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Abstract: Improving ecological well-being performance (EWP) is the essential requirement of green
transformation development and ecological civilization construction. With the help of a network
DEA model and threshold panel regression model, this study evaluated urban ecological well-being
performance to explore the evolution process, impact, and optimization path of urban ecological
well-being performance in the Yangtze River Delta from 2001 to 2017. The findings are as follows:
(1) The ecological well-being performance of all cities in the region had been steadily improving
since 2001, most cities had realized the transformation from a low performance level to a higher
performance level, and there was an obvious spatial mismatch between urban economic development
level and ecological well-being performance. (2) A regional urban ecological well-being performance
development mode was constantly optimized, sustainable urban development ability was improved,
and the number of high-high (HH) mode cities was gradually increasing while the number of low-
low (LL) mode cities was gradually decreasing. (3) Under the influence of threshold variables of
population density, industrialization level, and environmental regulation, the impact of urbanization
on ecological well-being performance had different threshold characteristics. Economic growth,
industrialization, and government macro-control had significantly negative restraining effects, while
consumption level, industrial structure upgrading, energy efficiency, and technological innovation
had significantly positive driving effects.

Keywords: ecological well-being performance; network DEA model; spatio-temporal evolution;
threshold effect; Yangtze River Delta

1. Introduction

Sustainable development is an important issue of global concern and a necessary
requirement for building a community with a shared vision for humankind [1]. Along with
the initiation of the 2030 agenda of sustainable development, the Chinese government has
responded positively to calls to mobilize green, low-carbon, and sustainable development;
incorporated ecological progress into an overall plan for promoting socialist modernization
with Chinese characteristics; put forward the construction of beautiful China; and made a
commitment to reducing carbon dioxide emissions per unit of GDP by more than 65% in
2030 and to achieving carbon neutrality by 2060. To make green contributions for the con-
struction of a clean and beautiful world, it is necessary to transform conventional economic
growth modes into green development modes, cultivate innovative demonstration areas
for sustainable development, and realize the unification of ecological economic and social
benefits. The integration of the Yangtze River Delta is not only a demonstration area for
regional integration and high-quality development in China, but also plays an important
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leading role in promoting the high-quality development of the Yangtze River Economic
Belt. Against the background of the rapid advancement of high-quality integration in
the Yangtze River Delta, the Yangtze River Delta should strive to construct an ecological
and green integrated development demonstration zone and build a new development
pattern featuring good ecology and happy cities. In the context of ecological civilization
construction, it becomes imperative to maximize the well-being performance of ecology
consumption, given the limited natural resources and ecosystem space. Hence, the analysis
of regional ecological well-being performance not only provides important guidance for
promoting the transformation of social and economic green development, but also provides
strong support for the realization of China’s green and sustainable development.

There exists mutual influence between human activities and the environment, the
economic system, ecological system, and social system, which all interact with and affect
each other [2–4]. Specifically, the economic system is a subsystem of the ecological system—
economic growth serves only as an intermediary to realize the promotion of human
well-being, while the ecological system is the material basis, guaranteeing the provision
of services and utilities [5–8]. As Reid et al. (2005) noted, there are interacting linkages
between ecosystems and human well-being, and changes in ecosystem services affected
the supply of human well-being [9]. Michalos et al. (2011) and Michalos (2014) argued
that human well-being is placed at the core of the circular mandala, which is surrounded
by three concentric circles symbolizing different resources, where the outer environment
circle encompasses and affects all of the other domains and provides ecosystem resources
for sustenance [10]. Zheng et al. (2006) pointed out that changes in human well-being not
only affect economic development but also influence the way the ecological system is used
by altering its service functions [11]. The essence of green economic transformation and
development is to maximize social well-being using the minimum amount of ecological
resource consumption, and to realize the decoupling of ecological resource consumption
and social well-being [12]. However, the stock of natural capital increasingly restricts
the improvement of the quality of economic development and the efficiency of social
services, causing economic growth to encounter bottlenecks of “ecological threshold” and
“well-being threshold”, successively [13,14], which betrays the ultimate goal of sustainable
economic and social development that aims to increase the material and spiritual value of
well-being of contemporary and future generations within the limited ecological carrying
capacity [15]. Therefore, understanding how to get rid of the “well-being threshold” trap
and restrict the consumption of natural capital within the scope of ecological carrying
capacity requires an accurate evaluation of the utility of ecological well-being.

Ecological well-being performance (EWP) is as an important tool to measure the coor-
dinated relations between ecological system services, environmental stress, and human
well-being [16,17]. It incorporates human development evaluation on the basis of ecological
efficiency, effectively connecting the three major systems of economy, society, and ecology.
EWP was first expressed as UE = Service/Throughput. The ultimate efficiency of social
economic services (UE) is defined as a service per unit throughput, where the service refers
to the transformation from the economic and social system—that is, the well-being that
humans obtain from the ecosystem—and throughput is the synthesis of low-entropy energy
and material and high-entropy waste emitted by humans into the ecosystem [5]. This mea-
surement of EWP, similar to the calculation of eco-efficiency, is considered to be the ratio of
the amount of welfare value to the amount of resource consumption. Based on the core
connotation of EWP, Daly [6] proposed an ecological well-being performance characterized
by the value quantity of social well-being per physical quantity of ecological resource
consumption. Common (2007) developed the ratio of human satisfaction to the ecological
footprint to evaluate ecological well-being performance, where the environmental cost
is composed of energy consumption, the ecological footprint, and greenhouse gas emis-
sions [18]. Dietz et al. (2009) proposed the efficient human well-being relevant to resource
and environmental consumption by adopting stochastic frontier production models [19].
Dietz et al. (2012) further developed the ecological intensity of human well-being (EIWB),
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defined as the environmental stress placed on human well-being (Stress/Well-being), where
the stress is measured by the ecological footprint while well-being is measured through
life expectancy [20]. Moreover, indicators including the Happy Planet Index (HPI) [21],
the environmental efficiency of well-being (EWEP) [22], the Index of Ecological Well-being
Performance (IEWP) [23], and the ratio of the Human Development Index (HDI) to car-
bon emissions or energy consumption [24] have been widely developed to characterize
EWP. However, the ratio calculation method is easily influenced by the polarization of the
denominator, and thus, both the nonparametric Data Envelopment Analysis (DEA) and
Stochastic Frontier Production models are extensively employed to evaluate ecological
well-being efficiency [25–28].

Spatiality is the basic attribute of geography. The first law of geography posits
that everything is related to everything else, and that near things are more related than
distant things [29]. Space is highly consequential in environmental and resource economic
analyses [30]. Spatial effects concerning spatial dependence, heterogeneity, and clustering
have been considered in eco-efficiency analysis and evaluation [31–33]. As Reid et al. (2005)
pointed out, ecosystem services and human well-being have a certain spatial and temporal
dependence [9]. The geographic space of well-being reflects the organic combination of
function, effectiveness, and efficiency; integrates material space and relational space; and
constitutes the foundation of spatial well-being [34]. It was found that there are positive
spatial associations of provincial EWP, presenting obvious high-high (HH) and low-low
(LL) clustering [35–37]. Similarly, the EWP showed obvious spatial autocorrelation at the
city level [38]. Moreover, the EWP significantly exhibits spatial heterogeneity. The EWP of
most developed countries was below the average level, while developing countries were
above the average level. Some countries have achieved the well-being level by decoupling
from ecological resource consumption, while the EWP of China, Brazil, and Mexico showed
a continuous downward trend, with China being in the fastest decline [5,39]. There was
also a significant gap in the EWP among eastern, central, and western provinces of China,
but central and western regions had a β-convergence effect and showed a “catch-up effect”
on advanced provinces [40].

The EWP is influenced by many factors related to regional culture, technology, and
skills, and the organizational mode of elements and behaviors. The realization of the well-
being effect mainly relies on the high input of natural consumption. Natural consumption
factors are the “pull factors” for the improvement of well-being, and the service efficiency
has an increasing “inhibitory effect” on the EWP [39]. Economic growth, as an effective
means to achieve urban well-being efficiency, exhibits different influencing effects on
EWP. It was found that economic growth had relatively little impact on the EWP of
underdeveloped countries [41], that economic growth causing the increase in carbon
emission reduced the human well-being in Central and Eastern Europe [42], that economic
growth shows an “inverted U” relationship with the EWP [43], and that human well-being
could be elevated by increasing health service expenditures [44]. In addition, factors such as
globalization, technological innovation, urbanization, industrial structure, energy intensity,
environmental regulations, energy structure, etc. had, to some degree, impacts on the
improvement and optimization of EWP [45–48].

To sum up the contribution of this study: firstly, existing studies have extensively
studied the measurement methods, spatial difference, and influencing factors of the EWP,
which provides profound reference for constructing theoretical and empirical research
framework. However, the existing studies are mostly focused on large-scale, single-level,
and horizontal comparative analysis and verification. There are few systematic studies
involving the spatio-temporal evolution, formation mechanisms, and development modes
of urban EWP. Secondly, most studies regard the evaluation process of EWP as a “black
box”, ignoring the stage characteristics of the internal transformation process of EWP.
Additionally, most studies adopt a single dimension index to characterize human well-
being, which fails to accurately reflect the multidimensional facets of well-being. In the
context of the high-quality development of regional integration and the construction of
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ecological civilization and happy cities, if we want to objectively grasp dynamic evolution
law among human well-being, natural consumption, and economic growth in the “full
world”, and if we want to scientifically obtain the ideal mode and improvement direction
for sustainable urban development, it is necessary to deeply investigate the internal process
and intrinsic nature of the EWP, which can help provide reasonable guidance and accurate
value appeals for sustainable urban development.

In view of this, the current study conducts an analysis of urban ecological well-being
performance around the following questions: what are the dynamic changes and spatial
structure characteristics of the overall efficiency of the EWP and its sub-stage efficiency? Is
the evolution process dominated by production efficiency or service efficiency? What is
the development mode? What factors affect the spatio-temporal evolution? What is the
path to achieve the optimization and improvement of the EWP? Specifically, 41 cities in
the Yangtze River Delta region were selected as study area on the basis of constructing
the input-output indicator system and the network DEA model was used to calculate the
production efficiency and service efficiency; then, the spatio-temporal evolution patterns,
development modes, and formation mechanisms of urban EWP were analyzed.

The paper is organized as follows: Section 2 introduces the theoretical framework,
methods, and data source. Section 3 summarizes the results, including the spatio-temporal
evolution characteristics, coupling mode, and influencing factors of ecological well-being.
The final section contains the conclusion and policy recommendations of the study.

2. Framework, Methods, Index System and Data
2.1. Theoretical Framework

Based on sustainable development economics, ecological economics, environmental
geography, and other related theories, by referring to related ecological well-being studies
and according to the perspective of the functions and needs of urban social development,
this study mainly evaluates the level of urban comprehensive well-being level and function
realization status from three dimensions of economy, society, and environment. The
ecosystem is the source of human well-being, providing humans with water, energy,
land, and other primitive production and living materials. Through a series of links
such as production, processing, distribution, and consumption, natural resources can be
transformed into economic material wealth to realize the accumulation of artificial capital.
Moreover, the ecosystem is also the material carrier for human survival and life, providing
direct ecological services such as fresh air, clean water, beautiful scenery, pleasant climate,
and environmental quality, which satisfy the green well-being needs of humans. The utility
services and social services generated by economic material wealth are indirect services,
which are called economic well-being and social well-being, respectively, and both of them
belong to material well-being. The specific evaluation framework is shown as Figure 1.

EWP refers to the efficiency of transforming natural consumption into welfare level. It
is the goal of sustainable development to achieve higher well-being within the carrying ca-
pacity of the ecological environment. Under the premise of limited natural capital stock, if
the EWP shows a gradual trend of increase, it means that the region has traded less natural
capital consumption for significant improvements in well-being; at this time, the ability of
regional sustainable development is gradually enhanced, which is the correct track and the
best ideal state of regional sustainable development [43]. Daly put forward the concept of
efficiency in sustainable development economics, which decomposed development perfor-
mance into production efficiency and service efficiency; that is, two-stage efficiency [49].
The first stage is the production stage, which mainly deals with the relationship between
economic growth and pressure on resources and the environment, so as to achieve the
greatest economic value with the least resource consumption and environmental pollu-
tion. The second stage is the service stage of economic growth, which aims to provide
important material capital for social development and improving residents’ quality of life
and happiness index. However, the calculation process of a single-stage DEA model is
like a black box operation—it is impossible to clearly distinguish the two-stage conversion
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process and internal structure of the EWP. Hence, the network evaluation structure of the
transformation process of ecological well-being is built as shown in Figure 2. The first
stage is resource production efficiency (RPE), which incorporates water, energy, land, and
other resources into the ecological input indicator system, with economic growth as the
expected output and the emission of environmental pollution as the unexpected output.
The second stage is economic service efficiency (ESE), which incorporates economic growth
as an input indicator and the comprehensive well-being as an output indicator system.
Economic growth serves as intermediate node connecting the two-stage network efficiency
of the EWP, and thus, GDP is both the expected output of the first stage and the input of
the second stage.
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2.2. Methods
2.2.1. Network DEA Model

The traditional DEA model is based on the radial angle to measure efficiency, which
requires all inputs and outputs to be reduced or expanded in the same proportion, and
cannot cover slack variables, which may easily lead to high measurement results [50].
In order to solve this defect, Tone (2001) proposed the SBM model considering slack
variables, which could achieve the specific slack degree of each input-output indicator
during the single-stage DEA efficiency evaluation [51]. However, the single-stage efficiency
measurement carried out by the traditional DEA model and SBM model considers the
production process as a black box and fails to effectively evaluate the real efficiency in the
operation process of the system [52]. Hence, Tone (2010) built a network DEA model based
on slack variables, which could evaluate the efficiency of its sub-stages while evaluating
the overall efficiency of the decision-making units [53]. To avoid the problem that multiple
effective decision-making units cannot be ordered, the super efficiency network SBM model
(super-NSBM), based on non-directional and non-radial considering undesirable outputs,
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is adopted from the perspective of two stages under the hypothesis of variable returns to
scale. The specific formula is expressed as follows [54]:
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where mk and vk represent the number of inputs and outputs of the k-th stage, ϕk indicates
the number of intermediate indicators, (k, h) represents the connection from stage k to
stage h, x is the input, y is the output, z stands for intermediate output, λk represents the
model weight of the k-th stage, ωk is the weight of the k-th stage, sk− is the slack variable
of the input index, and sgk and sbk represent the slack variables of desirable output and
undesirable output, respectively. In this study, the evaluation process is divided into two
stages, then, k = 2 and the weights of the two stages are set to be the same. When the
overall efficiency, the first stage and the second-stage efficiency values are greater than
or equal to 1, the DEA of the decision-making units can be considered relatively effective.
However, when one of the efficiency values is less than 1, the weak DEA is considered
effective; otherwise, it is deemed invalid, indicating that it is necessary to make appropriate
improvements to the input and output.

2.2.2. Threshold Panel Regression Model

The threshold effect refers to the phenomenon that when one parameter reaches a
certain value, another parameter will change sharply and transform into another form of
development. Hansen (1999) proposed that the threshold values could be determined by
further minimizing the sum of squares of residual errors, which could not only accurately
estimate the threshold value, but also test the significance of the threshold value, thus
avoiding the statistical errors and regression errors caused by the subjective judgment of
the threshold values [55]. Therefore, the non-dynamic panel threshold regression model is
adopted and the double panel threshold and multiple panel threshold model is built based
on the single panel threshold model. The single threshold regression formula is expressed
as follows [56,57]:

ln EWPit = ln ai + θ ln xit + β1 ln urbit × f (ln qit ≤ γ1) + β2 ln urbit × f (ln qit > γ1) + εit (2)

where i is cities, t is time, EWPit is the explanatory variable, θ is the corresponding co-
efficients of influencing factors, xit is the control variables, urbit is the core explanatory
variable affected by the thresholds, qit is the threshold variables, γ1 is the threshold value
to be estimated, f (•) is the indicator function, when ln qit ≤ γ1, f (•) = 1, and vice versa
equal to zero, and εit is a random perturbation term.

A statistical test is needed to determine whether the estimated parameters and modes
of the two groups of samples are significantly different divided by the threshold value.
The null hypothesis of the nonexistent threshold is H0: θ1 = θ2, and the structure of LM
statistics shows as:

L = n
S0 − Sn(γ̂)

Sn(γ̂)
(3)
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S0 is the sum of the squares of the residuals under the null hypothesis. The bootstrap
method is used to obtain the probability p value to determine whether the significance level
is significant or not. In order to further determine the confidence interval of the threshold,
the null hypothesis H0 : γ̂ = γ is tested. When LRn(γ) ≤ c(a) = −2 ln(1− a). When the
null hypothesis is denied, it can be judged that there is at least one threshold, and further
tests can determine whether the second or the third threshold exists.

2.3. Index System
2.3.1. Ecological Input Indicators

In terms of ecological input indicators, the status of ecological consumption is mainly
reflected in land resources, water resources, power consumption, energy resources,
etc. [20,41,58]. Based on the actual situation of regional development and the availability of
data, the input of land resources, water resources, energy resources, and human resources
is represented by the per capita built-up area, per capita water consumption, per capita
energy consumption, and overall social employment rate.

2.3.2. Unexpected Output Indicators

Existing studies usually use industrial wastewater discharge, waste gas discharge,
solid waste generation, and municipal sewage discharge to characterize the high entropy
waste discharged into the ecosystem by economic activities [59,60]. Hence, this study will
select per capita industrial wastewater emissions, per capita domestic sewage emissions,
per capita sulfur dioxide emissions, per capita nitrogen oxide emissions, per capita smoke
and dust emissions, per capita industrial solid waste production, and per capita municipal
solid waste production to characterize environmental pollution.

2.3.3. Expected Output Indicators

The Human Development Index (HDI) is widely used to assess the level of regional
well-being. However, the city is a complex and vast system. With the continuous improve-
ment of economic development and living standards, the connotation of urban well-being
is becoming more and more diversified. From the single economic dimension or social
development dimension, it is difficult to comprehensively evaluate the realization of urban
functions and the level of residents’ well-being. Therefore, scholars are tending to build
a composite index system to comprehensively evaluate the level of well-being [61–64],
including income, employment, housing, health, and other indicators. In addition, in the
context of rapid urbanization development and high-density construction, urban residents
not only enjoy the “well-being” brought by industrialization and modernization, but also
face the “urban diseases” brought by the degradation of the ecological environment and
the increasingly prominent “new urban diseases” brought by social economy development.
People’s needs have changed from the initial stage of pursuing abundance and conve-
nience to the advanced stage of improving the ecological environment and the quality of
the human settlement environment. Returning to green ecology and nature has become an
urgent social demand. Therefore, this study characterizes the realization of urban social
and economic development functions from three dimensions of economy, society and
environment, and the expected output evaluation system is constructed in Table 1.
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Table 1. Evaluation index systems of expected output.

Dimension Indicator

Economic well-being

Per capita disposable income, Average salary
of employees, Per capita savings, Per capita

consumption level of residents, Engel
coefficient of urban residents *, Engel

coefficient of rural residents *, Consumer Price
Index *, Housing price index *

Social well-being

Number of doctors per 10,000 people, Average
years of education, Basic medical participation

rate, Urban registered unemployment rate *,
Per capita road area, Number of buses per
10,000 people, Housing area per resident,

Internet penetration rate, Number of public
toilets per 10,000 people, Number of libraries

owned by thousand people

Green well-being

Green coverage rate of built-up area, Per capita
public green areas, Forest coverage rate,

Number of parks per 10,000 people, Rate of
good air quality, Proportion of investment in
environmental protection and management,

Discharge standard-meeting rate of industrial
wastewaters, Comprehensive utilization rate of
industrial solid wastes, Innocuous treatment
rate of domestic waste, Urban water saving

and reuse rate, PM2.5 concentration *
Note: Due to the indicator of “life expectancy” was not available at city scale, the number of doctors, hospitals
and hospital beds were used instead. The employment rate of society was calculated by the ratio of employed
persons to the resident population. The average education years (AEY) was described by referring to the
calculation method in the Human Development Report of the United Nations Development Program (UNDP)
[64]: AEY = (6× P1 + 9× P2 + 12× P3 + 16× P4)/(P1 + P2 + P3 + P4), where in, P1, P2, P3 and P4 indicate the
number of on-campus students of primary schools, junior high schools, senior high schools, and universities. The
* indicates negative indicator.

2.4. Data Source and Processing

The relevant data of the evaluation index system were collected from the Statistical
Yearbooks, Statistical Bulletin of National Economic and Social Development, Statistical
Bulletin of Urban Health, and statistical websites of provinces and cities compiled by the
government during 2001–2017. There are a total of 41 cities in the Yangtze River Delta area,
including Shanghai city, Jiangsu Province, Zhejiang Province, and Anhui Province. Due to
the adjustment of the administrative division of Anhui province, Chaohu city was divided
into three parts in 2011 and merged into Hefei, Ma’anshan, and Wuhu city. In order to
ensure administrative consistency throughout the study period, this study used the 2016
administrative divisions as the base map and merged the statistics of Chaohu city before
2011 into the three cities. Figure 3 presents the spatial distribution of 41 cities of the study
area. In order to eliminate the effect of urban scale, all indicators were represented by per
capita, average land value or proportion, and per capita values were converted according
to the resident population. Economic data, such as GDP, consumption, and income, were
converted based on the year 2001.
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3. Results
3.1. Spatial Analysis: Horizontal Comparison of the EWP

By means of the MaxDEA Ultra 6.16 software, the network DEA model considering
undesired outputs was used to measure the EWP of 41 cities in the Yangtze River Delta
from 2001 to 2017. The EWP value was divided into five levels to visualize: higher
performance (EWP > 0.8), high performance (0.6 < EWP ≤ 0.8), medium performance
(0.4 < EWP ≤ 0.6 ), low performance (0.2 < EWP ≤ 0.4) and lower performance
(EWP ≤ 0.2). The visualization expression is based on the average of the four stages of
2001–2005, 2006–2010, 2011–2015, and 2016–2017 shown in Figure 4.
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On the whole, the level of the EWP is low, and there are big differences in the EWPs of
different cities. As time goes on, the average value of the EWP steadily increases, the spatial
scope of the lower and low performance regions tends to shrink, and the spatial scope
of high and higher performance regions tends to expand. Most cities achieve a gradual
transformation from the low- and medium-performance level to the higher performance
level. From 2001 to 2005, five cities—namely, Huangshan, Fuyang, Zhoushan, Lishui, and
Wenzhou—had the highest EWP levels, but only Huangshan and Fuyang city achieved
the effective DEA, while the DEA of other cities is ineffective, with an inefficiency rate
of 95.12%. After 2016, Lu’an, Huangshan, Bozhou, Fuyang, Taizhou, Wenzhou, Jinhua,
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Anqing, and other cities all achieved DEA effectiveness, and the effective rate increased
by 14.63%. Cities with low EWP levels mainly include Ma’anshan, Tongling, Huainan,
Zhenjiang, Wuhu, Huai’an, Bengbu, and other cities. Among them, the EWP of Ma’anshan,
Tongling, Huainan, Zhenjiang, Wuhu, and other cities rank at the bottom in different stages.
These cities face with many disadvantages such as a backward industrial structure, low
return on investment, and high energy consumption in economic growth; this mode of
heavy pollution and high energy consumption restricts the significant improvement of
urban EWP. However, economically developed cities such as Shanghai, Nanjing, Wuxi,
Hangzhou, and Ningbo also have the lower EWP than the average level of the whole region,
ranking below the medium level; this is due to the fact that the excessive investment of
natural capital offsets the effect of economic development on the improvement of EWP,
and economically developed cities are in a state of high economic development and high
resource consumption.

From the perspective of intraregional difference, the EWP of Anhui province has a
large gap, which is mixed by both the highest EWP and the worst EWP city. The level
of urban EWP in Zhejiang province is relatively balanced, most of which belong to the
middle and upper-middle level, and some cities are of high level. The urban EWP of
Jiangsu Province is in the middle and lower level, and there are fewer cities with higher
level. Meanwhile, it can be found that cities with high EWP during the study period were
mainly distributed in the peripheral areas of the whole region. The most typical city is
Huangshan, which has always been in a state of high well-being and low consumption;
this is closely related to the dominant development of the tourism industry that is low
energy consumption and eco-friendly. In terms of the spatial structure of EWP, there is
an obvious spatial mismatch between urban economic development and EWP, and the
EWP of economically developed cities is significantly lower than that of less economically
developed areas. The main reason is that the excessive agglomeration of the industrial
economy makes the cities in the core area of the Yangtze River Delta in the mode of high
welfare, high consumption, and low performance, which intensifies the negative effects of
economic growth and counteracts the positive well-being caused by industrial economic
growth. In particular, resource-based cities such as Huainan, Ma’anshan and Tongling have
fallen into the resource curse circle due to their rich mineral or energy resources, fewer
resource consumption restrictions, and serious environmental pollution, and have become
the most typical low EWP cities.

It can be seen that the rapid development of urbanization, on the one hand, increases
residents’ income and consumption level, and then improves the allocation of infrastructure
and public service resources such as education, health care, and public transportation,
which plays a role in optimizing and promoting urban EWP. However, on the other hand,
the rising housing prices, environmental pollution, widening urban-rural gap, living
space squeezing, land shortages, and other problems behind the rapid development of
urbanization decrease the EWP of regional cities, and they enter the bottleneck period
of “high economic growth and low well-being growth”. It can be anticipated that with
the transformation of economic growth modes, the optimization of industrial structures,
and the improvement of people’s livelihood security system, the growth of natural capital
consumption will be restricted to a certain extent, the growth rate of economic and social
welfare will be faster than the rate of resource consumption, and the performance of
ecological welfare will be gradually optimized.

3.2. Stage Analysis: Comparison of Production Efficiency and Service Efficiency

In order to clearly understand the stage change process of urban EWP, it is necessary
to compare production efficiency and service efficiency by a two-dimensional scatter
plot. In view of the average level of production efficiency and service efficiency, regional
cities are divided into four development modes with 0.8 as the dividing line, namely,
high production efficiency-high service efficiency (“double high”, HH), high production
efficiency-low service efficiency (“high-low type”, HL), low production efficiency-low
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service efficiency (“double low type”, LL), and low production efficiency-high service
efficiency (“low-high type”, LH). The HH mode represents the ideal state of sustainable
development with lower resource consumption and environmental pollution to create a
higher level of well-being and achieve the coordinated development of the three major
systems of economy, society, and ecology being realized. The LH mode characterizes the
output of high well-being and the low-efficiency utilization of natural resources. The HL
mode implies that the service conversion effect of production needs to be improved. The LL
mode represents the most unsustainable state, with economic development and well-being
improvement consuming excessive resources and the environment. ArcGis 10.5 software
was used to visualize these modes, as shown in Figure 5.

Sustainability 2021, 13, x FOR PEER REVIEW 11 of 20 

 

 
Figure 4. Spatio-temporal evolution patterns of urban EWP in the Yangtze River Delta. 

3.2. Stage Analysis: Comparison of Production Efficiency and Service Efficiency 
In order to clearly understand the stage change process of urban EWP, it is necessary 

to compare production efficiency and service efficiency by a two-dimensional scatter plot. 
In view of the average level of production efficiency and service efficiency, regional cities 
are divided into four development modes with 0.8 as the dividing line, namely, high pro-
duction efficiency-high service efficiency (“double high”, HH), high production effi-
ciency-low service efficiency (“high-low type”, HL), low production efficiency-low ser-
vice efficiency (“double low type”, LL), and low production efficiency-high service effi-
ciency (“low-high type”, LH). The HH mode represents the ideal state of sustainable de-
velopment with lower resource consumption and environmental pollution to create a 
higher level of well-being and achieve the coordinated development of the three major 
systems of economy, society, and ecology being realized. The LH mode characterizes the 
output of high well-being and the low-efficiency utilization of natural resources. The HL 
mode implies that the service conversion effect of production needs to be improved. The 
LL mode represents the most unsustainable state, with economic development and well-
being improvement consuming excessive resources and the environment. ArcGis 10.5 
software was used to visualize these modes, as shown in Figure 5. 

 
Figure 5. Production efficiency and service efficiency development modes in the Yangtze River Delta. 

From 2001 to 2005, the number of LL modes accounts for a large proportion, as high 
as 56.098%, especially distributed in economically developed cities such as Shanghai, 
Nanjing, Hangzhou, Hefei, Ningbo, Wuxi, Jiaxing, Zhenjiang, etc. This is due to their de-
veloped industrial economy, intensive manufacturing and heavy chemical industries, 
large resource consumption, and serious environmental pollution, which results in low 
EWP conversion efficiency and forms the typical extensive development mode of “high 
economic growth, high resource consumption, and low well-being performance”. In par-
ticular, the representative resource-based cities, such as Tongling and Ma’anshan, have 
extremely low production efficiency. Huangshan, Zhoushan, Yancheng, Wenzhou, Lu’an, 

Figure 5. Production efficiency and service efficiency development modes in the Yangtze River Delta.

From 2001 to 2005, the number of LL modes accounts for a large proportion, as high
as 56.098%, especially distributed in economically developed cities such as Shanghai,
Nanjing, Hangzhou, Hefei, Ningbo, Wuxi, Jiaxing, Zhenjiang, etc. This is due to their
developed industrial economy, intensive manufacturing and heavy chemical industries,
large resource consumption, and serious environmental pollution, which results in low
EWP conversion efficiency and forms the typical extensive development mode of “high
economic growth, high resource consumption, and low well-being performance”. In
particular, the representative resource-based cities, such as Tongling and Ma’anshan, have
extremely low production efficiency. Huangshan, Zhoushan, Yancheng, Wenzhou, Lu’an,
Lishui, Bozhou, Xuancheng, and other cities belong to the typical HH mode. These
cities have strong sustainable development capabilities due to lower levels of economic
development consuming less ecological capital, but providing high levels of well-being
output. However, the number of LH and HL types is relatively small, accounting for only
24.390%. Among them, Taizhou, Chizhou, and Quzhou have higher service efficiency than
production efficiency, belonging to the mode of lagged production efficiency. While the
service efficiency of Jinhua, Fuyang, Taizhou, Chuzhou, Anqing, Nantong, Suzhou, and
other cities is far lower than production efficiency, improving service efficiency is their key
optimization direction.

From 2006 to 2010, the number of cities presenting LL modes show an increasing trend,
accounting for 68.293%. Economically developed cities are still dominant, with production
efficiency and service efficiency within the range of 0.4–0.6. However, the number of cities
with HH and HL modes has decreased. This stage is not only a golden period of China’s
social and economic development, but also a period of prominent contradictions, increased
pressure on resources and the environment, and defects in systems and mechanisms
that constrain the speed and quality of economic development. The extensive growth
mode characterized by high investment, high consumption, and low income is becoming
increasingly difficult to sustain, and the development gap between regions and between
cities is widening. Due to the huge impact of industrialization, urbanization, marketization,
and globalization, the increase in economic operation costs makes it difficult to effectively
improve the EWP. In the face of major changes in the process of industrialization and
urbanization, economically developed cities are the first to embark on a new path of
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industrialization with technological innovation as the core, adhering to the principle of
saving resources and reducing production costs, and thus improving production efficiency
faster than service efficiency.

From 2011 to 2015, the development mode of EWP in most cities has gradually
improved, and the ability of sustainable development has improved. Specifically, the
proportion of LL cities has decreased to 60.976%, and the number of HH cities has increased
to 26.829%. In the face of structural contradictions and the pressures of transformation
and development that have accumulated over the years, the impact of the “three-phase
superposition” (slower economic growth, difficult structural adjustments, and early-stage
stimulus policy digestion period) has continued to deepen. The government has taken
the initiative to adjust the direction of economic development, with industrial structure
adjustment and reform aiming to promote the well-being of the people, increase investment
in social programs, increase urban employment and social health care, improve the social
security system covering urban and rural residents, and promote equal access to basic
public services. Therefore, urban residents’ quality of life has been effectively improved.

Since 2016, the number of cities with the LL mode has been reduced significantly.
The number of HH and HL cities has increased significantly. Compared with the base
year, the EWP of each city has been effectively improved. This is due to the fact that the
economic development of most cities has entered a critical period of transformation and
upgrading, and the EWP has been significantly improved. For example, Yancheng, Suqian,
Hangzhou, Jinhua, Wenzhou, Jiaxing, Taizhou, Lishui, Huangshan, Lu’an, Bozhou, Suzhou,
Fuyang, and other cities have achieved sustainable development with the best EWP. Both
production efficiency and service efficiency have reached higher levels, achieving the
maximum level of welfare created with minimal ecological consumption.

3.3. Influencing Factors of Urban EWP
3.3.1. Selection of Influencing Factors

The evolution of urban EWP is affected by many factors, such as economic develop-
ment, urbanization level, urban compactness, technological innovation, industrial structure,
foreign economic relations, and energy consumption [44–48]. Existing studies have selected
multi-dimensional indicators such as climate environment, human capital, social capital, in-
dustrial structure, energy structure, urbanization level, foreign investment level, economic
contribution rate, technological progress, green technology innovation efficiency, and pop-
ulation effect for analysis. Based on the actual regional development, indicators including
urbanization, population density, economic growth, consumption level, industrialization
level, advanced industrial structure, foreign direct investment, environmental regulation,
energy efficiency, technological innovation, government policy, and environmental quality
are selected to detect their impact on urban EWP (Table 2).

Table 2. The selection of influencing factors of urban EWP.

Independent Variable Symbol Calculation Method Unit

Urbanization X1 Urban population/resident population × 100% %
Population density X2 Permanent population/city area person/km2

Economic Growth X3 GDP per capita Yuan
Consumption level X4 Retail sales of consumer goods/resident population Yuan

Industrialization level X5 Industrial output value/Gross regional
product × 100% %

Industrialization X6 Added value of tertiary industry/added value of
secondary industry × 100% %

Foreign direct investment X7 Foreign direct investment/total social fixed
investment × 100% %

Environmental regulation X8 Total Environmental Governance Investment/
GDP × 100% %

Energy efficiency X9 GDP/Energy Consumption 10,000 yuan/ton of
standard coal

Technological innovation X10 Number of patents granted million pieces
Government policy X11 Fiscal expenditure/GDP × 100% %

Environmental Quality X12 Air quality index %
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3.3.2. Threshold Effect Diagnostics

In order to avoid spurious regression, the ADF–Fisher, HT, and IPS test methods are
first used to test the stability of variables. The test results showed that all variables are
stable and there is no unit root, so the spurious regression problem of non-stationary series
can be eliminated. Second, the diagnosis of variance inflation factor (VIF) shows that the
VIF value of each indicators is less than 10, and the Hausman test rejects the random effect
model. The threshold effect is further tested, taking urbanization indicators as the core
variable, using the bootstrap method to test the significance of the threshold effect. The
test results show that population density, industrialization, and environmental regulation
have significant single threshold effects (Table 3). Therefore, population density (X2),
industrialization (X5), and environmental regulations (X8) are used as threshold variables,
respectively, and other factors and threshold variables are included in the control variable
sets. The estimation results of the panel threshold model are summarized in Table 4 using
Stata 15.0 software.

Table 3. Threshold estimation and test of threshold variables.

Core
Variables

Threshold
Variable

Threshold
Number

Threshold
Value F-Value p-Value 1% 5% 10%

X1
X2 single 225.734 31.130 0.023 24.541 28.213 34.921
X5 single 34.000% 19.670 0.051 15.042 17.879 21.865
X8 single 0.396% 18.450 0.083 16.086 19.371 27.276

Notes: X1, X2, X5 and X8 represent urbanization, population density, industrialization level, and environmental regulation.

Table 4. Regression results of threshold effect of each variable.

Variables X2 X5 X8 Variables X2 X5 X8

X2
0.401 0.337 0.484

X9
0.075 *** 0.076 *** 0.076 ***

(1.27) (1.07) (1.54) (6.61) (6.75) (6.81)

X3
−0.290 *** −0.288 *** −0.304 ***

X10
0.306 *** 0.289 *** 0.312 ***

(−2.79) (−2.77) (−2.95) (3.23) (3.07) (3.34)

X4
0.447 *** 0.438 *** 0.410 ***

X11
−0.751 *** −0.716 *** −0.745 ***

(4.43) (4.36) (4.11) (−3.41) (−3.25) (−3.42)

X5
−0.512 ** −0.435 * −0.569 **

X12
0.113 0.111 0.091

(−2.21) (−1.87) (−2.48) (1.62) (1.60) (1.32)

X6
0.104 ** 0.113 ** 0.112 **

X1_1
−0.051 0.434 *** 0.187

(2.06) (2.22) (2.22) (−0.23) (2.82) (1.33)

X7
0.156 0.025 0.173

X1_2
0.276 * 0.286 ** 0.338 **

(0.98) (0.15) (1.11) (1.96) (2.03) (2.42)

X8
−0.016 −0.016 −0.037 *** _cons 0.556 *** 0.514 *** 0.612 ***
(−1.29) (−1.28) (−2.83) (3.63) (3.36) (4.03)

Note: 1© ***, **, * are significant at 1%, 5%, and 10%, respectively; 2© the t-statistic of coefficient estimation is in parentheses. X2, X3, X4, X5,
X6, X7, and X8 represent population density, economic growth, consumption level, industrialization level, industrialization, foreign direct
investment, and environmental regulation, respectively.

3.3.3. Threshold Effect Analysis of Estimated Results

Urbanization shows a U-shaped relationship with the EWP when population density is
taken as a threshold variable. When population density is lower than 225.734 people/km2,
urbanization has a negative but not significant impact on the EWP. When population den-
sity exceeds the threshold, the elasticity coefficient of urbanization is positive and through
the 10% statistical level test, indicating the enhancing impact of urbanization on the EWP,
thus forming a U-shaped influence change. This is due to the phased effect of population
agglomeration on urbanization. The moderate regional population agglomeration increases
population density and city size—which is beneficial to the centralized allocation of land,
water, and energy resources—and the improvement of resource utilization efficiency. How-
ever, the increase in excessive population density will also bring about traffic congestion,
rising housing prices, reducing per capita living space, and other urban diseases. Similarly,
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the impact of population density on urban EWP is positive but insignificant, implying the
impact of the threshold effect.

Taking the level of industrialization as the threshold effect variable, urbanization
always has a positive impact on the EWP. When the industrialization level is lower than
34.0%, the elasticity coefficient of urbanization on the EWP is 0.434, indicating a significant
positive promoting effect. When the industrialization level exceeds the threshold value of
34.0%, the elasticity coefficient of urbanization on the EWP decreases to 0.286, indicating
a weakening promoting effect. When the level of industrialization is low, the industrial
structure is dominated by a simple resource-based or processing-based industry with less
pressure on ecological environment. With the improvement of the industrialization level,
it promotes the spatial agglomeration of urban production factors. The scale economy
brought by the expansion of production scale further promotes urbanization into the
medium-term development stage, and the industrial development system is gradually
improved, which lays a sufficient material foundation for urban social and economic
development. Due to the ecological environment pressures of the extensive growth modes,
the improvement of urban well-being suffers offset trend, but with the improvement of
cleaner production technology and equipment, this offset effect has been weakened.

When environmental regulation is taken as the threshold effect variable, the positive
impact of urbanization on the EWP is gradually strengthened, indicating that urbaniza-
tion has different impacts on the EWP in different development stages of environmental
governance. During a period of weak awareness of environmental protection and in-
centive financial performance appraisal mechanisms, although the increasingly serious
environmental pollution forces the government to introduce strict environmental regulatory
policies and measures to improve ecological environment quality through “compensation
effect” and the “reverse conduction effect”, urban economic growth is the primary goal.
The increase of short-term investments in environmental governance will increase the
economic operation costs; therefore, urbanization has an insignificantly positive impact on
the EWP due to the existence of an “offset effect” and a “restraint effect”. With high-quality
and green development becoming the main theme of urban development, there is an
increasing trend of the scale and proportion of environmental governance investment, and
with the elimination of backward production capacity and the research and development
of clean production technology, the pressure on the ecological environment caused by fast
urbanization is gradually alleviated, and urban EWP is significantly improved.

Under the threshold effect of population density, industrialization, and environmental
governance, the elasticity coefficients of economic growth to urban EWP are−0.290,−0.288,
and −0.304, respectively, which all significantly pass the statistical level test of 1%. This is
due to the excessive pursuit of high GDP growth resulting in high resource consumption
and environmental pollution, a series of social and environmental problems that hinder
the effective improvement of urban well-being. The influence coefficients of consumption
levels on urban EWP are 0.447, 0.438, and 0.410, respectively, and significantly pass the 1%
statistical level test, indicating that the increase in consumption levels effectively promotes
the improvement of urban EWP. The improvement of consumption levels indicates that
the higher the satisfaction and utility of residents to the value they own, the more they can
transform that value into material and non-material subjective enjoyment and experience,
thereby enhancing their personal sense of acquisition and satisfaction. The effect of indus-
trial structure on urban EWP is significant and positive, and the elastic coefficients are 0.104,
0.113, and 0.112, respectively, passing the statistical significance test of 5%. This is due to
the fact that the industrial structure in the Yangtze River Delta is gradually becoming more
rationalized and advanced. Foreign direct investment has a positive but not significant
effect on urban EWP. This is due to the fact that on one hand, the high level of regional
openness and frequent foreign economic contacts attract large amounts of foreign capital,
which greatly promotes the local labor employment and economic development, and also
improves urban production efficiency and management efficiency through the spillover
effect of advanced management ideas and technology. On the other hand, foreign direct
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investment also brings local resource consumption and environmental pollution, which
become obstacles to the improvement of urban development quality. The impact of energy
efficiency on urban EWP is significantly positive, due to the fact that the improvement
of energy efficiency can significantly reduce the high consumption of resources and the
pressure on the ecological environment. Technical innovation exhibits significant positive
impact on urban EWP; this is due to the fact that the improvement of production tech-
nology can effectively reduce energy consumption per unit output value, and technical
progress also provides great convenience and superiority for residents’ lives. The impact
of government policy on urban EWP is significantly negative, and the elastic coefficients
are −0.751, −0.716, and −0.745, respectively, which indicates the macro-control of the
regional government has not played its due role in the process of improving urban EWP.
The influence coefficients of environmental quality on urban EWP are 0.113, 0.111, and
0.091, respectively, but the test of the statistical significance level is not significant as the
current effectiveness of comprehensive administration of the environment is not significant.

In general, the spatio-temporal evolution of urban EWP in the Yangtze River Delta is
the result of the interactions and dynamic game among elements of the economy, resources,
environment, technology, and well-being. Driven and restrained, promoted and offset
by various factors such as economic growth mode, urbanization development mode,
city scale, consumption, industrial structure, technological innovation, environmental
governance effectiveness, regional policies, and other factors, it directly affects the use of
urban ecosystems and the realization of human well-being and presents a certain threshold
effect in the time series. The threshold effect is mainly formed by the superposition of the
driving effect, inhibiting effect, offsetting effect, and regulating effect of different factors.

4. Discussion

Ecological well-being has become a new research perspective and analytical tool
to test whether sustainable development can effectively reduce ecological consumption
and increase well-being, or whether sustainable development can promote human well-
being within the limited capacity of ecological capital. The ecological environment of
the Yangtze River Delta has been seriously overloaded for a long time and is facing
serious ecological environmental risks. With 2.14% of the country’s land, it has 11.7% of
its population and 20% of its GDP, which is not only the one of the highest in China’s
economic contribution, but also is one of the highest in the intensity of resource and energy
consumption and pollutant emission intensity per unit of land area. This situation has
seriously affected the construction of an urban ecological civilization and the sustainability
of the city. The measure is well suited for the Yangtze River Delta, an economically
developed region facing serious problems, such as resource shortages, environmental
pollution, and severe ecological destruction, and has a strong policy guiding significance to
reduce the consumption of natural resources and improve the quality of life and happiness
of urban residents.

Compared with the existing studies, this paper mainly explores the spatial-temporal
evolution law and formation mechanism of urban ecological welfare performance from
the perspective of spatial analysis, which expands the research depth of urban ecologi-
cal welfare performance and enriches the existing research content of ecological welfare
performance. Second, this study uses the composite indicators of economy, society, and
the environment to represent urban well-being, avoiding the inadequacy of a single index
system, and then characterizes the state of ecological well-being in terms of ecological
well-being performance and its staged efficiency changes. Third, it is helpful to deepen the
understanding of the evolution mechanisms of urban ecological well-being performance to
examine the evolution characteristics of urbanization on ecological well-being performance
based on the threshold relationship. Although the EWP of most cities has increased since
2001, the EWP in the Yangtze River Delta does not translate to the sustainable development
mode of “high production efficiency and high service efficiency”. The coupling mode of
the production efficiency and service efficiency of ecological well-being performance can
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help identify its shortcomings pertaining to “production efficiency” or “service efficiency”,
providing targeted measures to improve the ecological well-being performance.

Admittedly, there are still some deficiencies in this study. First, academics have not
reached a consensus on the evaluation system of ecological well-being performance, and
due to the influence of the availability of research data, the selection of evaluation indi-
cators of urban ecological well-being performance in this study may be biased, affecting
the accuracy of evaluation results. Secondly, urban ecological well-being performance
has obvious spatial differentiation, and the analysis of the influencing factors of urban
ecological well-being performance does not take into account the heterogeneity of differ-
ent development level and scale city. In the future, the influence of different factors on
different development levels and scale of cities can be diagnosed with the help of a panel
geographically weighted regression model. Third, the driving forces of both production
efficiency and service efficiency can be further explored to diagnose the obstacle factors of
ecological welfare performance by using the panel regression model.

5. Conclusions and Policy Suggestions

The study on urban ecological well-being performance is important to provide guid-
ance for the construction of ecological civilizations and the high-quality integrated devel-
opment of the Yangtze River Delta. Based on the super network DEA model, the ecological
well-being performance evaluation index system was established to evaluate the overall
and stage efficiency of 41 cities in the Yangtze River Delta from 2001 to 2017. Then, the
spatio-temporal evolution process, the development mode, and threshold influencing effect
of the EWP was analyzed. The main conclusions are as follows:

(1) From 2001 to 2017, the average value of urban EWP steadily increased and most
cities changed from the low and medium levels of EWP to higher levels. However, there
was a big gap between high and low EWP within provinces, especially the EWP of Anhui
Province, which is mixed with both low and high levels. Additionally, there was an obvious
spatial mismatch between urban economic development levels and EWP. Cities with higher
EWP are mainly distributed in the peripheral regions, while the EWP of economically
developed cities is relatively lower.

(2) Overall, the development mode of urban EWP in the Yangtze River Delta has been
continuously optimized, and the sustainable development ability of cities has gradually
improved. The number of cities with HH modes has gradually increased since 2001, mainly
distributed in the economically underdeveloped and low industrialization level areas. The
number of cities with LL modes has been greatly decreasing. The number of LH modes
cities decreased to one, while the number of cities with HL modes experienced a trend of
decreasing first and then increasing.

(3) Under the effect of the population density threshold, the impact of urbanization on
the EWP exhibits a U-shaped curve relationship that first drops and then rises. Under the
effect of the industrialization threshold, the impact of urbanization on the EWP exhibits
shows a positive driving effect, first strong and then weak. Under the influence of the
environmental governance investment threshold, the driving effect of urbanization on the
EWP is manifested as a positive impact that first weakens and then increases. Population
density, foreign investment, and environmental quality have a positive but insignificant
impact on the EWP. Economic growth, industrialization, and government policy have
significantly negative inhibitory effect on the EWP, while consumption level, advanced
industrial structure, energy efficiency, and technological innovation have significantly
positive driving effects on the EWP. However, investments in environmental governance
show an insignificantly negative restraint effect on the EWP.

To improve urban ecological well-being performance, relevant policy recommenda-
tions are proposed as follows. First, build a networked governance mode of multiple
co-governances of the ecological environment. The improvement of urban ecological well-
being performance needs the building of a multi-agent collaborative governance system;
the networked governance of both the ecological environment and social services is effec-



Sustainability 2021, 13, 4550 17 of 19

tive combination. Hence, it is necessary to build a pluralistic and co-governance networked
governance policy system for the ecological environment incorporating stakeholders such
as the government, enterprises, and the public into the environmental governance process.
More specifically, it is necessary to realize the transformation of the traditional environmen-
tal governance mode led by the government into a new governance mode with the joint
action of the government, enterprises, and individuals, eventually by actively forming a
multi-government networked governance mode of “government-led, enterprise-driven,
social participation, and collaborative progress”.

Second, it is necessary to strengthen investments in scientific and technological innova-
tion and optimize energy and industrial structures. Local governments should emphasize
fiscal expenditures on science and technology research and development in the field of
environmental protection, and strengthen the effective coordination of production, ed-
ucation, and research to transform innovation achievements into material support and
management services, and pay more attention to the development of waste treatment
technology, reuse technology, and environmental pollution control technology. In addition,
it is necessary to actively build a multi-agent collaborative governance system and to
promote the development of the industrial structure in the direction of rationalization and
advancement to improve energy efficiency and achieve high-quality economic growth.

Third, it is necessary to promote the transformation of government services to wel-
farism with the goal of improving well-being. The government should strengthen social
security and improve residents’ livelihoods by increasing the supply of public services
such as medical care, education, transportation, and housing, which can increase the direct
happiness and ecological services that residents get from nature and improve the overall
happiness index of residents. Moreover, governments should give full play to the effect
of regional spatial connection, optimize the functional positing of each elements in the
improvement of well-being level, and guide the balanced distribution of production factors
such as capital, human resources, and other factors of production. More importantly, the
traditional growth mode of purely pursuing GDP evaluation criteria should be abandoned,
and there should be a shift from a materialistic consumption mode to a functionalist con-
sumption mode, and a shift to smart development oriented towards the quality of life.
Based on residents’ life satisfaction and happiness index, the ecological environmental
protection and governance performance indicators should be incorporated into the perfor-
mance evaluation system of local governments, and well-being promotion should be fully
penetrated and deeply integrated into the process of economic and social development.
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