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Abstract: Based on the concept of high-quality development, this paper constructs an urban ecologi-
cal welfare evaluation framework, measures the urban ecological welfare performance in Jiangsu
Province from 2005 to 2019 using a stochastic frontier production function model, and conducts
a spatial and temporal divergence feature analysis, combining a spatial panel econometric model
and a threshold panel regression model to explore the spatial effects and mechanisms of urban
ecological welfare performance. The results show that: (1) The urban ecological welfare performance
in Jiangsu province has been increasing every year, and the spatial divergence between north and
south is significant, with the overall trend of southern Jiangsu > central Jiangsu > northern Jiangsu.
(2) The differences in urban ecological welfare performance among the three regions are gradually
decreasing, with the high values expanding and the low values decreasing, and the urban ecological
welfare performance in northern Jiangsu Province is gradually approaching that in southern Jiangsu
Province, and the urban ecological welfare performance level tends to be balanced. (3) There are
significant negative spillover effects of industrial structure, city scale, and economic development
level on urban ecological welfare performance, as well as significant threshold effects of innovation
level, industrial structure, foreign trade dependence, and economic development, and significant
differences in the degree of influence of urbanization on urban ecological welfare performance under
different threshold variables. (4) The urbanization and economic development levels are the fun-
damental factors driving urban ecological welfare performance improvement. Industrial structure
optimization, city scale, technological innovation, and foreign trade dependence positively contribute
to urban welfare performance, and government financial pressure constrains the performance level
improvement. In the future, a long-term mechanism for high-quality green development should be
constructed, spatial spillover channels should be continuously improved, welfare thresholds should
be effectively circumvented, and urban ecological welfare performance should be promoted in a
concerted manner.

Keywords: high-quality development; urban ecological welfare performance; threshold effect;
spillover effect; Jiangsu province

1. Introduction

Neoclassical economics usually assumes that natural resources exist as a neutral and
infinite supply, that unrestricted economic growth can sustainably bring human welfare,
and that the development of human society is sustainable as long as the increase in human-
made capital is greater than the decrease in natural capital [1,2]. However, with the
steady progress of ecological civilization construction and the “Two Mountain Theory”,
this view has been questioned and criticized by the academic community. Sustainable
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economics considers economic systems as subsystems of ecosystems, and economic growth
plays a mediating effect in the process of human welfare enhancement, while ecosystems
are the material basis and guarantee of a good human life [3,4]. As Herman E. Daly, a
leading theorist of sustainable development economics, has expressed, human society has
transitioned from an “empty world” of relatively abundant natural capital to a “full world”
of increasingly tight ecological constraints [5]. Scarcity of natural capital has become
a major constraint to human development in a “full world”, and the high entropy of
waste generated by human activities has not fully transformed human-made capital into
human welfare [6]. The concept of “high-quality development” was first introduced at
the 19th National Congress, and since then, high-quality development has become a basic
requirement for China to enter a new stage of development, to deeply implement the new
development concept, and accelerate the construction of a new development pattern. How
to balance the effective integration of the three systems of economic development, social
life, and ecological environment, while coming out of a high-quality green development
path in harmony with people and land is an issue of the times common to human society.

Sustainability economics uses ecological welfare performance to measure the extent to
which a region is sustainable and its potential for sustainable development [7]. The goal is
to maximize welfare with minimal ecological consumption, and to be able to truly reflect the
relationship between the local ecological environment and people’s well-being [8]. China’s
social economy has entered a “high quality” development stage with the transformation
of old and new dynamics, and the development mode has shifted from “high speed” to
“efficiency and quality” improvement [9]. Eco-welfare performance takes comprehensive
human development as the fundamental goal of ecological inputs, avoiding pure GDPism
and being more in line with the overall requirements of high-quality development [10].
Based on the steady-state economic theory, ecological welfare performance was initially
defined as the ratio of services to fluxes, mostly characterized by the ratio of the amount
of social welfare value to the physical amount of ecological resources consumed [11].
Subsequently, concepts such as the Human Development Index (HDI) and the ecological
footprint were introduced to enrich the meaning of ecological welfare performance [12,13].
Research related to eco-welfare performance began late in China and has received much
attention with the construction of the ecological civilization. It mainly focuses on two
major aspects: (1) Measurement and evaluation. The first is from the perspective of the
scaling algorithm, where the indicator measuring the level of social welfare is used as the
numerator and the indicator measuring ecological consumption is used as the denominator.
Zang et al. used the ratio of life expectancy to ecological footprint per capita to quantify
the level of ecological welfare performance [10]. Feng et al. argue that the welfare level
should be measured as a composite representation of health, economic, and educational
aspects, using the ratio of HDI to ecological footprint per capita metric [14]. Fu et al. placed
the sustainable use of resources in a complex system of “nature-economy-society” and
proposed the Resource Welfare Index (RWI) [15]. Secondly, from the perspective of the
“input-output” framework, including the stochastic frontier production function model
(SFA) or the data envelopment analysis (DEA), two types of methods, the method is more
comprehensive and objective, and the evaluation results are more realistic and credible. To
distinguish the concept of “efficiency” in neoclassical economics, Zhu et al. define ecological
welfare performance as the ability of humans to transform natural consumption into a
level of welfare [16], which provides a reference for other scholars [10,17]. (2) Influencing
factors, convergence, and spatial effects, etc. Li et al. used SBM models and spatial error
models to test the factors influencing inter-provincial ecological welfare performance in
China [18]. Du et al. found a convergence effect on ecological welfare performance in the
central and western regions of China [19]. Fang et al. found strong spatial correlations and
path dependence in ecological welfare performance in China [20]. Xiao et al. used the SFA
model and dynamic spatial Durbin model to explore the convergence of ecological welfare
performance in the Yellow River basin [21]. Some scholars have also explored the factors
influencing ecological welfare performance using LMDI decomposition, cross-sectional
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regression models, and panel Tobit models (14, 16-17). Some scholars have also explored
the factors influencing ecological welfare performance using LMDI decomposition, cross-
sectional regression models, and panel Tobit models, but the conclusions obtained vary
widely. The scale of the study was expanded from the national level [16] to different levels
such as regional [22,23], inter-provincial [24], and city levels [25].

In summary, there have been many studies on ecological welfare performance, but the
following points need to be explored in depth. (1) The construction of the index system is
the key to ecological welfare measurement, and a scientific and reasonable index system is
the core of ecological welfare quantification. With the proposal of high-quality development,
the construction of the index system takes the concept of high-quality development and
realistic needs less into account. (2) Little research has been conducted on the spatio-
temporal dynamic evolutionary pathways, evolutionary laws, and driving mechanisms of
ecological welfare performance. (3) The mainstream measurement method, the DEA model,
does not take into account the influence of random factors, which makes the obtained
results biased, while the SFA model can overcome this shortcoming. Jiangsu Province is
located in the core of China’s Yangtze River Delta and is one of the important provinces
supporting and leading China’s economic development. The rapid urbanization in the
past has brought many real problems such as habitat destruction, urban-rural dichotomy,
and regional differences, etc. How to accomplish the synergy and progress of urban
economic, social, and ecological systems is an urgent question to be considered in the
process of regional integrated and high-quality development. In view of this, based on the
concept of high-quality development, this paper adopts the SFA model to measure urban
ecological welfare performance from 2005 to 2019 based on the concept of high-quality
development in Jiangsu Province, China, and analyzes its evolutionary characteristics and
driving mechanisms by combining the spatial panel econometric model and the threshold
panel regression model, aiming to provide policy implications for ecological protection and
high-quality development in Jiangsu Province, China.

2. Study Area and Data Sources
2.1. Study Area

Jiangsu Province was selected as the research area and is shown in detail in Figure 1.
Jiangsu Province is an important economic growth pole in China’s eastern coastal region,
located in the eastern part of China’s land area, downstream of the Yangtze River and Huai
River, adjacent to the Yellow Sea, bordering Shandong Province and Anhui Province, and
adjacent to Zhejiang Province and Shanghai, with superior location conditions. Jiangsu
Province’s industrial structure adjustment accelerated, and as of 2020, the annual gross
regional product exceeded 10 trillion yuan, the value-added ratio of the three industries
was adjusted to 4.4:43.1:52.5, the development of high-tech industries was significantly
enhanced, the year-end urban registered unemployment rate remained low at 3.2%, and
the GDP per capita and livelihood index were at the forefront of the provinces.

Jiangsu Province has 13 prefecture-level cities, divided into three regions: South-
ern Jiangsu, Central Jiangsu, and Northern Jiangsu. The southern region includes five
prefecture-level cities, including Nanjing, Suzhou, Wuxi, Changzhou, and Zhenjiang; the
northern region includes five prefecture-level cities, including Xuzhou, Lianyungang,
Sugian, Huaian, and Yancheng. The central region includes three prefecture-level cities,
including Yangzhou, Taizhou, and Nantong. The regional economy is high in the south and
low in the north, and the unbalanced development trend is noticeable. Southern Jiangsu is
socio-economically developed, but industrial integration and ecological environment face
challenges. The socio-economic development of central Jiangsu is between southern Jiangsu
and northern Jiangsu, and the industrial structure is similar, producing the phenomenon of
homogeneous competition and homogeneous development, with a low efficiency of spatial
resource utilization. The socio-economic development of northern Jiangsu falls relatively
behind, and the problems of non-agriculturalization of arable land and ecological risks
raise concerns. Along with the rapid economic development, the land use structure has
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undergone a large transformation, and the human-land system is facing many problems
such as tightening resource constraints, local degradation of the ecosystem, and imperfect
linkage mechanisms in the three regions.
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Figure 1. Map of Jiangsu province location.

As a resource-constrained province as well as a pilot reform and opening-up zone,
Jiangsu Province is important for driving the development of the coastal and Yangtze River
economic belts and contributing to the integrated development of the Yangtze River Delta,
but with 1.12% of the country’s land resources carrying 10.10% of GDP and 5.80% of the
population, the high population density and insufficient amount of resources in the region
highlight the regional differences and the urgent need to optimize the relationship between
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economic and ecological development. There is an urgent need to optimize the relationship
between economic development and ecological resources consumption. Therefore, Jiangsu
Province is selected as a case study to reveal ways to achieve the sustainable improvement
of human welfare and quality of life under the premise of natural capital constraints, which
is representative for guiding regional high-quality development.

2.2. Theoretical Framework and Indicator Construction

High-quality development is not only consistent with the view of sustainable develop-
ment, but also a perfect interpretation of the “two mountains theory”, the core meaning of
which is to achieve the synergistic development of economic, social, and ecological benefits.
This thesis uses cities as a vehicle to construct a theoretical framework for high-quality
ecological welfare performance by combining the concept of high-quality development
and welfare performance evaluation. As shown in Figure 2, with the input-output frame-
work [26], this paper is oriented to “ecological priority and green development”, based on
the five major concepts of coordination, innovation, green, sharing, and openness of the
theory of high-quality development, with the goal of improving people’s well-being and
regional sustainable development and upholding the principle of obtaining the maximum
level of urban welfare with less ecological input and resource consumption, and finally
to achieve the synergistic development of the three systems of economy, environment,
and society.
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Figure 2. Theoretical framework of urban eco-welfare performance.

According to the theoretical framework in Figure 2, following the principles of ob-
jectivity, namely the representativeness and operability of the indicator selection, the
input-output evaluation index system of urban ecological welfare performance is con-
structed (Table 1). The input indicators were selected based on the following: referring to
the ideas of other scholars [27], input indicators consider the basic factors of production
in economics (i.e., resources, capital, and labor). Combined with the concept of high-
quality development, the ecological welfare level is more concerned about the synergistic
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promotion of ecological protection and economic growth through ecological governance
investment, committed to the harmonious coexistence of human and nature, and attaches
importance to the maintenance of ecological level. Therefore, input indicators cannot be
limited to negative indicators such as resource consumption and environmental costs, but
also need to introduce positive indicators of ecological capital to emphasize ecological
governance. Referring to relevant studies [21], this paper uses two indicators of ecological
governance infrastructure and ecological governance personnel to characterize ecological
governance, and three indicators from land resource consumption, energy consumption,
and water consumption to characterize resource consumption.

Output indicators include expected output and non-expected output. In this study,
the expected output is set as the level of high-quality welfare. Referring to Zhang's crite-
ria for perceiving a complex and multidimensional high-quality system [28], this paper
measures the level of high-quality welfare in five dimensions: coordination, innovation,
green, sharing, and openness. The specific logic is described as follows: innovation, as the
primary technological driver of development, is the endogenous driving force that catalyzes
economic development and breaks the traditional inefficient solidification, drawing on the
concept of innovation from previous studies [29], of which the main indicators selected are
scientific and technological output, capital productivity, and labor productivity. Coordi-
nated development mainly addresses the problem of unbalanced development, focusing on
industrial structure and demand structure, and industrial structure draws on Cui et al. [30]
to select indicators such as rationalization and advanced industrial structure. Demand
structure is the synergy between urban and rural spaces in terms of consumption, income,
and employment, drawing on Liu et al. [31] to select indicators such as urbanization income
gap, consumption contribution rate, and registered unemployment rate of urban residents.
Green development attaches great importance to ecological improvement and pollution
control, and draws on the research of Xu et al. to select four indicators for comprehen-
sive expression [27]. Open development is mainly a measure of the degree of opening
up of the regional economy to the outside world, which is mainly measured in terms of
foreign trade dependency and the output value of foreign-invested enterprises, drawing
on the experience of studies such as Guo et al. [32]. Shared development emphasizes
people-oriented and fair sharing, whereby income distribution justice, basic public service
levels, and quality of life are included in the factor layer, and six indicators are selected for
comprehensive expression with reference to the sharing concept of Liu et al. [31]. The five
major dimensional indicators are based on the comprehensive evaluation model [32] to
obtain the comprehensive index of high-quality development of each city as the expected
output. The non-expected output is expressed as the emission of environmental pollution,
which has been studied mainly in three dimensions: solid waste emission, wastewater
emission, and exhaust gas emission, while PM2.5 has been shown to be more related to
industrial eco-efficiency [33], so this study adds PM2.5 to characterize air quality, with a
total of four non-expected output indicators. With reference to the relevant literature [34]
and model applicability, non-desired outputs such as PM2.5, industrial wastewater, SO,
and soot (dust) emissions are integrated as a composite index of industrial pollution as
an environmental cost to measure the negative externalities of the input process. The
indicator selection process in this study downplayed the total indicators and focused on
comprehensive performance evaluation. To avoid the problem of multiple cointegration,
the cointegration test was conducted with the help of the inflation factor analysis and the
Pearson correlation coefficient test, and all the indicators passed the test, indicating that the
selection of indicators was reasonable. In total, there are 11 input indicators and 22 output
indicators (Table 1).
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Table 1. Comprehensive evaluation system of urban ecological welfare performance.

Category

Level One Indicator Level Two Indicator Level Three Indicator

Input indicators

Eco-capital investment

Ecological resource
consumption

Environmental costs

Total number of special vehicles and equipment for city
sanitation (unit) (x1)
Number of public toilets (unit) (x2)

Ecosystem management

Ecological environment
administrator
Land resource consumption Per capita construction land area (m?/ person) (x4)
Per capita coal consumption (tons/person) (x5)

Environmental practitioners (10,000 people) (x3)

Energy consumption

Per capita electricity consumption (Kwh/person) (x6)
Water consumption Per capita water consumption (10,000 m?/person) (x7)
Solid waste emissions Per capita smoke (powder) dust emissions (tons/person) (x8)
Wastewater discharge Per capita industrial wastewater discharge (tons/person) (x9)
Exhaust emissions Per capita sulfur dioxide emissions (tons/person) (x10)
Air quality PM2.5 concentration (ng/ m3) (x11)

Output
indicators

High-quality welfare

level

Number of patents granted (pieces) (x12)
Innovative development Capital productivity (%) (x13)
Labor productivity (%) (x14)
Rationalization of industrial structure (-) (x15)
Advanced industrial structure (-) (x 16)
Coordination of development Urban-rural income gap (yuan) (x17)
Consumption contribution rate (%) (x18)
Urban registered unemployment rate (%) (x19)
Per 10,000 people public transportation vehicles (unit) (x20)
Per capita GDP (yuan) (x21)
Per capita road area (m?2/ person) (x22)
Per 10,000 people number of beds in medical institutions
(unit/10,000 people) (x23)
Engel coefficient ratio of urban and rural residents (%) (x24)
Per 100 people public library collections (books/100 people)
(x25)
Greening coverage of built-up areas (%) (x26)
Harmless disposal rate of domestic waste (%) (x27)
General industrial solid waste comprehensive utilization rate (%)
(x28)
Wastewater treatment rate (%) (x29)
Total imports and exports as a percentage of GDP (%) (x30)
Number of foreign direct investment contract projects (unit)
(x31)
Number of international tourist arrivals (10,000 people) (x32)
The ratio of the output value of foreign, Hong Kong, Macao, and
Taiwan invested enterprises to GDP (%) (x33)

Shared development

Green development

Opening-up development

Note: (i) the advanced industrial structure is the ratio of the third industry to the second industry; (ii) the
rationalization of the industrial structure is measured based on the data of the three industrial structures using
the Thayer index; (iii) the contribution of consumption is expressed as the ratio of the value added of final
consumption to the value added of regional production accounted by the expenditure method [35]; (iv) the
urban-rural income gap is the ratio of the per capita net income of urban residents and rural residents.

2.3. Data Source and Processing

According to the availability of data of administrative units in the study period,
the original values involved in the evaluation indices of this study are mainly obtained
from the Jiangsu Provincial Statistical Yearbook, the China Urban Statistical Yearbook, the
China Statistical Yearbook, as well as the statistical yearbooks of prefecture-level cities in
Jiangsu Province and the statistical bulletin of national economic and social development
(2006-2020). The study period was selected from the most rapid land use change in Jiangsu
Province to 2019, and the spatial granularity was 13 municipalities in Jiangsu Province.
The administrative zoning map was obtained from the “Yangtze River Delta Science Data
Center, National Earth System Science Data Sharing Infrastructure, National Science &
Technology Infrastructure of China(http://nnu.geodata.cn/) (accessed on 18 September
2022)”. It is worth noting that in order to ensure the consistency of the time series spanning
15 years, the economic data of different years are processed at constant prices with 2005 as
the base period; in addition, when the statistical caliber of some data is not uniform, the
study takes the data released by the statistical institutions at a higher level as the basis.
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3. Methodology
3.1. Stochastic Frontier Production Function Model

The stochastic frontier model (SFA) is one of the more commonly used methods to
evaluate technical efficiency [36,37]. Economic high quality development in the actual produc-
tion process may be constrained by two major factors, namely stochastic perturbations and
technical inefficiencies, referring to the setting of the model by Battese et al. [38], a high-quality
welfare performance function model based on the Cobb-Douglas function form:

4
Iny; = Bo+ Y BuIn I} + (Viy — Uy) 1

m=1

where y;; denotes the level of high-quality welfare; S is the constant term; fm is the
coefficient of the input variable; I}’ denotes the input variable; ¢ is the study time and i
denotes the sample size (I =1, 2, ..., 13); V;; is the random error term; 0‘2, is the variance;
m;; is the average value; Uj; denotes the technical inefficiency term obeying the average
value and variance. .
m; = o + Z 5mRZl + Wit (2)
m=1

where Jy is the constant term; dm is the parameter of interest; R} indicates the influence
factor; and wj; is the random error term.

Using the maximum likelihood method to estimate Formulas (1) and (2), the high-
quality welfare performance of prefecture i city in year ¢ is:

Qua;; = exp(—Uy) 3)

3.2. Spatial Autocorrelation Analysis

Spatial autocorrelation refers to the potential interdependence between observations
of some variables within the same distribution. Spatial autocorrelation analysis reflects the
degree of association between the value of an attribute on one regional unit and the value
of the same attribute on neighboring regional units. This study reflects the degree of spatial
correlation of spatial neighboring unit attribute values altogether, based on the full domain
Moran’s index I (Moran’s I), which has a value domain of [—1, 1] [39], and according to
which the closer the value is to 1, the stronger the spatial autocorrelation, indicating that
the attributes of neighboring regions tend to cluster. The spatial weights were selected as
first-order Rook adjacency matrix, and the results were tested by Z. The Moran index was
significant if |Z1 > 1.96, i.e., the p-value was less than 0.05. Where, when Moran’s I > 0,
it indicates positive spatial correlation, and the larger its value, the more obvious spatial
correlation. When Moran’s I < 0, it indicates negative spatial correlation, and the smaller
its value, the greater the spatial difference; otherwise, when Moran’s I = 0, the space is
random. The Global Moran’s I Index formula is:

n y it Xjg Wij(xi — X)(xj — X)

I =
S T (%)

(4)

where: [ is the Global Moran’s I index; x; and x; are the observed values of the i-th
urban ecological welfare performance evaluation unit and the j-th urban ecological welfare
performance evaluation unit, respectively; W;; is the spatial weight matrix between unit
i and unit j which is the mean of the observed values; n is the sample size, i.e., the total
number of urban ecological welfare performance evaluation units in the study area.

3.3. Spatial Panel Econometric Model

Spatial panel econometric models include three main forms: spatial lag model (SLM),
spatial error model (SEM), and spatial Durbin model (SDM), which are applicable to
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different spatio-temporal interaction effect patterns [40]. The spatial panel Durbin model is
a combined extension of SLM and SEM [41], and its expression is shown as follows:

n n
Vi = BXit +0Y Wiljt + Y wiiXijey + pi + At + iy &)
=1 =1

where: t denotes time; i denotes the spatial element; p denotes the spatial autocorrelation
coefficient of the error term; y;, is the explained variable; x; is the influence factor; § is the
influence factor coefficient; y; is the spatial fixed effect; A; is the time fixed effect; wj; is the
spatial matrix; v denotes the coefficient of the spatially lagged explanatory variable; ¢;; is
the random error term that obeys independent identical distribution.

3.4. Panel Threshold Model

The “threshold effect” refers to the phenomenon of a parameter reaching a specific
value, consequently causing a sharp change in another parameter, transforming it into other
forms of development. In this study, the Hansen panel threshold regression model was
used to determine the threshold value using the residual sum of the squares minimization
and significance test. In order to determine the threshold estimates and the confidence
interval of the true value, the threshold variable statistics need to be constructed to test, and
if the null hypothesis cannot be rejected, indicating the existence of at least one threshold,
the second and third thresholds are searched for by analogy until the original hypothesis
cannot be rejected, based on which the final threshold number is determined. This study
constructs a segmentation function with urbanization as the threshold variable to verify
the non-linear relationship between the effect of urbanization on high-quality welfare
performance, and the specific formula can be found in the literature [42].

4. Research Results
4.1. Time-Series Evolutionary Characteristics of Urban Ecological Welfare Performance

A stochastic frontier model (SFA) was used to measure the urban ecological welfare
performance values in Jiangsu Province from 2005 to 2019. The kernel density functions of
urban ecological welfare performance for four-time cross-sections, 2005, 2010, 2015, and
2019, were selected (Figure 3a). The wave form shows a significant “single-peak” distribu-
tion, with the overall process of flattening to steepening, showing an inverted “U”-shaped
change, characteristic of “rising then falling”, and the ecological welfare performance curve
along with the main peak gradually advance to the right, indicating that the ecological
welfare performance of each city continues to improve. The peak height of the wave is
generally on the rise, and the left side of the distribution curve indents to the right while
the double-tailed extension continues to narrow, indicating that the high-value area and
low-value area fluctuate more, from the balanced distribution in 2005 to the convergence
of high values in 2019, indicating that the non-homogeneity between regions has slowed
down, and the ecological welfare performance of the cities has improved more significantly.

The overall view (Figure 3b) of urban ecological welfare performance in Jiangsu
Province has been increasing yearly, from 0.344 in 2005 to 0.852 in 2019, with an average
annual growth rate of 6.76%. With the tightening of resource constraints and the localized
degradation of ecosystems, the government pays more attention to the concept of green
development and increases the investment in ecological and environmental management
while attaching importance to economic growth, while the economic development has led
to the increase in residents’ income and the gradual improvement of the social security
system, medical level, and education level, which makes the urban ecological welfare
performance in Jiangsu province increasingly better. The coefficient of variation of urban
ecological welfare performance decreases from 0.586 in 2005 to 0.078 in 2019, indicating that
the differences between cities gradually decrease and urban ecological welfare performance
tends to develop in a balanced manner. In terms of sub-regions, the urban ecological
welfare performance in southern Jiangsu, central Jiangsu, and northern Jiangsu all showed
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a steady upward trend, with performance averages of 0.737, 0.656, and 0.510, respectively,
with more obvious differences in the gradients of the three major regions. Southern Jiangsu
tops the list with an absolute advantage, from 0.497 in 2005 to 0.903 in 2019, with an
average annual growth rate of 4.36%. This is likely due to the superior location of southern
Jiangsu, its proximity to Shanghai and significant radiation by it, and the higher industrial
agglomeration effect with the advantage of green innovation and technology to reduce the
negative ecological effects of high energy consumption of economic growth, coupled with a
more complete medical and education system, which ensures the regional urban ecological
welfare performance is at the leading level. Central Jiangsu is the second highest, rising
from 0.365 in 2005 to 0.868 in 2019, with an average annual growth rate of 6.38%, the closest
to the overall level of Jiangsu Province. The lowest is northern Jiangsu, rising from 0.180 in
2005 to 0.791 in 2019, with an average annual growth rate of up to 11.15%, the overall level
is not high, and there is room for an improvement of nearly 20% in the future. This may be
related to the fact that the northern Jiangsu region is located in the “Yangtze River Delta”
peripheral area, which implies a weaker radiation from the economic center, and the lack
of scale effects of resource development, weak industrial base, and insufficient endogenous
power for industrial transformation. The coefficient of variation of urban ecological welfare
performance in the three major regions has decreased yearly. In the past 15 years, southern
Jiangsu has dropped from 0.412 to 0.053, central Jiangsu has dropped from 0.345 to 0.051,
and northern Jiangsu has dropped from 0.337 to 0.047, with roughly the same decrease rate.
This shows that the differences in urban ecological welfare performance in all three regions
are gradually narrowing and tend to develop in a synergistic manner.
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Figure 3. (a) shows the kernel density of urban eco-welfare performance in Jiangsu Province,
2005-2019, and (b) shows the trend of urban eco-welfare performance in Jiangsu Province, 2005-2019.

4.2. Spatial Pattern Evolution of Urban Ecological Welfare Performance

The urban ecological welfare performance values for four-time cross-sections, namely
2005, 2010, 2015, and 2019, were selected for visualization, and the performance values
were graded according to 0~0.2, 0.2~0.4, 0.4~0.6, 0.6~0.8, and 0.8~1.0, and defined as low
welfare zone, relatively low welfare zone, moderate welfare zone, relatively high welfare
zone, and high welfare zone, respectively (Figure 4).
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Figure 4. Spatial patterns of urban ecological welfare performance in Jiangsu province.

The spatial divergence of the urban ecological welfare performance in Jiangsu Province
from 2005 to 2019 is obvious, generally following the pattern of gradual decrease from south to
north. Each city showed an improvement trend of different magnitudes, and the overall spatial
pattern was in the order of Southern Jiangsu > Central Jiangsu > Northern Jiangsu. Specifically,
the cities were dominated by low and relatively low welfare in 2005, accounting for 76.92% of
the total, with moderate and relatively high welfare areas in Nanjing, Suzhou, and Nantong.
Among them, Nantong is the only city in central Jiangsu with a high urban ecological welfare
performance, mainly due to its proximity to Shanghai and Suzhou, and it is easily affected by
the trickle-down effect of its economic development, exhibiting better living standards. In 2010,
the spatial patterns of cities in Jiangsu province are distributed in moderate and relatively high
welfare spreading groups, and all low welfare levels move to higher levels. Compared to 2005,
the low levels move to the higher levels of the adjacent levels, and only Xuzhou, Yangzhou, and
Wuxi move across levels. In 2015, the urban ecological welfare performance of Jiangsu Province
spreads in an inclined “M” shape with a relatively high welfare zone extending to most of
Jiangsu Province, with only Sugian in a moderate welfare zone. In 2019, the high welfare zone
was further expanded to the entire southern Jiangsu region, the central Jiangsu region, as well
as Lianyungang and Yancheng in northern Jiangsu. With the higher level of welfare gradually
narrowing and the stepwise divergence between the high south and low north becoming more
pronounced, it is worth mentioning that Nanjing has been in a high welfare level that has
remained unchanged from 2005 to 2019, mainly because Nanjing, as the capital city of Jiangsu
Province, focuses on the integrated allocation of resources, a high degree of intensive land use,
and the industrial introduction threshold, while also focusing on clean production. Therefore, it
is situated in the high welfare zone.

From the perspective of growth rate, the urban ecological welfare performance in Jiangsu
Province varies widely, with the average annual growth rate in northern Jiangsu being much
faster than that in southern Jiangsu. Among the cities in northern Jiangsu, Xuzhou (11.57%),
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Huai’an (13.19%), Taizhou (10.50%), and Sugian (15.57%) have an average annual growth rate
of more than 10%. These cities lack transportation advantages and industrialization has been
slow, but with the promotion of urbanization and the implementation of integrated regional
development strategies, these areas have developed rapidly, resulting in the improvement of
people’s living standards and social security systems, a higher level of quality development,
and a consequent increase in ecological welfare performance. However, among the cities in
southern Jiangsu, Nanjing (1.31%), Suzhou (2.50%), Wuxi (6.36%), and Nantong (4.34%) have
a better foundation for economic development and are already ahead of other cities in Jiangsu
Province in terms of high-quality welfare levels in the base period, so even though the eco-
welfare performance remained at a high level in the later period and increased compared to the
earlier period, the overall increase was low compared to the ecological welfare performance in
northern Jiangsu province. The reason for which the urban ecological welfare performance of
southern Jiangsu has been leading is more related to the more successful regional development
strategy of the region. First of all, in terms of natural conditions, southern Jiangsu is not
only a vast plain, but also backed by the Yangtze River facing Taihu Lake. Rich in water
resources, the Yangtze River runs across the east and west, based on the traditional shipping,
and internal links can also be connected by ship, from the Ming and Qing dynasties to the
present. Southern Jiangsu has always been an important distribution center for trade in goods,
saving a large part of the infrastructure costs in the accumulation phase of the economy.
Secondly, the proximity of Southern Jiangsu to Shanghai, to which the title of Shanghai’s
backyard is owed, has amplified the extent of the linkage with Shanghai. Shanghai has the
most advanced technology accumulation in China and is the frontier in terms of opening-up
to the outside world, but land resources in Shanghai are scarce, while the GDP growth rate of
southern Jiangsu is very fast due to its flat terrain and cheap land. Combined with Shanghai’s
advanced management experience and sufficient capital, the three cities of Suzhou, Wuxi, and
Changzhou, in particular, are leading the way. This was especially the case in 2001, after the
WTO accession economic growth rate had exceeded 20%, and township enterprises began
mushrooming while the world-famous Huaxi Village was born. Finally, the open policy in
southern Jiangsu is also a major factor in helping to improve its eco-welfare performance.
Jiangsu has opened-up many foreign trade parks in southern Jiangsu dedicated to attracting
foreign investment, which not only promotes fast overall approval, but also has counterpart
support policies, giving full play to its own geographical advantages.

4.3. Evolutionary Mechanisms of Urban Ecological Welfare Performance
4.3.1. Analysis of Spatial Spillover Effects
Spatial Correlation Analysis

The Moran’s I value of urban ecological welfare performance was measured using
OpenGeoDa software (Figure 5). The Moran’s I value increased from 0.2141 in 2005 to
0.3389 in 2019, with an overall annual increase, and | Z| > 1.96, i.e., the p-value is less than
0.05, indicating that the Moran’s I value passed the 5% significance level test. This shows
that its distribution corresponds to a spatial agglomeration pattern, and the existence of
spatial effects cannot be ignored.
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Figure 5. The Moran'’s I value of urban ecological welfare performance in 2005-2019.
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Selection of Influence Variables

The previous section has demonstrated that urban ecological welfare performance is
spatially correlated, which requires further in-depth study using a spatial panel econometric
model. Drawing on previous relevant studies [43—45], using urban ecological welfare
performance as the explanatory variable (Y), the following influencing factors were selected
(Table 2): @ Level of economic development (X1). Economic development is an important
driving force for the improvement of high-quality welfare levels; the better the economic
level of the region, the better the urban basic service facilities and social security system,
the higher the welfare level of the residents, using GDP per capita to characterize the level
of economic development. ) Urbanization level (X2). Urbanization development brings
great changes to urban spatial structure and residents’ lifestyles, etc., which directly affects
the residents” high-quality welfare levels, and the urbanization rate is used to reflect the
urbanization level. (3) Industrial structure (X3). This plays a decisive role in the effectiveness
of resource allocation and production efficiency and is characterized by the ratio of the three
industries to the two industries. (9 City size (X4). City size reflects the distribution of urban
population and defines whether its size is large enough to lead to spatial congestion, while
a smaller size may result in the inefficient spatial allocation of resource factors. City size is
characterized by population density. &) Technological innovation (X5). This is a driving
force for social development and progress, and it plays a positive role in aspects such as
green production efficiency and ecological governance in cities, which may be responded
to by the number of patents granted. (6) Fiscal pressure (X6). This reflects the government’s
financial commitment to perform services for urban development and may be characterized
by the ratio of fiscal expenditure to general budget revenue. 7) Degree of openness to the
outside world (X7). The technology spillover effect of the degree of openness to the outside
world can stimulate the transformation of local economic development, but also increase
local resource consumption and environmental pollution. The degree of openness to the
outside world can be characterized by the actual use of foreign capital.

Table 2. Index selection of factors influencing urban ecological welfare performance.

Influencing Factors Indicator Definition/Calculation Methodology Unit
Level of economic development (X1) GDP per capita Yuan
Level of urbanization (X2) Urban population/resident population x 100% Y%
Industrial structure (X3) Ratio of secondary sector to tertiary sector %
City scale (X4) Population density Persons /km?
Technological innovation (X5) Number of patents granted 10,000 pieces
Financial pressure (X6) Financial expenditure/general budget income %
Degree of openness to the outside (X7) Actual use of foreign capital/GDP %

Model Testing and Identification

First, the screening of SEM models and SLM models needs to be carried out by LM
test and Robust LM test before selecting the models, and the test results are shown in
Table 3. The results found that LM-lag, Robust LM-lag, and Robust LM-error passed the
significance test, indicating that both spatial lag and spatial error terms exist in the spatial
dependence of urban ecological welfare performance. Second, Walds and LR tests are used
to determine whether SPDM can be degraded to SEM and SLM. As shown in Table 3, the
results of the Walds test and LR tests of urban ecological welfare performance pass the
significance test and the original hypothesis is rejected. That is, the SPDM model of urban
ecological welfare performance in Jiangsu province cannot be degraded to SLM or SEM.
Finally, the Hausman test was used to determine the choice of random effects or fixed
effects in the SPDM model, and the results show that the Hausman test results passed the
significance test, so it was determined that the SPDM model chose fixed effects.
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Table 3. Test results of the spatial panel econometric model.

Test Method Statistical Quantities p

LM-spatial lag 12.469 0.000
Robust LM-spatial lag 15.339 0.000
LM-spatial error 1.005 0.316
Robust LM-spatial error 16.640 0.097
Wald-spatial error 7.97 0.0047
LR-spatial error 51.75 0.000
Wald-spatial lag 412 0.0424
LR-spatial lag 42.69 0.000

Analysis of Spillover Effects

Regressions were conducted with three models, including individual fixed effects,
time fixed effects, and double fixed effects, and significance tests were performed (Table 4).
Based on the magnitude of the log-likelihood and dispersion (sigma?) of the three models,
it can be seen that the double fixed effects fit is significantly better than the individual fixed
effects and time fixed effects; therefore, the double fixed effects spatial panel Durbin model
(SPDM) is chosen for the analysis. From the results, the significance of industrial structure,
city size, government pressure, degree of openness to the outside world, urbanization, and
economic development level passed the test and their elasticity coefficients were 0.2124,
0.799, —0.0815, 0.1398, 1.8948, and 0.236, respectively. This shows that industrial structure,
city size, openness to the outside world, urbanization, and economic development have a
significant positive contribution to urban welfare performance, while government fiscal
pressure constrains the improvement of urban welfare performance. Innovation technology
did not pass the significance test. The first possible reason is due to the fact that innovation
R&D needs time to accumulate before it is systematized, and the second reason may be
due to the fact that local protectionism may prevent the flow of innovation factors across
regions, fundamentally weakening the spillover effects of technological progress. Therefore,
the contribution of innovative technologies to urban ecological welfare performance is not
significant. The spatial lag term elasticity coefficients of government financial pressure,
innovation and technology, and economic development are all negative, indicating that
changes in economic development, technological innovation, and government financial
pressure in neighboring cities have negative effects on local welfare enhancement. The
effects of economic development and government financial pressure, in particular, are more
significant, suggesting that economic development and government regulation in neighbor-
ing cities are not conducive to local ecological welfare performance enhancement, which
may be due to the competition effect among regional cities and the negative externalities of
ecological welfare.

To accurately reflect the marginal effects of the estimated parameters of the model,
partial differential equations were used to calculate the direct effects, spillover effects, and
total effects of the independent variables (Table 5). (D Direct effects. The direct effects of
industrial structure, city size, government fiscal pressure, openness to the outside world,
innovation level, urbanization, and economic development are 0.1187, 0.6552, —0.0624,
0.1334, 0.0266, 1.7584, and 0.4130, respectively. Among them, the city size, government
financial pressure, openness to the outside world, urbanization, and economic development
levels are the key factors affecting urban ecological welfare performance. Each 1% increase
in city size, openness to the outside world, urbanization, and economic development
promotes a 0.655%, 0.133%, 1.758%, and 0.413% increase in local urban ecological welfare
performance, respectively. The reason may be due to the transformation of regional urban
development factors after the 21st century, the massive influx of rural labor into cities, the
expansion of urban scale, and the promotion of urban secondary and tertiary industries,
as well as the expansion of production scale, the alleviation of local employment pressure,
and the promotion of economic growth, which have a driving effect on the improvement
of ecological welfare performance. Each 1% decrease in government financial pressure
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inhibits the local urban ecological welfare performance by 0.062%, likely due to the fact
that the increase in financial pressure forces local governments to seek new ideas for
economic development, leading to a gradual increase in the proportion of secondary
production and increased industrial pollution, which inhibits the improvement of green
economic efficiency, and because environmental management is a long-term process that
requires financial support from local governments. (@ Spillover effects. The spillover
effects of industrial structure, city size, government fiscal pressure, openness to the outside
world, innovation level, industrialization, urbanization, and economic development are
—1.4474, —1.412, —0.3476, 0.1029, 0.0967, 0.922, and —2.7931, respectively. The degree of
external openness, innovation levels, and urbanization have a synergistic effect on the
urban ecological welfare performance of neighboring regions, with each 1% change in
the urban ecological welfare performance of neighboring regions resulting in an increase
of 0.1029%, 0.0967%, and 0.922%, respectively. However, industrial structure, city size,
government financial pressure, and economic development have inhibitory effects on
the urban ecological welfare performance of neighboring areas. Each 1% increase in
urban ecological welfare performance of adjacent areas results in a decrease of 1.4474%,
1.412%, 0.3476%, and 2.793%, respectively. Among them, industrial structure, city size, and
economic development levels are the key factors affecting the urban ecological welfare
performance of adjacent areas. Although the transfer of manufacturing industries and
large amounts of foreign investment from developed countries has led to employment
and economic growth, it has also increased resource consumption and environmental
pollution in local and neighboring areas, which has become an obstacle to the high-quality
urban development. The research and development of new technologies and materials
may benefit the neighboring regions” “free riding”. While improving local welfare, it
plays an exemplary and driving role in the neighboring regions, leading to improved
ecological welfare performance in the neighboring regions through knowledge spillover.
@ Total effect. The total effect evaluates the promotion of improvement of local high-quality
welfare levels by affecting the ecological welfare performance of neighboring regions. It
can be seen that the external spillover coefficients of the influencing factors on urban
welfare performance are almost identical to the positive and negative effects of the obtained
feedback coefficients, indicating that the spillover effect of urban welfare performance in
Jiangsu province is similar to its feedback effect. With the implementation of the regional
integration policy, the resource sharing and linkage development among cities promotes
the gradual strengthening of the radiating and leading role among the cities within the
region. On the basis of promoting the development of regional integration, it can achieve
the improvement of its own high-quality welfare.

Table 4. Estimation results of the SPDM model.

Variables Individual Fixed Effects Time Fixed Effects Double Fixed Effects
Lnstruf —0.04324 (—0.36) —0.4596 *** (—1.82) 0.2124 * (1.20)
Lncs 0.1900 *** (3.67) 0.00977 (0.10) 0.7994 *** (5.90)
Lngov —0.0424 (—1.30) 0.0071 (0.10) —0.0815 ** (—2.18)
Lnopen 0.1302 *** (7.06) 0.2508 *** (6.06) 0.1398 *** (6.23)
Lntec 0.0076 (0.40) 0.0912 ** (2.35) 0.02628 (1.20)
Lnurbanization 1.7303 *** (11.06) 1.2443 *** (6.72) 1.8948 *** (8.14)
Lngdp 0.3939 *** (3.25) —0.4582 *** (—3.84) 0.2360 ** (2.31)
WxLnstruf —0.4023 (—1.21) —2.6108 *** (—3.30) 0.0845 (0.10)
WxLncs —2.7482 *** (—3.67) 0.8595 (1.54) 0.4453 (0.47)
WxLngov —0.3939 *** (—2.95) —0.2488 (—0.40) —0.6410 ** (—2.08)
WxLnopen —0.0734 (—1.01) 0.3222 (1.00) 0.0603 (0.36)
WxLntec —0.0635 * (—1.81) 0.4232 (1.53) —0.1437 (—0.94)
WxLnurbanization —1.515 ** (—3.21) 3.137 ** (2.51) 0.9846 (0.61)
WxLngdp —1.108 * (—1.88) —0.4702 (—0.49) —3.7459 *** (—4.60)
rho —0.2561 (—1.38) —0.5129 ** (—2.00) —0.6877 *** (—=2.77)
Sigma? 0.005456 *** (9.84) 0.0166 *** (9.70) 0.00358 *** (9.96)
R? 0.9572 0.3445 0.7540
Log-likelihood 230.8056 116.5510 273.4994

Note: * Statistically significant at 10%; ** Statistically significant at 5%; *** Statistically significant at 1%; The values

in parentheses are t-statistics.
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Table 5. Direct effect, spillover effect, and total effect of influencing factors on urban ecological

welfare performance.

Variables Direct Effects Spillover Effects Total Effects
Lnstruf 0.1187 (0.74) —1.4474 ** (—2.44) —1.3287 * (—1.88)
Lncs 0.6552 *** (4.97) —1.412 % (—2.02) —0.7565 (—1.03)
Lngov —0.0624 ** (—2.06) —0.3476 (—1.60) —0.4100 * (—1.78)
Lnopen 0.1334 *** (7.53) 0.1029 (0.95) 0.2363 ** (2.04)
Lntec 0.0266 (0.47) 0.09668 (0.93) 0.1233 (1.63)
Lnurbanization 1.7584 *** (9.61) 0.9220 (0.92) 2.6804 ** (2.39)
Lngdp 0.4130 *** (3.44) —2.7931 *** (—3.37) —2.3801 *** (—2.78)

Note: * Statistically significant at 10%; ** Statistically significant at 5%; *** Statistically significant at 1%; The values
in parentheses are t-statistics.

4.3.2. Threshold Effects of Urban Ecological Welfare Performance
Robustness Tests and Threshold Estimation

The analysis shows that the influence coefficients of urbanization on urban ecological
welfare performance vary widely. Therefore, urban ecological welfare performance is used as
the explanatory variable, urbanization as the core variable, and industrial structure, city size,
government fiscal pressure, openness to the outside world, innovation level, and economic
development indicators as control variables for threshold estimation. First, Levin—Lin—Chu
and Im—Pesaran-Shin are used to test the stationarity of the variables, and the results show
that there is no unit root for all variables. Therefore, there is no pseudo-regression problem for
non-stationary series. Second, the variance inflation factor diagnoses VIF values of less than
10 for each factor. The Hausman test showed that the fitting effect of the fixed effects model
was the best, up to 94.64%. Finally, Bootstrap was used to test for threshold effects, and the
number of thresholds was determined by the p-value (Table 6). The study shows the existence
of a double threshold for innovation and technology, with thresholds of 2095 and 6341 pieces,
which are significant at the 1% and 10% statistical levels, respectively. A single threshold exists
for industrial structure, degree of openness to the outside world, and economic development,
with threshold values of CNY1.2626, CNY 0.0229, and CNY 35181, respectively, and all of
them pass the significance test.

Table 6. Threshold estimates and tests of the threshold variables.

Threshold Variables ,ﬁ? mber of Threshold Value F-Value p-Value 1% 5% 10% 95% Confidence
resholds Intervals
Innovative Technology Single 2095 pieces 40.21 0.000 34.9660 25.9782 21.2867 (1554, 2186)
Double 6341 pieces 26.07 0.0733 36.4665 26.5393 20.5047 (5350, 6591)
Industry Structure Single 1.2626 58.72 0.0033 43.9751 35.3385 27.5929 (1.2129, 1.4225)
Openness Single 0.0229 17.09 0.0867 25.8901 19.0742 16.3359 (0.0214, 0.0231)
Economic Development Single 35181 yuan 26.98 0.0300 30.7870 24.5153 21.9198 (33100, 38052)

Analysis of Regression Results

Further analysis of the impact of threshold variables on urbanization in different
threshold intervals is conducted (Table 7). @ When the innovation technology is used as
the threshold variable, the elasticity coefficient is 0.0149 when the innovation level (the
number of patents granted) is lower than 2095; the elasticity coefficient becomes 0.0156
when the innovation level is between 2095 and 6341; the elasticity coefficient is 0.0150
when the innovation level is higher than 6341. Technological innovation is a new engine
for urban eco-welfare performance improvement using the reorganization of factor forms
such as knowledge and technology, and it has been a positive driver of urban eco-welfare
performance. 2) When industrial structure is used as the threshold variable, and the indus-
trial structure is lower than 1.2626, the elasticity coefficient is 0.0158; when the industrial
structure crosses the threshold value of 1.2626, the elasticity coefficient decreases to 0.0142,
and the impact of urbanization on ecological welfare performance is weakened. As the
urbanization process advances, the industrial structure is transitioning from industrial-led
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to tri-product-led, which tends to be more rationalized. However, only a coordinated
industrial ratio can avoid the “bubble” economy and promote the sustainable optimization
of ecological welfare. (3) Urbanization has a positive effect on urban ecological welfare
performance under the threshold of the degree of external openness. When the degree of
external openness is lower than 0.0229, the elasticity coefficient of urbanization is 0.0164,
and when the degree of external openness is higher than 0.0229, the elasticity coefficient
of urbanization increases to 0.0170, and the effect on ecological welfare performance is
strengthened. The higher level of external openness in Jiangsu province allows for the
inflow of foreign capital to drive the employment of local labor and economic growth,
and also improve urban production efficiency through technological spillover. This is
conducive to the improvement of urban ecological welfare performance. (4 When the
level of economic development is used as a threshold variable, urbanization has a signifi-
cant positive effect on urban ecological welfare performance. The elasticity coefficient is
0.01299 when the economic development (GDP per capita) is lower than CNY 35,181; when
the economic development level crosses the threshold of CNY 35,181, the urbanization
impact coefficient is 0.0139. As urbanization progresses, the increased level of economic
development promotes the spatial concentration of urban production factors and economic
growth accumulates capital for urbanization development. With the proposed construction
of new urbanization, a series of policies such as environmental protection, governance,
and production technology improvement have been implemented to alleviate the pressure
on resources and the environment and promote the improvement of urban ecological
welfare performance.

Table 7. Regression results for the threshold effect of each variable.

Variables Innovative Industry Openness Economic
Technology Structure Development
Tnnovative technology —0.00724 * 0.00171 *** 0.00129 *** 0.00133 ***
(—1.94) (5.06) (3.17) (3.78)
Industry structure 0.0336 0.04569 —0.01538 —0.0128
(0.75) (1.02) (—0.32) (—0.28)
City size 2.9441 *** 4.4542 ** 3.8856 *** 4.325 ***
(4.59) (6.86) (5.38) (6.18)
Government financial —0.001 —0.00412 —0.00339 —0.00135
pressure (—0.39) (—1.63) (—1.22) (—0.51)
Openness 0.3323 * 0.7400 *** —1.0717 *** 0.2954 *
(1.79) (3.92) (—3.12) (1.54)
Economic development 0.00191 *** 0.00229 *** 0.00256 *** 0.00322 ***
(5.88) (7.42) (7.02) (8.91)
Urbanization-1 0.01490 *** 0.01578 *** 0.01636 *** 0.01299 ***
(20.88) (22.45) (20.25) (13.61)
Urbanization-2 0.01556 *** 0.01417 *** 0.017002 *** 0.0139 ***
(21.10) (16.92) (22.07) (16.43)
o 0.01504 *** - - -
Urbanization-3 (18.90)
Constants —0.6017 *** —0.84979 *** —0.76936 *** —0.7017 ***
(—10.01) (—13.91) (—11.30) (—10.12)

Note: * Statistically significant at 10%; *** Statistically significant at 1%; The values in parentheses are t-statistics.

4.3.3. Drive Mechanism

In summary, the evolution of urban ecological welfare performance is a cyclical ac-
cumulation and comprehensive effect of multiple factors such as urbanization, economic
development, industrial structure, city size, government fiscal expenditure structure, techno-
logical innovation, degree of openness to the outside world, and ecological environmental
management, and it is inextricably linked to the internal factor resource endowment and
external development environment of the region (Figure 6). In the early stage of urbanization,
the economic system operates within the ecosystem boundary, and economic development
and urbanization are the core drivers for the improvement of the high-quality welfare level of
cities. In the process of urbanization, the resource allocation capacity of many factors, such as
capital, population, industry, and technology, is gradually enhanced, and the development of
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secondary and tertiary industries is promoted through agglomeration and diffusion effects,
thus promoting economic growth. Economic growth is also an important supporting force for
the development of urbanization. Economic growth has led to higher income levels, a dra-
matic increase in employment opportunities, and a rising level of social security systems and
public services, which are to some extent the intrinsic driving force behind the rise in urban
high-quality welfare levels. With the advancement of urbanization, the spillover of technology
and knowledge in the process of high-quality development should not be underestimated.
Innovation and technology are important drivers for the high-quality development of the
urban economy, as innovation input provides important support for economic growth, and
innovation output provides the material basis for economic growth. Technological progress
has led to the gradual release of urban development from over-dependence on production
factors, prompting a reduction in energy consumption per unit and promoting the overall
industrial structure toward industrial advancement. As an important economic growth pole
in China’s eastern coastal region, Jiangsu province has its own location advantages that are
highly attractive to foreign investment. The technology spillover that accompanies foreign
direct investment has a significant impact on local development. The introduction of foreign
advanced management experience and technology facilitates industrial upgrading, absorbs lo-
cal employment, and promotes a high spatial agglomeration of industries and economies, thus
improving urban ecological welfare performance. Both city size and industrial structure have
an impact on the lives of residents. Social undertakings are the “engine” to promote human
welfare. As the level of economic development improves, livelihood projects such as medical
and education, social security systems, employment and transportation, and ecological con-
struction are gradually improved, and the well-being of residents is enhanced. However, as
the economy continues to grow, the economic system begins to break through the boundary of
the ecosystem, and the rough economic growth causes space congestion, resource constraints,
price increases, environmental pollution, and other problems, resulting in the negative effects
of resources and environment increase. The construction of ecological civilization and the
“two mountain theory” have led to a consensus on “green transformation and development”.
The administration must improve quality and efficiency, increase the cost of environmental
management, strictly control high pollution and high consumption, implement energy saving
as well as emission reduction and green growth, and achieve economic transformation from
“quantity” to “quality”.
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5. Discussion and Conclusions
5.1. Discussion
5.1.1. Exploring the Relationship between Economic Development and Environmental
Pollution behind the Urban Eco-Welfare Performance in Jiangsu Province

Urban ecological welfare performance is the maximization of welfare under the con-
straints of resources and environment, which may reflect the level of sustainable develop-
ment of a city and the relationship between economic development and the resources and
environment of the region. Jiangsu province’s “14th Five-Year Plan” points out that the total
economic volume of Jiangsu province crossed three trillion yuan in a row and exceeded
ten trillion yuan, contributing more than one-tenth of the national economic growth. The
per capita gross domestic product reached CNY 125,000, ranking first in the country’s
provinces (regions). The general public budget revenue reached CNY 905.9 billion, with
an average annual growth rate of 2.4%. The total labor productivity reached CNY 215,000.
The investment structure continued to be optimized, with the proportion of private invest-
ment reaching about 68.5%. The scale of the actual use of foreign investment and total
import and export ranked first and second, respectively, in the country, and the quality
and efficiency of development were further improved. Based on this, statistics of GDP
per capita and the environmental pollution index (industrial soot, industrial wastewater,
industrial sulfur dioxide, and PM2.5, etc., combined) of Jiangsu cities during 2005-2019
are used to analyze the relationship between economic development and environmental
pollution in Jiangsu province, as can be seen in Figure 7. During the study period, the
GDP per capita of each city followed a steady increase, and the pollution index of each city
showed a decreasing and then increasing trend with an inflection point at 2014 and finally
a steady decrease. The reason for this is that the “11th Five-Year Plan” period (2006-2010)
is a critical period for Jiangsu to implement the scientific concept of development and
build a moderately prosperous society. During the period of rapid economic strength, the
ability of scientific and technological innovation is not strong enough, and there is a lack of
core technologies and brands with independent intellectual property rights, resulting in
the development of the service industry falls relatively behind. Economic growth mainly
relies on capital investment, and while the resource and energy consumption patterns
have not yet fundamentally changed, the pressure on resources and the environment has
increased, and so has so the economic growth during this period despite environmental
pollution being relatively serious. During the “12th Five-Year Plan” period (2011-2015),
Jiangsu province moved forward from building a moderately prosperous society to gen-
erally achieving modernization. With the global wave of low-carbon development, and
with Jiangsu province as a major resource-consuming province, in order to ease the re-
source and environmental bottleneck constraints, the construction of a resource-saving,
environmentally friendly society is the urgent task of the period. The development of a
circular economy and the promotion of low-carbon technology is the development trend
of this period. The development level of new industrialization and informationization
continues to rise. The industrial structure was adjusted, and the proportion of tertiary
industry exceeded that of the secondary industry. Strategic emerging industries developed
rapidly, and the regional innovation capacity ranked first in the country for six consecutive
years. Therefore, the environmental pollution in this period fluctuates in a downward
manner. During the “13th Five-Year Plan” period (2016 to 2019), Jiangsu’s development is
at a critical stage of transformation and upgrading. The implementation of major national
strategies such as “One Belt, One Road”, Yangtze River Economic Belt, and the integration
of regional development in the Yangtze River Delta provides new opportunities for de-
velopment. We consciously practice the high-quality development concept of innovation,
coordination, green, openness, and sharing. In 2016, the “two reduction, six treatment and
three upgrading” project was implemented to improve the ecological and environmental
problems brought by the development of Jiangsu. Therefore, the environmental pollution
in the period is on a continuous downward trend.
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Figure 7. GDP per capita and environmental pollution index of cities in Jiangsu province, 2005-2019.

5.1.2. Comparative Analysis with Other Studies on Urban Ecological Welfare Performance

In contrast with other studies, Guo et al. measured the ecological welfare performance
of the Yangtze River Economic Zone from 2004 to 2018 using the super-efficient SBM model,
and using the human development index as the desired output indicator. The human
development index (HDI) measures the level of welfare and represents it through three
dimensions: the level of economic development, the level of educational development, and
the level of health care [46]. Xu et al. applied a stochastic frontier analysis model to measure
the level of ecological welfare in the Yellow River Basin through three dimensions: the level
of economic development, the level of educational development, and the level of health care
as output indicators [47]. Wang et al. measured the ecological welfare performance of the
Yangtze River Economic Belt by using economic welfare, social welfare, and environmental
welfare as welfare output indicators [23]. Hu et al. measured the evolutionary process and
mechanism of urban ecological welfare performance in the Yangtze River Delta based on the
integrated welfare perspectives of economic welfare, social welfare, and green welfare [43].
Feng et al. found a decreasing trend in ecological welfare performance in 12 provinces
in China based on the ratio of the value of welfare to the physical quantity of ecological
resources consumed [14]. Bian et al. constructed a theoretical framework of urban ecological
welfare performance using the “strong sustainable development idea” and evaluated the
ecological welfare performance of 30 provincial capital cities in China [48]. Common et al.
used the ratio of human satisfaction to environmental inputs to measure ecological well-
being performance in 75 countries, and the study concluded that richer countries performed
worse in terms of ecological well-being performance [49]. Knight et al. used the average
of micro-individual “life satisfaction” to measure the welfare level of the country [50].
However, China’s economic development is now gradually changing from high growth to
high quality. In the context of high-quality development, the measurement of urban welfare
levels should not be limited to simple indicators such as GDP, life expectancy, and education.
It should be combined with the general context of high-quality development and integrate
multiple dimensions, reflecting the concept of high-quality development to reflect the
actual situation of urban economic and social development more comprehensively. Based
on the five major concepts of high-quality development, this study insists on the unification
of five major development systems, such as innovation, coordination, green, openness, and
sharing. The evaluation index system of urban ecological welfare performance is improved
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from the perspective of promoting the synergistic development of economic—natural-social
systems, which is more conducive to reflecting the residents’ welfare objectively and
comprehensively.

5.1.3. Implications for the Coordinated Development of Jiangsu Province

From the results of this study, it is clear that urban ecological welfare performance is
influenced by the interaction and influence of natural endowments and socio-economic
factors. Cities with higher initial urban eco-welfare performance have good ecological
capital and exhibit increasing marginal returns to capital, leading to differences in the level
of high-quality urban welfare depending on their own resource endowments. With the
excessive concentration of population, capital, technology, and industry, the spatial conges-
tion effect gradually becomes prominent, putting pressure on the ecological environment,
leading to a decline in the well-being of urban residents and forcing the transfer of some
high-quality factors. When the polarization effect is dominant, the city’s strong economic
base, advanced technology, and superior living environment can attract ecological factors
from neighboring cities to continuously flow in and spatially cluster, strengthening its
urban ecological welfare performance [21]. When the diffusion effect is dominant, cities
with high quality welfare performance levels will improve the quality performance levels
of neighboring cities through green economy technologies [51]. Located at the core of the
Yangtze River Delta, Jiangsu province is one of the important provinces that support and
lead the country’s economic development. The core belt of “Suzhou Wuxi Changzhou area”
and “Nanjing metropolitan area” has a good economic foundation. The economic pattern
of “tertiary industry, secondary industry and primary industry” is gradually formed, en-
vironmental protection systems and regulations have been gradually improved, cleaner
production technology has been promoted [52], and the urban ecological welfare perfor-
mance of the region is at a high level. However, some cities such as Xuzhou, Sugian,
Huai’an, and other cities on the edge of the Yangtze River Delta are under greater pressure
regarding resources and the environment due to the lack of better energy saving and
emission reduction initiatives as well as insufficient independent innovation. Therefore,
the level of high-quality welfare is low. Additionally, in the process of future economic
development, in order to effectively improve high-quality welfare, the concept of green
and sustainable development should be comprehensively implemented and the traditional
model of simply pursuing GDP assessment standards should be abandoned. Based on
the satisfaction and happiness index of residents’ lives, indicators of welfare performance,
ecological environmental protection, and governance effectiveness should be incorporated
into the local performance appraisal system, and welfare enhancement should be fully
penetrated and deeply integrated into the process of economic and social development,
especially in low welfare areas such as northern Jiangsu. It is necessary to strengthen
the residents” education, employment, medical care, and other social security conditions
further, make up for the shortcomings of people’s livelihood, guide the balanced spatial
distribution of production factors such as capital and talent, and narrow the welfare gap
within the region.

5.1.4. Shortcomings and Future Prospects

The present study still leaves room for improvement. The spatial and temporal varia-
tion of urban ecological welfare performance has multi-scale characteristics and complex
driving factors. In the future, we will analyze its evolutionary process and formation
mechanism from different scales, and in parallel, we will select different typical cases from
multi-dimensional composite perspectives to study the driving mechanism in depth and
broaden the research scope to improve the theoretical system of welfare geography.

5.2. Conclusions

Based on the concept of “high-quality development”, the spatial and temporal patterns,
spatial effects, and evolutionary mechanisms of urban ecological welfare performance
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in Jiangsu province from 2005 to 2019 are analyzed, and the following conclusions can
be drawn.

The average value of urban ecological welfare performance in Jiangsu increased
from 0.344 in 2005 to 0.852 in 2019, exhibiting a yearly increase trend. Spatially, there is
a significant north—south divergence, with the overall trend of South Jiangsu > Central
Jiangsu > North Jiangsu. The high-welfare performance areas are mainly distributed in the
cities in South Jiangsu, followed by Central Jiangsu and the lowest in North Jiangsu. The
differences in ecological welfare levels among the three regions are gradually decreasing,
with the high value area continuing to expand and the low value area continuing to
decrease, while the welfare of cities in northern Jiangsu catch up with cities in southern
Jiangsu, with urban welfare performance tending to develop in a balanced manner.

The spillover effect of urban ecological welfare performance in Jiangsu province is
influenced by the combined effects of urbanization levels, economic development, indus-
trial structure, city scale, technological innovation, degree of openness to the outside world,
and government financial pressure. Each 1% increase in industrial structure, city scale,
and economic development levels reduces the urban ecological welfare performance of
neighboring areas by 1.4474%, 1.412%, and 2.793%, respectively, which are the key factors
affecting the urban ecological welfare performance of neighboring areas.

There are significant threshold effects for innovation and technology, industrial struc-
ture, degree of openness to the outside world, and economic development. There is a double
threshold for innovation and technology, with threshold values of 2095 and 6341 pieces,
respectively. There are single thresholds for industrial structure, degree of openness to the
outside world, and economic development, with threshold values of 1.2626, 0.0229, and
35181, respectively. The degree of urbanization’s impact on urban ecological high-quality
welfare performance varies significantly under the effect of different threshold variables.

Urbanization and economic development are the fundamental factors driving the
growth of urban eco-welfare performance; industrial structure, city size, innovation and
technology, as well as openness to the outside world have a positive impact on the res-
idents” quality of life, and government financial pressure inhibits the improvement of
welfare performance.

The urban ecological welfare performance of Jiangsu province has been continuously
optimized and improved. In order to avoid energy consumption rebound in individual
cities, a regional spatial layout intensification is needed to maximize spatial efficiency
to achieve energy saving and consumption reduction, promote urban development into
a green development mode with high efficiency and low consumption, truly realize the
comprehensive and coordinated development of urban population, resources, environment,
economy, and society, and create high-quality urban welfare performance for residents.
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