
117© Springer Nature Singapore Pte Ltd. 2019 
H. Lin et al. (eds.), Ambient Temperature and Health in China, 
https://doi.org/10.1007/978-981-13-2583-0_8

Future Temperature-Related 
Mortality Risk Under Climate 
Change Scenarios

Tiantian Li, Zhiying Sun, Yi Zhang, Chen Chen, 
and Jie Ban

T. Li (*) · Z. Sun · Y. Zhang · C. Chen · J. Ban 
National Institute of Environmental Health, Chinese 
Center for Disease Control and Prevention,  
Beijing, China

8

Abstract
As the climate changes, global temperatures 
will increase in the future, and extreme weather 
will occur more frequently. Epidemiological 
studies have shown the significant relationship 
between the ambient temperature and an ele-
vated risk of mortality. With temperature 
increases in the future, the population mortal-
ity risk may increase. Therefore, estimating the 
risk of future temperature-related mortality is 
significant for the protection of public health 
and the reduction of the burden of disease. 
Most studies assuming relationship between 
temperature and mortality remain constant; the 
projected future temperature and future popu-
lation are substituted for future temperature-
related mortality. This chapter will summarize 
the methods used to estimate the temperature-
related mortality risk globally and the prog-
ress, results, and limitations of studies in 
China. By reviewing these studies, we provide 
a direction for future studies in China that proj-
ect future temperature-related mortality risk.
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8.1	 �Introduction

Climate change is one of the major issues of 
humanity. According to the fifth report of the 
Intergovernmental Panel on Climate Change 
(IPCC), the global temperature has risen 0.85 °C 
over the last 100 years. The report also assumed 
that the average global temperature would 
increase by 1.0  °C, 1.8  °C, 2.2  °C, and 3.7  °C 
in 2081–2100 under different scenarios. Many 
epidemiological studies have shown a significant 
relationship between the ambient temperature 
and an elevated risk of mortality and morbidity, 
and the effect is greater than previously docu-
mented in some sensitive populations, such as 
the population with cardiovascular disease and 
the elderly [1–5]. Furthermore, a meta-analysis 
showed that with a change in temperature con-
dition, the risk of cardiovascular hospitalization 
would increase 2.8% (95% CI, 2.1–3.5%) for 
cold exposure, 2.2% (95% CI, 0.6–3.9%) for heat 
wave exposure, and 0.7% (95% CI, 0.2–1.2%) 
for an increase in diurnal temperature [6]. As the 
future temperature rises, the population health 
risk may increase. Therefore, the study of future 
projections is of great significance for the protec-
tion of public health and requires more attention.

Several studies from the 1990s have projected 
future temperature-related mortality risks, and 
the number of these studies increased obviously 
after 2007 for several possible reasons. One rea-
son is that the data of both global and regional 
climate model simulations at the periods may be 
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easier to obtain. Increased workstation compu-
tational power, improved epidemiological meth-
ods, and the convenience and increased speed of 
the Internet all might be other possible factors 
[7]. The majority of the locations in which stud-
ies were conducted were developed countries, 
including the USA, Canada, European coun-
tries, Australia, and South Korea. For example, 
Gasparrini et al. projected the temperature-related 
death risk in 451 locations of 23 countries across 
the world and found that the negative mortal-
ity risk of climate change under RCP 8.5 would 
disproportionately affect poorer and warmer 
regions, with the net change at the end of the cen-
tury ranging from −1.2% (95% CI, −3.6–1.4%) 
in Australia to 12.7% (95% CI, −4.7–28.1%) in 
Southeast Asia and 1.5% (95% CI, −2.0–5.4%) 
in China [8]. These studies found that global 
warming is likely to cause increased heat-related, 
heat wave-related, and cold spell-related mortal-
ity and decreased cold-related mortality [9]. The 
current method of estimating future temperature-
related mortality risk varies. Generally, there are 
three basic procedures. First, project the future 
daily temperature under the future scenario model 
proposed in the IPCC report; second, calculate 
the exposure-response relationship between tem-
perature and health outcomes based on historical 
data; and third, combine the projected tempera-
ture and exposure-response relationship to obtain 
the future mortality risk under climate change.

In summary, the regions currently under study 
were not balanced, and the methods and results 
of each study were quite different. This chapter 
will introduce the methods of approach to the 
study of projecting future temperature-related 
mortality and will focus on the methods, results, 
and future research directions in China.

8.2	 �Method

Recent studies have been conducted to estimate 
future temperature-related mortality risks, includ-
ing estimating the future risk of heat-related mor-
tality cold-related mortality, heat wave-related 
mortality, and cold spell-related mortality [7, 10]. 
In this process, studies estimating future risk of 

temperature-related mortality are based primar-
ily on historical data. Most studies assuming this 
relationship remain constant; the projected future 
temperature and future population are substituted 
for future temperature-related deaths. In the calcu-
lation of future temperature-related deaths, some 
studies consider future changes in the population 
and the population’s adaptability to temperature, 
which would change the exposure-response rela-
tionship. The existing research methods will be 
summarized from five aspects: baseline exposure 
response, future regional temperature projection, 
future population changes, future population 
acclimatization, and uncertainties.

8.2.1	 �Baseline Temperature-
Mortality Relationships

Thus far, many studies have explored and quan-
tified the effect of temperature on mortality by 
time-series studies or case-crossover designs 
[11]. Studies have found that the adverse effect of 
temperature on mortality is a curve relationship, 
which significantly increases if the temperature 
exceeds or falls below the minimum mortality 
temperature (MMT). Therefore, the model of the 
exposure-response relationship between temper-
ature and mortality is mainly the distributed lag 
nonlinear model (DLNM), which puts the lag and 
temperature into the generalized linear model 
(GLM) as a cross-basis and explores the effect 
of each lag day and each temperature on mortal-
ity [12, 13]. The general cold effect has a long 
lag time of up to 30 days, and the heat effect has 
a short lag time of approximately 0–7  days. In 
addition, the confounding factors of the exposure-
response relationships include humidity, day of 
the week, holidays, or air pollution [14].

The relationship between temperature and 
mortality also largely concerned the baseline time 
periods and the measure of temperature. When 
summarizing the time span of the exposure-
response relationship included in the relevant 
literature of this search, it was found that the 
time span of most of the studies is greater than 
10  years to ensure that the exposure-response 
relationship at the baseline time period is stable 
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enough and can be applied to the projection of 
future temperature-related death risk. The mea-
sure of temperature includes daily maximum 
temperature and daily average temperature. Most 
of the studies use daily average temperature, 
which represents the overall exposure level [15, 
16]. However, it is more common to calculate the 
maximum temperature in the heat wave-related 
studies. For example, Heaviside et al. projected 
the future heat wave-related mortality risk in 
Cyprus in Europe, and the temperature index 
used in calculating the exposure-response rela-
tionship is the daily maximum temperature [17].

8.2.2	 �Future Temperature 
Projection

The projection of future temperature is mainly 
based on the use of different atmospheric cycle 
models under different climate change scenarios 
in the future and the use of downscaling to obtain 
the required regional future temperatures. The 
future climate change scenario caused by human 
activities has always been an important part of 
the work of the IPCC.

Before 2013, the world’s most widely used 
scenario was a set of emission scenarios (SRES) 
announced by the IPCC in 2007, but the SRES did 
not consider the impact of climate change policies 
on future emissions. The IPCC published a set of 
representative concentration path (RCP) scenarios 
in 2013 (Table 8.1). The purpose of these scenar-
ios is to provide possibilities for future scenarios 
depending on demographic, technological, politi-
cal, social, and economic developments rather than 
assigned probabilities [18]. Half of the current 
studies that projected future temperature-related 
mortality risks used SRES emissions before 2013, 
which were generally combined with A1FI (“higher 
emissions”), A2 (“mid-high emissions”), and B1 
(“lower emissions”) [19]. Individual studies only 
used one of the high-emission models of A2, A1B, 
and A1F1 [20, 21]. A large number of studies used 
RCP scenarios after 2013, which were generally 
combined with medium- and high-emission sce-
nario models, such as RCP 4.5 and RCP 8.5 [22]. 
Some studies used all four RCPs when projecting 
temperature, and an increasing number of studies 
used RCP 2.6 to explore the effect caused by poli-
cies [23, 24]. Individual studies only used RCP 8.5 
when projecting temperature [16].

Table 8.1  The explanation of scenarios

Scenarios Level Explanation
SRES
A1F1 High Economic growth is very fast. The peak of the global population appears in the middle 

of this century. New and higher technologies are introduced and divided into three 
groups of scenarios: A1F1, A1F1, and A1B1

A1T Medium-high
A1B1 Medium-low
A2 Medium-high Unbalanced world, rapid population growth, slow economic development, slow 

technological progress
B2 Medium-low The population and economic growth rates are in a middle-level world, emphasizing 

economically and socially sustainable development
B1 Low The global population is the same as in the A1 scenario, but the economic structure is 

more rapidly adjusted toward the service and information economy
RCP
RCP 8.5 High In 2000–2100, the emission, concentration, and radiative forcing of the three major 

global greenhouse gases will increase with time. By 2100, the concentration of carbon 
dioxide in the air will be 3–4 times higher than the pre-industrial concentration

RCP 6.0 Medium-high After 2080, human carbon emissions have decreased but still exceed the allowable 
value. After 2100, greenhouse gas radiative forcing is stable at 6 W/m2

RCP 4.5 Medium-low From 2000 to 2100, the world’s three major greenhouse gas emissions peaked in 2040, 
and concentrations and radiative forcing tended to stabilize in 2070

RCP 2.6 Low Assuming that humanity responds to climate change, adopt more active ways of 
promoting the cross-border peaks of the world’s three major greenhouse gas emissions 
in 2010 and 2020 and of the concentration and radiative forcing in approximately 2040
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The global climate model, also generally 
known as the general circulation model (GCM), 
is currently the main tool for temperature projec-
tion in climatic studies. The GCM can be traced 
back to the basic equations used by Smagorinsky 
in his study in 1963 to address atmospheric circu-
lation. After more than 50 years of development, 
the GCM has not only been the first simple model 
of “atmospheric circulation” but has also joined 
the coupling modes of the Earth’s hydrosphere, 
the cryosphere, the biosphere, and the human cir-
cle. By simulating the global and large-scale cli-
mate change process, the temperature data of the 
time series in the future time period are obtained. 
Future climate projections come from GCMs, 
which reflect the current understanding of the 
physical, dynamical, and chemical processes that 
control the climate system.

GCM is unique in that they contain different 
but reasonable methods of representing climate 
processes, numerical methods for solving equa-
tions, and representations of processes that occur 
on the spatial scale and cannot be resolved directly 
by climate models [25]. There is no standard for 
how to choose a GCM. In the current study on the 
projection of future temperature-related mortal-
ity risk, the number of GCMs used varies from 
1 to 62. In recent years, most studies used ten or 
more GCMs to project future temperatures, and 
individual studies used only one GCM to simu-
late future temperatures [12, 26, 27]. Using more 
GCMs can reduce the uncertainty caused by the 
choice of GCM [7].

Due to the limitation of the calculation condi-
tions, the resolution adopted by the GCM is gen-
erally low (currently between 125 and 400 km). If 
the climate change scenario is to be estimated at 
regional and local scales on a smaller scale, sta-
tistical or dynamic downscaling is required. The 
statistical downscaling method obtains downscal-
ing results by establishing a link between large-
scale model results and observational data, such 
as circulation and ground variables. Although the 
statistical downscaling method lacks the physical 
mechanism and is affected by the observational 
data of the training model, it is easy to calcu-
late and can integrate multiple GCMs, and it has 
been used more in recent years [7]. Of the studies 

retrieved for this review that project future tem-
perature-related mortality risks, many used sta-
tistical downscaling to obtain future temperatures 
in the study area [10]. Dynamic downscaling is 
simulated using global high-resolution climate 
models at global or regional scales. The dynamic 
downscaling method has the advantages of clear 
physical meaning, unaffected by observational 
data, and all points facing the coverage area. 
However, it has a large number of calculations, 
is inconvenient to simulate, and cannot inte-
grate multiple GCMs. Few studies used dynamic 
downscaling methods to obtain future regional 
temperatures [28, 29].

8.2.3	 �Future Demographic Changes

Several studies have shown that the risk of tem-
perature on people will be different in different 
age groups and older people are more suscep-
tible to the effects of temperature [1, 5]. The 
world’s population will increase to 5.5–14.0 bil-
lion by 2100, and the structure of the population 
in different age groups will also change [30, 31]. 
Changes in the composition of the future popu-
lation will affect the projection of temperature-
related death risks. In the event of future 
temperature-related mortality risks, if the aging 
of the population is not considered, the risk of 
future temperature-to-population deaths will be 
underestimated. For example, when Hajat et al. 
projected the future heat-related mortality risk in 
the UK, it was found that considering an aging 
population would increase the mortality risk by 
206% [32].

Few of the previous studies projecting future 
temperature-related mortality risk have consid-
ered the impact of future demographic changes. 
The methods of studies obtaining future local 
population estimates varied. Many studies pro-
jected the risk of future temperature-related 
deaths using the local Bureau of Statistics pro-
jected population [17, 33]. Few studies pro-
jected the future temperature-related mortality 
risk utilizing the population projected by the 
United Nations for high, medium, and low fertil-
ity rates [34]. In addition, some studies projected 
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the future temperature-related mortality risk and 
used the future population projected by the five 
population scenarios’ shared socioeconomic 
pathways (SSPs) 1–5 provided by the IPCC5 
[15]. Individual studies projected the future tem-
perature-related mortality risk with future popu-
lations by a statistical model [29]. These methods 
of projecting future populations can be applied to 
the study of projecting temperature-related mor-
tality risks, and the current study prefers to use 
the predicted population under the SSP scenario 
with the refinement of the IPCC report.

8.2.4	 �Future Population 
Acclimatization

The use of air conditioning in the future and the 
intervention of early warning systems will affect 
the population’s adaptability to temperature, and 
different regions may differ in air-conditioning 
usage due to different socioeconomic conditions 
[35]. Whether or not the population’s adaptability 
to temperature is taken into account in project-
ing the temperature-related mortality risk has an 
impact on the relationship between future tem-
perature and mortality.

A small number of studies have considered 
the population’s adaptability to temperature. The 
population will have increased adaptability to 
heat and heat waves due to physiological mecha-
nisms. Jenkins et al. measured the risk of future 
heat-related deaths in London, UK, and found 
that considering the population’s adaptability to 
heat, the risk of temperature-related mortality can 
be reduced by 69% [35].

Some studies hypothesized that the future 
relationship between heat and mortality will 
change as people’s ability to adapt to tempera-
ture changes or that the MMT will change as 
people’s ability to adapt to temperature changes 
[36, 37]. Some studies have assumed that the 
relationship between the future temperature and 
the mortality of the population of the study loca-
tion was consistent with the exposure-response 
relationship at a previous stage in other similar 
cities [38]. Gosling et al. summarized six dif-
ferent adaptive model methods for estimating 

future heat-related death risk (absolute threshold 
temperature changes; relative threshold tem-
perature changes; exposure-reaction relationship 
slope changes; absolute threshold temperature 
changes combined with changes in exposure-
response relationships; and relative threshold 
temperature changes combined with changes 
in exposure-response relationships, using expo-
sure-response relationships in similar cities) and 
found that different adaptive methods have a 
greater impact on projected results [26]. Gosling 
et al. suggested that we could combine the 
change of threshold temperature and the slope of 
the exposure response in the projection of future 
temperature-related mortality risk [26].

The adaptability to cold and cold waves was 
unclear [39]. A few studies assumed that climate 
change will reduce cold adaptation and that the 
cold-related mortality risk will increase with con-
siderable acclimatization [40]. However, stud-
ies have shown that seasonality may affect the 
results of such adaptation [39].

8.2.5	 �Uncertainties

Uncertainty in estimating temperature-related 
mortality risk is mainly due to temperature pro-
jection (selection of GCM, selection of emis-
sion models), temperature-mortality relationship, 
changes in the number and composition of future 
populations, changes in adaption to heat and cold, 
socioeconomic changes in the future, and improve-
ment of medical conditions [41]. Uncertainty in 
projecting temperature-related mortality risk is 
unavoidable, but researchers should minimize 
uncertainty and make projections more scien-
tific. At present, the methods to reduce the uncer-
tainty of the estimated temperature-related death 
risk mainly include selecting more GCMs and as 
many greenhouse gas scenarios as possible when 
projecting future temperature, choosing a better 
adaptive approach, and considering future demo-
graphic scenarios.

There have been studies that have begun to 
quantitatively estimate the uncertainty associ-
ated with temperature-related risks. Some stud-
ies estimated temperature-related mortality 
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risk using ANOVA-type (Analysis of Variance) 
estimation of variance components to calculate 
uncertainty due to RCPs, GCM, and different 
demographic scenarios [34]. Individual methods 
used Monte Carlo simulations in the calculation 
of confidence intervals to represent the uncer-
tainty by temperature-mortality relationship [8]. 
Gosling et al. quantified the uncertainties asso-
ciated with six adaptive models, five GCMs, and 
two RCPs when estimating temperature-related 
mortality risk and found that the uncertainty 
caused by adaptability is greater than the uncer-
tainty caused by GCM and RCP [26].

8.3	 �Review of Studies in China

Previous studies have shown that the risk of 
heat-related mortality increased with the future 
warming of the climate, and the results of 
developing countries were more pronounced. 
China recently conducted some studies to proj-
ect the risk of temperature-related mortality 
(Table 8.2).

8.3.1	 �Research Progress

Of the studies in China, four project the future 
risk of heat-related mortality [15, 34, 37, 42]. 
The three studies simultaneously project the 
risk of future heat- and cold-related mortality 
[40, 43, 44]. There were seven single-center stud-
ies conducted in Beijing, Tianjin, and Jiangsu, 
four of which were conducted in Beijing. Only 
one relevant multicenter study was conducted in 
Beijing, Shanghai, and Guangzhou, to compare 
the results among different cities [44].

All studies project the future temperature-
related mortality risk of different periods repre-
senting the short-term and long-term effects of 
climate change to allow for different strategies 
to be used in different periods. In the process 
of projecting future temperature, in addition 
to individual study-specified future tempera-
tures, most of the research is based on different 
GCMs and different RCPs to obtain the future 
temperature.

Since the studies were all conducted after 
2013, when the IPCC5 was published, they all 
used RCPs and mostly tend to use RCP 4.5 and 
RCP 8.5 for 2018. However, two studies also 
applied RCP 2.6, which assumed that emissions 
might be controlled by policies [40, 45]. By 
far, an increasing number of GCMs were used 
in the studies, which can reduce the uncertainty 
caused by GCM selection and make the projec-
tion results more scientific. Current studies used 
statistical downscaling methods to obtain the 
future temperatures of the region, which may 
be related to the greater number of GCMs and 
the fact that statistical downscaling is more con-
venient and feasible. In the calculation of the 
exposure-response relationship between temper-
ature and mortality, the time span of most stud-
ies is very short (below 5 years), and individual 
studies range from 5 to 10  years. Most of the 
studies used DLNM, which is recognized world-
wide; the daily average temperature is a more 
common temperature indicator. Finally, when 
projecting temperature-related mortality risk in 
the future, half of the studies projected the risk 
of future temperature-related deaths utilizing 
the population projected by the United Nations 
for high, medium, and low fertility rates and the 
future population projected by the five popula-
tion scenarios’ SSPs 1–5 provided by the IPCC5. 
Only two studies considered the population’s 
adaptability to future temperatures, using meth-
ods that reduce the slope of exposure-response 
relationship and change the threshold tempera-
ture [34, 40]. In the process of projecting future 
temperature-related mortality, only two studies 
quantified the uncertainty and used the method 
of ANOVA-type estimation of variance compo-
nents (VC) [34, 37].

8.3.2	 �Results

Although most of the studies were conducted 
in different cities, the results of China’s studies 
showed a consistent direction. The studies project-
ing future heat-related mortality have all shown 
that it would increase and the risk of a longer pro-
jection period is greater [15, 34, 37, 40, 43, 44]. 
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Under the RCP 8.5 scenario, the number of heat-
related deaths among aging individuals is projected 
to increase by a median of 39.1% (95% CI, 11.1–
83.3%) in the 2020s and 264.9% (95% CI, 117.5–
427.3%) in the 2080s, compared with the number 
of deaths in the 1980s in Beijing [34]. The studies 
simultaneously projecting future heat-related mor-
tality and cold-related mortality have shown that 
the heat effects would increase and the cold effects 
would decrease. Zhang et  al. indicated that with 
the temperature decreased 1 °C in the 2080–2099 
period, Beijing, Shanghai, and Guangzhou would 
experience a decrease of 3.1, 2.2, and 4.8 deaths, 
respectively, per 100,000 people. In addition, the 
decreased cold-related mortality did not offset the 
effects of increased heat-related mortality [44]. 
The future temperature-related mortality risk will 
vary by different outcomes, populations, and adap-
tion abilities.

The projection of the causes of mortality 
is also an important issue under the chang-
ing climate. The current studies tended to 
project the future effects of temperature on 
cardiovascular disease [40, 42, 43]. The num-
ber of cold-related cardiovascular deaths 
of the 2070s would decrease by 694 under 
RCP 8.5  in Beijing, but it did not offset the 
increased heat-related cardiovascular mortal-
ity, which was 1013 deaths, under RCP 8.5 
[40]. Compared to the corresponding risks 
of the baseline period, the future heat-related 
cardiovascular mortality risks in Beijing will 
increase by an average percentage of 18.4%, 
47.8%, and 69.0% in the 2020s, 2050s, and 
2080s, respectively, under RCP 4.5, and by 
16.6%, 73.8%, and 134% in the 2020s, 2050s, 
and 2080s, respectively, under RCP 8.5 [42]. 
Recent studies have begun to project the future 
temperature effect of stroke and acute ischemic 
heart disease. Figure 8.1 showed that with the 
population held constant at the 2010 level, the 
annual number of net and heat-related acute 
deaths in Beijing from the 1980s to the 2080s 
under both RCP 4.5 and RCP 8.5 was highest 
for acute ischemic heart disease, followed by 
ischemic stroke and hemorrhagic stroke, and 
the annual number of cold-related acute deaths 
was highest for acute ischemic heart disease, 

followed by hemorrhagic stroke and isch-
emic stroke [37] (Fig.  8.1). In addition, this 
study also projected the percentage variation 
in the change of the monthly median number 
temperature-related deaths from the 1980s to 
the 2080s under RCP 4.5 and RCP  8.5. And 
this calculation showed that the percentage 
increases for the monthly death projections 
ischemic heart disease and stroke in the 2080s 
were greatest in the summer months, obvi-
ously occurring in August [37].

Understanding the future health risk of vul-
nerable populations under changing climates is 
crucial for policy making. So far, most studies 
only project the risk of future temperature-related 
deaths in the total population, and only one study 
regarded the elderly as a vulnerable population. 
Li et al. projected the heat-related mortality risk 
among the aging population in Beijing and found 
that under RCP 8.5 and a medium-sized scenario 
of population by the 2080s, the future number of 
deaths showed a 264.9% increase compared with 
the number of deaths in the 1980s [34] (Fig. 8.2). 
More research is needed to project the future 
temperature-related mortality risk of more vul-
nerable populations in China.

There are very few studies that consider 
adaptation when projecting the health risks 
under climate change. Only two studies con-
sidered the population’s adaptability to future 
temperatures, using methods that reduce the 
slope of the exposure-response relationship 
and change the threshold temperature [34, 40]. 
Future heat-related mortality risk will decrease 
when this adaptation is considered. In the 2080s, 
with the adaptation rates assumed at 30 and 
50% in Beijing, the increase in the number of 
heat-related deaths in the aging population is 
approximately 7.4 times and 1.3 times larger, 
respectively, than the corresponding number of 
deaths in the 1980s under a scenario of high-
sized population and RCP 8.5 [34] (Fig.  8.3). 
The number of cold-related deaths may increase 
due to worse adaptation to colder temperatures. 
Zhang et  al. indicated that under RCP 8.5, the 
number of cold-related deaths during the 2050s 
increased by 548 under 100% adaptation, com-
pared with that under 0% adaptation [40].

8  Future Temperature-Related Mortality Risk Under Climate Change Scenarios



126

N
et

 E
ff

ec
t

19
80

s
20

20
s

20
50

s
20

80
s

0400800

H
ea

t 
E

ff
ec

t

19
80

s

R
C
P
45

R
C
P
85

20
20

s
20

50
s

20
80

s

0400800

H
ea

t 
E

ff
ec

t

19
80

s
20

20
s

20
50

s
20

80
s

0400800

N
et

 E
ff

ec
t

19
80

s
20

20
s

20
50

s
20

80
s

500600800 700

N
et

 E
ff

ec
t

19
80

s
20

20
s

20
50

s
20

80
s

100014001800

H
ea

t 
E

ff
ec

t

19
80

s
20

20
s

20
50

s
20

80
s

05001500

+

+
+

+ +

-

C
o

ld
 E

ff
ec

t

Is
ch

em
ic

 s
tr

o
ke

H
em

o
rr

h
ag

ic
 s

tr
o

ke
A

cu
te

 is
ch

em
ic

 h
ea

rt
 d

is
ea

se

Additional Deaths

19
80

s
20

20
s

20
50

s
20

80
s

500600800 700

-

C
o

ld
 E

ff
ec

t

19
80

s
20

20
s

20
50

s
20

80
s

300500700

- +-

C
o

ld
 E

ff
ec

t

19
80

s
20

20
s

20
50

s
20

80
s

3005001500

+
+

+

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

R
C
P
45

R
C
P
85

Fi
g.

 8
.1

 
D

is
tr

ib
ut

io
n 

of
 t

em
pe

ra
tu

re
-r

el
at

ed
 a

nn
ua

l 
ac

ut
e 

de
at

hs
 f

or
 i

sc
he

m
ic

 s
tr

ok
e,

 h
em

or
rh

ag
ic

 s
tr

ok
e,

 a
nd

 a
cu

te
 i

sc
he

m
ic

 h
ea

rt
h 

di
se

as
e 

in
 t

he
 1

98
0s

, 2
02

0s
, 2

05
0s

, a
nd

 
20

80
s 

us
in

g 
31

 c
lim

at
e 

m
od

el
s 

an
d 

th
e 

R
C

P 
4.

5 
an

d 
R

C
P 

8.
5 

sc
en

ar
io

s 
(R

ep
ro

du
ce

d 
w

ith
 p

er
m

is
si

on
 f

ro
m

 L
i e

t a
l. 

[4
3]

)

T. Li et al.



127

8.4	 �Limitations and Perspectives 
in China

In summary, the first study to project the 
temperature-related mortality risk in China was 
conducted in 2014, and there have been few stud-

ies in China until recently. Some limitations and 
perspectives are provided below.

First, current studies mostly concentrate 
on Chinese metropolitan areas (e.g., Beijing, 
Shanghai, Tianjin, Jiangsu, Guangzhou), ignor-
ing the emerging health risk in other cities 
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Fig. 8.2  Distribution of 
annual heat-related 
deaths for 31 GCMs and 
RCP 4.5 and RCP 8.5 
scenarios in the 1980s, 
2020s, 2050s, and 
2080s, with constant 
population (Reproduced 
from Li et al. [34])
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with higher future temperatures. Therefore, 
more multiple-city and multiple-county studies 
should be required to project the risk of future 
temperature-related mortality.

Second, future climate warming will not only 
increase the risk of heat-related mortality but 
also lead to a lower risk of cold-related mortal-
ity. Considering that current studies mostly focus 
on the risk of future heat-related mortality, more 
studies should also focus on the risk of future net 
temperature-related mortality.

Third, because the effect of temperature on dif-
ferent diseases is different, the outcome of future 
studies should focus not only on non-accidental 
mortality risk but should also continue to project 
the risk of mortality from sensitive diseases, such 
as myocardial infarction.

Fourth, the longer the historical data is, the 
more stable the exposure-relationship between 
the temperature and mortality. Now, in the cal-
culation of the exposure-response relationship, 
the periods of historical data were too short (gen-
erally 3–5 years), and studies should extend the 
periods of historical data.

Fifth, it is best to obtain the time series of 
the daily values by multiple GCMs and multiple 
RCPs. When projecting future temperatures, 
some studies have specified the temperatures; 
because the specified temperature is published by 
the IPCC at the global level, it cannot accurately 
represent the temperature change in the study 
area, so this method cannot accurately project 
the time series of future daily deaths. In addi-
tion, some studies use fewer GCMs and RCPs, 
which would increase the uncertainty in project-
ing future temperatures.

Sixth, changes in the structure of the future 
population and adaptability to future tem-
peratures will affect the projection of future 
temperature-related death risks; thus, demo-
graphic changes should be considered upon the 
assessment of future temperature-related mortal-
ity risk. In addition, future studies are required 
to address the changing acclimatization of the 
population to future temperatures.
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