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As an important way to promote economic growth and to improve ecological
environment quality, industrial agglomeration strategy has been widely accepted
and implemented in various regions of China. In theory, industrial agglomeration
is conducive to reducing pollution emissions. However, this needs to be tested in
reality. The purpose of this paper is to test the impacts of manufacturing industry
agglomeration on the quality of water ecological environment in 17 prefecture-level
cities downstream of the Three Gorges Dam. Therefore, a theoretical model was
established to test the direct and indirect effects. Empirically, results show that the direct
effect of manufacturing agglomeration on the quality of water ecological environment
is −0.426, which provides statistical evidence for the important role of manufacturing
agglomeration in improving the quality of water ecological environment. The indirect
effect of manufacturing agglomeration on ammonia nitrogen (NH3-N) is 0.118% through
technological innovation, the indirect effect on NH3-N is 0.114% through economic
growth, and the indirect effect on NH3-N is 0.254% through industrial structure. Due to
the low overall level of the manufacturing industry and its reliance on dirty technologies,
the indirect effects of industrial agglomeration are not conducive to improving the quality
of the water ecological environment. Therefore, it is necessary to establish a long-
term mechanism to promote the evolution of the regional economy along a path that
is conducive to the improvement of the water ecological environment.

Keywords: manufacturing agglomeration, water ecological environment quality, technological innovation,
industrial structure, economic growth, Three Gorges Dam

INTRODUCTION

With urban economic growth and population expansion, series of ecological and environmental
problems such as water pollution, land occupation, soil degradation, air pollution, and reduction
of biodiversity have become more and more obvious (Dai et al., 2016; Wu et al., 2019, 2020a).
Environmental pollutions have already caused the health and safety of Chinese residents (Ebenstein
et al., 2015; Elahi et al., 2019a; Gu et al., 2019).
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Under the Chinese government’s new development concept
of “clear water and green mountains are also mountains of
golden and silver,” the water ecological environment protection
of the Three Gorges of the Yangtze River has been highly
valued. In April 2018, General Secretary Jin-Ping Xi hosted
a symposium on in-depth promotion of the development of
the Yangtze River Economic Belt in Wuhan, pointing out
that the high-density layout of heavy and chemical industries
along the Yangtze River has long been a concentrated area of
heavy chemical industry in China. He said that we must do
a good job in the restoration of the ecological environment
of the Yangtze River, explore new ways to coordinate the
promotion of ecological priority and green development, and
promote the high-end and green development of the chemical
industry in the Yangtze River Economic Zone. In August
2018, the Ministry of Ecology and Environment and the
National Development and Reform Commission jointly issued
the “Action Plan for the Protection and Restoration of the
Yangtze River,” which put forward clear tasks for the protection
of the water ecology of the mainstream of the Yangtze River,
major tributaries, and key lakes and reservoirs and forbidding
the agglomeration and migration of polluting industries and
enterprises to the middle and upper reaches of the Yangtze
River. In 2020, the Ministry of Agriculture and Rural Affairs
announced that a 10 year ban on fishing along the Yangtze
River would come into effect on January 1 this year. Although
the Chinese government has adopted a series of measures to
protect the ecological environment, the long-term and extensive
development mode still puts the ecological environment of the
Yangtze River Basin under severe pressure. In 2018, the 510
water quality sections monitored in the Yangtze River Basin were
classified as national standard IV∼V and the inferior class V
accounted for 12.6%.

Downstream of the Three Gorges Dam, which is located
in Sandouping Town, Yichang City, Hubei Province, flowing
through Hubei, Jiangxi, Hunan, Anhui, Jiangsu, Zhejiang,
and Shanghai, is a densely populated area and concentrated
industries in the Yangtze River Basin. According to the surface
water quality monitoring data of the Ministry of Ecology and
Environment of the People’s Republic of China, the changes of
three water quality indexes [dissolved oxygen (DO), chemical
oxygen demand (COD), and ammonia nitrogen (NH3-N)] in 17
cities of Yichang, Yueyang, Jiujiang, Anqing, Nanjing, Shiyan,
Changsha, Wuhan, Nanchang, Yangzhou, Hangzhou, Wuxi,
Suzhou, Huzhou, Shanghai, Jiaxing, and Hefei downstream
of the Three Gorges Dam were obtained (Figure 1). From
2007 to 2018, the quality of water ecological environment
of most cities has improved. Cities such as Shanghai and
Jiaxing have higher COD and NH3-N values, indicating that the
water ecological environment quality of these cities is inferior
to other cities.

Many studies have conducted an environmental impact
assessment from agriculture (Kamyab et al., 2016; Elahi
et al., 2018a; Abid et al., 2019; Dai et al., 2019), animal
husbandry (Elahi et al., 2018b, 2019b), and industry (Peng
et al., 2018) and attributed water ecological and environmental
problems to economic growth (Choi et al., 2015; Liu et al.,

2016; Cai et al., 2020), population expansion (Fan and Fang,
2020), environmental regulation (ER) (Pan and Tang, 2021),
cross-regional trade (Wu and Ye, 2020), and land planning (Peng
et al., 2019; Elahi et al., 2020; Wu et al., 2020b).

In fact, industrial agglomeration is also one of the important
factors influencing the quality of the water ecological
environment. Especially in developing countries like China,
as an important engine to promote economic growth,
the strategy of industrial agglomeration has been widely
accepted and implemented. With the development of global
economic integration and the continuous advancement of
new urbanization, as well as the implementation of regional
development strategies such as the Yangtze River Economic
Belt, the Silk Road Economic Belt, and the twenty-first
Century Maritime Silk Road, China’s industrial agglomeration
characteristics will be further strengthened. It can be seen from
Table 1 that the manufacturing agglomeration degree of most
cities downstream of the Three Gorges Dam is greater than
1, and the cities with the largest industrial agglomeration are
mainly Wuxi, Suzhou, Hangzhou, Jiaxing, and Shiyan, among
which the industrial agglomeration degree of Jiaxing and Suzhou
is greater than 2. It shows that the manufacturing industries in
these cities have obvious spatial agglomeration characteristics.

It is generally believed that industrial agglomeration mainly
affects environmental pollution through three paths: economies
of scale, technology spillover effect, and structural effect. The
economies of scale of agglomeration are conducive to improving
labor productivity (Combes and Gobillon, 2015; Wetwitoo
and Kato, 2017), and the increase in labor productivity is
conducive to improving the efficiency of resource utilization,
thereby improving environmental quality. Agglomeration can
also realize the scale effect of pollution control, reduce the
cost of public pollution control, and enhance the ability of
environmental pollution control (Taylor and Copeland, 2004).
Sharing technology spillover effect among enterprises helps to
improve production technology level and promote technological
innovation (Porter, 1998; Storper and Venables, 2004). This may
help improve environmental quality (Grossman and Krueger,
1991; Irandoust, 2016; Chen et al., 2019; Ganda, 2019; Sinha
et al., 2020). The industrial structure (IS) reflects the pollution-
intensive nature of economic activities. When the IS changes
from agriculture to industry, the pollution level rises. When
the economy enters the “post-industrialization” period, the IS
further shifts from energy-intensive industries to knowledge-
intensive industries and service industries, the pollution level
drops (Dinda, 2004).

In theory, industrial agglomeration is conducive to reducing
pollution emissions. However, whether agglomeration can
produce positive environmental externalities depends on whether
the three effects of agglomeration on environmental pollution can
be effectively exerted. Some studies have found that industrial
agglomeration exacerbates environmental pollution (Ren et al.,
2003; Cheng, 2016; Liu et al., 2017; Dong et al., 2019).
Therefore, it is necessary to study the influence path of industrial
agglomeration on the quality of water ecological environment.

Although existing studies have analyzed the impacts of
industrial agglomeration in different countries on the quality of
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FIGURE 1 | Comparison of urban water ecological environment quality in 2007 and 2018.

TABLE 1 | The degree of manufacturing agglomeration in each city from 2007 to 2018.

City 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Average

Yichang 0.99 1.13 1.14 1.21 1.35 0.86 1.32 1.35 1.34 1.37 1.34 1.37 1.23

Yueyang 0.84 0.81 0.86 1.19 1.03 0.92 0.84 0.86 0.86 0.83 0.75 1.00 0.90

Jiujiang 0.98 0.97 0.96 0.94 0.98 1.11 1.04 1.14 1.15 1.19 1.27 1.12 1.07

Anqing 0.42 0.43 0.46 0.46 0.45 0.45 0.84 0.84 0.95 0.99 1.00 1.19 0.71

Nanjing 1.27 1.30 1.34 1.35 1.36 1.30 0.93 0.84 0.89 0.86 0.84 0.84 1.09

Shiyan 1.44 1.45 1.42 1.44 1.47 1.42 1.22 1.29 1.27 1.30 1.34 1.42 1.37

Changsha 0.82 0.84 0.93 0.99 1.07 1.06 1.01 1.03 1.02 0.92 1.04 0.93 0.97

Wuhan 0.92 0.95 0.97 1.01 0.95 0.96 0.92 0.91 0.91 0.91 0.88 0.86 0.93

Nanchang 0.85 0.87 0.88 0.91 0.97 1.05 0.86 0.93 0.84 0.90 0.85 0.85 0.90

Yangzhou 1.32 1.27 1.22 1.23 1.29 1.29 0.87 0.95 0.95 0.96 0.95 0.93 1.10

Hangzhou 1.43 1.38 1.26 1.17 1.05 1.02 0.89 0.84 0.84 0.82 0.87 0.92 1.04

Wuxi 1.80 1.90 1.92 1.97 1.92 1.92 1.97 2.00 2.01 2.02 2.12 2.23 1.98

Suzhou 2.47 2.45 2.44 2.47 2.38 2.78 2.34 2.43 2.47 2.54 2.61 2.75 2.51

Huzhou 1.76 1.82 1.82 1.81 1.52 1.38 1.31 1.34 1.33 1.39 1.44 1.49 1.53

Shanghai 1.34 1.35 1.31 1.29 1.32 1.41 1.18 1.03 1.01 1.05 1.04 1.04 1.20

Jiaxing 2.39 2.33 2.35 2.33 2.27 2.21 2.11 2.10 2.04 2.07 2.12 2.28 2.22

Hefei 0.96 0.97 0.83 0.90 0.92 0.87 0.81 0.87 0.88 0.88 0.89 0.81 0.88

the water ecological environment, including Finland (Virkanen,
1998), Vietnam (Duc, 2007), and China (Cheng, 2016), the
impact of urban manufacturing agglomeration downstream
of the Three Gorges Dam is still uncertain. The important
contribution of this paper is to research whether manufacturing
agglomeration downstream of the Three Gorges Dam has an
impact on the water ecological environment quality. And for the
first time, the scale economy effect, technology spillover effect,
and structural effect of industrial agglomeration are added to

the model, so as to reflect the direct and indirect effects of
manufacturing agglomeration.

DATA AND METHODS

Data Source and Description
The sample data used in this paper come from 17 prefecture-
level cities in Yichang, Yueyang, Jiujiang, Anqing, Nanjing,
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Shiyan, Changsha, Wuhan, Nanchang, Yangzhou, Hangzhou,
Wuxi, Suzhou, Huzhou, Shanghai, Jiaxing, and Hefei
downstream of the Three Gorges Dam. The span uses
annual data from 2007 to 2018. The data mainly come
from the “China City Statistical Yearbook” and the automatic
water quality monitoring report of the China Environmental
Monitoring Station.

Table 2 shows the descriptive statistics of each variable.
Among them, NH3-N is the explained variable, which is
measured by the concentration of NH3-N discharged from
the water. The main explanatory variable is manufacturing
agglomeration (IA). Other explanatory variables include
economic growth (PGDP), IS, technological innovation (TO),
total population (POP), ER, total foreign direct investment
(FDI), and wastewater discharge (IND_WATER). Among
them, manufacturing agglomeration (IA) is represented by
the location quotient index (LQ) measured by the number
of manufacturing employees; economic growth (PGDP) is
reflected by per capita gross domestic product (GDP), that is,
the ratio of gross domestic product to registered population;
IS is represented by the proportion of the output value of the
secondary industry in GDP; technological innovation (TO),
expressed by the expenditure on science and technology of
each city; POP, expressed by the total population registered in
each city; ER, expressed by the number of employees in water
conservancy, environment, and public facilities management;
total FDI is expressed by the amount of foreign capital actually
used; and wastewater discharge (IND_WATER) is expressed
by industrial wastewater discharge. Considering the magnitude
difference of each variable, in the next step of regression, the
logarithm of each variable is processed first.

TABLE 2 | Descriptive statistics.

(1) (2) (3) (4) (5)

N Mean SD Min Max

Explained variable

NH3-N 204 0.395 0.405 0.0546 2.554

Explanatory variables

IA 204 1.240 0.523 0.423 2.776

POP 204 589.2 249.7 257.8 1,462

PGDP 204 80,664 53,545 9,618 264,169

IS 204 49.71 6.643 29.78 63.71

TO 204 340,360 638,169 979.4 4.264e+06

ER 204 15,644 16,686 2,773 93,600

FDI 204 2.011e+06 2.380e+06 31,268 1.230e+07

IND_WATER 204 17,973.49 17,743.84 707 80,468

NH3-N, the concentration of ammonia nitrogen discharged from the water; IA
(industrial agglomeration), manufacturing agglomeration degrees; POP, the total
population registered in each city; PGDP, the ratio of gross domestic product to
registered population. IS (industrial structure), the proportion of the output value of
the secondary industry in GDP; TO (Technological innovation), the expenditure on
science and technology of each city; ER (environmental regulation), the number of
employees in water conservancy, environment and public facilities management.
FDI (Foreign direct total investment), the amount of foreign capital actually used;
IND_WATER (Wastewater discharge), industrial wastewater discharge.

Methods
Considering that manufacturing agglomeration has an impact
on the quality of water ecological environment through the
three effects of economies of scale, technological spillover, and
structural effect, a mediating effect model is established for the
three effects. The specific model form is shown in formulas (1)
and (2).

mdeiator=α0 + α1 • ln IA+
i∑

n=2

αiXi + ε (1)

pollution = β0 + β1 • ln IA+ β2 •mediator+
n∑

i=3

βiXi+ε (2)

In the formula, mediator represents the intermediary variable,
which is lnPGDP in the effect of economies of scale, lnTO
in the effect of technological spillover, and lnIS in the
effect of IS. The pollution indicates the quality of the water
ecological environment, measured by the concentration of
NH3-N discharged in the water. IA represents the degree
of manufacturing agglomeration. Xi is the control variable,
including population size (POP), ER, the total FDI, and the
wastewater discharge (IND_WATER). The α and β are the
coefficients of each variable.

This paper uses the LQ calculated by the number of
manufacturing employees to reflect the degree of manufacturing
agglomeration. The index is used to measure the concentration
of certain activities in the studied area relative to the reference
area. It is used to reflect where the industry is concentrated and
the degree of specialization of the industry (Zheng and Lin, 2018),
which can better reflect the spatial distribution of elements (Dong
et al., 2020). The calculation method is as follows:

LQ =
ei
/∑n

i=1 ei

Ei
/∑n

i=1 Ei
(3)

In formula (3), ei represents the total output value of
manufacturing industry in region i; Ei represents the gross
product of region i. Location quotient equal to 1 means that the
concentration of manufacturing activities in the studied region
is the same as that of the reference region. Location quotient
less than 1 means that the manufacturing agglomeration in
the studied region is low, and location quotient greater than
1 means that the manufacturing agglomeration in the studied
region is higher.

RESULTS AND DISCUSSION

In order to control the influence of unobserved factors, this
paper adopts fixed-effects model and random-effects model to
estimate the model, respectively. The fixed-effects model is used
to eliminate the influence of individual effects. When using a
random-effects model, first assume that the individual effects of
the model are not related to the explanatory variables. Then, the
coefficients are estimated by the generalized least square method
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TABLE 3 | The impacts of manufacturing agglomeration on technological
innovation, economic growth, and industrial structure.

lnTO lnPGDP lnIS

(1) (2) (3)

Explanatory variables fe fe fe

lnIA 1.010*** −0.350*** 0.227***

(4.81) (−2.63) (5.47)

lnER 0.588*** 0.193** 0.058*

(3.93) (2.06) (1.87)

lnPOP 0.660 0.279 −0.100

(1.03) (0.72) (−0.78)

lnPGDP 0.947*** 0.055**

(9.46) (2.29)

lnIS −2.132*** 0.507**

(−6.36) (2.29)

lnFDI 0.515*** 0.114* 0.032

(5.30) (1.81) (1.54)

lnTO 0.349*** −0.086***

(9.46) (−6.36)

Constant −7.380* −0.073 3.907***

(−1.74) (−0.03) (4.84)

Observations 204 204 204

R-squared 0.763 0.663 0.311

Hausman test

Number of id 17 17 17

*, **, and *** indicate that they are significant at the 10, 5, and 1% levels in turn and
are not significant if they are not marked.

(GLS). According to Hausman test, it can be judged whether the
estimation bias is caused by ignoring the individual fixed effects.

Equations 1–3 in Table 3 report the regression results based
on formula (1) with lnTO, lnPGDP, and lnIS as the explained
variables, respectively. The Hausman estimation results show the
null hypothesis that the estimated coefficients of the rejection
model are not systematically different, so the FE model is
selected as the final estimation result. From the results in
Table 3, it can be seen that manufacturing agglomeration has a
significant positive effect on technological innovation and the IS
while having a significant negative effect on economic growth.
Specifically, for every 1% increase in the level of manufacturing
agglomeration, technological innovation increases by 1.010%,
economic growth decreases by 0.350%, and the proportion
of the secondary industry increases by 0.227%, indicating
that manufacturing agglomeration still has a positive effect
on technological innovation, but the current manufacturing
agglomeration has a certain degree of diseconomies of scale.

In terms of other explanatory variables, ER, economic
growth, and FDI have significant positive effects on technological
innovation, and the proportion of the secondary industry in GDP
has a significant negative effect on technological innovation. The
current manufacturing agglomeration is mostly labor-intensive
and capital-intensive industries, and it is already in the stage of
diseconomies of scale, the efficiency and quality of agglomeration
are not high, so the increase in the proportion of the secondary
industry will hinder technological innovation. ER, the proportion
of the secondary industry, FDI, and technological innovation

all have significant positive effects on economic growth. The
explanation for this is that ER will improve efficiency and
increase economic scale through measures such as strengthening
industrial park planning and industry supervision. At the same
time, the proportion of the secondary industry, FDI, and
technological innovation can all expand the economic scale
by improving structure, increasing investment, and improving
efficiency. ER and economic growth have significant positive
effects on the proportion of the secondary industry, and
technological innovation has a significant negative effect on the
proportion of the secondary industry. The explanation for this
is that due to the existence of path dependence, the increase
in the proportion of the secondary industry is not driven
mainly by technological innovation, but by labor-intensive and
capital-intensive promotion, thus “squeezing out” the space for
technological innovation. At the same time, the increase in ER
as measured by the number of environmental workers means
that more areas of the economy need environmental supervision,
which to a certain extent is also related to the increase in the
proportion of the secondary industry.

Furthermore, Table 4 reports the impact of manufacturing
agglomeration and various intermediary variables on the water
ecological environment quality. According to Hausman’s test,
Eq. 4 is selected as the final estimation results. The results show
that manufacturing agglomeration has a significant impact on
NH3-N. The direct effect is −0.426, indicating that for every 1%
increase in agglomeration,NH3-N will decrease by 0.426%, which
can be seen that the agglomeration of manufacturing will help
improve the quality of the water ecological environment.

Combined with Table 3, it can be obtained that the
indirect effect of agglomeration on NH3-N through technological
innovation is 0.118%; that is, for every 1% increase in the
degree of agglomeration, NH3-N emissions can be increased by
0.118% through technological innovation. Since technological
innovation has not occurred in the manufacturing sector, the
long-term dependence on dirty technologies has produced a
certain hindrance to the development of new technologies.
As a result, the quality of water ecological environment
deteriorates. Manufacturing agglomeration has a significant
impact on economic growth, with an impact coefficient of−0.35,
while the impact coefficient of economic growth on NH3-N is
−0.325; that is, the indirect effect of agglomeration on NH3-N
through economic growth is 0.114%, indicating manufacturing
agglomeration is not conducive to promoting economic growth,
but economic growth is conducive to reducing NH3-N emissions.
Every 1% increase in the degree of agglomeration can reduce
the content of NH3-N by 0.114% through economic growth.
Although manufacturing industry agglomeration is in the stage
of diseconomies of scale, economic growth means that local
governments have the ability to undertake more pollution control
work, and higher income also means that residents have a
stronger awareness of ecological protection, thus contributing
to improvement of the water ecology environmental quality.
Agglomeration has an indirect effect on NH3-N through
structural effects is 0.254%. That is, for every 1% increase in
agglomeration, NH3-N emissions will increase by 0.254% by
increasing the proportion of the secondary industry. As the
overall development level of China’s manufacturing industry
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TABLE 4 | The impacts of manufacturing agglomeration on the quality of water
ecological environment.

lnNH3-N

(4) (5)

Variables fe re

lnIA −0.426** −0.271

(−2.46) (−1.59)

lnTO 0.117* 0.087

(1.95) (1.45)

lnPGDP −0.325*** −0.315***

(−3.41) (−3.30)

lnIS 1.118*** 0.895***

(3.65) (2.95)

lnER −0.154 −0.064

(−1.26) (−0.54)

lnPOP 0.559 0.577

(1.03) (1.38)

lnFDI −0.195** −0.109

(−2.41) (−1.38)

lnIND_WATER −0.300*** −0.210**

(−3.17) (−2.38)

Constant 0.074 −1.839

(0.02) (−0.68)

Observations 204 204

R-squared 0.215

Hausman test 24.56

Number of id 17 17

*, **, and *** indicate that they are significant at the 10, 5, and 1% levels in turn and
are not significant if they are not marked.

is relatively low, manufacturing industry agglomeration is
still at the low-end development stage and the total factor
productivity of enterprises is low. That is, it is still dominated
by labor-intensive and capital-intensive enterprises and lacks the
deep division of labor in the industrial chain. Therefore, the
increase in agglomeration means that the relative proportion of
“clean” enterprises will decrease, which is not conducive to the
improvement of the quality of the water ecological environment.

In terms of other explanatory variables, the influence of lnER
is not significant, indicating that ER represented by the number
of employees in the water conservancy, environment and public
facility management industries do not have a significant partial
correlation with the water ecological environment quality. The
possible reason is that ERs have increased dirty technological
innovations, thereby reducing the quality of water ecological
environment, and ER will also promote economic growth, and
economic growth is conducive to improving environmental
quality. The above two effects cancel each other out, and as
a result, the effect of ER on the improvement of the water
ecological environment quality is not obvious. Only when the
government implements a long-term and effective ER policy can
it improve the traditional industrial development path, promote
the innovation of clean production technology, and achieve the
improvement of the quality of the water ecological environment.

The lnFDI has a significant negative effect on NH3-N,
indicating that the increase in FDI can promote the improvement

of the quality of the water ecological environment to a certain
extent. At a time when the ecological environment is increasingly
being valued, cities will pay more attention to the environmental
benefits of FDI when attracting investment, so as to improve the
quality of the water ecological environment. The lnIND_WATER
has a significant negative effect on NH3-N, indicating that the
increase of industrial wastewater has a certain positive correlation
with the improvement of water ecological environment. This
paper believes that under the premise of manufacturing
agglomeration, although industrial agglomeration can bring
about an increase in the total amount of industrial wastewater
discharge, agglomeration can help pollution control play a scale
effect, thereby improving the efficiency of water pollution control
and reducing pollution emissions.

CONCLUSION

Based on the empirical study of the direct and indirect effects of
manufacturing agglomeration on water ecological environment
quality in 17 prefecture-level cities downstream of the Three
Gorges Dam, this paper found that manufacturing agglomeration
has significant positive effects on technological innovation
and IS while having significant negative effects on economic
growth. Specifically, for every 1% increase in manufacturing
agglomeration, technological innovation increases by 1.010%,
economic growth decreases by 0.350%, and the proportion of
secondary industry increases by 0.227%. The direct effect of
manufacturing agglomeration on NH3-N is −0.426, indicating
that for every 1% increase in agglomeration, NH3-N will
decrease by 0.426%. The indirect effect of manufacturing
agglomeration on NH3-N through technological innovation
is 0.118%, indicating that agglomeration is conducive to
promoting technological innovation. However, due to the long-
term dependence on dirty technologies, enterprises’ research
and development of new technologies are still dirty new
technologies, leading to technological innovation that is not
conducive to the improvement of water ecological environment
quality. The indirect effect of agglomeration on NH3-N through
economic growth is 0.114%, indicating that agglomeration is not
conducive to promoting economic growth, but economic growth
is conducive to the improvement of water ecological environment
quality. The indirect effect of agglomeration on NH3-N through
structural effect is 0.254%, indicating that agglomeration is
conducive to the increase of the proportion of the secondary
industry, but the increase of the proportion of the secondary
industry means that the relative proportion of “clean” enterprises
will be reduced, which is not conducive to the improvement of
water ecological environment quality.

Our empirical research provides statistical evidence for the
important role of manufacturing agglomeration in improving
the quality of the water ecological environment. However, as
a whole, the manufacturing industry in the study area is still
at a low-end development stage, leading to diseconomies of
scale in industrial agglomeration. In order to improve the
quality of the water ecological environment while strengthening
the industrial agglomeration, cities should promote horizontal
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division of labor and simple vertical division of labor toward deep
division of labor in the industrial chain, accelerate the formation
of a manufacturing deep processing system, and enhance the
position of manufacturing in the global industrial chain. Guide
the manufacturing industry to transform from labor-intensive
and capital-intensive to technology-intensive. The government
should also strengthen the ERs of the manufacturing industry,
reduce the agglomeration of polluting enterprises, and avoid path
dependence and “polluting paradise” effects in the process of
manufacturing agglomeration. Strengthen the synergy between
the market and the government, guide the scientific allocation
of resource elements, and improve the efficiency of industrial
agglomeration. Introduce clean production technology, promote
the transformation and upgrading of manufacturing industry,
and realize the improvement of clean technology innovation
efficiency. On the basis of the abovementioned policy measures,
the establishment of a long-term mechanism can maintain the
continuity of the water ecological environment protection policy
in time and can continuously promote the evolution of the
regional economy along a path conducive to the improvement
of the water ecological environment.
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