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ABSTRACT 

China, one of the most populous countries in the world, has suffered the highest number of natural 
disaster-related deaths from fire. On local scales, the main causes of urban fires are anthropogenic in nature. 
Yet, on regional to national scales, little is known about the indicators of large-scale co-varying urban fire 
activity in China. Here, we present the China Fire History Atlas (CFHA), which is based on 19 947 
documentary records and represents fires in urban areas of China over the twentieth century (1901–1994). 
We found that temperature variability is a key indicator of urban fire activity in China, with warmer 
temperatures being correlated with more urban fires, and that this fire–temperature relationship is 
seasonally and regionally explicit. In the early twentieth century, however, the fire–temperature relationship 
was overruled by war-related fires in large urban areas. We further used the fire–temperature relationship 
and multiple emissions scenarios to project fire activity across China into the twenty-first century. Our 
projections show a distinct increase in future urban fire activity and fire-related economic loss. Our findings 
provide insights into fire–climate relationships in China for densely-populated areas and on policy-relevant 
time scales and they contribute spatial coverage to efforts to improve global fire models. 

Keywords: fire–climate interactions, global warming, fire history network, urban fires, fire management 

I
F  

c  

t  

c  

i
7  

p  

U  

c  

h  

d  

d  

h  

f  

w  

fi  

t  

fi

Fig. S1). On local scales, factors such as occupant 
behavior, urban design, fire service performance, 
building code enforcement, and quality of home 
electrical products influence the occurrence of urban 
fires [11 ]. The mechanistic drivers of urban fire ac- 
tivity on larger scales, however, are largely unknown 
[14 ,15 ]. We know from wildfire–climate studies that 
rising temperatures and increasing droughts, com- 
bined in some regions with fuel accumulation due to 
long-term fire suppression, have contributed to the 
global increases in wildfire frequency and severity in 
late twentieth century [16 –19 ]. The majority of such 
fire–climate studies, however, have focused on wild- 
land fires and most studies—but not all [20 –22 ]—
are focused on North American landscapes. Urban 
fire regimes are more complex because of the mani- 
fold interactions with human activities. An improved 
understanding of the roles of climate and human 
activities on urban fires, as well as future trends in 
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NTRODUCTION 

ire is an earth system process that affects human
ommunities and infrastructure, ecosystem struc-
ures and functions, and the local to global carbon
ycle. It is an environmental process that signficantly
mpacts both the atmosphere and global climate [1 –
 ], while weather conditions in turn shape the tem-
oral and spatial attributes of regional fires [8 –11 ].
rban fires that occur in densely populated areas (in-
luding the city center and neighboring rural areas)
ave the most severe socioeconomic impacts. They
estroy more property, create dangerous living con-
itions for more people, and increase the chance of
uman casualties compared to wildfires. In China,
or instance, the most populated country in the world
ith the highest number of large cities, fire ranks
rst in natural disaster-related deaths, with more
han 10 0 0 0 people [12 ,13 ], including residents and

refighters, dying in fires each year (1950–1994; 
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Figure 1. Spatial and temporal distribution of the China Fire History Atlas (CFHA). (A) Number of fires per 1° × 1° grid point in the CFHA (1904–1994), 
(B) total number of fires in the CFHA per year (1901–1994). Approval number: GS Beijing (2024) 0710. 
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rban fire activity is essential for policy-makers to
evelop strategies to better control urban fires under
uture climate changes. 
To reveal the role of climate and anthropogenic

actors in urban fires on large scales, we present
 comprehensive temporally and spatially explicit
atabase of the fire history of China in the twenti-
th century. We compiled 19 947 documentary fire
ecords obtained from archives, libraries, and local
hronicles from ∼660 cities in China [13 ], spanning
901–1994 (see methods section; Fig. 1 ). Date, lo-
ation, cause, and severity of each fire were recorded
see Supplemental Information, Photo S1). We then
ggregated the individual fire data into a 1° × 1°
ridded fire network—the China Fire History Atlas
CFHA). The CFHA mainly recorded significant
res with socioeconomic effects, and the routine
rop residue burnings to enrich soil during the har-
est seasons are not included. To validate CFHA,
e extracted the urban fires from the Moderate Res-
lution Imaging Spectroradiometer (MODIS) fire
roduct MOD14A2 ( Supplemental Information).
t confirmed that both spatial distribution patterns
nd seasonality are consistent between CFHA and
ODIS fire products ( Figs. S2 and S3), suggesting

he robustness of our dataset. 

ESULTS 

patiotemporal variability of urban fires 
nd their anthropogenic drivers 
FHA has a dense coverage over eastern China,
articularly in the largest Yangtze River Delta City
roup (e.g. Shanghai and Nanjing), the second
argest Beijing–Tianjin–Hebei City Group, and the
hird largest Pearl River Delta City Group (e.g.
Page 2 of 11
Hong Kong and Guangzhou) (Fig. 1 A). But the 
CFHA shows a poor coverage for western China 
(e.g. Tibetan Plateau and Xinjiang area) and part 
of Inner Mongolia where cities are sparsely dis- 
tributed (Fig. 1 A). The majority of fires in the 
CFHA are anthropogenic in nature (53% overall; 
Fig. S4A) and are caused by arson, accidents, etc. 
( Supplemental Information), and reflect the urban 
character of the CFHA. The fire time series for China 
shows more fires before than after 1949 (the foun- 
dation of the People’s Republic of China) and a 
steady increase in the number of urban fires since 
1970 (Fig. 1 B). The high fire activity before 1949 
occurred primarily in central China and large cities 
( Figs. S4 and S5) and is likely related to the frequent 
wars during that period. Indeed, peaks in the urban 
fire time series occurred during the Chinese Revolu- 
tion of 1911, the Northern Expedition (1926–1928), 
World War Ⅱ (1931–1945), and the War of Libera- 
tion (1945–1949) (Fig. 1 B and Fig. S6) [23 ]. More 
than half (53%) of the war-related fires were large or 
very large fires. Such war periods in China tended to 
be focused in large cities with high population den- 
sity, where war caused urban fires directly, as well 
as through the associated social chaos that allowed 
robbers and bandits to burn and loot [13 ,23 ]. Lim-
itations in fire-figh ting ca pacity in reside n tial a reas
might also have contributed to the high fire activ- 
ity before 1949. Fire-figh ting ca pacity improved af- 
ter 1949, resulting in a decrease in urban fire activ- 
ity, despite a rising population and urbanization in 
China starting in the 1950s ( Fig. S7). The influence 
of increased fire-figh ting ca pacity may have been lim- 
ited in rural areas, however, where firefighters have to 
travel long distances to a fire and cannot reach it in a
timely fashion. 
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Figure 2. Fire seasonality maps of China. Percentage of fires (1901–1994) per grid point in the CFHA occurring in (A) winter (January–March), Southwest 
(96°–107°E, 21°–27°N), (B) spring (April–June), Northeast (115°–133°E, 40°–53°N), (C) summer (July–September), Central (103°–110°E, 27°–33°N), 
and (D) autumn (October–December), South (107°–117°E, 21°–26°N). Red frames indicate the region with the highest percentages for each season 
used for further analysis (Fig. 4 and Fig. S9). Approval number: GS Beijing (2024) 0710. 
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The more recent increase in urban fires (1950–
994; Fig. 1 B) can be related to China’s rapid ur-
anization ( r = 0.72, p < 0.001), economic growth
 r = 0.66, p < 0.001), and population growth
 r = 0.65, p < 0.001) [24 ], which resulted from
he Chinese government’s focus on Reform and
pening-up policy and Economic Growth [14 ]. The
elative importance analysis indicated that the con-
ribution of urbanization, economic growth, and
opulation growth are all higher than that of cli-
ate factors ( Fig. S8). With economic growth, ur-
anization and industrialization developed rapidly
nd substantial wealth was increasingly accumulated
n cities [25 ]. With more and more fuels used in ur-
an construction and consumption of electricity and
re, this led to an increased agglomeration of poten-
ial ignition sources [26 ]. At the same time, electri-
Page 3 of 11
cal failures due to overextension of the electric grid 
and aging wiring in super-scale and complex build- 
ings induced increasingly frequent accidental fires. 
Every city in China sti l l suffered from fire-figh ting in- 
vestment shortages during this period of economic 
transformation, and the fire safety level and ability to 
respond to emergencies was affected by the lack of 
public fire-figh ting facilities [15 ]. 

On a national scale, urban fires were evenly 
distributed seasonally, with fires common in win- 
ter ( January–March: 28%), autumn (October–
December: 27.4%), and spring (April–June: 26.4%), 
but less common in summer ( July–September: 
18.2%) (Fig. 2 ), in which fire season was defined by
fire patterns in China (see Methods section). Fire 
seasonality varied strongly spatially (Fig. 2 ). Most 
winter fires occurred in southwestern China (e.g. 
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unnan province; Fig. 2 A), where winters are warm
13.9°C, absolute temperature from CRU TS 3.24)
nd dry ( Fig. S9). Spring is the dominant fire season
n northeastern China (Fig. 2 B), where winters are
enerally cold and snow-covered and the climate
uring or before late spring is characterized by strong
inds [20 ]. Fire risk is generally low in summer in
hina (Fig. 2 C), due to the high precipitation asso-
iated with the summer monsoon. Yet, even under
he wet conditions of the monsoon season ( Fig. S9),
res sti l l occurred in central China because of its
ot climate (e.g. Chongqing City is one of the three
ottest cities in China). Finally, fire activity in the
ubtropical areas of south China (e.g. Guangdong
nd Guangxi provinces) and west-central China is
oncentrated in autumn, a post-monsoon season
ith a relatively hot and dry climate (Fig. 2 D).
n addition to this, the duration of the fire season
n the South is much longer than in northeastern
hina due to a lack of snowpack ( Fig. S9). The
patial distribution of seasonal urban fires indicates
he potential influence of climate conditions and
uggests the need to identify potential climate
ndicators. 

emperature as the key climate indicator 
f urban fires 
fter excluding the effect of anthropogenic activi-
ies, temperature was the dominant climatic factor in
rban fire variability, contributing much more than
recipitation and drought ( Fig. S8). In order to fur-
her identify the impacts of climate on extreme fire
ears, we composited temperature and drought con-
itions over the large fire years of the CFHA (Fig. 3
nd Figs. S10 and S11). In more than 75% of the grid
oints, fire years were warmer and drier than average
Fig. 3 A and B). The fire–climate relationship was
tatistically significant for nearly one-third (31%) of
he grid points for temperature (Fig. 3 A), but for
nly 7% of the grid points for drought (Fig. 3 B).
he fire–drought relationship, however, was more
patially robust, with fire years in more than 83% of
he grid points occurring during dry years. Low-fire
ears, on the other hand, were generally cooler and
etter than normal (Fig. 3 C and D). This relation-
hip was most spatially robust for temperature, with
4% of the grid points showing cold conditions dur-
ng low-fire years, and was most pronounced in the
ortheastern region, where 50% of the grid points
howed significant results. Composite maps of the
° × 1° and 2° × 2° networks had similar patterns
 Figs. S10 and S11). 
We compiled all fire years, not only the ex-

reme years, in one time series (1901–1994) and
roduced the China Fire Chronology (CFC). The
Page 4 of 11
CFC is composed of standardized time series (see 
Methods section), thus diminishing the contribu- 
tion of a few large cities with high fire num- 
bers in the composite time series. A fire–climate 
correlation analysis based on the CFC showed that 
temperature variability trumped moisture variability 
in its influence on urban fire activity ( Fig. S12). Dur- 
ing 1901–1994, the CFC was strongly significantly 
positively correlated with mean annual temperature 
(MAT) ( r = 0.58, p < 0.001), but we did not find
strong correlations with precipitation ( r = 0.004, 
p > 0.1) or drought indices (Palmer Drought Sever- 
ity Index (PDSI), r = 0.12, p > 0.1; Standardized 
Precipitation Evaporation Index (SPEI), r = 0.28, 
p < 0.01). To verify that the fire–temperature re- 
lationship was not influenced by a drastic change 
in the number of meteorological stations after 1949 
[27 ], we calculated the CFC–MAT re lationship for 
the post-1950 period separately and found a simi- 
larly strong significant positive correlation ( r = 0.57, 
p < 0.001, 1950–1994). We further verified that 
the CFC–MAT relationship was not solely driven 
by a simultaneous—but not necessarily related—
upward trend in both records, for example, due to a 
simultaneous temperature and population increase. 
For this purpose, we high-pass filtered ( f > 0.05) the
CFC and MAT time series and found that CFC and 
MAT were also positively related at the interannual 
scale ( r = 0.41, p < 0.001, 1901–1994). The correla-
tions between fires and the minimum and maximum 

temperatures were similar to the mean temperatures 
( Table S1). By contrast, we found only a weak corre- 
lation between CFC and population size (raw data, 
r = 0.56, p < 0.001, 1901–1994; high-pass filtered 
data ( f > 0.05), r = 0.22, p < 0.05, 1901–1994). 

We also found a significantly positive correlation 
( r = 0.25, p < 0.05, 1901–1994; Table 1 ) when com-
paring the total (non-standardized) annual number 
of fires in China (Fig. 1 B) to MAT. This correlation
is stronger for the more recent half of the period 
( r = 0.57, p < 0.01, 1950–1994) compared to the first
half ( r = 0.25, p < 0.1, 1901–1950). To test whether
the fire–temperature relationships are influenced by 
the cities with a particularly high number of fires, 
we compared temperature with the number of fires 
in high-fire-number areas (31 grid points with more 
than 100 fire activities for each grid, namely large 
cities) versus fires in low-fire-number areas (551 grid 
points with less than 100 fire activities, namely small 
cities). We found that the relationship with fires in 
low-fire-number areas is consistently strong through 
time (Table 1 ), whereas in high-fire-number areas 
it is only significant after 1950 ( r = 0.52, p < 0.01,
1951–1994). This confirms that high-fire-number ar- 
eas in the early twentieth century, particularly in the 
1930s (Fig. 1 B and Fig. S5), were likely caused by 
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Figure 3. Climate anomalies during fire and non-fire years from 1901 to 1994 in the CFHA using the superposed epoch analysis method. Annual 
temperature (A and C) and SPEI (B and D) anomalies during the 20 largest fire years (A and B) and non-fire years (C and D) per 5° grid point in the CFHA 
(1901–1994). Blue/yellow colors indicate negative (cold or dry) anomalies, and red/green colors indicate positive (warm or wet) anomalies. Dark colors 
indicate statistical significance at the 95% level as identified based on a two-sample t -test. Approval number: GS Beijing (2024) 0710. 

Table 1. The relationship between fire and climate in China for three periods in the twentieth century. Pearson correlation 
coefficients between mean annual temperature and number of fires in China. 

1901–1950 1951–1994 1901–1994 

All fires 0 .25* 0 .57*** 0 .25** 
Super, very large and large fires 0 .57*** 0 .60*** 0 .49*** 
Medium and small fires 0 .08 0 .33** 0 .04 
High-fire-number areas 0 .06 0 .52*** 0 .10 
Low-fire-number areas 0 .57*** 0 .57*** 0 .59*** 

* p < 0.1, ** p < 0.05, *** p < 0.001 
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ars, rather than by warm temperatures. Large urban
reas were the first to bear the brunt of these wars
23 ] ( Figs. S4 and S6) and their fire–temperature re-
ationship was likely overruled by war-related fires.
e also used long meteorological data records to test
Page 5 of 11
the climate–fire relationships for six big cities (Bei- 
jing, Shanghai, Guangzhou, Taiyuan, Xiamen, Wen- 
zhou) with both continuous meteorological and fire 
records, the results are similar to using CRU climate 
data ( Table S2). In order to clarify the effect of tem- 
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Figure 4. Climate anomalies during fire years from 1901 
to 1994 in four subregions of China using the superposed 
epoch analysis method. Temperature (red) and SPEI (pur- 
ple) anomalies determined by a composite analysis of the 
20 largest fire years in four subregions of China, indicated 
by red boxes in Fig. 2 . Southwest (96°–107°E, 21°–27°N), 
Northeast (115°–133°E, 40°–53°N), Central (103°–110°E, 
27°–33°N) and South (107°–117°E, 21°–26°N). Red/purple 
bars mark statistically significant departures ( p < 0.05) from 

mean conditions. 
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erature on urban fires with four causes, we tested
he relationship between fire and temperature and
ound that anthropogenic fires were significantly cor-
elated with MAT ( r = 0.31, p < 0.01), stronger than
he correlation between MAT and the other three
ypes of fires, proving that temperature was associ-
ted with urban fires indirectly through its influence
n human activities. We additionally tested the fire–
emperature relationships for six fire severity levels
nd found that the positive correlation is particu-
arly robust through time for large fires (Table 1 ).
n the other hand, the fire–temperature relation-
hip for small and medium fires is only significant
n recent decades ( r = 0.33, p < 0.05, 1951–1994;
able 1 ). 
The positive response of urban fire activity to

emperature is in line with the increase in wildfires
nder a warming trend in China [28 ], as well as
lobally [10 ,16 ,29 ]. One difference is that wi ld land
res often show strong responses to both tempera-
ure and drought [30 ,31 ], whereas our results sug-
est that temperature is the main climate indicator of
rban fires. The influence of drought on urban fires is
eak and mostly non-significant (Fig. 3 B). This can
e explained by the difference in nature and moisture
ontent of combustible materials in forests versus
rban areas [32 ]. The fuel load of wi ld land fires
onsists primarily of vegetation, the moisture con-
ent of which is influenced by both soil moisture
ontent and evapotranspiration [16 ,33 ]. Dry condi-
ions decrease soil moisture and as such decrease
he moisture content of vegetation and dead fu-
ls. The situation is different for urban fires, where
ombustible materials consist primarily of construc-
ion materials—even if more and more reinforced
oncrete material is used in urban construction af-
er the reform and opening-up policy since 1978—
he moisture content of which is also influenced by
vaporation, but not by soil moisture. Urban com-
ustible materials thus dry out and become more
ombustible with warmer temperatures and their
oisture content is thus more determined by tem-
erature. In addition to this, temperature not only
odulates combustibility but may also impact urban
res through modulating anthropogenic activities.
here is also growing evidence that people tend to
e more impatient and violent under warmer condi-
ions [34 –36 ] and ignition and arson are thus more
ikely to occur. More people working outside with
ore chances for accidental ignitions (or purposeful
hat get away from them, such as welding or burning
rash), overstressed electrical grids and sparking, etc.
just more chance of ignitions during warmer condi-
ions with more people and more outdoor activities).
The increase in urban fire activity with warmer

emperatures we find for China is consistent with
Page 6 of 11
fire–temperature relationships in other low-latitude 
regions, such as Australia [37 ] and Indonesia [11 ]. 
At higher latitudes, such as Great Britain [38 ] and 
the Northeastern US [39 ], however, the urban fire–
temperature relationship can be reversed, with more 
fire activity in cold conditions. This is particularly 
the case in cold winters, when more fire accidents 
occur due to space heaters, electric blankets, and 
fault y electricit y lines. We found generally positive 
relationships between fire activity and temperature 
throughout China, regardless of the season, latitude, 
or region (Fig. 3 and 4 ). In the three low-latitude
regions that show a distinct seasonality in their fire 
activity (Fig. 2 ; southwestern, southern, and central 
China), we found that fires typically occur during 
warm and dry seasons and conditions (Fig. 3 and 4 
and Fig. S9), which is also when wi ld land fires occur 
in these regions [40 ,41 ]. In high-latitude northeast- 
ern China, urban fires are most prevalent in spring, 
which also is a relatively warm and dry season there 
[20 ,42 ,43 ] ( Fig. S9), but were only weakly related
to regional temperature or drought variability (Fig. 4 
and Fig. S13). 

Twenty-first century projections of fire 

activity and economic loss in China 

Post-1950 urban fire activity in China has evolved 
in synchronization with urbanization and economic 
growth, but our analysis shows that at large scales, 
interannual temperature variabi lity, as wel l as a 
long-term warming trend, also played an important 
role. The evolution of urban fire activity thus also 
closely matches decadal-scale temperature variabil- 
ity, as demonstrated by low fire activity during the 

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
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Figure 5. Historical and projected number of fires, mean annual temperature, and fire-related economic loss in China. 
(A) Number of fires, mean annual temperature (1948–1994), and fire-related economic loss in China (1950–1994); projected 
(2015–2100) annual number of fires (B) and annual economic loss by fire (C) in China under two shared socioeconomic path- 
ways (SSPs). The green line represents the average annual number of fires (1948–1994) (B) and average annual economic 
loss (1950–1994) (C). The shaded areas represent standard deviations of projected annual number of fires (B) and annual 
economic loss (C). The economic loss from 1950 to 1994 was transformed through the year-by-year exchange rate of RMB to 
USD. The projected economic loss from 2015 to 2100 was transformed through the average exchange rate of RMB to USD 
in 2023. 
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elatively cool 1950s and a steady increase in fire
ctivity since the early 1970s, in synchronization
ith rising temperatures (Figs. 1 B and S12). Satel-
ite records suggest that, coinciding with a global
arming trend, the late-twentieth-century increase
n fire activity continued into the early twenty-first
entury (2001–2016) [44 ]. In addition to this, fire
ctivity and independently derived fire-related eco-
omic loss in China are strongly and positively cor-
elated ( r = 0.77, p < 0.001, 1950–1994, Table S3).
s a consequence, fire-related economic loss and
AT over China are also strongly positively corre-

ated ( r = 0.57, p < 0.001, 1950–1994, Table S3).
he average annual economic loss caused by fire in
hina from 1950 to 1994 was RMB272.4 mi l lion
 ∼US$32 mi l lion) (Fig. 5 A). 
Based on the post-1950 relationship between
AT and the total annual number of fires in China
Fig. 5 A and Table 1 ), we established a linear re-
ression model to project urban fire activity into
he twenty-first century using MAT projections from
he Coupled Model Intercomparison Project Phase
 (CMIP6) [45 ] model output. Under the Fossil-
ueled Development SSP5-8.5 scenario, annual fire
Page 7 of 11
activity in China from 2015 to 2040 was expected 
to increase by 4%–16% compared to the period 
1948–1994 (Fig. 5 B). However, from 2041 to 2100, 
the ensemble simulations predicted annual fire 
numbers up to three times the average between 
1948 and 1994. Under the Middle of the Road 
SSP2-4.5 scenario, annual fire activity in China was 
expected to grow more slowly by 2100, but sti l l in-
crease significantly (Fig. 5 B). The occurrence of ur- 
ban fires is closely related to economic loss, so we
predicted fire-related economic loss in the twenty- 
first century based on the fire–MAT regression rela- 
tionship (Fig. 5 A and Table S3). The result showed 
that the average annual economic loss from 2015 to 
2100 was expected to be 3.1 times (RMB900 mil- 
lion or US$128 mi l lion under SSP2-4.5) to 5.6 times
(RMB1.5 bi l lion or US$213 mi l lion under SSP5-
8.5) than the average annual loss from 1950 to 1994
(Fig. 5 C). Notably, annual economic loss under the 
SSP2-4.5 scenario was expected to rise to more than 
RMB1.5 bi l lion (US$213 mi l lion) by the end of this
century, while annual economic loss under the SSP5- 
8.5 scenario was expected to rise to RMB3.4 bil- 
lion (US$482 mi l lion). The result of the relationship

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
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Natl Sci Rev, 2024, Vol. 11, nwae163

b  

o  

C  

n  

d

D
T  

o  

a  

w  

a  

d  

a  

c  

l  

t  

d  

c  

s  

g
 

l  

a  

1  

t  

w  

a  

t  

T  

n  

h  

a
 

C  

h  

i  

n  

g  

a  

t  

w  

a  

s  

e
 

v  

o  

g  

m  

m  

i  

p
 

t  

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/nsr/article/11/5/nw

ae163/7666769 by The H
ong Kong Polytechnic U

niversity user on 22 July 2024
etween temperature and fire addresses that the rise
f temperature and the increase of fire activity in
hina would affect many human beings, accompa-
ied by a severe economic impact and ecological
amage. 

ISCUSSION AND CONCLUSIONS 

he CFHA is unique in its national scale coverage
ver a previously unstudied region and complements
 growing global-scale network of fire history data
hile at the same time increasing the spatial coverage
cross East Asia. We found that temperature is the
ominant climate indicator of urban fires in China
nd our projections suggest a dramatic twenty-first-
entury increase in urban fires and related economic
oss. With ongoing public concern regarding rising
emperatures affecting fire activity and its risk, our
atasets are critical for understanding the impacts of
limate change on urban fires in China and our re-
ults provide a direct data contribution to improve
lobal fire models. 
Prior to the foundation of the People’s Repub-

ic of China in 1949, we found that wars also played
n important role, particularly in large cities. Since
949, urbanization, economic growth, and popula-
ion growth have accelerated the rate of urban fires,
hile the rapid development of fire-fighting capacity
nd continuous improvement of the fire-fighting sys-
em [46 ] has suppressed the intensity of urban fires.
he contribution of these factors on urban fires is
onlinear, and it is uncertain which contribution is
igher, indicating that human activities have actually
 double-edged effect when it comes to fire. 
Our study identifies regional fire seasons in

hina, which can aid fire managers in identifying
igh fire risk areas and in seasonally concentrat-
ng suppression efforts [47 ], while better commu-
icating the complexities of fire management to the
eneral public [48 –50 ]. Urban and wi ld land fire
gencies wi l l thus need to cooperate in fire preven-
ion, such as focusing on the rapid growth of the
i ld land–urban interface [51 –53 ]. The tangible ex-
mples can be understood by the public and a broad
cientific audience, and can potentially have positive
ffects on climate policy [54 –56 ]. 
In recent years, China has witnessed a series of se-

ere urban fire incidents, leading to substantial loss
f life and property. It is imperative that the central
overnment needs to emphasize the financial invest-
ent in urban fire prevention strategies, enhance-
ent of infrastructure resilience, expansion of fund-

ng for scientific research in this domain, and raise
ublic awareness about fire prevention. 
Although this study presents the relationship be-

ween urban fires and climate and indicates the in-
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fluence of other factors on urban fires in China, it 
also identifies areas in need of improvement. (1) Due 
to data limitations, our analysis is not extended be- 
yond 1994. Future research could incorporate mul- 
tisource satellite data, human activity data, and de- 
tailed case studies of fires to analyze the driving fac- 
tors of urban fires [57 ,58 ]; (2) by integrating data
on wildfires, the study could confirm the impact of 
climate on the synergistic effects of wildfires and 
urban fires; (3) in conjunction with the distribu- 
tion of firefigh te rs a nd resource allocation, detailed 
zoning maps for urban and wi ld land fires in China 
could be developed. These efforts wi l l be helpful to
mitigate the economic and human losses caused by 
fires. 

METHODS 

Fire data 

We compiled fire data from a national fire survey 
conducted in the 1990s, in which more than 5 0 0 0
researchers and over 50 0 0 0 archives and libraries 
were involved [13 ]. The fire dataset consists of more 
than 36 0 0 0 documentary data entries that include 
the date, location, cause, and severity of individual 
fires in China. The records cover the period 4300 
BCE–1994 CE with more than half of the data en- 
tries (19 947 records) recording twentieth-century 
fire activity and we have restricted our analysis to 
these 94 years (1901–1994) with consistent data 
coverage. Over this period, fires were categorized by 
one of six severity levels (super: 1%, very large: 17%, 
large: 18%, medium: 25%, small: 33%, unknown: 
6%; Fig. S14). The definition of fire severity cate- 
gories was based on the China Fire Standards [59 ]. 
Detailed descriptions of the severity categories, as 
well as how we dealt with exceptional cases, are 
provided in the Supplemental Information, section 
‘Definition of fire severity levels.’ 

We classified the fire data as occurring in one 
of four seasons: winter ( January–March), spring 
(April–June), summer ( July–September), and au- 
tumn (October–December) and then aggregated 
the seasonal data into a 1° × 1° gridded network 
[27 ] that covers a large portion of China with 582
grid points (Fig. 1 A). The seasonal distribution of 
urban fire numbers does not follow the traditional 
or monsoon-based definition of seasons ( Fig. S15). 
Instead, fire numbers are particularly high from 

January to March, decrease from April to June, 
and rebound from July to December ( Fig. S16). 
Accordingly, we define our fire-related seasons 
based on those fire patterns, which are very similar 
to the traditional season definitions, but with a 
one-month lag. 

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
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limate data and composite analysis 
o spatially identify the climate indicator of fire in
hina, we applied a composite analysis to the CFHA
o evaluate the relationship between fire activities
nd annual temperature, precipitation, and drought
ndices (Standardized Precipitation Evapotranspira-
ion Index (SPEI); Palmer Drought Severity Index
PDSI)) at the grid point level ( Figs S10 and S11).
e derived gridded climate data from the CRU TS
.24 dataset (temperature and precipitation) [60 ],
rom the CSIC SPEI Drought Index dataset (SPEI)
61 ], and the CRU scPDSI 3.25 dataset (scPDSI)
62 ]. We have aggregated the PDSI and SPEI data
n a regular 0.5° grid to a 1° grid to facilitate com-
arisons with datasets of fire, temperature, and pre-
ipitation that were available on a regular 1° grid. 
We eliminated from the analysis 32 (out of 582)

rid points that entirely missed climate data (SPEI
nd PDSI). For the remaining grid points, we fil led
ccasional missing values in the climate dataset with
onthly means. From the remaining 550 grid points,
e selected only those grid points that had at least
 fire years—defined as years with at least one
ecorded fire—over the 94 years of analysis. This se-
ection criterion eliminated an additional 212 1° grid
oints from our analysis. For the remaining 338 grid
oints, we selected the 20 largest fire years (years
ith the highest number of fires) and used them as
vent years in a composite analysis with the four
limate parameters ( Fig. S10). For grid points with
ore than 5 but less than 20 fire years, we compos-

ted overall fire years. The significance of differences
n composite climatic conditions between the largest
re years and all other years was identified using a
wo-sample t -test. 
To circumvent elimination of a large number of

rid points due to missing values and low numbers
f fire years, and to investigate the robustness of fire–
limate relations at a broader scale, we also aggre-
ated the 1°× 1° gridded data into 2°× 2° ( Fig. S11)
nd 5° × 5° grids (Fig. 3 ). For this purpose, we
ummed the fire data for every 4 (or 25) adjacent 1°
rid points to form a 2° (or 5°) grid point. Each of
he new 2° (or 5°) grid points contained at least one
ecord in its original 4 (or 25) adjacent 1° grid points.
e selected from the 2° × 2° and 5° × 5° grids only

hose grid points that had at least 5 fire years over the
4 years of analysis. This resulted in a network of 144
° grid points and 42 5° grid points, for which the 20
argest fire years were then used in a composite anal-
sis ( Fig. S11 and Fig. 3 ). The 5°× 5° fire grid also al-
owed us to composite climate variables over low-fire
ears (Fig. 3 C and D), defined as the 20 years with
he lowest number of fires. The 1° × 1° and 2° × 2°
etworks had too many non-fire years per grid point
or this analysis. To aggregate the corresponding 2°
Page 9 of 11
and 5° grids for the four climate datasets, we had to
include some 1° grid points with missing values. In 
this case, the values of all 1° grid points within each
2° and 5° grid point were summed. The data analysis 
framework diagram is presented in Fig. S17. 

Temporal analysis 
To study the overall effect of climate variability on 
fire in China in the twentieth century and to project
fire–climate relationships into the twenty-first cen- 
tury, we combined the 582 1° grid point time series 
of the CFHA into a single time series. For this pur-
pose, we first standardized the time series for each 
grid point (giving all grid points the same mean (0)
and standard deviation (1 )) and then averaged these 
582 time series into one CFC ( Fig. S12). The CFC
puts relatively low weight on the few large cities with
high fire numbers and thus gives an overview of ur-
ban fires in the whole of China. We also calculated
seasonal CFC time series by averaging the standard- 
ized seasonal (winter, spring, summer, and autumn) 
time series for grid points in each of the four subre-
gions where fire seasonality was strongest (Fig. 2 ). 
For instance, we created a winter fire chronology 
by averaging the standardized winter fire time se- 
ries for the southwestern China region in Fig. 2 A.
Finally, to study fire seasonality and to investigate 
seasonal fire–climate relationships, we composited 
seasonal regional temperature and SPEI values for 
the 20 largest fire seasons (winters, springs, sum- 
mers, and autumns with the highest fire number) in 
each of the four subregions where fire seasonality was 
strongest (Fig. 4 ). 

To investigate the influence of temperature on 
fire activity and fire-related economic loss in China, 
we complemented the fire records with fire-related 
annual economic loss data, independently derived 
from the Fire Statistical Yearbook of China [12 ] 
(Fig. 5 A; 1950–1994). We correlated the CFC time 
series (1901–1994) and the fire-related economic 
loss time series (1950–1994) with a mean annual 
temperature (MAT) time series. The MAT time 
series was calculated as the average of the MAT val-
ues of the CRU TS 3.24 1° grid points that fall
within China’s land boundaries and cover the entire 
country. 

To project fire activity and economic loss in 
China into the twenty-first century, we calculated the 
total annual number of fires per year for the entire
country (Fig. 1 B). The total annual number of fires is
a direct measure of the severity of fires of the coun-
try relative to the CFC, which was standardized to 
have equal weight among cities. We then used the 
post-1950 relationship between this annual number 
of fires, economic loss, and MAT to create a simple
linear regression model and to project fire activity 

https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
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https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
https://academic.oup.com/nsr/article-lookup/doi/10.1093/nsr/nwae163#supplementary-data
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nd loss in China into the twenty-first century us-
ng MAT projections from the Coupled Model Inter-
omparison Project Phase 6 (CMIP6) model output
45 ]. CMIP6 includes simulations from 13 climate
odeling organizations ( Table S4) and we used the
odeled temperatures for the period 2015 to 2100.
MIP6 includes eight Shared Socioeconomic Path-
ays (SSPs) based on eight greenhouse gas concen-
ration trajectories: SSP1-1.9, SSP1-2.6, SSP2-4.5,
SP3-7.0, SSP4-3.4, SSP4-6.0, SSP5-3.4, and SSP5-
.5. We selected simulated MAT based on two of
hese trajectories (SSP2-4.5 and SSP5-8.5). We uti-
ized the 48 models to obtain 48 model projections
f the annual fire number and fire-related economic
oss. To reflect the deviation between model out-
uts, we calculated averages and standard deviations
f the MAT, fire number, and fire-related economic
oss across the 13 modeling groups (Fig. 5 B and C). 

ATA AND MATERIALS AVAILABILITY 

ll data are available in the Supplemental Informa-
ion. 

UPPLEMENTARY DATA 

upplementary data are available at NSR online. 
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