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Abstract The Paris Agreement commits to stabilizing global mean surface warming to below 2°C (above
preindustrial levels) and strives to limit it to 1.5°C to mitigate the risks of anthropogenic climate change.
This study explores the impacts of stabilized 1.5°C and 2°C warming in the late 21st century on seasonal
climate extremes over China by using a set of coupled Earth system model simulations explicitly targeting
these warming levels. Our results show that global warming levels of 1.5°C and 2°C will lead to increases in
surface air temperature (precipitation) averaged over China of 1.3°C and 1.9°C (11.6% and 13.3%),
respectively, compared to 1976–2005. Climate extremes over China will become more frequent in a warmer
world. Relative to the 1976–2005, the frequency of events similar to the 2013 extreme hot summer in
eastern China and extreme flooding during the summer of 2010 in southeastern China will increase by 16 or
33 times and 2 or 3 times, respectively, given a global temperature increase of 1.5°C or 2°C. In particular,
events similar to the 2013 extreme hot summer will occur almost yearly in a 2°C warmer world. The likelihood
of an event similar to the 2014 extreme hot spring in northeastern China will increase to 8% or 20% in a 1.5°C
or 2°C warmer world, whereas such events were rare during 1976–2005. Given these dangerous
consequences, we conclude that there are discernible benefits for China to contribute to the global
decarbonization effort to limit global warming to below 1.5°C rather than 2°C.

1. Introduction

The 2015 Paris Agreement committed to limiting the increase in global mean surface temperature (GMST) to
well below 2°C, with a recommended limit of 1.5°C above preindustrial levels to avoid the impacts of
anthropogenic climate change (United Nations Framework Convention on Climate Change, 2015). The
Intergovernmental Panel on Climate Change (IPCC) has been invited to provide a special report on the
impacts of 1.5°C and 2°C global warming in 2018. Therefore, the scientific community is compelled to widely
and rapidly perform corresponding assessments to provide reliable information for policymaking with
respect to climate mitigation and adaptation.

Although basic to intermediate climate model studies have reported emission pathways consistent with the
1.5°C and 2°C targets (Meinshausen et al., 2009; Rogelj et al., 2015; Xu & Ramanathan, 2017), simulation
scenarios for the 1.5°C and 2°C warming levels have not been performed using global climate models
(GCMs) until recently (Sanderson et al., 2017). Most previous modeling studies have adopted an alternative
approach: extracting the model output from the Coupled Model Intercomparison Program phase 5
(CMIP5) for periods during the 21st century in which the increase in GMST reaches 1.5°C and 2°C under
IPCC Representative Concentration Pathway (RCP) scenarios (the “time sampling” approach, James et al.,
2017). For example, Schleussner et al. (2016) extracted the CMIP5 model output for periods of 1.5°C and
2°C warming under the RCP8.5 scenario and assessed the impacts of these warming levels on climate
extremes, water availability, agricultural yields, sea level rise, and risk of coral reef loss. Huang et al. (2017)
analyzed the influence of 1.5°C and 2°C warming over global drylands using a combination of CMIP5
simulations under four RCP scenarios. Similarly, King et al. (2017) evaluated the effects of different levels of
warming on large-scale climate extremes that have occurred in Australia. That study was the first to link past
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extreme events to future climate change. Some recent studies also explored the changes in mean climate
and climate extremes under different levels of global warming using the RCP scenario simulations
(e.g., Jiang et al., 2016; Sui et al., 2018; Wang, Jiang, & Lang 2017).

However, there are substantial disadvantages in using the time sampling approach (James et al., 2017), as we
will discuss below.

First, the increase in GMST reaches 1.5°C and 2°C only transiently in the CMIP5 simulations under the RCP sce-
narios (Chen & Zhou, 2016). There are likely to be large differences between the impacts of transient and sta-
bilized 1.5°C and 2°C warming levels, especially at regional scales (James et al., 2017).

Second, the composition of radiative forcing in scenarios with stabilized 1.5°C and 2°C warming is likely to
differ from that in scenarios with transient 1.5°C and 2°C warming, such as changes due to short-lived
pollutants (Rao et al., 2016). Many studies have indicated that the changes in climate variables (precipitation
and climate extremes) per degrees Celsius of surface warming depend significantly on the underlying
emission scenarios, that is, the composition of forcing (Lin, Gettelman, et al., 2016; Lin, Wang, et al., 2016;
Mitchell et al., 2016; Samset et al., 2016; Tebaldi et al., 2015; Wang, Lin, Zhang, et al., 2017; Xu & Lin, 2017).

Thus, it is crucial to perform climate scenario simulations with stabilization at the warming levels defined by
the Paris Agreement. Although the Half a Degree Additional Warming, Projections, Prognosis, and Impacts
model intercomparison project generated such simulations (Mitchell et al., 2017) that have been widely used
(e.g., Chevuturi et al., 2018; Lewis et al., 2017), they all applied fixed climatological sea surface temperatures
and therefore did not account for coupled atmosphere-ocean internal variations such as the El Niño Southern
Oscillation and the Pacific Decadal Oscillation. Ignoring this important source of internal ocean-atmosphere
variability can lead to significant underestimation of the climate response to extra forcing (Lehner et al.,
2017). Recently, Sanderson et al. (2017) performed fully coupled climate simulations specifically targeting
stabilized warming levels of 1.5°C and 2°C in the late 21st century, using the Community Earth System
Model, Version 1 (CESM1) for the first time; thus, the consequences of 1.5°C and 2°C warming could be
assessed across geographical regions and climate fields.

China has experienced significant impacts of anthropogenic warming in recent decades, including more
frequent droughts and flooding and intensified heat extremes (Sun et al., 2014; Zhai et al., 2005). It is vital
to quantify the potential impact of 1.5°C and 2°C warming over China for the purpose of policymaking with
respect to climate change adaptation andmitigation. This study examined the impacts of stabilized 1.5°C and
2°C warming in the late 21st century over China using a set of CESM1 ensemble simulations (Sanderson et al.,
2017). We focused specifically on future changes in the likelihoods of disastrous events similar to several
recent seasonal climate extremes.

2. Methods
2.1. Model and Simulations

CESM is a fully coupled ocean-atmosphere-land-sea ice model (Hurrell et al., 2013). The horizontal resolution
is 0.9° latitude ×1.25° longitude for the atmosphere and land and 1° × 1° for the ocean. The atmosphere ver-
tical resolution is 30 levels, with a rigid lid at 4 hPa. CESM1 includes the main anthropogenic forcing agents,
such as greenhouse gases, sulfate, black carbon, primary organic carbon, and tropospheric and stratospheric
ozone. The model includes physical representations of direct, semidirect, and indirect aerosol effects (Ghan
et al., 2012). CESM1 is able to simulate present-day climate extremes over China reasonably well (Li et al.,
2016; Lin et al., 2015; Wang, Lin, et al., 2016; Figure 1). To investigate the impacts of 1.5°C and 2°C warming,
four sets of CESM1 ensemble simulations were used.

1. The RCP8.5 large ensemble (LE; Kay et al., 2015). This ensemble simulation consists of 30 members from
1920 to 2100 following the IPCC Fifth Assessment Report historical emissions and RCP8.5 scenario
(Riahi et al., 2007). Each member uses the same trajectory for greenhouse gases and aerosol forcings
but with slightly different initial atmospheric conditions. This study used only the historical simulation
from 1976 to 2005 as the baseline period to assess future changes.

2. The 2°C never-exceed scenario (2degNE; Sanderson et al., 2017). This simulation projects that the multiyear
increase in GMST will never exceed 2°C above the preindustrial climate (1850–1920). It consists of a
10-member ensemble from 2006 to 2100.
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3. The 1.5°C never-exceed scenario (1.5degNE; Sanderson et al., 2017). This simulation projects that the
multiyear increase in GMST will never exceed 1.5°C. It consists of a 10-member ensemble from 2006 to
2100.

4. The 1.5°C overshoot scenario (1.5degOS; Sanderson et al., 2017). This simulation projects that the increase
in GMST will temporarily overshoot the 1.5°C limit but will return to 1.5°C by the end of the 21st century. It
consists of a five-member ensemble from 2006 to 2100.

For simulations (2)–(4), a simple model, the Minimal Complexity Earth Simulator, was used to determine the
optimal emission pathway leading CESM1 to a desired warming level. These simulations stem from the
historical simulations in RCP8.5 LE performed in 2006 (i.e., replacing the RCP8.5 scenario with specially
constructed scenarios for 1.5°C and 2°C warming) and produce sets of ensemble simulations that stabilize
warming at 1.5°C and 2°C by the end of the 21st century (Figure 1b in Sanderson et al., 2017). The details
of the scenario pathways and simulations can be found in Sanderson et al. (2017). Multimember ensemble
simulations are useful in quantifying the uncertainties in our results due to internal climate variability.

Figure 1. Evaluation of model-simulated probability of seasonal climate anomalies. Histograms (left column) and time ser-
ies (right column) of (a, b) spring surface air temperature anomalies averaged over northeastern China, (c, d) summer
surface air temperature anomalies averaged over eastern China, (e, f) summer precipitation anomalies (%) averaged over
southeastern China, and (g, h) winter (January and February) surface air temperature anomalies averaged over southern
China from 1976 to 2005 for observations (black; Wu & Gao, 2013) and 30-member historical simulations (gray). The gray
shading represents one standard deviation of ensemble simulations.
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2.2. Calculation of Climate Extremes

We selected historical simulations from 1976 to 2005 in the RCP8.5 LE as a baseline (Hist; GMST had increased
by about 0.4°C during this period above preindustrial). We selected 2006–2025 in the 1.5degNE scenario to
represent the present-day climate (i.e., a 20-year window centered in 2016). The projected 2081–2100 cli-
mates under the 1.5degNE, 1.5degOS, and 2degNE scenarios were taken as stabilized 1.5°C or 2°C global
warming. Changes in temperature, precipitation, and climate extremes over China in a 1.5°C or 2°C warmer
world were relative to the 1976–2005 climate.

This study focused on large-scale seasonal climate extremes, not daily extremes. We selected four specific
large-scale extreme climate events that occurred over China during the past decade, including the 2008 cold
winter (January and February) in southern China (103.5–114.5°E, 20.5–29.5°N), 2010 summer flood in south-
eastern China (113–119°E, 24.5–29.5°N), 2013 hot summer in eastern China (110–122°E, 25–38°N), and 2014
hot spring in northeastern China (113–124°E, 34–45°N). These seasonal extreme events have caused consider-
able economic losses and casualties and were well reported in the news media. We first obtained the spatial
pattern of temperature or precipitation anomalies for a specific seasonal extreme event relative to the mean
climate of reference period (1976–2005) based on the observations. We then determined the spatial scope
and calculated the spatially averaged anomaly of the extreme. The model-simulated annual result from each
member was taken as an independent sample. We calculated the simulated temperature or precipitation
anomaly averaged over the temporal and spatial scope of the observed extreme event in each sample relative
to the 1976–2005 climate. When the anomaly in each sample was equal to or greater than that in the observed
extreme listed above, we defined it as an extreme event similar to the specific seasonal climate extreme in the
simulations. The probability of an anomaly in each sample during the selected periods (present day and
future) was calculated. Finally, the likelihood of events similar to these past extremes under global tempera-
ture increases of 1.5°C and 2°C was quantified. A similar approach was used by King et al. (2015, 2017).

Figure 1 shows an evaluation of simulated seasonal mean surface air temperature and precipitation anoma-
lies in the four regions over China, compared to observational data from 1976 to 2005. The observational data
set was obtained from the National Climate Center, China Meteorological Administration (Wu & Gao, 2013). In
general, the model is able to reasonably capture the probability distributions and time evolution of tempera-
ture and precipitation anomalies over these regions. However, there are some deficiencies in the model
results. For example, the model overestimates the probability of smaller anomalies (Figures 1c and 1e).

3. Results
3.1. Temporal and Spatial Climate Variation in China in a 1.5°C or 2°C Warmer World

We first examine the time series of projected changes in annual mean surface air temperature and precipita-
tion averaged over China under the 1.5degOS, 1.5degNE, and 2degNE scenarios (Figures 2a and 2b). Compared
to the 1976–2005 climate, the 1.5degNE and 2degNE scenarios lead to continuous surface warming over China
until the 2050s and stabilization at about 1.3°C and 1.9°C, respectively (Figure 2a). This result is consistent with
that reported by Hu et al. (2017) using the CMIP5 multimodel ensemble simulations under the RCP scenarios,
which suggested that China would warm more than the global average under 1.5°C and 2°C warming relative
to the preindustrial level. Warming over China reaches a peak at 1.6°C in the 2050s before returning to 1.3°C by
2100 under the 1.5degOS scenario relative to the 1976–2005 climate (Figure 2a). Therefore, limiting the GMST
increase to 1.5°C rather than 2°C will decrease potential surface warming over China by 0.6°C.

The projected change in precipitation is different from that in surface air temperature in the 21st century
(Figure 2b). Average precipitation over China exhibits an almost linear increase with time under all scenarios.
There is little difference in the change in precipitation among scenarios before the 2050s. However, after the
2050s, the 2degNE scenario produces more precipitation due to larger warming. As be seen in Figure 2, the
precipitation over China still increases while the temperature decreases after the 2050s under the 1.5degNE
and 1.5degOS scenarios. This is likely due to the effect of aerosol forcing. Previous studies have indicated that
aerosol forcing played a key role in driving the decrease in precipitation over the Asian region during the his-
torical period (Li et al., 2015; Polson et al., 2014). All other forcings including aerosol emissions, ozone, and
land use follow RCP8.5 throughout the 21st century in 1.5degNE and 1.5degOS (Sanderson et al., 2017).
Therefore, the decreased aerosol emissions will cause an increase in precipitation after the 2050s in those sce-
narios (Wang, Zhang, & Zhang, 2016). Relative to the 1976–2005 climate, the GMST increases of 1.5°C and 2°C
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lead to increases in nationwide average precipitation of 0.28 and 0.32 mm/day, respectively (i.e., 11.6% and
13.3% of the 1976–2005 baseline).

Figures 2c–2f show the geographical distributions of projected changes in annual mean surface air tempera-
ture and precipitation over China in a 2°C warmer world relative to the 1976–2005 climate and differences in
effects between the 1.5°C and 2°C warming levels. We use only simulations under the 1.5degNE scenario
because the 1.5degOS scenario produces a similar result. Relative to the 1976–2005 climate, the 2°C warming
level leads to increases in surface air temperature and precipitation over all of China. Surface warming is gen-
erally greater than 1.5°C, and the maximum increase in precipitation exceeds 50% south of the Yangtze River,
Sichuan Basin, and northwestern China. Our result is different from that reported by Chen and Sun (2018)
based on the RCP scenarios simulations, who suggested that the precipitation significantly decreased over
south and southwest China under the 1.5°C and 2°C warming scenarios. Limiting the GMST increase to
1.5°C, as opposed to 2°C, significantly reduces the surface warming (Figure 2d) and precipitation (Figure 2f)
over most of China.

3.2. Likelihood of Specific Climate Extreme Events in a 1.5°C or 2°C Warmer World

It is very likely that climate extremes have occurred more frequently in recent decades, due to global warm-
ing; these extremes have caused disastrous impacts on humans and ecosystems (Handmer et al., 2012). We

Figure 2. Temporal and spatial climate variation in China in a 1.5°C or 2°C warmer world. Time series of projected changes
in annual mean (a) surface air temperature (unit: degree Celsius) and (b) precipitation (unit: mm/day) averaged over China
under the 1.5degOS, 1.5degNE, and 2degNE scenarios relative to the 1976–2005 climate. Geographical distributions of
changes in annual mean (c) surface air temperature (unit: degree Celsius) and (e) precipitation (unit: percent) over China in
a 2°C warmer world relative to the 1976–2005 climate and (d, f) differences in effects between the 1.5°C and 2°C warming
levels. Color lines are ensemble average, and the shading represents one standard deviation of ensemble simulations in
Figures 2a and 2b. The dots in Figures 2c–2f represent regions with significant changes at 95% confidence level from a t
test.

10.1029/2018EF000862Earth's Future

LIN ET AL. 972



estimate the changes in the likelihood of events similar to four specific extreme events over China in a war-
mer world, including the 2013 hot summer in eastern China, the 2014 hot spring in northeastern China, the
2010 summer flood in southeastern China, and the 2008 cold winter in southern China (Table 1 and
Figures 3–5). Anthropogenic influences have been detected in the former two heat events (Ma et al., 2017;
Song et al., 2015; Sun et al., 2014).

Table 1
The Likelihood of Events Similar to Specific Climate Extremes Over China During the Historical (Hist, 1979–2005), Present-Day
(PD, 2006–2025), 1.5°C, and 2°C Periods (Stabilized at 2081–2100 in Our Simulations; Units: Percent)

Events Hist PD 1.5°C 2°C

2013 hot summer in eastern China 2.5 8.6 ± 3.8 42 ± 12.5 85.5 ± 8.3
2014 hot spring in northeastern China 0 5 8.3 ± 5.2 19.5 ± 10.1
2010 summer flood in southeastern China 8.4 ± 4.0 9.0 ± 8.1 25.5 ± 9.0 30.0 ± 9.4
2008 cold winter in southern China 0 5 0 0

Note. The numbers following ± are one standard deviation due to internal variability.

Figure 3. (a) The 1976–2005 summer climatological surface air temperature and (b) anomaly for the 2013 hot summer in observation (units: degree Celsius) and (c)
histogram and probability density functions of simulated anomalies of summer surface air temperature averaged over eastern China (box in Figure 3b) during
the historical (Hist), present-day (PD), 1.5°C, and 2°C periods (unit: percent). All simulated anomalies are relative to the 1976–2005 summer climate. The vertical
dashed line in Figure 3c is the observed 2013 hot summer anomaly. The center and width numbers refer to the parameters of fitted normal distribution curves.
The r2 is the squared correlation coefficient between fitted and real values.
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In general, we find that events similar to the high-temperature and flooding extremes becomemore frequent
in a 1.5°C or 2°C warmer world relative to the present-day climate. However, a mitigation of 0.5°C from 2°C to
1.5°C can significantly reduce the probability of such extreme events, especially heat extremes (Table 1).
These results are consistent with changes in Australian climate extremes at global warming levels of 1.5°C
and 2°C reported by King et al. (2017).

In 2013, eastern China experienced its hottest summer since the 1960s (Sun et al., 2014). Widespread and
severe heat waves affected the most populous and prosperous regions of China and led to substantial social
and economic effects. The estimated direct economic losses caused by this extreme temperature event
exceeded 59 billion RMB (Hou, 2014). As seen in Figure 3, anomalous surface air temperatures averaged over
eastern China reach 1.3°C and even exceed 4°C in some areas during the summer of 2013, relative to the
1976–2005 summer climate record. In the context of global warming, summers in China will become warmer
and the probability of extreme summer heat will increase. In particular, events similar to the 2013 hot summer
in eastern China, which currently have a< 10% chance will happen almost yearly in a 2°C warmer world (86%
in Table 1). This finding is consistent with analyses for Europe conducted by Stott et al. (2004) and Christidis
et al. (2015). However, our result shows a larger probability of such hot extreme events in a 1.5°C or 2°C war-
mer world than that in Chen and Sun (2018) using the RCP scenario simulations. Compared to 1976–2005, an
event similar to the 2013 hot summer is twice as likely in the present-day climate and will increase by 16 and
33 times under GMST increases of 1.5°C and 2°C, respectively (Figure 3c and Table 1). More importantly, the

Figure 4. (a) The 1976–2005 summer climatological precipitation (unit: mm/day) and (b) anomaly for the 2010 summer
flood in observation (units: percent) and (c) histogram and probability density functions of simulated anomalies of sum-
mer precipitation averaged over southeastern China (box in Figure 4b) during the historical (Hist), present-day (PD), 1.5°C,
and 2°C periods (unit: percent). All simulated anomalies are relative to the 1976–2005 summer climate. The vertical dashed
line in Figure 4c is the observed 2010 summer flood anomaly. Note that the width of fitted normal distribution curve
increases in future warming scenarios, suggesting larger interannual variability in the future.
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likelihood of such an event will be reduced by half if warming is stabilized at 1.5°C rather than 2°C above the
preindustrial climate.

Spring 2014 was the third hottest spring in northeastern China since dependable observations were estab-
lished in the late 1950s (Song et al., 2015). Daily maximum temperatures broke historical records at 12 ground
sites and reached over 40°C in many areas in late May (China Meteorological Administration (CMA), 2015;
Song et al., 2015). This hot event led to severe effects on agriculture and other important sectors (CMA, 2015).
Table 1 shows that events similar to this extreme hot spring rarely occur during 1976–2005. However, the
probability of such events increases to 5% in the present-day climate and will reach 8% and 20% under
GMST increases of 1.5°C and 2°C, respectively. This result is consistent with previous findings that anthropo-
genic warming may have contributed to the high number of hot days in spring over northern China (Song
et al., 2015).

We next assess flooding extremes in China in recent decades and in the future. Southeastern China suffered
severe flooding in the summer of 2010 (CMA, 2011), with 14 heavy rainfall events occurring from May to July.
The cumulative rainfall during this season reached 800–1200 mm in some regions, resulting in serious eco-
nomic losses and casualties (CMA, 2011). According to the Clausius-Clapyron equation, a warmer climate will
holdmoremoisture and thus tend to producemore precipitation. In addition, future reduced aerosol concen-
trations will likely enhance moisture transport and precipitation over eastern China (Lin, Wang, et al., 2016;
Wang, Lin, Yang, et al., 2017; Wang, Zhang, & Zhang, 2016). It is found that the difference in likelihood of
events similar to the 2010 extreme summer flood between 1976 and 2005 and the present-day climate is little
(Figure 4c and Table 1). However, the frequency of such events will increase by 2 or 3 times in a 1.5°C or 2°C
warmer world (with a return time less than 4 years), respectively, compared to 1976–2005.

Figure 5. (a) The 1976–2005 winter climatological surface air temperature and (b) anomaly for the 2008 cold winter in
observation (units: degree Celsius) and (c) histogram and probability density functions of simulated anomalies of winter
surface air temperature averaged over southern China (box in Figure 5b) during the historical (Hist), present-day (PD), 1.5°C,
and 2°C periods (unit: percent). All simulated anomalies are relative to the 1976–2005 winter climate. The vertical dashed
line in Figure 5c is the observational 2008 cold winter anomaly.
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One may argue that although global warming causes more frequent high-temperature and precipitation
extremes, a benefit is that it reduces the likelihood of low-temperature extremes. We test this hypothesis
by examining events similar to the 2008 extreme cold winter in southern China (Figure 5). The probability
of such extreme cold events is 5% in the present-day climate; however, they will no longer occur under
GMST increases of 1.5°C and 2°C (Table 1 and Figure 5c). This is consistent with that given by Chen and
Sun (2018), who also indicated that the probability of individual extreme cold event would be rare under
the 1.5°C and 2°C warming scenarios. Thus, there is no additional benefit of a 2°C warmer world.

Finally, we note that in Figures 3–5, there is a slight shift in the probability density function of temperature
anomalies. The shape of the probability density function of precipitation anomalies also changes, with a lar-
ger width in a 1.5°C or 2°C warmer climate. This result is consistent with the finding that precipitation
extremes tend to increase faster than mean precipitation (Lin, Wang, et al., 2016; Trenberth, 1999).

4. Conclusions

This study examines the changes in seasonal climate extremes over China under a stabilized 1.5°C or 2°C
increase in GMST at the end of the 21st century above preindustrial levels, using a set of fully coupled
Earth system model simulations explicitly targeting these warming levels. Our results suggest that stabilized
1.5°C and 2°C warming above preindustrial levels lead to increases in surface air temperature (precipitation)
averaged over China of 1.3°C and 1.9°C (11.6% and 13.3%), respectively, relative to the 1976–2005 climate.
The 2°C warming level leads to increase in surface air temperature over all of China, with the values being
generally greater than 1.5°C. The maximum increase in precipitation exceeds 50% south of the Yangtze
River, Sichuan Basin, and northwestern China under the warming level of 2°C. However, the surface warming
and precipitation are significantly reduced over most of China in a 2°C warmer world compared to 1.5°C.

Our results demonstrate that events similar to some large-scale extreme climate events that occurred in
China within the past decade will become more frequent under global warming. Compared to 1976–2005,
an event similar to the 2013 hot summer in eastern China is twice as likely in the present-day climate and will
increase by 16 and 33 times under increases in GMST of 1.5°C and 2°C, respectively. In particular, such hot
extreme events occur almost yearly in a 2°C warmer world. Note that the likelihood of such events will be
reduced by half if warming is stabilized at 1.5°C rather than 2°C. The probability of an event similar to the
2014 hot spring in northeastern China increases to 5% in the present-day climate and will arrive at 8% or
20% in a 1.5°C or 2°C warmer world, although such events rarely occur during 1976–2005. The likelihood
of an event similar to the 2010 extreme summer flood in southeastern China is almost unchanged in the
present-day climate relative to 1976–2005. However, the probability of such events will increase by 2 or 3
times in a 1.5°C or 2°C warmer world (with the probability reaching 25% and 30%), respectively. We find that
the likelihood of cold extremes such as the 2008 cold winter in southern China will be reduced to zero under
both 1.5°C and 2°C warming scenarios.

In summary, projected surface temperature and extreme heat and flooding in China will significantly increase
under global temperature increases of 1.5°C and 2°C. However, limiting the increase in GMST at 1.5°C rather
than 2°C would substantially reduce the frequency of climate extremes in China. Therefore, there are poten-
tial benefits of limiting the warming to below 1.5°C to prevent dangerous impacts in China, as suggested by
Huang et al. (2017) and King et al. (2017). Note that there are still deficiencies in the simulations, which will
bring errors to the corresponding projections. In addition, our results are derived from a single GCM, albeit
using multiple ensemble members. The sensitivities of temperature and precipitation to global warming dif-
fer among GCMs. The transient climate response is 2.3°C in CESM1; however, the transient climate response
spans a range from 1°C to 2.5°C based on the CMIP5models (Hu et al., 2017). Therefore, multimodel ensemble
simulations under similar scenarios are necessary to verify the robustness of our results.
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