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Abstract:

Firefighting station are one of the elements of public security in the city.to make them have the supposed
role in public security; we should look at different urban facilities in detail and lend the city structure asa
whole. Appropriate site selection of firefighting stations is one of the most important obligations of the city
planners, which should be carefully planned and implemented. Better site selection is meant to avoid waste
of resourcesin one hand and better capability of the stations on the other hand. In this research, best sites
for the construction of new stations and moving of those stations with improper location in Tehran city has
been studied. First, conceptual model of the study was defined, then, spatial layers and other information
about site selection of the stations collected.in the next session Analytical Hierarchy process used to assign
weights to spatial layers. This process was done based on the expert's views and pair wise
compactionmethod. After collection of expert views and in order to avoid wrong views, judgment
compatibility amounts were cal culated. After accepting of CR val ues, these weights used in future analyses.
Network analysis, one of GIS spatial functions, used to find best routes from fire stations to affected area
and service area of each station. Based on the analyses of this section and field checks, gave good attitude
in terms of stations functionality. Regarding to the locations of existing stations, new stations proposed
using a moving widow on the potential sites map.
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1- Introduction

Today, one of the most important factors and major considerationsin designing and planning and
the civic management, is to protect and keep the urban basic structure safe against dangers
resulting from disasters and events including earthquake, fire after earthquake with the
characteristics of the city of Tehran, extensive fire at the critical level, manmade events etc. \What
isobvious is that if the safety of the city is not addressed in a complete and all-inclusive form, it
not only fails to meet the general safety requirements but also will incur heavier costs on the
citizens for completion of measures and activities in future and undoubtedly, the immunization of
Tehran mega city, shall not be carried out automatically and without having any plan, and having
a constant and stable planning in this area seems inevitable. Optimal location of fire stations is
influenced by different criteria and measures, the study of which within traditional framework and
using paper plansare very difficult. In the recent years, Gl Shas created undeniabl e devel opments
in such areas as geographical studies and organization and management of spatial data. Due to
such features as the ability to receive and exchange date from different resources, data
organization, timely receiving and displaying of data, combination of various data and the
possibility of rendering multi-purpose services, this technology has opened new horizons for the
researchers, so that since years ago, the technology has been implemented in numerous areas and
its importance is increasing on a daily basis. Snce the modern GIS technology systematically
integrates all effective measures and layers on the city system, while analyzing the problems
challenging current situation of the function of fire stations, it is able to provide the basis for their
future functions through optimally locating them. Therefore, in this research, based on principles
and measures GIS design, the effort is made to use spatial decision support systems (SDDS),
especially analytic hierarchy process (AHP) and combine it with Geographical Information
System (GIS) features for the regions that are located outside the operational limits of the existing
stations, new stations are located and proposed, so that the new proposed stations and the existing
stations in the city are able to cover the whole city based on the standard for arrival of the fire
engines to the fire point, being 3 minutesin the world and 5 minutesin Iran.

2- Review of literature
GIS have been defined as automated systems for the capture, storage, retrieval, analysis and
display of spatial data (Clarke, 1995). Today, using the models and software in urban planning
became prevailed with respect to the complex dimension of the urban issues and the role of many
different indicatorsin thisfield. Geographical Information Systemsis one of the powerful toolsto
response the request of such study. In 1987 it was reported that “ up to 20% of local government
expenditures are spent on public fire protection” (Mirchandani, 1987). Li and Yeh (2005) used
Genetics Algorithm in GISenvironment for selection of multi-purpose sites. Based on the resulted
obtained from this research, the ability of genetics algorithm played an important role in solving
the optimization of highly complicated issues in a constant space Kontoset al. (2005) used AHP in
conjunction with GISin order to find suitable sites for landfill for an island in Greece using 10
suitability criteria taking into account both environmental and social variables and individual site
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constraints GIS contributes to the speed with which emergency responders are able to locate,
respond size up, and deploy to an emergency (ESRI, 2006), while studying the site selection
methods and patterns like the theory of central site selection, numerical taxonomy model, Larry
model and random models, were able to provide the ability of GIS compared to other models for
locating the fire stationsin the city of Tabriz (Parhizgar, 1997).
Shahabian (1997), used GISto address the spatial Site selection of fire stations in the northwest
of Tehran.
Farhadi (2000), using such criteria asaccessradius, condensation and relation with different land
use by the use of multi-weighing in combination of the layers, located the schools in Dist. 6 of
Tehran. Abbas Poor (2001), using radius method, Tisian polygons and network analysis |ocated
the fire stations while studying the distribution of fire accidents in the city of Karaj. Montazeri
(2003), located the urban services centers, with an emphasis on the fire stationsin the city of Sari.
Mahdipour (2006), in a research called “locating en route service-welfare complexes of the
Ministry of Road and Transportation in Tabriz-Bazargan Transit Corridor” used geographical
information systems and genetic algorithm model to locate the said facilities.

3- Statement of the problem and its significance
Thereview of the studies and analyses done with regard to fire events and the way of performance
of fire stations can be an indicative of this fact that there are some major limitations and failures
in identifying the position of fire stations and the desirabl e operations of stations. We can classify
these problems and failures as follows:
Lack of adaptation between the location and covering radius of stations with potential centers of
fire.
Lack of proportion between the numbers of stations with the number of covered population.
Lack of proportion between geographic distribution of the stations and urban requirements and
structure.
Lack of proportion between geographic distribution of the stations and time coverage standards.
Insufficient number of stations with regard to the criteria of population and the area of cities.
Taking the importance of this issue and the existing problems into account, this study will try to
reduce these problems by implementing new methods and considering some applied criteria.

3-1- Objective
- To study the distribution and location of existing fire stationsin Tehran.
- To determine the optimal locations for establishing fire stationsin Tehran

3-2- Hypotheses
Referring to the primary objectives of the study, the main research hypotheses raised here are as
follows:

- Location of fire stations and urban services are not optimal in Tehran city at present.
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- GIS (AHP modd) is a desirable system for locating urban services in Tehran city with
regard to interference of different variable in urban planning in their systematic
performance.

4- Material and Methodology
4-1- Study area
Tehran isthe capital and largest city of Iran, and the administrative center of Tehran Province, is
located between the latitudes 35°:31 " and 35° 50" N. and longitudes 40° and 51° E. Tehran is a

sprawling city at the foot of the Alborz mountain range (the highest point in the Middle East (1,191
m, 3,900 ft)) with an immense network of highways unparalleled in Western Asia. Tehran is the
largest city in the Middle East and is the most populated city in South Western Asia with a
population of 7,404,515 and approximately 15 million in Greater Tehran .

Tehran city from view of geographically in 51 degrees and 8 minutes until 51 degrees and 37
minutes east longitude and 35 degrees and 34 minutes until 35 degrees and 50 minutes north
latitude.

Figure 1: study area
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4-2- Methodology and Data collection method
In order to prepare data and do subsequent actions, the following software has been used:
Autodesk Map software for editing and converting DWG format plan
ArcView3.2 to change the data format of dwg to Shp
ArcGIS 9.3 for doing location analysis, creating topology and providing the network of city
transportation, performing network analysis and combining and integrating effective layers in
the process of positioning
IDRIS 15 software for weighting effective hierarchical criteria in positioning fire stations
A large amount of data was collected for the purpose of achieving objectives, among which some
hasbeen referred to in the following. It should be noted that the coor dinate system of all collected
data, if necessary, has been converted to the reference coordinate of thisresearch, i.e. UTM with
WGSB4 level and north 39 zones.
1:10000 map of Tehran city, in which the user had been identified as the main base of positioning analysis
and providing urban network, was used. As far asformat is concer ned, the dwg format wasimplemented;
however, it was necessary to clarify and change format in order to enter the GI S environment.
Getting information about the amount of traffic in the streets of Tehran during peak hours in order to
determine the route of facility vehicles is of high degree of significance. This layer of information was
provided by Organization of Tehran’s Traffic Sudies. Itsoriginal format was DWG format but it changed
to shp format for entering GI Senvironment.
Getting information about the speed of pavements and streets in Tehran in peak hours of traffic:
Knowledge about the amount of the speed of streetsin order to determine the functional radius of thefire
stations and the essential time for giving facility or relief is of paramount importance. Thislayer of data
was also provided by Organization of Tehran's Traffic Studies and it was changed to shp from DWG for
the purpose of entering GIS environment.
Data layer of pavements and transportation network in Tehran, which was extracted from 1: 2000 maps
of city and produced by Sudies Center of Tehran Municipality.
land use layer provided by GI S Centre of Tehran Municipality
Information about population density in different parts of Tehran in order to prepare the map of
population density, which was provided by Satistical Center of Tehran.
Information related to the price of urban land: In order to evaluate the value of property and its impact
as a factor in positioning stations, the information related to the price of properties and urban lands was
implemented regionally.
In the next step, after determining the study area and the effective factors in site selection, the
locating operations with the use of different combination models like index overlay, weight of
evidence are carried out, taking into account the conceptual design of site selection.at the end,
after evaluation of the results, appropriate models and sites are selected.
In this present study an effort has been made to use the spatial decision support systems (SDDS),
especially analytic hierarchy process (AHP) and combined with Geographical Information System
(GI9); for the regions that are located outside the operational limits of the existing stations, new
optimum locations have been proposed.
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4-3- The history of firefighting and its current situation in Tehran

Asthe current study isfocused on efficient |ocation of firefighting stationsin Tehran and according
to the importance of security and safety obstacles of the cities, we will discuss on Iran and the
world firefighting records and also, the history of giant firehappenings.

The history of fire fighting in the world dates back to the time when man was able to discover fire.
Therefore, without referring to any historical documents, we can speculate that man has been
exposed to the hazards of fire when he discovered it. Of course, there are a lot of documents
available to confirm this claim. In addition to the awful and terrifying fires which have occurred
in Iran, the people from other countries have also experienced the heavy damages arising from
intentional or accidental fires. There have been a few articles about the appearance and
evolvement of firefighting methods which most of them are in relation with the method of
firefighting execution and progress in Tehran. The subject has some statistical and informational
differences related to the history and evolvement of firefighting problems faced. However,
according to the articles and the information of some books and publications resulted from the
questionnaires of the homeland firefighting, we will discuss the revealing and changes of
firefighting in Iran in following periods framework.

Firefighting in Iran from the beginning to 1921
Firefighting in Iran from 1921 to 1961
Firefighting in Iran from 1961to 1978
Firefighting in Iran after 1978

5- Existing firefighting station in Tehran
With the expansion of the activities of Tehran municipality in recent years and the necessity of
expanding secur e spaces and deepening and generalizing safety culturein all part of Tehran, some
fundamental plans such as the education of citizens and the creation of appropriate structures and
buildings which should be secured and resisted against earthquake and be in accordance with
international standards have been high on the agenda. Currently the Great Tehran includes 79
fire stations which are doing their activitiesin five districtsin all parts of Tehran. However, this
number of stations cannot satisfy the needs of a city like Tehran. Therefore, the expansion of the
network stations as well as the assistance, rescue and education of citizens are still followed.
Nowadays, the number of citizens who have been trained for dealing with fire and other disasters
has increased from 800 thousandsin 1379 to several million peoplein recent years. The scattering
and geographical distribution of the existing fire stations in Tehran has been shown in the
following figure.

77



Geography and human relationships, supplement1, winter2019

Figure 2: Distribution of the existing fire stationsin Tehran

6- Theevaluation or weighting of criteria and regulations by AHP method

Among weighting or evaluation methods, the Analytic Hierarchy Process (AHP) was used for
weighting variables in this study. It should also pointed out that, despite the existence of some of
the necessary standards in connection with the weighting criteria, some amounts have been
reduced based on the comment of some experts in order to make this research more functional.
The AHP method is more useful because it emphasizes user as base and considers the knowledge
of experts, in comparison to other weighting methods, which were explained in the previous
chapter. In order to reduce prejudiced and personal errors of experts in weighting analytic
hierarchy process, the amount of their compatibility has been computed in the IDRIS software.
Then, the obtained weights were used for analysis after they were recognized as compatible. The
following tables indicate the pair comparison of effective factorsin the process of positioning fire
stations, along with the amounts of adjustment rate. It should be noted that the paired comparison
of effective factors and criteria in the process of positioning fire stations have been conducted at
two levels. At the first level, paired comparison of some criteria including the level of accessing
pavements for the existing stations, land use, land price, and population density has been made
while at the second level, a paired comparison of the sub-criteria of each factor has been
investigated.
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6-1- Paired comparison of effective criteria in positioning fire stations (Level one)

Indicates the paired comparison of effective criteria in positioning fire stations at level one. Asit
is evident from this table, the importance of each of these criteria has been compared in a pair
and matrix framework. Four criteria have been arranged in a framework of first line and first
column. At the diameter of this matrix, the criteria have been compared with themselves, whichis
considered as a reason behind giving them number one. In paired comparison, one half of matrix
isthereverse of another half. In thisstudy, thecriteriain numerical range of 1/9to 9 are compared
in a paired manner. The more the number given to the criterion is close to 1 indicates the
importance of that criterion in the analysis. Based on this, in Table6-1, the determining factors at
first level of positioning fire stations were compared two by two. For example, in comparing land
price and land use, the value or importance of the land in the analysis equals to 0/125 of the value
of land use. In other words, land use is 8 times more important out them land values. The amount
of the compatibility ratio (CR) of these paired comparisons was obtained in the environment of
IDRIS software, which equals to 0/0345. It should be noted that the CR which is smaller or equal
to O/1 isacceptablein hierarchical analysis.

6-2- Paired comparison of effective sub-Criteriain positioning fire stations (Level two)

Paired comparison of land use sub-criteria

The paired comparison of eight users have been done including the users of residential,
commercial, schools, hospitals and community health centers, gas stations and fuel stations,
passenger terminals, subway stations. The value of 1/2 was given to the commercial user in
comparison to residential user. That is, the value of the residential user istwo times more than the
business user from the positioning of fire station point of view. Gas stations, fuel and storage
stations, which have a higher risk probability with regard to their essence, in comparison to
residential areas, have given number two. In other words, the importance of gas stations and fuel
storage places is two times more than the residential areas. Therefore, fire stations should be
placed near gas stations and fudl storage places.

The paired comparison of the sub-criterion of closeness and access level to pavements

The sub-criteria of closeness and access level to pavement and street network have been evaluated
at second level in Table 1. The basis for evaluating and weighting is the Analytic Hierarchy

Process (AHP).
Tablel: The paired comparison of the sub-criterion of closeness to pavement network
Lessthan Between Between Between More than
. 2-3 3-4 4-5 .
2 minutes ) . ) 5 minutes
minutes minutes minutes
Lessthan 2 minutes 1 2 4 6 8
Between 2-3 minutes 0.5 1 2 4 6
Between 3-4 minutes 0.25 0.5 1 2 4
Between 4-5 minutes 0.1667 0.25 0.5 1 2
Morethan 5 minutes 0.125 0.1667 0.25 0.5 Ji
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Theamount of compatibility ratio (CR), obtained fromthese paired comparisons, equalsto 0/0103,
which is acceptable.

Paired comparison of density population sub-criterion

One of theimportant criteriain positioning thefire station is population density data. Asit isclear
fromtable 6-4, like other criteria, a matrix was preparesfor this criterion based on the importance
of its sub-criteria to each other. The following five criteria have been considered for population
density including: 0 to 200 personsin hectares (ha), 200 to 500 personsin ha, 500 to 1000 persons
in ha, 1000 and 2000 persons per hectare and more than 2000 persons per hectare. In the table of
paired comparison of population density sub-criterion, the importance of the density of 200 to 500
persons per hectare is two times more than the importance of the density of O to 200 persons per
ha and the importance of the density of 2000 persons is defined six times more than the density of
0 to 200. The amount of compatibility ratio (CR), obtained from these paired comparisons, equals
to 0/0111, which is acceptable.

Paired comparison of land price sub-criterion

Another criterion which has been considered in this research is land price. Based on this, those
places having less land price have more value for establishing fire stations. For example,
according to table 6-5, the land which is cheap has half degree of importance, in comparison to
the cheapest land. In other words, the value of the cheapest land has been considered two times
mor e than the land with cheap price. The same method has been considered for other elements of
matrix. As another example, the cheapest priceis 8 times more important than the most expensive
land in positioning fire stations. The CR amount for this matrix equals to 0/0268, which is
acceptable.

Weighting the effective criteria in positioning fire stations (within group and outside group)
After the evaluation and paired comparison of the criteria and sub-criteria in positioning fire
stations, within-group and outside-group weighting was done by AHP method. Table 5-6 shows
the obtained results of this weighting. It should be mentioned that within and outside-group
weighting of effective criteria has been computed by AHP method while the weighting of land use
sub-criterion is based on internal weights of experts. Therefore, the weights between different
user s have been computed by AHP method.

Providing the map resulting from weighting criteria and their within-group combination

After weighting the effective criteria in positioning fire stations, the map was provided for each of
these criteria and the weighting of different regions of the city was determined based on the kind
of criterion. In the following, the details about each of these maps are explained:
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Figure 3: Functional limit of fire stationsin Tehran city before optimizing location within 5
minutes

Figure4: Functional limit of fire stationsin Tehran city after optimizing location within 5
minutes
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Figure5: Comparative map of functional limit of fire station in Tehran city within 5 minutes

7- Conclusion
The results of this research are as follow:

Before optimal positioning
1. The area of facility service regions of fire stations in Tehran without removing the common
area between them= 373768268 nvsqg.
2. Thetotal area of facility service regions of fire stations in Tehran after removing the common
area between them= 365176952 nvsqg.
3. Thetotal area of the regions of Tehran city= 568507240 m/sq.
4. The percentage of facility service regions of fire station in Tehran= 64/23%
After optimal positioning
1. The number of stations was reduced from 74 to 68 due to the large number of common areas
between facility service limit.
2. The area of facility service regions of fire stations in Tehran without removing the common
area between them= 948281535 nvsqg.
3. Thetotal area of facility service regions of fire stations in Tehran after removing the common
area between them= 387040948 nvsqg.
4. The percentage of facility service regions of fire station in Tehran= 68/08%

As it is observed, the percentage of the range of facility services has increased after moving and
optimal positioning of the existing stations in spite of a reduction in the number of fire stations.
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» Regarding the application of the AHP techniques, the advantage of this methodol ogy integrated
in GlSasrelatively common tools for a number of researches like the one reported hereisworth
mentioning, where there are several factors and variables influencing in the occurrence of a given
fact, phenomenon or objective and there are several viewpoints in the decision-making process.
Furthermore, these allow us to handle the assessment in a quantitative way, providing us greater
real-world approximation validity and less subjectivity in the analysis and selection of criteria.

e Another important reason for using AHP is that they make it possible to assess all criteria
simultaneously, with no need to carry out several map-overlaying operations, modifying value
attributes using a constant value and making a final map reclassification resulting from the
combination of all criteria layers.

e The numbers of fire station are inadequate as mor e than 8000000 people live in the study area.
Now, the area needs optimal site for fire stations to have sufficient coverage and quick response
to thefire events.

e Firestationshavearight to cross one-way streets but, according to field studies, dueto narrow
width of the streetsin Tehran city, making use of one-way streets against the route of fire station’s
duration is not possible in some routes.

e Themaps of 1:10000 and 1: 20000, which were used for urban network had some problems and
needed revision, resulting in lengthening the process of doing research.

e Theweighting method of AHP has shown to include high potentialities because of its base user
and its control of expert assessments with CR index and its lack of sheer dependency on theoretic
laws. Therefore, it can beimplemented for similar circumstances.

e CRamounts, the paired comparisons which were determined as base user, were less than one
percent for all factorsin thefirst time. Therefore, there is no need to perform matrix again.

e With respect to urban users, five major users have been incompatiblein relation to the location
of fire stations. Among them, the factor of health care user has played the highest role and inter-
city terminal as the lowest role in positioning fire stations.

< Inaddition, those userswhich are compatible with the location of fire stations ranked 8, among
them the user of gas or petrol station and the place of fuel provision had the highest impact and
airport as the lowest.

e Among the existing factor at the level of Analytic Hierarchy Process, the closeness to streets
has the highest impact on positioning stations. The above results seem logical by regarding the
role of urban transportation network in providing facility.

e The following are the obtained results of the network analysis of fire stations in Tehran city
based on the time of 5 minutes before and after optimal positioning.

8- Suggestions
Factors such as traffic lights, speed bumps, secondary passages and other effective factors should
be taken into consideration in controlling traffic
Application of other effective factors in locating fire stations such as the material of those things
which are used for building, urban structure, etc. should be regarded.
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e Other methods of weighting and integrating data such as Phasic model and neural- phasic models
should be applied for integrating and modeling in order to reduce weighting error in AHP model

e The use of Artificial Neural networks can be effective in real time simulation of urban
transportation network which facilitate the amount of time for providing facility for the incidents
related to fire stations. Making use of this method is suggested for future studies.

e Theapplication of genetic algorithmis an appropriate method for solving the problemsrelated to
the determination of the route of facility cars. Therefore, the use of this kind of algorithm is
suggested for determining the route of firefighting carsin which the time factor is of a high degree
of importance.

e The use of Cellular Automata method for the purpose of evaluating and studying carefully the
direction of future development of the city can provide GISwith locating fire stations for purpose
of using it in a longer time.

e Various factors can play a role in positioning fire stations but the analysis of all these aspectsis
not possible by traditional methods. On the other hand, lack of attention to these factors in
positioning leadsto the wasting of a significant share of materialistic resources, theloss of a large
amount of environmental resources and creating a heavy damage to people and urban
management. Therefore, the use of information technology, particularly Geographical
Information System for analyzing a large volume of data seems necessary.

e Use of hierarchical analysis process (AHP) and Geographic Information System (GIS) has an
effective role in positioning fire station (and generally in selecting the optimal location of a site).
Thiskind of efficiency isrelated to the possibility for comparison and evaluation of different places
and selection of optimal site with respect to the related criteria.

e Use of information technology and Geographical Information System for managing a city is
achieved when the required spatial and descriptive data exist with the necessary accuracy. Also,
it isnecessary to create a spatial database for managing a city in 21st century, where all the maps,
statistics and other descriptive information can be stored in an integrated way and all the
managers of the city should be provided with this kind of database in order to make correct
decisions.
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