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Abstract: The resources and environmental carrying capacity (RECC) of a region are considered the
key and the foundation for achieving sustainable development and the benchmark of environmental
protection and pollution control. However, to improve the regional RECC, we need to comprehen-
sively consider the data information and correlation of the economy, society, resources, and the
environment. Therefore, we propose a data-driven method for RECC measurement and evaluation of
the regional RECC. Based on data collection and the application of the pressure-state-response (PSR)
framework to reflect RECC, an evaluation index system for the regional RECC is constructed. The
technique for order of preference by similarity to the ideal solution (TOPSIS) model with the entropy
weight method is used to measure and evaluate the regional RECC. The obstacle degree model is
adopted to select and identify the key factors affecting the regional RECC and to propose targeted
policy suggestions for data application. The results indicate that the RECC level in three provinces
and one city of the Yangtze River Delta region fluctuated slightly from 2010 to 2019, with an overall
upward trend. Anhui Province has a relatively weak carrying capacity, and the main obstacles to
RECC improvement in the region are the proportion of wetland area and the ownership of water
resources. This study provides theoretical and methodological support for regional RECC research
and management as well as a basis for formulating policies related to environmental protection and
pollution control.

Keywords: data-driven; sustainability; resources and environmental carrying capacity; environmen-
tal pollution; entropy weight method; obstacle degree model

1. Introduction

With the sustained and rapid development of the global economy and society, the pro-
cess of industrialization and urbanization is accelerating, and the ecological environment
and resources on which human beings depend are being used without restraint. A series of
problems have emerged, such as high pollutant emissions, low efficiency of energy and
resource utilization, and the deterioration of the ecological environment [1]. The United
Nations Environment Programme posits that the carrying capacity of the ecological envi-
ronment in many areas seriously exceeds the standard and that the consumption of natural
resources far exceeds the Earth’s regeneration capacity, which is causing regional tension
and affecting the goal of human sustainable development [2]. Therefore, different countries
have proposed building land space development standards based on the resources and
environmental carrying capacity (RECC) of a region and promoting green development
and harmonious coexistence between humans and nature [3]. For example, in the 14th
Five-Year Plan, China indicated that it aims to strengthen the construction of an ecological
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civilization and build a resource-saving and environmentally friendly society with sus-
tainable development as the goal based on RECC and the law of nature. To meet the new
challenges faced by the world’s regional sustainable development, based on measuring the
current RECC situation in different regions [4], it is necessary to accurately and objectively
evaluate RECC, identify key constraints, and determine the carrying capacity of regional
resources and the environment based on the RECC status of different regions. Doing so is
essential for promoting sustainable regional social and economic development. However,
to accurately quantify the regional RECC, there are problems such as single evaluation
indicators, the lack of dynamic data, and inappropriate evaluation methods. Therefore,
adopting a data-driven approach to studying the regional RECC is an important motivation
for this paper.

Given their importance, RECC has become a hot issue among scholars. The concept
of carrying capacity originated from the field of mechanical engineering [5] and was later
extended to apply to the RECC on population [6], socioeconomic, and biological population
development [7]. Additionally, it has been used to conduct research on the maximum
carrying capacity of single elements such as regional water [8], atmosphere [9], land [10],
and noise. Scholars also study the comprehensive RECC from the perspective of a regional
“nature, economy, society” composite ecosystem [11]. As humankind enters an ecological
civilization society, influenced by global climate change and frequent human activities [12],
the focus of scholars’ research on carrying capacity has shifted to environmental change and
the stability, vulnerability, adaptability, and steady-state transformation of ecosystems [13].
To quantify the evaluation system of RECC, Scholars have comprehensively considered
factors such as land [14], water [15], climate [9], and energy [12], such as calculating the
number of people who can be supported per hectare of land [16], land utilization rate and
potential, and the ECCO model of regional RECC is established [17]. Furthermore, the
evaluation index system for RECC has been constructed from the perspectives of resources
and environmental factors [18]. However, the RECC is the result of the joint action of the
three major systems of resources, environment, and society [19]. Therefore, starting from
the structure and function of the “resource- environment-society economy” composite
system [20], a universal evaluation system for the carrying capacity of resources and envi-
ronment has been further constructed. Afterward, the “Pressure State Response” (P-S-R)
model emerged, which better explained the causal relationship of sustainable changes in the
human nature composite ecosystem [21]. Therefore, some scholars have also constructed an
evaluation index system from the P-S-R level [22]. the evaluation methods and influencing
factors of RECC are studied [1,23,24]. Scholars have evaluated the RECC, starting from
static evaluation methods, such as the agricultural ecological zone (AEZ) method [25],
supply—demand balance method [9], and gradually changing to dynamic analysis [11],
prediction models [14], and methods based on time series [26], system dynamics [27], and
neural networks [28]. However, static analysis lacks systematicity, and the application
scope of the dynamic analysis model is uncertain and lacks consistency. The evaluation
of RECC is developing towards digitization and integration, such as the multiobjective
decision-making method, ecological footprint method [29], energy analysis method [5],
material flow analysis method [28], fuzzy comprehensive evaluation method [30], principal
component analysis method [31], and analytic hierarchy process [32], to make up for the
defects of any single method. Studies on the influencing factors of carrying capacity have
analyzed the influencing factors of carrying capacity from the aspects of natural condi-
tions [33], regional development and management systems; examined their causes; used a
time series Tobit model to analyze the driving factors of RECC in the Guiyang [34], etc.

Research by scholars in China and elsewhere on the connotation of, the evaluation
index system for and evaluation methods for the regional RECC provides a solid foundation
for this paper. However, such research can be further expanded in the following ways.
(1) Previous studies on carrying capacity have mainly focused on single elements and
comprehensive elements. On this basis, we can build a multi-dimensional dataset to more
comprehensively and systematically measure RECC in a quantitative manner. (2) It is
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necessary to build a data-driven measurement and evaluation method for the regional
RECC to objectively evaluate the regional RECC and reflect its dynamics and evolutionary
trend. (3) Dynamic and appropriate monitoring methods can be used to accurately and
quantitatively evaluate the impact of different regions to determine the main driving factors
for different regions.

To meet the research challenges above, we propose regional RECC methods based on the
research ideas of Feng et al. [1], Peng and Deng [34–36], Wang and Liu [5], Swiader, et al. [6],
and Liu et al. [37,38]. This paper uses a data-driven comprehensive evaluation of the level
of the regional RECC and identifies the key factors restricting an improvement in carrying
capacity. Taking the Yangtze River Delta as an example, this paper studies the changes in
its RECC and the key obstacles from 2010 to 2019 to provide suggestions for formulating
sustainable development policies for this region. Therefore, the research of this paper holds
certain theoretical and practical significance. In terms of theory, first, when constructing the
evaluation index for the regional RECC, the three levels of state, pressure, and response are
considered, and 16 indices are selected to provide a more perfect evaluation index system.
Second, the data-driven method can more objectively and accurately analyze and evaluate the
regional RECC. Third, we enrich and improve the theoretical research basis for regional RECC
measurement and evaluation, thus providing a practical basis for regional environmental
decision-makers. In terms of practice, this study provides a basis for practitioners to build on
the new development stage, implement the new development concept, accurately identify the
key factors affecting the carrying capacity and dynamically adjust their development ideas. It
also provides suggestions for researchers and national policy-makers to improve RECC.

To achieve the research objectives above, this study is organized as follows. The second
section, regarding the method, introduces the method and process of data collection, data
modeling, data analysis, and data application to reflect the regional RECC. The third section
describes the case study. Taking the Yangtze River Delta as an example, this paper evaluates
and analyses the regional RECC level of three provinces and one city and identifies the key
factors restricting an improvement in carrying capacity. The fourth section is the conclusion.

2. Method

This section comprehensively introduces the methods of measurement, evaluation, and
identification, including the method flow, data collection, data processing, data modeling,
and data application.

2.1. Method of Flow

To promote the sustainable development of the regional economy and to realize
environmental protection and pollution control, it is necessary to construct a measurement
framework and an evaluation system for the regional RECC from the perspective of system
theory and to carry out systematic and holistic exploration from the perspective of global
optimization. Doing so is urgently necessary for accurate regional RECC evaluation.
However, RECC involves a complex system. There are regional differences in influencing
factors. There are significant differences across datasets and in the selection of evaluation
methods for different regions. Accurately evaluating the regional RECC poses a challenge
for research.

In order to accurately evaluate the regional RECC, this article first cites two hypotheses:

Assumption 1. Assuming that the regional resource environment is a closed-loop system, only
considering relevant subsystems such as state, pressure, and response, and not considering the
interaction between the region and external resources, environment, economy, and society.

Assumption 2. Assuming that the regional state, pressure, and response subsystems can be
quantified through relevant indicators and a dynamic database can be established.

To meet this challenge, based on hypotheses, this paper establishes a data-driven,
comprehensive evaluation method to measure, evaluate and identify the regional RECC.
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Data collection is mainly used to construct the three-level indicators of state, pressure,
and response from the perspectives of the economy, society, resources, and the environment.
Regarding data processing, applied IBM SPSS Statistics 26 to standardize data, entropy,
and the TOPSIS method [39]. normalization is used for dimensionless standardization and
processing, and the entropy weight method is used to determine the weight of indicators.
Data modeling is used to construct a comprehensive evaluation model of the regional
RECC, and an obstacle degree model is adopted to clarify the obstacle factors. Through data
analysis based on a comprehensive evaluation and obstacle degree model, the relationship
between various influencing factors and the regional RECC is studied, the main factors
hindering the carrying capacity are determined, and targeted methods are proposed to
improve the regional RECC in practice. From the perspective of system theory and the PSR
framework, the regional RECC is measured. Based on the construction of a comprehensive
evaluation model and obstacle degree model, the main factors affecting the regional RECC
are studied.

The procedure is shown in Figure 1.
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2.2. Data Collection

The essence of RECC is the coupling relationship among the economy, society, re-
sources, and environmental economics [1]. This relationship can be revealed by the PSR
model. That is, human activities exert pressure on the ecological environment, leading to
changes in the state of the ecological environment. In addition, human society responds
to changes in the ecological environment and then restores the quality of the ecological
environment. Therefore, the model can be used to evaluate the regional RECC.

Following the principles of scientificity, systematization, operability, and typical repre-
sentativeness and incorporating the actual situation of the study area, this paper constructs
a regional RECC comprehensive evaluation index system based on the PSR model based
on four aspects: the economy, society, resources, and the environment. Among them, the
pressure layer includes social and economic pressure and resource and environmental
pressure. While selecting indicators such as population density for representation, the
regional economy reflects the relative level of RECC, and compared with Wang and Liu [5],
Added indicator per capita GDP. The state layer includes three aspects: the state of the
environmental background, resource endowment conditions, and the state of social and
economic development. It is measured by indicators such as per capita cultivated land area.
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However, the wetland area in regional resources is relatively significant. Compared with
Niu et al. [25], the wetland area proportion index is added. The response layer mainly refers
to environmental protection measures. Five indicators, such as investment in industrial pol-
lution control, are selected for characterization. To better reflect the response layer, the index
of investment in industrial pollution control is added in compared with Liao et al. [9], the
index of investment in industrial pollution control is added. The comprehensive evaluation
index system is shown in Table 1.

Table 1. Construction of the regional RECC evaluation index system.

Target Layer Criterion Layer Index Nature Index Layer Interpretation

RECC

State

X1 + Per capita water resources Total water resources/total population
X2 + Per capita park green space area Park green space area/total population
X3 + Per capita road area Road area/total population
X4 − Energy consumption per unit of GDP Energy consumption/GDP
X5 + Proportion of cultivated land area Total cultivated land area/land area
X6 + Proportion of wetland area Total wetland area/land area

Pressure

X7 − Population density Total population/land area
X8 + Per capita GDP GDP/total population

X9 − Waste gas emissions per unit of
industrial value added

Exhaust emissions/industrial
value added

X10 − 10,000 yuan industrial value-added
wastewater discharge

Wastewater discharge/industrial
value added

X11 − Output of industrial solid waste Regional total industrial solid waste

Response

X12 + Urban green coverage Urban green coverage/urban area
X13 + Forest coverage Forest area/land area

X14 + Investment in industrial
pollution control Funds for industrial pollution control

X15 + Comprehensive utilization rate of
industrial solid waste

Effective utilization ratio of industrial
solid waste

X16 + Sewage treatment rate Annual sewage treatment
capacity/total sewage

2.3. Data Sources and Processing

Data reflecting the state, pressure, and response of the regional RECC in the Yangtze
River Delta were collected and sorted. The data used in this study were mainly from
the China Statistical Yearbook, China Environmental Statistical Yearbook, Jiangsu Statis-
tical Yearbook, Anhui Statistical Yearbook, Zhejiang Statistical Yearbook, and Shanghai
Statistical Yearbook, as well as relevant data published by the Ministry of Ecological and
Environmental Protection of China from 2010 to 2019. To better distinguish the importance
of each index, the entropy weight method was used to process the original data. The
specific steps are as follows:

(1) Construction of a standardized evaluation matrix reflecting the regional RECC

It is assumed that the original evaluation index matrix of the regional RECC is as follows:

X =


x11 x12 · · · x1n
x21 x22 · · · x2n

...
...

...
...

xm1 xm2 · · · xmn

 (1)

xij is the specific value of the i-th research object and the j-th index.
Because the indicators for evaluating the regional RECC have different dimensions

and are divided into positive indicators and negative indicators, larger values of positive
indicators indicate a higher carrying capacity and smaller values of negative indicators
also indicate a higher carrying capacity. To make the index data unified and comparable,
normalization is used for dimensionless standardization. A positive index is treated based
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on Formula (2), a negative index is treated based on Formula (3), and the standardized
matrix Y (Formula (4)) is obtained as follows:

yij =
xij −min(xij)

max(xij)−min(xij)
(2)

yij =
max(xij)− xij

max(xij)−min(xij)
(3)

Y =


y11 y12 · · · y1n
y21 y22 · · · y2n

...
...

...
...

ym1 ym2 · · · ymn

 (4)

yij represents the standardized value of the i-th research object and the j-th index,
where i = 1, 2, · · · , m and j = 1, 2, · · · , n.

(2) Determination of the index weights based on the entropy weight method

The entropy weight method can objectively reflect the importance of each index of
RECC. The specific method determines the information entropy Hj (Formula (5)). The
greater the value of Hj is, the higher the information utility value of the index and the
greater its weight in the RECC evaluation. Then, the weight of each index wj is deter-
mined (Formula (6)).

Hj = −
1

ln m

m

∑
i=1

fij ln fij (5)

fij =
yij

m
∑

i=1
yij

wj =
1− Hj

n
∑

j=1
(1− Hj)

(6)

2.4. Data Model
2.4.1. Entropy Weight TOPSIS Method

Regarding the comprehensive evaluation of the regional RECC, previous studies have
mainly focused on principal component analysis [4], the AHP [10], fuzzy comprehensive
evaluation [12], the entropy weight method [16], and the entropy weight technique for
order of preference by similarity to ideal solution (TOPSIS) method [24]. However, principal
component analysis is not very accurate in explaining the regional RECC, and the extracted
principal components have a high cumulative contribution rate. In addition, when studying
RECC, the general sample size is small and cannot fully reflect the differences between
the evaluation objects, and the degree of discrimination is not high. The AHP and fuzzy
comprehensive evaluation are greatly affected by subjective factors when determining the
weights, and there are many indicators when studying RECC. Therefore, it is difficult to
determine the weights using the AHP [40]. Moreover, fuzzy comprehensive evaluation
can be too fuzzy, resulting in evaluation failure [41]. The entropy weight method is more
objective in determining the weights and can determine the difference between the index
positions. However, when evaluating the same region, it cannot reflect the gap between
the actual level and the ideal level of RECC [42]. The entropy weight TOPSIS method is
used to evaluate the regional RECC, which improves the value formula of the evaluation
object and the positive and negative ideal solution and makes the evaluation results more
consistent with the real situation, to estimate the mean error of the normalization methods
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for TOPSIS, also indicated the superiority of this method [43]. The specific calculation steps
are as follows:

(1) Construction of the weighted decision matrix

In the evaluation of the regional RECC, to improve the objectivity and reflect the
differences in different indicators, the weighted value and entropy weight wj are used to
construct the weighted evaluation matrix, as shown in Formula (7):

V =


v11 v12 · · · v1n
v21 v22 · · · v2n

...
...

...
...

vm1 vm2 · · · vmn

 =


y11·w1 y12·w2 · · · y1n·wn
y21·w1 y22·w2 · · · y2n·wn

...
...

...
...

ym1·w1 ym2·w2 · · · ymn·wn

 (7)

(2) Determination of the positive and negative ideal solutions of the index

Let V+ represent the maximum value of the j-th index of the i-th object in the weighted
evaluation data, that is, the best scheme, as a rational solution. Let V− represents the
minimum value of the j-th index of the i-th object in the weighted evaluation data, that
is, the least ideal scheme, as the negative ideal solution. See Formulas (8) and (9) for the
specific calculations:

V+ =
(
V+

1 , V+
2 , · · · , V+

n
)

= (max{v11, v21, · · · , vm1}, max{v12, v22, · · · , vm2}, · · · , max{v1n, v2n, · · · , vmn})
(8)

V− =
(
V−1 , V−2 , · · · , V−n

)
= (min{v11, v21, · · · , vm1}, min{v12, v22, · · · , vm2}, · · · , min{v1n, v2n, · · · , vmn})

(9)

(3) Calculation of the Euclidean distance from the positive (negative) ideal solution

Let the distances from each evaluation object vector to the positive and negative ideal
solutions be Di

+ and Di
−, respectively. They are obtained as follows:

D+
i =

√√√√ n

∑
j=1

(Vij −V+
j )

2

(i = 1, 2, · · · , m) (10)

D−i =

√√√√ n

∑
j=1

(Vij −V−j )
2

(i = 1, 2, · · · , m) (11)

(4) Calculation of closeness Ci

Ci =
D−i

D+
i + D−i

(12)

Sticking progress indicates the closeness between the RECC of the evaluation object
and the positive ideal solution, that is, the optimal scheme. Its value range is [0, 1]. The
closer the value of Ci is to 1, the higher the RECC of the research object. In contrast, the
closer the value of Ci is to 0, the lower the RECC. Using past progress, we can judge the
RECC of each research object and determine the order of advantages and disadvantages.

2.4.2. Obstacle Degree Model

The evaluation of the regional RECC lies not only in evaluating carrying capacity
but also in clarifying the obstacle factors restricting the regional RECC to propose rele-
vant policy suggestions and to increase RECC strength [44]. Therefore, it is necessary to
further explore the regional RECC. The specific method is to introduce the contributions
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of factors (Fj) to express the impact of the j-th index on the regional RECC. The index
deviation degree (Oij) refers to the gap between each index and the evaluation objectives of
the regional environmental carrying capacity. The obstacle degree (Mij), which indicates
the negative impact value of a single or classified index on the regional RECC, is analyzed
and diagnosed. The specific calculation formula is as follows:

Fj = ri × wj (13)

ri is the weight of the i-th subsystem in the RECC comprehensive evaluation model, and
Wj is the weight of the j-th indicator.

Oij = 1− x′ij (14)

Oij represents the deviation degree of the j-th index in the i-th region and x′ij represents
the standardized value of a single index.

Mij = Fj ×Oij/
n

∑
i=1

Fj ×Oij × 100% (15)

n indicates the number of system indicators. A larger value of Mij indicates that a ba-
sic indicator poses a greater obstacle to the regional RECC. The primary and secondary
relationships of obstacle factors can be determined in order from large to small.

2.5. Data Application

This research is based on the data-driven measurement, evaluation, and identification
of the regional RECC. The specific data application is as follows (see Figure 2 for details):
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The first step is to establish a comprehensive dataset. Based on the coupling rela-
tionship among the economy, society, resources, and the environment, a comprehensive
database is established.

The second step is to establish the RECC evaluation system. With reference to the
results of the relevant literature, an evaluation system reflecting the regional RECC in
terms of the PSR framework is established to dynamically reflect and monitor the regional
carrying capacity.

The third step is to evaluate the regional RECC and identify key influencing factors.
The entropy weight method weights the index layers of the regional RECC based on
the influence importance, uses the TOPSIS method to comprehensively quantify and
evaluate the regional carrying capacity, obtains quantitative results in a time series format
at the regional carrying capacity level, compares the changes in different periods, and
differentiates across regions. The obstacle degree model is used to identify the key factors
restricting the regional RECC and to provide a methodological reference for accurately
grasping the regional carrying capacity based on the quantitative results.

The fourth step is to propose countermeasures for sustainable social and economic
development based on the regional RECC measures.
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3. Case Study

Using the research methods above, this paper takes the Yangtze River Delta as an
example. We focus on the regional RECC of the Yangtze River Delta, accurately and
quantitatively evaluate the regional RECC from the PSR perspective, identify the key
factors affecting the regional RECC, make policy suggestions to improve the RECC of
the Yangtze River Delta, and realize sustainable economic development, and summarize
recommendations for managers.

3.1. Background

The Yangtze River Delta region (Anhui Province, Jiangsu Province, Zhejiang Province,
and Shanghai City) is the most economically developed region in China. In 2021, the
regional GDP reached 27.59 trillion yuan, an increase of 8.4% over the previous year
and accounting for 24% of the national GDP. It is the most important growth pole of
China’s economy. However, for a long period of time, the Yangtze River Delta region
has mainly relied on the mode of large-scale investment to drive economic growth. It
has high energy consumption, intensive pollutant emissions, and particularly serious
volatile organic compound air pollution. According to the announcement of China’s
environmental situation in 2020, although the proportion of excellent days in the Yangtze
River Delta increased in 2020, O3 and PM2.5 were still present. The number of days on which
pollutants such as PM10 and NO2 exceeded the standard seriously affected the public’s
health. Given that the Yangtze River Delta is an urbanized area with the most developed
economy and the highest degree of urban agglomeration in China, its regional RECC
is representative of researchers seeking to alleviate the contradiction between resource
utilization, environmental protection, and economic development in the Yangtze River
Delta and to realize sustainable economic development. Additionally, it can provide a
reference for other regions.

3.2. Results
3.2.1. Determination of the Weight of Each Index

On the basis of normalizing the original data with Formulas (2) and (4), Formula (6) is
used to determine the weight of each index. The specific results are shown in Table 2 below:

Table 2. Summary of the weight calculation results based on the entropy weight method.

index w1 w2 w3 w4 w5 w6 w7 w8 w9

weight 0.1044 0.0322 0.0685 0.015 0.086 0.1565 0.073 0.0508 0.0457

index w10 w11 w12 w13 w14 w15 w16

weight 0.045 0.0358 0.0362 0.1361 0.0692 0.0311 0.0148

Table 2 shows that among the indicators reflecting the regional RECC of the Yangtze
River Delta, due to the large differences in the proportion of wetland area, per capita water
resources, population density, and other indicators, their values are large when the entropy
weight method is used to determine the weights. However, the performance weights of
indicators such as the urban green coverage rate and sewage treatment rate are small.

3.2.2. Schedule Calculation

First, the positive and negative ideal solutions are determined based on Formulas (8) and (9).
Then, Formulas (10) and (11) are used in combination with the weighted normalization matrix to
determine how far the RECC of the Yangtze River Delta from 2010 to 2019 deviated from the
positive and negative ideal solutions. See Table 3 for details.

Based on Formula (12) and the data in Table 3, the closeness and ranking of the RECC
in the Yangtze River Delta from 2010 to 2019 are obtained. The results are shown in the
figure below.
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Table 3. Deviation of RECC from the positive and negative ideal solutions in the Yangtze River Delta
(2010–2019).

Anhui Jiangsu Zhejiang Shanghai

year D+
i D−i D+

i D−i D+
i D−i D+

i D−i
2010 0.225 0.137 0.217 0.136 0.210 0.190 0.227 0.136
2011 0.226 0.132 0.212 0.136 0.208 0.172 0.227 0.138
2012 0.220 0.136 0.211 0.139 0.195 0.198 0.224 0.139
2013 0.206 0.143 0.193 0.157 0.186 0.190 0.223 0.176
2014 0.207 0.145 0.192 0.156 0.181 0.200 0.216 0.177
2015 0.203 0.149 0.185 0.165 0.179 0.207 0.215 0.177
2016 0.190 0.167 0.179 0.175 0.178 0.206 0.207 0.186
2017 0.198 0.155 0.188 0.165 0.187 0.188 0.208 0.186
2018 0.197 0.158 0.188 0.165 0.184 0.190 0.203 0.187
2019 0.204 0.155 0.189 0.177 0.178 0.203 0.205 0.185

In Figure 3, we observe the regional RECC of three provinces and one city in the
Yangtze River Delta from 2010 to 2019.
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By horizontally comparing the three provinces and one city in the 2010–2019 period,
as shown in Figure 4, it can be roughly seen that the RECC of Zhejiang Province is high,
followed by that of Jiangsu Province and Shanghai City, and the RECC of Anhui Province
are low. From 2010 to 2016, the RECC in all regions continuously improved, and the
RECC peaked in 2016. From 2017 to 2019, the RECC decreased with the ranking but also
continuously improved. Further in-depth analysis shows the following differences in RECC
across the Yangtze River Delta.

Zhejiang Province has the strongest RECC, indicating that its ecological and en-
vironmental quality is more perfect and optimized and that remarkable achievements
have been made in ecological civilization construction and in environmental protection.
The maximum per capita water resources reach 2608.7 m3/person, with a minimum of
1365.7 m3/person. The forest coverage rate ranges from 60.58% to 61.17% over the 10-year
period. Indicators such as the number of beds in health institutions per 10,000 people are
much higher than those in the other regions, indicating that Zhejiang Province performs
well at the state-response level.

Jiangsu Province leads in terms of RECC performance, which is specifically reflected in
the per capita park and green space area of 15 m2 per capita, ranking first among the three
provinces and one city. The proportion of wetland areas and urban green coverage rate has
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increased year by year, the per unit emissions of the industrial three wastes have decreased
year by year, and the investment in industrial pollution control has been increasing, placing
Jiangsu Province in the lead in the Yangtze River Delta.
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Figure 4. RECC evaluation results of the Yangtze River Delta region (2010–2019).

The overall RECC performance of Shanghai is average. This result is mainly because,
among the regions studied, the city has the lowest per capita cultivated land area, per
capita water resources, per capita road area, and population density. However, the per
capita GDP of Shanghai is at a high level, and the output of industrial wastewater, waste
gas, and solid waste per 10,000 yuan GDP is at a low level. This result shows that the state
of resources and the environment in this area is relatively tense. However, the region has
high resource utilization efficiency and strong environmental protection.

The RECC of Anhui Province is poor. Although the per capita cultivated land area,
per capita water resource ownership, and population density are relatively low, the overall
performance of per capita GDP, energy consumption per unit of regional GDP, and waste
gas emissions per unit of industrial value added is poor. The state of resources and the
environment in Anhui Province is good, but the response is not ideal.

3.2.3. Obstacle Factor Diagnosis

Because there are many factors in the index system reflecting the regional RECC, to
explore in depth the key obstacle factors affecting the RECC of each region, the top five
obstacle factors reducing the RECC of each region are selected as the basis for identifying
the main obstacle factors. Considering the large sample size of data for the 10 years from
2010 to 2019, 2019 data are selected as the sample for obstacle factor analysis.

(1) Ranking of PSR obstacle factors in 2019

According to Figure 5, in 2019, the calculation results of obstacle factors of the regional
RECC in terms of pressure and response in the Yangtze River Delta show that the main
factor affecting an improvement in the regional RECC is the system state, with values
above 70, especially in Zhejiang Province. The system response factor is the second most
influential factor. The values of Anhui Province, Jiangsu Province, and Shanghai City are
approximately 20, while the value of Zhejiang Province is 6.68. These results show that the
main factor restricting the RECC in the Yangtze River Delta is the state factor, highlighting
that there is an urgent need for the region to protect the cultivated land area and wetland
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area, make rational use of water resources, and continuously increase the area of park green
space and roads. Moreover, policymakers should strengthen environmental governance,
increase the amount of investment in industrial pollution control, improve the reuse rate of
wastewater and solid waste, and improve urban green coverage and forest coverage.
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(2) Major obstacles to the regional RECC in the Yangtze River Delta in 2019

Figure 6 shows that the main obstacle factors affecting the regional RECC of the
Yangtze River Delta are as follows:
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In Anhui Province, Jiangsu Province, and Zhejiang Province, the top obstacle factor
is the proportion of wetland area. Specifically, the proportion of wetland areas is too low.
Therefore, it is necessary to strengthen wetland protection and increase the wetland area.
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In Shanghai, the top obstacle factor is the number of water resources per capita. Shanghai
lacks water resources, and the amount of water resources per capita is low, which places
great pressure on the RECC in the region.

In Anhui Province and Jiangsu Province, the second greatest obstacle factor is the
number of water resources per capita. Compared with Zhejiang Province, the number of
water resources per capita is not high. We should strengthen the protection of water re-
sources, especially considering the great difference in water resources between the northern
and southern parts of the country, and strengthen the internal regulation of water resources.
In Zhejiang Province, the second greatest factor is cultivated land. Due to the relatively
high proportion of mountainous areas and the small area of cultivated land, this factor has
become a factor restricting the improvement in regional resources and the environment. In
Shanghai, the second greatest factor is the per capita road area. Due to Shanghai’s small
area and large population, the per capita road area is low.

In Anhui Province, Jiangsu Province, and Shanghai City, the third greatest obstacle is
forest coverage, while in Zhejiang Province, it is the per capita road area.

In Anhui Province and Zhejiang Province, the fourth greatest obstacle factor is invest-
ment in industrial pollution control, while in Jiangsu Province and Shanghai City, it is the
proportion of cultivated land.

In Anhui Province, the fifth greatest obstacle factor is the comprehensive utilization
rate of industrial solid waste; in Jiangsu Province, it is the discharge of industrial wastew-
ater; in Zhejiang Province, it is the per capita water resources; and in Shanghai, it is the
population density.

3.3. Policy Recommendations

With the transformation of the economy to high-quality development, a low-carbon
economy based on low energy consumption, low pollution, and low emissions has become
the focus of regional development. Based on the regional RECC, realizing regional sustain-
able development has become the key to the economic development of the Yangtze River
Delta. Therefore, given the analysis of RECC in the Yangtze River Delta conducted in this
paper, the following specific suggestions are made:

(1) Accelerate the green transformation and upgrading of the regional industrial structure

The RECC of the three provinces and one city in the Yangtze River Delta increased
from 2010 to 2016, while it decreased from 2017 to 2019. In the past 10 years, with the rapid
development of the social economy in the Yangtze River Delta, the per capita area of park
green space, per capita area of roads and proportion of wetland area have increased. These
results indicate that the region has paid attention to improving the regional ecological state
and constructing an ecological civilization. The discharge of wastewater, waste gas, and
solid waste per unit of industrial value added is declining, the investment in industrial
pollution control is increasing, and the comprehensive utilization rate of wastewater and
waste solid is further improving. These trends indicate that the Yangtze River Delta has
strengthened pollution emission reduction, deepened pollution prevention and control,
promoted the rationalization of industrial structure adjustment, gradually improved the
quality of the ecological environment, improved the efficiency of resource utilization,
and strengthened environmental protection. To further improve the regional RECC, we
should strengthen technological innovation; implement energy conservation and emission
reduction based on the industrial structure, technology, and social life; form an industrial
chain of resource optimization, energy conservation, and environmental protection; realize
the reduction, recycling, and harmless treatment of industrial and agricultural solid waste;
and develop a circular economy and carbon-neutral economy.

(2) Promote regional synergy in pollution reduction and carbon reduction, and enhance
regional resources and environmental protection

The main factors restricting an improvement in the regional carrying capacity of
the Yangtze River Delta are concentrated at the state level, indicating that to improve
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the carrying capacity, the effective utilization of resources is still an urgent task. The
comprehensive utilization rate of industrial solid waste and the amount of investment in
industrial pollution control are the key obstacles to improving the regional carrying capacity.
This means that the region should promote the agricultural and industrial innovation
mode, promote carbon peaking and carbon neutrality, and strengthen the utilization rate of
wastewater, waste gas, and waste residue to effectively improve the regional RECC.

(3) Establish ecological green integration in the Yangtze River Delta based on local condi-
tions and classified guidance

The Yangtze River Delta region focuses on the science and innovation industry, infras-
tructure, the ecological environment, public services, and other fields and comprehensively
establishes integration among them [42]. To accelerate the development of regional in-
tegration, on the basis of clarifying the RECC of the three provinces and one city under
study, we should accelerate the construction of an ecological green integration development
demonstration area in the Yangtze River Delta; explore the transformation of ecological
advantages into economic and social development advantages on the premise of ecological
and environmental protection; realize joint consultation, joint construction, management
and win—win sharing; and explore the path and provide a demonstration for the develop-
ment of ecological green integration in the Yangtze River Delta. Moreover, we should adopt
the development strategy of adjusting measures to local conditions and classified guidance,
actively develop characteristic industries suitable for resources and the environment, and
effectively improve the comprehensive production capacity of the region.

3.4. Discussion and Managerial Implications

Compared with previous studies [1,26,32,40,45], this paper has the following ad-
vantages. First, the data-driven comprehensive evaluation model of the regional RECC
measures carrying capacity from the PSR perspective and comprehensively evaluates and
identifies the carrying capacity by using the entropy weight TOPSIS method and obsta-
cle degree model, which provides theoretical support for quantifying the regional RECC.
Second, by identifying the contributions of various factors to the evaluation of carrying
capacity and obstacle factors, we determine the key elements affecting the regional RECC,
make differential use of resources, reduce pollution and waste discharge, and improve the
carrying capacity level for different regions, which is the basis of the sustainable develop-
ment of the regional economy based on local conditions. Finally, based on the data-driven
method, a quantitative tool for measuring, evaluating, and identifying the regional RECC
is obtained. The identification of key elements can improve the carrying capacity level.

Synthesizing the research and conclusions above, we obtain the following manage-
rial implications:

First, the accurate quantitative evaluation of RECC is the main basis for the rational
development of regional land and space, and the regional resource structure should be
maintained in line with the needs of sustainable development. Although different regions
have been trying to simultaneously improve their RECC and utilization efficiency, making
full use of the relevant data can help us accurately grasp the level of regional carrying
capacity and make rational use of regional resources and the environment.

Second, RECC evaluation involves a complex system that includes the resource system,
the environmental system, the economy, society, and other related subsystems in the
ecosystem. Any given system will affect accurate evaluation to a certain extent, and there
are differences in different regions. Therefore, it is necessary to identify, analyze and
optimize these influencing factors as much as possible on the basis of the quantitative
evaluation of carrying capacity.

Finally, based on the quantitative results, this paper makes targeted suggestions to
improve the regional RECC level, give full play to the comparative advantages of various
regions, promote the rational flow and efficient agglomeration of factors, and form the basis
of a new pattern of land and spatial development and protection with complementary main
advantages and high-quality development. The key is to accurately grasp the differences
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in regional resources and the environment as well as the quantitative level of carrying
capacity. This quantitative evaluation and identification are the aim of this study.

4. Conclusions

With increasing global efforts to prevent ecological degradation and environmental
pollution and to constantly promote the needs of regional ecological civilization construc-
tion and high-quality development, it is necessary to base these efforts on RECC. Therefore,
scientific evaluation of the regional RECC has become extremely important. We propose
a data-driven method to evaluate the regional RECC and to identify its key factors. The
research results show that the level of RECC in the Yangtze River Delta region fluctuated
slightly from 2010 to 2019, with an overall upward trend. Zhejiang Province has a strong
carrying capacity, while Anhui Province has a relatively weak carrying capacity. The main
obstacles to improving the RECC of the region are the proportion of wetland area and
water resource ownership. Based on the quantitative results, policy recommendations are
proposed to improve the regional RECC based on local conditions.

Innovations: From the perspective of the economy, society, resources, and the envi-
ronment, as well as the internal trade-off relationship between them, based on the specific
research area, a more comprehensive and local condition-based evaluation index system
for the regional RECC is constructed based on the three interaction subsystems of state,
pressure, and response. A data-driven measurement and evaluation method for the re-
gional RECC is constructed. This method can more objectively and accurately evaluate the
regional RECC, comprehensively and objectively reflect the dynamics and changing trends
of the regional RECC and improve the accuracy of decision-making. Using the obstacle
analysis method, we select and identify the key factors affecting carrying capacity by index
layer and index and propose suggestions to improve the level of regional carrying capacity
based on local conditions.

Future research directions: Carrying capacity is a dynamic concept. A certain technical
level (such as scientific and technological innovation) and resource utilization mode (such
as the circular economy) can dynamically affect the carrying capacity level. For example,
the regional adoption of precision agriculture, intensive land use, and water-saving models
will enhance the regional RECC to varying degrees, which also reflects that static research
has certain limitations. In future research, we will pay more attention to the horizontal
comparison of the RECC of different regions at the same time point, considering the impact
of soft factors, such as science and technology as well as culture and the humanities. We
will further investigate the spatial differences in regional RECC and divide the compared
regions based on high, medium, and low carrying capacity to make more operational and
targeted policy suggestions.
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Glossary

Symbol Definitions
X1: Per capita water resources
X2: Per capita park green space area
X3: Per capita road area
X4: Energy consumption per unit of GDP
X5: Proportion of cultivated land area
X6: Proportion of wetland area
X7: Population density
X8: Per capita GDP
X9: Waste gas emissions per unit of industrial value added
X10: 10,000 yuan industrial value-added wastewater discharge
X11: Output of industrial solid waste
X12: Urban green coverage
X13: Forest coverage
X14: Investment in industrial pollution control
X15: Comprehensive utilization rate of industrial solid waste
X16: Sewage treatment rate
xij is the specific value of the i-th research object and the j-th index
yij represents the standardized value of the i-th research object and the j-th index
Hj is the determined information entropy
wj is the weight of each index determined
V+ is the maximum value of the j-th index of the i-th object in the weighted evaluation data
V− is the minimum value of the j-th index of the i-th object in the weighted evaluation data
Di

+ is the positive ideal solution
Di
− is the negative ideal solution

Ci is the closeness between the RECC and the evaluation object
Fj is the impact of the j-th index on the regional RECC
Oij is the gap between each index and the evaluation objectives of RECC
Mij is the obstacle degree
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