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Abstract: Although urbanization greatly benefits economy-society development in China, it poses
enormous challenges to cultivated land utilization. In the context of urbanization acceleration
and carbon neutrality, it’s of significance to achieve high-quality economy-society development
and sustainable agricultural development. Thus, the coupling coordination relationship between
new-type urbanization and cultivated land low-carbon utilization (CLLCU) needs to be examined.
However, this topic has not been adequately addressed in previous studies. To fill the gap, this paper
adopted a comprehensive evaluation model and a super-efficiency SBM (Slacked Based Measure)
model to evaluate the level of new-type urbanization and the cultivated land low-carbon utilization
efficiency (CLLCUE) of cities in the Yangtze River Delta in China from 2000 to 2018. Furthermore, the
coupling coordination degree model (CCDM) and the relative development degree model (RDDM)
were employed to measure the coupling coordination degree and the relative state of the new-type
urbanization and CLLCU The results show that the coupling coordination degree between the new-
type urbanization level and CLLCUE experienced a process of “rapid increase-steady develop” and
presented a spatial pattern of “polarization-regional equilibrium”. In addition, the relative state
of the new-type urbanization and CLLCU presented the “reversal” phenomenon. In other words,
the relative state changed from the new-type urbanization lagging behind CLLCU to the new-type
urbanization ahead of CLLCU. None of the cities were in the state of simultaneous development.
Finally, this paper puts forward policy recommendations to explore differentiated CLLCU modes
and improve the quality and efficiency of new-type urbanization.

Keywords: the Yangtze River Delta; new-type urbanization; cultivated land low-carbon utilization;
coupling coordination

1. Introduction

Urbanization is the process of urban spatial expansion whereby non-agricultural
industries and populations gather in cities and towns [1,2]. With the recovery and growth
of the global economy, urbanization has become the mainstream and increased steadily
in both developed and developing countries. The urban population proportion rose
from 39% in 1980 to 55% in 2018, and is as high as 82% in north America and as low
as 43% in Africa in 2018 [3–5]. High-speed urbanization and industrialization comes
at the cost of more ecological resource consumption, ultimately resulting in resource
degradation and environmental pollution, especially for agro-ecological environment,
which has drawn great attention from countries around the world. Future earth, the
United Nations’ 2030 Agenda for Sustainable Development, and the Agricultural Protection
and Food Control Act emphasize the coupling coordinated development of agricultural
ecosystem and economic system [6,7]. As a country with a long history of agriculture
and a large-scale rural population, China has experienced a massive scale of urbanization
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since the reform and opening-up. The urbanization level in China has soared from 17.92%
to 59.58% from 1978 to 2018, with an average annual growth rate of 3% [8]. China’s
urbanization releases the potential and accelerates to outpace the global level continuously,
creating a miracle of fast urbanization development.

In spite of considerable progress in urbanization, China faces constraints and chal-
lenges in the dual choice of high-quality urbanization and ecological protection. Driven
by the overexploitation of urban areas and the agglomeration of urban population [9,10],
the improvement of urban radiation capacity exerts impacts on the surrounding cultivated
land and agriculture production [11]. To ensure food provision with shrinking cultivated
land, the extensive utilization relying on agricultural material consumption has become
the predominant mode of cultivated land utilization. Excessive input and inefficient use of
high-carbon production materials increase evidently, such as fertilizers, pesticides, plastic
film, and agricultural machinery [12–14]. The economy-society benefits are at the cost
of more carbon emissions directly or indirectly [15,16]. Since the developing concept of
“innovative, coordinated, green, open, and shared” was put forward, green agriculture
has become an inevitable trend [17]. Thus, cultivated land low-carbon utilization (CLLCU)
becomes an essential approach to achieving the goal. The core task of CLLCU is to re-
duce high-carbon agricultural material investment to promote ecological functions and
reduce carbon emissions while ensuring benefits, which effectively drives green agriculture
development in China.

There is a consensus that interactive coupling between urbanization and cultivated
land utilization is an open, massive, and complex system [18,19]. Specifically, urbanization
not only creates positive externalities through technological innovation and shared infor-
mation, such as outstanding economic growth and increasing farming production, but also
generates negative externalities in the quantity-quality-ecology of cultivated land [9,20].
In details, recent studies have found that cultivated land significantly decreased due to
uneven patterns of urban sprawl in different geographical regions [21,22]. In addition to
the reduction in quantity, the massive loss of high-quality cultivated land in peri-urban
areas leads to a decline in the cultivated land quality and productivity. At the same time,
the large-scale infrastructure construction in the process of urbanization easily results in
ecological problems, such as soil degradation and soil erosion, which destroy the ecology of
cultivated land. Although urbanization imposes pressure on cultivated land, its active role
in promoting the benefits and efficiency of cultivated land utilization is gradually becoming
identified. Urbanization drives the transition of cultivated land utilization through scale
management and intensive development [23,24]. In turn, due to the efficient pattern of
cultivated land utilization, agricultural development guarantees the coordination of the
urban-rural relationship by the growing agriculture production, surplus labor, ecosystem
services, and development space [25–27]. Therefore, urbanization and cultivated land
utilization have formed reciprocal, supportive, symbiotic relationships.

To investigate the interactions, the first step is to evaluate the level of urbanization and
cultivated land utilization. In terms of the urbanization level, the measurement framework
mainly contains two aspects, the single attribute and comprehensive dimensions. The
single index usually refers to the degree of population urbanization and land urbaniza-
tion [28–31]. Comprehensive urbanization includes multiple aspects, such as population,
spatial, economy, society, ecology and so on [32–35]. In terms of cultivated land utilization
level, cultivated land utilization efficiency is an important indicator that demonstrates the
rationality of various input factors in cultivated land utilization and the realized value
of cultivated land resources in agricultural production [36–38]. Currently, there has not
formed a unified standard to evaluate cultivated land utilization efficiency. Kendall ini-
tially measured the cultivated land utilization efficiency based on the output per unit
area [39,40]. Since then, other common indicators for cultivated land utilization efficiency
have appeared, for instance, yield ratio [41], the land equivalent ratio [42], and the area-time
equivalent ratio [43]. Notably, the complex process of cultivated land utilization can also
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include undesirable outputs. The measurement of input-output structure is supposed to be
a more comprehensive method to evaluate the cultivated land utilization efficiency.

In general, most studies on cultivated land efficiency focus on the economic and
social benefits, referring to economic contribution and food provision, which neglect the
carbon sequestration and carbon emissions of cultivated land utilization synchronously.
Cultivated land has dual attributes of carbon source and carbon sink [44–46]. In other
words, it potentially improves carbon sequestration and reduces carbon emissions. If the
dual carbon effects caused by cultivated land utilization are not taken into account, the
evaluation of cultivated land utilization efficiency will inevitably lead to a biased reflection
of the actual situation. Therefore, this study aimed to develop an overall framework to
analyze the evolution trend and coordination development of new-type urbanization and
CLLCU. First, this study analyzed the theoretical mechanism of coupling coordination
development between new-type urbanization and CLLCU. The comprehensive index
system was constructed to evaluate the new-type urbanization and CLLCU. Second, the
evolution trend of new-type urbanization and CLLCU were demonstrated. Finally, taking
the Yangtze River Delta (YRD) as an example, we identified the coupling coordination
relationship between new-type urbanization and CLLCU between 2000 and 2018.

Compared with the previous research, this study has two main innovations and
contributions: (1) Method innovation. The study constructed an overall index system of
cultivated land low-carbon utilization efficiency (CLLCUE), taking both carbon seques-
tration and carbon emissions into consideration. In addition, the Super-SBM model was
employed to calculate utilization efficiency with undesirable outputs. The final results not
only reflected the negative effect scientifically, but also distinguished multiple valid units
adequately. (2) Perspective innovation. The study provided the theoretical mechanism of
coupling coordination development between new-type urbanization and CLLCU. Based
on the comprehensive evaluation of new-type urbanization and CLLCU, the dynamic
evolution trend of new-type urbanization and CLLCU was described. And the coupling
coordination development and relative development of new-type urbanization and CLLCU
were analyzed.

The paper is structured as follows. Section 2 constructs the theoretical mechanism of
coupling coordination development between new-type urbanization and CLLCU. Section 3
introduces the methodology and the data source. Section 4 describes the spatio-temporal
evolution trend of new-type urbanization and CLLCUE, which analyzes the coupling coor-
dination degree and relative development degree of new-type urbanization and CLLCUE.
Section 5 includes a discussion of the relationship between new-type urbanization and
CLLCU, similarities and differences compared with previous studies, and limitations of
this paper. Section 6 draws main conclusions and provides policy implications.

2. Theoretical Framework
2.1. The Concept of New-Type Urbanization

Urbanization is the process transforming from a traditional rural society dominated by
agriculture to a modern urban society dominated by non-agricultural industry [47]. Since
the reform and opening up, China’s urbanization has continually accelerated, creating a
miracle of large-scale global urbanization. The rapid advancement of urbanization has
absorbed a large number of rural laborers for non-agricultural employment, improved the
utilization efficiency of urban-rural production factors, and promoted rapid socioeconomic
development. Urbanization has become not only an important driving force for economic
growth, industrial transformation, and regional coordinated development but also the
powerful engine for China’s socialist modernization course. Traditional urbanization is
typically characterized by a massive migration of rural populations, rapid urban land
expansion, and pre-emptive growth of urban economy [48]. It takes resource expenditure
as the driving force for economy development, forming a high-cost, high-pollution, high-
emission, and low-efficiency development model. Although traditional urbanization has
promoted the national economy development and social structure transformation to a
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certain extent, the concomitant contradictions and problems are hardly ignored, such as
extensive land utilization, unbalanced spatial distribution, inefficient public services, and
frequent environmental problems. These problems have seriously hindered the stable and
benign development of urbanization [49].

Since entering the decisive stage of building a moderately prosperous society in an
all-round way and the transition stage of economy-society development, the Chinese
government proposed a strategy to construct new-type urbanization on the basis of the
comprehensive understanding of urbanization status and the scientific judgment of future
trend. In particular, following the people-oriented and ecological civilization concept,
the new-type urbanization advocates the basic principles of fair sharing, urban-rural
integration, layout optimization, ecological civilization, and low carbon [49]. It aims to
achieve the comprehensive, coordinated, and sustainable development of the economy,
society, and ecology [50]. Therefore, new-type urbanization is a strategic choice for China’s
modernization course and a huge driving force for high-quality growth.

In order to fully demonstrate the people-oriented and ecological civilization concept,
the new-type urbanization emphasizes an all-dimensional, multi-layered and wide-ranging
construction pattern, covering demographic, spatial, economic, social, and ecological urban-
ization [33,51]. To be specific, demographic urbanization emphasizes the orderly transfer
and stable development of rural populations, reflecting the absorption and resettlement
capacity for population migration. Spatial urbanization underlines the matching of urban
expansion and population growth, reflecting the expansion speed and intensive degree of
urban space utilization. Economic urbanization emphasizes the level and scale of economic
output, reflecting the improvement of social economy and residents’ welfare. Social urban-
ization emphasizes the quality improvement and fair sharing of public services, reflecting
the guaranteed degree of urbanization construction for residents’ living security. Ecological
urbanization highlights a resource-conserving and environmental-friendly development
mode, reflecting the mitigation method of keeping balance between urbanization construc-
tion and ecological protection. Thus, the above five dimensions represents both quantity
and quality of new-type urbanization development.

2.2. The Concept of CLLCU

Land use is a process in which massive materials, information and energy are circu-
lated, combined and transferred in the human-resource-environment system, reflecting the
interaction and mutual restriction of economic, social and ecological subsystems [52]. As
the link between the natural geographical process and economy-society actions, land use is
not only a specific means to achieve economy-society growth but also an important activity
to reflect the concept of resource conservation and environmental protection. Cultivated
land is an important component of land resources which provide the essential basis for
food security, agricultural development and social stability. According to the resource
endowment, cultivated land utilization aims to obtain multiple benefits through a certain
input of production factors (e.g., labor and capital).

To achieve the carbon neutrality goal and promote ecological civilization construction,
cultivated land utilization should meet the demands of economy-society development and
maintain the balance between human society and the ecological environment [36]. There-
fore, CLLCU has become an important means for sustainable cultivated land utilization,
and an important guarantee for high-quality agricultural development [53]. Particularly,
based on scientific input/output structure, CLLCU refers to a new concept and mode
of sustainable utilization aiming to reduce carbon emissions and alleviate the negative
ecological effects of cultivated land utilization, which takes economic, social, and ecological
benefits into consideration [54]. Differing from the traditional cultivated land utilization
with extensive inputs and high carbon emissions, CLLCU improves economy-society-
environment benefits by using moderate production investment, advanced production
technology and a complete management system. At the same time, under the reasonable
constraints of environmental protection, CLLCU reduces undesirable carbon emissions as



Land 2022, 11, 919 5 of 24

much as possible to realize efficient, green and sustainable utilization goals. Rooted in the
concept of CLLCU, CLLCUE refers to the comprehensive reflection of production inputs
(i.e., land, labor and capital) and targeted outputs (i.e., economic, social and ecological
benefits) under the current conditions of cultivated land endowment and agricultural
production technology. In conclusion, CLLCUE is an important indicator to evaluate both
the economy-society-environment benefits and negative carbon emission effect with the
cost of production inputs in the process of cultivated land utilization.

2.3. The Mechanism of Coupling Coordination Development between New-Type Urbanization
and CLLCU

Coupling refers to the interaction between subsystems to form a complex structure and
provide comprehensive functions and utility [55]. The coupling state can be divided into
positive coupling and negative coupling [56]. Positive coupling refers to those subsystems
which generate a promotion effect through orderly interaction, while negative coupling
refers to subsystems generating a restraint effect through disorderly interaction. New-
type urbanization and CLLCU are essential practices in the transition period of Chinese
economic society. The mutual effect indicates the close connection between the development
goals and the realization path. The mechanism of coupling coordination development
between new-type urbanization and CLLCU is demonstrated in Figure 1.
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New-type urbanization has a driving effect on CLLCU. It provides an internal driving
force and development foundation for CLLCU. Firstly, new-type urbanization is guided
by people-oriented principle, referring to accelerating the transfer of rural populations to
urban areas, which effectively promotes the agricultural labor migration and creates an
opportunity to transform traditional cultivated land utilization into CLLCU [57]. Secondly,
new-type urbanization alleviates the conflict between urban construction and cultivated
land utilization by promoting intensive urban land utilization, which mitigates the quantity
and quality loss of cultivated land. Thirdly, new-type urbanization emphasizes high-quality
economic development, which accelerates the flow and spillover of important production
factors, such as capital and technology, to agriculture [58]. It can provide the internal driving
force for CLLCU. Fourthly, new-type urbanization strengthens the urban-rural integration
and public infrastructure construction, which comprehensively affects cultivated land
utilization and agricultural development modes, and has a radiating effect on CLLCU and
sustainable agriculture development [59]. Fifthly, new-type urbanization advocates the
environment-friendly transformation path led by the targets of environmental governance
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and carbon emission reduction [50]. It can reduce the ecological and environmental costs
and provide the space to achieve CLLCU and sustainable agriculture development.

CLLCU has a feedback effect on new-type urbanization and provides the material
basis and continuous assistance for the new-type urbanization. CLLCU not only pursues
high-level, high-quality economy-society-environment benefits, but also emphasizes the co-
ordinated coexistence and harmonious development of the human-resource-environment,
which is the high-level and multi-objective land use [14]. CLLCU transforms the advan-
tages of agriculture and rural development into the basis for urban-rural integration to
establish urban-rural links and achieve comprehensive development. Firstly, the moderate
and scientific production mode of CLLCU generates the demand for intensive, green, and
sustainable production factors, which promotes the high-quality and healthy development
of new-type urbanization [8]. Secondly, CLLCU pursues the coordination of the economy-
society-environment benefits, which provides a stable and green material guarantee and
ecological base for constructing new-type urbanization. Meanwhile, CLLCU realizes effi-
cient, intensive, and sustainable utilization of cultivated land by reducing carbon emissions,
reducing the negative externalities, and releasing environmental pressure of cultivated
land use, which continuously contributes to the healthy and stable development of new-
type urbanization.

3. Methodology and Data
3.1. Study Area

The Yangtze River Delta (YRD) is China’s largest urban agglomeration and rapid
urbanization development region in China, composed of 16 prefecture-level cities (Figure 2).
Due to its excellent natural conditions and high-quality cultivated land, the YRD has
become an important food production region in China [60]. Driven by the rapid economic
growth and disordered urban expansion, the cultivated land in the YRD has shrunk rapidly,
resulting in a decline in agricultural output [61]. At the same time, owing to the extensive
use of agricultural machinery and the continuous input of high-carbon materials such as
pesticides and fertilizers, the cultivated land utilization intensity and carbon emissions in
the YRD have continued to increase [61].
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3.2. Methodologies

The research methods and main processes adopted in this study are shown in Figure 3,
including the following procedures: (1) constructing the appropriate indicator systems for
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new-type urbanization level and CLLCUE through literature research; (2) evaluating the
new-type urbanization level and CLLCUE with the linear weighting method and Super-
SBM model, respectively; (3) analyzing the coupling coordination development and relative
development of new-type urbanization level and CLLCUE with coupling coordination
degree model (CCDM) and relative development degree model (RDDM), respectively. The
specific research methods are described as follows.
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3.2.1. Evaluation of New-Type Urbanization

Based on the concept of new-type urbanization, the new-type urbanization level
is described in five dimensions: demographic, spatial, economic, social, and ecological
urbanization. Specifically, demographic urbanization is indicated by the proportion of
urban population, the urban registered rate and the proportion of labor force in secondary
and tertiary industries. Particularly, the proportion of urban population reflects the scale
of population migration. The proportion of the labor force in secondary and tertiary
industries and the urban registered rate reflects the employment mode and stability of the
population. Spatial urbanization is indicated by the built-up area, the urban road area and
the urban population density. Particularly, the built-up area and urban road area reflect the
degree of urban land development, and the urban population density reflects the matching
between urban land expansion and urban population absorption. Economic urbanization
is indicated by the per capita GDP, the per capita disposable income of urban residents
and the total investment in fixed assets. The above indicators reflect economic growth
and residents’ benefits. Social urbanization is indicated by the number of hospital beds
per 10,000 people, the number of people with unemployment insurance and the number
of people with endowment insurance. The above indicators reflect the public service
security and residents’ life quality. Ecological urbanization is indicated by the per capita
cultivated land, energy consumption per GDP and the total investment in environmental
pollution treatment. Particularly, the per capita cultivated land and energy consumption
per GDP reflect the load and consumption of material resources in the process of new-type
urbanization, and the total investment in environmental pollution treatment reflects the
government’s attention to environmental pollution and its ability to control pollution.

There are three main functions of indicators, including quantification, simplification,
and communication. In line with it, this paper adopts the following indicator selection
criteria: (1) the indicator system should be comprehensive to reflect the concept of new-type
urbanization; (2) the indicators should be representative; (3) indicators should be chosen
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in the simplest form to facilitate data collection. Therefore, the new-type urbanization
indicator system consists of 5 primary and 15 secondary indicators (Table 1).

Table 1. Evaluation indicator system of new-type urbanization.

System Primary Indicator Secondary Indicator Indicator Type References

New-type urbanization

Demographic
urbanization

Proportion of urban
population (%) + Li et al. [19]

Urban registered
unemployment rate(%) − Xiong and Xu [62]

Proportion of labor
force in secondary and
tertiary industries(%)

+ Zhu et al. [63]

Spatial urbanization

Built-up area (km2) − Cai et al. [5]
Urban road area (km2) + Cai et al. [5]

Urban population
density (people/km2) − Peng et al. [64]

Economic urbanization

Per capita GDP (yuan) + Cai et al. [5]
Per capita disposable

income of urban
residents (yuan)

+ Xiong and Xu [62]

Total investment in
fixed assets (yuan) + Ding et al. [65]

Social urbanization

Number of hospital
beds per 10,000 people + Li et al. [19]

Number of people with
unemployment

insurance
+ Yang et al. [66]

Number of people with
endowment insurance + Xiong and Xu [62]

Ecological urbanization

Per capita cultivated
land (km2/people) + Zhao et al. [67]

Energy consumption
per GDP

(ton/10,000 yuan)
− Zhao et al. [67]

Total investment in
environmental

pollution treatment
(yuan)

+ Fan et al. [68]

The new-type urbanization level is calculated based on the following two procedures:
(1) the entropy method was applied to determine the weight of each indicator. The entropy
method is based on the dispersion degree of the evaluation indicators, which has been
widely used in many fields due to its objectivity, comprehensive and less complexity [69];
(2) the linear weighting method was adopted to calculate the new-type urbanization level.
The specific new-type urbanization calculation steps are as follows.

(1) Normalize the data with the maximum-minimum method

X′ij = (Xij −minXij)/(maxXj −minXj) (for positive indicator) (1)

X′ij =
(
maxXij − Xij

)
/(maxXj −minXj) (for negative indicator) (2)

(2) Calculate the proportion of the indicator j for city i.

Pij = X′ij/ ∑n
i=1 X′ij (3)
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(3) Calculate the entropy value of the indicator j.

ej = −1/lnm ∑m
i=1 PijlnPij (4)

(4) Calculate the weight of the indicator j.

wj =
(
1− ej

)
/ ∑n

i=1

(
1− ej

)
(5)

(5) Calculate the new-type urbanization level.

Ui = ∑n
i=1 wjX′ij (6)

where Ui represents the new-type urbanization level, wj represents the weight value of
indicator j, X′ij represents the stand value of indicator j for city i, and n represents the
number of indicators.

3.2.2. Measurement of Cultivated Land Low-Carbon Utilization Efficiency (CLLCUE)

Based on the concept of CLLCU, 11 variables were selected to construct a measurement
system of the CLLCUE according to existing literature (Table 2).

Table 2. Input and output variables for measuring the CLLCUE.

Element Variable Unit References

Input

Sown area of crops 1000 hectares Kuang et al. [8]
Population employed
in primary industry 10,000 persons Yang et al. [12]

Consumption of
fertilizers 10,000 tons Wang et al. [70]

Consumption of
pesticides tons Lu et al. [71]

Consumption of
agricultural film tons Zang et al. [72]

Effective irrigation
area 1000 hectares Ji et al. [73]

Total power of
agricultural
machinery

10,000 kW Liu et al. [74]

Desirable output

Gross agricultural
production 10,000 yuan Zhang et al. [75]

Output of grain tons Zhang et al. [75]
Carbon sequestration 10,000 tons Ke et al. [54]

Undesirable output Carbon emissions 10,000 tons Ke et al. [54]

The measurement system of the CLLCUE consists of input, desirable output, and
undesirable output. The input includes land, labor, and agricultural capitals. In detail,
the land refers to cultivated land used for agricultural production. It’s represented by the
sown area of crops, which is a more accurate indicator of the actual utilization rate than
cultivated land area. The labor refers to population employed in the primary industry.
The agricultural capitals consist of fertilizer, pesticide, agricultural film (the plastic film
covering the cultivated land to keep warm and maintain soil moisture), irrigation, and
agricultural machinery. The desirable output is composed of economic output, social
output, and ecological output, represented by gross agricultural production, the output of
grain, and cultivated land carbon sequestration (CLCS), respectively. The CLCS refers to
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the net carbon sequestration after photosynthesis absorbs carbon and crops growth releases
carbon. The specific formula is as follows:

S = ∑n
i=1 Si = ∑n

i=1[Ci ×Yi × (1−Wi)× (1 + Ri)]/Hi (7)

where S represents the total amount of CLCS, Si represents the net carbon sequestration
of crop i, Ci, Yi, Wi, Ri and Hi represent the carbon content, economic output, moisture
coefficient, root shoot ratio and economic coefficient of crop i, respectively, n represents
the number of main food crops in the YRD. According to the existing studies [76], the
parameters of crops’ carbon sequestration are shown in Table 3.

Table 3. Calculation parameters of carbon sequestration in crops.

Crop Carbon Content Moisture
Coefficient

Economic
Coefficient

Root Shoot
Ratio

Wheat 0.4707 0.1167 0.3632 0.3930
Corn 0.4637 0.1223 0.4628 0.1560

Paddy 0.4171 0.1186 0.4854 0.6000
Cotton 0.4500 0.1150 0.2767 0.1220

Oil-bearing crop 0.4500 0.1500 0.4300 0.7200
Vegetable 0.4500 0.9000 0.6000 0.0000

The undesirable output is the total carbon emissions from cultivated land utilization.
It’s calculated by the comprehensive evaluation method of carbon emission coefficients:
the formula is E = ∑ Ei = ∑ (Gi × δi), where E represents total carbon emissions, Ei
represents the carbon emissions of ith carbon source, the Gi and δi represent the amount
and coefficient of ith carbon source, respectively. According to the existing studies, the
coefficient of each carbon source is shown in Table 4.

Table 4. Carbon emission sources and coefficients of cultivated land utilization.

Carbon
Source Fertilizer Pesticide Agricultural

Film
Agricultural
Machinery Irrigation Tillage

Coefficient 0.8965 4.9341 5.1800 0.1800 20.4760 3.1260
Unit kg/kg kg/kg kg/kg kg/kW kg/hm2 kg/hm2

3.2.3. Super-SBM Model with Undesirable Outputs

Data Envelopment Analysis (DEA) is a nonparametric technique efficiency analysis
method. The relative efficiency level of a group of decision-making units (DMUs) is
determined by comparing the deviation degree between a group of DMUs and their
production frontiers through mathematical programming [77], which aims to find the
optimal production frontier. The evaluation results are more objective without building
functional relationships or setting parameters in advance. As one kind of DEA, the Super-
SBM model considers the undesirable outputs in calculating ecological efficiency. It can
solve the relaxation problem and distinguish between DMUs effectively while studying
their comprehensive benefits of them with multi-inputs and multi-outputs [78]. In this
paper, each city is treated as a DMU. And every city has an input vector, an expected output
vector, and an undesired output vector. The specific evaluation method is established as in
Equation (8)

Minϕ =

1
m ∑m

i=1

(
xi
xik

)
1

s1+s2

(
∑s1

p=1
yd

p

yd
pk
+ ∑s2

q=1
yu

q
yu

qk

) (8)
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Subject to



xik ≥
n
∑

j=1, 6=k
xijλj − xi

yd
pk ≤

n
∑

j=1, 6=k
yd

pjλj − yd p

yu
qk ≤

n
∑

j=1, 6=k
yu

qjλj − yuq

x, yd, yu, λj ≥ 0
j = 1, 2, · · · , n; k = 1, 2, · · · , n

where ϕ represents the CLLCUE, n represents the number of DMUs, m, s1 and s2 represent
the number of inputs, desirable outputs, and undesired outputs, respectively, xi, yd

p and
yu

q represents the slack variable of input i, desirable output p, and undesired output q,

respectively, xik, yd
pk and yu

qk represent the optimal amount of input i, desirable output p, and

undesired output q in DMU k improved through slack variables, xij, yd
pj and yu

qj represent
the input i, desirable output p, and undesired output q in DMU j, λj represents the weight
vector determined according to the statistical characteristics of data.

3.2.4. Super-SBM Model with Undesirable Outputs

The KDE is a representative model for describing the distribution patterns of random
variables. It has been widely used in economics and management research [79]. As a
non-parametric method, the KDE can effectively avoid the subjectivity of function setting
in parameter estimation and capture the objective reality of data distribution [8]. This
study applied it to show the dynamic distribution of new-type urbanization and CLLCU.
Suppose the density function of the random variable x is f (x), and the probability density
at point x can be defined as:

f (x) = (1/nh)∑n
i=1 K((xi − x)/h) (9)

where n is the number of observations, h is the bandwidth, K is the kernel function, a
weighting function or smoothing transfer function, and xi is the independent and identically
distributed random variable.

The kernel function is known as a weighting function or smoothing transfer function. It
can be divided into Gaussian kernel, epanechnikov kernel, triangular kernel, quartic kernel,
and so on. Epanechnikov kernel was adopted to reduce the computational complexity and
improve the operation speed in this paper. Since non-parametric estimation has no definite
function expression, the graphical comparison was usually used to examine its distribution
variation [8]. The kernel density function distribution expressed the dynamic evolution
of the geographical phenomena with the changes in its location, shape, and extensibility
(Table 5).

Table 5. Relationship between the kernel density function distribution and the degree of disparity.

Degree of
Disparity

Number of
Peaks

Height of
the Peak

Location of
the Peak The Left Tail The Right

Tail

Increase Increase Flat Move left Longer Shorter
Decrease Decrease Steep Move right Shorter Longer

3.2.5. Coupling Coordination Degree Model (CCDM)

The CCDM is widely used in many fields to measure the degree of interaction and
coupling level between two or more systems, which determines the development trend of
the integrated systems from disorder to order [80]. Here we applied it to investigate the
interactive coupling relationship between new-type urbanization and CLLCU. In detail,
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we calculated the coupling degree between new-type urbanization and CLLCU, and then
measured the coupling coordination degree. The specific formulas are as follows:

C =

[
4u1u2

(u1 + u1)
2

]1/2

(10)

T = αu1 + βu2 (11)

D =
√

C× T (12)

where u1 represents the new-type urbanization level, u2 represents the CLLCUE, C rep-
resents the coupling degree, T represents the comprehensive evaluation index, and D
represents the coupling coordination degree between new-type urbanization and CLLCU.
Since the new-type urbanization and CLLCU are both significant practices in the transi-
tion period of economy-society development, the new-type urbanization and CLLCU are
equally important to the evaluation of the coupling coordination degree. Thus, they are
given the same weight, that is, α = β = 0.5. Referring to previous research [81], we divided
the coupling coordination degree between them into five types (Table 6).

Table 6. The standards and types of the coupling coordination degree.

Stage Level Type

Coordinated development 0.8 < D ≤ 1 High balanced

Transformation development 0.6 < D ≤ 0.8 Moderate balanced
0.4 < D ≤ 0.6 On the verge of imbalance

Uncoordinated development 0.2 < D ≤ 0.4 Moderate imbalanced
0 ≤ D ≤ 0.2 High imbalanced

3.2.6. Relative Development Degree Model (RDDM)

Although the CCDM is used to reflect the state of interaction and coupling level among
systems, it’s unable to reflect the degree of relative development. Thus, this study applied
RDDM to evaluate the degree of relative development between new-type urbanization and
CLLCU and identify which lags [5]. The specific formula is as follows:

E = u1/u2 (13)

where u1 represents the new-type urbanization level, u2 represents the CLLCUE, C rep-
resents the coupling degree, and E represents the relative development degree between
new-type urbanization and CLLCU. Referring to previous research [5], we divided the
relative development degree into three types: New-type urbanization lag (0 ≤ E ≤ 0.8),
Simultaneous development (0.8 < E ≤ 1.2) and CLLCU lag (1.2 < E).

3.3. Data Acquisition

The data includes statistical data and an administrative map. The statistical data
are mainly from public information sources including the China Statistical Yearbook
(2001–2019), China Rural Statistical Yearbook (2001–2019) and China Statistical Yearbook on
Environment (2001–2019). The administrative map is from the Resource and Environment
Science and Data Center of the Institute of Geographic Sciences and Natural Resources
Research, CAS (http://www.resdc.cn/ (accessed on 31 May 2021)).

4. Results and Analysis
4.1. Temporal and Spatial Evolution of New-Type Urbanization
4.1.1. Temporal Evolution of New-Type Urbanization

The evolution of the new-type urbanization level was examined from the perspective
of the peak, shape, and ductility of the curve. As shown in Figure 4, the distribution

http://www.resdc.cn/
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of new-type urbanization levels in the YRD has three main characteristics: (1) the peak
value decreased continuously, indicating that the degree of discrepancies among new-type
urbanization levels continued to decrease. (2) The kernel density had a “main peak-
double peaks-main peak” differentiation trend. The shape of the curve reflected a “bipolar-
multipolar-bipolar” development tendency. (3) The location of the curve kept moving
towards the right side. The left tail of the curve became thinner while the right tail of
the curve became longer and thicker, suggesting that the new-type urbanization level
increased continuously.
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4.1.2. Spatial Pattern of New-Type Urbanization

The new-type urbanization level was divided into four levels by the quantile classi-
fication method: lowest level, lower level, higher level, and highest level (Figure 5). The
new-type urbanization level of the YRD showed a “single-core, north-south symmetry”
spatial pattern. In detail, (1) except for Shanghai, the new-type urbanization level of other
cities was at the lowest level during 2000–2005. Disequilibrium of the new-type urban-
ization level dominated in the period. (2) The new-type urbanization level of most cities
improved during 2005–2015. Shanghai was the core of the spatial distribution of new-type
urbanization. From the north to south parts, high levels of new-type urbanization gradually
changed into low levels. (3) The new-type urbanization level continued to increase during
2015–2018. Although most cities were at high levels, the new-type urbanization level of
peripheral cities in the YRD was still lower than that of inner cities. With its strategic
position and strong competitiveness, Shanghai has become an important engine for the
development of new-type urbanization in the YRD. Due to the advantageous geographical
location and transportation network, Suzhou and Wuxi provide Shanghai with necessary
elements and space for urbanization, and gradually form a community of interest with
Shanghai. Driven by the radiation of Shanghai, the new-type urbanization of Suzhou and
Wuxi has developed steadily. Suzhou-Wuxi-Shanghai has become the advantaged belt of
the whole region, thereby forming a spatial pattern with Suzhou-Wuxi-Shanghai as the
center and radiating to the north and south parts of the YRD.
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4.2. Temporal and Spatial Evolution of CLLCUE
4.2.1. Temporal Evolution of CLLCUE

As shown in Figure 6, the distribution of CLLCUE in the YRD has three main charac-
teristics. (1) The peak value increasing first and then decreasing indicated that the degree
of discrepancies among CLLCUE decreased first and then increased. (2) The shape of the
curve with the main peak and multiple subpeaks coexisted, which reflected a multipolar de-
velopment state. (3) The location of the curve moved towards the right slightly, suggesting
that the CLLCUE increased a little bit.

4.2.2. Spatial Evolution of CLLCUE

The CLLCUE was divided into four levels by the quantile classification method: lowest
efficiency, lower efficiency, higher efficiency and highest efficiency. As shown in Figure 7,
the CLLCUE in the YRD showed a spatial pattern of “high in the north and low in the
south, high in the east and low in the west”. In detail, (1) cities with higher and highest
efficiency agglomerated in the northern region, while cities with lower and lowest efficiency
agglomerated in the southern region, showing a polarization pattern of “high in the north
and low in the south” during 2000–2010. (2) The CLLCUE of southern cities improved
slightly, but generally didn’t exceed the CLLCUE of northern cities during 2010–2015.
(3) The difference in CLLCUE between the southern and northern regions shrank. Con-
versely, the difference in CLLCUE of the eastern and western regions gradually expanded,
showing a polarization pattern of “high in the east and low in the west” during 2015–2018.
In summary, since the spatial pattern of the CLLCUE was characterized by “high in the
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north and low in the south, high in the east and low in the west”, the CLLCUE in the YRD
was in a disequilibrium state from 2000 to 2018.
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4.3. Dynamic Evolution of Coupling Coordination Degree between New-Type Urbanization Level
and CLLCUE

As shown in Figure 8, the coupling coordination degree between the new-type urban-
ization level and CLLCUE shows the dynamic evolution of cities in the YRD. The coupling
coordination degree between new-type urbanization level and CLLCUE of most cities
changed from a rapid rise period (2000–2010) to steady development (2010–2018). Initially,
the state of uncoordinated development dominated the Yangtze River Delta. Then from
2005 to 2010, the coupling coordination degree intensely increased. There was no city in
the uncoordinated development state. Finally, the new-type urbanization and CLLCU of
most cities achieved a high balance during 2015–2018.
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At the beginning of the period, the coupling coordination degree between the new-
type urbanization level and CLLCUE showed a spatial pattern of “high in the north and low
in the south”, and gradually changed from disequilibrium to equilibrium (Figure 9). Except
for Shanghai, the rest of the cities were moderately balanced and on the verge of imbalance
in 2000, showing a regional disequilibrium pattern. Then, the coupling coordination degree
between the new-type urbanization level and CLLCUE increased during 2005–2015. With
Shanghai as the growth core, Suzhou-Wuxi-Shanghai formed the advantageous area belt,
which drove the northern and southern cities to development. Meanwhile, as the provincial
capitals with sound market and policy support, Nanjing and Hangzhou actively promoted
the new-type urbanization and green agricultural development, which led to the spatial
pattern of coupling coordination degree shifting from unipolar to multi-polar and the
polarization eased slightly. But the coupling coordination degree in the north is slightly
higher than that in the south. Finally, the coupling coordination degree between new-type
urbanization level and CLLCUE of most cities were highly balanced, and the spatial pattern
was in equilibrium.

4.4. Dynamic Evolution of Relative Development Degree between New-Type Urbanization Level
and CLLCUE

As shown in Figure 10, the relative development degree between the new-type urban-
ization level and CLLCUE showed a reversal trend, changing from new-type urbanization
lagging to CLLCUE lagging. Specifically, the new-type urbanization of cities in the YRD
lagged behind CLLCU in 2000. The number of cities in which new-type urbanization lagged
dropped from 10 to 1, and the number of cities in which CLLCU lagged increased from
1 to 12. From the perspective of figure shape, it changed from a positive-triangle-shaped
pattern to an inverted-triangle-shaped pattern during 2005–2015. Finally, the CLLCU of
most cities lagged behind new-type urbanization, and no cities developed simultaneously.



Land 2022, 11, 919 17 of 24Land 2022, 11, x FOR PEER REVIEW 18 of 26 
 

 
Figure 9. The spatial pattern of coupling coordination development between new-type urbanization 
and cultivated land low-carbon utilization of the Yangtze River Delta during 2000–2018. 

4.4. Dynamic Evolution of Relative Development Degree between New-Type Urbanization Level 
and CLLCUE 

As shown in Figure 10, the relative development degree between the new-type ur-
banization level and CLLCUE showed a reversal trend, changing from new-type urbani-
zation lagging to CLLCUE lagging. Specifically, the new-type urbanization of cities in the 
YRD lagged behind CLLCU in 2000. The number of cities in which new-type urbanization 
lagged dropped from 10 to 1, and the number of cities in which CLLCU lagged increased 
from 1 to 12. From the perspective of figure shape, it changed from a positive-triangle-
shaped pattern to an inverted-triangle-shaped pattern during 2005–2015. Finally, the 
CLLCU of most cities lagged behind new-type urbanization, and no cities developed sim-
ultaneously. 

Figure 9. The spatial pattern of coupling coordination development between new-type urbanization
and cultivated land low-carbon utilization of the Yangtze River Delta during 2000–2018.

Land 2022, 11, x FOR PEER REVIEW 19 of 26 
 

 
Figure 10. The type of relative development between new-type urbanization and cultivated land 
low-carbon utilization of the Yangtze River Delta during 2000–2018. 

As shown in Figure 11, the relative development degree between the new-type ur-
banization level and CLLCUE changed from “north-south symmetry” to an equilibrium 
pattern. In detail, the new-type urbanization of cities lagged behind CLLCU in 2000. Later, 
except for Ningbo, the new-type urbanization of most cities lagged behind the CLLCU. 
Nanjing, Hangzhou, and Suzhou-Wuxi-Shanghai areas took the lead in entering the state 
of simultaneous development by 2005. Then, driven by the radiation of Nanjing, Hang-
zhou, and Suzhou-Wuxi-Shanghai area, the new-type urbanization formed a relatively 
obvious scale effect, resulting in that CLLCU lagged behind the new-type urbanization in 
most cities during 2010–2015. Eventually, the CLLCU of all cities lagged behind the new-
type urbanization in the year 2018. 

 

Figure 10. The type of relative development between new-type urbanization and cultivated land
low-carbon utilization of the Yangtze River Delta during 2000–2018.

As shown in Figure 11, the relative development degree between the new-type ur-
banization level and CLLCUE changed from “north-south symmetry” to an equilibrium
pattern. In detail, the new-type urbanization of cities lagged behind CLLCU in 2000. Later,
except for Ningbo, the new-type urbanization of most cities lagged behind the CLLCU.
Nanjing, Hangzhou, and Suzhou-Wuxi-Shanghai areas took the lead in entering the state of
simultaneous development by 2005. Then, driven by the radiation of Nanjing, Hangzhou,
and Suzhou-Wuxi-Shanghai area, the new-type urbanization formed a relatively obvious
scale effect, resulting in that CLLCU lagged behind the new-type urbanization in most
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cities during 2010–2015. Eventually, the CLLCU of all cities lagged behind the new-type
urbanization in the year 2018.
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5. Discussion

New-type urbanization and CLLCU are important practices to achieve high-quality
economy-society-ecology development. In support of coordinated and sustainable de-
velopment, it’s meaningful to explore the relationship between new-type urbanization
and CLLCU. The findings of this study showed that the relationship between new-type
urbanization and CLLCU follows a dynamic process, rather than being static. The coupling
coordinated degree of new-type urbanization and CLLCU evolved towards higher levels
in the YRD. The results of the present study are in line with the findings of previous stud-
ies [5,82]. This paper constructed the comprehensive evaluation systems of the new-type
urbanization and CLLCU according to the principles of comprehensiveness, scientificity,
and typicality. The new-type urbanization was evaluated from the perspective of demo-
graphic urbanization, spatial urbanization, economic urbanization, social urbanization,
and ecological urbanization. Different from traditional urbanization measurement in the
previous study, this paper took the economy-society-ecology effect of urbanization into con-
sideration, reflecting the connotation of new-type urbanization. Additionally, CLLCU was
evaluated exhaustively by taking carbon sequestration and carbon emission as a desirable
output and undesirable output of cultivated land utilization, respectively. The objective
evaluation of the new-type urbanization and CLLCU provides the scientific basis for the
coupling coordination analysis of new-type urbanization and CLLCU.
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The continuous improvement of the coordinated development level of new-type ur-
banization and CLLCU indicates that new-type urbanization and CLLCU form positive
interactions. With the development of new-type urbanization, agricultural scale manage-
ment and intensive utilization can be promoted by large capital investment, complete
infrastructure, and advanced technology, which contributes to the improvement of CLL-
CUE [57,58]. Taking Jiangsu Province as an example, new-type urbanization not only
promotes the rapid flow of important production factors such as capital and technology,
but also promotes the application of green production methods, which have a positive
effect on the transition and upgrade of cultivated land utilization. Under the premise of
ensuring a stable food supply, most cities attach importance to the protection of cultivated
land and their ecosystems, and advocate the coordination of economy-society-ecology
benefits, thereby enhancing the development of sustainable agriculture to a great extent.
Meanwhile, the transfer of rural surplus labor drives urban-rural land use transition and
the improvement of urban public infrastructure, which has a feedback effect on the new-
type urbanization [83]. For example, the cultivated land utilization has gradually shifted
towards a green and low-carbon mode in cities with a high new-type urbanization level,
such as Shanghai, Nanjing, and Hangzhou. Cultivated land with economy-society-ecology
functions ensures the development of new-type urbanization, thereby promoting the co-
evolution of new-type urbanization and CLLCU.

Although most cities have been in a state of high coordination between new-type
urbanization and CLLCU, the CLLCU of each city lags behind new-type urbanization.
The rapid advancement of new-type urbanization and the andante promotion of CLLCU
make it difficult to develop simultaneously. Though the new-type urbanization emphasizes
green and low-carbon development, it is still an important carrier of industrialization and
population migration. The unavoidable negative problems such as land resource waste
and “out-of-control” urban sprawl will exert pressure on cultivated land utilization. The
urban expansion occupies a large amount of high-quality cultivated land in the suburbs,
resulting in a decline in the quality and productivity of cultivated land resources [84].
Cultivated land loss induces excessive and inefficient utilization of high-carbon production
materials, which leads to massive carbon emissions. Moreover, although the cultivated
land protection policy is a strict and powerful institutional guarantee system composed of
specific laws and regulations, it’s unable to solve a series of problems in cultivated land
utilization [20]. The phenomenon, for instance, occupying the superior to make up for
the inferior and occupying paddy fields to make up for the dryland not only leads to the
decline in the quality and the increase in utilization intensity of cultivated land but also
results in the damage to the cultivated land ecosystem and its carbon sequestration capacity.
In conclusion, since the rapid development of new-type urbanization exerts the pressure
on the cultivated land resources, the cultivated land utilization still relies on high-intensity
agricultural material inputs to ensure its productivity so that the spread of CLLCU lags.
Therefore, in the process of social and economic transition, the new-type urbanization
should not only maintain the speed of development but also focus on improving the
quality and efficiency of development. In particular, it is necessary to further alleviate
conflicts among important subsystems such as construction land and cultivated land, urban
and rural areas, and prevent the continuous escalation of unbalanced and uncoordinated
problems accumulated in the development. The cultivated land utilization also needs
to be actively combined with the concept of green and low-carbon. Based on cultivated
land protection, the balance between improving cultivated land productivity and reducing
carbon emissions could strengthen the promotion of sustainable cultivated land utilization.

This study sheds light on the relationship between new-type urbanization and cul-
tivated land utilization, and provides a scientific basis for promoting the high-quality
development of new-type urbanization and sustainable utilization of cultivated land. How-
ever, there are certain inadequacies. Firstly, due to the availability of data, our research area
is from the perspective of cities, which leads to a relatively rough estimation of regional
heterogeneity of the coupling coordinated development. Secondly, the driving factors of the
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coupling coordinated relationship between new-type urbanization and CLLCU were not
addressed in the present study. However, the interaction between new-type urbanization
and CLLCUE has heterogeneous features and is droved by multiple factors. Thus, in
order to provide the scientific reference for differentiated policy-making, it’s necessary to
conduct an in-depth exploration of the relationship between new-type urbanization and
CLLCUE from a more detailed spatial scale and detect its driving factors comprehensively
in future study.

6. Conclusions and Policy Implications
6.1. Conclusions

This paper constructed systematic evaluation models for new-type urbanization and
CLLCU based on the concept of new-type urbanization and CLLCU. Taking the YRD
as the typical research area, the evolution of new-type urbanization and CLLCU was
analyzed from the spatial and temporal scales. Furthermore, the CCDM and RDDM were
applied to reflect the coordinated and relative development of new-type urbanization and
CLLCU, which has strong theoretical guiding significance for the realization of high-quality
economy-society development and sustainable agricultural development.

Firstly, the new-type urbanization level of cities in the YRD increased, showing a spatial
pattern of “single-core, north-south symmetry”. The YRD formed a radiate development
model of “growth pole-advantage area-overall region”, and took full advantage of the scale
effect. Due to differences in the geographical location conditions, and economic growth
patterns, the new-type urbanization level continued to be polarized in the YRD.

Secondly, the CLLCUE of cities in the YRD increased but polarized obviously, showing
a spatial pattern of “high in the north and low in the south, high in the east and low in the
west”. Under the guidance of sustainable development, cultivated land utilization trans-
formed from extensive and inefficient mode to a low-carbon and efficient state, although
there were still significant differences in the CLLCUE of cities due to natural endowments,
agricultural mode, development intensity, etc.

Thirdly, the coupling coordination development of cities in the YRD showed the
trend of “rapid increase-stable development”. Most cities shifted from uncoordinated
development to coordinated development, and the spatial pattern shifted from “high in
the north and low in the south” to the regional equilibrium. It proved that the new-type
urbanization drove the development of CLLCU and the CLLCU fed back to the new-type
urbanization positively.

Fourthly, the relative development of new-type urbanization and CLLCU of cities
in the YRD showed a “reversal” trend. In other words, the relative development state
transformed from the new-type urbanization lagging behind the CLLCU to the new-type
urbanization ahead of the CLLCU. None of the cities were in simultaneous development
and the spatial pattern has shifted from “north-south symmetry” to regional equilibrium.

Although the new-type urbanization and CLLCU have reached a state of coordinated
development, the rapid advancement of new-type urbanization and the slow development
of CLLCU might hinder the sustainable utilization of cultivated land. It is necessary
to further emphasize the high-quality development of new-type urbanization and the
low-carbon development of cultivated land utilization.

6.2. Policy Implications

Firstly, the differentiated modes of CLLCU should be explored to realize the dual
goals of efficient utilization and low-carbon emission. Under the premise of reasonable
evaluation of natural endowment and development period, cities in the phase of low CLL-
CUE should strengthen the optimization of cultivated land to avoid the loss of cultivated
land and improve the CLLCUE. Cities in a period of high CLLCUE should improve the
intensity of agricultural carbon emissions reduction with multiple approaches such as
scientific fertilization, innovative techniques, moderate scale management, and pollution
detection. At the same time, it is necessary to establish relevant laws and regulations to
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improve the supportive system and compensation mechanism to ensure the promotion of
CLLCU successfully.

Secondly, the quality and efficiency of new-type urbanization need to be promoted in
the YRD. On one hand, cities with a higher new-type urbanization level such as Shanghai,
Nanjing, and Hangzhou should continue to promote new-type urbanization steadily. These
cities should focus on strictly delimiting growth boundaries, exploring the potential within
the city, optimizing the urban spatial layout, and promoting the circulation of resources.
As the stable growth pole of the YRD, these cities should not only improve their com-
prehensive competitiveness and form the low-carbon development mode but also drive
the development of surrounding cities. On the other hand, cities with a lower new-type
urbanization level, for example Taizhou, Huzhou, and Zhoushan, should learn from the
experience of cities with high-levels of new-type urbanization to make up for shortcomings
of urbanization construction. These cities must solve the basic problems of new-type urban-
ization such as spatial layout, public service, and environmental governance. Specifically,
these cities should effectively control the city scale and promote intensive space utilization.
At the same time, they should actively expand the sharing scope of public services and
strictly control production-living pollution to improve residents’ well-being.

Finally, the coordinated development of new-type urbanization and CLLCU should be
promoted comprehensively to reduce the region gap through the linkage effect. Shanghai
and Jiangsu should further play a leading role in the radiating development. It’s essen-
tial to build an open and sharing development community in the YRD by promoting
the integration and coordination of natural resources and social resources, especially in-
novative technology and information. Various resources should be allocated out of the
balance between equity and efficiency, and administrative barriers should be broken down
to avoid the formation of a polarized pattern due to the strengthening of the “Matthew
effect”. In other words, cities with a high development level and strong radiation abil-
ity continue to use advantageous conditions to promote the new-type urbanization and
CLLCU, while cities with lagging development levels are difficult to change the passive
roles, and continue to lag. Therefore, cities in Zhejiang Province should actively promote
the interconnection of various production factors to promote the positive interaction and
coordinated development of new-type urbanization and CLLCU, especially marginal cities.
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