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a b s t r a c t

This paper examines how the performance of fire safety management is attended during the dramatic
urbanization development process in China. Correlation and regression analysis methods are used to
investigate the interrelationship between fire safety management performance and urbanization
development. Three indicators are selected to measure the fire safety management performance, and
seventeen indicators are used to measure urbanization development. The data used are collected from 31
provinces in China during 2005e2014. The analysis is conducted at both national and regional levels. The
results show that fire safety management has not been well addressed in China although the country has
made great progress in its urbanization development. The key attributes to the poor performance of fire
safety management include the growth of urban population density, the increase of built-up urban areas,
and the lack of fire safety education investment. There are also significant variations between different
regions in addressing fire safety management, and the reasons contributing to the differences have been
discussed. The findings suggest that tailor-made measures should be implemented in different regions in
order to improve the performance of fire safety management throughout the country.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The world has witnessed an unprecedented urbanization pro-
cess in recent decades, and this is particularly the case in large
developing countries such as China, which has been making dra-
matic urbanization development since early 1980s. According to
the official statistics, the population urbanization rate of China in
the year 1978 was 17.9%, and this figure has increased dramatically
to 57.96% by the year 2017, which is more than three times than the
figure in 1978. And the urban population in China has grown from
262.98 million to 803.55 million during 1978e2017 (Word Bank
Open Data, 2018). Nevertheless, compared with the urbanization
performance in other developed countries worldwide, the urbani-
zation level in China is still relatively low. For example, according to
the official statistics, by the year 2017, the population urbanization
rate was 92% in Japan, 83% in UK, 82% in USA, 81% in Canada (World
anagement and Real Estate,

hang), shenliyin@cqu.edu.cn
inhuan99@qq.com (J. Wang),
Yan).
Bank Open Data, 2018). It can be expected that China will continue
its ambitious urbanization construction blueprint in the foresee-
able future.

The benefits fromurbanization have beenwell appreciated, such
as promoting economic development, driving scientific and tech-
nological innovation, upgrading industrial structure, and improving
people's living quality (Zhang et al., 2019). And the improvement in
fire safety management performance is considered as another
important benefit of urbanization development. The experiences in
other countries suggest that urbanization development can pro-
mote effectively the performance of fire safety management. For
example, it was reported that the US government has been
emphasizing the improvement of fire safety management perfor-
mance in the urbanization process through proper fire protection
plan and design, and the application of advanced fire safety facil-
ities and fire safety education (Si, 2014).

However, China seems making limited progress in fire safety
management during its urbanization process in recent years. Ac-
cording to China Fire Yearbook, the total number of fires in China
was 39337 in the year 1994, and this figure was 395052 in 2014,
more than ten times of that in 1994 (Fire Department of the
Ministry of Public Security of China, 2015). According to the
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World Fire Statistics report for the period of 2010e2014, published
by international association of fire and rescue service, both the
number of annual average fires and the number of annual average
fire deaths in China are relatively higher than the other surveyed
countries worldwide (World Fire Statistics Report, 2015), as shown
in Table 1 and Table 2 respectively.

The information in Tables 1 and 2 demonstrate the fact that the
urbanization construction process, which is accompanied by the
emergence of skyscrapers, large-scale of underground projects,
huge shopping malls and others, has not offered as effective hand
rather than a kind of risk to fire safety management in China.
Furthermore, there is a rising population shift from rural to urban
area in the Chinese urbanization development. According to the
official statistics, the floating population in Chinawas 245million in
2016, whilst the total urban resident population was only 793
million in the same year (China Migrant Population Service Center,
2017). Most of these floating population, with less education and
fire safety consciousness, live in poor fire safety conditions and
engage in high-fire-risk occupations.

The consequences of fire accidents are severe. For example, in
September 2018, the fire occurred in the National Museum of Brazil
which has a brilliant history of over 200 years. Nearly 20 million
pieces of its collection were devoured by the flames, the damage of
which was incalculable for the aspects of social economy, history
and culture (News on Phoenix New Media, 2018). For another
example, in August 2015, the fire accident occurred in the
dangerous goods warehouse in Tianjin Port of China. This fire ac-
cident has caused the deaths of 165 people, the injuries of 798
people, the missing of 8 people, the direct economic loss up to
6.866 billion RMB (News on Baidu, 2015). In fact, fire accidents can
also induce inestimable indirect losses, for example, the air pollu-
tion, soil pollution, and water pollution, the influences of which are
in a long term (Crippa et al., 2016; Hayasaka et al., 2014;
Ovadnevait _e et al., 2006; Ignatavi�eius et al., 2006; Marlair et al.,
2004; Svendsen et al., 1996). Therefore, the importance of raising
fire safety management performance is obvious. Good fire safety
management contributes to providing a safer and cleaner produc-
tion environment for human activities, which further enables the
sustainability of social economic development. Nevertheless, it
appears that China is faced with significant challenge in this regard.
Although dramatic development in urbanization has been achieved
in recent years in the country, there is little understanding on
whether and how fire safety management performance has been
attended synchronously. In fact, it is expected that the fire safety
management should be improved in line with the urbanization
development. It is therefore considered important to understand
how fire safety management performance in China is associated
with its ambitious urbanization program. A proper comprehension
on this interrelationship will be able to help formulate strategies of
raising fire safety management performance by making use of the
opportunity of implementing urbanization.

It appears that China will continue its ambitious urbanization
program in the coming future. According to the government work
Table 1
Average number of fires per year in different countries during 2010e2014.

Average number of fires per year Surveyed Countries

600 000e1 500 000 USA
100 000e600 000 UK, France, Germany, Russia, Poland, Ch
20 000e100 000 Japan, Indonesia, Turkey, Canada, South
10 000e20 000 Thailand, Algeria, Uzbekistan, Romania,
5 000e10 000 Iraq, Shri-Lanka, Syria, Tunis, Slovakia, G
<5 000 Countries have, as a rule, less than 5tho

(Data Source: World Fire Statistics Report).
report by China's State Council in 2016, the population urbanization
rate will reach 60% by 2020 (Chines Government Report, 2016),
thus the opportunity of improving fire safety management per-
formance is great in the process of implementing its urbanization
plan in China. But this opportunity would be missed without
properly understanding the fire safety-urbanization interrelation-
ship. In other words, if the fire safety-urbanization interrelation-
ship is not comprehended, adequate strategies cannot be
formulated. Consequently, the fire safety management perfor-
mance can not be improved in the process of implementing the
Chinese urbanization blueprint, which in turn may jeopardize the
sustainability of urbanization development in the country.

Therefore, this research aims to understand whether or not fire
safety management is attended in the urbanization process in
China through investigating the fire safety-urbanization interrela-
tionship. The rest of this paper is designed as follows. Section 2
presents a literature review on the research subject of interrela-
tionship between fire safety management performance and ur-
banization development. Section 3 describes the research method.
Section 4 describes the research data processing. Section 5 presents
the results and discussion, followed by the conclusion in Section 6.
2. Literature review

Previous studies have addressed extensively the subjects of ur-
banization development and fire safety management performance.
It is commonly appreciated that urbanization is a process of
advancement both socially and economically, which particularly
refers to the process of population flow from rural to urban areas
(Wang et al., 2019; Ren et al., 2018; Chan and Hu, 2003). Others
appreciated that urbanization refers abstract spiritual trans-
formation process in terms of culture, life styles and values (Guan
et al., 2018; Shen et al., 2018a,b; Chen et al., 2010; Shen, 2006;
Liu and Zhen, 2004). In the existing research, the most popular
indicator adopted for measuring the level of urbanization is pop-
ulation urbanization rate, which reflects the level of population
urbanization in a given area. In studying urbanization in the context
of China, Chen et al. (2010) suggested to measure the urbanization
level with considering both population urbanization and land ur-
banization, as these two aspects may not be synchronized in a same
area. Others also pointed out the importance of including social-
economic and educational perspectives in assessing the urbaniza-
tion development level in China (Qi et al., 2014; Zhou, 2013; Chen
et al., 2009; Yue and Zhang, 2003).

It was reported in a number of studies that during the process of
urbanization, the fire accident has become amore challenging issue
and fire losses are increasing rapidly at global level (Si, 2014; Song,
2006; Du et al., 2002; Yang et al., 2006; Wang and Fan, 1997).
Scholars have investigated the interrelationship between fire safety
and socio-economic development during the process of urbaniza-
tion development. For example, in early 1970s, Schaenman (1977),
Karter et al. (1978) and Jennings (1996) analyzed the interrela-
tionship between fire safety indicators and socio-economic
ina, India, Brazil, Italy, Mexico, Australia, Argentina, Pakistan
Africa, Malaysia, Netherlands, Ukraine, Spain, Iran and others
Kazakhstan, Cuba, Czech Republic, Belgium, Serbia, Denmark, Finland and others
eorgian, Singapore, Croatia, Philippine and others
us.fires per year



Table 2
Average number of fire deaths per year in different countries during 2010e2014.

Average number of fire deaths
per year

Surveyed Countries

10000e25000 India, Russia, Pakistan
1000e10000 USA, China, South African, Ukraine, Japan
200e1000 UK, Germany, Indonesia, Belarus, Brazil, Mexico, Turkey, Iran, South Korea, Spain, Poland, Canada, Uzbekistan, Romania, Kazakhstan,

Lithuania, Latvia, Philippine and others.
100e200 Australia, Shri-Lanka, Czechia, Hungary, Sweden, Bulgaria, Moldova and others.
<100 Countries have, as a rule, less than 100 fire deaths per year (from 0 to few dozen fire deaths per year)

(Data Source: World Fire Statistics Report).
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indicators in a group of selected developed countries. Their studies
have revealed that the level of economic development has positive
impact on the performance of fire safety management. Their
studies further show that other socio-economic factors such as
educational level, living standard and aging structure of population
also have significant influence on fire safety performance. However,
in the context of China, the impact of social and economic devel-
opment on fire safety management seems different from that in
international context. By examining statistics, Yang and Jiang
(2003) concluded that at national level, the improvement of so-
cial economic development does not bring contributions to the
performance of fire safety management in China. In studying the
interrelationship between social economic development and fire
safety management at regional level in China, Wu et al. (2001) and
Chen et al. (2007) clustered individual provinces into different
groups according to their social-economic development perfor-
mance, and found that the performance of fire safety management
in those advanced regions is poorer than that in those lagged
regions.

Other studies have conducted empirical studies to investigate
the interrelationship between the performance of fire safety
management and urbanization development. For example, Wang
et al. (2011) investigated the interrelationship between the num-
ber of fires, the direct economic losses of fires, the degree of ur-
banization and the growth of urbanization in the case cities of
Beijing, Hefei, Ji'nan and Changfeng. Their study demonstrates that
significant interrelationships exist between these indicators in the
surveyed cities. By conducting the regression analysis, Li et al.
(2005) concluded that the population urbanization rate in China
is positively related to the fire losses. By employing the factor
analysis method and correlation analysis, Dong et al. (2015)
analyzed the interrelationship between urbanization variables
and fire safety variables in referring to Hebei province of China, and
found that there is a positive correlation between the level of ur-
banization and the number of fires.

The above discussion shows that previous researchers have
examined extensively fire safety management in relation with ur-
banization development. However, it appears that little study has
been conducted in examining the contribution of urbanization to
the improvement of fire safetymanagement in the context of China.
Furthermore, limited attention has been given on designing policy
instruments for helping improve the performance of fire safety
management in urbanization process. There is a gap unaddressed
whether the performance of fire safety management is properly
attended in its dramatic urbanization development process in
China. As appreciated in introduction section, urbanization devel-
opment has been the engine to drive social and economic devel-
opment in China. The understanding on whether the fast
urbanization development in China contributes to the improve-
ment in fire safety management can help both officials and prac-
titioners shape effectively their urbanization mechanism and
technologies to ensure that fire safety management can be
synchronized along with the urbanization process.
Therefore, this study aims to investigate whether the subject of

fire safety management has been attended in implementing the
ambitious urbanization program in China. With considering the
significant variations in multiple aspects between different regions
in China, the empirical studywill be conducted at both national and
regional level.
3. Research method

3.1. Research measurements

To find out whether fire safety management is properly atten-
ded in the urbanization process in China by measuring the fire
safety-urbanization interrelationships, the research measurement
variables need to be defined clearly, including the variables for
measuring the level of fire safety management performance, and
the variables for measuring the level of urbanization development.

Variables for measuring the level of fire safety management
performance.

Previous studies have presented various variables for measuring
the level of fire safety management performance. Based on the
research works reviewed in Section 2 (Dong et al., 2015; Yang and
Jiang, 2003), three variables are adopted for measuring the level of
fire safety management in an urban area, namely, the number of
fire (Y1), the direct economic loss of fire (Y2), and the number of fire
casualties (Y3).

Variables for measuring the level of urbanization development.
In referring to previous research works on evaluating the ur-

banization development, as described in Section 2, the level of ur-
banization development is commonly examined by applying four
dimensions of indicators (Qi et al., 2014; Zhou, 2013; Chen et al.,
2010), namely, population urbanization, land urbanization, social-
economic dimension, and educational dimension. There are
various studies about the measurement for these four dimensional
urbanization variables, which provide valuable references for
formulating evaluation variables in this study (Lv et al., 2008, 2016;
Guo et al., 2015; Zhou, 2013; Li et al., 2012; Yang and Jiang, 2003;
Yue and Zhang, 2003). The composition of the indicator system
for measuring the level of urbanization development are summa-
rized in Table 3.

In order to eliminate the influence of magnitude difference and
to ensure the accuracy of further analysis, the units of some in-
dicators listed in Table 3 have been adjusted before conducting the
following research procedures. As the normalization will not affect
the results of independence verification which aims to identify the
independent variables for conducting regression analysis, the
original research data have not been normalized into 0e1.
3.2. Research models

Various methods are available for measuring the fire safety-



Table 3
Variables for measuring the level of urbanization development.

Dimension Variable Unit

Population Urbanization population urbanization rate (X1)
(resident population in urban areas/permanent population)

%

urban population density (X2)
(resident population in urban areas/urban areas)

104 person per km2

per capita GDP (Gross Domestic Product) (X3)
(regional total GDP/permanent population)

105 Rmb per person

Land Urbanization areas of completed building (X4) 100 km2

values of completed building (X5) 108 Rmb
built-up urban areas (X6) 104 km2

ratio of built-up urban areas (X7)
(built-up urban areas/total land areas in the administrative region)

%

ratio of construction land (X8)
(construction land areas/total land areas in the administrative region)

%

utilization rate of construction land (X9)
(built-up urban areas/construction land areas)

%

the GDP output of per unit land area (X10)
(regional total GDP/total land areas in the administrative region)

100 Rmb per m2

Social-economic Development total annual savings of urban and rural residents in the administrative region (X11) 1012 Rmb
per capita annual savings (X12)
(total annual savings of urban and rural residents/permanent population)

104 Rmb per person

GDP proportion of the second industry(X13)
(GDP of the second industry/total regional GDP)

%

GDP proportion of the third industry(X14)
(GDP of the third industry/total regional GDP)

%

Educational Development regional education investment in reported period (X15) 1011 Rmb
proportion of education investment in GDP (X16)
(regional education investment/total regional GDP)

%

percentage of college or above graduates (X17)
(number of college or above population/total regional sample population)

%
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urbanization interrelationship, including correlation analysis, fac-
tor analysis and regression analysis. As a typical factor analysis
method, Principle Component Analysis (PCA) is a method to reduce
the dimensions of multi indicators by gathering together the in-
dicators which have high correlations into a comprehensive vari-
able (Maitra and Yan, 2008; Li et al., 1999). PCA is commonly used in
the cases where multi indicators are needed to be processed. The
advantage of factor analysis method is to be able to transform a
number of indicators into a few independent comprehensive vari-
ables, which are capable to grasp the major information of original
indicators. However, the disadvantage of factor analysis method is
that it can not help understand the specific meaning of these
comprehensive variables and it happens that some useful infor-
mation may be missed through the process of reducing original
indicator dimensions (Maitra and Yan, 2008). Correlation analysis is
another effectivemethod to examine the interrelationship between
variables by measuring the degree of closeness between the two
variables (Cohen et al., 2014; Ezekiel, 1930). Regression analysis is
also an effective quantitative method for measuring interrelation-
ship between variables. This method can describe the interrela-
tionship between the dependent and independent variables by
regression equations (Cohen et al., 2014; Ezekiel and Fox,1959), and
has been widely adopted in previous studies (Xia et al., 2019; Ince
and Aslan, 2019).There are four different types of data in con-
ducting regression analysis, namely, cross-sectional data, time-
series data, pooled cross-sectional time serious data, and panel
data (Baum and Christopher, 2006).

As factor analysis method can not specify the meaning of indi-
vidual comprehensive variables, the method is considered not
suitable in this study, instead, regression analysis method is
adopted to investigate the fire safety-urbanization interrelation-
ship in the context of China. In conducting the regression analysis,
urbanization development indicators (Xi) are defined as indepen-
dent variables, and fire safety management performance variables
(Yj) are defined as dependent variables. Furthermore, the research
objects in this study are 31 provinces in China, and the surveyed
period is 2005e2014. This means that each panel only has 31 ob-
servations, which is relatively small. Therefore, it is not suitable to
use the data as panel data to conduct regression analysis, instead
the data is used as pooled cross-sectional time-series data for
regression analysis in this study.

In order to avoid the problems ofmultiple collinear in regression
analysis, the correlation analysis should be conducted first to filter
out those dependent variables (Ince and Aslan, 2019), and then use
the independent variables (Xi) to conduct further regression
analysis.
3.2.1. Independence verification
The following correlation analysis model (1) is used to test the

level of independence between two urbanization development
variables, namely XRi and XSi.

r ¼
Pn

i¼1ðxRi � xRÞðxsi � xSÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼1ðxRi � xRÞ2

Pn
i¼1ðxsi � xSÞ2

q (1)

In model (1), r refers to the correlation coefficient between two
urbanization variables. According to previous studies, when the
value of r is greater than 0.8 (Hou, 2011; Niu et al., 2007; Mathieu
et al., 1998) and the value of P is less than 0.05 (P value refers to
the result of significance test), the two urbanization development
variables XR and XS are appreciated strongly correlated. If the r is
smaller than 0.8, the variables XR and XS are considered not
strongly correlated. And the independence verification is con-
ducted by examining the correlations between all explanatory
variables instead of pair-wise comparison. The variables correlated
with more other variables, or the variables which has no strong
correlation with other variables will be identified and selected as
independent and representative variables for further regression
analysis.



Y. Zhang et al. / Journal of Cleaner Production 236 (2019) 117686 5
3.2.2. Regression analysis model
After selecting the independent urbanization development

variables Xi, the multiple linear regression model is applied to
analyze the interrelationship between the fire safety management
indicators Yj and the urbanization indicators Xi by referring to the
following model (2):

yi ¼ b0 þ b1x1 þ b2x2 þ b3x3 þ/þ bixi þ ε (2)

In model (2), yi is defined as dependent variable for measuring
the level of fire safety management performance, xi is an inde-
pendent urbanization development variable, and ε is the random
error term. b0 is a constant, and the parameters, b1, b2, …, bi are the
regression coefficients for individual urbanization development
variables xi (Ezekiel and Fox, 1959).

4. Data processing

In referring to the indicator systems described in Table 3, the
research data for the indicators are collected and processed.

4.1. Data collection

The data used for analysis in this study are from three types of
sources, namely, National Bureau of Statistics of the People's Re-
public of China (China Statistical Yearbook, 2005-2014), CSMAR
Research Data Service, and China Fire Yearbook. The data cover
the surveyed period from 2005 to 2014 for all the 31 provincial
administrative units in China. Due to the absence of the census in
2010, default processing for relevant data has been conducted.
Table 4 presents the statistical description of the origin research
data.

4.2. Independence test of urbanization variables (Xi)

By using the data described in Section 4.1, and in referring to the
model (1) defined in Section 3, the correlation analysis on the ur-
banization development variables Xi is conducted with the assis-
tance of the software STATA. The results are shown in Table 5. There
are two values in each box in the table. The first value is the cor-
relation coefficient (r) of the two corresponding variables, and the
second value is the p-value in the T-test. In referring to the selection
principle described in methodology section, the variables
Table 4
The statistical description of research data.

Variable Uni

X1 population urbanization rate %
X2 urban population density 104

X3 per capita GDP 105

X4 areas of completed building 102

X5 values of completed building 108

X6 built-up urban areas 104

X7 ratio of built-up urban areas %
X8 ratio of construction land %
X9 utilization rate of construction land %
X10 the GDP output of per unit land area 102

X11 total annual savings of urban and rural residents in the administrative region 101

X12 per capita annual savings 104

X13 GDP proportion of the second industry %
X14 GDP proportion of the third industry %
X15 regional education investment in reported period 101

X16 proportion of education investment in GDP %
X17 percentage of college or above graduates %
Y1 the number of fires 104

Y2 the direct economic loss of fires 108

Y3 the number of fire casualties 103
correlated with more other variables, and the variables which have
no strong correlation with all the other variables are identified and
used as representative variables for further regression analysis in
this study.

For example, it can be seen in Table 5 that X1 (the population
urbanization rate) has strong correlationwith four variables (X3, X9,
X12, X17), which is the highest in terms of the number of correlated
variables. Therefore, X1 is kept and used for conducting further
regression analysis. By conducting similar analysis, X5 (values of
completed building) and X7 (the proportion of built-up areas) are
also identified and used. On the other hand, X2 (urban population
density), X13 (GDP proportion of second industry), X14 (GDP pro-
portion of third industry) and X16 (proportion of education in-
vestment in GDP) have no strong correlation with all the other
variables, thus they are kept as independent variables. Following
this analysis, variable X1, X2, X5, X7, X13, X14 and X16 are selected as
independent and representative variables for further regression
analysis, whilst X3, X4, X6, X8, X9, X10, X11, X12, X15 and X17 are
removed.
5. Results and discussion

5.1. Analysis results

5.1.1. Interrelationships between Xi and Yj at national level
According to model (2), regression analysis is conducted be-

tween the seven independent variables (X1, X2, X5, X7, X13, X14 and
X16) and the three dependent variables (Y1, Y2 and Y3). The analysis
results are demonstrated in Table 6.

According to previous studies, it is generally considered that the
regression result between two variables is valid only if the p-value
in the T-test is less than 0.05. As a result, the regression coefficients
marked with ** or *** in Table 6 are kept and used for further dis-
cussion. The other coefficients are discarded. The corresponding
value “b0” in the table is the constant of the regression equation. N
represents the number of data sets, namely, 307 in this study.
Adjusted R2 indicates the goodness of fit test of the regression
equation, which is between the interval “0e1”. F is the result of the
F-test of the regression equation, and Prob> F refers to the p-value
in the F-test of the equation, which should be less than 0.05, if the
regression equation is considered valid (Ezekiel and Fox, 1959).
t Obs Mean Std. Dev. Min Max

310 0.5029 0.1486 0.2071(Tibet) 0.8961 (Shanghai)
person per km2 310 0.2613 0.1339 0.0189(Ningxia) 0.6307 (Shannxi)
Rmb per person 310 0.3256 0.2038 0.0505(Guizhou) 1.0523 (Tianjin)
km2 310 0.9395 0.7611 0.0246(Tibet) 3.7242 (Jiangsu)
Rmb 310 1.2801 1.1967 0.0286(Tibet) 7.4050 (Jiangsu)
km2 307 0.1312 0.1003 0.0075(Tibet) 0.5398 (Guangdong)

307 0.01646 0.0296 0.0001(Tibet) 0.1576 (Shanghai)
308 0.0915 0.0923 0.0005(Tibet) 0.4803 (Shanghai)
309 0.1249 0.0757 0.0331(Qinghai) 0.3962 (Beijing)

Rmb per m2 308 0.2139 0.5025 0.0002(Tibet) 3.7170 (Shanghai)
2 Rmb 310 0.9424 0.8651 0.0123(Tibet) 5.2411(Guangdong)
Rmb per person 310 2.2946 1.7661 0.3622(Guizhou) 11.2260 (Beijing)

310 0.4722 0.0806 0.2131(Shanxi) 0.5905 (Beijing)
310 0.4135 0.0854 0.2830(Henan) 0.7795 (Beijing)

1 Rmb 310 0.5695 0.4402 0.0277(Tibet) 2.7357 (Guangdong)
310 0.0503 0.0206 0.0248(Shandong) 0.1661 (Tibet)
279 0.0939 0.0623 0.0089(Tibet) 0.4121 (Beijing)

fire 310 0.6715 0.6328 0.0105(Tibet) 4.6141 (Zhejiang)
Rmb 310 0.7246 0.7623 0.0238(Ningxia) 5.6716 (Zhejiang)
person 310 0.0867 0.0768 0.0010(Ningxia) 0.6480 (Guangdong)



Table 5
Results of independence test between urbanization variables (Xi).

Variable X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17

X1 population urbanization rate 1.0000
X2 urban population density �0.1280

0.0243
1.0000

X3 per capita GDP(Gross Domestic Product) 0.8487
0.0000

�0.0928
0.1031

1.0000

X4 areas of completed building 0.0628
0.2700

0.0465
0.4148

0.2032
0.0003

1.0000

X5 values of completed building 0.3199
0.0000

�0.0167
0.7700

0.4958
0.0000

0.8806
0.0000

1.0000

X6 built-up urban areas 0.3215
0.0000

�0.0641
0.2625

0.3532
0.0000

0.8135
0.0000

0.8348
0.0000

1.0000

X7 ratio of built-up urban areas 0.7884
0.0000

�0.0289
0.6144

0.6849
0.0000

�0.0130
0.8200

0.1644
0.0039

0.1516
0.0080

1.0000

X8 ratio of construction land 0.7648
0.0000

�0.0216
0.7061

0.6871
0.0000

0.1955
0.0006

0.3206
0.0000

0.2814
0.0000

0.9072
0.0000

1.0000

X9 utilization rate of construction land 0.8278
0.0000

�0.1707
0.0026

0.7102
0.0000

0.0812
0.1546

0.2858
0.0000

0.3543
0.0000

0.8556
0.0000

0.7259
0.0000

1.0000

X10 the GDP output of per unit land area 0.7015
0.0000

0.0359
0.5300

0.6781
0.0000

�0.0398
0.4856

0.1407
0.0133

0.0888
0.1210

0.9530
0.0000

0.8592
0.0000

0.7411
0.0000

1.0000

X11 total annual savings of urban and rural
residents in the administrative region

0.4604
0.0000

0.0021
0.9702

0.5813
0.0000

0.7087
0.0000

0.8708
0.0000

0.8752
0.0000

0.3235
0.0000

0.3856
0.0000

0.5040
0.0000

0.3112
0.0000

1.0000

X12 per capita annual savings 0.8381
0.0000

�0.0570
0.3175

0.8972
0.0000

0.0681
0.2316

0.3524
0.0000

0.2607
0.0000

0.7548
0.0000

0.6602
0.0000

0.8221
0.0000

0.7271
0.0000

0.5586
0.0000

1.0000

X13 GDP proportion of the second industry �0.0426
0.4546

0.1655
0.0035

�0.0503
0.3775

0.4049
0.0000

0.2861
0.0000

0.2966
0.0000

�0.2320
0.0000

�0.0493
0.3882

�0.2827
0.0000

�0.2139
0.0002

0.1318
0.0203

�0.2667
0.0000

1.0000

X14 GDP proportion of the third industry 0.5271
0.0000

�0.2399
0.0000

0.5214
0.0000

�0.2805
0.0000

�0.0417
0.4649

�0.0599
0.2952

0.6421
0.0000

0.4478
0.0000

0.7545
0.0000

0.5687
0.0000

0.1868
0.0009

0.7114
0.0000

�0.7615
0.0000

1.0000

X15 regional education investment in reported
period

0.3335
0.0000

0.0797
0.1617

0.5245
0.0000

0.7791
0.0000

0.9054
0.0000

0.8420
0.0000

0.2004
0.0004

0.2941
0.0000

0.3581
0.0000

0.2034
0.0003

0.9497
0.0000

0.4408
0.0000

0.1944
0.0006

0.0557
0.3281

1.0000

X16 proportion of education investment in GDP �0.5217
0.0000

0.0235
0.6797

�0.3298
0.0000

�0.4578
0.0000

�0.4343
0.0000

�0.5364
0.0000

�0.2698
0.0000

�0.4234
0.0000

�0.2728
0.0000

�0.2193
0.0001

�0.4298
0.0000

�0.2352
0.0000

�0.4474
0.0000

0.2152
0.0001

�0.3631
0.0000

1.0000

X17 percentage of college or above graduates 0.8418
0.0000

�0.0453
0.4512

0.8246
0.0000

�0.0508
0.3982

0.2062
0.0005

0.0926
0.1243

0.7421
0.0000

0.6391
0.0000

0.7776
0.0000

0.6688
0.0000

0.3377
0.0000

0.9144
0.0000

�0.2718
0.0000

0.6889
0.0000

0.2502
0.0000

�0.2326
0.0001

1.0000
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Table 6
Regression analysis results between X and Y at national level.

Fire safety management Variables

Urbanization Variables Y1 Y2 Y3

X1 0.6387(0.4662) 1.0102*(0.5312) �0.1212*(0.0625)
X2 �0.1754(0.2301) 0.7837***(0.2622) �0.0635**(0.0309)
X5 0.2786***(0.0277) 0.4245***(0.0316) 0.0232***(0.0037)
X7 �5.3487***(1.8403) �6.3929***(2.0966) �0.0476(0.2467)
X13 �0.7999(0.7823) �0.7596(0.8913) �0.0151(0.1049)
X14 0.2652(1.0258) 0.6279(1.1687) 0.2566*(0.1375)
X16 �5.2404**(2.3442) 1.9314(2.6707) �1.2338***(0.3143)
b0 0.6642(0.6368) �0.4195(0.7254) 0.0991(0.0854)
N 307 307 307
Adjusted R2 0.3644 0.4327 0.2252
F 26.0671 34.3447 13.7033
Prob > P 0.0000 0.0000 0.0000

Table note.
(1) * indicates that p-value of the coefficient is in the range from 0.05 to 0.1, ** indicating a p-value of 0.01e0.05, and *** with the p-value of less than 0.01.
(2) The number within the bracket is the standard error of the coefficient.
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5.1.2. Interrelationships between Xi and Yj at regional level
The regression analysis results in the Section 5.1 are about the

fire safety-urbanization interrelationship at national level. How-
ever, it is important to analyze the interrelationship at regional
level as well, because there are significant variations between re-
gions across multiple aspects. China's territory is so vast that the
development at provincial and regional level is extremely unbal-
anced. For instance, the value of per capita GDP in 2014 spreads
between 105,230 Rmb (the highest of Tianjin) and 26,430 Rmb (the
lowest of Gansu) among individual provinces (National Bureau of
Statistics of China, 2015). According to the regional division defined
by National Bureau of Statistics, the 31 provincial administrative
units in China are divided into four parts, namely the Eastern,
Central, Western and Northeast China, as presented in Fig. 1.

East China includes 10 provincial administrative units, including
Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shan-
dong, Guangdong, and Hainan. Central China includes 6 provincial
administrative units, namely Shanxi, Anhui, Jiangxi, Henan, Hubei
and Hunan. Furthermore, the West China is composed of the
following 12 provinces like Guangxi, Chongqing, Sichuan, Guizhou,
Fig. 1. Geographic division o
Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Inner Mongolia
and Xinjiang. And the Northeast region includes Liaoning, Jilin and
Heilongjiang.

It is commonly appreciated that the Eastern China is the most
developed region in the country, evidenced by the total GDP in
2016 is 41,019 billion Rmb in this region, whilst this figure is about
16,065 and 15,683 billion Rmb in Middle and West China respec-
tively (National Bureau of Statistics of China, 2017). It is therefore
important to understandwhether and howdifferent in terms of fire
safety-urbanization interrelationship between these regions.

By applying the research data described in Section 4 to the
model (2), with the assistance of STATA software, the regression
analysis results for the fire safety-urbanization interrelationship of
the four regions can be obtained, as shown in Table 7.

5.2. Discussion

Based on the analysis results in Tables 6 and 7, the following
discussions are conducted for understanding how fire safety
management is attended in its dramatic urbanization process in
f four regions in China.
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China at both national and regional level.

5.2.1. How fire safety management is attended from the perspective
of the number of fire (Y1) during the urbanization process?
5.2.1.1. At national level. As shown in Table 6, at national level, the
performance of Y1 (the number of fire) is significantly interrelated
with urbanization variables X5 (the value of completed buildings),
X7 (ratio of built-up urban areas) and X16 (proportion of education
investment in GDP), where X5 has positive interrelationship whilst
X7 and X16 have negative interrelationship. In other words, the
increase of buildings can result in the increase of fire accidents,
whilst the increase of built-up urban areas and the education in-
vestment can help the reduction of fire accidents in the Chinese
urbanization process. The analysis results further indicate that the
fire safety management performance has been reasonably attended
at national level in China during implementing its urbanization
programs from the perspective of fire number.

In fact, fire often happens in buildings. According to statistics,
building fires are the most common and harmful ones among all
kinds of fires. From 2010 to 2014, the direct economic loss induced
by building fires accounted for about 80% of the total direct eco-
nomic loss induced by fires. The number of building fires accounted
for 60% of the total number of fires (Fire Department of theMinistry
of Public Security of China, 2015). The most shocking fact is that the
casualties in building fires accounted for more than 90% of the total
number of casualties induced from fires (Fire Department of the
Ministry of Public Security of China, 2015). Buildings are therefore
commonly appreciated as the major battlefield of fire safety man-
agement in an urban area. Furthermore, with the rapid urbaniza-
tion development, the number of high-rise and super-high-rise
buildings in city is increasing dramatically, especially in urban
central areas. These buildings have presented more fire risks, and
the consequences from these risks are more severe.

However, the presence of fire safety risks in buildings is further
intensified by typical problems, such as improper building planning
and design without sufficient corporation of fire safety facilities
(Zhuang and Shen, 2010; Li et al., 2005), obsolete technologies
adopted in the process of building construction, the extensive use
of flammable buildingmaterials (Li et al., 2005; Hui et al., 2012), the
lack of knowledge and awareness on fire accidents among both
construction workers and managerial staff (Hui et al., 2012). All
these problems indicate that buildings are often the starting-points
for fire accidents. In other words, the fire safety management per-
formance in the context of buildings has overwhelming impacts on
the fire safety management performance in urban area. Therefore,
the efforts should be given to the improvement of fire safety fa-
cilities in buildings.

In referring to X7 (ratio of built-up urban areas), it has close
relation with urban infrastructures which include fire safety facil-
ities. And the quality of urban infrastructure associates closely with
the level of fire safety management performance. As more built-up
urban areas means that more fire safety facilities will be provided,
the fire safety performance can be improved in line with the in-
crease of built-up urban areas. There are mainly two types of
buildings in built-up urban areas, namely, new and existing
buildings. In China, it is considered that existing buildings need
more infrastructures in order to improve fire safety management
performance. Many of the existing buildings are designed and built
under the old fire safety codes, and they have not upgraded the
facilities according to new fire safety standards. For example, pre-
cast concrete slabs are widely used in multi-story buildings with
reinforced concrete structures before 1990s, and the fire resistance
capability of most existing buildings is even unable to meet the
basic requirement of fire resistance according to new standards.
Furthermore, the fire-resistance capability of existing buildings has
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decreased because of building aging and partial damage during the
operation stage (Zhuang and Shen, 2010).

On the other hand, the interrelationship of X16 (proportion of
education investment in GDP) and Y1 is negative at national level,
as shown in Table 6. This indicates that the increase of education
investment particularly on fire safety management will empower
people's knowledge about fire safety management, and conse-
quently help reduce the fire number. Actually, this negative rela-
tionship between education investment and fire accident is also
echoed in previous studies (Jennings, 1996; Karter et al., 1978;
Schaenman, 1977).

5.2.1.2. At regional level. However, at regional level, the fire safety
management performance in terms of the fire numbers has been
attended differently between regions, which is evidenced with
different coefficient values. It can be seen from the analysis results
in Table 7 that the interrelationships between urbanization vari-
ables and fire safety performance variables are different signifi-
cantly between regions, although some similarities exist. In terms
of the similarity, for example, the interrelationships between X5
(the value of completed buildings) and Y1 (the number of fire) in
the Eastern and Western regions are both positive, which means
that more completed building areas can induce a larger number of
fires in these regions.

Nevertheless, significant differences exist between regions. For
the case of X2 (urban population density), its interrelationship with
Y1 (the number of fire) is negative in Northeast region, as evidenced
by the coefficient value of�4.5463 in Table 7. This indicates that the
increase of urban population density contributes to the reduction of
fire numbers in Northeast region. It further suggests that the
number of fires will not increase even the urban population density
increases if the fire safety management investment per capita or
per unit of urban area is sufficient (Xia et al., 2017). In other words,
the urban population density will not necessarily induce more fire
risks if the urban population density is under a certain threshold.
However, when the density excesses certain threshold, any popu-
lation growth can induce the increase of fire numbers.

For the West China, according to the analysis result shown in
Table 7, the performance of Y1 (the number of fire) is positively
interrelated with urbanization variables X1 (population urbaniza-
tion rate) and X5 (the value of completed buildings). But it has
negative interrelationship with X7 (ratio of built-up urban areas)
and X16 (proportion of education investment in GDP). This means
that the increase of urban population does cause the increase of
number of fires in West China. In fact, the increase of urban pop-
ulation is accompanied by more human activities, which in turn
induce more fire hazards. The study by Li et al. (2006) also shows
that the intensification of population urbanization is one of the
major causes of fire hazards.

In referring to X7, the analysis results in Table 7 indicate that the
number of fires can be reduced significantly by increasing the built-
up urban areas in West region. In fact, comparing to the other re-
gions in the country, West China traditionally has lower level of fire
safety management, thus any improvement of fire safety facilities
can contribute to the reduction in fire numbers in this region. In
fact, the West China has contributed good efforts in improving fire
safety facilities during the urbanization process. According to the
official statistics, the number of fire stations in West China has
increased dramatically by 92. 13% during 2005e2014, while this
figure in East, Middle and Northeast China is relatively small,
namely, 72.34%, 56.10% and 23.61% respectively (Fire Department of
the Ministry of Public Security of China, 2015). The above infor-
mation suggests that West China has achieved good progress in the
aspect of improving fire facilities in line with the construction of
more built-up urban areas during the urbanization process. This
contributes to the decrease of fire numbers in this region.
Furthermore, as shown in Table 7, the interrelationship between
X16 (proportion of education investment in GDP) and Y1 (the
number of fire) is negative in West region, suggesting that the in-
crease of education investment can contribute to the reduction of
fire accidents. The negative correlation between education invest-
ment and fire number has also been evidenced at national level,
and this has been discussed in previous section.

5.2.2. How fire safety management is attended from the perspective
of the direct economic loss of fires (Y2) during the urbanization
process?
5.2.2.1. At national level. It can be seen from Table 6 that at national
level, fire safety management performance in terms of Y2 (the
direct economic loss of fires) is positively associated with X2 (urban
population density) and X5 (values of completed building), whilst
negatively related to X7 (ratio of built-up urban areas). This shows
that the direct economic loss from fire accidents can be reduced by
decreasing the urban population density, reducing the values of
completed building, and increasing the built-up urban areas.

In fact, the increase of X2 (urban population density) mainly
refers to the increase of population flow from rural to urban area.
Most of those rural-to-urban migrants have received limited edu-
cation and have been equipped with little fire safety knowledge.
Some of their behaviors present fire risks, such as smoking in those
non-smoking places and occupying the fire safety evacuation pas-
sages (Cai, 2004). Furthermore, these migrants are mainly engaged
in labor-intensive jobs, and live in crowed buildings where the
condition of fire safety facilities are usually very poor. This is why
the increase of urban population density can result in the increase
of direct economic loss from fires in almost all the cities in China.
Similarly, the results indicate that the increase of X5 (values of
completed building), has induced the increase of economic loss
from fire accidents, and this has been discussed already in previous
section.

However, for X7 (ratio of built-up urban areas), it has significant
negative correlation with Y2 at national level, with the coefficient
value of �6.3929, as shown in Table 6. This indicates that the in-
crease of built-up urban areas can lead to the reduction of economic
loss from fire accidents. This phenomenon is largely because of the
improvement of fire safety facilities in newly built-up urban areas.
For example, the urbanization development has benefited signifi-
cantly the increase of municipal fire hydrant number from 506,895
in 2005 to 984,500 in 2014 nationally (Fire Department of the
Ministry of Public Security of China, 2015), with an increment of
94.2% during the decade.

5.2.2.2. At regional level. At regional level, there are both similar-
ities and differences about the interrelationships between Xi and Y2
among regions. In referring to the similarity, for example, the
interrelationship between X5 (values of completed building) and Y2
is positive across all the four regions in China with very similar
coefficient values, as shown in Table 7. This analysis result indicates
that the increase of completed buildings can lead tomore economic
loss from fire accidents across all the regions.

In another example, the interrelationship between X2 (urban
population density) and Y2 is positive both in East and West China,
evidenced by the coefficients of 4.2698 and 0.7718 respectively in
Table 7. However, it can be seen that East region enjoys much
stronger correlation between the two variables than that in West
China. East China is more advanced in terms of economic and social
development level (with per capita GDP several times higher than
that of other regions), thus this region has been receiving more
inflowing migrants during the urbanization process. This has
resulted in much higher urban population density in East region
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than that in the West China. As appreciated in previous section, the
higher population density will cause more economic loss if fire
accident occurs. This interprets that per unit increase of X2 (urban
population density) in East China can bring much more direct
economic loss of fire accidents than that inWest China. This finding
also shows that the control on X2 in East China can have more
impacts on the decrease of economic loss if fire occurs than that in
West China.

In the case of X16 (proportion of education investment in GDP),
its interrelationship with Y2 is positive both in Central and North-
east China. This suggests that there is positive correlation between
fire accidents and the level of education investment in these two
regions. It is interesting to note that the increase of education in-
vestment would not help reduce the economic loss of fires,
although it is generally considered that education investment can
help improve the performance of fire safety management. This
phenomenon is contributed by the fact that although the total
education investment increases in these regions, the investment on
fire safety education is very limited. In fact, compared with the
developed countries, China has investedmuch less resources on fire
safety education. For example, it was reported in the literatures that
Japan had already over 50 fire engineering colleges by the year
2006 (Chen, 2006), whilst China had only less than 20 fire engi-
neering colleges by the year 2015 (Wang, 2015) For another
example, the Fire Service College (FSC) in UK, one of the top uni-
versities specialized in fire engineering worldwide, has been
training 6000 fire professionals per year for 75 countries, but there
is no such professional training college in China (Chen, 2006).
Therefore, it is considered that the Chinese government should
contribute more investment in fire safety education.

However, according to Table 7, significant differences present
among regions in terms of the interrelationship between X13 (GDP
proportion of the second industry) and Y2. The table tells that the
interrelationship between X13 and Y2 is negative in West China,
whilst there is no significant interrelationship in the other regions.
It indicates that the increase of the GDP proportion by the sec-
ondary industry will lead to the reduction of direct economic loss of
fires in the West China. This appears contradictory to the common
knowledge that the increase of secondary industry would lead to
the increase of fire accidents (Li et al., 2006; Yang and Li, 2018).
Nevertheless, the case is different inWest China, which is relatively
less developed (Shen et al., 2018a,b). According to the statistics for
the year 2016, the GDP per km2 land area in West China is 2.30
million Rmb, whilst that in East China is 44.79 million Rmb
(National Bureau of Statistics of China, 2017). It is considered that
any increase of secondary industry in West China will be accom-
panied with the advancement of urban infrastructure particularly
fire facilities, which in turn will contribute to the reduction of fire
loss. In fact, West China is defined as the major secondary industry
base. The central government has invested amount of capitals to
this region. For example, according to the official report, since the
implementation of the western development strategy, a sum of 6
trillion and 850 billion Rmb has been invested to 317 key projects in
West China from 2000 to 2017 (Wen, 2018).

5.2.3. How fire safety management is attended from the perspective
of the number of fire casualties (Y3) during the urbanization
process?
5.2.3.1. At national level. As shown in Table 6, at national level, the
performance of Y3 (the number of fire casualties) is negatively
correlated with urbanization variables X2 (urban population den-
sity) and X16 (proportion of education investment in GDP), whilst
positively correlated with X5 (the value of completed buildings). In
other words, the increase both in urban population density and
education investment will help the reduction of fire casualties in
the Chinese urbanization process, whilst the increase of completed
buildings can induce more fire casualties. It indicates that the fire
safety management performance from the perspective of fire ca-
sualty numbers can be improved at national level through con-
trolling specific urbanization variables in China.

It is interesting to note that the increase in urban population
density would not increase the fire casualties at national level. This
could be due to the fact that fire facilities have been improved
substantially in recent years across the country during urbanization
process. For example, the number of fire stations in 2005 was 3314
in China, while that was 5509 in 2014, giving a growth rate of
66.23% in ten-year time period (Fire Department of the Ministry of
Public Security of China, 2015).

The interrelationship between X5 and Y3 is positively correlated.
This correlation pattern is similar to the interrelationship between
X5 and Y1, which has been discussed in Section 5.2.1. Furthermore, it
has been found that the correlation pattern between X16 and Y3 is
similar to that between X16 and Y1, which has also been discussed
previously in Section 5.2.1.

5.2.3.2. At regional level. According to Table 7, the correlation be-
tween X1 (population urbanization rate) and Y3 (the number of fire
casualties) is negative in Central China, whilst that correlation is not
significant in other regions. This analysis result suggests that the
increase of urban population does not induce the increase of fire
casualties in Central China. This is due to the fact that fire-fighting
efficiency has been improved in Central China. In fact, the fire-
fighting efficiency is closely associated with various aspects such
as the scale and quality of firemen, fire-fighting technologies and
traffic conditions in urban area, as appreciated in previous study
(Xiao, 2011). The fire-fighting capability in Central China is
considered much better than that of the average capability across
the country. Table 8 shows the comparison on fire-fighting capa-
bilities between Central China and national average level for the
year 2014, which demonstrates that the fire-fighting capability in
Central China is much better than the national average level.

Table 7 further shows that the urbanization variable X5 (values
of completed building) has a positive correlation with Y3 (the
number of fire casualties) in the East, Central and West China. This
correlation pattern is similar to the interrelationship between X5
and Y1 for East and West regions, and the implication of this cor-
relation pattern has been discussed in Section 5.2.1.

However, the correlation patterns between X16 and Y3 varies
considerably among regions. For example, this correlation is
negative in West China, whilst that is positive in Central and
Northeast China. This indicates that the increase of education in-
vestment does not induce the increase of fire casualties in West
China, whereas that has brought the growth of fire casualties in
Central and Northeast regions. West China is traditionally regarded
as less developed both socially and economically with poor edu-
cation infrastructure. It is considered any increment in education
investment inWest Chinawill bring significant progress inmultiple
dimensions including fire safety management performance. In
referring to Central and Northeast China, they have better educa-
tion infrastructures. Therefore the increment of education invest-
ment in these regions has much smaller marginal effect. And this
can explain why the increase of education investment does not
necessarily help reduce fire casualties in these regions.

From Table 7, it can be seen that the correlation patterns of X13
(GDP proportion of the second industry) and X14 (GDP proportion
of the third industry), with Y3 (the number of fire casualties) are
significantly different between regions. For example, X14 has a
positive correlation with Y3 in East and Central China, whilst the
correlation pattern for West China is negative. This indicates that
the increase of tertiary industry can induce the increase of fire



Table 8
The comparison of fire-fighting capabilities in Central China and national average.

Comparison indicator Central China National Average

Number of fire stations per 10,000 km2 11 6
Number of urban and rural fire brigades per 10,000 km2 18 7
Number of fire vehicles per 10,000 km2 66 32
Number of fire rescue equipment per 10,000 km2 687 373

Data source: Fire Department of the Ministry of Public Security of China (2015)
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casualties in East and Central China, whilst that contributes to the
reduction of fire casualties inWest China. It is well appreciated that
the development of tertiary industry is driven by service industries
such as hotels, entertainments and shopping malls. These services
are commonly characterized with large scale of population aggre-
gation, which presents higher risks of fires and fire casualties (Xia
et al., 2017; Chen et al., 2006). The tertiary industry in East and
Central China is much advanced in comparing to West China, this
explains why the increase of GDP proportion of tertiary industry
can induce the increase of the number of fire casualties in East and
Middle China. Nevertheless, as West China is much less developed
both economically and socially, any growth in both secondary and
tertiary industries can promote the development of urban in-
frastructures including fire safety facilities. Therefore, the increase
of GDP proportion of tertiary industry will not induce the increase
of fire casualties in West China.

6. Conclusion

This study has investigated how fire safety management is
attended during the urbanization process in China. The main
findings can be highlighted as follows. Firstly, the increase of ur-
banization rate and urban population density has caused to
considerable extend the increase of urban fire hazards during the
dramatic urbanization process in China. Secondly, buildings are the
major sources to urban fires, evidenced by the positive correlation
between the value of completed urban buildings and urban fires at
both national and regional level in China. Thirdly, education in-
vestment has different effects on the performance of fire safety
management between different regions in China. For example, in
West region, the increase of education investment has contribution
to the reduction of fire casualties, whilst that has induced to the
growth of fire casualties in Central and East region. Fourthly, the
economic structure also has different effects on the performance of
fire safety management between regions in China. For example, in
West region, the growth of tertiary industry has contributions to
the reduction of the direct economic loss of fires, whilst that has
induced to the growth of direct economic loss of fires in East region.

By appreciating the above findings, the following policy rec-
ommendations can be proposed in order to enhance the perfor-
mance of fire safety management in the Chinese urbanization
process.

First of all, both central and local governments should introduce
policy measures for improving the fire safety consciousness among
urban residents. For example, fire prevention training programs
should be provided particularly in those densely populated urban
areas. Previous studies have appreciated that training is a very
effective approach to improve fire safety performance (Si, 2014; Cai,
2004). Regulations should be introduced to guide public commu-
nities' behaviors towards fire safety. It was reported in a number of
existing studies that changing public's behaviors is an effective
approach for improving fire safetymanagement performance in the
cities such as Hong Kong and Taipei (Chien et al., 2013; Chow, 2001,
2002). Furthermore, compliance with fire safety regulations should
be enforced in urban production activities. It was reported in
previous studies that many fire accidents happened during the
production process in factories or construction sites (Baum and
McGrattan, 2000; Deng and Qiu, 2007). According to statistics,
the direct economic loss of fires in production process in 2014 in
China accounted for 13.1% of the total fire-related economic loss
(Fire Department of the Ministry of Public Security of China, 2015).
It is therefore considered essential to implement strict fire safety
regulations in the process of urban production activities.

Secondly, policy measures should be introduced to improve
buildings' fire-resistance function. As addressed earlier in this pa-
per that various types of urban buildings present higher risks of fire
accidents, including residential buildings, hotels, offices, theaters,
and shopping malls. For example, Li et al. (2005) and Zhuang and
Shen (2010) pointed out that many building fires are caused by
improper building design in the urbanization process in China. It is
therefore considered important to incorporate fire safety man-
agement in the process of building planning and design. In fact, this
is echoed in previous studies that improving the quality of building
planning and design is a pressing issue for improving the perfor-
mance of fire safety management (Zhang, 2010; Zhuang and Shen,
2010; Li et al., 2005). Furthermore, the application of advanced
construction technologies for buildings is also important for
improving the performance of building fire safety management. For
example, Wang et al. (2015) pointed out that the application of
building information modeling (BIM) can effectively improve the
performance of building fire safety management. Supervision
measures should also be imposed on the application of building
materials particularly those inflammable materials such as plastics
and timber during the construction process. The study by Cheng
and Wang, (2011) shows that many construction fires are induced
by improperly using inflammable building materials. During the
occupation of buildings, fire safety regulations must be imposed to
ensure that users do not change buildings’ functions and structures.
According to previous studies (Villeneni and Yu, 2017; Zhuang et al.,
2010), it happens that many building users often change illegally
the structures and functions of buildings, which has triggeredmany
building fires. Regular inspection schedule should be conducted on
fire safety facilities during the occupation of buildings. In fact, there
is significant lack of annual inspection and maintenance schedule
for fire safety facilities in China. Many building fires are caused by
the obsolescence of fire facilities. In studying the fire facility in-
spection in the context of Hennan province in China, Niu and Xie
(2011) found that only 55.1% fire facilities have been inspected
annually, and only 41% fire safety facilities are in good condition. It
is important therefore to ensure that the fire safety facilities are
always in good conditions through regular inspections in order to
mitigate the consequence of fires once they happen.

Thirdly, the Chinese urbanization process is typical character-
ized with the development of secondary and tertiary industries.
The development of secondary and tertiary industries is normally
accompanied with more urban fire risks. Local governments should
take actions to provide sufficient fire safety measures in line with
the development of secondary and tertiary industries, such as
increasing the number of fire stations, increasing the number of
firemen and fire professionals, updating fire safety facilities. These
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measures are also appreciated in previous studies, for example,
Winter and Fried (2000), Wang et al. (2008), Lampin-Maillet et al.
(2010). Li (2017), Tian (2017), and Zhang (2018).

Education wise, both central and local governments should
invest more resources on fire safety education. In fact, China has
been increasing the education investment in recent years, however
the investment on fire safety education has not been properly
addressed. Governments should consider to increase more pro-
fessional colleges with specialism of fire safety management. The
fire safety knowledge should be merged into students’ curriculums,
such as improving their fire safety consciousness by various
teaching activities. And more fire drills should be practiced in
schools to help young generations know how to protect and rescue
themselves in case of fires (Yu et al., 2012).

Considering the differences between regions, it is recommended
that tailor-made policies or measures should be designed for
different regions by referring to their local backgrounds and their
fire safety circumstances. Without this consideration, some policy
measures may not be applicable or effective. For example, those
Northern cities where the winter is very cold can only use dry-
sprinkle fire safety system, whilst those Southern cities where
most of the time is hot weather can employ either wet or dry
sprinkle fire safety system (Xiao, 2013). For another example, those
densely populated cities such as Shanghai and Guangzhou should
establish more fire stations. This approach can ensure that fire
safety management performance can be improved in all regions in
the country. Consequently, the sustainability of urbanization
development in the context of China can be achieved.

The findings of this study contribute to the development of the
literation in the research discipline of fire safety management
particularly in the context of urbanization process. The research
framework designed in this study can be further applied to un-
derstand how fire safety management is attended in the other
countries where the urbanization process is actively on-going.
Practically, the research findings provide valuable references for
decisionmakers of both central and local governments to formulate
effective strategies and policies for improving the performance of
fire safety management in China. By implementing these strategies
and policies, not only the urban fire safety management perfor-
mance can be improved, but also the sustainability of urbanization
practice can be gained throughout the country.

The limitations of this study are appreciated. The indicators used
for measuring the performance of fire safety management are
limited due to the difficult accessibility of research data. Secondly,
this study has not conduced the panel regression analysis because
of the small volume of research data collected. And panel regres-
sion analysis is recommended for further study to examine the
correlation between urbanization variables and fire-safety man-
agement performance. Thirdly, the experiences from those better
fire safety performers and the lessons from those poor performers
can be investigated in further studies.
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