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Abstract: Improving industrial water green use efficiency (IWGUE) is a primary means to ensure the
production, living, and ecological use of water quantity and quality, while effective environmental reg-
ulation tools are important to promote efficiency. This paper calculates the industrial water green use
efficiency in China’s 30 provinces from 2010 to 2022 by the SE-SBM model and divides environmental
regulatory tools into command-based, market-oriented, and voluntary types. The panel Tobit model
is constructed to test the impact and differences in the effects of three environmental regulations
on regional industrial water green use efficiency. The results show the following: (1) Under the
constraint of undesired output, IWGUE fluctuates upward slowly in China, and the potential for
improving the efficiency value is enormous, with significant regional and basin-level differences.
(2) At the national level, the impact of command-based and market-oriented environmental reg-
ulations on IWGUE shows a U-shaped trend, while the positive promoting effect of voluntary
environmental regulations on efficiency is not significant. (3) In the Yellow River Basin, the impact of
three types of environmental regulations on IWGUE shows a U-shaped pattern. Command-based
and voluntary environmental regulations have crossed the inflection point and have a significant
promoting effect on efficiency, while market-oriented environmental regulations have not yet crossed
the inflection point. (4) In the Yangtze River Economic Belt, the impact of command-based and
market-oriented environmental regulations on IWGUE shows a U-shaped pattern, while voluntary
environmental regulations have a significant promoting effect on efficiency. This study may pro-
vide a reference for tailored policy design to improve industrial water efficiency in China from the
perspective of environmental regulations.

Keywords: command-based environmental regulation; market-oriented environmental regulation;
voluntary environmental regulation; water use efficiency

1. Introduction

As natural resources, water resources are the source of life, the necessity of production,
and the foundation of the ecosystem. They are not only a vital strategic economic resource
for a nation but also critical to the construction of ecological civilization and sustainable
and high-quality economic development [1]. In the world, China is the sixth largest country
in terms of water resources; however, because of its large population, per capita water
resources amount to only a quarter of the world average level. Ranked 119th in the world,
China is one of the countries with scarce water resources. Additionally, its water consump-
tion per CNY 10,000 of GDP is several times higher than the world’s advanced level [2],
and thus, China faces huge pressures and challenges in water resource security. In 2022,
among the 1890 national groundwater environmental quality assessment points monitored

Sustainability 2024, 16, 4984. https://doi.org/10.3390/su16124984 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16124984
https://doi.org/10.3390/su16124984
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-7687-0382
https://doi.org/10.3390/su16124984
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16124984?type=check_update&version=2


Sustainability 2024, 16, 4984 2 of 15

nationwide, Class V water quality points accounted for 22.4%, with the main exceeding
indicators being iron, sulfate, and chloride [3]. Industrial pollution emissions have led to
severe water resource shortages in many regions, making the supply–demand contradiction
of China’s water resources more prominent. The report of the 20th National Congress
of the Communist Party of China highlighted the concept that “lucid waters and lush
mountains are invaluable assets” in 2022, aiming to strengthen water resource protection
and utilization and promote low-carbon development [4]. Improving industrial water use
efficiency and reducing the unit output of industrial water consumption and industrial
wastewater discharge are the keys to solving the contradiction between development and
resource protection. The public goods characteristics of water resources make it difficult
to eradicate industrial pollution through the role of traditional market competition [5,6].
Therefore, the Chinese government usually formulates environmental regulatory policies
to solve ecological and environmental issues, such as the “Water Pollution Prevention and
Control Action Plan” (2015), the “National Water Conservation Action Plan” (2019), and
the “Industrial Water Efficiency Improvement Action Plan” (2022), and to compensate for
market failures. The policies inevitably have an impact on the efficiency of water resource
utilization. How do environmental regulatory policy tools affect the efficiency of industrial
water green utilization? Can we improve industrial water green use efficiency? Answering
these questions has great practical meaning for accelerating industrial green transforma-
tion, achieving efficient and sustainable utilization of water resources, and building a
beautiful China.

Water resource utilization efficiency measures the ability of humans to allocate water
resources and the effectiveness of economic activities in production activities [7]. Industrial
water use efficiency (IWUE) is a key component of the research on water resource utiliza-
tion efficiency. The measurement of IWUE includes the single-factor productivity method,
which takes the amount of industrial water use as input and the industrial added value as
output, that is, the industrial added value of water in CNY ten thousand is the efficiency
value [8], and the total-factor productivity method, which incorporates labor, capital and
water resource into the production function and calculates the ratio of the target water
input to the actual industrial water input in the industrial sector while keeping all other
input factors unchanged. The latter method for measuring efficiency is more practically
meaningful, and this paper chooses the total-factor productivity method. IWUE consid-
ering industrial wastewater is defined as industrial water green use efficiency (IWGUE).
The academic research on IWUE has concentrated on the calculation of values, regional
differences, and influencing factors. Among them, the research methods often include
the SFA method [9,10] and the DEA method [11–14]. Xu et al. [12] measured the IWUE
of various provinces in China based on a four-stage DEA method under conditions with
and without environmental constraints. They found that efficiency decreased significantly
considering pollutant emissions, and the eastern coastal regions have the highest utilization
efficiency values among all provinces. Liu et al. [13] used an improved SBM-DEA model
with industrial wastewater. Their results indicated that the IWUE in water absolute scarcity
areas is higher than in vulnerability areas, and the efficiency in the water-stressed and scarce
region is higher than in the water-abundant region. Lv et al. [14] incorporated industrial
water consumption and water pollution discharge into their analysis framework, using the
Super-SBM model to calculate IWGUE in five prefecture-level cities in the Poyang Lake
region. They found that the efficiency value in Jingdezhen is the lowest and then analyzed
the impact of the industrialization level, technology expenditures, industrial wastewater
treatment capacity, and industrial water intensity on efficiency. Zheng et al. [10] applied
the SFA model to calculate the total-factor water use efficiency of 30 provinces in China and
found that import and export trade, urbanization, and industrial structure have significant
positive effects on efficiency, while the level of economic development has an inhibitory
effect. With the continuous deepening of research, the realization path and influencing
factors of IWGUE have attracted researchers’ attention [15–18]. For instance, Shi et al. [15]
examined the impact of new urbanization on the industrial water use efficiency in China.
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They found that new urbanization has a positive promoting effect on IWUE in both local
and neighboring provinces based on spatial spillover effects, and when new urbanization
exceeds the threshold value, the promotion effect is significant. Jin et al. [16] analyzed
the spatial difference in the impact of driving factors such as technological innovation,
environmental regulation, and the combined effect of the two factors, as well as industrial
water resources and resident education levels, on the IWGUE in Chinese three major re-
gions. Ding et al. [17] showed that the population urbanization level, advanced industrial
structure, urban primacy, and foreign investment have a significant impact on the IWUE in
the Yangtze River Economic Belt.

Environmental regulations are an important tool for environmental governance and
have played a significant role in improving quality and efficiency to a large extent [19–21].
With increasing attention paid to the growth of the green economy, research on the rela-
tionship between environmental regulation and water resource efficiency is also increasing.
For example, Zhang et al. [22] empirically showed that environmental regulation has a
significant positive effect on green water efficiency in both eastern and western China, but
the impact is insignificant in the central areas, owing to regional differences. The results
of Wang et al. [23] study indicated that environmental regulation restrained an improve-
ment in water resource efficiency. Wang et al. [24] used the Super-DEA model to measure
water resource utilization efficiency and found that the empirical relationship between
environmental regulation and water resource utilization efficiency shows a “U” shape.
From a spatial perspective, Zhang et al. [25] found that local environmental regulation
has a promoting effect on improving urban water use efficiency in neighboring areas. The
regulatory effects of environmental regulation have been widely discussed in the existing
literature, yet the existing literature primarily focuses on the impact of environmental
regulations on the efficiency of overall water resource utilization, and there is relatively
little research on the impact of environmental regulation on industrial water use efficiency.
Moreover, there are significant differences in the mechanisms and effectiveness of various
environmental regulatory policy tools [26], and there is currently no research exploring the
impact of different types of environmental regulations on IWGUE. Furthermore, there are
distinct differences in the natural environment, economic development level, and environ-
mental supervision between the Yellow River Basin and the Yangtze River Economic Belt
in China. Therefore, it is necessary to study the impact of different types of environmental
regulations on IWGUE in different river basins. The results will help formulate targeted
environmental regulation policies and provide an important basis for China’s industrial
green transformation and water resource utilization protection.

As mentioned above, this paper attempts to expand on the previous research from
the following aspects. First, this paper takes regional industries as the research object,
uses the SE-SBM model that includes unexpected outputs to calculate IWGUE in each
province, and analyzes its spatiotemporal variation characteristics. Second, this paper
divides environmental regulations into the following three types: mandatory, market-
oriented, and voluntary types. At the national level, the panel Tobit model is constructed
and empirical research is conducted on the impact and differences in the effects of the
three types of environmental regulations on IWGUE. Third, at the basin level, the impact
mechanism of different types of environmental regulations on IWGUE in different basins is
studied in order to provide references for selecting environmental regulatory policies that
are suitable for industrial water conservation and intensive use.

2. Materials and Methods
2.1. Study Area

The study area included 30 provinces in China (Hong Kong, Macao, Taiwan, and
Xizang were excluded because of data unavailability). In accordance with the China
Statistic Yearbook [27], the 30 provinces were divided into three regions as follows: eastern,
central, and western. The Yellow River Basin spans the eastern, central, and western regions
of China, located in the core area of China’s ecological barrier pattern. Traditionally, the
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relevant area of the Yellow River flowing through provinces and regions is referred to as
the Yellow River Basin, which includes the following 8 provinces: Shaanxi, Qinghai, Gansu,
Ningxia, Inner Mongolia, Shanxi, Henan, and Shandong. The Yangtze River Economic Belt
is a globally influential inland economic belt that covers 11 provinces and cities, including
Shanghai, Jiangsu, Zhejiang, Chongqing, Sichuan, Yunnan, Guizhou, Anhui, Jiangxi, Hubei,
and Hunan, with an area of approximately 2.0523 million km2, accounting for 21.4% of the
total national area. Figure 1 shows the study area.
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2.2. Assessing IWGUE with the SE-SBM Model

The DEA method is a non-parametric statistical method for assessing the relative
efficiency of homogenous decision-making units with multiple input factors and multiple
output factors [28]. The method does not require weighting or dimensionless treatment of
input–output indicators when calculating efficiency, and it does not consider conditions
such as cost and profit. It has the advantage of more objective calculation results and
has been widely used in different industries and departments. Using the CCR model,
Tone proposed a Slack-Based Measurement method (SBM) based on excess input and
insufficient output [29]. This method overcomes the radial and orientational limitations
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of traditional distance function models, such as BBC and CCR, and can address slack
problems in efficiency evaluation, providing stronger efficiency discrimination. Enabling
effective decision-making units to further compare, rank, and incorporate the model with
undesired output, Tone proposed the Super SBM (SE-Super) model, which can consider
the overall input factors, good outputs, and bad outputs [30]. This article uses the SE-SBM
model to measure IWGUE in 30 provinces of China, assuming there are n decision-making
units, using m production input factors, and obtaining s desirable output variables and
t undesirable outputs. The linear programming expression is as follows:

minθ =
1 + 1

m ∑m
i=1 S−

i /xik

1 − 1
(S+t) (∑

S
r=1 Sg+

r /yg
rk + ∑t

p=1 Sb−
p /yb

rk)
(1)

s.t.



∑n
j=1,j ̸=k xijλj − s−i ≤ xik i = 1, 2, . . . , m

∑n
j=1,j ̸=k yrjλj + sg+

i ≥ yg
rk γ = 1, 2, . . . , s

∑ n
j=1,j ̸=k yb

pjλj − sb−
p ≥ yb

rk p = 1, 2, . . . , t

∑n
j=1,j ̸=k λj = 1 j = 1, 2, . . . , n(j ̸= k)

s−i , sr, sp ≥ 0, λ > 0

(2)

where θ is the industrial water green use efficiency value and xik, yg
rk, and yb

rk stand for the
input factor vector, the desirable output vector, and the non-desired output vector, respec-
tively. ∑λj = 1 and ∑λj ̸= 1 represent constant and variable returns to scale, respectively,
and s−i , sr, and sp represent the slack amount for the input and two types of output factors,
which are referred to as input redundancy and insufficient desirable output.

2.3. The Tobit Model

Because the value range of IWGUE measured by SE-SBM model is greater than 1 and
is a limited dependent variable, which is a restricted dependent variable, using ordinary
OLS will result in biased or inconsistent parameter estimates. This paper uses the Tobit
regression model, which is used to address regression problem with restricted or truncated
dependent variables. The Tobit model’s formula is as follows:

Yit=

{
Y∗

it = β0 + ∑n
t=1 βtxit + µit, Y∗

it > 0

0, Y∗
it ≤ 0

(3)

where Yit is the efficiency value of industrial water utilization, xit is the vector of envi-
ronmental regulation tools, β stand for the estimated coefficient vector, and µit~N (0, σ2).
The model adds the square term of environmental regulation to investigate whether the
nonlinear impact of environmental regulation policies on IWGUE exists. The Tobit model
is set up in this paper as follows:

IGWUit = β0 + β1erit + β2er2
it + αxit (4)

where i stands for the province, t stands for the year, and erit specifically refers to the inten-
sity of command-based, market-oriented, and voluntary environmental regulation types
and public participation-based environmental regulation. β1 and β2 represent the coeffi-
cients of the primary and secondary terms for different types of environmental regulations.
xit represents a series of control variables, and α denotes the vector of coefficients.

2.4. Input–Output Indicators for IWGUE and Data Sources

IWGUE not only evaluates industrial water consumption in production processes
from the perspective of traditional water resource efficiency, but it also introduces water
environmental pollution factors, combining economic and ecological dimensions to cal-
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culate relative efficiency. It aims to achieve sustained growth in industrial output while
minimizing industrial water use and wastewater discharge.

This paper constructed an index evaluation system of IWGUE. The indicators used to
estimate the efficiency of 30 provinces in China included labor, capital, and water resources.
For labor input, we selected the annual average of the total number of employees in
industrial enterprises above a designated size. For water resources input, we used the
total amount of industrial water used. For capital input, we chose the annual average net
value of fixed assets of industrial enterprises and calculated the capital stock [31]. The
desired outputs measured the economic benefits. We used the industrial added value in
each province, converted to constant prices in 2010. We selected the total amount of COD,
nitrogen, and ammonia emissions in industrial wastewater as the unexpected output. All
the data in this paper were collected from the China Statistical Yearbook [27], China’s
Industrial Statistical Yearbook [32], and China’s Environmental Statistical Yearbook [33].
Table 1 shows the details of the input–output indicators.

Table 1. The evaluation index system of industrial water green use efficiency.

Category Factors Indictors Unit

input
captial Annual average net value of fixed assets of

industrial enterprises above the designated size CNY 100 million

labor Annual average of all employees in industrial
enterprises above the designated size 10 thousand persons

water resources Total amount industrial water consumption 100 million m3

desirable output benefits Industrial added value in each province CNY 100 million

undesirable output negative effect on the
environment

COD emissions from industrial wastewater 10 thousand tons
Ammonia nitrogen emissions from

industrial wastewater 10 thousand tons

2.5. Variable Selection for the Tobit Model
2.5.1. Explanatory Variable

Environmental regulation is an essential tool to address negative environmental exter-
nalities and carry out water environmental governance for the government [34]. Based on
the degree of enforcement of regulations, the OECD classifies environmental governance
policy tools into three types as follows: command and control tools, economic means, and
persuasive approaches. At present, China’s industrial environmental protection sector
implements an environmental policy that combines administrative and market regulation
with appropriate public participation. Based on the current situation of multiple policy
tools participating in environmental protection, environmental regulations cannot be sim-
ply summarized as one or a certain type of indicator. Drawing on the studies of Ren et al.
and Ma et al. [35,36], this article also categorizes environmental regulation into three types
as follows. The intensity of environmental regulation in various types is calculated by the
entropy method [37].

(1) Command-based environmental regulation (CER): Command-based environmental
regulation includes laws and regulations, which are formulated and enforced by
the government to improve environmental quality, including the environmental
technologies that economic entities must adopt and the environmental standards
they must comply with. The main indicators used to represent command-based
regulation are the number of environmental administrative penalty cases, the number
of regulations issued by various regions, and inspections and supervision frequency
by environmental protection agencies, which reflect the government’s willingness.
Drawing on the method of Li et al. [38], we selected the ratio of “three simultaneities”
environmental investment to industrial added value in each province’s construction
projects, the number of administrative penalty cases accepted, and the number of
completed investments in industrial pollution control to measure CER.
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(2) Market-oriented environmental regulation (MER): MER aims to use market mech-
anisms, according to the “polluter pays” theory, to internalize the external costs of
enterprises and incentivize them to reduce pollution emissions autonomously. By
employing market-oriented instruments such as pollutant discharge taxes and subsi-
dies for pollution control, MER encourages economic entities to choose their level of
pollution control under the government’s overall control, providing motivation for
enterprises to adopt pollution control technologies that are cost-effective and yield
good results. Drawing on the method of Peng et al. [39], this paper selected the
proportion of total pollution discharge fees collected in each province to industrial
added value, as well as resource tax and vehicle and vessel tax, to reflect the level of
market-oriented environmental regulation.

(3) Voluntary environmental regulation (VER): VER is the willing participation of non-
governmental organizations and individuals in resource and environmental protection
actions. The main tools include ecological product certification, environmental la-
beling, environmental auditing, etc., mainly using indicators such as the number of
actual staff in the environmental protection system and the number of concluded cases
in the environmental protection system’s petition and visit. With the improvement in
public education and income levels, the enhancement in environmental awareness,
and the pursuit of a better life, individual residents have begun to spontaneously
pay attention to and participate in solving environmental problems. Referring to the
study of Wang et al. [40], this paper selected the number of environmental petitions
and visits from each province and the number of proposals from the two sessions to
indicate VER.

2.5.2. Control Variables

In this paper, we selected the economic development level (lnpgdp and lnpgdp2),
water resource endowment (sup), water use structure (inpwat), industrial structure (ind),
and technological innovation (ti) as the control variables. We selected actual per capita
GDP, calculated at constant prices, and the quadratic term of actual per capita GDP was
introduced in the model. The water resource endowment was measured by per capita water
resources [41]. This paper used the proportion of industrial water usage to the total water
usage in each province to represent the water use structure. We selected the proportion of
industrial added value in a province’s GDP to represent industrial structure. We selected
the patent grant volume per 10,000 people as a proxy variable to characterize technological
innovation. To ensure the stationarity of the data, logarithms were taken for some variables
(Table 2). The data were derived from the China Statistical Yearbook [27] and the China
Environmental Yearbook [42].

Table 2. Descriptive statistical results of variables.

Variable Obs Mean Std.Dev. Min Max

IWGUE 390 0.641 0.306 0.231 1.33
CER 390 0.113 0.822 0.01 0.535
MER 390 0.241 0.119 0.027 0.712
VER 390 0.205 0.155 0.001 0.839
pgap 390 3.874 2.421 0.505 12.899
sup 390 2138.71 2490.57 72.80 16,176.90

inpwat 390 22.295 13.316 1.613 67.685
indu 390 43.50 14.63 19.01 61.50

ti 390 6.048 8.633 0.145 49.262

3. Results and Discussion
3.1. Results of IWGUE

We selected MaxDEA8.0 software to calculate the utilization efficiency of industrial
water during 2010–2011 based on the Super-SBM model. On the whole, the average
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industrial water green use efficiency increased from 0.678 in 2010 to 0.701 in 2022, which
is generally low and shows a slow upward trend in fluctuations [42,43]. The potential
for improving IWGUE is enormous. China’s long-term development model, which relies
on investment and factor-driven growth, has brought serious ecological pressure, and
IWGUE is relatively low. The average value of IWGUE in the three major economic zones
of the eastern, central, and western regions is 0.822, 0.563, and 0.515, respectively. The
efficiency in the eastern region is significantly higher than that in the central and western
regions, showing a gradient pattern of “high in the east and low in the west”. After the year
2012, the Chinese government attached great importance to the construction of ecological
civilization. Apart from the central region where the rise in IWGUE has been moderate,
pollution control has been effective, and there has been an advancement in the level of
industrial water utilization and management. The change trend in the mean efficiency
value in 2010–2022 is shown in Figure 2.
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Figure 2. The change trend in industrial water green use efficiency in China.

From the perspective of river basins, for China’s river basin economic belts to take an
“ecological priority and green development path”, more attention to the IWGUE is required.
Figure 3 shows the temporal evolution of the efficiency in both major river basins. The
Yangtze River Economic Belt is situated in the south with abundant water resources, as
well as a high proportion of manufacturing and non-ferrous metal smelting. In the past,
because of the lack of effective supervision, there was a significant investment in industrial
water consumption, accompanied by serious waste. At present, the country has taken the
Yangtze River Economic Belt as a pilot demonstration zone for ecological protection [44].
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With the strengthening of industrial pollution control along the river and the elimi-
nation of outdated production capacity, IWGUE in the Yangtze River Basin has shown a
fluctuating upward trend [45]. The Yellow River Basin serves as a considerable base for
energy resources, raw materials, and basic industry in China. Coupled with an extensive
development model, this has caused a large input of natural resources, a large amount of
wastewater discharge, and a downward trend in IWGUE in the Yellow River Basin.

Except for the years 2014 and 2020, IWGUE in the two major basins was lower than the
average efficiency of the country, indicating that the problem of heavy chemical industry
surrounding rivers was prominent and traditional high-input, high-pollution industries
still occupied a relatively high share. The extensive use of industrial water has reduced
water environment quality, so there is an urgent need for water pollution control.

From the perspective of provinces, only Beijing, Tianjin, Guangdong, and Shanghai
achieved an effective value of IWGUE, consistently being at the forefront of efficiency [45].
However, the average efficiency of other provinces and cities is less than 1, indicating
non-effectiveness (Figure 4). The average value of Guizhou, Shanxi, Qinghai, Gansu, and
Ningxia was only 0.2–0.4. IWGUE in these provinces is greatly affected by natural factors,
resulting in significant losses, with a fragile ecological environment and a heavy industry-
oriented industrial structure. Among them, Shanxi improved its efficiency by carrying out
an energy revolution and realizing green transformation in a resource-oriented economy.
There was a clear upward trend in Zhejiang, Fujian, Hunan, and other provinces, which
depended on the local governments implementing the concept of sustainable development
with a focus on low-carbon and environmental protection. IWGUE in Hebei, Jiangxi, Hei-
longjiang, and Henan declined significantly and should become a focus for industrial water
conservation. During the research period, most provinces and cities with higher IWGUE
were mostly located in coastal areas with advantageous economic and political geographic
positions, with more complete industrial systems and advanced production technologies.
There was a greater emphasis on innovation and application of industrial water-saving
technologies in these areas, which improved the effective allocation of industrial water.
It was evident that the IWGUE is greatly influenced by policies, economic development
levels, natural resource endowments, and technological innovation.
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Figure 4. The average value of industrial water green use efficiency of various provinces in China.

3.2. Impact of Environmental Regulation on the IWGUE
3.2.1. National Empirical Analysis

At the national level, it can be seen that the impact of three types of environmental
regulation on the efficiency of green industrial water use apparently varies, based on the
estimated results in Table 3. The coefficients of the first-order terms for CER and MER
are negative, and the coefficients of the second-order terms are positive, both of which
are significant at the 1% or 5% level in models 1–4. This indicates that the impact on
efficiency initially decreases and then increases, showing a U-shaped characteristic, as
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the intensity of regulatory intensity increases. There is a nonlinear relationship between
command-based, market-oriented regulation and the efficiency of green industrial water
use. When regulatory intensity is weak, the direct cost of investing in green production and
contamination control accounts for a relatively low proportion of the total cost incurred by
industrial enterprises, and production constraints are still within an acceptable range. Most
enterprises would choose to allocate funds to the treatment of end-of-pipe pollution dis-
charge, lacking the motivation to improve water-saving technologies and clean production.
Regulatory policies reduced the discharge of industrial wastewater to some extent, but at
the direct cost of using productive investment and R&D funds, which has affected output
and suppressed an improvement in IWGUE. As the intensity of environmental regulation
policies increases, in order to obtain stable profits, meet discharge standards, and establish
a good corporate image, industrial enterprises will input more manpower and financial
resources to accelerate the research of clean technology, upgrade production processes and
technology, and transform towards green production to maximize their own profits. The
innovation effect can offset and exceed the costs of environmental regulation and innova-
tion investment. At the same time, industry barriers are raised, and enterprises that do not
meet the standards are gradually eliminated, which promotes IWGUE improvement. The
inflection point values calculated further in models 2 and 4 are 0.437 and 0.472, respectively.
Looking at the intensity of environmental regulation in various provinces from 2010 to
2022, most years and provinces did not cross the threshold value. In terms of MER, areas
such as Shanghai, Zhejiang, and Shanxi have a larger regulatory intensity and crossed the
critical value, indicating that the use of market-based environmental policies has effectively
motivated enterprises in these areas to properly handle the use of water in industrial
production. The regulatory effect of CER and MER on different provinces in China depends
on which compliance cost or innovation compensation is dominant. In the long term, this
can improve the input–output ratio of industrial water and enhance IWGUE.

In models 5 and 6, the impact of VER on industrial water use efficiency is either
positively insignificant or displays an inverted U-shape, suggesting that moderate public
participation-oriented environmental regulation can improve industrial water use effi-
ciency. The number of mass petitions serves as a channel for the public to express their
environmental rights, demanding that the government and industrial enterprises enhance
their capacity for water pollution prevention and control. It is generally believed that a
high level of public concern indirectly reflects the severity of pollution in the area for that
year. In practice, because of constraints such as the participatory nature of the government
system and the capacity for participation, the production decision-making behavior of
industrial enterprises is relatively independent, and the role of VER is limited. This shows
that the regulatory effects of the three types on the efficiency of green industrial water
use are heterogeneous. It is vital to select various regulation policies flexibly and their
optimized combinations according to the actual reality of each province to improve the
efficiency of green industrial water use.

Regarding the control variables, the impact of per capita water resources on IWGUE is
significantly negative, showing that the abundance of water resources inhibits the improve-
ment in the efficiency in a region, which is consistent with the conclusions of Lei et al. [9].
The impact of the water use structure is not significant. The larger ratio of industrial water
consumption indicates that the industry is still the pillar industry of the region, with a
higher level of industrial output, which promotes efficiency improvement. On the other
hand, there is redundant water resource input in some provinces, and the industrial water
reuse rate is low. The estimated coefficient of industrial structure is significantly positive.
The optimization of the internal structure of industrial enterprises and transformation
towards high technology and a high added value industry is beneficial for the conservation
and protection of water resources. The spatial differences in industrial layout are also
one of the sources of the large efficiency disparities among various regions. There is a
U-shaped relationship between the economic development level and green industrial water
use efficiency [46]. A good economic foundation provides financial security for environ-
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mental governance investment and R&D funds. When the level of economic development
crosses a certain threshold, it promotes green industrial water use efficiency, supporting
the “Environmental Kuznets Curve” hypothesis. Technical progress has a promoting effect
on IWGUE. Regions with developed technology have advantages in production equipment
and clean technology. Advanced technology is the key to improving the efficiency of
industrial water resource utilization.

Table 3. Estimated results of three types of environmental regulations.

Variable Name
CER MER VER

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

CER
−8.3234 *** −14.1153 ***

(−5.47) (−4.27)

CER2 16.5846 **
(1.97)

MER
−0.9861 *** −2.7405 ***

(−5.89) (−6.73)

MER2 2.8999 ***
(4.70)

VER
0.0169 0.0773
(1.38) (1.02)

VER2 −0.0035
(−0.81)

lnpgdp −3.2223 *** −3.2391 *** −4.1371 *** −4.3218 *** −3.5891 *** −3.6244 ***
(−4.20) (−4.24) (−5.97) (−6.40) (−4.91) (−4.95)

lnpgdp2 0.1703 *** 0.1713 *** 0.2094 *** 0.2163 *** 0.1858 *** 0.1875 ***
(4.5) (4.55) (6.09) (6.47) (5.12) (5.16)

lnsup −0.0248 ** −0.0229 ** −0.0477 *** −0.0573 *** −0.0284 ** −0.0269 **
(−2.19) (−2.03) (−4.16) (−5.06) (−2.48) (−2.32)

Inpwat 0.0277 0.0192 0.0373 −0.0434 0.0689 0.087
(0.27) (0.19) (0.37) (−0.44) (0.64) (0.79)

indu
0.0028 *** 0.0030 *** 0.0043 *** 0.0043 *** 0.0041 *** 0.0041 ***

(2.98) (3.16) (4.59) (4.70) (4.18) (4.19)

ti
0.0050 * 0.0049 * 0.0046 * 0.0053 ** 0.0045 0.0039
(1.89) (1.85) (1.72) (2.06) (1.58) (1.34)

_cons 15.8247 *** 15.9109 *** 21.2082 *** 22.5951 *** 17.6698 *** 17.5845 ***
(4.10) (4.15) (6.10) (6.66) (4.87) (4.85)

N 390 390 390 390 390 390

Note: The values of T statistics in the small brackets and the asterisks *, **, and *** indicate that the statistical
values are significant at the 1%, 5%, and 10% levels, respectively.

3.2.2. Comparative Analysis at the Basin Level

The estimated results of the impact of the three environmental regulation types on
IWGUE in the two river basins are shown in Table 4. The results indicate that there is a
“U”-shaped relationship between CER and MER and the efficiency in both river basins.
The intensity of CER has a large elasticity and the most significant impact on IWGUE in
the Yellow River Basin. Further calculations reveal that the mean values of market-based
environmental regulation in both river basins are on the left side of the “U”-shaped curve.
As for VER, there is a significant positive correlation between environmental regulation
and efficiency in the Yellow River Basin, while in the Yangtze River Basin, the impact of
environmental regulation shows an inverted U-shaped relationship. A possible reason
for this is that the aquatic ecology is fragile in the Yellow River Basin and water resource
supply and demand contradiction is prominent. The awareness of water safety among the
government and the public is stronger, and protecting ecological resources is equivalent to
protecting productivity. In addition, this study indicated that the per capita water resources
and industrial water use structure are significant in the Yangtze River Economic Belt. The
impact of per capita water resources on IWGUE is significantly promoting, indicating that
the higher the abundance of water resources, the greater the promotion of efficiency in
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the Yangtze River Basin. The endowment of water resources is a “blessing” for economic
growth, and the degree of dependence of the economy on natural resources is the key to the
“resource curse.” The Yangtze River Basin has a more developed level of industrialization,
with a high proportion of technology-oriented industries, which provides support for the
promoting effect of the industrial water use structure on IWGUE.

Table 4. Estimated results of the two major river basins.

Variable Name
Yellow River Basin Yangtze River Economic Belt

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

CER
−3.0346 *** −6.7374 **

(−5.39) (−2.02)

CER2 25.692 *** 15.273 *
(3.48) (1.79)

MER
−2.1464 *** −1.5489 *

(−2.68) (−1.82)

MER2 1.9157 * 0.5195 *
(1.76) (1.26)

VER
0.1101 *** 0.2196 ***

(3.68) (2.64)

VER2 −0.0130 **
(−2.60)

lnpgdp −3.5094 ** −6.2214 *** −4.6829 *** −2.6765 *** −4.2106 *** 3.6865 ***
(−2.48) (−3.86) (−2.30) (−2.70) (−4.19) (−4.02)

lnpgdp2 0.1907 *** 0.3185 *** 0.2404 *** 0.1431 *** 0.2129 *** 0.1933 ***
(2.73) (3.99) (3.10) (2.85) (4.18) (4.15)

lnsup −0.0119 −0.0539 ** 0.0316 0.0852 ** 0.0819 ** 0.0778 **
(−0.66) (−2.16) (−1.47) (−2.44) (−2.42) (−2.25)

inpwat −0.4249 0.7706 0.4259 0.9778 *** 0.9928 *** 0.8424 ***
(−0.96) (1.64) (0.94) (4.38) (4.56) (3.86)

indu
0.0042 ** 0.0067 *** 0.0068 *** 0.0019 0.0027 ** 0.0028 **

(2.39) (3.53) (3.61) (1.42) (2.03) (2.07)

ti
0.0269 ** 0.0349 ** 0.0273 * 0.0086 ** 0.0098 *** 0.0092 **

(2.04) (2.08) (1.76) (2.42) (2.75) (2.58)

_cons 16.7777 ** 31.0364 *** 21.6899 *** 12.0139 ** 20.4155 *** 16.1798 ***
(2.35) (3.79) (2.75) (2.49) (4.2) (3.73)

N 104 104 104 143 143 143

Note: The values of T statistics in the small brackets and the asterisks *, **, and *** indicate that the statistical
values are significant at the 1%, 5%, and 10% levels, respectively.

4. Conclusions and Policy Implications

In the context of building a beautiful China, studying the driving effect of environ-
mental regulation on industrial water green use efficiency is of pressing importance. This
article measured the IWGUE of 30 provinces in China by the SE-SBM model and divided
environmental regulations into command-based, market-oriented, and voluntary regula-
tions. The panel Tobit model was selected for empirical tests of the impact and differences
in the effects of three environmental regulations on IWGUE. The research found the fol-
lowing: (1) The industrial water green use efficiency fluctuates upward slowly in China
under the constraint of undesired output, and the potential for improving the efficiency
value is enormous, with significant regional and basin level differences. (2) At the national
level, the impact of command-based and market-oriented environmental regulations on
IWGUE shows a U-shaped trend. Only when these environmental regulations cross the
inflection point can an improvement in IWGUE be promoted. Most provinces are still
on the left side of the U-shaped curve, and the positive promoting effect of voluntary
environmental regulations on efficiency is not significant. (3) In the Yellow River Basin,
command-based and voluntary environmental regulations have crossed the turning point
and have a significant promoting effect on IWGUE. Market-oriented environmental regu-
lations also have a U-shaped impact on the efficiency value and have not yet crossed the
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turning point. (4) In the Yangtze River Economic Belt, the impact of command-based and
market-oriented environmental regulations on IWGUE shows a U-shaped pattern, while
voluntary environmental regulations have a significant promoting effect on efficiency.

Based on the above research findings, the policy recommendations of this article in-
clude the following three points. First, the intensity of environmental regulation should
be further enhanced. Because the impact of mandatory and market-oriented environ-
mental regulations on industrial water green use efficiency has not crossed the U-shaped
curve inflection point, it is necessary to further increase the intensity of supervision and
enforcement within an appropriate range, raise pollution fees, improve the ecological
compensation system, etc., to motivate and force industrial enterprises to perform green
technological innovation and apply advanced water-saving technologies. Fully mobilizing
enterprises to “clean production”, assisting in industrial restructuring, controlling pollution
generation from the source, and raising the efficiency of industrial water green utilization.
Second, the combination of three types of environmental regulatory policy tools should
be optimized. The Chinese government should clarify the advantages and disadvantages
of various regulatory tools when choosing environmental regulation tools, promote their
mutual supplementation, and work together by, for example, increasing the punishment for
high-water-consumption and high-pollution enterprises and implementing tax incentives
and financial subsidies for industrial water-saving and environmental protection enter-
prises. This includes guiding enterprises to self-govern and improve water use efficiency,
encouraging non-governmental environmental protection organizations, improving public
awareness of water resource conservation, broadening channels for public participation,
and building a joint governance system for the water environment. Third, in view of the
significant differences in the impact of environmental regulations on IWGUE between the
Yellow River and Yangtze Economic Belt in China, local governments should develop water
ecological management policies based on the actual situations in different regions, such
as industrial structure and water resource endowment, and adopt targeted and classified
measures. This includes strengthening the innovation of market-oriented environmental
regulation means, further clarifying the rights and responsibilities of the “river chief sys-
tem”, strictly implementing the accountability system, giving full play to the regulatory
role of environmental regulations in river basins, and injecting new motivation into green
and high-quality development of the regional economy.
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