<@ sustainability

Article

Evaluation of Regional Carrying Capacity under
Economic-Social-Resource-Environment Complex System:
A Case Study of the Yangtze River Economic Belt

Zhimin Zhang 1'23*©, Guoli Ou !, Ayman Elshkaki 34

check for
updates

Citation: Zhang, Z.; Ou, G.;
Elshkaki, A.; Liu, R. Evaluation of
Regional Carrying Capacity under
Economic-Social-Resource-
Environment Complex System: A
Case Study of the Yangtze River
Economic Belt. Sustainability 2022, 14,
7117. https://doi.org/10.3390/
sul4127117

Academic Editors: Szymon
Szewranski, Jan K. Kazak and

Malgorzata Swiader

Received: 12 April 2022
Accepted: 7 June 2022
Published: 10 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Ruilin Liu 23

School of Economics and Management, Beijing Jiaotong University, Beijing 100044, China; glou@bjtu.edu.cn
Chinese Academy of Natural Resources Economics, Beijing 101149, China; liuruilin008@163.com

Key Laboratory of Carrying Capacity Assessment for Resource and Environment,

Ministry of Natural Resources, Beijing 101149, China; ayman@igsnrr.ac.cn

Institute of Geographic Sciences and Natural Resources Research (IGSNRR), Chinese Academy of Sciences,
11A Datun Road, Chaoyang District, Beijing 100101, China

*  Correspondence: 18113026@bjtu.edu.cn; Tel.: +86-138-1028-4041

Abstract: As a rigid constraint of the scale and speed of regional economic-social development,
carrying capacity is an endogenous variable of regional sustainable development potential. Concepts
such as ecological footprint and virtual water have been introduced into the research field of carrying
capacity, but dynamic and comprehensive problems in carrying capacity have not been effectively
solved. This paper attempts to overcome these limitations by taking the regional factor aggregation
degree as the weight and the regional green GDP as the carrying object. Based on the economic-social
supplying force, resource supporting force, and environmental constraint force, from the perspective
of comprehensive factors assessment, we have constructed an evaluation system of regional carrying
capacity index, including mineral, water, and bioecological resources, as well as labor and other
factors, and evaluated the regional carrying capacity of 11 provinces and cities along the Yangtze River
Economic Belt. The results indicate that (1) the supporting force of the resource subsystem becomes
the most critical factor affecting the carrying capacity of the Yangtze River Economic Belt, and the
cross-regional flow potential of resource factors increases the regional carrying capacity threshold.
(2) The regional carrying capacity, economic-social, resource and environmental subsystems of the
Yangtze River Economic Belt are steadily improving, and the overall trend is positive. The quantified
dynamic evaluation of regional economic-social, resource and environmental carrying capacity
provides a theoretical support for the construction of the Yangtze River Economic Belt eco-priority
green development demonstration area.

Keywords: regional carrying capacity; mineral; water; bioecological resources; labor; Yangtze river
economic belt; economic-social-resource-environment

1. Introduction

With the acceleration of China’s industrialization and urbanization, resource con-
sumption, environmental pollution, and ecological function degradation are increasingly
becoming limiting factors restricting regional sustainable development. As a consequence,
the Chinese government requires that each province determine the suitability of different
development, protection, and utilization modes and territorial spatial planning based on
the assessment of the carrying capacity of resources and environment and the suitability
of territorial space development. In January 2020, the Guidelines for assessing the Carrying
Capacity of Resources and the Environment and the Suitability of Territorial Space Development
(Trial) were issued.

Under the highly open man-land relationship regional system, the influence of the flow
of factors among resource, environment, and economic-social systems on regional economic-
social activities is gradually deepening. In the face of increasingly tight resource and
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| The Yangtze River Economic Belt \/

Other regions

environmental constraints and the needs of economic-social development, it is necessary
to evaluate regional carrying capacity based on the hybrid system of economic-social,
resource, and environment to realize the green and sustainable development of the region.
It is also an essential foundation to realize the modernization of spatial governance capacity.

The Yangtze River Economic Belt, the focus of the analysis presented in this paper
(Figure 1), is one of China’s four major regional strategies, stretching from east to west,
extending from north to south, and connecting rivers and seas. Its comprehensive economic
strength is the strongest in China. It is the economic axis with the most intensive population,
economy, and industry in China and has an essential position for joint regional development.
Currently, it is the key period of green, low-carbon, and sustainable development in
China. However, the rapid development of its economy has caused serious resource
and environmental problems, severe ecological environmental situations, and prominent
regional development imbalances in the Yangtze River Economic Belt [1]. In 2017, The Plan
for Ecological and Environmental Protection of the Yangtze River Economic Belt was formulated
to implement the development strategy of “pursuing greater protection and avoiding
greater opening-up”. The green and low-carbon sustainable development of the Yangtze
Economic Belt requires the simultaneous development of the three factors of economic-
social development, ecological environment, and resource system. Thus, it is necessary
to study the regional carrying capacity of the Yangtze River Economic Belt for promoting
green and low-carbon sustainable development.
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Figure 1. Map of The Yangtze River Economic Belt.

Carrying capacity evaluation is related to the maximum load of regional resources,
environment, economy, and society. It is generally defined as the supporting capacity
in a specific region for the population and economic-social development under a certain
level of development, rational exploitation and utilization of resources, adequate envi-
ronmental protection, and coordinated action between man and land [2]. The academic
community generally believes that carrying capacity has become an essential basis for
measuring the degree of coordinated development of a man-land relationship in a country
or region [3]. Before the 1950s, resource carrying capacity studied mainly discussed the
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supporting capacity of natural resources to the survival and development of a population
(biological population) in a country or region [4]. In the 1960s and 1970s, while considering
the resource factors, they began to discuss the restrictions of the environmental system on
human economic and social activities, and the nature of carrying capacity changed from
an absolute upper limit to a relative balance [5,6]. Since the 1990s, research on carrying
capacity has shifted from classification to synthesis and integration [7]. On the one hand,
the restricting effect of restrictive factors on population growth and sustainable economic-
social development continued to be the main focus, and on the other hand, paying attention
to the influence of resource consumption, environmental discharge, and ecological occu-
pation caused by human activities on the stability of the man-land relationship regional
system. Current academic studies on carrying capacity include single factor evaluation
of resource carrying capacity [8], environmental carrying capacity [9], ecological carrying
capacity [10], and economic and social carrying capacity [11], as well as comprehensive
carrying capacity evaluation of resource-environmental economic system [12]. Tang et al.
built a comprehensive evaluation system of carrying capacity from four aspects, namely,
economy, environment, ecology, and energy [13]. Fatai et al. studied the capacity of the
environment to carry economic development, taking the EU region as an example [14].
Zhou et al. proposed a single factor assessment of the carrying capacity of cultivated
land, construction land, and ecological land from the perspective of a single factor assess-
ment [15]. This reflects the deepening influence of resources, environment, economy, and
society on regional carrying capacity.

It is generally believed that the classification of carrying capacity has been system-
atically studied. However, many scholars believe that the comprehensive research on
carrying capacity is relatively weak. For example, Ren et al. found there is no consistent
perspective on evaluating urban carrying capacity [16]. Zhang et al. argued that the re-
search on resource and environmental carrying capacity lacks a comprehensive evaluation
of environmental quality and human activities [17]. The evaluation is mainly focused on
single and closed systems. For example, water resources-water environment system [18],
mineral resources exploitation utilization system [19], and ecosystem [20] have all been
the subject of carrying capacity research. The systemization and complexity of carrying
capacity need to be strengthened, and the key technology and methods of comprehensive
measurement need to be innovated [21]. In terms of regional carrying capacity research,
it is generally considered that it is the asystematic ability of a specific society to sustain
a certain number of people and their correspondent socioeconomic output, while at the
same time maintaining an eucyclic ecology and reasonable resource exploitation rate [22].
Regional carrying capacity focuses more on the changes in economic, social, resource, and
environment, carrying the state in a specific region, which is the deepening of carrying ca-
pacity research. [23]. Lane applied regional carrying capacity methodologies to sustainable
land-use planning [24].

Many scholars have ignored the impact of dynamic changes such as technological
progress, economic interaction, and factor flow on regional carrying capacity [25,26]. In
particular, most regional carrying capacity evaluation studies contain the basic assumption
of “business as usual” for resource production and consumption, environmental restoration,
and loss [27-29]. Problems such as acceleration of factor flow, separation of production and
consumption process, and rapid economic development change in a regional wide range
are ignored, leading to a lack of dynamic evaluation of regional carrying capacity [30,31].
In introducing dynamics into regional carrying capacity evaluation, some studies have
compared the carrying capacity in different regions or analyzed the change process of
carrying capacity in the same region at different time points [32,33]. These studies, however,
lack an analysis of the internal mechanism of carrying capacity changes, especially the
relationship between various carrying systems and comprehensive systems. As a result,
the study of carrying capacity evaluation is not sufficiently dynamic and complex. Based
on the man-land relationship regional system theory, the concept of regional resource and
environment carrying capacity is extended to regional carrying capacity in this paper. We
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believe that the regional system of the man-land relationship is a complex giant system
composed of the economy, society, and environment. We innovatively take factor flow
analysis as the breakthrough point. Based on the resource and environment carrying
system, we introduce the influence of the economic-social system on regional carrying
capacity to expand the analysis framework.

2. Theoretical Framework
2.1. Regional Carrying Capacity

Geography emphasizes the study of sustainable development from the perspective
of the man-land relationship, while resource science emphasizes that human social de-
velopment should be analyzed from the scarcity of resources. The study of resource and
environmental carrying capacity has become the intersection and integration point of the
two disciplines. Regional resource and environmental carrying capacity emphasize the
impact of economic-social activities on regional functions, such as natural resources and
ecological environment, and the one-way input of the economic-social system to the re-
source and environment system. System Dynamics [34] emphasizes the view of association,
development, and movement among systems and that the behavior patterns and charac-
teristics are mainly rooted in their internal dynamic structure and feedback mechanism
among systems. In the continuous integration of geography and resource science, the main
body of regional economic-social activities is the complex man-land relationship regional
system. It is generally believed that when each system component cannot fully explain
the behavior and influence, such a system is called a complex system [35]. According to
the characteristics of complex systems [36], the regional man-land relationship system is a
typical open complex giant system, which should contain the following two subsystems:
the human social system and the geographical environment system. The regional man-land
relationship system theory emphasizes that natural resources promote and control the
human social system. The human social system organizes economic-social activities within
the biological system to realize the output of natural resources. The man-land system
includes the resource system and environmental system, but the economic-social system
formed by human activities has more influence on the economic geographical pattern. The
resources and ecological environment are the natural basis for creating regional surface
functions. Human society is a social, economic, and natural complex ecosystem with
human behavior as the leading, the natural environment as the support, resource flow as
the lifeblood, and social culture as the channel [37]. From the interaction between natural
ecosystems and human activities, the regional system of the man-land relationship can be
regarded as a hybrid system of economy, society, resources, and environment [38].

It is generally believed that regional carrying capacity and ecological occupancy
determine the potential pattern of land surface spatial order and are generally regarded
as exogenous variables in economic geography research [39]. With the frequent exchange
of matter and energy between the man system and the land system, the carrying capacity
changes at different scales in different regions. In studying economic geographical patterns,
carrying capacity should be regarded as an endogenous variable, which is endogenous to
the change of factor flow and utilization efficiency under the complex system of economy,
society, resources, and environment. From the integration of economic, social, resource
and environmental factors, the regional resource and environmental carrying capacity is
extended to study the influence mechanism of the complex giant system of economic, social,
resource, and environment on human activities and analyze its influence and feedback effect
on carrying capacity [40]. Regional carrying capacity can be identified as the unity of man-
land interaction in a specific regional man-land relationship system, which is determined
by the interaction between system subjects such as resources, environment, economy, and
society and the carrying objects in a specific carrying space. Factors such as critical nodes,
the chain of regional features and connected to the economic-social activities and land
use, resource consumption and pollutant emissions, ecological system function change,
labor input, capital input, the relationship between infrastructure construction is a complex
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system impact factors of person identification and factor combination and interaction
mechanism of the regional capacity key variables. Therefore, regional carrying capacity is a
proposition that studies the maximum suitability and security of regional economic, social,
resource, and environmental conditions for specific spatial human activities under the
background of coordinated and sustainable development of the man-land relationship [41].
The research object of carrying capacity should not be a simple physical space but a complex
giant system integrating multiple dimensions of resources, environment, economy, and
society. This complex and huge system takes the man-land system as the core and covers
the following three subsystems: economic, social, ecological, and resource. Based on the
regional carrying capacity of regional adhesion affected by regional function change of
the space hypothesis [42], when regional function adapts to economic-social activity space
organization rule changes, the use of factors of production efficiency and economic benefit
will increase and improve the utilization rate of resources and the environment in the area.
Regional carrying capacity increases and vice versa will produce negative effects.

2.2. Factor Flow and Regional Carrying Capacity

Factors of the economic, social, resource, and environmental complex system are
flowing with each other in greater intensity and scope. They can be divided into regional
and non-regional factors according to system category and to mobility, resource, environ-
mental, and economic factors. It is generally believed that the elemental composition of the
geographical environment system should include resource factors, environmental factors,
and ecological factors. This paper argues that ecological factors mainly provide value
services for ecological products for human beings. There are imperfect accounting methods
and unclear evaluation objects. Most functions overlap with resource and environmental
factors, so ecological factors are included in the resource and environmental factors accord-
ing to the products provided. Resource factors mainly refer to the materials and energy
that the resource subsystem provides for human activities to meet their needs for survival
and development. Environmental factors are the wastes discharged to accommodate and
dissolve human activities. Specific environmental factors have capacity limits, such as the
atmosphere and water, which are closely related to regional-specific industrial models and
economic structure. Economic factors refer to the factors that can directly affect economic-
social behavior, including capital, labor, technology, knowledge, and systems. Economic
geography believes that human economic activities in different areas enormously change
the physical geographical pattern, causing resource changes and environmental problems
at different spatial scales, thus becoming the main driving force for changing the natural
environment [43].

From man-land system development, the factors of the composite system of the
economy, society, resources, and environment flow and influence each other [44]. This
exchange of complex materials, capital, labor, and information changes in the stock and
flow of regional factors and influences non-regional factors. The flow process of factors
within each subsystem and between different regions is shown in Figure 2. Under the
background of high openness, the flow and exchange of non-regional factors in the resource,
environmental, and economic-social subsystems between less developed region A and
developed region B have occurred. Mineral and biological ecological resources between
resource systems flow from A to B, resulting in a net outflow effect corresponding to as
improvement in the carrying capacity of the resource subsystem in B. The two-way flow
of labor, capital, and technology enhances the carrying capacity of the two economic-
social subsystems.
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Figure 2. The process of regional resource-environment-economic-social subsystems from the per-
spective of factors flow.

The migration of the population, the pursuit of profit of capital, and the exchange
of technology determine the flow of human social and economic activities. Most of the
resource factors and part of the environmental factors also exist in trans-regional flow. The
pressure transfer of resource and environmental flow across regions and factor flow between
subsystems brings systematic regional carrying capacity changes. Efficient factor flow and
concentration are conducive to improving the regional carrying capacity threshold, while
excessive concentration leads to the decline of the regional carrying capacity threshold.
The inflow, outflow, and multiplier effects caused by factor flow result in the geographical
spatial aggregation of regional factors. When the inflow effect is greater than the outflow
effect, the positive multiplier effect plays a role, and the regional factor concentration
increases rapidly. When the inflow effect is smaller than the outflow effect, the negative
multiplier effect plays a role, and the regional factor concentration decreases rapidly. When
regional and non-regional factors are coordinated, factor suitability is improved. Factor
aggregation produces positive externalities, and factory utilization degree is improved, thus
improving relative utilization efficiency among factors. Factor flow allocates factors more
reasonably, and the division of labor is clear. The unit economic output reduces the use of
an absolute number of factors, achieves a larger scale of carrying capacity, and increases the
threshold value of regional carrying capacity. When regional and non-regional factors were
not coordinated, the suitability of regional factors decreased. Factor aggregation produces
negative externalities, and the decline in factory utilization rate leads to a decrease in the
regional carrying capacity threshold.

2.3. Regional Carrying Capacity Evaluation Framework

This paper puts forward an evaluation framework of regional carrying capacity from
the following three aspects: resource carrying subsystem, environmental carrying subsys-
tem and economic-social carrying subsystem, composed of “economic-social supplying
force, resource supporting force, and environmental constraint force” (Figure 3). The
economic-social subsystem provides a development factor supply for regional carrying ca-
pacity. The spatial aggregation of economic-social activities produces the center of economic
activity. The economic factors flow in the less developed region—developed region—less
developed region. In the early stages of economic-social development, the increasing
marginal return of factors causes labor to flow from underdeveloped areas to developed
areas. With the excessive concentration of economic factors in developed regions, factor
suitability decreases, negative externalities occur, and utilization efficiency declines. With
the guidance of policy and the change in the soothing environment of institutional culture,
less developed areas gradually increase factor return to scale. It attracts the return of
labor factors, and the aggregation of capital and innovation factors improves the supply
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capacity of regional economic factors, changes the regional function, and improves the
regional carrying capacity threshold. The resource subsystem provides capacity support
for regional carrying capacity. The efficiency of resource utilization is different in different
regions and stages of development. Under the effect of “resource potential difference” [45],
resource factors flow from areas with low utilization efficiency to areas with high effi-
ciency. However, due to the favorable soft environment, the more developed regions can
realize the recycling, diversified, and efficient utilization of resources in terms of policy
management [46], resulting in a large concentration of resource factors. This improves the
concentration of regional factors represented by mineral resources, reduces the number
of resources consumed per unit of economic activity, forms an intensive and economical
utilization of resources, and thus improves the carrying potential of regional resources and
the environment. The constraint of an environmental subsystem on a regional carrying
system mainly originates from polluter-pays environmental control. It is embodied in
the capacity of the ecological environment system to produce pollution emissions from
economic-social activities. Therefore, the carrying capacity of the man-land relationship
regional system for economic-social activities is restricted by the high requirements of the
ecological environment. This environmental constraint varies with ecosystem integrity and
security in different regions. Due to the low importance of environmental safety and strong
ecological vulnerability, some regions can withstand economic-social solid activities.
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Figure 3. Regional carrying capacity framework of “three forces”.

The construction of the regional carrying capacity evaluation system includes a target
layer, criterion layer, factor layer, and indicator layer (Table 1). The paper holds that
the supplying force of the economic-social subsystem to the formation of the regional
man-land relationship system is mainly reflected in the spatial aggregation of economic
factors under the effect of inflow and outflow. Four economic factors, including labor,
capital, technological progress, and infrastructure, are selected to reflect the economic-social
subsystem’s supply force to the regional carrying capacity. Regional carrying capacity is
the economic and social intensity of the regional man-land relationship system. Most of our
indicators are absolute. The labor force adopts the number of regional employments. Total
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investment in fixed assets is used to measure capital resources, and technological progress
is considered by R&D expenditure and personnel input [47]. The resource subsystem
measures the supporting force formed by the cross-regional flow of resources to economic-
social activities and adopts mineral, land, water, and biological ecological resources [48].
Mineral resources are calculated according to solid, gas, and liquid minerals. Land resources
are divided into construction land and cultivated land according to whether they are
converted to agriculture or not. Biological and ecological resources mainly choose forest
and food resources as raw materials for economic and social activities. The environmental
subsystem mainly forms spatial constraints on the regional man-land relationship system.
Therefore, four environmental factors, namely, water, soil, atmosphere, and ecological,
closely related to economic-social activities, are selected as the factor layer. Based on
the negative effects of constraint force, negative indicators such as total chemical oxygen
demand (COD) and total ammonia nitrogen (NH3) emissions were selected to measure the
emissions. The selection of specific indicators is based on comprehensive trade-offs of data
availability, factor representativeness, and indicators adopted by most research.

Table 1. Regional carrying capacity evaluation index system.

Target Layer Criterion Layer Factor Layer Indicator Layer
Labor Index of number employed
Capital Fixed investments
Economic-social Technolo R&D spending; Full-time equivalent of
subsystem 8y R&D personnel
Infrastructure Railway, inner channel, and highway mileage; Urban
green area
. Solid mineral production (coal, iron ore, etc.); Oil and
Minerals . . .
gas mineral production (crude oil, natural gas)
Regional carrying Urban construction land area; Effective irrigated area
subject Resource subsystem Land of cultivated land;
Water Total water resources
Bioecological resources Live wood stock; Food production
. Total chemical oxygen demand emission; Total
Water environment 7 .
ammonia nitrogen emissions
Environmental Edatope Pesticide usage; PI‘OdL.IC'L‘IOH of general industrial
subsystem solid waste
Total sulfur dioxide emission; Total nitrogen
Atmosphere . ..
oxide emissions
Ecotope Forest coverage
Regional carrvin Economic-social GDP; Loss of value of natural resources;
& | cartymng . Green GDP Environmental pollution loss value; Positive returns
object activities

on resources and environment

3. Materials and Methods

In this paper, the evaluation of regional carrying capacity includes single-system
evaluation and comprehensive evaluation. Through carrying state determination and
zoning, the zoning distribution can be displayed in ArcGIS, which can directly display the
current pattern of regional carrying capacity in the Yangtze River Economic Belt.

3.1. Evaluation Model
3.1.1. Weight

The objective of factor flow is to seek optimal allocation of factors in a certain region.
China’s mineral resources and surplus labor force are mainly concentrated in the central
and western regions. With the increasing mobility of factors of production, factors are
highly concentrated in some developed regions [49]. The direct result of factor flow is
factor aggregation and diffusion, and the final expression is factor suitability change. The
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carrying capacity of the “three forces” region under the combined system of economy,
society, resources, and environment is evaluated using structural carrying capacity index,
and the Yangtze River Economic Belt is taken as a case to evaluate and monitor the carrying
capacity. The factor aggregation degree is taken as the weight. So the higher the factor
aggregation degree, the higher the weight. Relevant studies believe that factor aggregation
is positively correlated with output growth and total factor productivity growth within a
certain moderate range [50]. Using the factor aggregation degree, as a measure of factor
concentration and factor flow can better show the variation of non-regional factors among
the three subsystems and also better reflect the dynamics of regional carrying capacity.
Factor aggregation degree has been measured as given by Equations (1) and (2) [51].

Based on 31 provinces in China, this paper estimates the degree of aggregation of
different factor indexes in 11 provinces along the Yangtze River Economic Belt.

n n m
2 XX |xi — xik Y xji
= Gij —[1- (xij) h/z] Gi= k:11:1| i i ‘ _ = ij o
o S C T M 217%; m
F;; L.
Xij = S Vi = @)
Y. Fj Y F
j=1 i=1

where i refers to phase and j region. EA;; is the factor aggregation index, G;; spatial Gini
coefficient, x;; the share of j regional factors in total districts and y;; the annual share of
a factor F in the region j. F;; is the absolute amount of factor F in the region j, and X; the
mean yearly value of factor F in the region j. n refers to the number of regions and m the
number of years.

3.1.2. Regional Carrying Capacity Index

The regional carrying capacity index of the Yangtze Economic Belt is estimated based
on the carrying capacity index of three subsystems in 11 provinces, and the simple weighted
average method is used as given by Equation (3).

ESC; = f(E}, E}, -+ Ef) N

RBC; = f(ESC; URCC;j UECC;) ={ RCCyj = f(RL,RZ, -+ RL) & =Y (EA{].*F,f) 3)

i

1 7 7
ECCjj = f(cé, c{ -, Cl) =1

where RBC;; is the regional carrying capacity index. ESC;; is the economic-social subsystem
carrying index used to describe the supplying force. RCC;j; is the resource subsystem
carrying index, used to describe the supporting force. ECC;; is the environmental subsystem

carrying index, used to describe the constraint force. E Aé is the weight of factor f in the

carrying capacity evaluation index system, and Fi{ the absolute value of factor f.

3.1.3. Regional Carrying Capacity Object

The setting of carrying objects mostly takes population [52] and TOTAL GDP as objects
or carries out statistical description directly through the construction of carrying capacity
evaluation index system [53]. This setting does not reflect the characteristics of the research
objective and object. According to the requirements of the development strategy of the
Yangtze River Economic Belt, the carrying object is set as economic activities and ecological
environment. The green GDP calculated by traditional GDP, loss value of natural resources,
environmental pollution loss value, and positive returns on resources and environment
is used to evaluate the actual carrying capacity of the region under the background of
green high-quality development. Green GDP can better reflect the requirements of green,
low-carbon, and sustainable development of the Yangtze River Economic Belt, and also
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reflect the regional carrying capacity requirements of resource regeneration and ecological
environment recycling.

3.2. Data Collection

The data are mainly from China Statistical Yearbook, China Urban Statistical Yearbook, China
Environmental Statistical Yearbook, China Land and Resources Statistical Yearbook, and related
statistical yearbook of provinces from 2004 to 2020. Standard deviation method was used
to standardize. A few indicators are missing such as the urban construction land area of
Shanghai and Jiangsu in 2018, and the mean replacement method is used to supplement. The
negative indicators mainly exist in the environmental subsystem. They are directly dealt with
in subtraction to reflect the spatial constraint force of environment on regional economic-social
activities. Due to the lack of data in some regions, green GDP of 11 provinces and cities in
the Yangtze River Economic Belt from 2004 to 2005 could not be calculated. Therefore, the
carrying status of 11 provinces and cities was calculated from 2006.

3.3. Criteria for Judging Regional Carrying Status

When the intensity of regional economic development exceeds the capacity of regional
factor endowment, it will face a very severe and unsustainable status after a short de-
velopment period. The damage to regional factor endowment caused by high-intensity
development exceeding the carrying capacity threshold is often irreversible and eventually
leads to the decline of the regional economy. In this paper, the specific green GDP per unit
of carrying capacity is taken as the standard to judge the carrying status. The green GDP
data of The Yangtze River Economic Belt from 2004 to 2019 were obtained by referring
to Huang [54] and Zheng et al. [55]. We calculate the actual green GDP per unit carrying
capacity index as the unit carrying capacity. Then the unit carrying capacity of the Yangtze
River Economic Belt is compared with that of the whole country [56]. According to the
change rate of unit carrying capacity, the regional carrying capacity is divided into three
carrying statuses, namely, surplus, balance, and deficit. When the national unit carrying
capacity exceeds 1% of the Yangtze River Economic Belt, the carrying status of the Yangtze
River Economic Belt is deficit. When the national unit carrying capacity changes within
the range of —1-1% compared with the Yangtze River Economic Belt, the carrying status is
balanced. When the unit carrying capacity of the Yangtze River Economic Belt exceeds 1%
of the country, the carrying status is surplus. This judgment of carrying capacity status can
reflect the requirements of the Chinese government for the development of the Yangtze
River Economic Belt. By comparing with the national carrying capacity index, this paper
gives a criterion to judge the green and sustainable development of the Yangtze River
Economic Belt, which can indicate whether its economic and social development is adapted
to the resource and environment carrying capacity.

4. Results and Discussion
4.1. Evaluation Results of Regional Carrying Capacity

Table 2 shows the carrying capacity index and status of the Yangtze River Economic
Belt. The regional carrying capacity index of the Yangtze River Economic Belt from 2004
to 2019 has an overall upward trend, and the carrying capacity status has a stable and
favorable situation. The regional carrying capacity of the Yangtze River Economic Belt from
2010 to 2019 was in surplus. Compared with the country, the Yangtze River Economic Belt
has achieved regional economic-social growth and maintained the quality of resources and
environment under regional resources and the environmental constraints. The carrying
capacity of the economic, social, resource and environmental subsystems also differs from
deficit—balance—surplus. The carrying status from 2004 to 2009 fluctuated between deficit,
balance, and surplus. However, after 2010, they all showed surplus, and the corresponding
regional carrying capacity also showed deficit first, middle balance, and surplus later.
In terms of the performance of the “three forces”, the supporting force of the resource
subsystem and the constraint force of the environmental subsystem of the Yangtze River
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Economic Belt are better than the national data and have an evident impact on the regional
carrying capacity. The supplying force of the economic-social subsystem is lower than the
national average and has the most downward influence on the regional carrying capacity.
The carrying status of the regional carrying capacity of the Yangtze River Economic Belt
and the three subsystems is steadily improving. It is consistent with the conclusion that
the index value of the resource and environmental carrying capacity in the Yangtze River
Economic Belt shows a trend of fluctuation and rise in general.

Table 2. The Yangtze River Economic Belt regional carrying capacity classification status.

Year 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Regi ) The Yangtze River 73661 77873 969.6 130434 131846 15373  1840.65 222571  2488.86 27515 299278 32077 30894 392757 402018  4432.64
egional Unit Economic Belt

Carrying The country 813.54 822.85 965.74 1192.99 1365.93 1533 1775.23 2118.84 2378.7 2583.39 2822.14 2975.2 2857.37 3499.65 3759.04 4112.71

Capacity The difference rate 10.44% 5.67% —0.40% —854%  3.60% —0.28% —3.55% —4.80% —4.43% —6.11% —5.70% —7.25% —7.51% —10.90% —6.50% —7.22%

Carrying status Deficit Deficit Balance  Surplus  Deficit Balance  Surplus  Surplus  Surplus  Surplus ~ Surplus  Surplus  Surplus  Surplus  Surplus  Surplus

Unit Carrying TTQ::;%K:;‘K“ 7763 76114  970.88 126849 1306 152269 184336 221207  2507.06  2779.13 305149 330124 36522 409647 431765 481839

ECS:E;C“:_{(‘;;:’] The country 831.68 809.16 956.22 1165.23 1347.9 1524.36 176922 2109.26  2391.96  2609.21 2845.07  3020.7 3280.85 369274  4157.27  4601.49

Subs 5(;:m The difference rate 7.13% 6.31% —151% —8.14%  3.21% 0.11% —4.02%  —4.65% —459%  —6.11% —676%  —850%  —10.17% —9.86%  —3.71% = —4.50%

el Carrying status Deficit ~ Deficit ~ Surplus ~ Surplus ~ Surplus  Balance Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus

Unit Carrying Th];c:)(?\?)g:lz;];{gl\tﬂ 651.72 777.95 988.57 1299.16 1326.9 1533.34 184244  2226.68  2489.9 2756.13 300296 323591 3524.89 402452 423033  4713.56

CEE:;;?;:‘ The country 708.42 817.28 966.92 1182.84 1360.51 1528.2 1763.87 2109.83 2366.84 2579.74 2820.53 3009.5 3268.75 3735.99 4094.54 4562.51

Subsystem The difference rate 8.70% 5.06% —2.19% —895%  2.53% —0.33% —4.26% —5.25% —4.94% —6.40% —6.07% —7.00% —7.27% —7.17% —3.21% —3.20%

Y’ Carrying status Deficit Deficit Surplus  Surplus  Deficit Balance  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus ~ Surplus  Surplus  Surplus

Unit Carrying Tkgczi‘;ﬂzfé{;l‘;ﬂ 63616 76427 96681 125739 129731 151267 183281 221555 252197 280521 309311 335247 320578 412748 442559  5046.89

Enc‘:fjﬁl:n};:{ﬂ The country 693.04 809 951.38 1151.82 1334.06 1506.99 1760.68 212513  2427.71 2661.11 2941.21 3129.24  3006.59 373243  4220.76  4785.72

Subsystem N The difference rate 8.94% 5.85% —1.60%  —840%  2.83% —0.38%  —3.94%  —4.08% —3.74%  —514% —491% —6.66% —621% —957% —4.63% —517%

th Carrying status Deficit Deficit Surplus  Surplus  Deficit Balance  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus  Surplus

The Yangtze River Economic Belt made remarkable progress in green development
from 2004 to 2019, as shown in Figure 4. In terms of its contribution to the national
green economic growth, the overall development level of green GDP in the Yangtze River
Economic Belt has remained stable. The proportion fluctuated around 40%, peaking at
46.06% in 2016 and 13.79% higher in 2019 than in 2004. Regarding the performance of
“three forces”, the environmental constraint force index is the most stable, followed by
the economic-social supplying force index and the resource-supporting force index. The
regional carrying capacity and resource supporting force variation are consistent and highly
overlapped. This shows that the supporting force of the resource subsystem becomes the
most critical factor affecting the carrying capacity of the Yangtze River Economic Belt. The
regional carrying capacity and the three subsystem carrying capacity indexes of the Yangtze
River Economic Belt also have an increasing trend year by year. The regional carrying
capacity and environmental constraint force reached their peak values in 2016, and the
economic-social supplying force and resource-supporting force reached their maximum
values in 2019, respectively. The carrying capacity is consistent with the change in green
GDP in the Yangtze River Economic Belt at the national level. Overall, the regional carrying
capacity of the Yangtze River Economic Belt shows steady growth, especially the change in
the supporting force of the regional resource system is noticeable, which has an apparent
supportive effect on the regional carrying capacity. Driven by China’s green development
policy and increasing returns to scale, resources have produced efficient flow and effective
aggregation, which has promoted high-quality economic development in the Yangtze
River Economic Belt. The evaluation results of green GDP development based on unit
carrying capacity show that the green development effect of the Yangtze River Economic
Belt has gradually become prominent, which is also consistent with the conclusion of
relevant research [57,58] that the green development of the Yangtze River Economic Belt
has achieved significant results.
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Figure 4. Carrying capacity index of the Yangtze River Economic Belt from 2004 to 2019.

4.2. Spatial and Temporal Distribution of Carrying Capacity in the Yangtze River Economic Belt
4.2.1. Distribution of Regional Carrying Capacity

Figure 5 shows the distribution of regional carrying capacity in the Yangtze River
Economic Belt in 2006 and 2019. From the perspective of spatial structure, 11 provinces
along the Yangtze River Economic Belt were compared in terms of regional carrying capacity
status and carrying capacity index, showing apparent differences in spatial distribution.
The deficit distribution areas are reduced from seven provinces and cities to five provinces,
among which Anhui and Hubei have achieved the balance of carrying capacity. Except for
Shanghai, which changed from surplus to deficit, other provinces have realized carrying
status improvement, among which Jiangsu and Zhejiang have kept surplus. The carrying
capacity index does not quite fit the status. In particular, the carrying capacity indexes of
Hunan, Yunnan, and Guizhou in 2006, and Guizhou, Chongqing, Yunnan, and Jiangxi in
2019, are high. Still, the carrying capacity was in deficit, related to the low level of economic
development and the overall level of green GDP. Although the carrying capacity of Sichuan
province was not high in 2006 and 2019, it was at the lowest level. However, the high
level of green development has also achieved a carrying status balance or surplus. On
the other hand, Jiangsu has achieved double high carrying status and a carrying capacity
index, which is truly green and high-quality development. Although the carrying capacity
of Shanghai and Zhejiang varies due to the high level of economic growth and significant
green development benefits, the carrying capacity balance or surplus is also achieved.
Anhui, Hubei, and Jiangxi have improved their carrying capacity, and Jiangxi has also
completed the transition to high-quality green development. The results confirm the
findings of Tian et al. regarding the comprehensive carrying capacity of the Yangtze River
Economic Belt [59]. Tian et al. found approximately 50 cities in the Yangtze River Economic
Belt lay on the rising segment of the “U” curve in 2014.
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Regional carrying status of the Yangtze River
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Regional carrying status of the Yangtze River
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Figure 5. Distribution of regional carrying capacity in the Yangtze River Economic Belt.

4.2.2. Distribution of the Economic-Social Supplying Force

Figure 6 shows the distribution of economic-social supplying forces in the Yangtze
River Economic Belt in 2006 and 2019. The supplying force of the economic-social subsystem
has little difference in spatial distribution and a narrow variation range. From 2006 to 2019,
Hubei, Anhui, and Jiangxi realized the transition from deficit to balance and Shanghai from
surplus to balance, but other provinces did not see any change. The carrying status of the
economic-social subsystem of the Yangtze River Economic Belt completed the quantitative
change from high deficit to high balance, which promoted the qualitative economic-social
development shift. The great variation of the economic-social supplying force also indicates
that the factors between the economic-social subsystems consisting of technology, labor
force, capital, and infrastructure flow frequently, and the concentration degree is deepened.
Shanghai, Jiangsu, Hunan, Jiangxi, Zhejiang, Chongqing, Anhui, and other provinces,
which were originally relatively high level, appeared to be the phenomenon of aggregation
diseconomy caused by excessive concentration of factors and factor diffusion, which
resulted in the decline of economic and social supply force. However, Sichuan, Yunnan,
and Guizhou still have positive externalities due to factor flow, which belongs to the
effective aggregation scope and realizes the improvement of the economic and social
supply force. The results of the economic-social supplying force index in this paper are
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consistent with Chai and Zhou's research on the water environment and social-economic
system of the Yangtze River Economic Belt [60], although there is a slight difference. Our
study found that the carrying capacity of the economic-social subsystem increased from
east to west, while Chai and Zhou's study stated that it showed an absolute change from

east to west.

Economic-social carrying status of the Yang-
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Yangtze River Economic Belt in 2019
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Figure 6. Distribution of economic-social supplying force in the Yangtze River Economic Belt.

4.2.3. Distribution of the Resource Supporting Force

Figure 7 shows the distribution of resource supporting forces in the Yangtze River
Economic Belt in 2006 and 2019. The spatial distribution of the supporting force of the
resource subsystem in the Yangtze River Economic Belt is consistent with the supplying
force of the economic-social subsystem, and the overall transformation is from deficit to
balance and surplus. The only significant change was in Shanghai. The reason is that the
resource-supporting capacity increased from 77.46 to 99.67, with a growth rate of 28.67%.
Its green GDP growth rate is lower than the national average. From 2006 to 2019, China’s
green GDP grew by 325.86 percent. The growth rate of green GDP in Shanghai was 145.45%.
Exponentially, there has been a general decline in resource support. With the development
intensity of economic activities increasing, resource consumption also increases day by
day. The land used for urban construction increased significantly, while cultivated land
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and effective irrigated area in some areas decreased, just like Shen et al.’s conclusion [61].
For example, the cultivated land of Zhejiang, where the resource supporting force index
changes the most, decreased from 2.09 million hectares in 2000 to 1.97 million hectares in
2017, down 5.37%. This conclusion confirms the findings of some studies (Tang et al. [62];
Zou and Ma [63]) but is contrary to those of others (Bao et al. [64]), due to the difference in
spatial scale of research objects.

Resource support carrying status of the
Yangtze River Economic Belt in 2006

Resource support carrying status of the
Yangtze River Economic Belt in 2019
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Figure 7. Distribution of resource supporting force in the Yangtze River Economic Belt.

4.2 4. Distribution of the Environmental Constraint Force

Figure 8 shows the distribution of environmental constraint forces in the Yangtze
River Economic Belt in 2006 and 2019. From 2018 to 2021, the central government allocated
321 billion yuan for the Yangtze Economic Belt. It was used to compensate for key ecological
function zones; prevent and control air, water, and soil pollution; protect and restore
mountains, rivers, forests, farmland, lakes, and grasslands; control pollution from non-
point agricultural sources; control domestic sewage and garbage in rural areas. From 2006
to 2019, the carrying status of the environmental subsystem in the Yangtze River Economic
Belt showed an overall improvement trend, which is consistent with Liu et al. [65] and
Yang et al. [66], but contrary to Zhang et al. [67]. Anhui, Hubei, and Jiangxi realized the
transition from ecological deficit to balance, Sichuan from balance to surplus, and other
provinces and cities except Shanghai maintained their original status. The environmental
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constraint force has generally achieved a step forward from a low level to a high level.
In 2019, Chongqing and Guizhou entered the highest level of environmental constraint
capacity, Jiangsu and Shanghai were in the second level, and Hunan was the lowest. Due
to the Women Mountain restoration project, Guizhou’s environmental constraint force has
always been at the highest level. It can be seen that the environmental constraint force is
related to the background of natural factors and has a specific impact on the investment
and efficiency of ecological environment maintenance.

Environmental constraint carrying status of
the Yangtze River Economic Belt in 2006

Environmental constraint carrying status of
the Yangtze River Economic Belt in 2019
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Figure 8. Distribution of environmental constraint force in the Yangtze River Economic Belt.

5. Conclusions and Policy Recommendation

The paper explores the interaction mechanism between regional carrying capacity
and factor flow and forms a carrying capacity mechanism composed of economic-social
supplying, resource supporting, and environmental constraint forces. We constructed an
evaluation system of the regional carrying capacity index based on mineral, water, and
biological and ecological resources, as well as labor and other factors, and evaluated the
regional carrying capacity of 11 provinces and cities along the Yangtze River Economic Belt.
The following conclusions can be drawn from the analysis:

e  The factor concentration is caused by the factor flow in and among the subsystems of
economy, society, resources, and environment in the man-land relationship regional
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system. Effective aggregation can improve resource utilization efficiency, thus realizing
the positive externality and enhancing the carrying capacity;

e Regional carrying capacity is a comprehensive status formed by the interaction of
the economy, society, resources, and environment under the open perspective of the
man-land system. The supporting force of the resource subsystem has become the
most critical factor affecting the carrying capacity of the Yangtze River economic belt.
The carrying status of economic-social subsystems, resources, and the environment are
highly consistent with the regional carrying status, indicating that the economic-social
subsystem also constitutes a part of the regional carrying capacity and has a significant
impact on the regional carrying capacity. This verifies the theory proposed in this paper,
in which the economic-social subsystem is a part of the regional carrying system;

e  The functions of different systems should be treated separately to find out the main
factors restricting regional carrying capacity in different periods. The influence of
factor flow and material exchange on regional carrying capacity should be emphasized
from the perspective of multi-system and multi-factor integration. In particular,
economic development and technological progress help improve the efficiency of
resource exploitation and utilization and the maximum capacity of the environment to
make up for the lack of regional resource and environmental carrying capacity. The
regions along the Yangtze River Economic Belt present a relatively balanced regional
development trend of carrying capacity, economic-social supplying force, resource
supporting force, and environmental constraint force from the eastern part to the
central part to the western part.

The paper puts forward the following policy suggestions:

e  The evaluation system of regional carrying capacity formed in this study can be well
applied to the evaluation of regional sustainable development and the monitoring of
regional carrying capacity in urban spatial planning and can better track the changes
in regional resources and the environment. It is suggested that the central government
and local governments should apply this system to establish a regional bearing capacity
evaluation database;

e  The variation of factor flow and the difference in regional factor endowment should
be paid attention to in the evaluation of regional carrying capacity in both developed
and less developed regions. Green and low-carbon sustainable development should
be based on regional differences in resource and environmental endowment and
economic and social development status. China’s planning for regional development
should be based on the current situation of regional carrying capacity. For example,
the Yangtze River Economic Belt should play the role of a growth pole;

e  China should continue to carry out ecological civilization construction and carry out
ecological protection and restoration projects. According to the evaluation results of
carrying capacity, China’s ecological protection and restoration effects are obvious.
Financial investment in ecological protection and restoration and ecological compensa-
tion should be continuously increased to reduce environmental pollution and improve
regional carrying capacity.

The regional carrying capacity evaluation studied in this paper is a relative carrying
status, not an absolute carrying capacity. The criteria of carrying capacity status are
also compared with the carrying capacity of the whole country. Affected by economic
development, technological progress, environmental change, and resource consumption,
the index and status of regional carrying capacity are changing with the intensification of
factor flow. At present, there is no particular accurate measurement method to determine
the regional carrying capacity. Because it is so hard to incorporate all the economic, social,
resource, and environmental factors. Although this paper uses the relative evaluation
method, the evaluation method can be applied to any region or province. The results can
also be compared with any other region. The next step is to do in-depth and detailed
research on the evaluation framework, including more economic-social factors, resource
factors, and environmental factors, and further optimize the judgment criteria in order to
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calculate the absolute regional carrying capacity. It is recommended for future research to
conduct empirical studies for the application of the regional carrying capacity evaluation
framework established in this study.
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