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Abstract: China is rich in wind- and solar-energy resources. In recent years, under the auspices of the
“double carbon target,” the government has significantly increased funding for the development of
wind and solar resources. However, because wind and solar energy are intermittent and their spatial
distribution is uneven, the profits obtained by the developers of wind- and solar-energy resources are
unstable and relatively low. For this reason, we analyze in this article the spatiotemporal variations
in wind and solar energy resources in China and the temporal complementarity of wind and solar
energy by applying a Spearman correlation coefficient based on the Daily Value Dataset of China
Surface Climate Data V3.0. Finally, we also strive to harmonize regions where wind and solar
resources are less complementary by introducing hydro-energy resources. The results reveal that
wind energy and solar energy resources in China undergo large interannual fluctuations and show
significant spatial heterogeneity. At the same time, according to the complementarity of wind and
solar resources, over half of China’s regions are suitable for the complementary development of
resources. Further research shows that the introduction of hydro-energy resources makes it feasible
to coordinate and complement the development of wind- and solar-energy resources in areas where
the complementarity advantage is not significant. This has a significant effect on increasing the profit
generated by the complementary development of two or more renewable resources.

Keywords: China; wind energy resources; solar energy resources; water energy resources; spatial
and temporal distribution; time complementarity

1. Introduction

In recent years, to reduce global warming and overcome the current overdemand for
oil, coal, and other resources, many countries and regions have gradually strengthened the
development of green and low-carbon energy (such as wind and solar energy) [1–4]. China
is rich in wind- and solar-energy resources, so the Chinese government has significantly
increased funding in the past decade for the development of wind and solar resources.
According to the China Statistical Yearbook, China’s installed wind power capacity increased
from 2958 MW in 2010 to 20915 MW in 2019, which is an increase of 691%. Over the same time,
the installed solar power capacity grew from 26 MW in 2010 to 2019 20418 MW (solar energy
has only been developed in China since about 2010). The data reflect the rapid development
by China of these two renewable resources on a large scale [5].

Because China is a vast country with large differences in elevation and complex terrain,
the distribution of wind- and solar-energy resources varies significantly. The data above
show that China’s development of these two resources has developed rapidly in the past
decade; however, the degree of development and use varies from region to region [6,7].
With the deepening development and use of wind- and solar-energy resources, many
researchers have studied and analyzed the spatial distribution of wind- and solar-energy
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resources in China to quantitatively analyze and evaluate the distribution of these resources
in China [8–12]. The results of these studies indicate that the intermittency and volatility of
wind and solar resources were gradually amplified, especially after large-scale integration
of wind and solar power into the power grid. Therefore, for resource developers, it is urgent
to improve the profitability of wind- and solar-energy resources despite their unstable
output in time [13,14].

Because wind power and solar energy resources are climate resources, their temporal
stability is influenced by natural factors, so an accurate assessment of the development
and use of these resources is difficult, which restrains developer profits because the actual
utilization efficiency is relatively low [15]. To solve this problem, which stems from the
spatial and temporal characteristics of these resources, some researchers have proposed
the complementarity of two or more renewable resources to improve their use [16–18].
Moreover, many international scholars have studied the time complementarity of wind-
and solar-energy resources in the same areas. For example, Jakub et al. evaluated the spatial
characteristics of the temporal complementarity of wind- and solar-energy resources in
Poland by applying a Spearman coefficient analysis, which demonstrated the facility and ef-
fectiveness of this approach to assess complementarity [19]. Puspitarini et al. evaluated the
complementarity of solar- and hydro-energy resources in Italy by combining the Pearson
coefficient with standard deviation and demand satisfaction [20]. Hen et al. also evaluated
the complementarity of solar, wind, and hydro-resources through the Kandall coefficient,
and their results also confirmed the validity of the Kandall coefficient in complementarity
assessment [21]. Zhang et al. evaluated the benefits of wind- and solar-energy resource
complementarity in northwest China, and the results showed that wind- and solar-energy
resource complementarity is economically and socially feasible in northwest China [22].
Zhang et al. used the correlation coefficient R to study the suitability of the wind- and
solar-energy resource complementary in the coastal areas of China, and the results showed
that the wind-energy resource complementary becomes more suitable as the latitude de-
creases [23]. Therefore, after comparing the suitability of the data and the research methods
used in the present work, we adopted the Spearman coefficient to evaluate and analyze
the temporal complementarity of wind- and solar-energy resources in China because it
ignores the dimensionality of different data, thereby allowing an accurate interpretation of
the complementarity of the two resources. In addition, it is easy to calculate.

The aim of this work is to elucidate the spatial and temporal distribution of wind- and
solar-energy resources in China and their temporal complementarity. In addition, this work
shows that a third renewable resource that is relatively stable in time can be used to coordi-
nate two intermittent and volatile renewable resources in areas where their complementarity
is not significant. Of course, the current research draws various conclusions regarding
the complementary of two or more renewable resources in time. However, it remains
unclear that the low efficiency of the complementary development of various renewable
resources is caused by the temporal volatility of different renewable resources [24–27]. This
work strives to quantify and prove this problem by analyzing more data; that is, from
the perspective of resource quantity. The results indicate that water-energy resources can
serve to coordinate energy supply in regions where wind and solar energy is relatively
noncomplementary in time.

Based on the China Surface Climate Data Daily Value Dataset V3.0, we calculate the
annual effective wind energy density and annual total solar radiation at 210 meteorological
stations from 2010 to 2019 and then visually analyze the spatial and temporal variations in
wind- and solar-energy resources in China. On this basis, the Spearman coefficient is used
to analyze and evaluate the temporal complementarity of wind- and solar-energy resources
in China, and a third renewable-energy resource (water energy in this case) is introduced
to coordinate the energy supply in regions where wind- and solar-energy resources are not
complementary. Further research shows that it is feasible to coordinate and complement
the development of hydropower resources in areas where the complementarity of wind
and solar resources is not significant.
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Thus, we study the spatial and temporal distributions of wind- and solar-energy
resources in China and their complementarity, with the goal being to provide practical
assistance to the development of these resources in China. The research results provide
an objective and quantitative method for solving the problem of time stability in the
development of wind and solar energy resources in China, which helps to improve the
profitability of complementary development of renewable resources. These results should
help China achieve the dual carbon targets of “carbon neutrality” and “carbon peaking” in
the future.

2. Materials and Methods
2.1. Study Area

To study the wind- and solar-energy resources in China and discuss the possible
coordination and complementarity of water-energy resources in Section 3.3, we start by
dividing China into different basins. According to the division of China’s hydro-resources
by the Resources and Environment Data Center of the Chinese Academy of Sciences, China
is divided into nine river basins. The river basins are the Northeast River Basin, Northwest
River Basin, Haihe River Basin, Yellow River Basin, Huaihe River Basin, Yangtze River
Basin, Southwest River Basin, Southeast River Basin, and Pearl River Basin. The locations
of the study area and the nine basins are shown in Figure 1.

Figure 1. Distribution of nine river basins and meteorological stations in China.

2.2. Data Sources

The data in this paper consist mainly of five indicators: (1) sunshine duration, (2)
average wind speed (10 m height), and (3) the reserves of hydraulic resources. The sunshine
duration and average wind speed with daily resolution were obtained from the China
Surface Climate Data Daily Value Dataset V3.0. The data on theoretical hydropower po-
tential were from the China Water Resources Bulletin. In addition, to facilitate research
and comparison and ensure data integrity, we use 2010–2019 as the time series. For the
meteorological stations, all except for the Qinghai-Tibet Plateau Station are categorized as
general stations. This choice ensures the uniformity of the spatial distribution of meteo-
rological stations and the integrity of the data in the time series. Moreover, as the dataset
does not contain the relevant data for Taiwan, this region is not discussed in the study of
the Southeast River Basin.

The research process of this paper is shown in Figure 2. In Figure 2, we describe in detail
the sources of research data, the ranking of research methods, and the research process.
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Figure 2. Flow chart of research method.

2.3. Research Methods
2.3.1. Effective Wind Energy Density

When the wind speed is 3–20 m/s, the kinetic energy of the airflow per unit area
and unit time is called the effective wind-energy density. This work does not consider
the spatial and temporal variations in air density, which is assumed to be 1.225 kg/m3.
The effective wind-energy density is

P =
1

2n

n

∑
i=1

ρV3
i (1)

where P is the effective wind-energy density (W/m2), ρ is the air density (kg/m3), V is the
average wind speed (m/s), and n is the total number of days when the average wind speed
is within 3–20 m/s. As the effective wind energy density is calculated based on the 24 h
hourly wind speed data, and the data in this paper are calculated based on the average daily
wind speed, we revise the calculated effective wind energy density. The revised method
comes from the study of Li et al. and consists of dividing the annual average effective
wind energy density into three grades: 0–30, 30–60, and >60 W/m2, and multiplying by the
revised coefficients 1.2, 1.8, and 2.4, respectively [9,28–30].

2.3.2. Total Solar Radiation

Based on the sunshine hours, this article uses the research methods of Cao and Zhu et al.
to calculate the total solar radiation, and then calculates the annual average total solar radiation
through the method of accumulation and mean [31–34]. The formula is

Q =
n

∑
i=1

RiSi (2)

where Q is the total solar annual radiation (MJ/m2), R is the daily total solar radiation (MJ/m2),
S is sunshine percentage, and n is the ordinal number of days in a year. R is given by

R = ISC·EO(ωsinΦsinδ + cosΦsinω)/π (3)

where R is the daily total solar radiation (MJ/m2), E is the average distance between the
sun and Earth, which is 14,966 × 106 m, δ is the solar declination, Φ is the geographical
latitude, and ω is the hour angle at sunset. The value of π is 3.1415926, and I is the solar
constant, which is 1367 W/m2 (118.109 MJ·m−2·d−1) in this article.

The sunshine percentage S is

S =
H

(2/15)ω
(4)

where H is the sunshine duration (h) and ω is the hour angle at sunset.
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2.3.3. Spearman Coefficient

We use the Spearman coefficient to study the time complementarity of wind-energy
resources and solar-energy resources because it ignores the units of different indicators and it is
easy to compute. The Spearman coefficient ranges from −1 to 1: when it approaches −1, wind-
and solar-energy resources have good temporal complementarity. Conversely, a Spearman
coefficient close to 1 indicates that wind- and solar-energy resources follow the same variational
pattern in time [19,35,36]. The Spearman coefficient is calculated as follows:

ρ = 1 −
6 ∑ d2

i
n(n2 − 1)

(5)

where ρ is the Spearman rank correlation, di is the difference between ranks of correspond-
ing variables, and n is the number of observations. Among them, the interpretation of
Spearman’s coefficient for the complementarity of two renewable resources comes from the
interpretation theory based on sine waves in [19].

2.3.4. Other Research Methods

We also adopt other research methods, such as the rate of climate change and spatial
interpolation, with deference to the relevant literature [37–39].

3. Results

In recent years, many countries and regions have taken wind energy resources and
solar energy resources as the priority renewable resources for development, because these
two energy resources have the characteristics of abundant resources, wide distribution,
and clean resources [40,41]. Since 1960, many scholars have studied the development and
use of wind- and solar-energy resources in China [6–12]. However, research is lacking on
the complementarity of wind- and solar-energy resources in China, especially from the
perspective of resource quantity. Therefore, this section is divided into three parts to discuss
and analyze these issues. The first part analyzes the spatial and temporal characteristics of
wind- and solar-energy resources in China. The second part discusses the complementarity
of wind- and solar-energy resources in China. The third part shows that coordinated
complementarity of hydropower resources is possible in a macro-region.

3.1. Spatial and Temporal Variability in Wind- and Solar-Energy Resources

We now calculate the effective wind-energy density and annual solar radiation in the
nine river basins of China from 2010 to 2019 based on the data of China Surface Climate
Data Daily Value Dataset V3.0. The results reveal the spatial and temporal distribution
of wind- and solar-energy resources in different river basins. The temporal distribution
of wind- and solar-energy resources (Figures 3 and 4) show that wind- and solar-energy
resources in China fluctuate strongly from year to year. These resources have the same
large interannual fluctuations in the Pearl River Basin, Southwest River Basin, Northwest
River Basin, Yangtze River Basin, and Yellow River Basin. In some basins, the resource
varies excessively between years. For example, the wind-energy resources were high in the
Pearl River Basin, the Yangtze River Basin, the Southwest River Basin, the Huaihe River
Basin, and the Southeast River Basin in 2017 but low in 2016 and 2018 (about 50% less
than in 2017). In 2013, the solar-energy resources were high in the Yangtze River Basin,
Southwest River Basin, Northwest River Basin, Huaihe River Basin, and Southeast River
Basin but low in 2012 and 2014.
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Figure 3. Interannual variation in average effective wind-energy density in nine river basins of China
from 2010 to 2019.

Figure 4. Interannual variation in annual surface solar radiation in nine river basins of China
from 2010 to 2019.

These results reveal a very significant difference between wind- and solar-energy
resources in individual years, which means that the interannual volatility of wind and solar
resources prevents resource developers from accurately estimating the value of wind and
solar energy. If developers increase their investment in wind and solar resources, the final
profits are likely to be much less than the average pre-development estimate. Therefore,
to develop wind- and solar-energy resources, developers need to increase the estimated
capital input required and reduce the estimated profit for wind- and solar-energy resources.

According to the spatial distribution of wind- and solar-energy resources in China
(Figures 5 and 6), the regions with the most abundant wind-energy resources are the North-
east River Basin, the west coast of Hainan Island in the Pearl River Basin, the Shandong
Peninsula in the Huaihe River Basin, the Northwest River Basin, and the Inner Mongolia
Plateau in the Haihe River Basin. The annual average wind-energy density in these regions
is at least 150 W/m2. The regions with the most abundant solar-energy resources are the
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Southwest River Basin and the Qinghai-Tibet Plateau in the Northwest River Basin, where
the annual average total solar radiation is at least 6500 MJ/m2. The spatial distributions of
both resources are consistent with the findings of Li and Tao and Zhao et al., who all use
data from weather stations to calculate effective wind density and annual solar radiation
through algorithmic models [7,9–11]. This indicates that the research data and research
methods used herein are reliable.

Figure 5. Spatial distribution of annual average effective wind energy density in Chinese river basins.
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Figure 6. Spatial distribution of annual mean solar radiation over Chinese river basins.

The spatial distribution of these two resources also shows that the spatial distribution
of these two renewable resources in China’s nine river basins is very different. For example,
the wind energy resources in Hainan Island and Shandong Peninsula are at least 200 W/m2,
which is far more abundant than other areas in the same basin. The solar energy resources
in South Tibet are at least 7000 MJ/m2, which is far more abundant than other areas in the
same basin. In the same river basin, the average annual wind- and solar-energy resources
also differ considerably. For example, the wind-energy resources are much greater in
the Northeast River Basin than are the solar-energy resources. However, the solar-energy
resources are much greater in the Southwest River Basin than are the wind-energy resources.
This raises the question of whether the wind and solar resources in a given region can be
developed in a complementary way on an interannual scale. If so, the different types of
renewable energy could be developed and used more efficiently. Therefore, we now study
the complementarity of wind- and solar-energy resources in different river basins on an
interannual scale. To test our hypothesis, Section 3.2 presents a quantitative assessment of
the temporal complementarity of wind and solar resources.
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3.2. Complementarity of Solar and Wind Resources

After analyzing the spatial and temporal characteristics of wind- and solar-energy
resources in China in the previous section, we now strive to improve the efficiency of
the development and use of different types of renewable energy. Toward this end, we
propose a method whereby the wind and solar resources in each region are developed
in a complementary way on an interannual time scale. To test this method, we use the
Spearman correlation coefficient to study the complementarity of wind- and solar-energy
resources on the interannual time scale.

To further explore the possibility of complementary development of wind- and solar-
energy resources in China on an interannual time scale, we calculate the interannual variation
in the annual total of wind- and solar-energy resources in China, and the final results are
shown in Figure 7. On the interannual time scale, 54.29% of all meteorological stations show
opposite trends for the two resources. On the contrary, 45.71% of the meteorological stations
report the same trend for the two resources. These results show that, although 45.71% of
the weather stations are not suitable for complementary development of wind- and solar-
energy resources on the interannual time scale, 54.29% of the weather stations are capable
of complementary development on the given time scale. Therefore, the complementarity of
wind- and solar-energy resources in China merits further study. Over half of the regions in
China are feasible for complementary development of wind and solar power.

Figure 7. Interannual trends of wind and solar energy at each meteorological site in a watershed in China.

Based on the results above, we now study the complementarity of wind- and solar-
energy resources in China at the interannual scale. Figure 8 shows the spatial distribution
of the complementarity of wind- and solar-energy resources. The green area shows where
the two resources have good complementarity on the interannual time scale. The yellow
area shows where the complementarity of the two resources is very weak or does not exist
on the interannual scale. The red area indicates that the two resources have the same trend
on the inter-annual scale. This is not conducive to the complementary development of
the two resources. The figure clearly shows that the regions with good complementarity
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include the southern part of the Pearl River Basin, the southwest Yunnan-Guizhou Plateau
in the Southwest River Basin, the southern part of the North China Plain in the Huaihe
River Basin, the Jinjing-tang area in the Haihe River Basin, the Zhejiang coastal area in the
Southeast River Basin, and the south-central region of the Northeast River Basin.

Figure 8. Spatial distribution of complementarity of wind-energy resources and solar-energy re-
sources based on total available resources per year in Chinese river basins.

The results show that the temporal complementarity of wind- and solar-energy re-
sources in China is spatially heterogeneous. In some areas, the complementarity of these
two resources on the interannual scale is very weak or does not exist. Therefore, on the large
spatial scale of China, the profit generated by the complementary development of the two
resources may be less than estimated. To solve this problem, we propose the introduction of
a stable renewable resource to coordinate and supplement the complementary development
of wind- and solar-energy resources to overcome the deficiency of development and thereby
improve the profitability of complementary development. We thus introduce in Section 3.3
the water-energy resource as the third renewable resource, with the goal exploiting the
three renewable resources to improve the profit of complementary development. In other
words, we take advantage of a third, relatively stable renewable resource and develop it
in a coordinated way in areas where the complementarity of wind and solar resources
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are weak, thereby improving the profit generated by the complementary development.
Therefore, in the following section, we analyze our hypothesis by statistical methods.

3.3. Coordination and Complementarity of Water-Energy Resources

Because the temporal complementarity of wind- and solar-energy resources in China is
spatially heterogeneous, the profit generated by the complementary development of these
two resources may be less than estimated. To overcome this problem, we introduce a third
renewable resource to complete the complementarity of these two resources and improve
the profit earned by the complementary development of multiple renewable resources.
After some consideration, we suggest that water-energy resources (the proxy indicator is
the reserves of hydraulic resources (MW)) can be used as the third renewable resource
because they involve a mature technology and are stable over long timescales.

According to the percent of wind-, water-, and solar-energy resources in each of
the nine river basins in China (Figure 9), the fraction of hydro-resources in each basin
is significant. The share of wind-energy resources is relatively low, and solar energy
contributes the least. For example, the Yangtze River Basin and the Southwest River
Basin account for over 70% of China’s water resources. However, wind- and solar-energy
resources in a considerable part of the Yangtze River Basin and the Southwest River Basin
do not offer advantages in complementary development. Thus, the abundant water-energy
resources in the basin can be used to coordinate the regions where wind- and solar-energy
resources are noncomplementary and poorly developed. In addition, we want to better
compare the amount of wind-, solar-, and hydro-energy resources in each basin. In Figure 9,
we normalize the fractions given in Figure 8 of the three resources in each basin to 100%.

Figure 9. The fraction of wind-, hydro-, and solar-energy resources to total resources in the nine river
basins in China.
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Figure 10 shows the fraction of wind-, hydro-, and solar-energy resources. The fraction
of wind- and solar-energy resources in each basin is approximately the same, but the
amount of hydro-energy resources differs. For example, minimal hydro-resources are
available in the Huaihe River Basin and the Haihe River Basin. However, the Huaihe River
Basin and the Haihe River Basin are relatively rich in wind- and solar-energy resources.
Moreover, the advantages of complementary development of wind and solar energy in these
two basins are relatively significant, but the urgency to coordinate and complement them
is not obvious. For this reason, we suggest that the development of wind- and solar-energy
resources should be coordinated and complemented with the third renewable resource
(i.e., hydro-energy) in areas with insignificant complementary advantages. This method
would significantly improve the profitability of the complementary development of these
renewable-energy sources.

Figure 10. Percent of wind-, hydro-, and solar-energy resources in the nine river basins of China.

Although we have no way to quantify the coordination of hydropower resource
complementary, the statistical results of Figure 9 show that there are quite a number of
regions where hydropower resource coordination complementarity is possible, which can
greatly improve the utilization rate of the development of renewable resources, which
would raise the profits of the resource developers.

4. Discussion

Based on the China Surface Climate Data Dataset V3.0, we analyze herein the spatial
and temporal distribution in wind- and solar-energy resources in China and evaluate via the
Spearman coefficient the temporal complementarity of wind- and solar-energy resources in
China. We also discuss the possibility of coordinating hydro-energy resources with wind-
and solar-energy resources in regions that lack complementarity. Previous studies have
shown that more research focuses on assessing the amount of renewable resources in a
river basin or a region of China [6–12]. No direct assessment and analysis exist for the two
types of renewable resources in China, and in-depth complementary research is still lacking
on the two types of renewable resources (i.e., wind and solar) [16,17,22,23]. Therefore, the
objective of this work is to quantitatively analyze the spatial and temporal distribution of
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wind- and solar-energy resources in China on the scale of a river basin and to quantitatively
assess the complementarity of these two renewable resources on the interannual scale.

For this reason, we use as an indicator the Spearman coefficient analysis rather than
the Pearson coefficient and the Kendall coefficient because, according to relevant research,
the different indicators for evaluating wind and light energy complementarity follow the
same trends. However, the Spearman coefficient of complementary strength is better than
the other indicators. In addition, we use wind energy density and solar radiation as proxies
for wind energy and solar energy. Spearman’s coefficient can ignore the unit attributes
of the two indicators, and we can improve the efficiency of data processing and analysis
without affecting the research results.

Wind energy and solar energy are typical climate resources, but they are not the only
renewable resources in China, which also has hydro-energy resources, geothermal-energy
resources, tidal-energy resources, and so on [40–44]. Therefore, we hope to coordinate
wind- and solar-energy resources in areas where the complementarity advantage is not
obvious by using hydro-energy, which is temporally stable, widely distributed, and easily
accessible to improve the profit from the actual complementary development [44–46]. The
evaluation results of water energy resources in nine basins in China show that it is possible
to coordinate and complement water energy resources. Our statistical analysis shows that
hydropower resources provide a third type of energy as a possible complementary resource,
and in macroscopic areas, hydropower resources are suitable for coordinated and com-
plementary renewable resources. However, because water resources have the property of
stability, we cannot model them to quantify the value of hydropower resource coordination
and complementarity. In addition, the development and use of hydro-energy resources
are mainly limited to freshwater resources [47,48]. In future work, we should consider
the reduction in freshwater resources caused by drought and human society. In addition,
the regional hydro-resources of China’s nine large river basins should be quantitatively
evaluated to better understand how various renewable resources complement each other
to reduce the development cost and increase the profitability of complementary resource
development [49–51].

Although this study only considers the theoretical availability of wind and solar energy
in China from the perspective of the amount of renewable resources, it does not specifically
analyze the problems in the process of energy conversion of renewable resources. This does
not diminish the value of this study, because the paper can still go up from the perspective
of resource quantity, the space–time characteristics of wind- and solar-energy resources,
and in this article, combined with the coordination of the complementary characteristics of
hydropower-resource complementary with wind and solar energy resource assessment, to
a certain extent for the realization of the “carbon peaking and carbon neutrality” to provide
theoretical results.

5. Conclusions

This paper analyzes the spatial and temporal distribution of wind- and solar-energy
resources in China and their complementarity by considering wind-energy density, total
annual solar radiation, and the Spearman coefficient. The results lead to the following three
main conclusions:

(1) Wind-energy resources and solar-energy resources in China fluctuate strongly on the
interannual scale. Moreover, the greatest interannual variations occurred in 2017 for wind-
energy resources and in 2013 for solar-energy resources. The spatial distribution of these
two resources also varies significantly. The greatest spatial variations in the distribution of
wind-energy resources are in Hainan Island and Shandong Peninsula, and the distribution
of solar-energy resources varies most significantly in southern Tibet.

(2) In China, 54.29% of the weather stations have good complementarity of wind- and
solar-energy resources on the interannual scale, but 45.71% of the weather stations
are not suitable for complementary development of wind- and solar-energy resources
on the interannual time scale. The regions with better complementarity of wind-
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and solar-energy resources include the southern part of the Pearl River Basin, the
southwest Yunnan-Guizhou Plateau in the Southwest River Basin, the southern part
of the North China Plain in the Huaihe River Basin, the Jinjing-tang area in the
Haihe River Basin, the Zhejiang coastal area in the Southeast River Basin, and the
south-central region of the Northeast River Basin.

(3) An analysis of resource quantity shows that hydro-energy resources are very rich in
river basins where wind- and solar-energy resources are lacking and their comple-
mentarity is poor. On the contrary, wind- and solar-energy resources are abundant
and complementary in river basins where hydro-energy resources are relatively poor.
Therefore, it is feasible to coordinate and complement the development of wind- and
solar-energy resources in the areas where the complementarity advantage is not signif-
icant. Such a strategy can improve the profits obtained from the actual complementary
development of wind- and solar-energy resources.
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