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Abstract: Frequent fire accidents pose a serious threat to human life and property. The 

spatio-temporal features of China’s urban fires, and their drivers should be investigated. 

Based on the Spatio-temporal Dynamic panel data Model (SDM), and using fire data 

gathered from 337 Chinese cities in 2000 to 2009, the influence of spatio-temporal factors 

on the frequency of urban fires was analyzed. The results show that (1) the overall fire 

incidence of China increased annually before 2002 and reduced significantly after 2003, 

and then high fire incidence increased in western China; (2) Spatio-temporal factors play a 

significant role in the frequency of Chinese urban fires; specifically, the fire assimilation 

effect, fire inertia effect and fire caution effect. The ratio of fire incidence of China has 

reduced significantly, and the focus of fire incidence moved towards the western region of 

China. GDP and humidity have a significant effect on urban fire situation change in China, 

and these effects may be referred to as “fire assimilation effects”, “fire inertia effects” and 

“fire caution effects”. 
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1. Introduction 

The process of urbanization and industrialization has undergone rapid growth, leading to changes in 

fuel amounts, composition, and its configuration [1]. In addition to the change of land use and 

management activities, cities have become a highly-possible location for fire occurrence. According to 

statistics, on average more than 500 daily fire accidents occurred in China from 2000 to 2009. 

Frequent fire accidents pose a serious threat to human life and property. Fires can be classified into 

forest fires, grass fires, residential fires, building fires, industrial fires and mine fires based on the 

places where they occur. This paper focuses on the last four types listed above. The fuels, an ignition 

source, and sufficiently dry weather are the essential conditions of fire occurrence [2,3], whose relative 

importance at different scales can be difficult to quantify [4]. At landscape scale, the determinants are 

fuel, weather, human activities and topography [5–9]. At regional scale, climate variability and 

vegetation distribution are the more sensitive drivers of fire [10,11]. 

Urban areas belong to the landscape scale. Urban fire patterns are mainly influenced by the 

distribution of fuels, weather conditions (temperature and humidity) [12], and topography [13,14]. 

Human activities have a close relationship with the factors above. Humans can have both positive and 

negative effects on fire. Fuels provide the raw material acted on by fire. Cities are major spaces where 

substantial wealth is increasingly accumulated by rapid social and economic development [15]. On the 

one hand, with more and more fuels being used in urban construction and consumption of electricity and 

fire, there is a potentially high agglomeration of ignition source. On the other hand, social economic 

growth also promotes the development of firefighting facilities and flame retardant materials [16]. 

Higher human population density often increases ignition sources, whereas fire prevention activities 

tend to decrease fire occurrence [17,18]. All the factors abovementioned will undoubtedly impose 

significant influence on the occurrence of urban fires. Research analysis shows a significant 

relationship between the level of regional economic development and the rate of fire accidents 

However, different analysis result may be drawn from the variety of studies that have examined the 

economic development level. For example, Duncanson et al. found that fire accidents tended to 

decrease with increasing economic development [19]. The Australian research bureau of fire protection 

showed that an economic downturn coupled with imperfect firefighting equipment increased the fire  

risk [20]. In Smith et al.’s analysis, fire risk was shown to be relatively high in single-parent households 

and in households where the households members are unemployed, according to the research into fire 

accidents in Britain from 2002 to 2004 [21]. However, historical fire accident data in China before the 

year 2000 and after showed that the frequency of fires increases with economic development, except 

for Shanghai [22]. 

The relative importance of various drivers of fire activity can vary depending on the scale at which 

they are measured and the scale of analysis [23]. It is known that a warmer climate will increase fire 

activity at regional [24] to global scales [25]. At local scale, seasonality and meteorological conditions 
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(temperature, humidity, wind speed and potential fuels) are more relevant. Material space morphology 

leads to microclimate change, evidenced by the heat island effect increasing the temperature and 

decreasing the humidity [26] of urban areas. Architectural form [27] in cities will also affect the local 

weather conditions in terms of wind orientation and speed. In the Western Amazon, drought intensity 

was the most important predictor of fire occurrence in local scale [24]. In Queensland, Australia, a 

high fire occurrence rate is related to high temperature [28]. Gunther found that, because there are few 

fixed heating systems in the rural parts of South America, the death rate from fires increased on cold 

days owing to the risks from using other types of heating [29]. Moreover, poverty makes this problem 

even worse. In the two largest cities in Indonesia—Jakarta and Surabaya—the number of fire accidents 

each month is affected by a change in climate, with fires occurring more frequently in the arid season; 

with, in Surabaya in particular, the number of fires decreasing with increasing humidity, while the 

number of fires increasing significantly when the humidity is less than 70% or when the rainfall 

measures less than 6 mm [30]. Similarly in China, a change in climate and humidity has a significant 

impact on the frequency of fires. Therefore, meteorological factors are closely related to fire 

occurrence. Climate and humidity have the largest influence on fire [31]. Specifically, a more arid 

climate increases the fire incidence rate while a more humid climate decreases the rate. 

Climate change and socio-economic development have significant temporal and spatial characteristics; 

hence the incidence of fires is also associated with temporal and spatial characteristics [12,14,32,33]. 

Recent studies have focused on the spatio-temporal analysis of grassland and forest fires [34], and 

natural disasters [35]. A few researchers have tried to describe the geographical characteristics of 

urban fires. Jennings pointed out the geographical factors of fire accident analysis, and realized the 

spatial problems are related to fire accidents and the building environment. He argued that both the 

population and buildings are distributed along a certain density gradient; therefore, the rate of fire 

accidents is unevenly distributed [36]. Corcoran et al. analyzed the temporal and spatial change based 

on temporal and spatial exploratory analysis by using Queensland as an example [28]. Chang adopted 

the Spatial Lag Model (SLM) and the Spatial Error Correction Model (SEM) to analyze the 

relationship between the fire incidence rate and spatial factors, using Tainan City as an example [37].  

In general, although progress has been made in related research on urban fires, there are still gaps. 

Firstly, the research above has examined either economic factors or climatic factors. However, urban 

fires are affected by both socio-economic and climatic factors, and the occurrence of fires seems to be 

random and uncertain. With rapid economic development and global climate change, academic 

research must take into consideration the compounding effects of both economic development and 

climate change on urban fire accidents. Secondly, most of the existing research on the influential 

effects of temporal and spatial factors on urban fires is based on exploratory analyses of some certain 

cities or regions, while little spatial econometric analysis has been carried out on the impact of  

large-scale temporal and spatial factors on urban fires. Thirdly, by using older data, the current situation 

regarding urban fires has not been addressed. In this study, we gathered urban fire accident data relating 

to China in the years 2000 to 2009, and used the Spatio-temporal Dynamic panel data Model (SDM) to 

demonstrate the effects of spatio-temporal factors on urban fire occurrences under the influence of 

rapid economic development and climate change. The fire accidents mentioned below all refer to 

urban fires. 
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This paper identifies the fire incidence and its change to represent the fire situation and trend in 

different cities and regions. (Data set of climate data annual value from China Macao and Taiwan 

region are missing). The statist China Meteorological Administration website shows the average 

annual temperature and relative humidity from 2000 to 2009 from 188 meteorological stations. By 

Kriging interpolation, the raster maps of national annual average temperature and relative humidity are 

formed and then Zonal statistics available for each unit on the annual average relative humidity. The 

ArcGIS10.1 spatial analysis tools are utilized of Kriging interpolation and Zonal Statistics in this 

study. According to the common interpolation Kriging value, the average standard deviation of 

prediction result error of each year is less than 0.01 and the root-mean-square standard prediction 

deviation ranges between 1 ± 0.1. 

2. Study Area and Data 

The study is aimed at 337 Chinese prefecture-level (at least) administrative units (data of only 

Haikou and Sanya of Hainan province are presented but the data of Zhongwei of Ningxia province and 

Hong kong, Macao and Taiwan region are missing). The statistics on urban fires are obtained from 

Statistic Yearbook of Fire in China (2001 to 2010). The statistics on consensus and GDP per capita are 

derived from Statistic Yearbook of Regional Economy in China (2001 to 2010). 

One of our objectives was to study the influence of economic development on the macro-statistical 

characteristics of the urban fire rate in China, with GDP per capita as the representative index. The 

change in GDP per capita reflects the basic macro-economic situation in one country or region and is 

highly related to education, investment, household income, etc. Existing research showed that climate 

and humidity had the largest influence [23,29–31], so we chose to principally study the influence of 

climate and humidity on urban fire, selecting average air temperature and humidity as the index of 

climate change. The number of fire accidents represents an important index which demonstrates 

severity. The occurrence index (the number of fire accidents among 1 million people) was chosen to 

represent the severity of fire occurrence in different areas and cities. 

According to the “Meteorological annual data set from the China international exchange station 

ground”, the grid’s profile of national average air temperature and humidity could be generated 

through Kriging interpolation after capturing the annual average humidity in 188 meteorological 

stations from 2000 to 2009. Furthermore, the annual average relative humidity per unit can be calculated 

by using zonal statistics. This paper adopts spatial analytical tools to perform Kriging interpolation and 

calculate zonal statistics. The standardized mean of interpolation result forecasting error is less than 0.01 

and the root-mean-square standardized is 1 ± 0.1; therefore it is a precise method. 

3. Methods  

3.1. Spatial Autocorrelation Model（Moran’s I Model） 

Tobler (1970) put forward the First Law of Geography that any object is related to other objects 

with special consideration of distance, which shows the more closely located the objects, the stronger 

correlation exists between them [38]. It is called spatial autocorrelation which can be measured by 

Moran’s I index. When the observation values are similar within a certain distance (d), the Moran’s I is 
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positive in significant level (p-value less than 0.1), otherwise it is negative. If the observation values 

are arranged randomly, the Moran’s I is zero. Moran’s I can be classified into Global Moran’s I (GMI) 

and Locan Moran’s I (LMI). GMI is used to judge the spatial agglomeration degree of China’s urban 

fires, and LMI is used to explore the spatial distribution of the “hot spots” and “cold spots”. Due to the 

possible local spatial autocorrelation observations existing in the overall spatial random sample 

distribution, GMI and LMI are both applied in this paper to analyze the agglomeration features of the 

urban fires. GMI refers to: 
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in which n is the total number of the sample, wij  is spatial weight matrix (n × n), xi and xj are 

respectively the fire occurrence rates in places of i and j. x  is the average value, and So is the sum of 

all its elements. LMI is defined as: 

i ij i jI w Z Z=  (2)

in which Zi and Zj are the standardized values of fire occurrence rate. When Ii and Zi are both positive 

at a significant level (p-value less than 0.05), it means that the fire occurrence rate in place i and the 

units nearby are high. It is termed as High Concentration Area (HH); by contrast, while Ii and Zi are 

negative, it shows that the fire occurrence rate in place i and its neighboring units are low which are 

called Low Concentration Area (LL). If Ii is positive and Zi is negative, it means that the fire 

occurrence rate of place i is higher than that of the neighboring units, which are referred to High Low 

Concentration Area (HL). While if Ii is negative and Zi is positive, the fire occurrence rate of place i is 

lower than that of the units nearby, which are termed as Low High Concentration Area (LH). 

3.2. Selecting Incident-Inducing Factors of Fire Accidents 

The starting point in the Granger causality test of judgment was to examine whether the prophase 

information of X contributed to the decrease of MSE (Mean Square Error) of Y [39]. Moreover, this 

paper compared the MSE value with that when not using prophase information of X. If there is no 

change in MSE value, X has no influence on Y under the Granger causality test, or “Y is not caused by 

X Granger”. On the contrary, there is causality under Granger, or “X is the Granger reason of Y”. Gao 

describes specific methods [40]. 

The annual average temperature and average relative humidity between the years 2000 and 2009 

were recorded based on those of 188 China International Exchange Ground Stations (Figure 1). 
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Figure 1. Annual average temperature and annual average relative humidity of China, 

2000 to 2009. 

Assuming all the disaster-inducing factors (GDP per capita, annual average relative humidity, annual 

average temperature) are not the Granger cause of the fire occurrence situation, the Granger causality test 

examines whether the chosen disaster-inducing factors really cause the change in fire occurrence (Table 1). 

Table 1. Granger causality test results of fire rate and other factors of China. 

Lags Null Hypotheses F Stat. Prob. Conclusions 

1 
H is not the Granger cause of F 9.42 0.01 rejected 
T is not the Granger cause of F 0.73 0.41 accepted 
G is not the Granger cause of F 9.45 0.00 rejected 

2 
H is not the Granger cause of F 2.39 0.16 accepted 
T is not the Granger cause of F 0.73 0.52 accepted 
G is not the Granger cause of F 2.57 0.15 accepted 

Note: H, T, G, F represent the logarithmic values of the annual average relative humidity, annual average 
temperature, GDP per capita, and fire rate, respectively. 

When the lag is 1, H and G are both the Granger cause of F, but T is not the Granger cause of F; 

when the lag is 2, H, T and G are not the Granger cause of F. This means that the annual average 

relative humidity and GDP per capita are the Granger causes of fire rate; moreover, they also have a 

significant influence on the fire rate one year later. However, the annual average temperature does not 

significantly influence the fire rate. Therefore, the annual average relative humidity and GDP per 

capita can be considered to be incident-inducing factors. This paper only considers annual average 

relative humidity as the characteristic factor of climate change, and uses GDP per capita to represent 

economic development and the fire occurrence rate to represent the change in urban fires. 

3.3. Fire-GDP-Humidity Model (FGHM) 

C.W. Cobb and Paul H. Douglas put forward the Cobb-Douglas production function in the 1930s [39]. 

Labor L and investment K are explanatory variables, Y is the output, and the model is shown below: 

uY AK L eα β=  (3)

As mentioned in Section 3.2, the fire situation and trend has a strong correlation with GDP and 

humidity. Assuming GDP per capita and annual average relative humidity as inputs, and fire 
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occurrence rate as output, according to the Cobb-Douglas production function, the fire input-output 

model is:  

uF AG H eβ γ=   (4)

where G is GDP per capita, H is annual average relative humidity, F is fire occurrence rate, β,γ are the 

elasticity of the economic and climate factors. 

This model is based on the panel data model through logarithmic transformation:  

ln( ) ln( ) ln( )it i it it itF G H uα α β γ= + + + +  (5)

where α is the average intercept value of each section, αi is the deviation value that each section 

deviates from the average α, μi is the residual value of each section, Fit is the fire occurrence rate of 

unit i in the t phase, Git is GDP per capita (thousand yuan) of unit i in the t phase, Hit is the annual 
average humidity of unit i in the t phase. 

3.4. Co-Integration Test of Each Index in FGHM  

In order to avoid spurious regression [40], we used the co-integration test of ln (F), ln(G) and ln(H). 

The Pedroni (Engle-Granger based) method, Kao (Engle-Granger based) method and Fisher 

(combined Johansen) method were used to perform the test. The trace test and Max-Eigen test both 

rejected the null hypothesis at a 1% significance level. There is a co-integration relationship among the 

variables and there are three co-integration vectors.  

After examining the above three test methods, the results show a co-integration relationship among 

ln(F), ln(G), and ln(H). There is a long-term equilibrium relationship among economic development, 

climate change and fire situation change in urban China between 2000 and 2009. In the short term, the 

fire situation may deviate from average value, and it will return to the equilibrium situation determined 

by the economic development level and climate situation as time goes by. Therefore, it is feasible to 

build a regression function based on the three variables and the FGHM model is efficient. 

3.5. The Fire-Space Dynamic Model 

The autocorrelation of a temporal series must be considered when analyzing natural environment 

and socio-economic problems. The values before and after some points are correlated, which reflects 

the regularity of temporal series. The spatial panel data model combines both the cross-section and 

time series panel data. This model is widely used because it takes into consideration both variables’ 

regional difference and time influence and avoids the multi-collinearity towing to the missing 

independent variables. The SDM is one of the spatial panel data models that has been developed 

recently, and it can reflect the dynamic change of research sample both in space and time. It not only 

considers the spatial lag of explained variables, but also considers the time lag and spatial time united 

lag. Thus, this model has more explanatory strength [41]. 

The basic form of SDM is as follows: 

0 0 , 0 ,nt n nt n t p n n t p nt n n nY W Y Y W Y X cλ γ ϕ β ε− −= + + + + +   (6)
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where Yn is the dependent variable, Xn, βn is the cross-section explanatory variable k-dimensional 

vector and k-dimensional parameter corresponding to i = 1, 2,…, N. Wn is the spatial weight matrix, cn 

is the intercept, εn is the random error vector, Yn,t-p is the time lag p-order time lag, λ0, γ0, φ0 is the 

parameter of spatial lag, time lag and spatial and time united lag.  

The FGHM does not consider the spatial correlation of the fire situation. The fire occurrence rate of 

cities tended to increase from 2000 to 2002 and started to decline from 2002 to 2009. The same trend 

is reflected from the autocorrelation Moran index (Figure 2). Each year’s Z(I) value is larger than 1.96 

and illustrates the significant autocorrelation of the fire occurrence rate each year. The fire occurrence 

rate in mainland China has significant spatial accumulative features. Regions with a high fire 

occurrence rate are located near regions with a high fire occurrence rate; similarly, regions with a low 

fire occurrence rate are located near areas with a low fire occurrence rate.  

 

Figure 2. Fire rate and global Moran Index from 2000 to 2009. 

Given that the fire distribution has spatial accumulative features, the spatial autocorrelation of fire 

should be considered in the analysis. The effect of spatial factors on the change in the fire occurrence 

rate is very important because there are imitative, competitive and cooperative behaviors in terms of 

the productive level, living standard and fire safety management of the surrounding regions. Moreover, 

the fire analysis should also consider the dynamic effect of time considering that the fire situation 

change is continuous and gradual. Therefore, the fire SDM (FSDM) is constructed after an extension 

of the FGHM based on the SDM: 

1 2 3 4 , 1 5 , 1ln( ) ln( ) ln( ) ln(( ) ) ln( ) ln(( ) )it i it it t N it i t t N i t iF G H I W F F I W Fα α β β β β β μ− −= + + + + ⊗ + + ⊗ +  (7)

where α is the average intercept value of each section, αi is the deviation value between the intercept of 

each section and average value of α. μi is the residual value of each section, Fit is the fire occurrence 

rate of section i of the t phase (number/ million people), Git is the GDP per capita (thousand yuan) of 

section i of the t phase, Hit is the annual relative humidity(%), It is the unit matrix, WN is the spatial 

weight matrix, β1, β2, β3, β4, β5 is the spatial lag parameter, time lag parameter, spatial and time united 

lag parameter of the fire occurrence rate. 

If adopting the spatial weight based on adjacency relation, the spatial lag variable is the average 

value of K surrounding regions, that is 
1

1
' ( )

k

it t N it it
i

F I W F F
k =

= ⊗ =  , 'itF  is the average fire occurrence 
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value of K surrounding areas in unit i of the t phase. Then FSDM can be simplified  

as follows:  

1 2 3 4 , 1 5 , 1ln( ) ln( ) ln( ) ln( ') ln( ) ln( ')it i it it it i t i t iF G H F F Fα α β β β β β μ− −= + + + + + + +  (8)

where 'itF  represents the 1-order spatial lag parameter of the fire occurrence rate, , 1i tF −  is the 1-order 

time lag parameter of the fire occurrence rate, , 1 'i tF −  refers to the 1-order time and spatial unit lag 

parameter of the fire occurrence rate. 

The FSDM is as follows based on the estimation of EVIEWS6.0: 

, 1 , 1ln( ) 4.63 0.15ln( ) 0.99ln( ) 0.57ln( ') 0.54ln( ) 0.20ln( ')it i it it it i t i t iF G H F F Fα μ− −= + − − + + + − +  (9)

The fit of the model is good. All the parameters pass the 1% significance level test. The goodness of 

fit of this model is 0.94. The adjusted RR reaches to 0.93 and natural logarithm of the likelihood value 

is −4545.30. All these values illustrate that the model has a high degree of fitting. 

4. Result Analysis  

4.1. The Spatio-Temporal Features of China Fires 

In Equation (1), the GMI result of urban fires each year indicated by Figure 2 shows that Z(I) is more 

than 1.96 each year. Residuals are examined by spatial autocorrelation, achieving the significant result of 

their Moran’s I less than 0.05 in average in 2003, 2004 and 2009 while insignificant during other years 

by contrast [42–44]. It illustrates the significant autocorrelation of the fire occurrence rate each year. 

Table 2. The statistical tests of the post-fit residuals. 

 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Moran’I −0.02 0 0.07 0.03 0 −0.01 −0.02 −0.01 −0.04 
Z −1.44 0.17 4.99 ** 2.32 * 0.47 −0.58 −0.97 −0.2 −2.38 * 

* and ** represent significant difference at a level of 0.05 and 0.01, respectively. 

GIM increased from 0.23 to 0.36 from 2000 to 2002, which represents the higher level of spatial 

agglomeration of China fires occurrence rate. The following decreasing trend shows the lower level of 

its spatial agglomeration, taking on the dispersion trend instead. The trend of fire spatial agglomeration 

is consistent with that of the overall fire occurrence rate of China (Figure 2). Since then governments 

of all levels have enhanced the fire safety management and its investment, thus decreasing the fire 

occurrence rate. 

LMI index in Equation (2) indicates the fire agglomeration features of some local areas (seen in  

Figure 3). There are significant fire spatial agglomeration phenomenon in local China. Each year the 

HH units are mainly distributed in northeast, central-north part and Xinjiang province of China. In 

early periods, they also gather in Bohai Rim and Yantze River Delta, which are the important areas for 

fire prevention and protection. LL units mainly spread in southwest part of China with low level of fire 

occurrence rate due to the local warm and humid climate yet underdeveloped economy. As for LH and 

HL units, the spatial correlation is not that obvious with little distribution for each year. Table 3 shows 

the number of cities for each type of area. During the period from 2000 to 2009, the number of HH 



Sustainability 2015, 7 9743 

 

 

units gradually declined year by year. The urban spatial agglomeration of high fire occurrence rate has 

become weaker and tended to be randomly distributed with decentralization. LL units experienced 

oscillating declines in amount and totally disappeared after 2007. The spatial agglomeration of low fire 

occurrence rate took on a random and dispersed distribution. After 2007, the adoption of a related 

national policy contributed to the constant decreasing fire occurrence rate, evidenced by the following 

regulations. In 2006, the State Council issued The State Council Opinion on Further Strengthening.  

  

Figure 3. The analysis result on fire occurrence rate local autocorrelation of 2000 to 2009. 

The Work of Fire (Guo Fa [2006] No.15), depending on which governments of all levels and public 

security fire departments launched a nationwide investigation and remediation of fire hazards, further 

enhancing the fire supervision and management. The Ministry of Public Security, the National 

Development and Reform Commission and the Ministry of Finance jointly issued the “The 3rd-Phase 

Promotion Planning of Fire Fighting Equipment” on 29 May 2007, in which a decision was made that 

from 2007 to 2010, with the total investment of 931.3 million yuan mainly subsidized by central 

government and partially supported by local government, 120 public security fire secret squadrons 

would be established in China’s main cities and areas, gradually improving the fire aid system and 

enhancing the capacity to withstand major disasters and accidents. All these measures have effectively 

curbed the fire occurrence, providing guarantee for social steady and harmonious development.  
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Table 3. The units number of each type of local autocorrelation, 2000 to 2009. 

Year HH HL LH LL 

2000 47 6 4 33 

2001 43 5 4 52 

2002 43 3 3 49 

2003 40 7 3 24 

2004 40 4 4 32 

2005 41 7 4 13 

2006 35 8 2 15 

2007 18 5 1 0 

2008 21 3 1 0 

2009 17 2 1 0 

 

Figure 4. The classification of fire occurrence rate time series trend. 

To apply the method of “Three Points Moving Average Algorithm” in calculating the correlation 

coefficient Pearson(r, t) from 2000 to 2009, of which r refers to the fire change rate and t for time. The 

result that Pearson(r, t) less than −0.5 represents the negative correlation between t and r, i.e., the fire 

occurrence rate taking on the declining trend with the time passing by; by contrast, if Pearson(r, t) is 

over 0.5, the correlation between t and r is positive, which means the fire occurrence rate is increasing 

year by year. As for the units, we use t as the independent variable and r as the dependent variable to 

calculate the slope(r, t), which reflects the degree or speed of r. According to the calculation results, 

the cities around the nation can be classified into three types: Improved areas: Pearson(r, t) < −0.5, 

decreasing fire occurrence rate. The higher slope(r, t) absolute value shows the accelerated 

improvement trend; Worsened areas: Pearson(r, t) >0.5, increasing fire occurrence rate. The higher 

slope(r, t) absolute value means the faster deterioration trend; Fluctuated areas: −0.5 ≤ Pearson(r, t) ≤ 0.5, 

fluctuations or no significant features in fire occurrence rates (Figure 4). 

There are in total 186 cities with improved areas, mainly distributed in the northeast, northern, 

eastern, southern part of China. In recent years, the fire occurrence rate has gradually declined, 

especially in northeast China. The area has a relatively developed economy and has achieved 

remarkable results in fire disaster prevention and reduction within the sound development cycle.  
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There are in all 74 cities that have worsened areas, mainly distributed in the west of Heihe-

Tengchong Line, as well as Shaanxi and Hubei provinces. The urban fire occurrence rate increased 

relatively quickly influenced by development. Economic development has been promoted later in this area, 

however, fire safety has not developed at the same rate, thus leading to the higher fire occurrence rate.  

There are 77 cities in total in the fluctuation area, distributed in southwest China. The area can be 

described in terms of the following three situations: firstly, the fire occurrence rate initially trended 

upwards and then downwards, i.e., the fire occurrence rate worsened during the early stages and then 

improved more recently; secondly, the fire occurrence rate declined at first and then increased, i.e., the 

fire occurrence rate demonstrated a sound trend but later worsened; thirdly, the fire occurrence rate 

continually fluctuated. These units are expected to further enhance fire supervision and management in 

the future to prevent a worsening trend and are expected to achieve gradual improvements. 

4.2. The Influence of GDP and Humidity 

The distribution of the average fire rate from 2000 to 2009 is shown in Figure 2. The urban fire 

occurrence rate distribution in China shows a high occurrence rate in the north and a low rate in the 

south; the eastern area also has a higher occurrence rate than the western area (Figure 5a). This is in 

accordance with the regional climate conditions and the regional economic development level on  

a whole. In China, the southern area is warm and wet while the northern area is cold and dry  

(Figure 5c,d). The eastern area is well developed and the western area is less developed (Figure 5b). 

 

Figure 5. The average fire rate, temperature, GDP per capita and relative humidity of 

China, 2000 to 2009. 

(1) The influence of GDP on the fire situation. The parameter of economic factor (β1) is negative. 

This indicates that economic development helped to improve the fire situation in general. This is 

consistent with research from other countries. However, we obtained different results after analysis 

because we chose data from the late 1990s to early 2000. During this important period of economic 

transformation, there was a lack of firefighting investment in each city. The cost of firefighting 

equipment was very high and the numbers of those fighting the fires was relatively small. The fire 

safety level and ability to respond to emergencies was affected by a lack of public firefighting 
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facilities. Therefore, the fire risk and fire occurrence rate increased prior to 2002. After 2003, all levels 

of government increased their fire safety management, investment and prevention, and strengthened 

their fire response capability. The fire occurrence rate decreased with rapid economic development. 

From 2000 to 2009, economic development reduced the fire occurrence rate. A 1% increase in GDP 

per capita led to a 0.15% decrease in the annual average fire occurrence rate.  

On the one hand, according to our analysis results, economic development led to an increase in fire 

occurrences, and the accumulation of people and goods associated with economic development 

increased the likelihood of fire accidents. This is not good for fire prevention and control. On the other 

hand, our results showed that economic development also has an inhibitory effect on fire occurrences 

as economic growth can increase fire safety investment and strengthen fire prevention and control, and 

improve fire safety at a management level. Therefore, economic development has a dual effect on the 

fire situation. There are different results for different economic development periods in different 

regions; this has been illustrated by a historical analysis undertaken by Liang and Ren [45]. The 

Chinese government first introduced the “Fire Statistic Management Rule” (implemented in 1990) in 

1989, and this ruling was revised in 1996 (implemented in 1997); this explains the statistical standard 

change during this period and why the fire occurrence rate fluctuated sharply between 1990 and 1997, 

as shown in Figure 6.  

 

Figure 6. Per capita GDP and fire rate of China, 1980 to 2009. 

(2) The influence of humidity change on fire situation change. The “National Climate Change 

Assessment Report I: the History and Future Trend of Chinese Climate Change” pointed out that 

China has the same pattern of climate change as other regions in the world, and, on average, the 

climate is warmer and drier than that in Northern hemisphere regions or other parts of the world [46].  

Xu et al. proposed that there will be a visible warming/drying pattern in most Chinese regions in the future 

(2011 to 2080) [47]. Figure 4 also illustrates the significantly arid climate in 2000 and 2009.  

The parameter of the climate factor (β2) in the FSDM is negative; this means that a drier climate has 

a negative effect on the fire situation. Because combustible matter exists in the atmosphere, it 

exchanges energy and material and keeps in water equilibrium with the surrounding environment. 

When a combustible is burned, the water will first parch and then evaporate and decompose into 

combustible gas. Therefore, the drier the climate, the lower the water content, as well the lower the 

fire-burning energy, or latent heat of evaporation, the higher the fire risk. Considering only the effect 
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of the humidity factor on fire, a 1% decrease in the annual average relative humidity can lead to a 

0.99% increase in the national average fire occurrence rate.  

Figure 4 shows the decreasing trend of the overall fire occurrence rate in China; the change in rate 

was the combined result of economic development and climate change. Although the warming/drying 

trend in China had a negative effect on the fire situation, economic growth reversed this trend and 

improved the overall fire situation in China after 2003. Given that the sensitivity (β2 = 0.99) of the fire 

occurrence rate to the annual average relative humidity change was greater than that of the GDP  

(β1 = 0.15), the Chinese government has made progress in facing the challenge of the negative effect of 

climate change on urban fires. As the climate becomes drier, the fire prevention and control challenge 

becomes much greater. Therefore, it is necessary to increase the investment in fire safety and prepare a 

contingency plan in order to reduce the fire occurrence rate. 

4.3. The Spatio-Temporal Regulation of China’s Urban Fires 

(1) Fire assimilation effect. The fire assimilation effect refers to the process whereby people’s 

attitude and behavior gradually moves toward the attitude and behavior of a reference population or 

people. It is an unconscious adjustment of individuals, who are imperceptibly influenced by the outside 

environment. In neighboring cities, people have similar living habits and the fire risk situation is 

broadly similar. There may be comparative and imitative behavior patterns that should be considered 

when managing and investing in fire safety. The fire situation in one region is affected by that in the 

neighboring region. This is called the “fire assimilation effect”. The spatial lag parameter (β3) in the 

FSDM can be viewed as the fire assimilation effect; the larger the absolute value of β3, the stronger the 

fire assimilation effect, and vice versa.  

The spatial lag parameter (β3) is positive and significant at a 99% confidence interval. This means 

that the fire situation has a significant assimilation effect. The fire situation in certain regions is not 

only affected by factors in these particular regions by self-factors, but also influenced by the fire 

situation in neighboring regions. An improvement or deterioration in the fire situation can lead to an 

improvement or deterioration in neighboring regions. The estimated value of the spatial lag parameter 

(β3) is 0.57; this means that a 1% increase in the fire occurrence rate in neighboring regions will lead to 

a 0.57% increase in the occurrence rate for local region.  

This result suggests that, owing to the fire assimilation effect, there needs to be improved 

cooperation between regions in order to reduce the rate of fire occurrences. Fire safety administration 

departments should take joint actions and communicate with each other regarding decisions about 

policies, planning, the provision of equipment, and the management and supervision of the firefighting 

itself. All such departments are encouraged to learn from and compete with each other in order to 

improve the level of fire safety. Furthermore, the department in charge can provide demonstrations on 

fire disaster prevention and control that encourage surrounding regions to improve their own levels of 

fire safety.  

(2) Fire inertia effect. Plenty of economic magnitudes experience economic behavior inertia in  

socio-economic activities. Research shows that the fire system is linked to previous events in history 

and fire disasters have a structural continuity from the past to the present and from the present to the 

future [48]. This is called “fire inertia”. The fire inertia effect refers to the fire situation trend of being 
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consistent with the previous change trend, and there is a logical relationship between the fire situation 

at one time point and the fire situation at an earlier time point. The fire situation and its change 

experience inertia in two surrounding areas on account of similar living habits, fire safety management 

measures and socio-economic production behavior. Therefore, regions where fire accidents occur 

frequently in an earlier period will be most likely to suffer a fire accident in the future. Regions where 

the fire situation is improved in the early days will continue to improve in the future. The time lag 

parameter (β4) in the FSDM represents the fire inertia effect. The larger the absolute value of β4, the 

larger the fire inertia effect, and vice versa.  

The time lag parameter (β4) is positive and significant at a 99% confidence interval. This means that 

the fire inertia effect is significant based on fire disaster data in China. The estimated value of the time 

lag parameter (β4) is 0.54, which indicates that a 1% decrease in the previous fire occurrence rate will 

lead to a 0.54% decrease in the current fire occurrence rate. The parameter of the fire inertia effect  

(β4 = 0.54) and the assimilation effect (β3 = 0.57) are roughly the same and reflect the similar positive 

effect of both the internal (fire inertia effect) and external (fire assimilation effect) factors on the fire 

situation in one region.  

This result suggests that the fire inertia effect should be fully utilized. Specifically, for regions that 

have a fire deterioration trend, the relevant departments should increase the safety investment in large 

fire prevention and control and also strengthen the management of fire safety in order to eliminate the 

fire inertia effect; these actions would help to reverse the fire deterioration trend. In those areas where 

the fire situation is improving gradually, the relevant departments should continue their current fire 

safety management and continue to invest in fire safety activities. They, too, should use the fire inertia 

effect to further improve the fire situation. Nowadays, the fire situation is improving gradually in 

China’s eastern areas. However, the middle and western regions still have terrible fire situations 

resulting from poor economic development and a low level of firefighting investment. Relevant 

departments should publicize their effective practical experiences to the middle and western regions 

and increase their firefighting investment in order to reduce the fire inertia effect.  

(3) Fire caution effect. Previous cases of fire in one area will alarm surrounding areas, and the 

administrative department tends to prevent any similar incidents by engaging in a safety investigation 

and examining fire risks. These measures decrease the fire risk; this is called the “fire caution effect”. 

The spatial and time-united lag parameter (β5) in the FSDM illustrates this effect; the larger the 

absolute value of β5, the more significant the fire caution effect, and vice versa.  

The spatial and time-united lag parameter (β5) is negative and significant at a 99% confidence 

interval; this illustrates that fire accidents in China have a significant caution effect. Previous fire 

accidents in one region will alarm the surrounding area and reduce the fire occurrence rate in the 

surrounding area. A 1% increase in previous fire accidents in one area will cause a 0.20% decrease in 

fire accidents in the surrounding region. This result suggests that related departments can learn from 

fire accidents in the surrounding area, and can investigate and eliminate fire risk based on the fire 

caution effect.  

There are differences and connections between the fire caution effect and the fire assimilation 

effect. The fire assimilation effect analyzes the spatial section at a specific time point and reflects the 

fire spatial autocorrelation; the fire inertia effect analyzes the time series of fire and demonstrates the 
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time connection in some regions; the fire caution effect combines the assimilation effect and the inertia 

effect and analyzes the time series as well as the spatial section.  

However, the fire caution effect is only a remedial strategy because the parameter of this effect  

(β5 = −0.20) is obviously lower than that of the fire assimilation (β3 = 0.57) and inertia effects  

(β4 = 0.54). Therefore, strengthening the management of fire safety and regional cooperation are key 

points in improving the fire situation.  

5. Conclusions and Discussion  

Fire situation change results from a combination of economic development and climate change. The 

response sensitivity of fire situations to climate change is higher than the sensitivity to economic 

development. A 1% increase in GDP per capita will lead to a 0.15% decrease in the average fire 

occurrence rate in China; however, a 1% decrease in the annual average humidity will lead to a 0.99% 

increase in the average fire occurrence rate in China. As the future climate will be drier, this will 

present further challenges and put pressure on preventing and reducing fire accidents. Society must 

pay close attention to the effect of drier climates on fire situations and increase the safety investment in 

preventing conflagrations.  

The urban fire situation in China experiences significant spatial effects, which may be referred to as 

“fire assimilation effects”, “fire inertia effects” and “fire caution effects”. With the fire assimilation 

effect, the improvement or deterioration of a fire situation in a surrounding area will bring about an 

improvement or deterioration of a fire situation in a local area. The fire inertia effect demonstrates that 

regions where fire accidents occur frequently previously are most likely to suffer from fire accidents in 

the future. Regions where the fire situation is improved early on will continue to improve in the future. 

With the fire caution effect, previous fires that occurred in adjoining areas will have a cautionary effect 

on the local area and reduce the fire rate in those areas. Fire safety administration departments should 

take full advantage of these effects and take active measures to improve fire situations.  

This paper also has some shortcuts. Considering the data availability and the objective of 

microanalysis of fire change, this paper only included GDP per capita as the representative indicator of 

economic development. However, macroeconomic factors such as the economic system, industry 

structure, education level and income level may also have an influence on the frequency of urban fires. 

Further research should continue to analyze the influence of the aforementioned factors so that  

research-led policy may be adopted by government. Otherwise, the degree of spatial autocorrelation of 

variables depends on the size of spatial particles and zone design methods. However, there is no 

determined function relationship between the change of spatial units and the autocorrelation. So, how 

to choose the appropriate size of geographical unit particles and zone design are very important in the 

research of spatial autocorrelation [49]. It should be studied further.  
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