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Abstract. Urban fire stations are responsible for the important tasks of fire-
fighting and emergency rescue, and are an important part of urban fire infra-
structure. Scientific planning and layout of fire rescue stations is an important
means to improve the efficiency of fire services and optimize the allocation of
fire resources. In recent years, the planning and layout methods of fire rescue
stations at home and abroad have developed rapidly. Based on the comparison of
the layout planning methods of fire rescue stations at home and abroad, this paper
selects representative countries to sort out the characteristics of their layout
methods of fire rescue stations, and puts forward the existing problems and de-
velopment needs in China to deepen the research on the layout planning of do-
mestic fire rescue stations.
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1 Introduction

Firefighting is an important part of national economic and social development, one of
the indicators of a region's modernization and civilization, an important guarantee for
creating safe towns, and of great significance for regional economic development and
promoting social progress!!?l. At present, my country adheres to prevention first,
combining prevention and firefighting,comprehensively strengthens and reforms fire-
fighting work, and has made great progress in firefighting. The prevention and resolu-
tion of fire safety risks have achieved remarkable results, the role of the main force
and national team of emergency rescue has been highlighted, the foundation of fire
safety has been effectively consolidated, and the fire prevention and control and com-
prehensive emergency rescue capabilities have been greatly improved.

In recent years, researchers at home and abroad have continuously conducted
in-depth research on the planning and layout of fire rescue stations, and more and
more relevant research results have emerged®’ How to scientifically and rationally
plan the layout of fire stations, minimize response time, maximize rescue efficiency,
and maximize its safety guarantee role is a major issue in the planning and layout of
fire stations!*>l. At present, relevant research results at home and abroad are mainly
based on the three characterization indicators of time, areal®> and population, and use
different methods to study the layout planning of fire stations based on the national
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conditions of various countriest”!. Therefore, on the basis of comparing the layout
planning methods of fire rescue stations at home and abroad, this paper sorts out the
characteristics of domestic and foreign layout methods, and puts forward the existing
problems and development needs in China to deepen the research on the layout plan-
ning of domestic fire rescue stations®*.

2 Comparison of Domestic and Foreign Layout Methods

2.1 Planning and Layout of Fire Stations in my Country

Planning and Layout of Fire Stations in the Mainland.

According to the Fire Protection Law!!, local people's governments at or above the
county level in my country shall establish national comprehensive fire rescue teams
and professional fire brigades in accordance with national regulations. Township peo-
ple's governments shall establish professional fire brigades and volunteer fire brigades
to undertake firefighting work in accordance with the needs of local economic devel-
opment and fire protection work. Institutions, groups, enterprises, institutions and
other units, as well as village committees and residents' committees, shall establish
various forms of fire protection organizations such as volunteer fire brigades as
needed to carry out mass self-defense and self-rescue work.

At present, the planning and layout of fire rescue stations in my country is based on
the "Urban Fire Station Construction Standard" (Construction Standard
152-2017)#compiled by the Fire Department of the Ministry of Public Security (for-
merly). The standard applies to various types of fire stations built in urban and rural
planning areas, which are uniformly invested and managed by the government, or
various forms of fire stations built by private funds and uniformly managed by the
government. The construction of other fire stations such as corporate fire stations and
private fire stations can refer to this standard. For some fire stations with special func-
tional requirements, such as aviation fire stations, water fire stations, search and res-
cue dog fire stations, rail fire stations, etc., they can refer to this standard and apply
for approval separately according to the actual situation of the layout, category, func-
tional requirements, etc. of the fire station.

Fire stations in my country are mainly divided into several main forms, such as ur-
ban fire stations (including quasi-active fire stations and government professional fire
stations), township fire stations, enterprise fire stations, micro fire stations, and vol-
unteer fire stations. There are also professional fire stations and water professional
fire stations built on the basis of railways, transportation, civil aviation, and forestry.
There are corresponding management regulations for fire stations (teams) of all levels
and types. In general, the main principle of the layout of urban fire stations in my
country is based on the response time of fire trucks (unless otherwise specified in this
article, the response time includes the time of receiving the alarm and the time of
driving to the scene) and the area of the jurisdiction (calculated with reference to the
driving time). The layout of township fire stations and government professional fire
stations shall refer to the regulations of urban fire stations, the principle of enterprise
professional fire stations shall be the requirements of relevant industry standards and
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specifications, and the layout of volunteer fire stations shall be determined based on 3
minutes of arrival.

Planning and Layout of Fire Stations in Hong Kong.

The layout of fire rescue stations in Hong Kong, my country is determined by the
community fire risk level assessment method. This method follows the risk grading
method of the United Kingdom, but it is different[10]. The United Kingdom qualita-
tively determines the risk level based on the building characteristics in the area, while
Hong Kong uses a checklist method to determine the risk level by comprehensively
considering factors such as population density, land development density, building
height, and building use!''l. After calculating the total score through the scoring
method table, the risk level of each community is determined according to the risk
level conversion table. Then, the location and size of the fire station are determined
according to the corresponding fire truck response timetable for different risk lev-
elslt21,

2.2 Planning and Layout of Fire Stations Abroad

Planning and Layout of Fire Stations in the United States.

The layout of fire and rescue stations in the United States is mainly based on the
fire protection standards of the National Fire Protection Association (NFPA). NFPA
1710 "Standard for the Operation of Professional Fire Stations for Fire Extinguishing,
Rescue and Special Operations"Plstipulates that the driving time of professional fire
stations shall not exceed 4 minutes. NFPA 1720 "Standard for the Operation of Vol-
unteer Fire Stations for Fire Extinguishing, Rescue and Special Operations"
[stipulates the response time requirements for volunteer fire stations according to
different regions. Considering that the dispatch response will be affected by various
actual conditions such as roads, traffic, and weather, NFPA also stipulates the com-
pliance ratio for the response time of fire stations. The compliance ratio of profes-
sional fire stations shall not be less than 90%, and the compliance ratio of volunteer
fire stations is used to evaluate the response capacity of fire stations and optimize the
layout of fire stations.

Planning and layout of fire Stations in the UK

The layout of fire and rescue stations in the UK is mainly based on the "Fire Cov-
erage Standards" formulated by the Central Fire Service Advisory Committee of
England, Wales and Scotland. First, a fire risk assessment is carried out in the juris-
diction, and then the risk level of the jurisdiction is determined based on the results of
the risk assessment. Different response times are set for different risk levels, and then
the fire stations are planned in a coordinated manner based on the response time.

According to the risk classification method approved by the Ministry of the Interior
and used uniformly throughout the country, the fire station jurisdiction is divided into
six risk level areas: A, B, C, D, remote areas and special risk areas. If most buildings
and facilities in a certain area meet a certain description, they should be classified into
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the corresponding risk level and the response time should be determined according to
the risk level.

Planning and layout of fire Stations in Japan

The "Guideline for the Preparation of Fire Forces" Plis a guiding document devel-
oped by the Fire and Disaster Management Agency of Japan for the deployment of
fire force resources and police forces in municipalities. The document defines the
regional firefighting responsibilities of municipalities and stipulates the necessary
facilities and personnel. Municipalities take the facilities and personnel set out in this
policy as targets and take necessary preparation actions for the facilities and person-
nel.

This method sets the planning requirements for fire stations directly through the
regional population. The maximum population of a subdistrict is 300,000. In the ur-
ban area, if the population in the area exceeds 300,000 (called a "large urban area"),
the large urban area should be divided into several areas with 300,000 people as units.
These areas are also regarded as one urban area. Each urban area is determined ac-
cording to the number of fire stations or offices specified. At this time, the population
in the urban area in the table actually refers to the population of the divided areas.
Finally, the number of fire stations or offices that should be set up in the large urban
area is calculated by combining these divided urban areas. This method distinguishes
between ordinary areas and snowy cold areas. When the regional population reaches
100,000 or more, the snowy cold area should plan one more fire station than the ordi-
nary area.

3 Characteristics of Domestic and Foreign Layout Methods

Except for Japan, other countries (regions) use fire response time (time to receive the
alarm + time to arrive at the scene) as the underlying logic for fire station planning
and layout, but the principles and methods for determining the response time are dif-
ferent.

3.1 Response Time as the Fundamental Principle for Fire Station Layout

The research reports "National Residential Risk Assessment” and "Relationship be-
tween Residential Fire Response Time and Death" by Entec of the UK show that the
probability of death in a fire is related to the response time of the fire truck. If the fire
truck can arrive within 5 minutes, the probability of death is 3.8 out of every 100
fires. If the fire truck takes 6 to 10 minutes to deal with the fire, the probability of
death is 4.2 out of every 100 fires. Fig. 1 shows more clearly that any increase in re-
sponse time beyond 5 minutes means an increase in the probability of death in a fire.
In the event of a fire or other emergency, response time is a crucial factor. Time is
life, time is money. In the fight against fire and death, the difference between a loss of
one hundred thousand yuan and several hundred thousand yuan can also make a fire
that can be extinguished in a relatively safe situation require a lot of resources to deal
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with safely. From the perspective of emergency rescue, it is also to respond to emer-
gencies, sudden incidents, and urgent incidents in a timely manner. The key is the
response time.
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Fig. 1. Relationship between the probability of death in a fire and the response time

Therefore, when formulating the principles for the layout of fire stations, countries
generally focus on the response time, as is shown in TABLE I. China stipulates that
the response time of urban fire stations shall not exceed 5 minutes, the United States
stipulates that the response time of professional fire stations shall not exceed 5
minutes, and the United Kingdom and Hong Kong, China also stipulate that the re-
sponse time of fire stations in Class A risk areas (generally high-risk areas in cities)
shall not exceed 5 minutes. From this point of view, China (including the mainland
and Hong Kong), the United States and the United Kingdom are all consistent. How-
ever, each has different principles and methods for determining the response time.
Specifically, it can be divided into three categories:

Direct response Time Classification Method.

The China has made direct regulations on the response time of urban fire stations
and micro fire stations according to the types of fire stations. Urban fire stations are
required to arrive within 5 minutes after receiving the dispatch order, that is, the re-
sponse time does not exceed 5 minutes. The 5-minute time is derived from the
15-minute firefighting time (including 4 minutes to discover the fire, 2.5 minutes to
report the alarm and the command center to deal with the alarm, 1 minute to receive
the order to dispatch, 4 minutes to drive to the scene, and 3.5 minutes to start water
supply and firefighting). The response time of micro fire stations aims to rescue early,
extinguish small fires, and "arrive at the scene within 3 minutes" to extinguish initial
fires, and the response time is required to be no more than 3 minutes. The United
States stipulates that the response time of professional fire stations shall not exceed 5
minutes. Although the NFPA standard does not clearly explain the basis for setting
this time, it should be determined by referring to factors such as standards of various
countries, scientific research results, and historical data on the actual operation of fire
stations.
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Response Time Classification Based on Population Density.

The response time of volunteer fire stations in the United States is mainly divided
into >1,000 people/square mile (mostly urban areas), 500-1,000 people/square mile
(mostly suburban areas), <500 people/square mile (mostly rural areas), etc. (remote
areas and special risk areas are considered separately), and the corresponding upper
limits of the required response time are 9, 10, and 14 minutes, respectively.

Response time Division Method Based on Risk Level.

The principle method adopted by the United Kingdom and Hong Kong, China, first
determines the risk level of the jurisdiction through risk assessment based on the
characteristics of the building facilities, industrial and commercial distribution, popu-
lation distribution, and residential distribution in the jurisdiction. Different response
time standards are set for different risk levels, and then the fire stations are planned in
a coordinated manner based on the response time.

In the early days, especially in the last century, the layout planning and operation
of fire stations was limited by the ability of calculation and analysis. In order to facil-
itate practical operation, the Chinese standard proposed a method of dividing the area
of the jurisdiction based on the principle that the fire brigade can reach the edge of the
jurisdiction within 5 minutes after receiving the dispatch order, combined with the
actual speed of fire trucks in major cities and the actual conditions of urban roads.
However, with the continuous improvement of basic data, the upgrading and optimi-
zation of calculation tools, and the replacement of information and communication
technology, it is now possible to directly use the response time as the basis for layout
without conversion.

Table 1. Relationship between the probability of death in a fire and the response time
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3.2  Risk Assessment as the Main Basis for Response Time Division

When determining the response time, each country has considered the risk conditions
within its jurisdiction to varying degrees, but the difference lies in the different risk
influencing factors and risk assessment methods. For example, China's "Urban Fire
Station Construction Standards" stipulates that "the area of the fire station jurisdiction
can be determined through assessment methods based on the fire risk in the city";
American volunteer fire stations set the response time of volunteer fire stations ac-
cording to population density, a main factor in risk assessment; the UK qualitatively
assesses risks and sets response times based on the characteristics of buildings in the
area; Hong Kong comprehensively considers factors such as population density, land
development density, building height, and building use, quantitatively assesses risks,
and sets response times. Therefore, it is a common experience practice at home and
abroad to conduct risk assessments in the jurisdiction and set different response times
according to the assessment results.

3.3  Using Cost-effectiveness as a Reference for Setting Different Response
Times

In theory, the response time can be shortened as much as possible and the level of fire
rescue can be improved by building enough fire stations. However, this also requires
high costs such as land, personnel, and funds. In the early stages of urban and rural
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development, adding fire stations can effectively increase the response coverage rate
and reduce the response time. After a period of time (a certain turning point), as the
density of fire stations continues to increase, the cross-response coverage rate (re-
sponse redundancy) of fire stations will also continue to increase, making the in-
put-output ratio of reducing response time by continuously increasing the density of
fire stations less and less economical.

Therefore, based on realistic considerations, countries will set response times dif-
ferently based on the specific risk needs of protected areas and objects. The higher the
risk, the shorter the response time will be, in an effort to strike a balance between
costs and benefits.

4 Problems and Development needs in my Country

The firefighting force in the remote suburbs and rural areas of my country's cities is
weak, and the laws and regulations have not fully considered the full coverage. The
planning layout is mainly concentrated on urban fire stations. However, in the prac-
tice of urban fire station layout, the indirect indicator of the area under jurisdiction is
generally used as the planning basis, which conceals and dilutes the scientific princi-
ple of the real response time behind it. On the other hand, the current response time
standard of urban fire stations in my country is still relatively simple, uniformly based
on the 5-minute requirement, without considering the differences in risks and task
requirements between regions and different protected objects. In addition, the layout
of fire stations should also systematically consider issues such as station scale, pro-
fessionalism, and the overall planning of various forms of firefighting forces. The
problems existing in the planning and layout of fire stations in my country are specif-
ically manifested in the following six aspects.

4.1 Regulatory Standards do not Fully Consider the Full Coverage

At present, the construction of urban fire stations in China is mainly based on the
"Urban Fire Station Construction Standards", the construction of township fire sta-
tions (teams) is mainly based on the "Township Fire Brigade" standard, and the con-
struction of other types of fire stations is also mostly carried out in accordance with
the "Urban Fire Station Construction Standards". Although the "Urban Fire Station
Construction Standards" apply to urban and rural planning areas, and the "Township
Fire Brigade" applies to townships and rural areas, in practice, the former mainly
focuses on urban built-up areas, while the latter mainly focuses on townships. The
"Rural Fire Prevention Code" (GB50039-2010), which is specially compiled for rural
areas in China, only simply stipulates that "rural areas should set up fire stations and
fire points based on factors such as scale, regional conditions, economic development
status and fire hazards, and the construction and equipment of fire stations can be
implemented in accordance with relevant fire station construction standards." There-
fore, China currently only has a full coverage division of fire station jurisdictions in
the sense of administrative management. In fact, there are no clear and specific nor-
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mative guidelines for urban suburbs, industrial areas, forests, waters, development
zones, mountains, grasslands and vast rural areas, lacking full coverage, and failing to
achieve equalization of fire response services.

4.2  Fire station Planning and Layout are not Risk-oriented

Due to the uneven distribution of population and different levels of land resource
utilization, there are great differences in economic development in various regions of
my country. Not only between cities, but even between different areas within a city,
there are great differences in population density, building density, economic devel-
opment level, risk source types and quantity, and the corresponding task requirements
are also different. Of course, the differences between different cities will be even
greater. In the existing fire station planning and layout, the urban built-up areas are
considered as the same risk and set up according to the same standards. As a result,
the protection level of different risk areas is consistent, and regional differences, dis-
aster risk characteristics within the jurisdiction, and the task requirements and re-
sponse loads of each station jurisdiction are not fully considered. According to the
existing standards, the matching degree between the layout planning of fire stations
and the risks of the jurisdiction is not enough, resulting in a significant lack of protec-
tion capacity in high-risk areas.

4.3  The Area of the Jurisdiction is not Scientific and Accurate Enough as the
Basis for the Layout Planning of Fire Stations

At present, the planning of fire stations in various places mostly adopts the circle
drawing method. On the urban planning drawings, with the existing or planned fire
station as the center of the circle, draw a circle with the area of jurisdiction specified
by the standard, and use a group of circles to cover the urban administrative division
as much as possible (i.e. coverage rate), and minimize the intersection and overlap of
circles (i.e. cross coverage rate). On the one hand, administrative regions are the divi-
sion criteria for the management of other public affairs, and their outlines are gener-
ally far from the circle; on the other hand, the area of the fire station jurisdiction spec-
ified by the standard is estimated based on the 4-minute driving time, but in reality,
due to the different actual traffic network conditions such as roads, railways, and ele-
vated roads, and different geographical spatial patterns, it is also unable to distinguish
the city’s waters, mountains, green spaces and other areas well, resulting in a large
difference between the shape of the jurisdiction and the actual protection range and
the circle. The method of mechanically copying the area of jurisdiction will cause the
actual response time of the fire station to fall short of expectations, and the response
requirements are not scientifically and accurately met.

4.4  Fire station Response Time Standard is Single

The current standard for response time in my country is unified according to the
5-minute response time requirement, which is too extensive and rigid, and does not
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match the spirit of precise governance and the modernization of the fire management
system and governance capacity. On the one hand, setting up fire stations in low-risk
areas in accordance with the standard may cause unnecessary waste and be uneco-
nomical; on the other hand, in order to take care of the majority and strike a balance,
the efficiency of the use of limited public resources may be unscientific, and some
high-risk areas that require faster response may not be efficiently covered, which is
unscientific; in addition, the current fire station construction standards in my country
are mainly designed for urban built-up areas. If urban and rural areas are considered
in a coordinated manner in the future, and planning is required according to a single
response time standard, the contradiction will be more prominent.

4.5  The Scientific Nature of Fire Station Construction Planning Needs to be
Strengthened

According to the risk assessment-based response time classification requirements, a
computer analysis model for layout solution can be constructed, which can theoreti-
cally comprehensively solve the problem of the number and location of fire stations.
However, the layout of fire stations is a systematic project. In addition to how many
and where to build, it is also necessary to systematically consider what kind of fire
stations to build, that is, the type, scale and professionalism of the new fire stations.

Fire stations abroad are usually divided into two categories: professional and vol-
untary. In my country, urban fire stations alone are divided into three categories: or-
dinary, special service, and combat support. Ordinary stations are further divided into
three categories: first-level stations, second-level stations, and small stations. The
scale, personnel, and equipment of fire stations are highly dependent on the type of
fire station, resulting in the responsibilities, capacity configuration, and jurisdiction
settings of each station being basically the same, lacking pertinence and flexibility,
with a large amount of redundant equipment and low efficiency in the use of force
resources. At the same time, the setting of professional team stations such as
high-rise, underground, large-span, petrochemical, earthquake, water, and mountain-
ous lacks corresponding theoretical support and applicable construction standards.

4.6  Insufficient Regional Planning for Various Fire Stations

At present, there are many types of fire stations in my country, including active police
stations (formerly), government professional stations, township stations, community
stations, enterprise stations, and cross-regional stations (such as direct-affiliated corps
stations, land search bases, regional centers, aviation stations, and search and rescue
dog stations). In addition, there are other comprehensive emergency forces such as
emergency rescue stations. There may be many types of fire stations in the same area,
but the layout and construction standards of various types of stations are relatively
independent and not strongly related, which can easily lead to duplicate construction
and waste of resources. At present, the layout of various types of fire stations lacks
unified leadership, and has not been comprehensively considered from the perspective
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and height of national and industry top-level design. The overall planning of various
types of fire stations in the region is insufficient.

5 Summary

Based on the comparison of fire rescue station layout planning methods at home and
abroad, this paper summarizes the characteristics of planning methods of various
countries from three aspects: response time, risk assessment, and cost-effectiveness. It
draws on advanced experience and deeply analyzes the problems and development
needs in the planning and layout of fire stations in China, providing ideas for the sci-
entific development of China's fire protection industry in the future.
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