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Climate change has broadly impacted on the China areas. There will be severe challenges
due to the variations of precipitation and temperature in the future. Therefore, a
comprehensive understanding of the future climate change over China areas is
desired. In this study, future annual precipitation and annual mean temperature under
two SSPs over China areas were projected through multiple global climate models.
Meanwhile, to explore the sources of uncertainty in projecting future climate change,
the multi-factorial analysis was conducted through GCMs (five levels) and SSPs (two
levels). This study can help us understand the possible changes in precipitation,
temperature, and the potential extreme climate events over the China area. The results
indicate that China would have more annual precipitation and higher annual mean
temperature in the future. Compared with the historical period, the annual mean
temperature would face a continuously increasing trend under SSPs. Regardless of
SSP245 or SSP585, the growth rate of annual precipitation and annual mean
temperature increase in the northern region (e.g., Northeast China, North China, and
Northwest China) are higher than those in the southern parts (e.g., East China, South
China, and Central China). The future temperature rise may increase the frequency of heat-
related extreme climate events, which needs to be focused on in future research.
Moreover, GCM was the main contributing factor to the sources of uncertainty in
projecting future precipitation and SSP was the main factor for future temperature.
Overall, climate change is an indisputable fact in China. The annual precipitation and
annual mean temperature would increase to varying degrees in the future. Reducing the
systemic bias of the climate model itself will undoubtedly be the top priority, and it would
help to improve the projection and evaluation effects of relevant climate variables.
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INTRODUCTION

Temperature and precipitation are the two major climatic
elements that people are most concerned about under climate
change (Tisseuil et al., 2012). Observations show that the average
temperature of the global land area has been increasing
significantly, especially in recent decades (Cheng et al., 2019).
Not only that, but the precipitation has also changed to varying
degrees. Changes in temperature and precipitation will cause a
series of extreme climate events (Kodinariya andMakwana, 2013;
Duan et al., 2020). For instance, droughts and heatwaves have
increased, and floods have become more frequent (Wang et al.,
2004b). There is no doubt that the intensification of climate
change has affected the survival and development of humans
(Feng and Hu, 2014). Besides, changes in precipitation and
temperature also affect agricultural, industrial, fisheries, animal
husbandry, and other aspects. Therefore, the assessment of future
temperature and precipitation will help to improve the ability to
deal with climate-related impacts (Wang et al., 2018).
Precipitation and temperature in China have also seen
significant changes in recent decades (Shivam et al., 2019).
The increase in climate disasters caused by climate warming
may be a more prominent problem in China. This may bring
frequent climatic disasters, including excessive rainfall, extensive
droughts, and sustained high temperatures, resulting in large-
scale disaster losses. Therefore, the projection and analysis of
future climate change have important socio-economic
significance (Ghosh and Mujumdar, 2007; Zhai et al., 2020).

Previous studies have checked future changes in temperature
and precipitation in China by multiple climate models (e.g.,
global climate models and regional climate models) (Du et al.,
2018; Jacob et al., 2018). Most research focused on analyzing the
temporal and spatial characteristics of key climate elements.
Besides, the quantitative analysis of climate elements was also
one of the current research hotspots. In particular, the changes in
relative historical periods such as temperature and precipitation
under different emission scenarios in the future (Cho et al., 2015;
Ji et al., 2018; Batibeniz et al., 2020). There is no doubt that the
climate model has become an important tool for assessing future
climate change in the current period. For example Hui et al.
(2018), analyzed the mean and extreme climate over China
during future period through the simulations from global
climate models (GCMs) under two RCPs (Representative
Concentration Pathways). Ultimately, the study revealed that
China area would experience much warmer climate in the
future (Hui et al., 2018). Ba et al. (2018) assessed the impacts
of climate change on water resources in Kaidu River Basin
through multiple general circulation models under two RCPs.
The results showed that both the precipitation and temperature in
the study area would increase in the future relative to the
historical period (Ba et al., 2018). Hou et al. (2019) compared
the performance of multiple climate models for future climate
change projection over different regions in China (Hou et al.,
2019).

However, many studies were mainly focused on analyzing the
future changes in precipitation and temperature through
individual global climate models (GCMs) from CMIP5

(Manrique-Alba et al., 2020). Currently, the GCMs are the
only tool available to project future climate change. They have
been widely used in assessing climate change (Thomas et al.,
2013). Due to the lack of a full understanding of the complex
climate change process, there are inevitably many deficiencies in
GCMs (Paeth and Hense, 2004; Dan et al., 2015; Spinoni et al.,
2019). The grid points of GCMs are often larger than 100 km,
which makes them difficult to employ for regional climate change
research. Besides, due to the uncertainty of emission scenarios,
climate change in the future is often uncertain (Carrão et al., 2016;
Park et al., 2016; Peltier et al., 2018). Although existing studies
have analyzed the uncertainties of climate models and emission
scenarios for future climate projections, they have seldom
considered their interactive effects (Vogel et al., 2020).
Moreover, the new version of climate models has improved
the ability to simulate climate elements. Therefore, it is
necessary to strengthen the analysis of future climate change
under the latest coupled model. (i.e., CMIP6).

Therefore, as an extension of previous studies, the objective of
this research is to evaluate the possible changes in annual
precipitation and annual mean temperature in China and trace
the sources of uncertainty on projecting future climate change.
Specifically, the objective entails 1) exploring changes in
temperature and precipitation in the future from multiple
perspectives through an ensemble of multiple GCMs under
different Shared Socioeconomic Pathways (SSPs), 2)
quantifying the main contribution (and their interactions) of
climate models and emission scenarios to the sources of
uncertainty on climate change projection.

METHODOLOGY AND CLIMATE DATA

Study Area
The terrain of China is high in the west and low in the east and is
complex and diverse (Smirnov et al., 2016; Poschlod et al., 2018;
Zhou et al., 2018). Mountains accounted for 33.3% of the total
land area, plateaus accounted for 26%, basins accounted for
18.8%, plains accounted for 12%, and hills accounted for 9.9%
(Sharafi et al., 2020). The terrain forms a three-level ladder from
west to east. Among them, the Qinghai-Tibet Plateau is located in
the west, with the highest terrain. It is composed of extremely
high mountains and plateaus. Therefore, it is also called the “roof
of the world”. The second ladder is from the east of the Qinghai-
Tibet Plateau to Daxinganling-Taihang-Wushan-Xuefeng
Mountain (Tan et al., 2011; Thompson et al., 2016). The
altitude is generally 1,000–2000 m, and it is mainly composed
of mountains, plateaus, and basins. The broad plains and hills of
eastern China are the third ladder. The annual precipitation
gradually decreases from the southeast coast to the northwest
inland. The annual precipitation in the southeast coastal area is
more than 1,600 mm and decreases to 800 mm near the Qinling-
Huaihe River. Then to the northwest to Daxinganling-Yinshan-
Lanzhou-southeast of the Qinghai-Tibet Plateau, it is reduced to
400 mm. The Helan Mountain to the central part of the Qinghai-
Tibet Plateau reduces to 200 mm. The annual precipitation in the
Tarim Basin is less than 50 mm (Moore et al., 2013). The
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temperature difference between north and south is large in
winter, while the south is warm, and the temperature gets
lower as it goes north. The summer is generally high
throughout the country, and the Qinghai-Tibet Plateau is the
coolest place in China. Due to the combined influence of human
activities and natural factors, the annual average temperature in
China has risen by 0.68°C since the 1950s. Therefore, it is
imminent to carry out climate change projection and
assessment over China. The changes in precipitation and
temperature in different regions of China are not the same. To
facilitate comparative analysis, China is divided into seven
subregions, including Northeast China, North China, East
China, South China, Central China, Northwest China, and
Southwest China, as shown in Figure 1. The division of
subregions refers to previous studies (Smalley et al., 2019).

Dataset
Five different kinds of GCMs (i.e., CESM2, GFDL-ESM4, IPSL-
CM6A-LR, MIROC6, and MRI-ESM2-0) are acquired from the
WCRP Coupled Model Intercomparison Project (Phase 6)

dataset archive (https://esgf-node.llnl.gov/projects/cmip6/). The
details are shown in Table 1. Two 50-year periods are employed
in this study, including the historical period (1965–2014) and the
future period (2051–2100). The data in the future period is
extracted under two SSPs (i.e., SSP245 and SSP585). The
annual precipitation and annual mean temperature are the two
variables of interest in this study. The data are all united to 0.5° ×
0.5° in spatial through the bilinear interpolation method (Chen
et al., 2016). The SSPs (Shared Socioeconomic Pathways) is the
latest scenarios to project socioeconomic global changes up to
2100. They are broadly employed to derive greenhouse gas
emissions scenarios with different climate policies. The SSP245
scenario assumes that the world follows a path where social,
economic, and technological trends will not significantly deviate
from historical patterns. Among them, development and income
growth are not balanced. Some countries have made good
progress, while others have fallen short of expectations. The
environmental system has experienced degradation, but there
have been some improvements, and the intensity of resource and
energy use has declined overall (Ying et al., 2019). Global

FIGURE 1 | The study area of China with seven sub-regions. The seven sub-regions are Northeast China, North China, East China, South China, Central China,
Northwest China, and Southwest China.

TABLE 1 | The information of five global climate models employed in this study.

GCM model Resolution (deg) Experiment Time frequency Variant Label

CESM2 1.25 × 0.94 historical, ssp245, ssp585 Mon r1i1p1f1
GFDL-ESM4 1.25 × 1.0 historical, ssp245, ssp585 Mon r1i1p1f1
IPSL-CM6A-LR 2.50 × 1.27 historical, ssp245, ssp585 Mon r1i1p1f1
MIROC6 1.41 × 1.40 historical, ssp245, ssp585 Mon r1i1p1f1
MRI-ESM2-0 1.125 × 1.12 historical, ssp245, ssp585 Mon r1i1p1f1
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population growth is modest and stabilized in the second half of
this century. Income inequality persists or is slow to improve, and
the challenge of reducing vulnerability to social and
environmental changes remains (Roberts et al., 2019; Asif and
Chen, 2020; Li et al., 2020). SSP585 assumes that the world
increasingly believes that competitive markets, innovation, and a
participatory society can bring rapid technological progress and
human capital development as a way to sustainable development.
At the same time, while promoting economic and social
development, all parts of the world are developing abundant
fossil fuel resources and adopting resource- and energy-intensive
lifestyles. All these factors have led to the rapid growth of the
global economy, while the global population has reached its peak
and declined in the 21st century (Trenberth and Shea, 2005).

Multi-Factorial Analysis Method
The main content of the multi-factorial analysis method is the
Analysis of variance (ANOVA) theory (Li et al., 2010). As an
effective statistical method, the main contribution and the
interactions of multiple factors to the sources of uncertainty
can be traced. In this study, the global climate models
(i.e., GCMs) and emission scenarios (i.e., SSPs) are the two
sources of uncertainty on future precipitation and temperature
projection. It has been broadly used to address the non-linear
relationship between the independent factors and the dependent
factor (Wang et al., 2004a; Wang et al., 2018; Feng and Hu, 2014).
In general, a formula can be written as y � F (x1, x2, x3, ..., xn) to
express the complex connection. Among them, y is the dependent
factor and x represents the multiple independent factors. In this
study, the future precipitation or temperature is the y variable,
GCMs (five levels) and SSPs (two levels) are x variables (Huang
et al., 1997; Wang et al., 2021). According to the ANOVA theory,
the total variance contains two aspects:

SStotal � ∑
n

i�1
SSi + SSint (1)

where SStotal is the total variance; SSi represents the variance of a
single factor; SSint is expressed as the variance of interactions
between multiple factors. The SSint also can be written as:

SSint � ∑
n

i�1
∑
n

j> i
SSij + ... + SS1,2,...,n � SStotal −∑

n

i�1
SSi (2)

The ratio of the variance of each part to the total variance is
regarded as the contribution of the main effect and the interactive
effect to the total effect, respectively. The variance fraction p can
be calculated as follows:

pi � SSi
SStotal

× 100% (3)

pint � SSint
SStotal

× 100% (4)

Table 2 presents the detailed multi-factorial design for future
precipitation and temperature projection. In this study, two
factors (i.e., GCM with five levels and SSP with two levels)
and two responses (i.e., precipitation and temperature) are

employed (Figure 2). Therefore, there are a total of ten
different level combinations in this design.

RESULTS

Spatial-Temporal Trends in Precipitation
and Temperature
Figure 3 presents the Mann-Kendall trend analysis results for
annual precipitation and annual mean temperature in the
historical and future periods. MK trend analysis is a non-
parametric test method broadly employed to statistically
evaluate whether there is a significant change trend in a time
sequence of the corresponding variable. The null hypothesis, H0,
indicates that there is no monotonic trend. The alternative
hypothesis, H1, states that there is a positive or negative
monotonic trend in the data series. More details can be found
in previous study (Duan et al., 2021). For the annual
precipitation, nearly half of the areas (47.8%) show a
significant trend in the historical period. Among them, the
central areas in China present a significant decreasing trend.
In the Northwest China, there is a significant growth trend. The
significant proportion reached 70.3%. In the Northeast China and
North China, the significant proportions are relatively small, at
4.4 and 7.6%, respectively. The fraction of China areas with a
significant trend will be increased to 52.7% during 2051–2100
under SSP245. Besides, the annual precipitation will be increased
to varying degrees in all seven sub-regions. The central areas,
South China, and Northeast China have a statistically significant
(indicate by dots) increasing trend for annual precipitation. The
significant proportion of precipitation increase in North China
and Northeast China has increased compared with the historical
period. The significant proportions in the Northeast China and
North China have reached 80.3 and 24.4%, respectively. The
percentage of significant trend areas will continually increase to
85.5% during 2051–2100 under SSP585. Meanwhile, there will be
a significantly high increase center in Southwest China. The
significant proportions in Northwest China and Northeast
China exceed 90%. In North China, Central China, Southwest
China, and South China, proportions exceed 80%. The trend
change in annual mean temperature is in sharp contrast with

TABLE 2 | The multi-level factorial design for the sources of uncertainty of future
precipitation and temperature projection.

Levels Factors Response

GCMs (x1) SSPs (x2) Precipitation Temperature

1 CESM2 SSP245 y1-1 y2-1
2 CESM2 SSP585 y1-2 y2-2
3 GFDL-ESM4 SSP245 y1-3 y2-3
4 GFDL-ESM4 SSP585 y1-4 y2-4
5 IPSL-CM6A-LR SSP245 y1-5 y2-5
6 IPSL-CM6A-LR SSP585 y1-6 y2-6
7 MIROC6 SSP245 y1-7 y2-7
8 MIROC6 SSP585 y1-8 y2-8
9 MRI-ESM2-0 SSP245 y1-9 y2-9
10 MRI-ESM2-0 SSP585 y1-10 y2-10
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annual precipitation. It has shown a significant increasing trend
both in historical (99.9% significant trend areas) and future
periods (100% significant trend areas) over China areas. The
growth rate is the largest during 2051–2100 under SSP585, which
is 0.1°C/year. In general, over China areas, the annual
precipitation and annual mean temperature will increase
significantly in the future, especially under SSP585. In
historical and future periods, the northwestern inland
temperature has increased relatively high. Compared with
precipitation, the temperature has increased significantly
throughout China, especially in the future. That means China
will face higher temperature in the future, and there may be more
temperature-related extreme climate events. It is also consistent
with previous research conclusions (Chaudhuri et al., 2020; Ramil
et al., 2020; Shrestha and Wang, 2020).

Projections of Future Precipitation and
Temperature
Figure 4 shows the variations of future annual precipitation and
annual mean temperature under SSP245 and SSP585. Compared
with the historical period, the annual precipitation will increase
by 11.3% over whole China areas, under SSP245. Besides, the
precipitation will also increase to varying degrees in the seven
sub-regions. Among them, the growth rate of the inland
northwest area is higher than that of the northern and eastern
coastal regions. In general, the increase in the northern part is
higher than that in the southern region. The fraction of entire
China areas with increasing annual precipitation will reach to
17.2% under SSP585. The growth rate of the inland northwest

area is still higher than that of the eastern regions. Compared with
the historical period, the whole China areas will be much wetter
due to the increase annual precipitation. Among them, the
proportion of precipitation increase in Northwest China,
North China, and Northeast China is about 19%. The
southwestern region is 18%, and the rest parts are about 10%.
Figure 4 also presents the change in annual mean temperature.
Undoubtedly, temperature will increase in the future, both under
SSP245 and SSP585. The increasing annual mean temperature
over the whole China areas is 2.8°C under SSP245, and under
SSP585, this increment will be 4.7°C. Interestingly, the spatial
pattern of annual mean temperature variations is quite similar to
precipitation, under both SSPs. Temperature increase in
Northeast China, North China, and Northwest China is higher
than that in the southern regions. The temperature increase is 3.2,
3.0, and 3.0°C, respectively, under SSP245. While under SSP585,
the increase is further expanded to 5.2, 5.0, and 5.0°C,
respectively. The temperature increase in the other four sub-
regions was relatively small. Under SSP245, the increase is around
2°C, and under SSP585, the increase is around 4°C.

In summary, the results indicate that both annual
precipitation and annual mean temperature over China will
increase in the future. Regardless of SSP245 or SSP585, the
growth rate of annual precipitation and annual mean
temperature increase in the northern region (e.g., Northeast
China, North China, and Northwest China) are higher than
those in the southern parts (e.g., East China, South China, and
Central China). The increase in precipitation is closely related to
the rise in temperature, and it has been discussed in previous
studies. Potential evapotranspiration will be increased with the

FIGURE 2 | The flowchart of this study.

Frontiers in Environmental Science | www.frontiersin.org September 2021 | Volume 9 | Article 7423265

Duan et al. Climate Change

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


rise in temperature, and it may cause large amounts of moisture
to converge. Eventually lead to a large increase in precipitation.
Changes in precipitation and temperature will affect many
aspects of China. Such as the agricultural output, human
health, and infrastructure. The future temperature rise may

increase the frequency of heat-related extreme climate events,
which needs to be focused on in future research.

Figure 5 visually shows the historical and future changes in
annual precipitation and annual mean temperature in China and
the seven sub-regions. The results provide more detailed statistics

FIGURE 3 | The results of Mann-Kendall trend analysis for annual precipitation and annual mean temperature during the historical and future periods. The historical
period is 1965–2014, and the future period is 2051–2100 under SSP245 and SSP585.
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on the changes in precipitation and temperature. Precipitation in
East China, South China, Central China, and Southwest China is
muchmore. However, the growth rate in the future is significantly
lower than that of other regions, as shown in Figure 4. The results
also indicate that the previously wet areas will be wetter, while the

dry areas tend to be wet. For the annual mean temperature, the
East China, South China, and Central China will face higher
temperature.

Figure 6 presents the changes in the probability distribution of
annual precipitation and annual mean temperature. The black

FIGURE 4 | The change in spatial distribution of annual precipitation and annual mean temperature during 2051–2100 under two SSPs relative to the historical
period.
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FIGURE 5 | Changes in annual precipitation and the annual mean temperature in China and its seven regions in the historical and future periods. Among them, P1
represents 1965–2014, P2 is 2051–2100 under SSP245, and P3 is 2051–2100 under SSP585.

FIGURE 6 | Changes in probability distribution of annual precipitation and the annual mean temperature in China and its seven regions in the historical and future
periods.
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line represents the distribution of precipitation and temperature
in the historical period. The blue line is the probability
distribution of the two variables in 2051–2100 under SSP245,
and the red line represents the probability variation of the two
variables in 2051–2100 under SSP585. Compared with the
historical period, the probability distribution of precipitation
and temperature under SSP245 and SSP585 both shifted to the
right. The results also show that under the SSP scenarios, the
seven sub-regions and the entire China area will have more
precipitation and higher temperature in the future. Climate
change has significant impacts on China, and the regional
ecological environment and human production may face
severe challenges in the future due to changes in temperature
and precipitation, as well as their derivative disasters (e.g.,
drought). Therefore, a full understanding of the possible
impacts of climate change on China is desired.

Contributing Factors to Variations of
Precipitation and Temperature
The uncertainties come from various factors, such as GCMs and
SSPs. In this study, GCMs (with five levels) and SSPs (with two
levels) are employed to quantify the main and interactive effects
on precipitation and temperature projection. As presented in

Figure 7, the total variance of precipitation and temperature
projection contains three aspects: GCMs, SSPs, and their
interactions. For annual precipitation, the largest contributing
factor to the total variance comes from GCM, with the rate of
50.68% (Northeast China), 68.33% (North China), 83.28% (East
China), 53.35% (South China), 81.20% (Central China), 77.79%
(Northwest China), 53.49% (Southwest China), and 44.73%
(entire China), respectively. The second contributing factor is
SSP, with the rate of 34.63% (Northeast China), 22.25% (North
China), 11.17% (East China), 11.52% (South China), 8.50%
(Central China), 18.91% (Northwest China), 35.56%
(Southwest China), and 44.36% (entire China), respectively.
The contribution of the interaction is relatively small, with the
rate of 14.69% (Northeast China), 9.42% (North China), 5.54%
(East China), 35.13% (South China), 10.30% (Central China),
3.30% (Northwest China), 10.95% (Southwest China), and
10.91% (entire China), respectively.

For annual mean temperature, the largest contributing factor
to the total variance comes from SSP, with the rate of 54.75%
(Northeast China), 64.08% (North China), 65.96% (East China),
74.60% (South China), 66.66% (Central China), 64.84%
(Northwest China), 73.22% (Southwest China), and 66.42%
(entire China), respectively. The second contributing factor is
GCM, with the rate of 40.64% (Northeast China),32.02% (North

FIGURE 7 | The main contribution (and their interactions) of GCM and SSP to the sources of uncertainty on annual precipitation and annual mean temperature
projections over China and seven sub-regions.
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China), 29.25% (East China), 21.04% (South China), 28.42%
(Central China), 30.70% (Northwest China), 22.07%
(Southwest China), and 29.09% (entire China), respectively.
The contribution of the interaction is relatively small, with the
rate of 4.61% (Northeast China), 3.91% (North China), 4.80%
(East China), 4.35% (South China), 4.92% (Central China), 4.46%
(Northwest China), 4.71% (Southwest China), and 4.49% (entire
China), respectively.

The projections of future precipitation and temperature have
the uncertainty of global climate models and emission scenarios.
Results show that GCM is the main source of uncertainties in
precipitation projection. For all sub-regions, the main
contributing factor to the total variance in precipitation
projection is GCM. The average contribution portions are all
exceeded 50%. The interaction between GCM and SSP is
relatively small. Results also present that SSP is the major
contributing factor to the total variance in temperature
projection. The average contribution portions are also
exceeded 50%. Besides, the interaction between GCM and SSP
is also quite small. Different variables have different sources of
uncertainty. This may reflect the influence of different
parameterization schemes of the model on the final output result.

DISCUSSION

The study on future precipitation and temperature projection,
based on ensemble of global climate models, has the uncertainties
of different emission scenarios and climate models. The
uncertainty of future climate projection may have a profound
impact on climate change projection and assessment. It is
necessary to quantify different sources of uncertainty to
provide reliable output achieve (Tisseuil et al., 2012; Feng and
Hu, 2014). The relationship between the independent variables
(i.e., climate models and emission scenarios) and the response
variable is not a simple linear relationship. It is hard to explore
their main and interactive effects on response variables.
Nevertheless, the application of factorial analysis can roughly
explore the main effects and interactions of various factors behind
complex nonlinear relationships. Therefore, GCMs with five
levels and SSPs with two levels are employed to trace the
sources of uncertainty in projecting future precipitation and
temperature, and the multi-factorial analysis method is used in
this study. Results show that the major contributing factors in
projecting future precipitation are all GCM over seven sub-
regions and entire China. However, the major contributing
factors in projecting future temperature are all SSP over seven
sub-regions and entire China (Chen et al., 2016; Manrique-Alba
et al., 2020). The effects explained by GCM and SSP interactions
are relatively small for both future precipitation and temperature
projection. To trace the different sources of uncertainty in
projecting future climate change, multiple qualitative and
quantitative methods have been employed in previous studies,
such as the ANOVA theory.

The different kinds of uncertainties sources of multiple climate
models perhaps lie in the insufficient cognizing and
understanding on the natural earth change process of global

climate change. Ultimately, the outputs of climate models
accompany various assumptions and limitations. Due to the
unpredictability of social-economic factor and human behavior
in the future period, a variety of potential greenhouse gas
emission scenarios have been generated (Shivam et al., 2019;
Sharafi et al., 2020). For instance, the Representative
Concentration Pathways (RCPs) in CMIP5 and the Shared
Socioeconomic Pathways (SSPs) in CMIP6. Different emission
scenarios have multiple premises and assumptions, which
represent variations of development paths in the future (Du
et al., 2018). Although developers try to incorporate the main
physical processes of the earth’s natural changes into the climate
model, due to unknown emission scenarios, imperfect model
structure, and complex climate systems, the simulation output of
the climate model is bound to be uncertain. To reduce the system
uncertainty in the modeling process as much as possible, the
calculation and simulation are usually carried out through
ensemble means of multiple GCMs (Moore et al., 2013;
Smalley et al., 2019). A variety of ensemble methods have
been developed in previous studies. In this study, five different
GCMs under two SSPs are given equal weights. After the
ensemble process, future annual precipitation and annual
mean temperature are then projected. The simulation
performance of multiple GCMs will vary with different
variables and the study area. Besides, due to some GCMs
share the same parameterization scheme, some modules or
codes, different GCMs are not completely independent (Vogel
et al., 2020; Zhai et al., 2020). Therefore, in this study, giving the
same weight to all GCMs may not be the optimal solution to
achieve ensemble. Wang et al. (2019) have assessed eight different
weighting schemes to determine the optimal weight distribution
among multiple GCMs. In addition, the effects of different
weighting schemes on the final output simulation results are
also compared (Wang et al., 2019). The performance of multiple
GCMs ensemble has been confirmed in many studies, and the
ability to project future climate change is better than a single
GCM. Perhaps the multiple GCMs ensemble can reduce the
systematic bias from the individual GCM, thereby improving
the ability to project future variables. In the current climate
change-related study, GCM is the only tool that can be used,
but due to its shortcomings, the projection of some climate
variables has a large deviation. In future research, reducing the
systemic bias of the climate model itself will undoubtedly be the
top priority (Chen et al., 2016; Wang et al., 2018).

CONCLUSION

In this study, future annual precipitation and annual mean
temperature under two SSPs over China areas were projected
through multiple global climate models. Meanwhile, to explore
the sources of uncertainty in projecting future climate change, the
multi-factorial analysis was conducted through GCMs (five
levels) and SSPs (two levels). This study can help us
understand the possible changes in precipitation, temperature,
and the potential extreme climate events over the China area. The
results indicate that China would have more annual precipitation
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and higher annual mean temperature in the future. Compared
with the historical period, the annual mean temperature would
face a continuously increasing trend under SSPs. Regardless of
SSP245 or SSP585, the growth rate of annual precipitation and
annual mean temperature increase in the northern region (e.g.,
Northeast China, North China, and Northwest China) are
higher than those in the southern parts (e.g., East China,
South China, and Central China). The increase in
precipitation is closely related to the rise in temperature.
Potential evapotranspiration would be increased with the
temperature rise, and it could cause large amounts of
moisture to converge. Eventually, this leads to a large
increase in precipitation. Changes in precipitation and
temperature would affect many aspects of China. Such as
the agricultural output, human health, and infrastructure.
The future temperature rise may increase the frequency of
heat-related extreme climate events, which needs to be focused
on in future research. Moreover, GCM was the main
contributing factor to the source of uncertainty in
projecting future precipitation and SSP was the main factor
for future temperature. The interactive effects are relatively
unobvious on both projecting precipitation and temperature.

Overall, climate change is an indisputable fact in China. The
annual precipitation and annual mean temperature will increase
to varying degrees in the future. Reducing the systemic bias of the

climate model itself will undoubtedly be the top priority, and it
will help improve the projection and evaluation effects of relevant
climate variables.
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