
Science Bulletin 67 (2022) 1340–1344
Contents lists available at ScienceDirect

Science Bulletin

journal homepage: www.elsevier .com/locate /sc ib
Short Communication
Spatiotemporal variation of mortality burden attributable to heatwaves
in China, 1979–2020
https://doi.org/10.1016/j.scib.2022.05.006
2095-9273/� 2022 Science China Press. Published by Elsevier B.V. and Science China Press. All rights reserved.

⇑ Corresponding author.
E-mail address: huangcunrui@tsinghua.edu.cn (C. Huang).

1 These authors contributed equally to this work
Huiqi Chen a,b,1, Liang Zhao c,1, Wei Dong d, Liangliang Cheng a, Wenjia Cai e, Jun Yang f, Junzhe Bao g,
Xin-Zhong Liang h, Shakoor Hajat i, Peng Gong e,j, Wannian Liang k,l, Cunrui Huang k,l,⇑
a School of Public Health, Sun Yat-sen University, Guangzhou 510080, China
b Shanghai Key Laboratory of Meteorology and Health, Shanghai Meteorological Service, Shanghai 200030, China
c The State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
100029, China
dKey Laboratory of Meteorological Disaster, Ministry of Education & Joint International Research Laboratory of Climate and Environment Change & Collaborative Innovation Center on
Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science and Technology, Nanjing 210044, China
eDepartment of Earth System Science, Tsinghua University, Beijing 100084, China
f Institute for Environmental and Climate Research, Jinan University, Guangzhou 510632, China
g School of Public Health, Zhengzhou University, Zhengzhou 450001, China
h Earth System Science Interdisciplinary Center & Department of Atmospheric and Oceanic Science, University of Maryland, College Park MD 20742, USA
iDepartment of Epidemiology and Population Health, London School of Hygiene and Tropical Medicine, London WC1E 7HT, UK
jDepartment of Earth Sciences, the University of Hong Kong, Hong Kong 999077, China
kVanke School of Public Health, Tsinghua University, Beijing 100084, China
l Institute of Healthy China, Tsinghua University, Beijing 100084, China

a r t i c l e i n f o
Article history:
Received 10 January 2022
Received in revised form 8 April 2022
Accepted 11 April 2022
Available online 13 May 2022
� 2022 Science China Press. Published by Elsevier B.V. and Science China Press. All rights reserved.
Hot weather lasting for several days, often referred to as a heat-
wave, is a pervasive natural hazard that can impact heavily on the
social-economy and health systems and is projected to increase
dramatically in frequency, severity and duration in the context of
climate change [1]. Heatwave-related health effects are the most
primary and direct threat of climate change on human health [2].
Given that global warming and an aging population are already
having a huge impact on Chinese society, and that the rapid urban-
ization and migration since China’s reform and opening-up in late
1978 have simultaneously amplified the impact of summer hot
weather on health [3], it is necessary to understand the spatiotem-
poral changes of disease burden from heatwaves across the
country.

Previous studies mainly focused on estimating the relative as
well as attributable risks of mortality due to heatwaves in China
[4], which may help to comprehend the risk connected to extreme
heat events. However, these indicators could neither directly
reflect the number of affected people, nor capture the full spectrum
of health impacts under the intertwined risks of global environ-
mental changes and socioeconomic development. In contrast, indi-
cator of heatwave-attributable deaths can provide more distinct
health hazard information that is helpful for understanding and
decision-making, and also easier to compare with disease burdens
resulting from other environmental risks such as air pollution or
flooding [5]. Although a body of studies documenting heatwave
attributable deaths is emerging in China in recent years [6], such
evidence is still limited owing to short length and simple methods.
Here we assessed heatwave-attributable death burden of China in
the past 42 years at the national level and then explored its spa-
tiotemporal variation and driving factors. Our findings add com-
prehensive spatial and temporal dimensions to previous
assessments of heat-related health effects in China, the world’s
most populous country with evolving socioeconomic context.

First, we derived the gridded heatwave data in the mainland of
China from 1979 to 2020 at a spatial resolution of 0.5�
(�50 km � 50 km). Specifically, we compared three definitions of
heatwave based on gridded climate data, and adopted the
health-related heatwave definition as at least three consecutive
days with daily maximum temperature �92.5th percentile in
terms of its ability to capture the real pattern of health effects at
a nation scale. Second, attributable deaths (AD) to heatwaves are
the number of deaths during the heatwave period multiplied by
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risk fraction in deaths attributable to heatwaves. We reanalyzed
location-specific exposure–response functions between heatwave
and mortality, and combined relative risks by climate zone through
meta-analysis based on the general trend that risks are homoge-
neous in the same climate zone and higher in the north of China
than that in the south [7]. Then we calculated gridded annual AD
from 1979 to 2020, and summed gridded value to gain provincial
and national AD. Finally, we dissected the relative contribution of
driving factors including population growth, population aging,
heatwave exposure, and baseline mortality rate to the changes in
attributable deaths using the decomposition method [8].

The frequency and intensity of heatwaves fluctuated upward
from 1979 to 2020, with the high incidence areas of heatwaves
gradually spread to east and central China (Figs. S1 and S2 online),
mainly due to climate change related to human activities and
abnormal atmospheric circulations, and local factors like urbaniza-
tion [9,10]. Nationally, the total number of people exposed to at
least one heatwave per year has doubled from 0.48 billion persons
Fig. 1. Spatiotemporal variation of attributable deaths to heatwaves in China. (a–d) The n
Attributable deaths to heatwaves in China from 1979 to 2020. The solid line shows the
confidence intervals; the horizontal dashed lines show the average annual deaths in 19
relative to the baseline period of 1980–2009. Growth rate (%) = (AD2010s � ADbaseline)/AD
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in 1979 to 1.04 billion in 2020 (Fig. S3 online); at the same time,
the proportion to the total population increased from 51.3% to
75%, and the land area experienced heatwave events increased
from 46.3% to 81.6%. Thus the increasing population exposure
was mainly due to population growth and the widespread occur-
rence of heatwaves (Figs. S1 and S4 online). In 2010s, every Chinese
person experienced 5.2 more heatwave days compared to the
1980s average of 2.6 days (Fig. S5 online).

Health risks of climate change were characterized by rapid
growth, nonlinear spatial–temporal evolution and extremity. The
attributable deaths to heatwaves in China have dramatically
increased in the past four decades, with the rising trends becoming
more apparent in the recent decade but some fluctuations among
individual years (Fig. 1e). Nationally, the number of annual attribu-
table deaths was 3679 in 1980s but increased to 6619 in 1990s and
11,159 in 2000s. In 2010s, this number increased to an average of
15,500 attributable deaths, of which the year-to-year variability of
extreme weather has notably increased. Taking a 5-year moving
umber of attributable deaths to heatwaves in grid during the past four decades. (e)
estimated number of attributable deaths to heatwaves; grey areas show the 95%

80s, 1990s, 2000s, 2010s. (f) Changes in attributable deaths to heatwaves in 2010s
baseline � 100%. AD, attributable deaths to heatwaves.



Fig. 2. Decomposition of the driving factor contribution to total heatwave-attributable deaths in China. (a) Decomposition of the contribution of driving factors in seven
regions (left) and for the whole nation (right) from 1980s to 1990s. (b) Decomposition of the contribution of driving factors in seven regions (left) and for the whole nation
(right) from 1990s to 2000s. (c) Decomposition of the contribution of driving factors in seven regions (left) and for the whole nation (right) from 2000s to 2010s. AD,
attributable deaths to heatwaves.
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average, it took 2.8 years for every increase of 1000 annual heat-
wave-related deaths from 1980s to 2000s, but just one year for
the same increase to occur in 2010s. Also, the attributable deaths
reached a highest record of 26,486 in 2017, followed by the second
21,219 in 2019 and the third 20,431 in 2013 (Table S1 online).

In the subgroup analyses, heatwaves have higher impacts on
women than that on men, accounting for 57.5% of the total attribu-
table deaths (Figs. S6 and S7 online). People aged over 75 have
been significantly more affected by heatwaves than other age
groups, accounting for 54.5% of all deaths. The impact on people
with cardiovascular diseases was much higher than that in people
with other disease categories, although the impact declined
slightly from 54.9% in the early 1980s to 47.8% in the late 1980s,
but increased from 42.7% in 1990s to 59.4% in 2010s due to
increased prevalence and prolonged survival [11]. Since China’s
reform and opening-up in 1978, the rapid economic transforma-
tion has induced demography growth, migration and environmen-
tal changes, resulting in dramatic changes in the distribution of
population exposed to high temperatures and its related health
effects [12].

Regionally, east and central China had the largest number of
attributable deaths in general, accounting for more than 50% of
deaths nationwide, though the mortality risks of heatwave were
not the highest in these regions (Figs. S8 and S9 online). Moreover,
attributable deaths were mainly concentrated in east China’s urban
agglomerations (Shandong Peninsula, North China Plains, Yangtze
River Delta), which are economically developed and densely popu-
lated, with high levels of urbanization and aging population.
Among the provinces, deaths ascribed to heatwaves were highest
in Shandong, followed by Henan, Hebei and Jiangsu during 1979–
2020 (Fig. 1a–d, Table S2 online), although the China 2021 report
of Lancet Countdown displayed that Guangdong, Guangxi and
Liaoning are more severe in 2020 [6]. The difference is because
the latter only reported the provincial aggregated results for a sin-
gle year, whereas this study showed 10-year-averaged values.
Given the great inter-annual variations in heatwave frequency
(Fig. S1 online) and large mobility of provincial populations over
the past decades, it is more reasonable to demonstrate regional dif-
ferences by using decade averages to provide a complete under-
standing of heat-related mortality.

There are also large differences within provinces, for example,
the coastal areas bore heavier death burden than that in inland
areas in Zhejiang and Fujian provinces. The mortality burden was
mainly in a small part of east China in 1980s, but the affected areas
expanded significantly over time with the same centroid because
of high-dense population and resulting large heatwave exposure
in east region along with a significant expansion of high-tempera-
ture. The number of deaths related to heatwaves has increased in
every province in China, but the increases were higher in central
and southwest regions. Compared with the baseline period of
1980–2009, the increase rate of some provinces (e.g., Henan and
Chongqing) has even doubled in 2010s (Fig. 1f).

The increase in attributable deaths to heatwaves in China over
time was primarily due to increased heatwave exposure, followed
by population growth, population aging and the mounting baseline
mortality (Fig. 2). For example, from 2000s to 2010s, these four fac-
tors accounted for 40.6%, 22.4%, 20.8% and 16.2% of changes in
attributable deaths, respectively. Notably, population aging has
played an increasingly important role in attributable deaths over
time, increased from 10.6% in the period between 1980s and
1990s to 15.8% afterward, reaching as high as 20.8% in the period
between 2000s and 2010s. Studies conducted in the U.S. also
emphasized that the combined effect of climate and demographic
changes was the main reason for the increased health risks from
heatwaves [13]. Besides, drivers of the increase in attributable
deaths varied from region to region. The contribution of increased
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heatwave exposure was greatest in almost every region, but in
areas with a high proportion of elderly people such as northeast
China, population growth and aging are also considerable drivers.
The growing elderly population in China, accompanied by the
increasing prevalence of chronic diseases associated with aging,
has had huge impacts on health burden in the past decades and
will have profound implications for the healthcare system for dec-
ades to come [14]. Therefore, more robust and realistic projections
of future heat-related mortality under climate change should take
full account of the combined effects of different climate and demo-
graphic change scenarios and their uncertainties [15], so as to
enhance precise policy decisions and interventions that protect
the most vulnerable people from current and future impacts of
extreme heat.

In conclusion, this research showed that since China’s reform
and opening up, the number of deaths caused by heatwaves has
been increasing rapidly and exhibited strong spatial heterogeneity
across the country, with more attributable deaths in east and cen-
tral China. Increased exposure to heatwaves, population growth
and aging are the main reasons for the temporal increase and spa-
tial variation of attributable deaths in China. Estimating the num-
ber of attributable deaths and decomposing the factors that drive
to spatiotemporal changes over the long term will help decision-
makers fully understand the health hazards of heatwaves and
develop local response policies to reduce the health losses of
increasing heat exposure under climate change while promoting
sustainable development.
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