS method (Case study; 
Amol County)” after determining all important 
criteria of sustainability and passive defense and 
important criteria for determining the location of a 
new hospital, through a questionnaire and using 
the opinion of experts, concluded that in addition 
to passive defense criteria, sustainability criteria 
are also important (12). 

In a study entitled “Spatial analysis and site 
selection of health medical and hospital centers 
using (GIS) (Case study: Jahrom city)”, Sahraeian 
et al. concluded that the use of GIS system with 
AHP, given its special characteristics can be 
applied in the study of urban planning issues. 
Moreover, by examining the case study, they found 
that the distribution of medical centers in Jahrom 
City was associated with shortcomings, so they 
suggested new places to create these centers (13). 

Methods 

The present study was a descriptive-analytical 
study in terms of method, in which the data 
collection tools included library and internet 
resources, field observation, and questionnaire. 
This project included four steps. 

1. Determining the main indicators effective in 
locating the hospital with the help of experts, 
obtaining six main indicators: layer of 
communication network, layer of existing 
medical centers, layer of land use, layer of 
population density, distance from industrial 
centers, and distance from existing fire stations. 

2. Weighing the indicators by the AHP method 
3. Creating layers related to each index by network 

analysis method and using ArcGIS software 
4. Combining the layers and determining the 

appropriate site for the construction of the 
hospital 
The study process is illustrated in Figure 1. In 

order to locate the new hospital in Omidiyeh City, 
it was necessary to study the various capabilities of 
urban spaces in terms of the presence of suitable 
and sufficient land and its connection with the 
network of passages and other urban uses and 
facilities, especially detection of areas requiring 
such services. Therefore, due to the large amount 
of information required to locate hospitals and due 
to the spatial nature of the data, the spatial analysis 
tools such as geographic information system (GIS) 
and multi-criteria decision-making (MCDM) 
models such as AHP were used. 

The need to use the AHP method: AHP is one 
of the most effective decision-making techniques 
that was first proposed by Thomas L. Saati in 
1980. This model is based on the pairwise 
comparisons and allows managers to examine 
different scenarios. In evaluating any subject, we 
need measuring criteria with indices, and 
choosing the right index allows us to make a 
correct comparison between the alternatives. 

 

 
 

Figure 1. Study process 
 

Population density, communication 

network, road grading, green space, etc. 

Land use, relief centers, 

industrial centers, etc. 
Data collection 

Creation of layers in ARCGIS Standardization and creation of maps 

Valuation of indicators Applying weights on maps Combining and overlapping maps 

Final map  Matching results with land realities 
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However, when several or more options are 
together in space and of different types, then the 
evaluation and comparison tasks change from the 
simple analytical state that the mind is able to 
perform into a powerful practical analysis tool 
will be needed. One of the powerful tools for such 
situations is AHP. This method is used for 
grading, and may sometimes be used for social 
and economic analysis. In this method, the data of 
each site selection must be standardized primarily. 

The AHP modeling process begins with 
identifying elements and making decisions and 
prioritizing them. These elements include different 
methods of performing tasks and prioritizing 
criteria or characteristics. In general, this method 
consists of three general steps described as follows: 

Step 1: This includes preparation of data and 
pairwise matrix, which is performed by 
considering a scale of nine quantities proposed by 
L. Saati to give weights to the criteria from 1 to 9 
based on their importance. 

Step 2: Calculation of the final weight of the 
criteria, for which the numbers of each column and 
row are multiplied by each other, then the products 
of the weights are given a power of 1/N, and 
finally, to calculate the final weight of the criteria, 
the non-normalized weights of each row are 
divided by the total non-normalized weights. The 
sum of the total final weights must be equal to 1. 

Step 3: Obtaining the consistency ratio (CR) 
that includes four stages. 

A: Calculating AW: to determine the value of 
the vector, each of the weights must be multiplied 
by the value of the standard weight. 

B: Calculating consistency vector  
A: Calculating the consistency index (CI) 
D: Calculating CR (14,15). 
After calculating the weight of each criterion, 

ArcGIS software was used to apply them to the 
maps. For this purpose, first, a network of all 
communication routes in the city under study, along 
with other features of the routes [street type (arterial, 
collector, distributor, and local access)], length and 
width of the routes, one-way, two-way, and closed 
routes, traffic volume, average speed, and the 
intersections and the existing constraints are prepared 
and a spatial relationship is created among the 
network lines through which the functional radius of 
each hospital can be obtained. Buffer command is 
used in Arc GIS software to check the status of 
access to critical centers, including medical centers. 

The Omidiyeh map was prepared based on the 

actual traffic directions and after creating a 
topology in the Auto Map environment, other 
complementary network information was added 
and the network was intelligent, according to which 
the time factor, ie the duration of each route, was 
obtained. The Buffer command was used in Arc 
GIS software to examine the level of access to 
critical centers, including medical centers. 

The map of the Omidiyeh City was prepared 
based on the actual traffic directions, and after 
creating a topology in the Auto Map environment, 
other complementary network information was 
added and the network became intelligent and 
accordingly, the time factor, i.e. the time for each 
route was obtained and based on which the 
functional area of each hospital at the city level 
was obtained. 

Findings  
Identification of effective parameters in site 
selection: Identifying the factors affecting the site 
selection is an important step in the study (16), so 
in order to optimally locate hospitals, it was tried 
to identify and investigate different parameters 
and indicators that could somehow be effective in 
the site selecting process in the form of following 
layers as much as possible. It should be noted that 
all the following indicators have been selected 
according to their impact on passive defense. 

1. Layer of communication network, 2. Layer 
of existing medical centers, 3. Layer of land use, 
4. Layer of population density, 5. Distance from 
industrial centers, and 6. Distance from existing 
fire stations. 

Valuation of information layers: Evaluation 
refers to the weighting of the information layers 
used in proportion to their importance and impact 
on site selection. In this study, AHP model was 
employed to weigh the information layers. In this 
method, weighting is performed according to the 
criteria in Expert Choice software, which was 
implemented as follows: 

A: Creating the pairwise comparison matrix: 
This method uses a basic scale with values from 1 
to 9 to determine the relative preference of two 
criteria. In this matrix, if the preference of criterion 
A is twice as high as criterion B, criterion B is 
preferable as half as criterion A. It should be noted 
that comparing each criterion with itself leads to a 
score of 1 (equivalent preference). Therefore, the 
number one is considered in the main diagonal of 
the matrix (15). 
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Table 1. Pairwise comparison matrix of hospital site selection criteria 
Information 
layers 

Final 
weight 

Fire 
stations 

Green 
space 

Industrial 
centers 

Medical 
centers 

Land 
use 

Communication 
network 

Population 
density 

Population density 0.316 4.2 4 3.5 3 2.5 2 1 
Communication 
network 

0.219 3.4 3.20 2.8 2.40 1.9 1 0.50 

Land use 0.150 2.6 2.40 1.2 1.80 1 0.52 0.40 
Medical centers 0.109 2.1 1.90 1.7 1 0.55 0.41 0.33 
Industrial centers 0.083 1.7 1.60 1 0.58 0.47 0.35 0.28 
Fire stations 0.056 1 0.66 0.58 0.47 0.38 0.29 0.23 
Total 1 16.5 14.76 12.30 9.77 7.21 4.88 2.99 

 
B: Calculating the weight of the criteria: This 

step consists of the following operations: 
A. Adding up the values of each column of the 

pairwise comparison matrix. 
B. Dividing each component of the matrix into 

its corresponding column (the resulting matrix is 
called the normalized pairwise comparison matrix). 

C. Calculating the average of the components 
in each row of the normalized matrix, i.e. dividing 
the sum of the normalized scores on each row by 
the number of criteria. This average is an estimate 
of the relative weight of the criteria compared. 
Table 1 shows an example of the matrices created 
for the location criteria of emergency bases. 

A: Estimating CR: At this stage, if the 
comparisons made are consistent, it will be 
determined. This stage involves the following 
operations: Determining the weighted sum vector 
(WSV) by multiplying the weight of the first 
criterion by the first column of the main pairwise 
comparison matrix, then multiplying the second 
criterion in the second column, and this is 
performed for all criteria, finally adding these 
values in the rows and determining the vector of 
agreement by dividing WSV by the weight of the 

criteria: � =
�

�
�∑ (

��

��
�
��� )� 

After calculating the vector of agreement, it 
was necessary to calculate the values of the other 
two terms, Lambda (λ) and �ℐ. The value of λ is 
equal to the average of the consistency vector 
values. The calculation of �ℐ is based on the fact 
that λ is always greater than or equal to the 
number of criteria under study (n), and λ = � if 
the pairwise comparison matrix is consistent. 
Therefore, λ−� can be considered as a criterion 
of the degree of consistency which is determined 

as follows: �ℐ =
���

���
 

The term CI, referred to as the consistency index, 
is a criterion for deviating from the consistency. 

CR can also be calculated as follows: �R =
�ℐ

ℛℐ

Where ℛℐ is a random index of a pairwise 
comparison matrix generated by agreement. It can 
be shown that ℛℐ depends on the number of 
components being compared. �R is designed in 
such a way that if �R < 0.1, it shows the 
acceptable level of agreement (consistency) in the 
pairwise comparisons, but if �R ≥ 0.1, it indicates 
inconsistent judgments. In such cases, the main 
values of the pairwise comparison matrix should 
be reconsidered and modified (14,15). 

CR was calculated for each criterion as 
described, which was less than 0.1 in all cases, 
indicating the acceptability of the pairwise 
comparisons. 

Table 2 illustrates the weighting steps of the 
information layers in the AHP model for locating 
hospitals. As can be seen from the table above, for 
the information layers, distance from green space, 
distance from fire stations, and distance from the 
main communication network are given lower and 
higher scores by increasing and decreasing the 
distance, respectively. 

Discussion and Conclusion 

The area of function of hospitals and health 
centers in the city is a range the emergency base 
of which is able to cover in a specific and 
standard time for relief. The standard time for an 
ambulance to reach the accident scene is  
3 minutes according to the world standard (17). 
Although this distance is usually considered to 
be between 1.5 and 2.5 km travelled at an 
average speed of 30 km/h (18), this distance 
varies depending on factors such as the texture of 
the city, the structure of the communication 
network and traffic situation, etc., and can be 
more or less. Therefore, in order to determine the 
functional area and the area under service with 
the global standard time (3 minutes), the Find 
Service Area operation was used in the network 
analysis model. 
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Table 2. Steps of weighting criteria and sub-criteria in the analytic hierarchy process (AHP) model for hospital location 
Criterion Weight Sub-

criterion 
Initial 
weight 

CR Criterion Weight Sub-
criterion 

Initial 
weight 

CR 

Distance from 
communication 
network 

0.219 

0-100 0.388 

0.01 
Distance 
from fire 
stations 

0.056 

0-400 0.427 0 
100-200 0.253 400-600 0.251 
200-300 0.167 600-800 0.150 

300-400 0.113 
800-
1000 

0.099 

> 400 0.078 > 1000 0.073 

Distance from 
medical centers 

0.109 

0-150 0.067 

0.01 
Population 

density 
0.316 

0-20 0.087 

0.01 
150-300 0.099 20-40 0.115 
300-450 0.156 40-60 0.164 
450-600 0.256 60-80 0.249 

> 600 0.423 > 80 0.385 

Distance from 
industrial 
centers 

0.083 

0-150 0.074 

0 
150-300 0.099 
300-450 0.148 
450-600 0.253 

> 600 0.426 

Land use 0.229 

(1) Green space, garden, and unutilized  0.344 

0.01 

(2) Industrial and Transportation 0.232 
(3) Administrative, disciplinary, facilities, and sports 0.155 

(4) Health-treatment 
(5) Ordinary and higher education 

0.105 
0.072 

(6) Market, commercial, and residential 0.052 
(7) Cultural, religious, and channel 0.039 

CR: Consistency ratio 
 

Omidiyeh City has one hospital and four health 
centers in which the Sherkati region has the best 
condition in terms of the number of medical 
centers with one hospital and two clinics. To 
assess the vulnerability level based on the 
principle that the more accessible the urban areas 
to the vital centers of the city, the less vulnerable 
they are, as well as the functional area of each 
hospital, which is 2 km according to current 
standards, the functional area of each center was 
determined by the hospital and the health center 
separately (Figure 2).  
 

 
Figure 2. Distance and scoring by distance  

from medical centers (Reference: Municipality of 
Omidiyeh, Iran) 

In the layer of distance from fire stations, the 
greater the distance between the construction site 
of the hospital and the fire station, the lower its 
score (Figure 3).  
 

 
Figure 3. Distance and scoring by distance from fire 
stations (Reference: Municipality of Omidiyeh, Iran) 

 
In the layer of distance from the 

communication networks, the more access the 
hospital construction site has to the main arteries, 
the higher the score (Figure 4). In the layer of 
distance from industrial centers, by increasing and 
decreasing the distance, respectively more and 
less scores were given (Figure 5).  
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Figure 4. Distance and scoring by distance from  

main communication networks (Reference: 
Municipality of Omidiyeh, Iran) 

 
Since high-density urban areas are more likely 

to be damaged than the low-density areas, 
establishing medical centers close to the more 
populated areas is of higher priority.  
 

 
Figure 5. Distance and scoring by distance from 

industrial centers (Reference: Municipality of 
Omidiyeh, Iran) 

 
Thus, given that one of the goals of site 

selection of the health care centers is to make 
most of the population benefit from these 
centers, the population density layer was scored; 
In this way, neighborhoods with higher and 
lower density received more and less scores, 
respectively (Figure 6). For the land use layer, 
scores were considered based on the economic 
value and the proportion of lands for the 
establishment of health centers.  

 
Figure 6. Scoring of population density of 
neighborhoods (Reference: Municipality  

of Omidiyeh, Iran) 
 
For example, the unutilized land use was given 

a higher score on the basis of lower economic 
value and the commercial use was given a lower 
score on the basis of higher economic value 
(Figure 7). 
 

 
Figure 7. Land use scoring (Reference:  

Municipality of Omidiyeh, Iran) 
 

Combination of information layers (preparation 
of the final scoring map): The combination of 
layers and the preparation of the final map are 
commonly performed according to the project 
requirements and usually in several different ways. 
If the purpose of the site selection is only to 
determine the appropriate locations with a high 
degree, these maps are prepared in the form of 
single-purpose maps and only with the ability to 
display the appropriate areas. In such maps, there is 
no ranking (different zones) among the parameters. 
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In another form of the final maps, in addition to 
determining the appropriate locations, locations 
with low appropriateness to inappropriate locations 
are prepared depending on the project 
requirements. These types of maps usually show 
the zones separately (color, symbol, etc.) (19). In 
this study, the IO model was employed to combine 
the layers with each other, with the results 
demonstrated in Figure 8. At this stage, the 
categories of each layer were weighted in 
accordance with the obtained rank and using the 
Raster Calculator tool, the score columns related to 
each of the information layers created were added 
together. 
 

 
Figure 8. Final scoring of urban lands for the 

establishment of an emergency base (Reference: 
Municipality of Omidiyeh, Iran) 

 

At this stage, the final map was scored by 
classifying the data into 7 distinct classes, from 
highly inappropriate to highly appropriate, to 
establish new hospitals. In this way, it is possible 
to change the uses, determine the appropriate 
areas, and locate new sites to construct new 
hospitals in the city of Omidiyeh, and so on. 

In the present study, by examining the 
effectiveness of the indicators affecting the location, 
the following prioritization can be concluded: 

1. The population density layer, 2. The land 
use layer, 3. The communication network layer, 4. 
The existing medical centers layer, 5. The 
distance from the industrial centers, 6. The 
distance from the existing fire stations. 

Matching the location model results with the 
land realities: One of the most important issues to 
consider after selection and location by GIS is 
how well the specified areas match the realities 
and conditions of the area. To investigate this 
issue, field observations and studies can show the 

accuracy of the located areas (20). The more the 
identified factors for the location match the 
terrestrial reality, the more satisfactory the 
location results will be (16). After matching the 
results of the location model with the reality in the 
study area and taking into account all the effective 
parameters in the process of locating and 
calculating the service range of 3 minutes and 5 
minutes and according to the final scoring map 
(Figure 9), three new emergency stations were 
proposed for the city of Omidiyeh. 

 

 
Figure 9. Locations proposed for establishing  

new emergency bases (Reference: Municipality  
of Omidiyeh, Iran) 

 

Solutions 
 Locating fire stations in the right range of vital, 

sensitive, and important urban uses due to the 
effective role of these centers in reducing 
vulnerability during crises and especially wars. 

 Locating new hospitals in different parts of the 
city taking into account the principles and 
criteria of passive defense and avoiding their 
concentration in urban centers, especially in 
busy areas. 

 Proximity of public open spaces and  
medical centers in the city due to the 
complementary role of these two uses in times 
of crisis, as well as the adoption of programs to 
expand appropriate open spaces within the 
hospital grounds. 

 Locating new medical centers according to the 
main arteries of the city in such a way that 
medical centers can be accessed in the shortest 
possible time and with the least traffic. 

 Using the results of the proposed maps  
in prospective planning as well as in 
management decisions. 
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 More attention of managers to the principles of 
passive urban defense and its inclusion in 
comprehensive urban plans. 

 Using GIS and its capabilities in planning 
services and management issues. 

 The necessity to pay attention to the 
establishment of new medical centers in the 
future in accordance with the principles of 
passive urban defense based on the factors 
examined in this study. 

 Modification of some centers as well as the 
creation of several other small centers in  
some cases. 

 Elimination of existing obstacles, especially in 
terms of access and urban context for faster 
response of medical centers in cases where 
these factors are inappropriate and restrictive. 
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