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Abstract

Gini coefficient and Lorenz curve are increasingly used to examine the inequality of wealth, income, economy, and
health. The objective of the current study is to introduce Gini coefficient and Lorenz curve, coefficient of variation
(CV), and spatial equilibrium index (SEI) to explore the spatial inequality and spatial-temporal evolution of fires in
China based on the fire statistics from 2003 to 2012. The spatial inequality of fire risk is influenced by population,
provinces, regions, and fire causes. The results indicate that the spatial inequality of the fire deaths tends to become
more intense over time, and shows spatial concentration. However, the number of fires becomes more decentralized
distribution. As regards the three regions, the inequality of the number of fires in the central region (with Gini >
0.4) is relatively obvious. As regards the seven causes, playing with fire, smoking, and improperly using fire
presents extreme inequality in different provinces. The provinces with a high level of fire risk for different factors
are depicted in maps by using ArcGIS, which can explicitly illustrate the spatial distribution characteristics of fire
risk. The conclusions also demonstrate that CV, SEI, and Gini are suitable for analysis of the spatial inequality of

fire risk.
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1. Introduction

The inequality in income and wealth have attracted
tremendous attention and been widely studied.
However, little effort has been paid to the spatial
inequality of fire risk. The fires, one of the most critical
issues, are related to the society stability and public
safety. In this paper, the fire risk refers to the number of
fires and the casualties. The more the number of fires or
casualties are, the higher the fire risk. The fire risks are
different in the geographic distribution, which makes it
difficult for the fire departments to make effective
control policies. Meanwhile, the fire resources in China
are limited. The inequality phenomenon is ubiquitous in
nature. Similar to the income inequality, there is also a
spatial inequality for the fire resources. The fire
departments should assign the limited fire resources
scientifically and rationally, and make the specific fire-
fighting measures. Furthermore, the spatial distribution
of fire risk needs different measures. For optimizing

fire-fighting and rescue forces, the placement of city fire
risk and the fire rescue services based on the spatial
distribution of urban fire risk should be obtained.
Therefore, it is necessary to study the spatial inequality
of the fire risk.

The city fires are influenced by socio-economic
development, living conditions, and climate factors'.
However, these factors show obvious spatial
heterogeneity, and the fires will also be associated with
the geographical factors. The economic development of
China is uneven, and there are large gaps between the
eastern and western regions. Yang et al. discussed the
relationship between the fires and the socio-economic
factors from the perspective of provinces in China. They
found that the number of fires tend to increase with the
economic  development’.  Many scholars have
discovered that the temperature and humidity changes
have great influence upon fire risk’”. Because of
Chinese climate difference in north and south, there is a
distinction between the fires in north and south China.
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The statistics indicate that the number of fires and
the fire deaths are different in each province. In 2003-
2012, China responded to an average of 142,124 fires
per year, which caused 1,688 deaths and 1,367 injures
annually. The number of fires varies greatly in different
provinces. For example, Shandong accounted for 7.8%
of the reported fires in 2012, and Henan only 3.36%.
The fatalities of Guangdong are forty-three times as
many as that of Jilin®. The reasons for this phenomenon
are mainly due to the population factors and the
economic factors. Large number of population,
production enterprises and fire hazard places result in
the high fire risk.

The fire resources and the professional firefighters
in China are insufficient, and it is useful to assess the
spatial differences of fire risk in fire supervision and
management. The fire-fighting measures largely depend
on the fires’ characteristics, such as the spatial
distribution, human factors, and climate. Based on the
fire statistics, the research studies of spatial inequality
and variation have been carried out. However, most of
the spatial-temporal distribution studies focused on the
forest and grassland fires””. There have been few
studies on the spatial-temporal feature of the city fires.
Lu et al. discussed the associations between the deaths
of high-casualty fire and the spatial-temporal factors in
China'®. They obtained the key provinces correlating
with high levels of deaths or losses. The results indicate
that Beijing, Shandong and Jilin are strongly associated
with fatality level >10. Most of the coastal provinces
tend to be related with electrical fires, but the northwest
and northeast provinces tend to be associated with
smoking, playing with fire, and improperly using fire''.
Yang and Zhou discussed the fire situation and the fire
characteristic of China'2. They proposed some key
lessons that should be learned from the fire cases: how
to alert the sleeping people by using the high-quality
equipment of fire detection and alarm, how to make full
use of the equipment in bad weather, and how to take
emergency measures.

The spatial inequality can also be known as spatial
aggregation and hotspots. The idea of the spatial
aggregation has been applied in terrorist attacks", and
crime analyses'®. The spatial characteristics of city fires
are usually studied without considering the inequality
and the variation. The literature investigation has shown
that the spatial aggregation and hotspots of city fires
still remain undetected. There are nearly no previous

research studies that use ArcGIS, Gini coefficients, and
Lorenz curve to analyze the spatial inequality of city
fires. To explore the spatial distribution pattern of city
fires, this work adopts Gini and ArcGIS. As a classical
approach, Gini coefficient and Lorenz curve have been
widely used to measure the distribution of wealth,
income, biomedicine, and the selectivity of kinase
inhibitors'™'”. The fire risk has strong region
characteristic'®. By providing a measure of inequality,
the Gini coefficient can identify how the level of
inequality is, and the Lorenz curve can explore which
province has the highest fire risk'> It will reveal the
driving factors of the spatial inequality of fire risk by
further study on the correlation analysis between the
socio-economic factor and Gini coefficients™.

The aim of this study is to measure the inequality of
fire risk in China based on the fire statistics from 2003
to 2012. First, we seek to identify the spatial inequality
of the fire deaths and the number of fires at province
level. Second, according to the level of economic
development and the administrative division of China,
the 31 provinces are divided into three economical belts:
the eastern region, the central region, and the western
region’'. The spatial inequality of fire risk between the
three regions is investigated. Finally, the spatial
distribution characteristics of different fire causes are
explored. The results of the spatial inequality of fire risk
will provide feasible countermeasures for the fire
control strategies.

2. Methods and Data

2.1. Data

The analytical data are collected from the Fire Service
Bureau in Ministry of Public Security of China®. The
number of fires and the fire deaths in each province are
available. Seven fire causes are distinguished, including
arson, electricity, disregarding safety rules, improperly
using fire, smoking, playing with fire, and spontaneous
combustion (the fire causes of lightening, static,
unknown and others are excluded).

According to the statistics from 2003 to 2012, the
average annual number of fires and the fire deaths are
139,839 and 1,689. In Fig. 1, the fire deaths decrease
quite steadily after 2005, while the number of fires
fluctuates significantly. The number of fires increases
slightly during 2003-2005. From 2006 to 2011, the

Published by Atlantis Press
Copyright: the authors

146



G.H. Li et al. / Spatial Inequality Analysis of Fire Risk in China

number of fires decreases from 140,672 in 2006 to
125,417 in 2011 for a decrease of 12.4% except for
2007 when 163,521 fires occur, then increasing 21.3%
to 152,157 in 2012.
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Fig. 1. Number of fires and deaths in China
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Fig. 2. Number of fires and deaths by regions

The economic development and living conditions in
each province is different. In order to differentiate
between regions of high and low inequality of fire risk,
31 provinces in China are divided into three regions:
eastern region, central region, and western region. The
eastern region includes eleven provinces: Beijing,
Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Guangdong, Shandong, and Hainan. The central
region includes eight provinces: Shanxi, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and
Hunan. The western region includes twelve provinces:
Neimenggu, Guangxi, Chongqing, Sichuan, Guizhou,
Yunnan, Xizang, Shanxi, Gansu, Qinghai, Ningxia, and
Xinjiang. Because of the lack of fire statistics, the data
of Taiwan, Hong Kong, and Macao are excluded.
Before 2006, there is significant difference for the
number of fires among the three regions as shown in
Fig. 2. The eastern region accounts for the most fires
and deaths. The number of fires in the western region is
relatively less, and the number of fires is closed to that

of the central region in 2008-2011. It should be noted
that the number of fires in the western region increased
93.2% during the period of 2003-2012 to 45,925 by the
end of 2012, and the number of fires is more than that in
the central region. The results may be influenced by the
rapid development of society in the western region,
including the frequent economic activity and population
movements. As regard the deaths, the phenomenon is
different from the number of fires. The deaths in the
eastern region, the western region, and the central
region are in order of decreasing frequency. The deaths
in the western region are more than that in the central
region. The results also suggest that the social economy
in the western region is quite active.

The occurrence of fires is closely related to human
activities, the population factor should be
considered™. Fig. 3 shows the changing trend of the
number of fires and the fire deaths per million people in
the three regions. Compared with Fig. 2, there are a few
changes. First, the number of fires in the western region
is higher than that in the other two regions after 2008,
and the value in the eastern region becomes the
smallest. The other change is that the fire deaths in the
western region are close to that in the eastern region.
The results indicate that, the fire situation in the western
region tend to be more severe.
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Fig. 3. Number of fires and deaths per million people

The number of fires caused by different causes is
depicted in Fig. 4. Looking at the trends from 2003 to
2012, several observations are worth attention. First,
most of the fires are caused by electricity and
improperly using fire, which account for nearly half of
the total fires. The electricity fires keep growth trend
over the time. The wide use of large number of
electrical equipment may contribute to the results.
Secondly, there is a steady growth trend for spontaneous
combustion fires, which may be caused by the climate
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change, and the growth of car spontaneous combustion
accidents. Thirdly, the improperly using fire and arson
continuously decrease except for 2012 when a slight rise
occurred. Actually, most of the fires relate to human
behavior and human errors'>. The different human
habits and living conditions in each province may lead
to the spatial inequality of fire risk.
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Fig. 4. Number of fires of different causes

2.2. Methods

2.2.1. Gini coefficient and Lorenz curve

The inequality of fire risk can be measured by using
Gini coefficient. Gini coefficient is the most popular
measures of inequality” . It has been widely used by
economists to measure the income inequality’®*’. The
Gini coefficient has its own advantage than other
methods because it is independent of the absolute values
and compares each value not to the mean but to every
other value®®. Furthermore, Gini coefficient is a novel
development, and can measure inequality between
different geographical regions. The results are particular
relevance to the fire policymakers™. The results of Gini
coefficients and Lorenz curve reflect the overall
characteristics of the research space. The results are
especially suitable for the decision-making departments.
Gini coefficient can be expressed by Lorenz curve
as shown in Fig. 5. The absolute equality curve denotes
an absolute equality of fire risk in space. The area
between the absolute equality curve and Lorenz curve is
A, and the area under the Lorenz curve is B. The Gini
coefficient is equal to A/(A+B). The Gini coefficient is
generally solved by the following integral formula.

1
G=1—2J‘de (1)
0

In order to simplify the calculative process, Gini
coefficient is calculated as™*:

n n—1
Gini =Y PF,+2) R(1-C)-1
i=1 i=1

where P; represent the proportion of the number of
population or provinces, F; are the proportion of the
fires or the deaths, and C; are the cumulative
distribution of fires or deaths. A Gini coefficient of 0
indicates perfect equity, and 1 indicates absolute
inequality. Generally, the Gini coefficient of 0.4 is seen

as the warning line for the gap between rich and poor™.
1

2

Absolute equality curve

™

A Lorenz curve

o

Cumulative traction of fire occurrences

o
-

Cumulative fraction of population(provinces)
Fig. 5. Gini coefficient and Lorenz curve

2.2.2. Coefficient of variation

To avoid one-sidedness of the single method, coefficient
of variation (CV) and spatial equilibrium index (SEI)
are introduced to measure the spatial inequality of fire
risk.

CV can be used to reflect the stability, consistency,
and spatial differences between the provinces. CV is
calculated as:

CV =8/ Xx100% 3)
where S denotes the standard deviation, and denotes
the mean value. A greater value of CV indicates more
diversity and more inconsistency. On the contrary, a
smaller value of CV indicates more homogeneous
distribution of fire risk.

2.2.3. Spatial equilibrium index

SEI is established to illustrate the relative fire risk by
considering the population factor. The SEI of each
province is given by the formula:
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SEI, = LilF

pi/P
where f; and F are the number of fires in the i-th
province and the overall national number of fires,
respectively. p; and P are the number of population in
the i-th province and the overall national population,
respectively.

If the SEI of some province is more than 1, the fire
proportion of fire occurrences in this province is larger
than the proportion of the population, and the fire risk of
the province is relatively serious. Conversely, the
province has a lower fire risk.

“

3. Results and Discussion

3.1. Coefficient of variation analysis of fire risk

Based on the equation (3), the CV of the number of fires
and the fire deaths in 2003-2012 are calculated as
shown in Fig. 6. Firstly, the CV is calculated based on
31 provinces, and the sample values are the number of
fires and the deaths in each province. Secondly, the CV
is calculated based on the population, and the sample
values are the number of fires and the deaths per million
populations in each province.
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Fig. 6. The change of CV over time

The annual CV values show fluctuating changes.
The spatial difference of the number of fires per million
populations is more obvious than that of only
considering provinces. The former can better reflect the
actual situation, because the fire risk has close
relationship with the human activities. However, the
spatial difference of the fire deaths based on province is
more obvious than that of the deaths per million
populations.

From 2004 to 2007, both of the spatial differences of
the number of fires show an obviously decrease with the
CV of province from 0.945 to 0.577 and the CV of
population from 1.096 to 0.837. During the period of
2007-2012, there is no obvious change for the spatial
differences of the number of fires except for 2012 when
the spatial differences of the number of fires per million
populations decreased rapidly. There are two stages for
the spatial differences of the number of fires base on
province: the reduce stage from 2003 to 2007, and the
steady stage from 2007 to 2012. This indicates that the
spatial different of the number of fires tends to be
weaken.

3.2. Spatial inequality analysis of fire risk

3.2.1. The overall spatial inequality

In this paper, we are primarily concerned with the
inequality of fire risk from the perspective of province
area. The spatial inequality can be explored by the Gini
coefficients and Lorenz curve. Because of the different
socio-economic factors, each province may present
different levels of fire risk. Just as the wealth inequality,
the spatial distribution of fire risk in China also shows
inequality. Fig. 7 and Fig. 8 depict the Lorenz curves
and Gini coefficients for 31 provinces in China from
2003 to 2012. Based on the international standard for
interval division, the Gini coefficients are divided into
three intervals: when G<0.2 there is no spatial
inequality for fire risk, meaning that the fire risk in each
province is similar, 0.2<G<0.4 denotes a major spatial
inequality of fire risk, and 0.4>G indicates an extreme
inequality of fire risk among the 31 provinces.
1.0 T T 1.0 T T T
" Zoosani-oaToe
© 2005 Gin-o 16

+2006,Gini=0.4362
+2007,Gini=0.3561

=—2003,Gini=0.4595
+—2004,Gini=0.4471
+—2005,Gini=0.4217
~ 2006,Gini=0.3989
~*..2007 Gini=0.3226 _
<+ 2008,Gini=0.3326
+—2009,Gini=0.3372
=3="2010,Gini=0.3032 > 7=~ =¥- -
+—2011,Gini=0.32
+ - 2012,Gini= 71

,Ms

0 0.2 04 0.6 0.8 1.0 0.

o
3
o
3

o
o
o
o

o
b
o
ES

o
[
o
o

3 i
1X=0.80

Cumulative percentage of fire number
Cumulative percentage of fire number

o

1.0

Cumulative percentage of provinces Cumulative percentage of population

+—2003,Gini=0.2514
+— 2004,Gini=0.3662
0.8 |-+ 2005,Gini=0.2796
+ 2006,Gini=0.3211

o

= 2003,Gini=0.4005
+—2004,Gini=0.4588
+—2005,Gini=0.3625 /4
+— 2006,Gini=0.3897 4

=4
@

2 2
2 2
= K]
3 ] 7
s 2005 47 5 + 2007,Gini=0.3215 g”
ﬂgf,o.s = /d 1 206 "\
g _ % = 1 2004
4 = - g +—2011,Gini=0.345 g

0.4 [-—— 2011,Gini=0.38 04 ; p
g + 2012.Gini=0.3598 \ g - 2012,Gini=03622
2 2004 2 =
Sozt : Fo2 z- 72 E><-0 o |
E 1X=0.80 E P o
o ' o e i

00 02 0.4 06 038 10 00 02 04 06 08 1.0

Cumulative percentage of provinces Cumulative percentage of population

Fig. 7. Gini coefficients and Lorenz curves by provinces
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The tendency of the Lorenz curves with time for the
number of fires is more obvious than that of the fire
deaths as shown in Fig. 7. The number of fires and the
fire deaths produced by the top 20% of provinces can be
identified based on the Lorenz curve in Fig. 7. With
regard to the number of fires, the top 20% of provinces
account for 35% of the total fires in 2010 and increased
to 51% in 2003, the top 20% of population account for
38% of the total fires in 2012 and increased to 55% in
2003. For fire deaths, the top 20% of provinces account
for 41% of the total deaths in 2005 and 50% in 2004,
the top 20% population account for 34% of the total
deaths in 2003 and 44% in 2004. It indicates that the
spatial inequality phenomenon of fire risk began to get
better.

The spatial inequality of fire risk is changing over
time. In Fig. 8, all of the Gini coefficients are greater
than 0.2, meaning that the fire risk presents spatial
inequality. With regard to the number of fires, the
spatial inequality of unit population is stronger than that
of only considering provinces. It illustrates that the
influence of the population factors on the fire
distribution is more obvious. In 2003-2006, both of the
Gini coefficients of the number of fires are close or
more than 0.4, indicating an extreme spatial inequality.
In 2003-2006, nearly half of the fires occurred in only
20% of the provinces (about six provinces). After 2007,
the Gini coefficients of the number of fires are lower
than 0.4 except for 2009, and the fire risk tend to be less
spatial inequality.
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Fig. 8. The spatial inequality of the number of fires and deaths

The results of the fire deaths show an opposite
tendency. The spatial inequality of the fire deaths of unit
population is weaker than that of only considering
provinces. Simultaneously, the Gini coefficients for the
fire deaths of unit population vary from a low of 0.251
in 2003 to a high of 0.362 in 2012, indicating that the

spatial inequality phenomenon of the fire deaths
becomes more obvious over time. Because of the high
value of the Gini coefficients (most of the Gini
coefficients exceed 0.35 over the ten years), the
distribution of the fire deaths of provinces keeps spatial
inequality over time. The results indicate that more and
more fire deaths are produced by only few provinces,
and the fire deaths tend to be spatial aggregation.

3.2.2. Spatial inequality of regions

To identify if the national inequality of fire risk is
caused by the regional inequality, the spatial inequality
per million populations within three regions is
respectively studied as shown in Fig. 9. The spatial
inequality of the number of fires within the western
region is more obvious than that in the other two regions
after 2006. The Gini coefficients of the number of fires
are more than 0.4 from 2003 to 2012. In 2003-2006, the
Gini coefficients of the number of fires within the
central region are more than 0.45, and the spatial
inequality is the most obvious. However, the Gini
coefficients of the number of fires in the central region
decreases sharply in 2007, then a slightly increasing
until 2009, and declining over the last three years to
0.250 in 2012. The Gini coefficients of the eastern
region decline fairly obviously, a 52% decrease over the
ten years. Overall, the number of fires in the western
region exhibits a more obvious spatial aggregation,
which means that most of the fires are concentrated in
the few special provinces. However, the spatial
inequality of the number of fires in the central and
eastern regions become less obvious, which means that
the number of fires in these provinces don’t appear to be
much different.
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Fig. 9. The internal inequality in the three regions

With regard to the deaths, the spatial inequality is
less obvious than that of the number of fires. Except for
the high inequality level in 2004 and the low inequality
level in 2003, there is a slight growth trend for the
inequality phenomenon of the deaths within the eastern
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region. The Gini coefficients of the deaths within the
central region show a cyclical change of five years. The
most obvious characteristics are the straight-line growth
of the western region from 2005 to 2010, and then
decreasing until to 2012. The spatial inequality in the
western region achieves the maximum degree in 2010
and then begins to weaken in 2011-2012. The results
indicate a significant feature that the spatial inequality
within the eastern and central regions tends to become
lower, while the western region becomes higher.

The changing in the western region should be noted.
With the rapid development of economy and society in
the western region, the fire situation becomes worsen.
The development of economy in each province exist
large gap, and therefore the fire risk between different
provinces is obviously different. It can be found that
Ningxia, Xinjiang, Neimenggu, and Qinghai account for
the highest number of fires per million populations. The
fire department should further increase the fire
resources in the western provinces.

3.2.3. Spatial inequality of fire causes

To make national fire protection policy, the fire
departments should grasp the overall distribution
characteristics of the fire situation. Furthermore, they
should also understand the national spatial distribution
characteristics of the fire causes, because different fire
causes need different countermeasures. Li et al. have
explored the relationship between the fire causes and the
influencing factors''. They identified that different types
of fires present a certain spatial distribution pattern in
the 31 provinces.
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Fig. 10. The spatial inequality by fire causes

The fire causes are divided into 11 categories in
China. Because of the lack of data or too little, only
seven categories with the most number of fires are
considered as shown in Fig. 10. There is no accurate

statistics for the fire deaths of different causes.
Therefore, only the number of fires is analyzed. Several
crucial findings are explored as shown in Fig. 10.

First, the level of spatial inequality for the seven
causes appears to be different. The fire causes can be
classified into three categories according to the spatial
inequality level: the high level of inequality, including
smoking, playing with fire, and improperly using fire;
the low level of inequality, including electricity,
disregarding safety rules, and spontaneous combustion;
and the medium level, including arson. With regard as
the high inequality causes, the fire risk tends to be
concentrated in the specific provinces, and the fire high-
risk provinces should be given certain inclination in
policy. As for the low inequality causes, the fire risk
tend to be widely distributed, and each province should
strengthen management. For example, Gini coefficients
of the electrical fires are less than 0.4, and the spatial
inequality is relatively small. However, the electrical
fires in each province are the most.

Secondly, with the highest Gini coefficients, the
smoking and playing with fire present extreme spatial
inequality. The Gini coefficients of smoking are more
than 0.65 in 2003-2006, indicating a distinct spatial
aggregation. The Gini of smoking is 0.703 in 2003, and
most of the smoking fires are concentrated in Jilin,
Shanghai, Ningxia, and Beijing. The four provinces
with 8.1% of the total population account for 50.9% of
the total number of smoking fires in 2003. Even the
Gini coefficients of smoking decline to the smallest
0.444 in 2012, the top ten provinces (Ningxia,
Neimenggu, Qinghai, Xinjiang, Heilongjiang, IJilin,
Tianjin, Liaoning, Shanxi, and Gansu) with 18.3% of
the population still account for 48.6% of the total fires.
During the ten years, Shanghai shows the most
significant changes. The number of smoking fires per
million populations changed from 38.9 in 2003 to 5.8 in
2012. This may be related to the highly developed fire-
fighting construction and the high fire safety awareness,
which needs further study. The spatial distribution
characteristics of playing with fire (with Gini>0.50) are
also very obvious. The top eight provinces, Ningxia,
Jilin, Qinghai, Liaoning, Beijing, Neimenggu,
Heilongjiang, and Shanghai, with 13.6% of the total
population, account for more than half of the playing
with fire in 2003. In 2012, the top eight provinces are
Ningxia, Qinghai, Neimenggu, Xinjiang, Liaoning,
Gansu, Xizang, and Jilin. It is obvious that most of the
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two types of fire are concentrated in northeast and
northwest provinces.

Thirdly, the overall changing trend seems to be
weakened over time, and all the Gini coefficients
decrease in fluctuation over time. The results indicate
that the spatial inequality begins to weaken, especially
the arson, with Gini coefficients ranging from 0.591 in
2003 to 0.274 in 2012. The top ten provinces with
21.2% of the population account for 68.5% of the total
arson fires in 2003, while 24.1% of the population
account for only 43.1% of the total fires in 2012. As for
arson fires both in 2003 and in 2012, the top ten
provinces include Liaoning, Jilin, Heilongjiang,
Ningxia, Xinjiang, Qinghai, Shandong, and Beijing,
which are the hot spots of the arson fires. Another
critical issue is that: the Gini coefficients of the seven
causes reached the minimum in 2012, but the number of
fire increased abruptly. This forebodes that the number
of fires in each province tends to increase, and the fire
situation becomes more serious in the whole country.

3.3. Fire spatial equilibrium index

The above analysis mainly focused on the spatial
inequality of fire risk. CV and Gini can reflect the
overall spatial inequality, but cannot visually identify
which province accounts for the highest risk of fire. To
explore the specific fire risk in each province, the SEI is
calculated as shown in Fig. 11 and Fig. 12. With regard
to the fire deaths, there are 16-17 provinces with SEI>1
in 2003-2012, except for 2004 when only 14 provinces.
For the number of fires, there are 14-17 provinces with
SEI>1. The province with a value of SEI>1 indicates
that the fire risk is higher than the national average fire
risk, and the fire situation is fairly severe. On the
contrary, the provinces with SEI<l represent the
relatively lower fire risk.

In Fig. 11 and Fig. 12, the spatial difference of the
number of fires is more serious than that of the fire
deaths. In 2003-2012, the maximum value of SEI for the
number of fires reaches 6.53 in Jilin, and the proportion
of fire is nearly six times more than the proportion of
population. By contrast, the maximum value of SEI for
the fire deaths is only 3.99 in Xizang.

With regard to the fire deaths, Beijing, Tianjin,
Shanghai, Zhejiang, Fujian, Chongqing, Guangdong,
Guizhou, Yunnan, Neimenggu, Xizang and Xinjiang
have been maintained at the high risk level over the ten
years. Hebei, Anhui, Jiangxi, Shandong, Henan, Hubei,
Shanxi(2), and Gansu with SEI of less than 1, show the

low fire death risk. It should be noted that the per capital
deaths in Xizang is much higher than the average. The
SEI of Ningxia is more than 3 during the whole period,
indicating a very serious fire risk.
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Fig. 12. SEI of the number of fires

With regard to the number of fires, SEI vary from
the lowest of 0.03 in Guizhou to the highest of 6.53 in
Jilin, meaning the huge spatial different. The risk of the
number of fires in Beijing, Neimengu, Jilin, Shanghai,
Ningxia, and Xinjiang is much higher than the average.
The per capita fire in Ningxia is more than the other
provinces, and the underlying reasons are still unknown.
Additional research studies need to be carried out.

Based on the calculation values, SEI is divided into
five levels, and the provinces with different SEI are
depicted in the form of maps by using ArcGIS. The
results of the latest four years (2009-2012) are shown in
Fig. 13 and Fig. 14. It is clear that the fire situation tend
to be spatial aggregation. That is, most of the fires and
deaths are concentrated in only a few provinces. The
high risk level of the fire deaths per capital are mainly
distributed in the southeast and western regions,
including Xizang, Xinjiang, Qinghai, Neimenggu,
Chongqing, Yunnan, Guizhou, Guangdong, Fujian,
Zhejiang, Jiangsu, Shanghai, Beijing, and Tianjin. The
fire risk of most central provinces is lower than the
average. Unlike the fire deaths, the high risk of the
number of fires are mainly distributed in the western,
northeast, and central regions, such as Liaoning, Jilin,
Ningxia, Neimenggu, Xinjiang, Qinghai, Shanxi, Hubei,
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Chongqing, and Jiangxi. The developed municipalities,
such as Beijing, Tianjin and Shanghai, show high risk
for both of the number of fires and the fire deaths.

It should also be noted that Xizang and Shanghai
maintained the highest risk level of the fire deaths
during the whole period, and Beijing, Neimenggu, Jilin,
and Ningxia always stay in high risk levels of the
number of fires from 2009 to 2012. It can be
summarized that the high fire risk regions will not
change significantly over time.

An interesting phenomenon is that the high fire
mortality may not be associated with the high
occurrence rates, such as Xizang and Ningxia. The
socio-economic conditions, under which it occurs, are
different. Therefore, different countermeasures should
be taken to deal with the fire risk.
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Fig. 13. Spatial distribution maps of SEI for fire deaths

Fire number - 2009 Fire number - 2010

>z

Legend
No Data
0.01-1.00

Legend
No Data
0.01-1.00

-1.01-2.00 ; :;j:: :;x s
- 2.01-3.00 g =300 &
- >3.00 " 4 :

}N\ Fire number - 2011 ;\ Fire number - 2012

Legend
No Data
0.01-1.00

Legend
No Data
0.01-1.00

- 1.01-2.00 o = 1.01-2.00
- 201-3.00 - o = 2.01-3.00
- >3.00 - >3.00

Fig. 14. Spatial distribution maps of SEI for fire number

It should also be noted that Xizang and Shanghai
maintained the highest risk level of the fire deaths
during the whole period, and Beijing, Neimenggu, Jilin,
and Ningxia always stay in high risk levels of the

number of fires. An interesting phenomenon is that the
high fire mortality may not be associated with the high
occurrence rates, such as Xizang and Ningxia. The
socio-economic conditions, under which it occurs, are
different. Therefore, different countermeasures should
be taken to deal with the fire risk.

Smoking, playing with fire, and improperly using
fire have shown extreme spatial inequality as depicted
in Fig. 10. These fires tend to be spatial aggregation at
provincial level, and the hot spots can be explored
according to SEI. The spatial distribution of different
fire causes are identified based on the value of SEI, and
the spatial distribution maps of fire causes in 2012 are
depicted in Fig. 15.

Playing with fire - 2012

Smoking - 2012 N Improperly using fire - 201

Fig. 15. Spatial distribution map of SEI for fire causes in 2012

The SEI of smoking and playing with fire vary
widely, especially the playing with fire (SEI ranges
from 16.3 to 0.05). A larger Gini coefficient means a
more significant inequality. In 2012, playing with fire,
smoking, and improperly using fire represents
significant spatial aggregation, which can also be taken
as the hot spots of fire risk. It is worth noting that the
spatial pattern of the three fire causes can be divided
into two regions: the north and the south, among of
which the hot spots are mainly concentrated in the north
of China, such as Xinjiang, Neimenggu, Qinghai,
Ningxia, and Gansu. This may be related with the
difference of culture and living conditions between the
north and the south regions. By comparison, there is less
differentiation for other four fire causes. However, they
still present spatial inequality. The distribution map of
Spontaneous combustion has highlighted six provinces
as being at risk, whose SEI is more than 1.5. These
provinces are Liaoning, Neimenggu, Xinjiang,
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Shanxi(2), Fujian, and Beijing. The high-risk areas of
arson are concentrated in Shanxi(2), Qinghai, Jilin,
Neimenggu, Liaoning, Ningxia, and Xinjiang. There are
no obvious regional characteristics for the electricity
fires. The electricity fires are dispersal, and the high risk
provinces include Xinjiang, Shanghai, Hunan,
Neimengu, Chongqing, Fujian, and Beijing.
Furthermore, there are significantly spatial distribution
characteristics for the fire risk. An obvious conclusion is
that the whole fire situation in the north of China is
more serious than that of the south regions.

4. Conclusions

This paper focused on the spatial inequality of fire risk
in China, and has identified the spatial distribution
characteristics for different fire causes. The spatial
inequality of fire risk is calculated based on CV and
SEI. These results illustrate that the number of fires and
the fire deaths show obviously spatial inequality, and
the fire risk of different causes are associated with
regions and provinces. Gini coefficients, CV, and SEI,
are capable of exploring these spatial distribution
characteristics, and the spatial trends of fire risk. Based
on the results of SEI, the risk distribution maps of fire
occurrences, fire deaths, and fire causes are established
by using ArcGIS. The maps can clearly demonstrate the
spatial distribution of fire risk in each province, and
simultaneously help the policy-makers to take more
scientific and reasonable fire control strategies.

By comparing the three regions, the Gini
coefficients of the number of fires in western region are
more than 0.4 from 2003 to 2012, and the spatial
inequality presents an intensified trend. Spatial analyses
can explore the distribution of fire risk, but the
underlying reasons of the difference between the
regions should be revealed in the future. The fire causes
are complex and various, and there are high levels of
variation in spatial heterogeneity between these causes.
The high-risk provinces of different fire causes can be
identified based on the Lorenz curves and SEI. These
provinces should be paid more attention. The maps will
be very practical for the fire management and the fire
rescue services. By mastering the fire risk information,
the fire department can make specific countermeasures
directly.
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