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Abstract: New urbanization construction can effectively improve resource allocation efficiency and
promote high-quality development, so there is practical significance to exploring the relationship
between new urbanization construction and ecological welfare performance in order to achieve a win-
win situation of ecological environmental protection and high-quality development in the Yangtze
River Economic Belt. This paper innovatively, from the perspective of input-output, constructs
a framework for analyzing the ecological welfare performance, measures the ecological welfare
performance of Yangtze River Economic Belt with SE-SBM model, and empirically analyzes the
impact of new urbanization on ecological welfare performance using the fixed-effect model. The
results showed that: (1). the ecological welfare performance of the Yangtze River Economic Belt
showed a U-shaped trend of decreasing and then increasing as a whole. There were significant
regional differences in the east, middle, and west of the Yangtze River Economic Belt, especially
in the eastern region, a region that has shown an obvious growth trend. (2). Population and land
urbanization had a significant negative inhibitory effect on improving ecological welfare performance.
On the contrary, economic urbanization and social urbanization had significant positive effects on
improving ecological welfare performance. (3). Adopting and implementing policies such as the
National New Urbanization Plan (2021–2035) encouraged the co-development of new urbanization
and ecological civilizations, promoting new urbanization construction and playing a beneficial role
in transforming ecological welfare. So, the Yangtze River Economic Belt should promote a new type
of urbanization going forward, promoting green transformation and the upgrading of industries,
standardizing the utilization of land resources, improving the well-being of urban residents, and
effectively governing urban environmental pollution.

Keywords: ecological welfare performance; population urbanization; social urbanization; land
urbanization; Yangtze River Economic Belt

1. Introduction

The Yangtze River Economic Belt, which spans three significant regions from east to
west China, is a primary strategy for the country’s overall development. As a national
regional development strategy, the Yangtze River Economic Belt covers a wider range of
provinces, cities, and regions, and its population and GDP both exceed 40% of the national
total. In general, it plays a very important role in promoting the development of the
Yangtze River Economic Belt not only for the country’s economic development but also for
people’s living standards. However, rapid economic development is followed by severe
environmental pollution and excessive consumption of resources [1]. The Annual Report
on the Development of Yangtze River Economic Belt (2019–2020) points out that because
some enterprises ignored the water environment of the Yangtze River, causing serious
problems of direct and stolen sewage discharge as well as deteriorating water quality in
the process of development, many pollutants from some watersheds in the Yangtze River
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Economic Belt account for more than 40% of the total national emissions. This includes
significant pollutants exceeding the standard, local severe water environment pollution,
excessive pollutants in near-shore waters, and severe regional soil pollution that is also
caused by random dumping of industrial solid waste.

Daly, a famous ecological economist, proposed that the economic system is only a
subsystem of the natural ecosystem and that economic development must be ecologically
sustainable and bearable [2]. Costanza and other scholars believe that economic growth
plays an intermediary role in enhancing the sustainable well-being of human society. At
the same time, the ecological system is the material basis and guarantee of a good quality
of life for human beings [3]. The study area is shown in Figure 1a, and the specific study
area is mapped in Figure 1b below.
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Since 16 March 2014, when the CPC Central Committee and The State Council jointly
issued a National Plan for New Urbanization, the center of national urbanization has shifted
from land to people [4]. The goal of the plan is to form a strategic pattern of new-type
urbanization, to enhance the capacity of urban clusters to carry the population and the
economy, and to protect the ecological environment. For the Yangtze River Economic Belt, a
key region in China, it is more than necessary to orderly de-stress non-core urban functions,
to constantly enhance the vitality of urban development, and to promote the process of new
urbanization. New urbanization is not just a simple increase in the proportion of the urban
population and expansion of scale; it also emphasizes ecological civilization and the quality
of urbanization, highlights the requirements of green, low-carbon, and intensive energy
saving, and steadily promotes primary urban medical and health care services as well as
other public services in order that they cover the entire resident population [5]. The new
urbanization is transforming ecological environment construction from end-of-pipe treat-
ment to the ecological civilization construction of “pollution prevention and control-clean
production-ecological industry-ecological infrastructure-ecological community.” Therefore,
new urbanization is different from traditional urbanization. It can bring obvious ecolog-
ical dividends and act as a stimulus to the ecological management of the Yangtze River
Economic Belt. At the same time, it has extremely important strategic significance for
realizing the coordinated development of the region, narrowing the gap between urban
and rural areas in the Yangtze River Economic Belt, and building harmonious coexistence
between people and society. Ecological welfare performance (EWP), as a quantitative
indicator reflecting the relative change trend of social welfare and ecological resource
consumption [6], can quantify the relative health of economic growth in the context of new
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urbanization. Therefore, examining the impact of new urbanization construction on the
ecological welfare performance of the Yangtze River economic belt can improve the role of
new urbanization construction on the ecological environment. This paper measures the
ecological welfare performance of the Yangtze River Economic Belt through SE-SBM model,
empirically analyzes the impact of new urbanization on ecological welfare performance,
and puts forward reasonable suggestions for improving the ecological welfare performance
and coordinate high-quality economy development and ecological environmental protec-
tion. Compared with previous studies, this study will focus on the social welfare level
and residents’ happiness that are caused by ecological welfare performance, and it will
add dimensions such as education and health into the measurement. In addition, different
aspects of new urbanization will be considered to explore ecological welfare performance,
including population urbanization, economic urbanization, land urbanization, and social
urbanization for the people-centered green urbanization. This study is clearly different and
innovative, with a strong practical significance, and with a strong practical value for the
Yangtze River Economic Belt construction.

2. Literature Review

Ecological welfare performance is a quantitative index reflecting the degree of decou-
pling between social welfare and ecological resource consumption by establishing a ratio
between the value of welfare enhancement and ecological resource consumption, and it
is the product of closely integrating the ecological environment and social welfare [6]. As
an important indicator to measure the degree of sustainable development and ecological
dividend of a country or an economic belt, scholars at home and abroad have gradually
enriched the research on ecological welfare performance [7]. Daly first introduced the
concept of ecological welfare performance to assess the sustainability of an economy, ex-
pressing it as the ratio of services to throughput. However, Daly did not give a quantitative
indicator to express this concept, so the concept has yet to be widely used. Over time,
Rees proposed the concept of “ecological occupancy,” which advocates the use of land and
water area in order to estimate the amount of nature that is used by humans to maintain
their survival, and the study of ecological welfare performance was thereby developed.
There are two main aspects of research on ecological welfare performance: (1). constructing
ecological welfare performance measurement methods and indicators, and (2). analyzing
factors affecting ecological welfare performance. For example, some scholars measured
the ecological welfare performance of some key watersheds or typical cities using the
stochastic frontier analysis and data envelopment analysis method [8,9]. The second is the
analysis of factors influencing ecological welfare performance. Since Boyd and Banzhaf
advocated using consistently defined units of account to measure ecological well-being,
more and more scholars have begun to study the problem of ecological welfare perfor-
mance measurement [10]. Cui et al. used the two-stage Super-NSBM model, MLD index
model, and PECM model to measure and compare ecological welfare performance, and
proposed that the internal differences in ecological welfare performance among the three
major structures system of urban agglomerations of Beijing-Tianjin-Hebei, the Yangtze
River Delta, and the Pearl River Delta are different [11]. They used the life expectancy ratio
at birth to the ecological footprint per capita to express ecological welfare performance,
which has a vital objective. Common has used the ratio of satisfaction output to environ-
mental input as an indicator [12]. DiMaria considered new indicators for assessing national
sustainability through ecological footprints, using nonparametric techniques to measure
production efficiency [13]. Ng proposed to use the ratio of national average happy life
years (HLY) to the ecological footprint per capita to express the ecological welfare level of a
region [14]. Jorgenson utilized a ratio construction using anthropogenic carbon emissions
per unit of human well-being [15]. In addition to the ratio method, data envelopment
analysis has also been used to measure ecological welfare performance. For example,
Long et al. used the DEA method to conduct a multidimensional analysis of the level
of sustainable development in Shanghai from 1999 to 2012 [16]. Fang et al. measured
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ecological welfare performance based on the super-efficient DEA method [17], equivalent
to an extension of the study based on Long et al. There are more approaches, such as
Knight et al., which proposed to construct an ecological footprint regression equation and
use the unstandardized residuals of the regression equation results to indicate ecological
welfare performance [18]. Dietz et al. use a stochastic preamble production function model
to measure ecological welfare performance [19]. Some scholars have further explored the
relationship between economic growth and ecological welfare performance by initially
addressing the issue of economic growth and ecological resource consumption. However, a
consensus conclusion has yet to be reached [10]. The empirical study by Dietz et al., using
panel data from 58 countries, shows the relationship between the environmental intensity
of human well-being (EIWB) and economic growth is an inverted U-curve, as opposed
to the environmental Kuznets curve (EKC) [20]. However, Zhu et al. [21], Fang et al. [17],
and Chen et al. [1] show an inverted U-curve relationship between ecological welfare per-
formance and economic growth using regional-level panel data. In addition to economic
growth, some scholars have examined the effects of environmental regulation, industrial
structure, green technology innovation, and digital economy development on ecological
welfare performance [22–25]. For example, Guo et al. found an innovation compensation
effect of environmental regulation, which significantly positively affects urban ecological
welfare performance [24]. Zhu et al. found that the digital economy’s development signifi-
cantly impacts the ecological welfare performance of the city and neighboring cities [25].

As a catalyst for the development of urban industrialization, urbanization reflects
the objective law of urban economic development and represents the industrialization
level of a country or region [23,24,26]. In recent years, many scholars have considered the
impact of digitization and sustainable development on the new urbanization process [27,28].
It has been one of the hot topics of interest to scholars at home and abroad. Seto et al.
point out that the challenge for cities is not whether to carry out urbanization but how to
achieve it with minimal environmental impact [29]. Sol et al. pointed out that urbanization
has led to a general depletion of biodiversity [30]. In addition to ecological problems,
Sampson et al. show that green space in densely populated urban areas is negatively
associated with depression rates, demonstrating that urbanization negatively impacts
some populations’ lives [31]. New urbanization is an essential means to enhance urban
development’s resilience and risk resistance and promote the strategic goal of people-
centered urbanization in China’s 14th Five-Year Plan period [1]. It is a critical path for
a country to accelerate its economic and social transformation development, and it is
also a primary measure to improve ecological welfare performance. Most scholars use
the entropy method to assign weights to construct new urbanization indicators. Yu used
provincial panel data from 2003–2017 to construct comprehensive indicators to evaluate
new urbanization from four dimensions: economic urbanization, population urbanization,
social urbanization, and environmental urbanization [32]. Wang et al. used the entropy
weighting method to objectively weight 24 sub-variables in four dimensions: demographic
urbanization, economic urbanization, land urbanization, and social urbanization [33].
Some scholars have also studied urban environmental performance. Zhang et al. used
the tripartite evolutionary game model to study the urban haze control mechanism [34].
Meanwhile, Zhang et al. used panel data to investigate the impact of air pollution and
socioeconomic status on urban public health [35]. The above studies are related to urban
environmental performance, providing certain ideas for urban sustainable development in
the process of urbanization. Many experts have realized and proposed that urbanization
should not come at the cost of ecology and environment.

More and more scholars have begun to pay attention to the impact of urbanization
on the level of urban ecological welfare performance, using data envelopment analysis to
construct economic, environmental, and other related indicators to analyze the efficiency of
urban sustainability [36]. They have explored the relationship between ecological welfare
performance and the level of urbanization construction from different perspectives and
levels and have achieved actual research results [37–39]. Li et al. used the poor output
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SBM model to measure the ecological welfare performance of provinces and cities in China,
analyzed its spatial distribution characteristics, and concluded that there was a significant
positive correlation between the level of urbanization development and the ecological wel-
fare performance of provinces [40]. Wu et al. also studied the temporal and spatial changes
of the ecological footprint in the process of urbanization, used the ecological footprint
model to measure ecological sustainability, and concluded that the urbanization develop-
ment of some cities has exceeded the local tolerable performance level [41]. Yan et al. (2021)
explored the ecological decline in rapid urbanization, explored the impact of land finance
on ecological environment, and proposed the environmental intervention programs [42].
However, research in this direction still needs to improve on certain shortcomings. First,
most of the studies have focused on the impact of urbanization level on urban ecological
welfare performance. However, these studies ignored the term “new” in the national strat-
egy of new urbanization [43]. In fact, new urbanization emphasizes population and land
urbanization as well as new changes in the urban ecological environment. Second, the tradi-
tional DEA model can no longer meet some research needs, ignoring the undesired outputs
and the slack variables as well as differentiating these efficiency frontier units [44]. Existing
studies adopted more DEA extension models, such as the Super Efficiency Slacks-Based
Measure Model (SE-SBM), to solve the above problems [45]. Finally, the discussion on the
inner mechanism of the impact of new urbanization on ecological welfare performance is
not deep enough. New urbanization in China still faces significant challenges. Therefore,
this paper takes 11 provinces and cities in the Yangtze River Economic Belt as the research
object and constructs a framework for analyzing the ecological welfare performance of
cities in the Yangtze River Economic Belt from the perspective of inputs and outputs. This
paper measures the ecological welfare performance of the Yangtze River Economic Belt
from 2009 to 2020 based on the SE-SBM model, empirically analyzes the impact of new
urbanization on ecological welfare performance using a fixed-effects model, and finally
proposes policy recommendations to improve ecological welfare performance.

3. Model Construction
3.1. Super Efficiency Slacks-Based Measure(SE-SBM) Model

Data Envelopment Analysis (DEA) is a method for measuring the productivity of
decision-making units, using linear programming to estimate the effectiveness of multiple
decision-making units (DMUs), and it is widely used in fields such as production and eco-
nomics. The DEA model was first proposed by Charnes et al. as a new field in operations re-
search [46]. Traditional DEA models include the CCR and BCC models, which are based on
radial and angular aspects for measurement. Since the radial approach requires that the in-
puts and outputs must vary in the same proportion when evaluating efficiency, it cannot ad-
dress the measurement errors caused by the slack in the inputs and outputs [47]. To address
this issue, Tone proposed a non-radial, non-angular DEA model based on relaxation vari-
ables, the SBM model, for measuring eco-efficiency in 2001 [48]. To this end, Andersen et al.
propose a further method to compare and distinguish effective DMUs—namely, the “super-
efficiency” model. This paper uses the SE-SBM model with undesirable outputs to measure
ecological welfare performance. In the SE-SBM model with undesirable outputs, the pro-
duction system is assumed to have b decision-making units (DMUS). Each DMU can
distinguish a kinds of inputs (x), q1 kinds of desirable outputs (ye), and q2 kinds of unde-
sirable outputs (yne). The model defines the matrix X, Ye, Yne as X = [x1, x2, · · · , xb], and
Ye =

[
ye

1, ye
2, · · · , ye

b

]
, Yne =

[
yne

1 , yne
2 , · · · , yne

b

]
, respectively. The inputs, desirable and

undesirable outputs x, ye, and yne are all greater than 0. The production set is denoted un-
der constant scale return as P = {(x, ye, yne)|x ≥ Xλ, ye ≤ Yeλ, yne ≤ Yneλ}. Equation (1)
is as follows:
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Minρ =
1+ 1
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∑
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1− 1
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(
∑

q1
r=1

se
r

ye
rk
+ ∑

q2
r=1

sne
t

yne
rk

)
> 0, s− > 0, se> 0, sne> 0, λ> 0

i = 1, 2, · · · , a; r = 1, 2, · · · , q; j = 1, 2, · · · , b (j 6= k)

(1)

In the above equation, λ and s denote the weight vector and the slack variables of
input and output, respectively. xij is the ith input of the jth DMU. yrj is the rth input
of the jth DMU. ρ represents the ecological welfare performance value, ρ < 1 indicates
that there is an ecological welfare performance loss, and ρ ≥ 1 indicates that there is no
performance loss for the corresponding ecological welfare performance. Dong et al. have
used the SE-SBM model to measure the carbon emission efficiency of CEE countries from
2000–2018 [45]. Li et al. have also used the SE-SBM model to measure the eco-efficiency of
Min River source counties from 2005–2017 to analyze the spatial and temporal evolution
and spatial divergence of eco-efficiency. This paper studies the impact of new urbanization
construction on eco-welfare performance in 11 provinces and cities in the Yangtze River
Economic Belt from 2009 to 2020. This paper considers the measurement’s feasibility in the
specific measurement process and combines Chen et al. and Fang et al. [1,17]. This paper
adopts the SE-SBM model to measure eco-welfare performance and selects social welfare
level as desirable output, environmental pollution as undesirable output, and resource
consumption as input.

3.2. Panel Regression Model

When discussing panel data, it is essential to note that it has cross-sectional and
temporal dimensions, N cross-sectional individuals, and T observation periods. If T is
less than N, the panel data are called short panels; otherwise, they are long panels. For
long panel data, mostly fixed effects regression models are used. The basic assumption of
mixed effects is that there are no individual effects, i.e., OLS regression as cross-sectional
data, averaging out all individual effects, as in Equation (2). Individual effects are divided
into fixed effects and random effects [49]. The individual fixed effects take the form
of the deviation from the mixed effects model minus its mean over time, as shown in
Equation (3). Time-fixed effects can deal with omitted variables that do not vary with
individuals, but with time, as shown in Equation (4). The random-effects model takes
the regression coefficients as the variables and estimates them by feasible generalized
least squares, with the omitted individual characteristic variables changing neither with
individuals nor with the observed period. The random error disturbance term is included
in [50], as in Equation (5). If the perturbation term is further assumed to be normally
distributed, the logarithmic likelihood function of the sample can be written, and then the
maximum likelihood estimation can be performed.

yit = α + x′itβ + z′iδ + εit (2)

yit −
−
y i = (xit −

−
x i)β + (εit −

−
ε i) (3)

yit = x′itβ + z′iδ + λtεit + εit (4)

yit − θ̂
−
y = (xit − θ̂

−
xi)
′
β + (1−θ̂)z′iδ + [(1− θ̂)ui + (εit − θ̂

−
εi)] (5)

In Equation (2), yit is the explained variable. xit is the explanatory variable. zi is
the individual characteristics that do not change with time. εit is the disturbance term
that varies with individual and time. It is assumed that {εit} is independently and identi-
cally distributed and uncorrelated with ui uncorrelated. If ui is related to an explanatory
variable, the model is further called the fixed effects model. In Equation (3), the ui is
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eliminated. Therefore, as long as
−
ε it is correlated with

−
x it is not correlated, OLS can be

used to consistently estimate β, i.e., the fixed effects estimator. In Equation (4), the λt is
the unique intercept term of “period t” and is interpreted as the influence of “period t”
on explanatory variables. In Equation (5), ui is uncorrelated with xit and zi, so the OLS is
consistent. However, the specific model used in the study needs to be further determined
by an LM test and Hausman test.

4. Empirical Results
4.1. Measurement of Ecological Welfare Performance in the Yangtze River Economic Belt

As a quantitative indicator reflecting the degree of decoupling between social welfare
and ecological resource consumption, ecological welfare performance is a product of the
close integration of the ecological environment and social welfare [6]. This paper uses the
SE-SBM model to measure the ecological welfare performance of 11 provinces and cities
in the Yangtze River Economic Belt from 2009 to 2020. By consuming fewer ecological
resources and obtaining a higher social welfare level, the ecological welfare performance is
improved, which aligns with the requirements of the DEA method for input and output
indicators. This paper refers to Long et al. regarding selecting these ecological welfare
performance indicators [51,52]. Since eco-welfare performance is essentially a sublimated
version of eco-efficiency, we can also refer to some methods used to study eco-efficiency.
The expected output is the level of social welfare, and the undesirable output is the en-
vironmental pollution generated in the urbanization process. New urbanization pursues
sustainable development and green innovation. Therefore, lowering the undesirable output
and increasing the desirable output can improve the quality of new urbanization. This
paper selects the social welfare level as the desirable output, environmental pollution as
the undesirable output, and resource consumption as the input. The feasibility of measure-
ment is considered. This article combines the methods of Chen et al. and Fang et al. in
constructing the indicator system for ecological welfare performance, using unexpected
outputs as input indicators to construct the indicator system [53–55]. The construction of
the indicator system follows the scientific and systematic principles.

(1). Resource consumption: The study uses the resource consumption proposed by
Long et al. [16] as an input indicator. The input indicators include three secondary indica-
tors: water resources consumption, land resources consumption, and energy consumption.
Water resource consumption is measured by per capita water consumption. The calcu-
lation method is total regional water consumption/regional population. Land resource
consumption is measured by the area of construction land per capita, calculated as the area
of urban construction land/number of the regional population. Energy consumption is
measured by the number of standard coal consumed per capita, calculated as total regional
energy consumption/regional population. (2). Environmental pollution: Environmental
pollution as an input indicator includes three secondary indicators: wastewater discharge,
exhaust gas discharge, and solid waste discharge. This study uses industrial wastewater
emission per capita to measure wastewater emission. Industrial SO2 emission per capita is
used to measure exhaust gas emission, and industrial solid waste generation per capita
is used to measure solid waste emission. (3). Social welfare level: All human economic
activities are based on improving people’s subjective well-being, and the comprehensive
national power of a country largely depends on the development space and quality of life
of individuals. The level of welfare is embodied by three dimensions: economy, education,
and health. In this paper, the indicators of social welfare level refer to the three dimensions
of education, economy, and health level in the Human Development Index (HDI) indicators
released by the United Nations Development Program (UNDP). This indicator includes
years of education per capita, disposable income per capita, and life expectancy per capita.
Long et al. used to combine the three dimensions of education, economy, and health, and
introduced the above three indicators to measure the level of social welfare [16]. Most schol-
ars use GDP per capita as an indicator of economic level. However, GDP per capita does
not sufficiently reflect the happiness brought by one’s economic level, so disposable income
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per capita is used as an indicator of economic level. The number of years of education per
capita is obtained by calculation. The details are shown in Equation (6):

PE =
6× P1 + 9× P2 + 12× P3 + 16× P4

P1 + P2 + P3 + P4
(6)

In Equation (6) P1, P2, P3, and P4 represent the number of population with four levels of
education: elementary school, junior high school, senior high school, and junior college and
above, respectively. Life expectancy per capita is measured by life expectancy at birth. This
study only collected statistics from the 1990, 2000, and 2010 censuses. Xu et al. analyzed
data published by the World Bank and found that overall life expectancy at birth in China
increased linearly after 2003 [56]. Therefore, this study draws on their method to fill in the
missing data for life expectancy per capita in each province by the corresponding natural
growth rate. Per capita disposable income is expressed through the discretionary income of
each resident. The primary data for constructing the above indicator system were obtained
from the China Statistical Yearbook, China Water Resources Bulletin, China City Statistical
Yearbook, China Energy Statistical Yearbook, and Educational Statistics Yearbook of China.
With the above index system, this study uses MAXDEA Pro6.4 to estimate the ecological
welfare performance of 11 provinces and cities in the Yangtze River Economic Belt. The
calculation results are shown in Table 1.

Table 1. Calculation results of ecological welfare performance of 11 provinces and cities in the Yangtze
River Economic Belt: 2009–2020.

Region 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Shanghai 0.563 0.583 0.626 0.684 0.715 0.787 0.809 0.925 1.024 0.991 1.089 1.357
Jiangsu 0.547 0.542 0.560 0.575 0.594 0.602 0.620 0.626 0.636 0.646 0.683 0.711

Zhejiang 0.668 0.677 0.727 0.782 0.801 0.820 0.851 0.879 0.890 0.899 1.016 1.172
Anhui 1.038 0.847 0.829 0.826 0.840 0.885 0.889 0.889 0.903 0.932 1.000 0.951
Jiangxi 1.085 0.927 0.942 0.952 0.954 0.926 0.929 0.928 0.939 0.946 0.983 1.025
Hubei 0.551 0.541 0.555 0.568 0.668 0.677 0.739 0.761 0.777 0.782 0.805 0.799
Hunan 1.001 0.757 0.766 0.844 0.889 0.924 1.001 1.024 1.021 0.904 0.963 1.686

Chongqing 0.671 0.617 0.634 0.826 0.806 0.802 0.879 0.910 1.035 0.910 0.947 1.147
Sichuan 1.085 0.823 0.795 0.769 0.817 0.819 0.918 0.908 1.099 0.922 1.094 1.096
Guizhou 1.059 1.022 1.015 0.985 1.023 1.002 0.941 0.892 0.816 0.794 0.930 1.077
Yunnan 1.017 0.873 0.751 0.820 1.001 0.839 0.859 0.864 0.864 0.860 1.004 1.072

4.2. Tests of Ecological Welfare Performance of New Urbanization

The new urbanization construction is dedicated to expanding the scale of towns and
cities and promoting the upgrading of urban industries, improving the ecological welfare
performance of cities, and better adapting to the needs of economic growth. In China’s
high-quality economic development model, problems such as ecological and environmental
pollution and lower living standards of residents have emerged, while some cities have
embarked on an irrational development path [57].

4.2.1. Core Explanatory Variables

Referring to the evaluation indicators of new urbanization by some scholars [32,58],
this paper will explore the impact of new urbanization on ecological welfare performance
in 11 provinces and cities in the Yangtze River Economic Belt from four perspectives: popu-
lation urbanization, economic urbanization, land urbanization, and social urbanization [58].
The specific indicators are selected as follows. (1). Population urbanization, which can be
measured by the proportion of the urban population. Yu et al. have constructed a system
from four dimensions: economic, demographic, social, and environmental when study-
ing the ecological effects of new urbanization in China [32]. (2). Economic urbanization,
which can be measured by the proportion of tertiary industry. It represents the industrial
evolution pattern in the country’s economic development. (3). Land urbanization, such as
Ahmad et al., who studied the heterogeneous dynamic link between land urbanization and
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the level of economic development, and proposed that population urbanization generally
accompanies land urbanization [59]. Land urbanization can be measured by the urban
road area per capita, which integrates the degree of traffic congestion in a city. (4). Social
urbanization, which can be measured by the green coverage of built-up areas, and which is
expressed as the ratio of the green coverage of built-up areas to the built-up areas of cities.
Relevant data are obtained from China Statistical Yearbook, China City Statistical Yearbook, etc.

4.2.2. Control Variables

Regarding existing studies, the following three control variables are selected in this
paper: (1). The level of foreign direct investment (fdi) is chosen to measure the amount of
foreign direct investment as a share of GDP. Some experts put forward the heaven effect
of pollution caused by FDI through empirical studies, while other experts proposed the
pollution halo effect, which may depend on the specific development stage [60]. (2). The
level of foreign openness (ft) is measured by choosing a country’s total value of import and
export as a proportion of GDP to calculate the foreign trade dependence. The international
transfer of environmental costs is implied in the world trade, and China has made great
sacrifices for the world despite emitting a lot of carbon and pollutants. (3). The level of
science and technology innovation (rd) is measured by calculating the RD intensity by
choosing the proportion of R&D expenditure to GDP. The relevant data are obtained from
wind, provincial statistical yearbooks, official websites of provincial statistical bureaus,
local R&D census bulletins, etc. The improvement of green technology can improve re-
source allocation and production efficiency, and reduce energy consumption and pollutant
emission, while breakthroughs in core technologies can improve China’s position in the
value chain [61].

This study uses panel data for each indicator in 11 provinces and cities in the Yangtze
River Economic Belt. The panel data have two dimensions of cross-section and time, N
cross-section individuals, and T observation periods, and this paper uses long panel data
with T large and N small. According to the estimation results of the mixed-effects model,
fixed-effects model, and random-effects model, combined with the LM test, the p-value is
found to be 0.0265, which is significant at the 5% level. Therefore, the random effects model
should be selected. Moreover, combined with the Hausman test, the p-value is found to
be 0.0102, which is significant at the 5% level. The fixed-effects model is better than the
random-effects model. Therefore, the estimation results of the fixed effect model are finally
used. The results are shown in Table 2.

Table 2. Impact measurement of new urbanization on ecological welfare performance of the Yangtze
River Economic Belt.

Variables
Mixed-Effects Model Fixed-Effects Model

UNIT Random-Effects Model

Coefficient p-Value Coefficient p-Value Coefficient p-Value

population −1.4171 0.000 −1.6393 0.000 −1.3908 0.000
economy 0.0228 0.000 0.0093 0.032 0.0223 0.000

land −0.0104 0.001 −0.0160 0.000 −0.0106 0.000
social 2.4717 0.000 1.4316 0.017 2.3892 0.000

fdi 3.3471 0.006 3.6885 0.001 3.4319 0.004
ft −0.2232 0.002 0.0963 0.405 −0.2168 0.013
rd 8.8998 0.013 8.9307 0.008 8.5783 0.003

_cons −0.0376 0.041 0.7984 0.031 −0.3280 0.081
Prob > F 0.0000 0.0000 0.0000

R-squared 0.5653 0.5334 0.5649
Adj R-squared 0.5408 – –

F-value 23.04 18.45 –

Note: For the fixed-effects model, the estimation should be followed by within-R2; for the random-effects model,
the estimation should be followed by overall-R2.
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5. Discussion
5.1. Discussion of Ecological Welfare Performance Results

Considering that the SE-SBM model can better measure the ecological welfare perfor-
mance, this paper selects the relevant index data of 11 provinces and cities in the Yangtze
River Economic Belt from 2009 to 2020 to establish the SE-SBM model. The specific in-
put and output indicators are not listed. The line graph is shown in Figure 2 below. In
order to further analyze the spatial differentiation of multi-year changes of ecological
welfare performance in the Yangtze River Economic Belt, this paper selects four-time points,
2009, 2013, 2017, and 2020. It uses ArcMap software to map the spatial differentiation of
ecological welfare performance using the provincial level as the dividing unit. Figure 3
represents the spatio-temporal evolution of ecological welfare performance in the Yangtze
River Economic Belt.
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First, in terms of development trends, the ecological welfare performance of the
Yangtze River Economic Belt from 2009 to 2013 shows a U-shaped trend of decreasing and
then increasing (see Figure 2). As shown in Figure 2 from 2009 to 2013, it can be clearly seen
that all provinces show a U-shaped trend. The ecological welfare performance changes
most obviously in the central and western regions. The main reason for this phenomenon
is the backward industrial structure and rough economic growth in the central and western
regions in the early stage, which significantly depleted natural resources and caused
environmental pollution. The improvement of ecological welfare performance in the later
stage is through the active introduction of advanced technology and the improvement
of education and medical systems. Except for some provinces and cities in the western
region, the rest of the provinces and cities maintain a continuous upward trend. The
main reason for this phenomenon is that some enterprises have an insufficient level and
ability to develop innovative technology in the later stage. This makes it difficult for
sustainable economic development to match the ecological and environmental conditions
and affects the social welfare level to a certain extent, affecting the urbanization process and
sustainable urban development. Since “Jointly Grasping Great Protection” was put forward,
the ecological environment protection of Yangtze River Economic Belt has undergone a
watershed change [62].
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Second, in terms of regional differences, there are significant regional differences in
the ecological welfare performance of the 11 provinces and cities in the Yangtze River Eco-
nomic Belt. Kuznets’ curve theory mentions the inverted U-shaped relationship between
environmental pollution and the economic development stage, which shows that with
the improvement of economic level, environmental problems have been partially solved.
However, the growing economy also aggravates environmental pollution [54]. The eastern
region shows a transparent upward gradient in the change of ecological welfare perfor-
mance from 2009 to 2020, while the central and western regions show no apparent gradient
change (see Figure 2). This phenomenon is closely related to economic development, as the
eastern provinces and cities are economically developed, promote economic system reform
early, and absorb foreign investment and access to cutting-edge technology, which triggers
the cumulative effect of the economy, education, and healthcare. For example, Shanghai, as
one of the most economically developed regions, has high ecological welfare performance
due to its developed educational and medical resources. The central and western regions
are prone to form a strange circle of economic development with low resource use efficiency
and high pollution in the catch-up process of narrowing the economic gap. After 2013, the
level of environmental technology was not as fast as urbanization, which led to a period of
low ecological welfare performance. However, this problem was gradually solved with the
introduction of technology diffusion. With the narrowing of regional differences and the
spillover of technological innovation, the eco-environmental performance will gradually
converge [63].

Third, from the perspective of spatial agglomeration degree, the center of gravity of
ecological welfare performance in the Yangtze River Economic Belt from 2009 to 2013 was
concentrated in the central and western regions. The center of gravity was shifted relative
to the eastern regions from 2014 to 2020. In the early stage, the performance generally
took Hunan Province as the high-value aggregation area to the periphery of the central
region. The spatial radiation capacity was enhanced, showing a certain “center-edge”
spatial structure. The spatial structure of Hunan Province and Shanghai will form the high-
value center in the later stage and gradually decrease in all directions. The overall resource
level in the eastern region is higher than in other regions, but ecological and environmental
protection as well as people’s welfare issues were neglected in the early stage. With the
continuous introduction of technology, resource allocation is gradually rationalized, and
the environmental pollution caused by economic growth is gradually reduced (Figure 3).
Highly polluting enterprises gradually moved to the central region and concentrated near
Hubei Province. The above conclusions are consistent with the development status of the
western, central, and eastern provinces and cities of the Yangtze River Economic Belt in the
past decade, which indirectly confirms the correctness of the conclusions.

5.2. Discussion on the Relationship between New Urbanization and Ecological
Welfare Performance

(1). The coefficient of population urbanization is −1.6393 and significant at the 1%
level. The result indicates that population urbanization inhibits the ecological welfare
performance. It is mainly because the demand for living materials and the corresponding
metabolism of various groups of people in the urbanization process will inevitably increase
the ecological load. Moreover, with the development of population urbanization, urban
infrastructure needs to increase along with the increase in population. However, under the
condition of a certain urban area, the addition of infrastructure can only bring pressure to
the city. The rapid growth of population urbanization also puts considerable pressure on
the ecological environment, thus decreasing social welfare [64]. In addition, some experts
have discussed various environmental problems caused by big cities with the overcrowded
population, and proposed these small and medium-sized cities [65]. (2). The coefficient of
economic urbanization is 0.0093 and significant at the 5% level. The result indicates that
economic urbanization promotes the ecological welfare performance of the Yangtze River
Economic Belt. Industrial transformation and upgrading is an essential part of sustain-
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able development. Urbanization is also changing to green services, with modern service
industries replacing traditional manufacturing as the new driving force of urbanization
and economic development [66]. The empirical results are consistent with what academics
currently believe. As the proportion of the tertiary industry in the industrial structure
increases, the production of the same GDP produces less environmental pollution. The
industrial structure is continuously upgraded, and the ecological investment is reduced.
Compared with the coefficient of social urbanization, the contribution of economic urban-
ization is significantly lower than that of social urbanization, which proves that industrial
transformation and upgrading and rapid economic development also bring negative effects
on ecological welfare performance. However, some experts also put forward the nonlinear
relationship between industrialization and ecological environment [67].

(3). The coefficient of land urbanization is −0.0160 and is significant at the 1% level.
The reason is that the process of building urban infrastructure and roads will destroy
the surface vegetation and the original landforms, and the solid waste and wastewater
generated during the construction process will pollute the ecological environment of
the town, resulting in over-exploitation and thus causing ecological and environmental
problems. Zhou et al. (2022) estimated the associated effects of urban expansion and
water pollutant discharge in Yangtze River Delta and proposed the spatial interaction
between urban expansion and water pollutant discharge [68]. (4). The coefficient of social
urbanization is 1.4316 and significant at the 5% level. The result indicates that social
urbanization promotes the ecological welfare performance of the Yangtze River Economic
Belt. Most scholars use metrics such as the number of college students per 10,000 pollution
to measure the indicators of social urbanization, but these indicators need to be updated
somewhat with economic development [69]. As the main indicator of a city’s greening level,
the greening coverage of built-up areas is vital to improving the urban environment and
restoring organization. The essential reason is that the higher the green coverage rate of
built-up areas is, the better the urban environment will be improved, and the organizations
damaged by pollution in the ecosystem can be better repaired, and, as a result, the quality
of the ecological environment will be improved [70].

In terms of the control variables, the level of foreign investment has a significant
positive impact on the ecological welfare performance of the Yangtze River Economic
Belt, mainly because with the inflow of FDI, China introduces advanced technology and
experience. At the same time, the ecological environment quality improved accordingly.
Some scholars found that the inflow of foreign capital brings positive environmental
effects to China, promoting the introduction of environmentally-friendly enterprises and
improving ecological welfare performance [71,72]. The ratio of total import and export
value to a country’s GDP reflects the value of imported and exported goods, which does
not directly affect ecological welfare performance. The level of science and technology
innovation positively affects the ecological welfare performance of the Yangtze River
Economic Belt. The addition of advanced technology reduces the pollution generation
during urban development, while the ability to manage the environment strengthens and
improves ecological welfare performance. The Yangtze River Economic Belt cannot be
substituted in national land development. This paper studies the impact of new-type
urbanization construction on the ecological welfare performance of provinces and cities in
the Yangtze River Economic Belt. The research results are of exemplary significance for the
construction of the Yangtze River Economic Belt and the promotion of the development of
similar regions in China and even the world in the future.

6. Robustness Test

This paper uses the following methods to verify the regression robustness. First,
municipalities are not included. The municipality has its unique characteristics. Chongqing
and Shanghai are under the direct jurisdiction of the central government as municipalities.
Unlike other regions, though, they have apparent location and policy advantages in the
Yangtze River Economic Belt. Their economic and social environments are also quite dif-
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ferent from other provinces and cities in the Yangtze River Economic Belt. Therefore, this
paper excludes the municipalities in the sample and conducts regression again. The results
are shown in Table 3, which are consistent with the main regression results, indicating that
the main regression results are robust. The comparison of the regression coefficients shows
that the inhibition effect of population urbanization on ecological welfare performance is
weakened, and the promoting effect of economic urbanization on ecological welfare perfor-
mance is enhanced after removing municipalities directly under the central government.
This result indicates that municipalities have full advantages in the aspect of coordinated
economic development, industrial transformation, and upgrading. At the same time, their
geographical advantages attract service industry and foreign investment industry clusters,
which can effectively improve ecological welfare performance.

Table 3. Robustness test.

Variables
Excluding Municipalities Adding Core Explanatory Variables

Coefficient p-Value Coefficient p-Value

Population −1.3755 0.001 −1.8222 0.000
Economy 0.0099 0.037 0.0115 0.010

Land −0.0184 0.001 −0.0167 0.000
Social 1.1609 0.081 1.0180 0.109

Ecological – – 0.0118 0.077
Fdi 5.3132 0.000 4.6502 0.000
Rt 0.1630 0.251 0.1095 0.340
Rd 6.4976 0.134 11.3404 0.002

Second, the core explanatory variables are added. The promulgation and implemen-
tation of policies such as the National New Urbanization Plan (2021–2035) can promote
the joint development of new urbanization construction and ecological civilization con-
struction. These policies positively affect new urbanization construction in ecological
welfare transformation, scanning the practical effect [73]. Some scholars followed the plan
mentioned above in the construction of the new urbanization evaluation index system, and
added ecological urbanization to the core explanatory variables in terms of parkland area
per capita. The results are shown in Table 3. Comparing the regression coefficients shows
that after adding ecological urbanization as the core explanatory variable, population
urbanization inhibitory effect and economic urbanization promoting effect on ecological
welfare performance increase. This result indicates that when eco-urbanization promotes
ecological welfare performance, the relatively weaker indicator of population urbanization
in the main regression results will be revealed to a certain extent, leading to an increased
inhibitory effect.

7. Conclusions and Recommendations

This paper measures the ecological welfare performance of 11 provinces and cities in
the Yangtze River Economic Belt based on the “super-efficiency” SE-SBM model. It uses
mixed panel, random panel, and fixed panel models in terms of population, economic,
land, and social urbanization. It is essential to explore the impact of new urbanization on
ecological welfare performance for rapid economic development and ecological civilization
protection in the Yangtze River Economic Belt. The results show that: (1). Since 2009, the
ecological welfare performance of the Yangtze River Economic Belt has shown a U-shaped
trend of “decreasing and then increasing.” In terms of regional differences, there are
significant regional differences in ecological welfare performance between the east, middle,
and west. The eastern region, in particular, shows an apparent increasing trend. Spatially,
the spatial center of gravity gradually shifts from the central and western regions to the
eastern region, and the spatial radiation gradually shifts from the central and western
regions to the eastern region. (2). The regression results show that population urbanization
and land urbanization have a significant negative inhibitory effect on ecological welfare
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performance. In contrast, economic and social urbanization have a significant positive
promoting effect on ecological welfare performance. (3). The level of foreign investment
and scientific and technological innovation have a significant positive promoting effect on
ecological welfare performance in the Yangtze River Economic Belt. In contrast, the level
of opening up to the outside world has no significant correlation with ecological welfare
performance. (4). Robustness tests show that the city’s location, political, and economic
advantages, as well as the proposed national construction plan for new urbanization, can
promote ecological welfare performance.

Based on the above analysis and conclusions, the following recommendations are
made for the Yangtze River Economic Belt to improve ecological welfare performance
sustainably. Firstly, local governments should promote the orderly transfer of surplus
rural labor force, actively guide the population to gather in small and medium-sized cities,
and fully ensure the implementation of the rural professional population citizenization,
achieving people-centered urbanization. Secondly, local governments should speed up in-
dustrial green transformation and upgrading, focus on developing high-tech industries and
low-carbon green industries, and eliminate backward production capacity and pollution-
intensive industries. Thirdly, the government should improve the utilization efficiency
of urban space, better the urban living environment, coordinate the transformation of
central urban areas and the construction of new districts, and prohibit blind expansion
and disorderly establishment of projects. Fourthly, local government should strengthen
municipal facilities and the construction of public service facilities, increase the supply of
basic public services, improve greening and garbage disposal, and enhance the supporting
capacity for population gathering. Fifthly, local governments should establish a system
of ecological and environmental governance by multiple entities, clarify the functional
positioning of various cities, facilitate coordinated green development, and promote joint
ecological and environmental governance in urban agglomerations.

This paper adopts the SE-SBM model to measure the ecological welfare performance
of the Yangtze River Economic Belt and uses a fixed-effects panel model to investigate
whether new urbanization can improve ecological welfare performance. Due to limited
knowledge, limited access to data resources, and limited mastery of research methods, this
study has many shortcomings, such as a lack of research on the mechanisms related to new
urbanization and ecological welfare performance. The construction of the relevant index
system is borrowed more from other scholars and is less innovative. Mastering research
methods is limited, and the research methods are relatively simple. The research on the
impact of new urbanization on the ecological welfare performance in the Yangtze River
Economic Belt needs to be carried out further. This paper has a good research prospect. First
of all, there are few relevant studies on the impact of new-type urbanization on ecological
welfare performance. Secondly, this paper not only makes suggestions on improving
ecological welfare performance based on core explanatory variables but also analyzes
control variables to a certain extent, which has positive significance for the construction
of new-type urbanization in the Yangtze River Economic Belt and the improvement of
ecological welfare performance.
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