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Abstract: In the context of sustainable economic development, the current dilemma of water uti-
lization can be resolved by improving water utilization and achieving an excellent decoupling state
between economic growth and water utilization. The utilization of water resources is closely related
to the economy of China’s capital cities, and the coordinated relationship between the two plays
an essential role in the sustainable development of the capital cities. Therefore, to comprehensively
evaluate the water resource utilization of China’s cities from 2011 to 2020, this study selects 21 cities in
Northwest China, North China, Northeast China, Central China, Southwest China, South China, and
East China. It analyzes them using the water footprint method by selecting indicators and combining
them with the decoupling model. The study shows that (1) the water footprint of the cities in the
seven regions are different, with a total water footprint of 5793.98 × 108 m3, with cities in the South-
west region of China having the most significant water footprint of 1239.69 × 108 m3, accounting for
about 21.40%. At the same time, the region with the most minor water footprint is Northwest China,
with 343.30 × 108 m3, accounting for only 6%. Industrial and agricultural water use account for a
comparable proportion of the water footprint structure, and both use a more considerable amount of
water. (2) North China is most dependent on imported water resources at 61.24%. In comparison,
Central China has the lowest dependence on imported water resources at 19.19%, and several other
regions have a higher degree of reliance on water resources in their regions. The value of economic
benefits generated by the water footprints of the seven regions is more extensive, and the net trade
value of the water footprints of North China and Northeast China is negative, which belongs to the
water resources exporting places. (3) The decoupling status of cities in the seven regions is poor, and
the solid negative decoupling with the worst decoupling status occurs more often. The relationship
between water resources utilization and economic development is not coordinated, and the efficiency
of water resources utilization needs to be improved.

Keywords: water use; water footprint; decoupling model; seven regions; major cities

1. Introduction

Global water resources account for about 70% of the earth’s water resources [1].
However, only 2.53% of the freshwater resources can be used directly [2]. In addition,
with the continuous development of the world economy, the water shortage problem is
becoming increasingly severe [3]. Water resources are gradually becoming an important
indicator of economic growth, and the relationship between water resources and the
economy has attracted the great attention of domestic and international scholars. Although
China’s freshwater resources are the fourth largest in the world, the demand for water
resources continues to rise, so China is still a country with a severe water shortage [4].
According to the data released in the 2021 China Water Resources Bulletin, China’s total
water consumption is 592.02 billion m3, among the world’s highest [5].
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Water resources are indispensable natural resources for human life and development
and are also seen as economic resources [6–8]. Whether water resources are utilized
reasonably and efficiently has gradually become an essential factor in measuring the
economic development level of a city [9–12].

Urban water is one of the capital resources to promote urban development, and its
role is irreplaceable [13–15]. Still, the need for more water resources in China restricts
the rapid growth of the urban economy in China [16–18]. At present, there are still many
cities in China that have excessive water consumption, leading to insufficient water supply
problems, in which the more severe water shortage of the city reaches 110, such as the
coastal open cities in Beijing, Tianjin, and Shanghai, are extremely water-scarce cities,
urban water shortage problem constraints on China’s rapid development of an urban
economy [19–21]. Economic growth and water resources are closely related. With the
continuous development of the city’s economy and the acceleration of urbanization, water
resource consumption is becoming increasingly intense, and our cities need to realize
the sustainable use of water resources and reduce the consumption of water resources to
achieve economic growth [22,23].

Since the 21st century, China’s urbanization rate has been as high as 60%, with the
population and industry continuing to agglomerate to large cities, China’s urban water
supply and demand is insufficient, the contradiction of water resources continues to
intensify, which is not conducive to the long-term sustainable development of the city, and
the rational use of water resources is imminent [24–26]. In addition, with the continuous
rise of urban water demand, the contradiction between the supply and demand of urban
water resources in China urgently needs to be emphasized; therefore, the study of the
relationship between water resources and economic development, how to ensure the
coordinated relationship between water resources and economic growth has also become a
hot spot for scholars at home and abroad to study [27,28].

The concept of water footprint theory was proposed by Dutch scholar Hoekstra in
2002 [29,30] and has been widely applied by many scholars since then. Regarding the re-
search on water footprint, most of the international countries are applied to the differences
in the distribution of water footprint in different countries (or regions) [31–33], the related
calculation and assessment of agricultural water footprint [34–36], the evaluation, and anal-
ysis of water resources of the country (or region), and the water footprint of consumption
of a specific product [37–39], etc. In 2003, domestic scholars introduced the water footprint
theory and produced many research results. The research field is mainly concentrated in
the country [40–43], watersheds, provinces [44–46], and other significant areas, and the
research related to the urban water footprint [47–50] is relatively weak. There is still a lot of
space for research.

In the literature related to international water footprint theory, it can be found that
there are few types of research combined with the decoupling approach in international
countries, and the domestic and international research on water footprint is mainly focused
on the analysis of the large-scale scope and the research on small-scale coverage is still in
the initial stage [51]. This study divides China into seven regions, and the three cities in
each region are selected as research objects. Based on their water footprints from 2011 to
2020, four analytical indicators (water import dependence, water self-sufficiency rate, water
footprint economic benefit value, and water footprint net trade volume) are constructed and
combined with the decoupling model to analyze the spatial differences in water resource
use in China’s cities [52,53]. Further, it will explore the water resource use in China’s cities
and provide a scientific basis for the provincial capital cities to solve the problem of water
resource scarcity [26]. The study will explore the utilization of water resources in Chinese
cities and provide a scientific basis for provincial capital cities to solve the problem of
water resource scarcity. This article consists of five parts: Section 1, Introduction; Section 2,
Introduction to the material; Section 3, Research Methodology; Section 4, Results and
Analysis; Section 5, Discussion and Conclusions.



Water 2024, 16, 462 3 of 15

2. Materials
2.1. Study Area

The seven regions of China include Northwest China, North China, Northeast China,
Central China, Southwest China, South China, and East China [54,55]. This study selected
three typical cities in each region as representatives (Figure 1). Northwest China (Lanzhou,
Xi’an, and Urumqi) is deeply inland, with an arid climate and scarce precipitation [56].
North China (Beijing, Tianjin, Taiyuan) is the most extensive plain in China, with a predom-
inantly warm-temperate semi-moist climate but with insufficient precipitation and prone to
droughts and floods [57]. Northeast China (Dalian, Shenyang, Jilin) is in a cold-temperate
zone with four seasons and rich forest resources [58]. Central China (Wuhan, Changsha,
Zhengzhou) is a transportation hub with a climate environment that includes temperate
and subtropical monsoons [59]. Southwest China (Chengdu, Kunming, Chongqing) has a
subtropical monsoon climate with rainy summers [60]. South China (Guangzhou, Haikou,
Nanning) has a tropical-southern subtropical environment with abundant water resources.
East China (Jinan, Nanjing, Fuzhou) has a humid subtropical and temperate monsoon
climate [61].
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In terms of population and economic development, Northwest China has a relatively
small population and an economy based on agriculture and energy; North China is densely
populated with a well-developed economy, with high-tech, service, and heavy industry as
the mainstay [62]; Northeast China, as a traditional industrial base, is facing the challenges
of economic transformation and population aging; Central China has a large population
and a diversified economy, with industry, agriculture and science and education as the
mainstay; Southwest China is densely populated with rapid economic growth, focusing on
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the development of manufacturing and high-tech industries; South China is economically
active, with a concentrated population, and with commerce, tourism and agriculture as its
main pillars; East China, as one of the most economically developed regions, has a large
population and a diverse economic structure, relying mainly on the manufacturing and
service industries [63].

Regarding water resource utilization, Northwest China faces the challenges of drought
and water scarcity, and relies on major rivers such as the Yellow River [64]; North China
is similarly water-stressed, and relieves the pressure through diversion projects and local
water sources, but suffers from over-exploitation of groundwater and water pollution;
Northeast China is relatively rich in water resources, but needs to balance water use for
industry and agriculture, and pay attention to water quality protection [19]; Central China
relies on rivers such as the Yangtze River, and focuses on Central China depends on the
Yangtze River and other rivers, focusing on agricultural irrigation and urban water supply,
as well as flood control [65]; Southwest China has abundant water resources, with equal
emphasis on hydropower plant construction and ecological protection [66]; South China
has a humid climate and relies on the Pearl River water resources, and faces the challenges
of seawater back-up and typhoons; East China has better water resources but needs to cope
with the high demand and pollution caused by increased population density and industrial
development [67]. Each region must develop reasonable water resource management
strategies according to its conditions.

2.2. Data Sources

The data in this study were obtained from the statistical yearbooks and water resources
bulletins of 21 provinces and cities in seven regions (2011–2020), of which the ecological
water use of Yinchuan City in 2010–2013 was referred to Wang Bingliang’s research results,
and all of them were calculated by the arithmetic average method in this paper due to
the missing water resources data of Urumqi City in 2012 and the ecological water use of
Yinchuan City in 2014–2016.

3. Methodology
3.1. Water Footprint Theory and Analysis Indicators

Water footprint is an important indicator to measure the status of water resource
utilization in a country or region, which can truly reflect the utilization of water re-
sources [29,30,68–70]. The method considers the actual amount of water consumed in
life and the virtual water use, which provides a straightforward and easy method for the
sustainable use of water resources [71,72]. It is mainly composed of two parts, i.e., the sum
of internal water footprint and external water footprint, which is given by the formula:

WFP = IWFP + EWFP. (1)

In Equation (1), WFP represents a acountry’s or region’s water footprint, IWFP rep-
resents the internal water footprint, and EWFP means the external water footprint (All
indicators are measured in billion cubic meters). The exterior water footprint is defined by
imported virtual water in this study, and the interior water footprint consists of five main
aspects, which are calculated by the formula:

IWFP = AWU + IWW + DWW + EWW − VWEdom. (2)

In Equation (2), AWU is the agricultural water use, taken equal to the evaporative
water demand of the crops; IWW, DWW, and EWW are the water withdrawals in the
industrial, domestic, and ecological sectors, respectively; VWEdom is the virtual water
export to other countries insofar related to the export of domestically produced products
(All indicators are measured in billion cubic meters).
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The four analyzed indicators constructed, i.e., water resources import dependence
(WD), water resources self-sufficiency (WSS), water footprint economic benefit value, and
water footprint net trade volume, are shown in Table 1.

Table 1. Water footprint analysis indicators [29].

Evaluation Indicators Calculation Process Hidden Meaning

Structural indicators
Water import dependency (WD) (EWFP/WFP) × 100% Local dependence on external

water resources

Water self-sufficiency (WSS) (IWFP/WFP) × 100% Extent of local water use

Benefit indicators

Water footprint economic benefit value GDP/WFP Economic benefits from
water consumption

Net trade in water footprint VWEdom − EWFP Status of the water
resources strategy

3.2. Decoupling Model

The decoupling model is mainly applied to analyze the relationship between resource
consumption and economic growth, and this study is based on the water footprint, com-
bined with the decoupling elasticity method [73,74] to explore whether the relationship
between water resource use and economic development is coordinated in China’s cities.
The equation of the decoupling model is:

e =
∆WF

∆GDP
=

WFn − WFn−1

GDPn − GDPn−1
(3)

In Equation (3): e denotes the decoupling coefficient, ∆WF denotes the rate of change
of regional water footprint (billion cubic meters), ∆GDP denotes the rate of change of
regional gross domestic product (GDP) (Billion RMB), WFn denotes the region’s water
footprint in the nth year, WFn−1 indicates the area’s water footprint in the (n − 1)th year,
GDPn represents the total value of the regional economy in the n-th year, and GDPn−1
denotes the total value of the regional economy in the n – 1 that year. The GDP values in
this study were calculated using the GDP deflator method to calculate the real GDP for
analysis, with 2010 as the base period.

According to previous studies on decoupling classification [75], decoupling can be
categorized into eight types, as shown in Table 2.

Table 2. Table of decoupling status system.

GDP > 0 GDP ≤ 0

WF > 0

0 < e < 0.8 weakly decoupled WF > 0 e ≤ 0 strong-negative decoupling

0.8 ≤ e ≤ 1.2 dilatation connection

WF ≤ 0

0 < e < 0.8 weak-negative decoupling

e > 1.2 Expansive negative decoupling 0.8 ≤ e ≤ 1.2 recession connection

WF ≤ 0 e ≤ 0 out of touch e > 1.2 recessionary decoupling

4. Results and Analysis
4.1. Water Footprint Analysis of China’s Cities

According to the water resources data of 21 cities in seven regions of China from
2011 to 2020 to derive the water footprint (Figures 2 and 3, Table 3), analyzing Figure 2
shows that the water footprint changes in the decade of 2011–2020 are significant. The
water footprint in 2011 was the largest, 617.64 × 108 m3. The water footprint in 2020 shows
the lowest of all time, 537.8 × 108 m3, which shows that the water footprint of China’s
utilization of urban water resources is improving. The 2011–2010 water footprint indicates
a decreasing trend, which is incredibly related to the fact that China vigorously advocates



Water 2024, 16, 462 6 of 15

the awareness of water conservation, promotes industrial restructuring, and improves
water resource utilization efficiency.
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Figure 3. Four major water use dynamics water footprint in China’s cities from 2011 to 2020.

As can be seen from Table 3, the water footprint of the cities in the seven regions is
different, with a total water footprint of 5793.98 × 108 m3, with cities in the Southwest
region of China having the most significant water footprint of 1239.69 × 108 m3, accounting
for about 21.40%. North China is in second place, with 1191.88 × 108 m3, comparable to the
Southwest region’s proportion. The region with the smallest water footprint is Northwest
China, with 343.30 × 108 m3, accounting for only 6% of the total, because compared to the
other six regions, Northwest China has a lower urbanization rate and a smaller population
compared to the different areas, and the water footprint consumed is correspondingly
the lowest.
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Table 3. Composition of the water footprint of the seven regions in China for 2011–2020.

Region Agriculture/
108 m3

Industrial/
108 m3

Domestic/
108 m3

Ecological/
108 m3

GDP
(Billion RMB)

Imported
Virtual

Water/108 m3

Virtual Water
Export

(VWEdom)
/108 m3

Internal
Water

Footprint
(IWFP)/
108 m3

External
Water

Footprint
(EWFP)/
108 m3

Total Water
Footprint

(WFP)/
108 m3

Northwest China 176.48 100.68 71.14 36.93 54,698.10 72.51 114.44 270.79 72.51 343.30
North China 196.35 118.29 246.97 149.22 225,942.36 729.94 248.89 461.94 729.94 1191.88

Northeast China 219.21 162.91 75.39 45.55 129,174.20 169.45 125.44 377.62 169.45 547.07
Central China 300.29 347.88 193.93 41.79 132,420.57 155.80 227.70 656.19 155.80 812.00

Southwest China 627.79 501.17 298.98 32.10 152,198.80 358.28 578.63 881.41 358.28 1239.69
South China 380.15 459.83 170.84 22.63 124,497.42 329.66 380.35 653.10 329.66 982.76
East China 313.60 312.86 148.54 43.46 118,710.83 225.12 366.28 452.18 225.12 677.30

All 2213.85 2003.62 1205.80 371.68 937,642.3057 2040.76 2041.73 3753.22 2040.76 5793.98
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From the four categories of water use in the water footprint in Figure 3, it can be seen
that China’s urban agriculture uses the most significant amount of water. Industrial water
use is only second to agricultural water use, so to ensure the safety of water use in agricul-
ture and industry, it is necessary to establish a systematic industrial and agricultural water
conservation system to reduce the waste of water resources and to promote sustainable
and high-quality development of China’s industry and agriculture. The rising trend of
domestic and ecological water use can be seen in the process of urbanization in China,
which requires the development of specific and feasible countermeasures for environmental
and household water management.

4.2. Water Footprint Indicator Analysis

The calculation methods of the four water footprint indicators, including water import
dependency (WD), water resource self-sufficiency (WSS), water footprint economic benefit
value, and net trade-in water footprint, have been reflected in Table 1. Among them, the
water import dependence (WD) is calculated as (EWFP/WFP) × 100%; Water resource
self-sufficiency (WSS) is calculated as (IWFP/WFP) × 100%; water footprint economic
benefit value is calculated as GDP/WFP; the net trade-in water footprint is calculated as
VWEdom-EWFP (Table 1).

For the Northwest region, the total water footprint (WFP) is 343.3 × 108 m3, and the
external water footprint (EWFP) is 72.51 × 108 m3 (Table 3), resulting in a water import
dependence (WD) of 21.12% (Table 4).

Table 4. Results of water footprint indicators analysis.

Region
Water Import

Dependency (WD)
(%)

Water Resource
Self-Sufficiency (WSS)

(%)

Water Footprint Economic
Benefit Value (Billion Yuan/m3)

Net Trade in Water
Footprint/108 m3

Northwest China 21.12% 78.88% 159.33 41.93
North China 61.24% 38.76% 189.57 −475.91

Northeast China 30.97% 69.03% 236.12 −44.01
Central China 19.19% 80.81% 163.08 71.90

Southwest China 28.90% 71.10% 122.77 220.35
South China 33.54% 66.46% 126.68 50.69
East China 33.24% 66.76% 175.27 141.16

For East China, the total water footprint (WFP) is 677.30 × 108 m3, and the internal
water footprint (IWFP) is 452.18 × 108 m3 (Table 3), resulting in a water import dependence
(WSS) of 66.76% (Table 4).

For South China, the GDP is 124,497.42, and the water footprint (WFP) is 982.76 × 108 m3

(Table 3), resulting in the water footprint economic benefit value of 126.68 × 108 m3 (Table 4).
For Central China, virtual water export (VWEdom) is 227.70 × 108 m3, and the

External water footprint (EWFP) is 155.80 × 108 m3 (Table 3), resulting in a net trade-in
water footprint of 71.90 × 108 m3 (Table 4). The other regions follow this example.

As seen from Table 4, the results of the four indicators vary among the seven regions
of China. Analyzing the dependence on water resources import, North China has the
highest degree of reliance on imported water resources, at 61.24%, and Central China has
the lowest degree of dependence on imported water resources, at 19.19%. Analyzing the
self-sufficiency rate of water resources, except for North China, several other regions of
China have a high degree of dependence on water resources in their areas, and Central
China has the highest degree of reliance on imported water resources, at 80.81%. Analyzing
the economic benefits of water footprint, the value of economic benefits generated by the
water footprint is more significant in all seven regions. North China has the highest level of
financial help from water consumption. In Table 4, the analysis of the indicator of water
footprint benefit, i.e., economic benefit, shows that the value of the financial benefit of the
water footprint is high in North China and Northeast China compared to other regions,
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with North China having the highest financial benefit of 236.12 × 108/m3 indicating that
the economic benefit of water footprint in this region is higher than that in the other areas.
Analyzing the net trade volume of water footprint, the value of North China and Northeast
China is negative, the export virtual water is larger than the import virtual water, and the
water resources flow into the outside, while the other regions are on the contrary, and are
the importers of water resources.

4.3. Analysis of the Decoupling of Water Resources and Economic Development

China is divided into seven regions: Northwest China, North China, Northeast China,
Central China, Southwest China, South China, and East China. The decoupling relationship
of the seven areas from 2011 to 2020 is calculated, respectively, and the results are shown
in Table 5.

Table 5. China’s seven regions of decoupling 2011–2020, WND stands for weak-negative decoupling,
SND stands for Strong Negative Decoupling, SD stands for Strong decoupling, WD stands for weakly
decoupled, END stands for Expansive negative decoupling, WL stands for weak link, DN stands for
dilatation connection.

Year
Northwest China North China Northeast China Central China

Lanzhou Xian Urumqi Beijing Tianjin Taiyuan Dalian Shenyang Jilin Wuhan Changsha Zhengzhou

2011–2012 WND WND SD SND SND WD WND SND WND WND WND SND
2012–2013 WND SND SND - SND WND WND WND SND WND WND WND
2013–2014 WND SND WND SND SND WND SND SND SND WND WND SND
2014–2015 WND SND - WND WND WD WND WND WND WND WND WD
2015–2016 SND WND WND - SND SND WND SND SD WND WND SND
2016–2017 SND WND WD SND SND WD WD WND WND SD WND SND
2017–2018 SD SD WND SND END WD SND SD WND - WND WND
2018–2019 WND SND SND SND WND SND SD SND WND SND WND WND
2019–2020 WND WND WND WND WND SND WND WND WND WND WND SND

Year
Southwest China South China East China

Chengdu Kunming Chongqing Guangzhou Haikou Nanning Jinan Nanjing Fuzhou

2011–2012 WND SND WND WND WND SND WND SND WD
2012–2013 SND WND WND SD WD SND SD WND SND
2013–2014 WND WND WND WND WND WND WND SND WND
2014–2015 SND - WND WND SND SD WND WND WND
2015–2016 SND WD - WND WD SND WND SND WND
2016–2017 WD WD WND WND SND WD SD DN WD
2017–2018 WL SND WND SND END SND SND WL WND
2018–2019 WND SND SD WD WL SND SND WL WND
2019–2020 WND WND WND WND WND SND SND WND SND

Table 5 indicates that the decoupling status of the seven regions in China has
its characteristics.

In Northwest China, weak negative decoupling appeared 13 times, strong decoupling
occurred 3 times, strong negative decoupling occurred 9 times from 2011 to 2020, and weak
negative decoupling accounted for half of the total. The two best strong decoupling ap-
peared in the years 2017–2018, and the relationship between water resources and economic
development has reached the ideal condition of harmonization, and water resources have
been rationally utilized.

In the capital cities of the northwestern region of China, the gradual growth of popula-
tion and the rise of the population base will inevitably lead to an increase in the demand
for water resource utilization. In addition, with the continuous development of the econ-
omy of the capital cities in Northwest China, the use and consumption of urban water
resources have also increased, and the efficient use of water resources is particularly critical.
Therefore, the capital cities of Northwest China need to reasonably control the population
growth and keep the population within the reasonable environmental population capacity.
At the same time, improving the urban water use structure, improving water use efficiency,
and better implementing water conservation policies and mechanisms is urgent.
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From 2011 to 2020, North China mainly shows three states of strong negative decou-
pling, weak negative decoupling and weak decoupling alternately. Strong negative decou-
pling belongs to the worst decoupling situation between water resources and economic
development, which occurs 13 times, weak negative decoupling and weak decoupling
present 7 and 4 times, respectively, and expansive negative decoupling occurs only 1 time,
and the decoupling situation in North China in the last ten years is overall poor. The con-
sumption of water resources brings about poor economic development, and North China
still needs to optimize the water use structure further to achieve the desired decoupling
status. Taiyuan City had four good occurrences of weak decoupling, which consumed
many water resources and brought about economic growth and better water utilization in
North China.

The overall water use situation in the Northeast region was not optimistic during
2011–2020, with many strong negative and weak negative decouplings occurring 6 and
17 times, respectively. Two vital decoupling statuses occurred in 2017–2019, indicating that
the Northeast region’s water use situation is moving in a better direction.

Between 2011 and 2020, four primary states of weak negative decoupling (18 times),
strong negative decoupling (6 times), weak decoupling (1 time), and strong decoupling
(1 time) occur in Central China. Decoupling in the last decade has been poor overall.
The consumption of water resources has brought about poor economic development, and
Central China still needs to optimize the water use structure further to achieve the desired
decoupling status. In addition, Central China uses more water for industrial purposes,
so Central China needs to improve the speed of transformation of industrial structure,
improve industrial equipment, and upgrade industrial technology to enhance industrial
water use efficiency in Central China.

The weak negative decoupling appeared 14 times in the Southwest region from 2011
to 2020, together with the six-strong negative decouplings and one recessionary decoupling
status presented in other years, indicate that the Southwest region’s water use efficiency is
poor, and the development of the economy relies on water consumption to a high degree.

South China has two strong decouplings, nine strong negative decouplings, ten weak
negative decouplings, four weak decouplings, one expansionary negative decoupling, and
one recessionary decoupling from 2011 to 2020, with a total of six medium states. The
relationship between water use and economic development in the three cities in South China
is not coordinated. Haikou also has expansionary negative and recessionary decoupling,
and Haikou has a recessionary economy.

Strong negative and weak negative decoupling states alternated in East China from
2011 to 2020, occurring 8 and 12 times, respectively, with overall poor water resource utiliza-
tion. Expansionary decoupling occurred in 2016–2017, where water use exceeded economic
growth, indicating poor water resource utilization; two weak decoupling periods occurred
in 2011–2012 and 2016–2017, where water use was high, but economic growth showed a
growing trend, in short, water resource utilization was relatively reasonable, but economic
growth shows an increasing trend; in short, water resource utilization is becoming more
affordable. Although Fuzhou city offers weak negative decoupling, compared with Jinan
and Nanjing, which have strong negative decoupling, the utilization of water resources is
better, and the three towns have poor utilization of water resources.

5. Discussions and Conclusions

In terms of urban water use, Water use should be adjusted in the industrial structure,
further improving water conservation efficiency in agriculture and shifting the use of water
resources to the secondary and tertiary sectors. In the process of urbanization, a compre-
hensive analysis and consideration should be given to the embodiment of water resources
and energy to further reduce costs and pollutant emissions by improving the efficiency of
water use and reducing the amount of water consumption through the reduction of energy
consumption. Based on the goal of sustainable water resource utilization, quantify the
future water use target of the city, and propose mandatory water use restrictions according
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to the city’s development goals, especially the use of water footprint indicators to account
for the water use related to the production of critical products and services. It is necessary
to deal with the problem of various forms of water resources, increase the management of
ecological water use in the city, integrate the risk of water supply and demand, strengthen
the accounting of environmental water use, and gradually adjust and increase the propor-
tion of ecological water use. Adjust and increase the proportion of environmental water
use and fully play the role of ecological compensation in urban water use.

Quantitatively analyzing the relationship between water resources and economic
development, previous studies have mainly focused on utilizing physical water. However,
virtual water is also an aspect that should not be ignored [76,77]. This study not only
considers the actual amount of water to be consumed but also the virtual water that is
usually easy to forget and invisible. However, the research object on virtual water in China
is relatively single, most of which focuses on agricultural water use, import and export
virtual water use, and the quantitative research of virtual water in other aspects such
as industry, ecology, etc., is relatively small [78–80]. Hence, the paper’s water footprint
calculation is imperfect and needs further exploration. In addition, due to the lack of
data on available water resources in each city, the selection of indicators based on water
footprint in this study is limited to only four, which cannot comprehensively evaluate the
utilization of water resources, especially the sustainable use of water resources cannot make
a comprehensive analysis and evaluation. The conclusions of the study are as follows:

(1) China’s seven major regions of urban water footprint as a whole showed a down-
ward trend, indicating that China’s water resource utilization is in the direction of good
development. The water footprints of the cities in the seven regions vary, with a total
water footprint of 5793.98 × 108 m3, of which the towns in the Southwest region have
the largest, accounting for about 21.40%, and the North China region is in the second
place, with a proportion comparable to that of the Southwest region. The region with the
smallest water footprint is Northwest China, accounting for only 6% of the total, which
is because, compared with the other six areas, Northwest China has a lower urbanization
rate and a smaller population and consumes the smallest water footprint accordingly. In
addition, industrial and agricultural water use is more widespread in the water footprint
structure. Chinese cities should promote rational allocation of water resources for industry
and agriculture to ensure industrial and agricultural development.

(2) The results of the four indicators vary across the seven regions of China. Regarding
water resources import dependence, North China has the highest import dependence at
61.24%, and Central China has 19.19%. From the analysis of water resources self-sufficiency
rate, except for North China, several other regions have a higher dependence on water
resources. For the water footprint benefit indicator, the value of economic benefits of
water footprint in North China and Northeast China is higher than that of other regions,
with North China having the highest financial benefit of 236.12 × 108/m3, indicating
that the economic benefits of water footprint in this region are higher than that of other
regions. Analyzing the net trade volume of water footprint, North China and Northeast
China have a negative value; the export virtual water volume is larger than the import
virtual water volume, and the water resources flow outside. In contrast, other regions have
a negative value.

(3) The decoupling status of cities in the seven regions of China is not ideal, and the
decoupling quality between water resources and economic development varies. The best
decoupling quality is strong decoupling. Strong decoupling in each region of the city
appeared a small number of times, and even some cities did not appear; presented the most
significant number of times the worst decoupling status of strong negative decoupling, each
region of each town appeared, indicating that the relationship between the water resources
of the seven areas of the city and the economic development is not very coordinated, the use
of water resources in China’s cities is poor, the need to reduce the economy’s dependence
on water resources to make the use of water resources to improve. Make water resource
utilization improved.
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