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There has been a series of water resource problems, such as imbalances of the water supply and demand and
serious water pollution, in China. It is important for the Chinese government to formulate a sustainable development strategy for water resources and to effectively guarantee the national water resource security. This
paper divides the comprehensive carrying capacity of water resources into the following three aspects: the water
resource balance capacity, the water resource pressure and driving force, and the water resource development
and utilization capacity. Taking 31 provinces, municipalities and autonomous regions of China as research
objects, the catastrophe progression method is adopted to evaluate the comprehensive carrying capacity of
interprovincial water resources in China from 2010 to 2016. The direct effects and spatial spillover effects of
different factors on water resources are discussed by constructing a spatial Durbin model (SDM). The results
show that there are obvious spatial differences in the water resource balance ability, pressure and driving force,
and development and utilization ability. The spatial distribution follows a decreasing trend from east to west and
from south to north. The water supply, water demand, investment in environmental management, economic
development and balance of the ecosystem have obvious direct effects on the carrying capacity of water resources. The spatial spillover effect of the water supply and demand, energy consumption, the proportion of
protected areas and the newly increased areas of soil erosion control are significant and will have a strong impact
on the water resource carrying capacity of surrounding areas. The conclusion of this paper can provide a reference for the government in making water resource management policies.
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1. Introduction
1.1. Research background
At present, global water security is facing increasing challenges.
Safeguarding water security and achieving the 2030 United Nations
sustainable development water-related goals have become a common
vision of all countries in the world. Although China is rich in total water
resources, due to its large population base and serious water and environmental pollution, its per capita water resources are less than
2400 m3, which is only 1/4 of the world’s per capita water resources,
and the country is suffering from extreme water shortages. Among the
more than 600 cities in China, more than 400 have an insufficient water
supply, and the total water shortage in cities is as high as 6 billion m3
(Protection of water resource-360 Wikipedia, 2019). At the same time,
the development and utilization efficiency of water resources in China
is low, and the total amount of industrial water is five or even ten times

⁎

higher than that in developed countries. However, the reuse rate of
industrial water is only 20% to 30%, which is far lower than the
standard for developed countries. Water pollution is serious, and nearly
50% of the water quality monitored in key cities does not meet the
drinking water standards (Current Situation and Prevention of Water
Pollution in China_Water Pollution, 2019).
From the perspective of spatial distribution, the distribution of
water resources in China is extremely mismatched with the land and
productivity, showing the overall distribution characteristic of a greater
amount in the south than in the north. As for north of the Yangtze River
Basin, it’s area accounts for 63.5% of the country's total area, while the
amount of water resources accounts for only 19% of the country's total
water resources. The natural fresh water resources in the southwest and
southeast China provide 610 billion m3/year, accounting for 71% of the
total fresh water in China, while the six provinces in northwest China
account for approximately 30% of the country's total area but have only
15% of the country's water resources (Water, 2019). At the same time,
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the precipitation distribution in China shows a general trend of decreasing from the southeast coast to the northwest inland. The annual
precipitation in southeast China is mostly more than 1600 mm, while
that in Taiwan is as high as 3000 mm and that in northwest China is less
than 400 mm. The precipitation in the Xinjiang Tarim Basin, the
Qaidam Basin and many other marginal areas which are in an extremely arid zones is less than 20 mm (China's annual precipitation
spatial distribution characteristics_baidu know, 2019). In the context of
the increasingly frequent floods and droughts in China and the uneven
spatial and temporal distribution of water resources across the country,
it is of great significance to study the carrying capacity of water resources in different regions of China to solve the contradiction between
the supply and demand of water resources and to improve the problem
of water resource shortage.

the interaction between the dynamic change processes of the carrying
capacity. With the deepening of research, existing studies have paid
more attention to the combination of theory and carrying capacity
calculation, emphasizing the theoretical basis of empirical analysis. The
system dynamics method (Wang et al., 2018; Slesser, 1990; Fiddaman,
2002), ecological footprint method (Veettil and Mishra, 2016; Sun
et al., 2017), catastrophe progression method (Jia et al., 2018), and
projection pursuit method (Yu and Lu, 2018; Zhang and Dong, 2009)
are some of the research methods used in recent years. These methods
attempt to explain the connotations of system development and simulate the evolution process and feedback mechanism of the ecosystem,
taking into account the internal relations of various factors. The application of these methods to the research of water resource carrying
capacity can enrich the theoretical background of the research, and the
conclusions obtained are more convincing. Some scholars have also
adopted the analytic hierarchy process-entropy weight determination
method, gray correlation-TOPSIS method and other composite methods
(Zyoud et al., 2016; Wu et al., 2018) for carrying capacity evaluation.
These methods combine subjective and objective observations, as well
as quantitative and qualitative measurements, making up for the inherent defects of single methods in carrying capacity evaluation. In
recent years, with the constant updating of econometric theories, the
VAR model, logistic set pair analysis model and other economic models
have also been applied in the field of resource management to reflect
the relationship between the resource carrying capacity and economic
and social development, breaking through the limitations of traditional
research methods of carrying capacity (Tian and Sun, 2018; Mitchell,
1999). Thus, it can be seen that the research of water resource carrying
capacity has experienced a development process from simple to complex, constantly emphasizing the internal mechanisms of the complex
system.
In general, existing reports have described good studies on the
evaluation of water resource carrying capacity, which has strongly
promoted research progress concerning water resource carrying capacity. However, existing studies still have the following limitations:
First, most of the research subjects only cover some areas, and there
are few comparative studies of multiple regions at the national level.
Most of the research objects for water resource carrying capacity are
local areas such as the western, central and northeastern provinces, as
well as specific urban groups (such as the Pearl River Delta, the Yangtze
River Delta, the Beijing-Tianjin-Hebei region, etc.). These studies
cannot make a comparative analysis from the national level, and the
result can only reflect the status of a particular region of water resources, while reference values regarding national water policy formulation are rare.
Second, the index system needs to be further improved. Most of
existing studies adopted the system theory method or the pressure state
response model, while some scholars have selected indexes from the
perspective of system theory and divided them into the sublevels of
economy, society and ecology as a whole (Rijiberman and van de Venb,
2000; Simonovic and Davies, 2001; Wu et al., 2018). Other scholars
used the pressure state response model (PSR) to divide the indicator
levels (Wang et al., 2019; Bai and Tang, 2010). These two traditional
methods divide the indicator system into independent sublevels and fail
to take into account the interrelation between the indicators. The
overall indicator construction has a lack of scientific nature and has not
yet formed a relatively complete system.
Third, the influencing factors of the water resource carrying capacity need to be further analyzed. Most existing studies have measured
and evaluated the regional water resource carrying capacity well, but
few have made systematic analyses of various factors affecting the
water resource carrying capacity. Some studies scored the carrying
capacity of the same region in different times to determine the dynamic
changes of the bearing capacity of a specific region and make longitudinal comparisons over time (Zhang et al., 2019; Lu et al., 2017). In
others, the bearing capacity was considered from the perspective of the

1.2. Literature review
The carrying capacity of water resources refers to the maximum
scale of population, economy, society and other aspects that can be
carried by water resources in a certain region under the premise of
sustainable development with the guarantee of the existing social and
economic development level (Shi and Qu, 1992). At present, research
on the carrying capacity of water resources involves the evaluation and
prediction of the carrying capacity and the factors influencing the
carrying capacity.
Research on water resource carrying capacity evaluation mainly
focuses on three aspects: the urban scale (Ait-aoudiab and Berezowskaazzag, 2014; Wang et al., 2018), the regional scale (Dou et al., 2015;
Harris, 1999; Kisakye and Bruggen, 2018), and the basin scale
(Matrosov et al., 2015; Peterson, 2002). Urban-scale research focuses
on a specific urban area and a number of urban groups with similar
water distribution characteristics. Studies at the regional scale examine
the water resources of some parts of the country, such as the eastern,
central, or western areas or certain provinces, from the perspectives of
economy, terrain, humanities, and climate. Studies at the basin scale set
the study area as within a circle surrounded by watersheds. In hydrogeography, these specific river catchments are considered to have similar hydrological characteristics. Areas with larger basin areas have
richer water volumes, and the Yangtze River Basin and the Pearl River
Basin have become hot spots in China's water resource research. In
general, the research scale of the water resource carrying capacity is
similar in terms of geographical conditions, natural climate, economic
society and culture, no matter whether conducted in cities, regions or
basins. The conclusions obtained from the empirical analysis of these
similar areas are well-targeted, which can facilitate planning water
resources according to the actual situation of the region and improve
the efficiency of water resource management. A small number of
scholars have studied the water resource carrying capacity on a national scale (Jia et al., 2018; Yao et al., 2019) and obtained the coordination relationship between the overall economic status, ecological
development and water resources. Studies involving the evaluation of
the national water resource carrying capacity have all indicated that
there are significant differences in the carrying capacity between different regions and narrowing the differences in carrying capacity between neighboring regions is a key problem to be solved.
There are many methods for the carrying capacity evaluation of
water resources, and with the continuous expansion of the research
field, the research methods have become more diversified. The traditional carrying capacity evaluation methods including the comprehensive index evaluation method (Magri and Berezowska-Azzag, 2018;
Widodo et al., 2015), multiple objective decision method (Zheng,
2019), principal component analysis (Zhang et al., 2019), TOPSIS
(Technique for Order Preference by Similarity to an Ideal Solution)
method (Li et al., 2019; Zyoud et al., 2016), etc. although these
methods are objective and involve distinct simple and convenient calculation indexes, it is difficult to determine the elements involved and
795
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spatial layout, and the differences in water resource carrying capacity
between different geographical locations were investigated for horizontal comparison (Jia et al., 2018; Kuzdas et al., 2016). However,
there are some factors influencing the carrying capacity of water resources which need further analysis.

beneficial to the regulation of resource allocation from the macro level
and to reducing the differences between provinces, and it can provide a
reference for the formulation of policies such as the cross-regional
mobilization of water resources.
Second, a comprehensive evaluation system for water resources is
constructed by combining the classification method of the system
theory with the pressure-state-response model (PSR). The comprehensive evaluation system is constructed by selecting indexes from three
sublevels of the ability to achieve water resource balance, the water
resource pressure and driving force, and the water resource development and utilization ability. The indexes of these three sublevels are
selected according to the classification methods of the system theory
and the PSR model, and the water resource situation in China is presented from different perspectives. In consideration of the environmental pollution caused by greenhouse gas emissions, variable energy
consumption was added in this paper to seek the impact of climate
change on water resources and further explore the influencing factors of
the water resource carrying capacity. Compared with previous studies,
the new system construction standards and newly added variables make
the whole index layer more comprehensive.
Third, the spatial panel model is introduced into the study of the
factors affecting the carrying capacity of water resources. Based on the
geographical weight matrix, the direct and indirect effects of different

1.3. The main work and innovations of this paper
Based on the existing research status, this paper evaluates the ability
to balance water resources, the pressure and driving forces of water
resources, and the development and utilization ability of water resources in Chinese provinces. On this basis, considering the impact of
geographical location on the carrying capacity of water resources, the
effects of each factor are divided into direct effects and indirect effects.
Compared with the existing research, the main work and innovations of
this paper are mainly reflected in the following aspects:
First, taking China’s interprovincial water resource carrying capacity as the core of this research, the differences between water resources
in different provinces and regions are analyzed from the national level.
In this paper, the catastrophe progression theory is used to evaluate the
comprehensive carrying capacity of water resources in each province.
The evaluation results can visually show the water resource carrying
capacity corresponding to different geographical regions, which is

Fig. 1. Research framework of this paper.
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Table 1
Index system of water resource comprehensive carrying capacity evaluation.
Target layer

Criterion layer

Indicator layer

Units

Water resource comprehensive carrying
capacity

Water resource balance capacity

Annual precipitation
Water resource per capita
The amount of water supply
Water consumption per capita
Water-saving irrigation area
Agricultural water
Industrial water
Domestic water
Affected area
Energy consumption

100 million m3
m3/person
100 million m3
m3
Thousands of ha hm2
100 million m3
100 million m3
100 million m3
Thousands of ha hm2
Ten thousand standard
coal
%
%
%
%

Water resource pressure and driving
force

Natural rate of population growth
Contribution rate of the tertiary industry
GDP growth rate
The area of protected area accounts for the area of
jurisdiction
Forest cover rate
The proportion of investment in environmental pollution
control relative to the GDP
Industrial water reuse rate
Sewage treatment capacity of treatment plant
Urban sewage treatment rate
Green coverage rate in built-up areas
Ecological environment hydration
Soil erosion area increased this year

Water resource development and
utilization capacity

variables on the carrying capacity of water resources are discussed, and
their internal relations are analyzed from the perspective of spatial
autocorrelation. Through the transfer of explanatory variables and explained variable spatial lag terms, the correlation between the water
resource carrying capacity and influencing factors in various regions
was clarified.
The overall research process of this paper is shown in Fig. 1. The rest
of this paper is arranged as follows: the second section includes the
method introduction and data source; the third section provides the
results analysis for China's interprovincial water resource carrying capacity; the fourth section contains the results analysis for the spatial
effect of China's comprehensive water resource carrying capacity; the
fifth section includes the discussion and analysis; and the last section
provides the main conclusions and policy suggestions.

%
%
%
Ten thousand m3/day
%
%
100 million m3
Thousands of ha hm2

balance capacity, water resource pressure and driving force, and water
resource development and utilization capacity to build an evaluation
system for the comprehensive carrying capacity of water resources and
determines the weight of each index using the gray correlation rule. The
index system is shown in Table 1.
2.2. Evaluation model for the comprehensive water resource carrying
capacity: grey correlation-catastrophe progression method
The catastrophe theory studies the qualitative change processes of
natural phenomena and the continuous interruption of various social
activities, describing phenomena and general laws. The catastrophe
progression method was researched and developed on the basis of the
catastrophe theory. It takes the potential function f (x ) as the research
object and describes the mutation through state variables and external
parameters. The system bifurcation set equation can be solved by the
combination of the critical point equation and the singular point solution equation. Variables in the bifurcation set will cause the potential
function to mutate. Since the units of the variables are not uniform, the
normalization formula needs to be derived. The catastrophe progression
model and normalization formula this paper used are shown in Table 2.
In this paper, the initial weight of each index is determined by the
Grey relational analysis method, and the index layers are sorted reasonably. A measure of the degree of association between two systems

2. Research methods and data sources
2.1. Evaluation system for the water resource comprehensive carrying
capacity
According to the principles of the systematic nature, typicality and
comparability of index selection, the availability of data is also taken
into consideration. On the basis of previous studies, this paper selects
22 evaluation indexes from the three sublevels of water resource
Table 2
The catastrophe progression model and normalization formula used in this paper.
Catastrophe progression model

Potential function

Bifurcation set

Folding model

f (x ) = x 3 + ax

a=

f (x ) = x 4 + ax 2 + bx

Dovetail model

a = 6x 2
b = 8x 3

x1 = a1/2
x 2 = b1/3

f (x ) = x 5 + ax 3 + bx 2 + cx

a = 6x 2
b = 8x 3
c = 3x 4

The butterfly model

x 1 = a1/2
x 2 = b1/3
x 3 = c1/4

f (x ) = x 6 + ax 4 + bx 3 + cx 2 + dx

a = 10x 2
b = 20x 3
c = 15x 4
d = 4x 5

x 1 = a1/2
x 2 = b1/3
x 3 = c1/4
x 4 = d1/5

Cusp model

797
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Normalization formula

x = a1/2
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that varies from time to time or from object to object is called the degree of association. In the process of system development, if the trend of
the two factors changes, that is, the degree of synchronous change is
higher, it can be said that the degree of correlation between the two is
higher; otherwise, it is lower. Therefore, the grey correlation analysis
method is based on the degree of similarity or dissimilarity between the
development trends of factors, that is, the “grey correlation degree” as a
method to measure the degree of association between factors.
The basic steps are as follows:

The distance between two regions can use the adjacency matrix,
geographic distance matrix, economic distance matrix, geo-economic
distance matrix, etc. The matrix used in this paper is the geographic
distance matrix.
2.3.2. Spatial autocorrelation—global and local Moran index
In determining whether the spatial econometric model can be used,
it is necessary to examine the spatial dependence. The most common
indicator is the “Moran index”. The calculation formula is shown in Eq.
(7):

(1). The original index matrix is formula (1):
(1)

x = (x ij ) m × n

I=

(2). The data normalization processing uses formula (2):

Xij =

x ij

(2)

min x j

Ii =

(3). The Grey correlation coefficient can be calculated by formula (3):

rij =

minnminm |X 0j
| X 0j

Xij | + maxnmax m |X0j

Xij | + maxnmax m |X0j

In formula (3), X0 is the reference sequence and
coefficient usually assigned as 0.5.

(3)
is the resolution

(4). The weight formula is shown as formula (4):

wj =

1
n

(4)

i=1

Then, the index weight vector (5) is obtained:

W = (w1, w2…wn )T

(5)

Each indicator is sorted by importance according to its weight.
(5). The normalized formula is derived from the bifurcation set equation of the mutation system.
(6). Comprehensive scoring was conducted according to the normalized formula. There are two main criteria for scoring: if the effects
of each control variable can complement each other, take the
average, and if the role of each control variable cannot be defined,
the value shall be determined according to the principle of “the
minimax choice”.
2.3. Spatial effect model of the comprehensive water resources carrying
capacity: spatial panel Durbin model
The first law of geography says that all things are related, but two
things that are closer are more strongly related. In the study of interprovincial issues, we usually believe that there is a close relationship
between provinces and that neighboring provinces are more closely
related (Chen, 2014). The spatial econometric model can provide a
reference for studying spatial direct effects and spillover effects.

w11

w1n

wn1

wnn

(x i

x¯)
S2

x¯)(xj
n
j =1

x¯)

wij

(7)

n

wij (xj

x¯)

i=1

(8)

N

yit =

ijyjt + xit + µi + i + it
j=1

(9)

The general expression of the spatial error model (SEM ) is formula
(10):

yit = xit + µii + i +

2.3.1. Construction of the space weight matrix
The first premise of space analysis is to construct a space weight
matrix. If there are n regions and the distance between two regions is
denoted as wij , then the space weighted matrix W can be defined as
formula (6):

W=

n
i=1

2.3.3. Spatial Durbin model
Early studies on spatial models show that when individuals are
spatially dependent, spatial lag or spatial error terms may be included
in the panel model, which respectively constitute the spatial lag model
and the spatial error model (Kelley Pace et al., 1998; Griffith, 2000;
Driscoll and Kraay, 1998; Hordijk, 1979). The principle of the spatial
lag model is the same as that of the time lag model. Intuitively, the
explained variables of adjacent regions may depend on each other, and
eventually form a balanced result. For the consideration of competition
or game, the governments of different regions will consider the level of
surrounding regions when formulating their local policies. However,
the spatial error model reflects the spatial dependence through the error
term, which means that the omitted variables that are not included in X
but have an impact on Y have a spatial correlation, or the random
shocks that cannot be observed have a spatial correlation. These two
cases consider the space lag and space error respectively, and these two
effects may also occur simultaneously, so the more general space
econometric model is to use the two together.
The general expression of the spatial lag model (SLM ) is formula
(9):

n

rij

wij (xi

S2

The Moran index I is generally between −1 and 1, where a value
greater than zero means a positive autocorrelation, high-value phase
aggregation, and low-value phase aggregation. A value less than zero
indicates a negative autocorrelation and that high values are adjacent
to low values. If the Moran index is close to zero, it means that there is
no spatial correlation, that is, the spatial distribution is random.

Xij |

Xij |

n
j=1

The local Moran index examines the spatial agglomeration around
region i , and the calculation formula is shown in Eq. (8):

min xj

max x j

n
i=1

i i + vit

(10)

In formula (10), yit represents the endogenous variable of the unit i
in the period t , xit represents the exogenous variable of the unit i in the
period t , ij represents the spatial weight matrix, measures the interaction between two exogenous variables,
represents the corresponding coefficient x variable, µ represents the individual effect,
represents the time effect, and is the random error term.
In general, the spatial model will be preliminarily determined according to the Lagrange multiplier test. However, due to problems

(6)
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involving data measurement errors and environmental uncertainty,
misjudgment may occur. Therefore, more scholars choose the general
and universal spatial Durbin model (SDM ), which contains the spatial
lag term of the interpreted variables as well as the spatial lag term of
the explanatory variables. The general form of the spatial Durbin model
is formula (11):
N

N
j=1

ijyjt + xit +

N
j =1

yit =

ij yjt

j=1

+ x1it

1

+

1

+ x2it

j =1

3

+

3

+

2

ij x3jt

+ x 4it

4

+ 4

j=1

N
j=1

Eq. (15) was transformed into Eq. (16):

Y = (I

Y
Y
L
X 1K XNk

N

ijx 7jt + x 8it
j =1

ijx 8jt+µi + i + it

(12)

j =1

N
j=1

ijx1jt + x 2it 2
j=1

N

+ 2

N

ijx 2jt + x 3it 3 + 3
j =1

N

4

ijx 3jt +x 4it 4 +

ijx 4jt +x 5it 5 + 5
j=1

+ i + it

N

ijx 5jt +x 6it 6 + 6
j =1

= (IN

W ) 1( + W )

(17)

3. Analysis of the evaluation results of the comprehensive water
resource carrying capacity of China's provinces

j =1
N

(16)

The research objects for the comprehensive water resources carrying capacity evaluation are 31 provinces, cities and autonomous regions in China. Due to the absence of some data in Tibet, the spatial
effect of the comprehensive carrying capacity of water resources was
studied in 30 provinces, municipalities and autonomous regions, excluding Tibet. The data required for this study are from the China
Environmental Statistics Yearbook from 2010 to 2016 (National Bureau
of Statistics, 2018) and statistical yearbooks of various provinces from
2010 to 2016.

N

ijyjt + x1it 1 + 1

1

2.4. The data source

Water resource pressure and driving force model: The water resource
pressure and driving force is affected by six factors, including the affected area, energy consumption, natural rate of population growth,
contribution rate of the tertiary industry, GDP growth rate and the total
protected area in the area of jurisdiction, which are represented by
x1 x 6 , respectively. The model is shown in formula (13).

yit =

W)

In matrix (17), the mean value of the diagonal elements is the direct
effect, which represents the mean value of the variation of the explained variables in the region resulting in the variation of the explained variables in the region. The mean value of the nondiagonal
elements in the matrix is the spillover effect, which represents the mean
value of the variation of the explained variables in the adjacent region
caused by the change of the explained variables in this region.

N

8+ 8

W ) 1 ( W + WX ) + (I

Partial derivatives were obtained for the exogenous variables of
each spatial unit, as shown in Eq. (17):

ijx 4jt +x 5it 5 +

j=1

(15)

Yi = WYJ + XI + BWXI + VI

j =1

ijx 6jt +x 7it 7 + 7

(14)

2.3.4. Direct and indirect effects (spillovers)
Eq. (14) was transformed into Eq. (15):

j=1

ijx 5jt +x 6it 6 + 6

ijx 8jt +µi + i + it
j=1

ij

N

5

ijx 7jt + x 8it 8 +
j=1

N

8

N

N

x2jt + x3it

2

N

ijx 6jt +x 7it 7 + 7
j=1

N
ij x1jt

ijx 5jt +x 6it 6 +
j =1

N

The corresponding coefficient variable x is expressed by in Eq.
(11).
In this paper, the balance capacity of water resources, the pressure
and driving force of water resources, and the development and utilization capacity of water resources are discussed, respectively.
Therefore, three models are constructed for the spatial analysis of effects to respectively discuss the influence of these three factors and their
direct effects and indirect effects.
Water resource balance capacity model: The water resource balance
capacity is affected by eight factors, including the annual precipitation,
per capita water resource amount, total water supply, per capita water
consumption, water-saving irrigation area, agricultural water, industrial water and domestic water, which are represented by x1- x8,
respectively. The model is shown in formula (12).
N

N

ijx 4jt +x 5it 5 + 5

6

ijx 3jt +x 4it 4 +
j =1

N

4

(11)

j=1

N

N

ijx 2jt + x 3it 3 + 3

j=1

ijxjt +µi + i + it

j=1

ijx1jt + x 2it 2
j=1

+ 2

N

yit =

N

ijyjt + x1it 1 + 1

yit =

ijx 6jt +µi

The catastrophe progression method was used to obtain the 2016
comprehensive water resource carrying capacity scores of the provinces, and the results are shown in Fig. 2.

j=1

(13)

Water resource development and utilization capacity model: The water
resource development and utilization capacity is affected by eight factors, including the forest cover rate, proportion of investment in environmental pollution control relative to the GDP, industrial water
reuse rate, sewage treatment capacity of treatment plants, urban
sewage treatment rate, green coverage rate in built-up areas, ecological
environment hydration and soil erosion area increase in the current
year, which are represented by x1- x8, respectively. The model is shown
in formula (14).

3.1. China's interprovincial water resource balance capacity
The balance capacity of water resources is discussed from the perspective of supply and demand, as well as the relationship between
them. The uneven distribution of water resources in space and time,
coupled with the excessive consumption of water resources by human
beings, leads to a sharp decline in the availability of water resources
and the increasingly prominent contradiction between the supply and

799
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Fig. 2. Results of the comprehensive water resource carrying capacity evaluation and subregional average scores of provinces in China.

Shanxi, Shaanxi and other provinces. The inland province Xinjiang is
quite short of water, and the continuous expansion of the desert causes
sandstorms and serious soil erosion, resulting in the weak balance
ability of water resources in Xinjiang. Meanwhile, Tibet, which is also a
sparsely populated region, has a rich water flow, a small amount of
sand and good water quality, so it shows a strong balance ability of
water resources.
On the other hand, water resource balance capacity will be affected
by the demand level, and relatively low water resource demand will
improve the water resource balance capacity. In Beijing, Shanghai and
other regions with dense populations and industrial agglomeration,
excessive water use will lead to excessive demands for water resources
and reduce the balance capacity of water resources. The northwest
region is sparsely populated and its economic activities are weak.
Although it is in a relatively water-deficient zone, it does not cause
strong water imbalance. In addition, China's water use structure is
changing, urban water consumption and industrial production water
consumption is gradually increasing, increasing the degree of demand
for water resources, thus aggravating the imbalance of water resources.

demand. Therefore, it is necessary to analyze the balance between the
supply and demand of water resources. The water resource balance
capacity of each province in China is shown in Fig. 2-1.
The balance of water resources in China is strong in the south and
east and weak in the west and north. As shown in Fig. 2-1, the regions
with the weakest water resource balance capacity are concentrated in
the densely populated areas, such as Beijing, Tianjin and Shanghai; the
western regions, such as Xinjiang, Qinghai and Ningxia; and the central
regions, such as Shaanxi and Shanxi, which have the most serious
pollution. The regions with strong balance abilities are distributed in
the south of Guangxi, Hunan and Guangdong. East China and central
China have the highest average scores, while north China and northwest China have the lowest average scores.
On the one hand, the balance of water resources in various regions
will be affected by the supply level, and a higher water supply will
improve the balance of water resources. Southeast China has abundant
rainfall, a humid climate and relatively high total water resources in the
coastal provinces, so these regions have relatively strong water balance
abilities. Data on the distribution of the population and water resources
show that the population south of the Yangtze River Basin accounts for
54% of that in the whole country, but the water resources account for
81% (China's annual precipitation spatial distribution characteristics_baidu know, 2019). In addition, due to changes of the natural
environment and the high intensity of human activities, the water resources in the north are further reduced, aggravating the imbalance of
water resources between the north and the south. Natural disasters and
water quality can affect the balance of water resources. The severe
pollution in the Yellow River Basin, coupled with the long drought in
the central and western regions and the relatively backward economic
development, have caused an extreme shortage of water resources in

3.2. China's interprovincial water resource pressure and driving force
The pressure and driving force of water resources are evaluated
comprehensively from the two aspects of pressure and driving force.
Water resource pressure reflects the imbalance between the supply and
demand caused by environmental damage and water system pollution,
while the driving force of water resource reflects the increase of water
demand for production to meet the increase of the material demand
from population growth. Pressure and driving forces put forward higher
requirements for water resource management and resource allocation.
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The pressure and driving forces of water resource in various provinces
and regions in China are shown in Fig. 2-2.
The pressure and driving forces of water resources in China are
weak in the south and strong in the north. The scores of the water resource pressure and driving force in most regions are within the range
of 0.8 to 0.85, and the scores of some regions (such as Liaoning and
Zhejiang) are relatively low. In terms of the selected factors, water resources in areas with high pollution degrees are under high pressure
and driving force, and most provinces with high disaster areas and
energy consumption will receive a high score. Compared with the
southern provinces, the overall level of science and technology in the
northern region is lower than that in the southern region, and its water
resources management and recovery measures need to be further improved, which may lead to greater pressure on water resources.
Water resources in Xinjiang, Inner Mongolia, Hubei and Shandong
are under high pressure and driving forces. The climate in Xinjiang and
Inner Mongolia is dry, and the rural population accounts for a large
proportion, so the ecological water use is crowded, the economic and
scientific and technological development is relatively backward, and
the water resource management system lacks technical support; therefore, the water ecological balance is under great pressure. As a province
with a large population and a large economy, Shandong Province has a
high demand for water and serious water pollution in its reservoirs. As a
province rich in water resources, Hubei Province is also threatened by
the pollution of water resources. The eutrophication of lakes and urban
inner lakes in the province is intensified. More than half of the reservoirs fail to meet water quality requirements. Water pollution accidents occur frequently and widely, which seriously damage the balance
system of water resources.

west to east. Some eastern provinces, such as Zhejiang, score more than
0.94, while the lowest score in Tibet is only 0.6. The increase in demand
and the reduction of the total amount of available water resources are
the essential reasons for the great importance of water resources development and utilization. In addition, due to the change of water
structure and the excessive exploitation of groundwater, there are
major problems in the development and utilization of water resources
in China.
The lack of environmental management has led to the low development and utilization of water resources in western China. Due to the
abuse of chemical fertilizers and pesticides, the area of soil erosion has
increased, and the sewage treatment fails to meet the standard. Some
water bodies have reached the maximum carrying capacity, and the
water quality has been seriously degraded, seriously threatening the
ecological security of water. On the other hand, the economic development in northwest China is relatively slow, and there is a lack of
sufficient investment in environmental governance and scientific waste
water treatment facilities. As a result, the pollution of water resources is
increasingly aggravated, and the available amount of water resources is
further reduced.
The development and utilization capacity of water resources in
eastern and central China are good. Guangdong, Zhejiang and Anhui
have the highest scores. This region has a relatively high level of social
development. Urban and industrial water use is higher than agricultural
water use. The sewage treatment facilities are relatively advanced, and
the efficiency of water resource reuse is relatively high. The development and utilization of water resources in the central and northeastern
regions are also relatively high on the whole. The daily treatment capacity of sewage treatment plants, the reuse rate of industrial water and
the treatment rate of urban sewage in each province have all been
significantly improved compared with previous years, and the water
system management has gradually become more scientific and perfected.
Summaries: affected by economic development, natural geographical conditions and other factors, the spatial distributions of the
water resource balance capacity, water resource pressure and driving
force, and water resource development and utilization capacity are
significantly different, and the comprehensive carrying capacity of
water resources has certain regularity in geographical space.

3.3. China's interprovincial water resource development and utilization
capacity
The development and utilization of water resources refers to reducing the use of water resources through reasonable technical measures
based on considering the water used for production, living and the
ecological environment and, at the same time, effectively recovering
and utilizing the waste water. As people have not paid enough attention
to the protection of water resources, there have been some phenomena
such as the excessive development of water resources and water waste,
and the water use efficiency is far lower than the international level.
Human beings must improve the development and utilization ability of
water resources through effective measures to maintain sustainable
development, which requires us to make a systematic evaluation of the
development and utilization degree of water resources. Fig. 2-3 shows
China's interprovincial water resource development and utilization capacity.
Overall, the level of water resources development and utilization
across the country is uneven. As shown in Fig. 2-3, the development and
utilization degree of water resources in China gradually increases from

4. Analysis of the spatial effect of the comprehensive water
resource carrying capacity in Chinese provinces
4.1. Analysis of the spatial correlation results
Before constructing the spatial Durbin model, the spatial autocorrelation of the model was first tested. In this paper, the global autocorrelation and local autocorrelation are reflected by the Moran
index.

Table 3
Global Moran index from 2010 to 2016.
Years

2010
2011
2012
2013
2014
2015
2016

Water resource balance capacity model

Water resource pressure and driving force
model

Water resource development and utilization
capacity

Moran index

P values

Moran index

P values

Moran index

P values

0.139
0.107
0.100
0.127
0.131
0.130
0.121

0
0
0.001
0
0
0
0

0.090
0.059
0.027
0.047
0.033
0.040
0.058

0.001
0.016
0.113
0.033
0.079
0.054
0.017

0.098
0.064
0.033
0.057
0.042
0.048
0.067

0.001
0.011
0.081
0.017
0.046
0.032
0.010
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4.1.1. Global Moran index
The global Moran index from 2010 to 2016 calculated by Stata
software is shown in Table 3:
As seen from Table 3, the Moran index values of the three models
mostly passed the significance test. The Moran index values of the water
resource balance ability models are all greater than 0.1, and the significance test shows that since 2010, the water resource balance ability
of each province in China has shown obvious spatial autocorrelation,
that is, the water resource balance ability of a region is affected by the
water resource balance abilities of neighboring regions. The Moran
index of the water stress and driving force model and the water resources development and utilization capacity model are both greater
than zero and passed the test at the 10% significance level, indicating
that since 2010, water resources have been under pressure and driving
forces. The development and utilization capacity has a spatial positive
autocorrelation, that is, the pressure and driving force and the development and utilization capacity of water resources within a certain
region will be affected by those of neighboring regions. The three types
of scores do not show a random distribution in space but instead exhibit
a spatial agglomeration state. Therefore, a spatial Durbin model can be
introduced to explore the correlation and heterogeneity of the spatial
distribution.

Note that numbers 1 to 30 in order represent Beijing, Tianjin, Hebei,
Shanxi, Inner Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai,
Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei,
Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou,
Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang.
The water balance local Moran scatter diagram (Fig. 3-1) shows that
in the first quadrant including the provinces of Henan, Yunnan, Zhejiang, Fujian, Jiangxi, Hubei, Anhui, Hunan, Guangxi, Guangdong, and
Jiangsu, the water resource balance ability of these province is higher
and that of the surrounding provinces is also higher, showing a highhigh aggregation, along with a positive local Moran index. Correspondingly, the provinces in the third quadrant are Beijing, Tianjin,
Ningxia, Qinghai, Shanxi, Shaanxi, Liaoning and Gansu. The water resource carrying capacities of these provinces are low, and those of the
surrounding provinces are also low, showing a low-low aggregation
state. The local Moran index is also positive. Other provinces are distributed in the second and fourth quadrants, which share a common
characteristic. The levels of water resource balance capacity in these
provinces are opposite to those of surrounding areas, and they all show
high-low aggregation or low-high aggregation. Their local Moran index
values are negative, showing a negative spatial correlation.
The water pressure and driving force local Moran scatter diagram
(Fig. 3-2) shows that in the first quadrant including the provinces of
Zhejiang, Fujian, Yunnan, Henan, Guangxi, Jiangsu, Guangdong,
Anhui, Hunan, and Hubei, the driving forces from the pressure on water
resources and the scores are higher, and the surrounding areas also
show higher states, with the distribution characterized by a high value
concentration and a positive local Moran index. Correspondingly, the

4.1.2. Local Moran index
Fig. 3-1 to -3 show the local Moran index scatter diagrams of the
resource balance capacity, water resource pressure and driving force,
and water resource development and utilization capacity in various
regions of China in 2016.

Fig. 3. Local Moran scatter plots of the comprehensive water resource carrying capacity of various provinces in China.
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scores of Beijing, Tianjin, Qinghai, Ningxia, Shanxi and Liaoning are
low, and the scores of the surrounding provinces are also low, showing
low-low aggregation, with the local Moran index also being positive.
The rest of the provinces are distributed in the first and third quadrants.
The score results of these region are opposite to those of the surrounding regions, showing high-low aggregation or high-low aggregation. The local Moran index values of these provinces are negative.
The local Moran scatter plot of the water resource development and
utilization capacity (Fig. 3-3) shows that Zhejiang, Yunnan, Henan,
Guangxi, Fujian, Anhui, Hunan, Hubei, Jiangsu and Guangdong are in
the first quadrant. The ability for the development and utilization of
water resources in these provinces is relatively good, the scores are
higher, and the scores of the surrounding areas are is higher, showing a
high-high aggregation state, with a positive local Moran index. Beijing,
Tianjin, Ningxia, Qinghai, Shanxi, and Liaoning are located in the third
quadrant. The water resource development and utilization capacities of
these provinces are poor, the scores are low, and the scores of the
surrounding areas are low, showing low-low aggregation. The remaining provinces are located in the first and third quadrants, in which
the results of the region are opposite to those of the surrounding areas,
showing high-low aggregation or low-high aggregation, so the local
Moran index values are negative.

per capita water consumption are positive, and they have positive effects on improving the regional balance capacity, as shown through the
significance test at the 1% level. The direct effect of domestic water is
positive, and the significance level test at the 10% level also indicates
that it plays a positive role in improving the balance capacity of the
region. The indirect effects of the water-saving irrigation area, agricultural water and industrial water all passed the significance test at the
1% level. According to the coefficient, the two factors have positive
effects on the balance capacity of the surrounding areas. The indirect
effect of the annual precipitation and domestic water consumption
passed the significance test at the levels of 5% and 10%, respectively,
and the coefficients were positive, indicating that the two factors have a
positive effect on the balance capacity of the surrounding areas to some
extent.
4.2.2. The estimation results of the water resource pressure and driving
force model
The Hausman test results show that prob > chi2 = 0. The null hypothesis of the random effects model is rejected, thus fitting the fixed
effect space to the Durbin model. It can be seen from Appendix 2 to
Appendix 4 that the goodness of fit values of the individual effect, time
effect, and individual time-doubled fixed effect models are 0.484,
0.815, and 0.311, respectively. It can be seen that the spatial Durbin
model with time-fixed effects has a good fit. It is more conducive to
explaining the relationship between variables, so the results are analyzed by the time-fixed effect model.
The estimated values of the coefficients and lags are shown in
Appendix 3. The affected area, energy consumption, and ratio of the
protected area to the area under the jurisdiction all passed the significance test at the 1% level. It can be seen from the positive or negative value of the coefficients that the areas affected by disasters and
the energy consumption are directly related to the pressure and driving
forces of water resources. The resulting positive effect indicates that the
higher are the areas affected by the disaster and the energy consumption, the greater is the pressure on the water resource system, and the
more vulnerable is the water system to damage. The coefficient of the
protected area relative to the total area under the jurisdiction is negative, which proves that when the protected area is larger, the pressure
on the water system is less. The coefficient of the contribution rate of
the tertiary industry is negative, and the saliency test at the 5% level
indicates that regions with relatively fast economic development and
dense industries in the third industry will be under lower pressure and
driving forces. From the perspective of the estimated results of lag
items, the affected area, energy consumption, and ratio of protected
area to the area under the jurisdiction all passed the significance test at
the 10% level, and the coefficients are negative, which indicates that in
areas surrounding the affected area, the energy consumption and conservation area proportion will have a negative impact on the water
pressure and driving force. In addition, the estimation results of the
individual fixed effect and bidirectional fixed effect can also yield the
same conclusion, which verifies the reliability of the conclusion.
The result of spatial Durbin model is decomposed by effect.
Appendix 3 shows that the direct effects from the affected area, energy
consumption, contribution rate of the tertiary industry, and proportion
of protected area all tested at the 1% level. According to the coefficient,
the areas affected by disaster and the energy consumption have positive
impacts on the pressure and driving force, while the contribution rate of
the tertiary industry and the area ratio of the protected area are negatively correlated with the pressure and driving force. From the indirect effect, the indirect effect coefficients of energy consumption and
the proportion of the protected area tested at the 10% significance
level, and the energy consumption has a positive impact on the pressure
and driving force of the surrounding area, while the proportion of
protected area has a negative impact.

4.2. Analysis of the spatial Durbin model results
According to the spatial Durbin model constructed in the previous
part of this paper, based on the geographic distance matrix of the 30
provinces, municipalities and autonomous regions, the model was estimated and tested using the extended functions of Stata. The model
estimation results are shown in Appendix 1 to Appendix 5.
4.2.1. The estimation results of the water resource balance ability model
Before the spatial model estimation, an ordinary panel estimation
was first carried out. Appendix 1 shows that most of the variables
passed the significance test, and the goodness of fit was 0.783. The
Hausman test shows that the results cannot reject the null hypothesis of
random effects. Therefore, the random effect spatial Durbin model has a
goodness of fit of 0.868, which is higher than that of the normal panel
estimation results, indicating that the spatial Durbin model is more
reasonable.
The coefficient and its lagging term estimate reflect the influence of
various variables on the region and surrounding areas. The coefficient
estimation result for the annual precipitation is positive, and it passed
the significance test, indicating that the higher is the degree of annual
precipitation, the higher is the water resource balance ability.
Moreover, the spatial lag term passed the significance test at the level of
5%, indicating that the annual precipitation in surrounding areas will
have a positive impact on the water resource balance ability of this
region. The estimated results of the total water supply and per capita
water consumption are positive. The significance test at the 1% level
shows that the levels of the total water supply and per capita water
consumption in this region will directly affect the balance capacity of
water resources in this region, and the effect is positive. The coefficient
for domestic water is positive, and the significance test at the 5% level
shows that the effect of domestic water on the balance capacity of water
resources is positive. In addition, the lagging coefficients for the watersaving irrigation area and industrial water use are positive, and the
significance test at the 1% level shows that increases of the watersaving irrigation area and industrial water use in surrounding areas will
improve the balance capacity of the region. The lagging term for agricultural water is negative, and the significance test at the 1% level
shows that the increase of agricultural water in surrounding areas will
reduce the balance capacity of the region.
The direct and indirect effects of each factor are obtained by the
effect decomposition of the spatial Durbin model. Appendix 1 shows
that the direct effects of the annual precipitation, total water supply and
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4.2.3. The estimation results of the water resource development and
utilization capacity model
Before the model fitting, a significance test was carried out for the
variables, and two nonsignificant variables, namely, the green coverage
rate of the built-up area and the ecological environment water replenishment, were excluded. The results of the ordinary panel regression
show that the goodness of fit is 0.204, while the goodness of fit of the
spatial Durbin model is 0.368, which is higher than the results of the
OLS estimation, so the fitting of the spatial model is more consistent
with
the
reality.
TheHausman
test
results
show
that
prob > chi2 = 0.881, indicating that the hypothesis that the model is a
random effect cannot be rejected, so the random effect model should be
fitted.
The estimated results of the coefficient and lag terms are shown in
Appendix 5. The coefficients of the forest coverage rate and environmental pollution investment ratio are positive, and both pass the significance test at the 1% level, indicating that they have a positive effect
on the development and utilization ability of water resources. The
coefficient of the new soil erosion area is negative, and the significance
test at the 10% level shows that this variable has a negative effect on
the development and utilization capacity of water resources. In addition, the sewage treatment capacity will also have a negative impact on
the development and utilization of water resources to a certain extent.
From the perspective of the estimated results of variable lag items, the
estimated results of the proportion of investment in environmental
pollution control relative to the GDP and the soil erosion area increase
in the current year are negative and passed the significance test at the
10% level, which shows that the proportion of investment in environmental pollution control relative to the GDP and the soil erosion area
increase in the current year in the surrounding area will have negative
impacts on the development and utilization of water resources in the
region.
The result of spatial Durbin model is decomposed by effect, showing
that the estimated results of the forest coverage rate and environmental
pollution investment proportion pass the 1% level of significance test,
and it can be seen from the coefficient that both have a positive direct
impact on the development and utilization capacity of water resources.
The sewage treatment capacity of treatment plants and the soil erosion
area increase in the current year are negative, and they also passed the
significance test, indicating that they have a negative direct effect on
the development and utilization capacity of water resources. From the
perspective of indirect effects, only the estimated value of the soil
erosion area increase in the current year passed the significance test at
the 10% level, indicating that the soil erosion area increase in the
current year in this region has a negative effect on the development and
utilization ability of water resources in surrounding areas.
Summaries: The comprehensive carrying capacity of water resources
has spatial interaction effects. The direct effect is that the carrying capacity factors of the region will affect the carrying capacity of this region. The spillover effect is that the carrying capacity factors of the
region will have positive or negative effects on the surrounding areas,
and the spatial effect is obvious.

water resources in the eastern coastal areas are more balanced, but the
development and utilization degree is relatively high, the carrying capacity growth potential is low, the water resources in the northwestern
region are seriously lacking, the carrying capacity has been gradually
depleted, and the water resource utilization basically follows an easthigh and low-west trend. However, Liu et al. (2011) found that the
development potential of southwestern China is relatively high, while
the eastern region has no carrying capacity advantage, but the research
in this paper shows that the eastern part of China has a stronger balance
ability, higher development and utilization, and lower pressure, as well
as that its relative carrying capacity is relatively high. This difference is
mainly because Liu et al. (2011) believe that higher levels of water
resource development and utilization makes the regional water resource carrying capacity smaller and that the improvement potential is
weak. This paper is based on the three aspects that allow comprehensive consideration of the status of the water resource carrying capacity,
not just the development and utilization of water resources.
Concerning the influencing factors of the water resource carrying
capacity, this paper and those by Zhao et al. (2017) and Yan et al.
(2018) have shown that the per capita water consumption, urban
sewage treatment rate, ecological environment quality and population
have greater impacts on the carrying capacity. At the same time, the
variable contribution rate of the tertiary industry used in this paper and
the per capita GDP used in other studies indicate the economic development status, and each study shows that the economic development
status is also one of the main influencing factors of the carrying capacity. In addition to the above research conclusions, this paper also finds
that the proportion of energy consumption and environmental pollution
investment will also have a greater impact on the water resource carrying capacity, mainly due to the increase of environmental pollution in
China and the government's investment in environmental governance in
recent years. These two factors have an increasing impact on the water
resource carrying capacity, and in the future, over a long period of time,
environmental pollution and environmental governance input will have
a more dramatic impact on the water resource carrying capacity.
5.2. The reference significance of this paper
The research object of this paper is the carrying capacity of water
resources. In addition to water resources, the research object of the
carrying capacity can be expanded to cover a wider range of study
objects, such as land carrying capacity, ecological carrying capacity,
ocean carrying capacity, etc., which are also hot areas of academic
concern. With the continuous growth of the population, research on
carrying capacities has also been gradually extended to transportation,
city, tourism and other aspects. The research ideas in this paper provide
a reference for research on carrying capacities in other fields. Although
the research object of this paper is the carrying capacity of water resources in China’s provinces, the research in this paper has good reference significance for other countries and regions with uneven distributions of water resources. In addition to China, there are many
countries in the world with uneven spatial distributions of water resources, a characteristic which has an important impact on regional
economic and social development. An in-depth analysis of the regional
water resource carrying capacity is conducive to the formulation of
water resource management policies in various countries.
From the perspective of research methods, the spatial Durbin model
used in this paper can present the direct and indirect relations of various variables in a scientific and reasonable manner. The model added
the location as an important factor in the analysis, and the interpretation of the obtained conclusion is no longer reliant on the variables of a
single relation but involves evaluation on the basis of considering the
spatial lag items. The overall effects are decomposed into direct effects
and spillover effects, which provides new enlightenment for the study
of the influencing factors of the research object, the adjacent multiregion association study can use the space model to better explore

5. Discussion and analysis
5.1. Comparative analysis of this paper and existing research
In this paper, the catastrophe progression method is used to calculate the carrying capacity scores of Chinese provinces. Then, by constructing the spatial Durbin model, the direct and indirect effects of the
carrying capacity are analyzed. By comparing the results of this study
with previous studies, it was found that the conclusions obtained are
similar, and there are also large differences.
In the evaluation of the water resource carrying capacity, this paper
and those by Liu et al. (2011), Jia et al. (2018) and Zhao et al. (2017)
found that China's water resources are unevenly distributed, and the
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whether the spatial position will affect the explanatory variables.

input and soil erosion control. In the development and utilization status
of multiple factors, the forest coverage rate and the maximum effect of
environmental protection investment, a high forest coverage rate and
degree of environmental governance investment will promote the development and utilization of water resources, and the increase of water
loss and soil erosion control areas will reduce the excessive development of water resources, thus restoring the ecological environment. In
terms of spatial spillover effects, the newly added area of soil erosion
control in the current year will not only promote the ecological recovery of this region but will also play a positive role in the ecological
protection of neighboring regions.

5.3. The future research direction of this paper
It should be noted that due to the limitation of data availability, this
paper did not take into account the actual climate, temperature and
other natural conditions of each province when selecting the factors
affecting the carrying capacity of water resources, and the index system
constructed needs to be improved, which may have some impact on the
research conclusions of this paper. In future studies, this research will
pay more attention to the selection of variables and their precise
quantification to enhance the accuracy of the results.

6.2. Policy and recommendations

6. Conclusions and suggestions

First, focus should be placed on solving the problem of large differences in the balance of water resources among regions. In the future,
due to the impact of the natural environment and high-intensity human
activities, the water resources in the north may be further reduced,
while those in the south will be further increased, aggravating the
difference in the balance of water resources between the north and the
south. To alleviate the regional differences in water resources, the
feasibility of the south-to-north water diversion project should be accelerated. The government should support the project, increase investment in science and technology, and provide technical support. At
the same time, since each province is different in terms of economy,
population, climate and other aspects, the government should take
corresponding measures according to the actual situation of each province, adjust measures to local conditions, centralize governance by
province and region, and improve the efficiency of water resource allocation.
Second, water resource pressure should be reduced by improving
water quality and promoting recycling. Improving the ability of routine
and emergency support of water resources, flood utilization, water
pollution response and drought resistance and disaster prevention will
play a positive role in reducing the pressure on water resources. Water
resources play an important role in economic and social development.
The quality of water resources has a direct impact on economic development. We should accelerate the adjustment of the industrial
structure, change the mode of economic growth, and establish a watersaving circular economy model.
Third, to improve the efficiency of water resource development and
utilization, measures should be taken toward the improvement of the
water structure and the improvement of the sewage treatment capacity.
On the one hand, China's agricultural water consumption is relatively
large. Through increasing industrial energy emission reductions, China
promotes water-saving irrigation technology, encourages the research
and development of new technologies and production processes, improves the reuse rate of industrial water, raises citizens' awareness of
water conservation, and improves the supervision and management
mechanisms of water resources. On the other hand, the discharge of
sewage and waste water is an obstacle in the process of improving the
development and utilization of water resources. The government should
strengthen the effective monitoring of industrial sewage discharge,
strictly regulate the sewage treatment process, and realize the effective
treatment of sewage and waste water. From the perspective of sustainable development, it is necessary to combine soil and water loss
control with resource development and utilization, emphasize the equal
importance of ecological recovery benefits and economic benefits, and
achieve scientific control at high levels, with high efficiency and environmental friendliness.
Fourth, the spatial correlation, spillover and heterogeneity should
be fully considered in solving water resource problems. This paper
shows that China's regional water resource carrying capacity has

6.1. The main conclusions of this paper
This paper takes the comprehensive water resource carrying capacity of Chinese provinces as the research core, and the research content
includes the evaluation of the water resource carrying capacity and the
spatial effects. The detailed conclusions of this study are shown in
Appendix 6. The main conclusions are as follows:
First, from the perspective of the spatial distribution, there are
significant regional differences in the water resource balance capacity,
pressure and driving force, and development and utilization capacity.
The balance abilities of central China and coastal areas of east China are
relatively good, while the balance abilities of north China and northwest China are relatively weak in the arid areas, and these areas are
under high pressure and driving forces, facing severe resource allocation problems. From the perspective of development and utilization, the
development and utilization capacities of east China and central China
are relatively good, while those of the corresponding southwest and
northwest regions are relatively weak. From the three considered aspects, the eastern coastal areas and the economically and technically
developed area of southern China have strong resource carrying capacities, which shows a high balance and development and utilization
capacity and are under low pressure and driving forces. However,
northwest and north China suffer from higher pressure and lower balance ability and development and utilization ability, and this region has
more severe problems in terms of resource allocation.
Second, the water supply and water demand affect the balance of
water resources. The total precipitation and water supply will not only
promote the balance of water resources in the region but will also improve the balance of the surrounding areas to a certain extent. The
increase of agricultural and industrial water consumption will promote
the resource balance capacity of surrounding areas. In different periods,
the available water supply and actual water demand are constantly
changing, and the relationship between them is also variable. The
balance between supply and demand of water resources is only relative,
and the imbalance between them always exists. We need to constantly
adjust the supply and demand to achieve a dynamic relative balance.
Third, the pressure and driving forces of water resources mainly
depend on the degree of environmental pollution and economic development. Areas with severe environmental pollution of water resources, frequent disasters and arid climates will be under greater
pressure for water resources, while economically developed and densely populated areas will have greater demands for water resources and,
thus, be more driven. Energy consumption and the proportion of protected areas will produce a spillover effect, and higher energy consumption and a lower proportion of protected area will place surrounding areas under greater pressure and driving force.
Fourth, the development and utilization capacity of water resources
is affected by the forest coverage rate, environmental management
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obvious spatial agglomeration and spatial spillover effects. When factors such as economic growth, the water resource supply and demand,
natural disasters and climate change affect the water resource situation
in this region, they will produce spillover effects to some extent, which
will cause mutual influence and interaction among provinces. In the
future, to focus on solving the complex problems concerning the water
environment, it is necessary to curb the unreasonable demand for
water, promote the formation of a mechanism through which water
resource factors will upgrade the economic and social production mode
and industrial structure, accelerate the construction of a new pattern of
water resource management, and strengthen regional cooperation and
exchanges.
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Appendix 1. Spatial Durbin model of water resources balance capacity
re

SDM

Direct

variable

coef

p

x1
x2
x3
x4
x5
x6
x7
x8
W × x1
W × x2
W × x3
W × x4
W × x5
W × x6
W × x7
W × x8
Hausman
R sq

0.050
−0.001
0.167
0.049
−0.048
0.027
0.019
0.036
1.933
0.598
7.820
−1.903
25.840
−23.960
3.460
8.400
prob > chi2 = 0.52
0.868

0
0.885
0.002
0.002
0.374
0.556
0.115
0.025
0.046
0.650
0.349
0.371
0
0.010
0
0.112

value

Indirect

coef

p

value

0.052
−0.001
0.170
0.050
−0.062
0.035
0.017
0.032

0
0.830
0.001
0.002
0.275
0.433
0.168
0.057

coef

p

value

0.042
0.015
0.183
−0.063
0.700
−0.650
0.090
0.221

0.050
0.656
0.374
0.261
0
0.003
0
0.086

Appendix 2. Water resources pressure and driving force individual fixed spatial Durbin model
fe-ind

SDM

Direct

variable

coef

p

x1
x2
x3
x4
x5
x6
W × x1
W × x2
W × x3
W × x4
W × x5
W × x6
Hausman
R sq

0.008
0.018
−0.001
0.004
0.005
−0.022
−0.131
1.411
−0.144
−0.717
−0.667
0.063
prob > chi2 = 0.
0.484

0
0.01
0.818
0.059
0.056
0
0.274
0.080
0.607
0.018
0.061
0.972

value

Indirect

coef

p

0.008
0.019
−0.001
0.003
0.004
−0.232

0
0.003
0.873
0.148
0.097
0.001

806

value

coef

p

value

−0.001
0.076
−0.007
−0.033
−0.031
−0.003

0.736
0.010
0.573
0.039
0.116
0.974
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Appendix 3. Water resources pressure and driving force time fixed spatial Durbin model
fe-ind

SDM

Direct

variable

coef

p

x1
x2
x3
x4
x5
x6
W × x1
W × x2
W × x3
W × x4
W × x5
W × x6
Hausman
R sq

0.022
0.019
−0.002
−0.015
0.010
−0.023
−0.019
−1.741
0.462
−0.386
0.647
−1.625
prob > chi2 = 0.
0.815

0
0.001
0.707
0.011
0.892
0.001
0.977
0.092
0.642
0.688
0.346
0.099

value

Indirect

coef

p

value

0.022
0.018
−0.001
−0.016
0.001
−0.022

0
0.001
0.801
0.010
0.877
0.001

coef

p

value

0.003
0.062
0.018
−0.016
0.024
−0.064

0.911
0.089
0.622
0.626
0.356
0.064

Appendix 4. Water resources pressure and driving force bidirectional fixed spatial Durbin model
fe-ind

SDM

Direct

variable

coef

p

x1
x2
x3
x4
x5
x6
W × x1
W × x2
W × x3
W × x4
W × x5
W × x6
Hausman
R sq

0.007
0.015
0.003
0.005
0.005
−0.027
0.361
−0.222
1.736
−0.434
−0.438
−2.922
prob > chi2 = 0.
0.311

0
0.004
0.522
0.008
0.039
0
0.275
0.885
0.180
0.219
0.239
0.305

value

Indirect

coef

p

value

0.007
0.016
0.003
0.005
0.005
−0.027

0
0.004
0.444
0.019
0.062
0

coef

p

value

0.011
0.001
0.055
−0.015
−0.016
−0.091

0.251
0.998
0.208
0.248
0.301
0.375

Appendix 5. Spatial Durbin model of water resources development and utilization capacity
fe-ind

SDM

Direct

variable

coef

p

x1
x2
x3
x4
x5
x6
W × x1
W × x2
W × x3
W × x4
W × x5
W × x6
Hausman
R sq

0.022
0.013
0.001
0.024
0.009
0.014
2.055
1.395
−1.488
−4.373
−1.523
−0.199
prob > chi2 = 0.881
0.368

0.013
0
0.555
0.109
0.020
0
0.155
0.005
0.007
0.008
0
0.152

value

Indirect

coef

p

0.022
0.013
0.002
0.023
0.008
0.013

0.013
0
0.524
0.117
0.016
0

Note: Direct represents direct effect and Indirect represents indirect effect.
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value

coef

p

value

0.071
0.051
−0.051
−0.152
−0.051
−0.006

0.121
0.002
0.010
0.007
0.001
0.160
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Appendix 6. Main conclusions of this paper
Comprehensive
carrying capacity
of water resources

Top three provinces
and their scores

The last three provinces and their
scores

Major influencing factors

The main characteristics

Direct influencing factors
and their influencing degrees

Indirect influencing factors and their influencing
degrees

Water resources b- Tibet = 0.901
alance capaJiangsu = 0.894
city
Guangdong = 0.859

Ningxia = 0.627
Beijing = 0.554
Tianjin = 0.514

Annual
precipitation = 0.052
The amount of water
supply = 0.170
Water consumption per
capita = 0.050

The balance ability of Central China is the highest, with
an average score of 0.820. The overall appearance is high
in the southeast and low in the northwest, and is greatly
affected by precipitation.

Water resources p- Inner
ressure and d- Mongolia = 0.899
riving force
Hubei = 0.879
Xinjiang = 0.868

Hainan = 0.800
Beijing = 0.792
Shanghai = 0.779

Water resources d- Zhejiang = 0.944
evelopment a- Anhui = 0.936
nd utilization Guangdong = 0.936
capacity

Shanghai = 0.810
Qinghai = 0.722
Tibet = 0.601

Affected area = 0.022
Energy
consumption = 0.018
Contribution rate of the
tertiary industry = -0.016
The area of protected area
accounts for the area of
jurisdiction = -0.022
Forest cover rate = 0.022
The proportion of investment in environmental
pollution control in
GDP = 0.013
v = 0.008
Soil erosion area increased
this year = 0.013

Annual
precipitation = 0.042
Water-saving irrigation
area = 0.700
Agricultural
water = -0.650
Industrial water = 0.090
Energy
consumption = 0.062
The area of protected area
accounts for the area of
jurisdiction = −0.064

The proportion of investment in environmental
pollution control in
GDP = 0.051
Industrial water reuse
rate = −0.051
Sewage treatment capacity
of treatment
plant = −0.152
v = −0.051

Overall, the eastern region has a high degree of development and utilization, and the western region has a low
degree of development and utilization. Water reuse and
water use structure are two main aspects that affect the
degree of development and utilization.

The ecological environment, economy, society and population determine the pressure and driving force of
resources, and the effect of environmental pollution is
most significant.
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