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ABSTRACT 

Based on the multi-model ensemble average results of the CMIP5 program, we predict the changes of global ter-

restrial wind and solar energy resources from 2020 to 2030 under different future climate change scenarios. The results 

show that the multi-mode ensemble average results have high confidence in the simulation of global wind and solar 

energy resources. Under different climate scenarios (RCPs), the changes in global terrestrial wind and solar energy re-

sources in the next 2020–2030 (relative to 1986–2005) will have significant regional differences. Among them, wind 

resources in the Americas, Africa and Australia increased, while European wind-rich areas decreased; those in Asia (e.g., 

Northwest China and Central Asia) increased in RCP2.6, but decreased in RCP4.5 and RCP8.5. Global terrestrial solar 

energy resources are increasing in different RCPs scenarios in the future, especially in European solar energy-rich areas. 

Wind energy and solar energy resources on the global land have obvious seasonal variation characteristics, and the sea-

sonal variation rate varies greatly in different regions. The change trend and change range of wind energy and solar en-

ergy resources in different rich areas are different. There are some differences in the RCPs scenario. It shows the com-

plexity of future changes in wind and solar energy resources in response to global climate change. 
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1. Introduction 
In recent years, as an important part of clean energy, the utilization 

of wind and solar energy has developed rapidly around the world. The 
Global Wind Energy Commission (GWEC) forecast for the future glob-
al wind market suggesting that the global demand for renewable energy 
will gradually increase in the future and the wind market will grow 
steadily, especially in Asia, Europe and North America. 

As the basic elements of renewable energy, near-stratigraphic wind 
speed and surface solar radiation have significant inter-chronological 
changes and regional differences. In recent years, the evaluation and 
estimation of renewable resources have become one of the hotspots of 
global attention[1-10]. Studies show that near-stratigraphic wind speeds 
decrease in most of the tropical and middle latitudes, while increasing 
in high latitudes[11,12]. In China, the daily average wind speed is greater 
than 3 mꞏs-1 decreases, and the overall wind speed shows a decreasing 
trend[13]. The change of wind energy is closely related to the east Asian 
monsoon circulation and under cushion surface[14]. The inter-decadal 
variation of surface solar radiation in China is characterized by an “as-
cending-descending” variation, and the overall trend is also decreas- 
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ing[15], which is mainly related to low cloud changes 
and human activities[16], while the solar radiation 
reaching the surface in Europe is on the increase, 
with an increase of about 5%[17]. 

With global climate change, the reserves and 
distribution of wind and solar energy resources will 
change accordingly in the future. The study con-
cluded that, due to global warming, the average 
wind energy in the northern hemisphere 
mid-latitudes will decrease in the future, while the 
average wind energy in the tropics and southern 
hemisphere will increase[18]. In the 21st century, the 
annual mean wind speed at 10 m height in China 
tends to decrease in the high emission (A2), medi-
um emission (A1B) and low emission (B1) scenari-
os, and the decreasing trend becomes more signifi-
cant as the emission scenario increases[19]. Under 
the A2 emission scenario, the spatial distribution of 
wind energy resources in the 21st century is essen-
tially the same as in the last 40 years of the 20th 
century, and the annual mean wind speed has a 
weakening trend in the first half of the 21st century, 
while an increasing trend dominates in the second 
half[20]. In the medium emission (A1B) scenario, the 
annual mean wind speed tends to increase over 
most of the United States, with a maximum incre-
ment of about 0.4 mꞏs-1[21]. Under the RCP4.5 and 
RCP8.5 emission scenarios, the wind speed incre-
ment in the South African region does not exceed 
6%[22]. Under climate change scenarios, wind ener-
gy resources will increase in the future in 
north-central Europe (e.g., in and around the Baltic 
Sea), while they will decrease along the Mediterra-
nean coast and in most of France, with insignificant 
interannual variability[23,24]. In the context of global 
warming, estimates of future solar energy resources 
indicate a 0% to 20% decrease in solar radiation on 
a seasonal scale in the continental United States[25]. 
In Japan, solar radiation will increase in the warm 
season and decrease in the cool season[26]. The 
overall solar radiation in central and southern Eu-
rope will increase by 5% to 10%, while the winter 
solar radiation in northern and eastern Europe will 
decrease by 5% to 15%[27]. Solar radiation in Nige-
ria will be reduced, especially in the southern 
part[28]. 

In summary, it can be seen that the near-sur- 

face wind speed and surface solar radiation as wind 
and light resources respond significantly to future 
climate change, but there are large uncertainties. 
The future changes of wind and light resources in-
volve the development and utilization of global re-
newable resources, enterprise development, and 
resource construction layout. It is of great practical 
and scientific significance for national economic 
development to predict in advance the possible 
changes of future wind and solar resources in the 
context of climate change. 

This paper attempts to use the simulation re-
sults of the international Coupled Mode In-
ter-comparison Project Phase 5 (CMIP5) to estimate 
the possible changes of global land wind and light 
elements from 2020 to 2030, and give the spatial 
and temporal change characteristics of wind and 
light resources, so as to provide scientific reference 
for the medium and long-term planning of the de-
velopment and utilization of wind and light re-
sources. 

2. Materials and methods 
Despite the large uncertainties in climate mod-

els, they are still the most reliable and indispensable 
tool to estimate the future climate change. The 
monthly data of air temperature, wind velocity and 
downward short-wave radiation in CMIP5 are used 
to study the future changes of global land wind ve-
locity and solar radiation. In order to ensure model 
uniformity, 16 climate models including the above 
variables were selected from the historical test 
(RCP2.6, RCP4.5, RCP8.5) and the future tests with 
different typical emission concentration scenarios. 
Considering that the resolution of different climate 
models will have differences on the simulation re-
sults under the same emission scenario, a bilinear 
interpolation method is used to uniformly interpo-
late the results of all models to the bilinear interpo-
lation method was used to uniformly interpolate all 
model results to a 2.5° × 2.5° grid point. For com-
parison, the period 1986–2005 is used as the current 
climate reference period, using the definition of the 
IPCC (Intergovernmental Panel on Climate Change) 
Working Group I Fifth Assessment Report (AR5, 
fifth assessment report). 

There are few tests and assessment analyses on 
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the ability of GCMs to simulate near-surface wind 
speed and surface solar radiation, which are mainly 
limited by the large uncertainties in the model sim-
ulations of the two elements. Loew et al.[29] showed 
that the assessment results of CMIP models on a 
global scale rely heavily on the reanalysis of model 
information, and the simulation of interdecadal var-
iability of solar radiation is subject to large errors 
and uncertainties. In this paper, eight models (Table 
1) were selected for equal-weighted ensemble av-
eraging to estimate the changes of global terrestrial 
wind and solar resources in 2020–2030 under dif-
ferent future climate scenarios (RPCs) based on the 

comparative analysis of the simulation capability of 
temperature and precipitation in the CRU (climate 
research units, version 4.01) reanalysis data for the 
same period. The global terrestrial wind and solar 
resources in 2020–2030 under different future cli-
mate scenarios (RPCs) are estimated relative to the 
historical reference period. It should be noted that 
the soundness of the above methods has been 
widely recognized in the field of climate change 
prediction, and the simulation capability of mul-
ti-model ensemble averaging is more reliable than 
that of a single model. 

Table 1. Basic information of CMIP5 model for wind and light resource estimation 
Model name Country Resolution Points period 

Historical experiments Future prognostic tests
CanESM2 Canada 2.8° × 2.8° 1850–2005 2006–2100 
MIROC5 Japan 2.8° × 2.8° 1850–2012 2006–2100 
NorESM1-M Norway 2.5° × 1.875° 1850–2005 2006–2100 
IPSL-CM5A-LR France 3.75° × 1.875° 1850–2005 2006–2300 
IPSL-CM5A-MR France 2.5° × 1.25° 1850–2005 2006–2100 
HadGEM2-ES United Kingdom 1.875° × 1.25° 1859–2005 2006–2299 
HadGEM2-AO Korea 1.875° × 1.25° 1859–2005 2006–2299 
MRI-CGCM3 Japan 1.125° × 1.125° 1850–2005 2006–2100 

Wind energy is the kinetic energy of air 
movement, which is the product of the wind tur-
bine blade area, 3 times of wind speed and the air 
density. Wind energy per unit area of the wind tur-
bine blade is defined as: 

 

(1) 
Where: W is the wind energy per unit area of 

the wind turbine blade (Wꞏm-2); ρ is the air density 
(gꞏm-3); v is the wind speed at the height of the wind 
turbine hub (mꞏs-1). 

The above equation shows that wind energy is 
proportional to air density and wind speed, i.e., the 
greater the air density and wind speed, the greater 
the wind energy. However, air density has spatial 
variability. In order to eliminate the deviation of 
wind energy caused by spatial differences in density, 
a relationship between air density and altitude is 
established to make corrections based on the gas 
equation of state[30]. 

 
(2) 

Where: ρH is the density of air at altitude H, ρ0  

 

is the density of air at room temperature and stand-
ard atmospheric pressure, taking the value of 1225 
gꞏm-3 (the density of air at 15 °C at sea level); H is 
the altitude (m); T0 is the absolute temperature (K), 
taking the value of 273 K; a is the decreasing rate 
of atmospheric vertical temperature, taking the val-
ue of 0.0065 °Cꞏm-1. 

The magnitude of solar energy depends mainly 
on the density of solar shortwave radiation flux (al-
so known as irradiance, Wꞏm-2) that reaches the 
ground. In general, the stronger the solar irradiance 
reaching the ground, the more abundant the solar 
energy. 

The rate of change of global land-averaged 
wind and solar energy (RRCPs) for 2020–2030 under 
different climate scenarios (RPCs) relative to the 
historical reference period (1986–2005) is calculat-
ed as follows: 

 
(3) 

Where: MRCPs are the global terrestrial annual 
(seasonal) average wind and solar energy for dif-
ferent future climate scenarios; Mhis is the global 
terrestrial annual (seasonal) average wind and solar 
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energy for the historical reference period. 

2. Simulation capability of mul-
ti-model ensemble for global 
near-surface wind speed and solar 
irradiance 

Figure 1 shows the global near-surface wind 
speed and solar irradiance distributions based on 
multi-model ensemble averaging. As seen in Figure 
1(a), there are significant regional differences in the 
global distribution of near-surface wind energy re-
sources. The overall wind energy resources on the 
ocean are higher than on land, and the wind ener-
gy-rich areas on the ocean are mainly concentrated 
in the vast areas south of the equator near the poles, 
especially in the eastern hemisphere region, where 
the wind speed is above 7 mꞏs-1 in most of the sea. 
Onshore wind energy-rich areas are concentrated in 
North Africa, central North America, northwestern 
China, Central Asia and Australia, with relatively 
few wind energy resources at low latitudes near the 
equator. Compared with the global near-surface 
wind speed based on ground station observations 
released by NASA[31], the multi-model ensemble 
averaging results better reflect the approximate dis-
tribution of the actual global near-surface wind 
speed, but the simulated values are small, which 
may be related to the inconsistency between the 

simulated and observed altitudes of the near-surface 
wind speed. 

From Figure 1(b), it can be seen that global 
solar energy resources are mainly concentrated be-
tween the Tropic of Cancer near the equator, with 
solar irradiance usually above 200 Wꞏm-2, and are 
most abundant in the Sahara region of northern Af-
rica, while the eastern and southern parts of the Af-
rican continent, Australia and northwestern China 
are also solar resource-rich areas. Compared with 
the solar irradiance observed by global 
ground-based weather stations published by 
NASA[31], the multi-model ensemble averaging re-
sults not only effectively reflect the approximate 
distribution of the actual global solar radiation, but 
also have a better reproducibility of the solar radia-
tion magnitude values in different regions. 

Comparing the multi-model ensemble averag-
ing results with the observed spatial distribution of 
global near-surface wind speed and solar irradiance, 
the multi-model ensemble averaging results can 
reproduce the distribution and magnitude of global 
wind and solar energy resources better, which has 
high reliability. Therefore, this paper estimates the 
possible trend and distribution of wind and solar 
energy resources from 2020 to 2030 by using mul-
ti-model ensemble averaging results. 

 

Figure 1. Multi-model ensemble-averaged global near-surface wind speed (a, unit: mꞏs-1) and surface solar irradiance (b, unit: Wꞏm-2) 
distributions (high value areas are in the box). 

3. Possible future changes in global 
terrestrial near-surface wind power 
density and solar irradiance 

Figure 2 shows the annual rate of change 

distribution of global terrestrial near-surface 
wind and solar resources for the period 2020–
2030 for different climate scenarios relative to 
the reference period (1986–2005). It can be 
seen that under different climate scenarios 
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(RCPs), the changes of global terrestrial wind 
energy resources from 2020 to 2030 are obvi-
ously spatial different. Under the RCP2.6 and 
RCP8.5 climate scenarios, compared with the 
period 1986–2005, most of the terrestrial wind 
energy resources show an increasing trend in 
2020-2030, and some regions such as conti-

nental Antarctica, Greenland, western Canada, 
and Russia show a decreasing trend, and the 
wind-rich areas are mainly distributed in East 
Asia, Southeast Asia, northern and eastern 
China, Mongolia, Central Asia, 30°S–30°N re-
gion of America, northeastern Australia, and 
sub-Saharan Africa. 

 
Figure 2. Rates of change in global land-averaged wind (a, c, e) and solar energy (b, d, f) for 2020–2030 under different climate 
scenarios (compared with the period from 1986 to 2005, the same as below). (a, b) RCP2.6, (c, d) RCP4.5, (e, f) RCP8.5. 

At present, eastern China, Inner Mongolia, 
Hexi Corridor, Xinjiang and other regions are the 
places with the most abundant wind energy re-
sources in China, in the past 10 a, the above areas 
have established large-scale wind power bases; un-
der the RCP2.6 and RCP8.5 climate scenarios, these 
regions of China are still rich in future wind energy 
resources. Under the RCP4.5 scenario, the change 
distribution characteristics of wind energy resources 

from 2020 to 2030 are similar to that of RCP2.6 and 
RCP8.5 climate scenarios, but the increase range of 
wind energy resources is significantly reduced, and 
the increase range is relatively weak, among them, 
the European continent, Antarctica continent and 
most regions of Central Asia showed a decreasing 
trend. The spatial differences in the change of ter-
restrial wind energy resources from 2020 to 2030 
under different RCPs scenarios may be related to 
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the change of polar climate and global sea and land 
thermal gradient in the context of global warming. 
The reasons still need to be further analyzed. Com-
pared with the reference period, under different 
RCPs scenarios, the global solar energy resources 
increased between 2020 and 2030, and the most 
significant increase was in Europe, southeastern 
United States, southwest South America, and 
Southeast Australia, the increase in solar resources 
in these regions was most pronounced under the 
RCP8.5 climate scenario, indicating a significant 
increase trend in solar resources between 2020 and 
2030 under the high emission scenario. This may be 
related to the future reduction in cloud volume for 
reasons that need further investigation. 

According to the NASA global near-surface 
wind speed and solar radiation observation materi-
al[31] and multi-mode ensemble averaging results 

(Figure 1), the onshore wind and solar-rich areas 
are mainly concentrated in the Americas, the Sahara 
region in Africa, Australia, Europe, Northwest Chi-
na and Central Asia. Therefore, for the above five 
regions, this paper further discusses the characteris-
tics of wind energy, solar energy resources annually 
and seasonal changes under different climate sce-
narios. January, April, July and October were se-
lected to represent winter, spring, summer and au-
tumn, respectively. 

Figure 3 shows the annual and seasonal aver-
age percent change in global terrestrial wind and 
solar resources for 2020–2030 under different RCPs 
climate scenarios relative to the reference period. It 
can be seen that there are significant seasonal dif-
ferences in global terrestrial wind and solar energy 
resources under different future climate scenarios, 
and the response to different RCPs varies greatly. 

 
Figure 3. Annual and seasonal average rates of change in global land-based wind (a) and solar (b) resources for 2020–2030 under 
different climate scenarios. 

From Figure 3(a), it can be seen that relative 
to the reference period (1986–2005), the global 
land-based annual average wind resource increases 
during the period 2020–2030 under the RCP2.6 and 
RCP8.5 climate scenarios, and increases more sig-
nificantly under the RCP8.5 scenario than the 
RCP2.6 scenario, while decreases under the RCP4.5 
scenario, but the trend varies from season to season. 
Among them, the land average wind energy re-
sources in winter, summer and autumn all decreased 
under different RCPs (except for the winter RCP2.6 
scenario), wind energy resources in winter and 
summer are most significantly in the RCP8.5 sce-
nario, in autumn, the wind energy resources de-
creased most significantly in the RCP2.6 scenario; 
the change trend of wind energy resources in spring 

is consistent with the whole year, in a slight reduc-
tion in the RCP4.5 climate scenario, while the in-
crease is significant in the RCP2.6 and RCP8.5 
scenarios, and the rate of increase is higher than the 
annual average. It can be seen that under the future 
high and low emission scenarios, the onshore wind 
energy resources show a general decreasing trend 
during the period 2020–2030, except for a signifi-
cant increase in spring. 

As seen in Figure 3(b), the global terrestrial 
annual and seasonal average solar resources in-
crease from 2020 to 2030 relative to the reference 
period, and the increase is most pronounced in the 
RCP2.6 and RCP8.5 scenarios, with the largest in-
crease in summer. 

To sum up, compared with the reference period, 
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the changes in the global terrestrial average wind 
and solar resources between 2020 and 2030 did not 
increase or decrease with the increasing RCP emis-
sion concentration, indicating that future changes in 
wind and solar resources are nonlinear in response 
to climate change. 

Table 2 statistics the annual and seasonal av-
erage change rates of wind and solar energy re-
sources over the reference period from 2020 to 
2030 for different RCPs. It can be seen that the an-
nual average wind energy resources in the rich re-
gions of America, Africa and Australia show an in-
creasing trend under different climate scenarios, and 
the increasing trend is most pronounced in the rich 
regions of Africa. The annual mean wind resource 
variability in the Asian rich region (Northwest Chi-
na and Central Asia, hereafter) is relatively complex, 
with an increasing trend under the RCP2.6 scenario 
and decreasing trends under the RCP4.5 and 
RCP8.5 scenarios. In different seasons, wind energy 
resources in the rich regions of the Americas and 
Africa in winter show consistent decreasing and 
increasing trends under different climate change 
scenarios; The wind resource in the Asian rich re-
gion tends to increase under the RCP2.6 scenario 
and decrease under the RCP4.5 and RCP8.5 sce-
narios, with the most significant decrease in the 
RCP4.5 scenario. Wind resources in Australia and 
the European rich zone decrease under the RCP4.5 
scenario and increase under the RCP2.6 and 
RCP8.5 scenarios. In spring, the wind energy re-

sources showed a consistent increasing trend across 
climate change scenarios, except in the African rich 
zone, where the trend varied across climate change 
scenarios. In particular, wind energy resources in 
the Asian rich region show a decreasing trend under 
the RCP2.6 scenario and an increasing trend under 
the RCP4.5 and RCP8.5 scenarios, which is the 
opposite of the winter season. In summer, wind en-
ergy resources in the Americas, Africa and Europe 
increase under different climate change scenarios, 
wind energy resources in Asian rich region are de-
creasing under different climate change scenarios, 
and the reduction is the most obvious in the RCP4.5 
scenario, but the changing trends of Australia’s rich 
regions are different. In autumn, wind energy re-
sources in rich areas of the Americas and Australia 
increase under different climate change scenarios; 
Wind energy resources in the rich regions of Asia 
increased in the RCP2.6 and RCP8.5 scenarios, but 
decreased in the RCP4.5 scenario. 

According to the above analysis, the wind en-
ergy resources in the five major rich regions of the 
world, except for Europe and Asia, will generally 
show an increasing trend from 2020 to 2030 under 
different climate scenarios in the future. In addition, 
global terrestrial wind energy resources are signifi-
cantly seasonal and regional under different climate 
change scenarios, indicating that wind energy re-
sources in different seasons and regions have dif-
ferent responses to different climate change scenar-
ios. 

Table 2. Annual and seasonal average rates of change of wind and solar energy resources in different parts of the global land under 
different climate scenarios, relative to the reference period 2020–2030 
Enrichment 
area 

Future 
climate 
scenarios 

Wind energy Solar energy 
Winter Spring Summer Autumn All 

year
Winter Spring Summer Autumn All 

year
Americas RCP2.6 -10.8 0.99 17.79 3.02 3.02 15.97 16.28 15.62 16.40 16.08
 RCP4.5 -0.63 -10.68 14.52 11.35 0.25 15.94 15.82 16.08 16.11 16.20
 RCP8.5 -5.93 -2.94 20.45 6.18 3.16 15.62 15.87 15.91 16.17 16.10
Africa RCP2.6 0.87 5.43 3.17 1.2 3.33 16.68 16.61 16.92 15.84 16.85
 RCP4.5 0.58 8.01 3.21 -1.96 3.22 16.75 17.01 16.60 16.61 17.05
 RCP8.5 3.51 7.89 1.95 -1.89 3.32 16.71 16.68 16.53 15.56 16.67
Asia RCP2.6 0.43 -1.09 -1.11 3.52 0.63 16.10 17.00 18.34 17.17 17.54
 RCP4.5 -1.82 1.59 -5.00 -5.34 -0.98 15.20 16.39 18.08 16.35 17.20
 RCP8.5 -0.17 1.84 -0.28 4.36 -0.48 16.32 16.70 18.74 17.08 17.58
Australia RCP2.6 3.10 2.38 3.00 12.10 3.11 17.98 17.33 18.41 17.64 17.66
 RCP4.5 -6.96 1.12 -1.02 10.00 1.24 17.11 17.23 18.00 16.85 17.06
 RCP8.5 4.36 -9.14 5.80 6.98 2.08 17.10 18.04 18.19 17.54 17.22
Europe RCP2.6 4.33 -1.14 2.43 0.51 -0.29 15.88 17.74 18.23 17.04 18.00
 RCP4.5 -0.95 -1.22 2.39 -2.72 -1.86 15.47 17.24 17.83 16.15 17.46
 RCP8.5 0.55 1.89 3.22 -0.13 -0.03 15.97 17.35 17.95 16.68 17.82
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According to the annual and seasonal average 
rate of change of solar energy resources from the 
five major global land rich regions in the 2020–
2030 which relative to the reference period (Table 
2), solar energy resources in different regions show 
an increasing trend in different climate change sce-
narios and different seasons, that is, solar energy 
resources in the rich areas of the global land always 
show an increasing trend in the future climate 
change scenarios. 

In terms of annual averages, solar resources in 
the global continent-rich regions increase most sig-
nificantly in Europe under different climate change 
scenarios in 2020–2030, followed by Asia and Aus-
tralia, with relatively small increases in solar re-
sources in the Americas and Africa. 

Under different climate change scenarios, the 
increase in solar energy resources is most pro-
nounced in winter in the Australian-rich region and 
least in the European-rich region. In spring, the 
most significant increases in solar resources were 
seen in Australia and Europe, with relatively small 
increases in other regions; in summer and fall, the 
most significant increases were seen in Asia, Aus-
tralia and Europe, with relatively small increases in 
the Americas and Africa. Among them, the solar 
energy resources in the Asian-rich regions increased 
the most significantly under the RCP8.5 scenario. It 
can be seen that there are also significant regional 
and seasonal differences in the increase of global 
terrestrial solar resources in 2020–2030 under dif-
ferent climate change scenarios. It should be noted 
that under future climate change scenarios, wind 
energy resources vary significantly more than solar 
energy resources across seasons, which is related to 
the strong transient and volatile nature of wind 
speed itself (small spatial and temporal scales)[2]. 

4. Conclusion and discussion 
(1) The multi-model ensemble averaging re-

sults based on the CMIP5 program can better re-
produce the global near-surface wind speed and the 
distribution of surface solar short-wave radiation, 
and the simulation performance for solar radiation 
is better. It shows that the multi-model ensemble 
averaging results have high confidence in the simu-
lation of wind and solar resources on a global scale. 

(2) Compared with the reference period, the 
changes of global terrestrial wind and solar energy 
resources between 2020 and 2030 under different 
RCPs scenarios have obvious regional differences. 
The regional difference of solar energy resources 
was small. Each rich area showed an increasing 
trend under different RCPs, and showed the most 
obvious increasing trend under the high emission 
(RCP8.5) scenario. The regional variation of wind 
energy resources is great, and the change trend of 
different rich areas under different RCPs is also 
quite different. 

(3) Compared with the reference period, there 
are still obvious seasonal differences in wind and 
solar energy resources in different regions of the 
world between 2020 and 2030 under different cli-
mate scenarios, and the seasonal differences of 
wind energy resources are stronger than those of 
solar energy resources. The changes in wind and 
solar energy resources from 2020 to 2030 did not 
increase or decrease with the increasing emission 
concentration, indicating the complexity and non-
linearity of future wind and solar energy resource 
responses to global climate change. 

It should be noted that although the climate 
system model has been continuously improved in 
the past decade and the simulation capacity has 
gradually improved, the model still has great un-
certainty, also reflected in the simulation of 
near-surface wind speed and surface solar radia-
tion[32]. Moreover, the climate model has a “climate 
drift” phenomenon in the long integration process, 
which manifests itself as spurious changes inde-
pendent of internal variability or external forc-
ing[33,34].It has been shown that the near-surface 
wind speeds from GCM results and reanalysis data 
differ significantly at high altitudes, especially north 
of 30°N, where the correlation coefficients between 
the two are low[35]. Among them, the GCM simula-
tion of near-surface wind speed in China is small[36]. 

The mechanisms of wind and solar resource 
changes in the context of climate change are more 
complex, and atmospheric circulation, ENSO (El 
Niño-Southern Oscillation), topographic thermo-
dynamic effects, subsurface changes, and anthro-
pogenic effects all have an impact on the changes of 
wind speed in the global terrestrial near-surface 
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layer, but the corresponding explanations of the 
mechanisms still differ greatly[37-40]. Therefore, with 
the continuous improvement and development of 
the model, the predicted results of wind and solar 
resources will be more credible in the future. 
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