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INTRODUCTIO 

The importance of crisis management and preparation 

for it have increased now with the all the new 

challenges facing fire department services. The mission 

of fire departments is to protect lives, property and 

natural resources from fire incidents. Due to increased 

demand for fire department services in the modern 

era, fire departments should use the latest tools, 

equipments, techniques, and training methods in order 

to respond to meet the requirements of fire 

department services for the population. GIS is one of 

these modern tools that help improving the efficiency 

and delivery of fire department services to the 

population. The main function of fire department 

services is delivering fire protection and rescue service. 

The response of these departments services are 

basically depends on the locations of these stations or 

departments. The efficiency of this service also 

depends on how much time these fire departments 

need to response after reporting the incident in order 

to control the fire and rescue operations and dealing 

with medical emergencies.   

The economic development in Erbil, especially after 

the year 2003, resulted a significant urban 

development and urban expansion (horizontal and 

vertical), which led to a significant incensement in 

population size and density. As a result of that, the 

demand for urban development and insure its 

requirements has become one of the most important 

challenges facing the residents of the city.  To face 

these challenges, it is important to develop the 

national safety system, which fire department services 

are an important part of it, in parallel with this urban 

development and urbanization. The most important 

problem related to the current fire department 

services in the city of Erbil is the weak coverage of the 

areas with this service according to international 

standards and the need to build new centers on the 

basis of scientific planning and to keep pace with urban 

development and urbanization progresses in the city. 

Development of geographic information systems in the 

last twenty years, led to the ease of processing large 

amounts of geospatial data, which led to the build 

successful detailed models for inductive spatial 

prediction, which has been applied in the researches. 

As a result t of that, many methodologies have been 

developed such as, the analytic hierarchy process 

(AHP), multi-criteria evaluation, genetic algorithms and 

models (Murayama 2011). Geographic information 

systems supports planning and improve the efficiency 

and response of fire department services and crisis 

management. GIS has the potential to produce 

interactive and intelligent maps to access all kinds of 

information, analysis and data.  
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This study aims to evaluate the current geographical 

distribution of fire departments in the city of Erbil, 

quantitatively and qualitatively. The study applied 

suitability analysis to select optimum sites for new fire 

departments in the city or Erbil using geographic 

information systems (GIS) and the analytic hierarchy 

process (AHP) and then build a model based on  

combination of different economic and social criteria 

as a tool for decision making. GIS is an effective 

planning tool for fire department services and create 

databases as well as building models. The use of 

traditional methods of planning for fire department 

services means wasting time and effort. 

 

STUDY AREA 

The city of Erbil is located between (36°12′17″N 

44°20′33″E) in the northeast part of Iraq and is the 

capital of Iraqi Kurdistan Region (Figure 1). Erbil is the 

oldest continuously inhabited city in the world, and the 

urban life that is dated back to about 6000 BC 

(UNESCO, 2010). The area of Erbil city is about 130 km2 

as of August 2010. The population within the Erbil 

urban area was 1,900,120 and number of households 

was 141,793 in the city for the year of 2010, which 

makes it one of the largest cities in Iraq (KRGSO, 2014). 

Erbil is located in a relatively plain area and has an 

average elevation of 417 meters above sea level. 

Climatically, Erbil is located between two climate zones 

the Mediterranean and the Arid climate, which 

encourages recreational activities in the city. The 

climate is characterized by warm to hot summer and a 

cold  winter. Erbil receives an average total rainfall 

between 300-400 millimeters annually. Erbil is the 

administrative center of Erbil province. Bounded from 

the north by Turkey and part of Dohuk Province, from 

the east by Iran and Sulaymaniyah Province, from the 

south by Kirkuk province, and from the west by Mosul 

province (Wahab, 2004) Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 

1: 

Study Area Erbil City  

 

FIRE DEPARTMENT SERVICES IN ERBIL CITY 

The parliament of Iraqi Kurdistan region defined civil 

defense service (Fire Department Services) in the civil 

defense law as a “service, which aims to take 

preventive measures and implementation of fire 

suppression work and prevent their spread” (The 

Official Gazette of Iraq 1993).The beginnings of the 

establishment of fire department service in Iraq starts 

in 1941, while beginnings of the establishment of civil 

defense service in the city of Erbil was in the sixties of 

the last century. The first fire department was 

established in Erbil is Khanqah in the center of the city 

near the Erbil citadel. The goals of civil defense 

according to the civil defense law in the Iraqi Kurdistan 

Region are: 

A. Ensure the safety and security of the population and 

their property and natural resources from the risk of 

fires.  

 B. Fire-fighting in residential areas and prevent their 

spread.  
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C. Ensure the coverage throughout the city of fire 

department services according to international 

standards. 

There are seven fire departments providing services in 

Erbil as shown in Table (1) and Figure (2).  

 

 

 

 

 

 

 Table 1: location and Characteristics of Fire Stations in Erbil  

 

 

 

 

 

 

 

 

 

 

Figure 2: Geographic distribution  of current fire stations in Erbil  

 

EVALUATION OF CURRENT GEOGRAPHIC 

DISTRIBUTION OF FIRE DEPARTMENTS IN ERBIL 

To achieve the objectives of this study, it was 

necessary to evaluate the current distribution of fire 

department centers in the city of Irbil and the response 

coverage of all areas of the city. According to the 

international standards, response coverage, which is 

the time of the service request to the time of the 

arrival of this service to the site, means Identifying all 

areas that fall within the scope of six minutes, which is 

estimated at two kilometers, from the fire station as a 

response time to provide Firefighting, rescue and 

ambulance services depending on the location of fire 

station (Insurance Services Office 2012).  

In order to evaluate the coverage of current fire 

department services, two kilometer buffer has been 

created around each fire station in the city of Erbil 

using geographic information systems GIS. A map has 

been prepared with seven response areas, one for 

each station. The buffer areas have been dissolved in 

one response area which represented the total area of 

two kilometer (6 minutes) coverage of the city with fire 

department services Figure 3. By calculating the area of 

the city and the area of response coverage of the 

current fire stations, we found that only 52% from the 

total area of the city is covered by fire department 

services, which means that 48% from the area of Erbil 

city suffers from the delay and difficulty of delivering 

fire department services according to international 

standards.      

 

METHODOLOGY 

The public safety system of the city cannot be studied 

by only taking simple factors into consideration; 

studying public safety require researchers and planners 

to develop their studies and deepen their 

understanding of the city system by analyzing various 

natural, economic and social factors (Murayama). The 

study used an inductive analytical method moving 

from specific observations to broader generalizations, 

using a combination of qualitative and quantitative 

data. The study began with identifying a number of 

socio-economic criteria affecting the siting of fire 

department centers in the city of Erbil. Euclidean 

distance maps have been prepared for each criteria 

that have been identified in order to clarify the 

distance of these standards in a classified digital form. 

The study used Analytical Hierarchy Process (AHP) to 

weight each criteria through pairwise comparison. The 

study ended by merging the weighted criteria in a 

geographic information systems GIS based model using 

weighted overlay technique in order to produce a 

suitability map to establish new fire stations in the city 

of Erbil depending on the specified criteria (Appendix 

1). 
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Figure 3: Response coverage area of current fire stations in Erbil  

 

The research methodology can be illustrated through 

these stages: 

A. Data description and resources: 

The geographic information systems and population 

data used in this study are form GIS department in 

Erbil governorate. The data has been processed and 

prepared in order to use it in this study. The locations 

of fire departments (fire stations) has been collected 

by the researchers using GPS device type (Trimble Juno 

3D). 

B.  Analytical Hierarchy Process (AHP): 

Analytical Hierarchy Process (AHP) is a research 

methodology developed and designed by Tomas Saaty 

in 1980. Analytical Hierarchy Process is one of the best 

and most widely used multi-criteria analysis approach. 

This approach is characterized by helping the 

researchers to evaluate the relative weight of multiple 

criteria or multiple options against given criteria in an 

intuitive manner (Saaty 1990). The main objective of 

using this approach is to help multi-criteria decision 

making. This method is converting the pairwise 

comparisons between the standards in to weights and 

numbers showing the relative importance of these 

criteria and prioritized. The basic steps for the 

application of analytic hierarchy process in this study 

is: (Saaty 1980, Saaty 1990). 

1. Definition and structure of the problem and 

criteria selection: 

The main objective of this study is to solve the weak 

coverage and unplanned distribution of fire 

departments in the city of Erbil and the need to 

choose suitable areas for new fire departments 

according to international standards and specific 

local socio-economic factors.  

Number of criteria have been chosen Hierarchically 

to identify suitable areas for new fire departments 

Figure 4:   

Figure 4: The hierarchy of the criteria 

a. Socio-Economic Criteria 

- Proximity from Hospitals and Health Centers: this 

criterion has been chosen because of the importance 

of these facilities and the possible amount of human 

an property damage that in case of fire accident.  

- Proximity from Commercial compounds and 

shopping Malls: This criterion was given special 

priority because of the congestion of these sites by 

individuals and goods, and the nature of the buildings 

that help to speed the spread of the fire, and that 

could lead to a big human and property damage in 

case of fire. 

- Proximity from Public Parks and Playgrounds: It is 

necessary to ensure the safety of these facilities 

because there are many  restaurants and cafes .... etc 

inside these facilities. In addition to the planted 

trees, a big number of people are visiting these 

facilities, especially in the holidays. 

- Proximity from multi-story residential areas  

(Apartments): Multi-story residential areas has a 

particular importance in terms of the proximity of fire 
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stations compared to other forms of residential units 

because these residential complexes are more 

vulnerable to fires because of the nature of the 

buildings and to the way of providing utility services 

such as natural gas and electricity in every building 

and the nature of the construction materials that 

help the spread of fires faster which could also lead 

to huge human and property damages if you could 

not respond to their call quickly. 
 

b. Population density criterion 

- Population density criteria: This criteria is important 

because the densely populated areas are usually 

houses on a relatively small areas and close to each 

other which increases the probability of the 

occurrence of fires and the speed of its spread. The 

quick response to these areas and insure the delivery 

of fire department services to them has a great 

importance in order to avoid unwanted huge 

damages. 

- Number of households criteria: This criteria is 

strongly attached to population density in developing 

countries generally. A large number of households in 

the a small neighborhood will be more affected by 

fires compared to neighborhoods bigger in areas with 

fewer number of households. Large number of 

households, means an increase in the number of 

residential units and vertical increase in natural gas 

and electricity consumption, which is one of the most 

effective factors of fires. A quick response by fire 

stations in these areas could avoid big human and 

property damages.  

2. Assign weights and prioritize the criteria through the 

pairwise comparison: 

In this stage, the priority and importance of each 

criterion will identified using pairwise comparison. 

The decision maker has to answer this question: 

(which criterion is more important A or B?) A, should 

be chosen for the more important criteria and B, for 

less important. This study used AHP Excel Template 

with Multiple Inputs in the pairwise comparison 

between the criteria (Goepel 2013). 

3. Pairwise comparison between the criteria and 

identify their weight in this study:  

The relative importance of each option will be 

identified in this stage. For instance, how important 

is the option A compare to B? Is it twice or three or 

four  times important? More important choice given 

a certain degree of (1-9) as one means equal 

importance and nine means most importance. The 

degrees are ranging between (1-9) from equal 

importance to the medium importance, strong and 

very strong importance. Checking the consistency 

ratio is important and required to make sure that the 

pairwise comparison process was successful and no 

discrepancy between the comparisons and choices. 

The consistency ratio value should not exceed 10% 

(Goepel 2013). The consistency ratio in this study was 

5.1% as shown in Table 2. 

Comparing the two criteria in a pairwise way requires 

them to be homogenous or related to each other, 

because of the heterogeneity of the criteria could 

lead to significant errors in the measurement process 

(Saaty 1990).  

 

 

 

 

 

               

Table 2: Pairwise Comparison Results 

4. Obtaining an overall relative score and relative 

importance for each criterion and option: 

At this stage, criteria weights will be arranged 

depending on their priority by merging choices and 

relative weights of each criteria to get the final 

weight for each criteria (Table 3). 

 

 

 

 

 

      Table 3: Pairwise Comparison Matrix of Criterion 
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C. GIS data processing and analysis: 

The criteria used in this study were selected based on 

the effect of different factors on locating fire 

departments. The number and type of factors affecting 

the siting of fire departments depend on the scale of 

the study area and the physical and human geography 

of the region. For example, criteria of siting fire 

departments in the city level is different from the 

regional level because of the difference in influencing 

factors. Maps have been prepared for each criteria 

used in this study using available GIS analysis tools  in 

ArcGis 10.2. Euclidean distance maps (distance in a 

straight line) (Kemp 2008,114), have been prepared for 

each criteria maps (5-6-7-8). All distance maps have 

been classified based on the objectives of the study to 

identify suitable sites for the establishment of new Fire 

department centers maps (9-10). 

 

 

 

 

 

 

 

 

     

Figure 5: Euclidean distance map from hospitals and health centers 

 

 

 

 

 

 

 

 

Figure 6: Euclidean distance map from public parks and playgrounds 

 

 

 

 

 

 

 

 

             

Figure 7: Euclidean distance map from Multi-story Residential Areas 

 

 

 

 

 

 

 

 

 

    

Fi   Figure 8: Euclidean distance map from commercial compounds  

 

 

 

 

 

 

  

 

 

              

      Figure 9: Number of households the city of Erbil 
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     Figure 10: Population density of the city of Erbil 

D. GIS Suitability Modeling for Fire Departments in the 

City of Erbil: 

The final stage of this study is modeling the suitable 

locations for the establishment of new fire 

departments in the city of Erbil. The final suitability 

model used the criteria maps to calculate the 

suitability of each cell in the grid based on the assigned 

weights with a resolution of one meter (Table 2) for 

each criterion GIS layer. All weighted suitability criteria 

layers were combined into a single result layer using 

weighted overlay technique, which is a multiplication 

overlay between layers. All weighted suitability criteria 

layers multiplied together in the weighted overlay 

operation. The final results were three wind resource 

potential maps scaled from less suitable (1) to most 

suitable (9). Unsuitable locations with scores of (0) 

were not included (Figure 11).  

 

 

 

 

 

 

 

 

Figure 11: Fire department suitability model of  the city of Erbil 

RESULTS AND DISCUSSION 

The suitability model identified and classified  suitable 

areas to built new fire departments depend on 

standards identified previously (Figure 11). The 

modeling results showed that the most suitable areas 

for locating fire departments are locating in Kurdistan, 

Rizgari and a small area in Badawa neighborhoods. 

Generally, land suitability for fire departments in the 

city of Erbil decreases from the center of the city 

toward the suburbs this is because the population 

density and built up areas decreases from the center of 

the city toward the suburbs as well. The less suitable 

areas for locating fire departments are situated in 

suburb of the city particularly, in Sarbasti, Media and 

Dream city neighborhoods north western part of the 

city, and Safeen, Hawleri nwe, Sebardan, Andazyaran 

city neighborhoods in north easern part of the city and 

parts of Mariwan, Lawan city, Zagros 2, Galawezh 

neighborhoods in the west and south western part of 

the city. The model considered Roshenbiran parts of 

Baba Gorgor and southern industrial neighborhoods in 

the south and south western parts of the city as less 

suitable areas for new fire departments. The model 

results show that two existed fire departments ( 

Shorish and Azadi) are located in between the most 

suitable and less suitable classes, which means that the 

planners for fire department services didn't take  into 

consideration the growth of the city; in order to move 

the location of these two fire departments. the fire 

department in Erbil international airport hasn't been 

included in the model; because this station is limited to 

work inside the boundary of the airport only.  

The study successfully applied Analytic hierarchy 

process and geographic information systems (GIS) 

capabilities in modeling site selection suitability for fire 

departments. The GIS-based model provided accurate 

estimations for identifying suitable areas to establish 

new fire departments. 

The model provided layer overlay capabilities that 

could improve the process of decision making and site 

suitability analysis for locating new fire departments. 

The model made several spatial decision support 
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system (SDSS) tools available for decision makers in the 

city:  

1. Quick and easy assessment to see if a particular 

area could be suitable for fire department.  

2. Exclusion of areas that are not suitable to build fire 

stations (even if there is a land available)  

3. Ability to rank areas in terms of suitability for fire 

department services (every cell is assigned a 

suitability degree)  

4. Identification of model inputs at any given site 

(transparent modeling process)  

5. The possibility of applying the model and its results 

in any other regions or cities. 

The current response coverage by fire department 

services of the city (52%) is very low and reflects the 

need for finding solutions to cover the other (48%) of 

the city area with fire department services. The current 

coverage of fire departments of the city (52%) is a 

small percentage, reflecting the need to find solutions 

to cover the rest of the city with this service. Previous 

studies showing that the accepted percentage for 

coverage of the city by fire department services based 

on international standards is (80%). (Badri 1998; Yang 

2007; Abramovich 2012; Insurance Services Office 

201). 

Depending on the results of this study, in order to 

achieve the optimal distribution of fire departments 

and ideal coverage for the city of Erbil with fire 

department service the study proposes the following 

scenarios: 

First: redistributing of existing centers to achieve a 

better coverage and larger area of the city. Map (12 A) 

shows  that there is a significant overlap between the 

response coverage areas between four fire department 

centers in the city of Erbil, (Khanqah, Azadi, Kurdistan, 

Shahid Nariman, Rizgari) (Figure 12 A). Redistributing 

these centers geographically depending on the 

suitability model results of this study, could lead to 

increased coverage of the city with this service from 

(53%) to (63%) with (11%) increase; map (12 A, B). 

Advantages of this scenario is more economic and 

lowers the cost because there is no establishment of 

new centers, we only redistributing the current fire 

department centers according to land suitability map. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Redistributing of the existing fire department centers of  

the city of Erbil (Scenario 1) 

Second: Creating additional new fire department 

centers, in order to insure the most optimal coverage 

of the city of Erbil. This scenario will cost more 

compared to the first scenario, because new fire 

department centers will be created. This scenario will 

be more efficient, better equipped and geographically 

distributed, which provides a larger coverage and 

effectiveness for the centers depending on the criteria 

used in this study. By adding four new fire department 

B 
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centers to the existing centers depending on the land 

suitability map in this study, the coverage area for the 

city increased from  (52%) to (81.8%). This coverage is 

more acceptable and closer to the ideal coverage and 

achieve the main objective of this study (Figure 13 A, 

B). 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 13: Adding new fire departments to the existing centers of  the 

city of Erbil (Scenario 2) 

 

REFERTENCES 

Abramovich, A. A. D. J. R. (2012). "Using GIS to assist 
location and site selection decisions." from 
http://hdl.handle.net/1773/20789. 
  

Badri, M. A. M. A. K. A. A. (1998). A multi-objective 
model for locating fire stations. Emmitsburg, MD, 
National Emergency Training Center]. 
  
Insurance Services Office, I. (2012). Fire suppression 
rating schedule. [Jersey City, N.J.], Insurance Services 
Office. 
  
Kemp, K. K. S. P. S. e. (2008). "Encyclopedia of 
geographic information science." from 
http://site.ebrary.com/id/10372042. 
  
Murayama, Y. T. R. (2011). "Spatial analysis and 
modeling in geographical transformation process GIS-
based applications." from 
http://search.ebscohost.com/login.aspx?direct=true&s
cope=site&db=nlebk&db=nlabk&AN=372617 
  
Saaty, T. L. (1980). The analytic hierarchy process : 
planning, priority setting, resource allocation. New 
York; London, McGraw-Hill International Book Co. 
 
Saaty, T. L. (1990). “The analytic hierarchy process : 
planning, priority setting, resource allocation. 
Pittsburgh, PA, RWS Publications. 
  
Yang, L. J. B. F. Y. S. H. (2007). "A fuzzy multi-objective 
programming for optimization of fire station locations 
through genetic algorithms." European Journal of 
Operational Research 181(2): 903-915. 
 
KRGSO, Kurdistan Region Statistics Office (2014). 
“Population maps of Kurdistan Region.” Ministry of 
Planning. Kurdistan Regional Government. From 
http://www.krso.net/en/maps 
 
UNESCO (2014). “Erbil Citadel.” Available online at: 
http://en.unesco.org.  
 

Wahab, Sarwa Dashti. (2004). “A geographical Analysis 
of Recreational Sites in the City of Erbil.” Master thises 
(unpublished). Salahaddin University – Hawler. Erbil. 
Iraq. 
 
The Official Gazette of Iraq (Alwaqai Aliraqiya). (1993). 
“Fire department services”. No. 3446. Page 51- 53. 
 
Goepel, Klaus D. BPMSG AHP Excel template with 
multiple inputs, version 14.02.13. http://bpmsg.com, 
Singapore 2013. 

 
 

B 

A 

http://bpmsg.com/


 
__________________________________________________________________________________ 
 

____________________________________________________________________________________ 
 Page 10                                                                                                                  Journal of Remote Sensing and GIS, Vol. 2, Issue 1, 2014,ISSN:2052-5583 
 

Appendix 01    

 

 

 

 


