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Evaluating resource and environmental carrying capacity (RECC) within the
framework of ecological civilization is essential for reconciling development
with ecological preservation and optimizing land-use patterns. This evaluation
through the lens of ecological civilization is crucial for effective resource
allocation. This article introduces a technical framework specifically designed
for analyzing and evaluating resource and environmental carrying capacity in
karst regions, focusing on Anshun City in Guizhou Province as a case study. The
framework follows a structured approach, i.e., “problem identification, problem
decomposition, and decision-making assessment,” which proves effective for
these evaluations. Furthermore, the integrated evaluation index system
incorporating resources, environment, and socioeconomic factors under the
principles of ecological civilization aligns with contemporary developmental
requirements while reflecting the distinctive characteristics of the resources
and environment in karst regions. This alignment enhances the specificity and
relevance of the evaluation methodology. The application of the obstacle degree
model strengthened the utility and depth of the evaluation results. Additionally,
Pearson’s correlation analysis clarified the complex interrelationships among
various index factors, highlighting the significant role of unique local
resources in the carrying capacity of karst regions. Additionally, the article
reveals a delay in the socioeconomic development of karst regions, which
adversely impacts their carrying capacity. Thus, promoting regional economic
growth is crucial for enhancing the overall carrying capacity. In light of these
findings, the article proposes practical strategies to enhance resource and
environmental carrying capacity. These include establishing technical
standards for evaluation, accelerating industrial transfers focused on
technological innovation, and enhancing market mechanisms for resource
allocation.

resource and environmental carrying capacity evaluation, ecological civilization,
analytical framework, index system, karst regions, obstacle degree model, Pearson'’s
correlation analysis
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1 Introduction

Resource and environmental carrying capacity (RECC) is
essential for advancing regional ecological civilization; conversely,
the establishment of ecological civilization is crucial for enhancing
this carrying capacity. The concept of ecological civilization
represents a key path toward sustainable socioeconomic
development in China, tackling challenges such as resource
depletion, environmental pollution, and ecological imbalance
rapid

Promoting green development

stemming from industrialization and urbanization.
and fostering harmonious
coexistence between humans and nature are pivotal strategies for
China’s socioeconomic progress in the contemporary era. Major
initiatives include deepening ecological civilization, aiming for
carbon neutrality and carbon peaking emissions, and refining the
market allocation system for resource and environmental
management. These initiatives serve as fundamental principles
for national planning and sustainable development. Evaluating
resource and environmental carrying capacity in the context of
ecological civilization is essential for achieving sustainable and high-
quality socioeconomic transformation in regions. This approach
ensures the alignment of economic and social development with
ecological protection and optimizes regional resource allocation
while safeguarding natural and cultural heritage. In recent years,
the evaluation of resource and environmental carrying capacity has
increasingly become a fundamental consideration in regional
development strategies (Huang and Song, 2019). The outcomes
of these evaluations have been utilized in land planning, urban
development, and regional economic strategies (Huang, 2017; Fan,
2007), providing valuable theoretical frameworks for optimizing
regional land use and resource management.

The concept of RECC has significantly evolved since its
inception. Initially, carrying capacity referred to biological
(1921) as the
population size an environment can support under specific

populations, defined by Park and Burgess

conditions. Malthus (1978) expanded this idea, proposing that
unchecked population growth would outpace food production,
causing famines. However, the RECC concept has since been
expanded to include ecological, resource, and environmental
capacities, referring to the sustainable population or activity level
that an ecosystem can support while maintaining ecological balance
(Sun et al., 2020). Recent studies have divided RECC into several
subdomains: (1) resource carrying capacity (RCC), which focuses on
land, water, and mineral resources. The RCC assesses resource
availability to support human activity without degradation (Liu
et al, 2023). (2) Environmental carrying capacity, which is the
environment’s capacity to absorb pollutants and waste while
sustaining ecosystem health (Gao et al, 2020). (3) Ecological
carrying
resilience and biodiversity maintenance capacity (Niu et al,
2020). These RECC as
dimensional concept that integrates physical resource limitations

capacity relates specifically to ecological system

definitions underscore a  multi-
with ecological resilience and environmental quality (Liu et al., 2020;
Niu et al,, 2020). Evaluating RECC necessitates moving from single-
factor to multi-factor assessment models, incorporating land, water,
climate, and ecological health metrics. Resource and environmental
carrying capacity synthesizes these concepts (Sun et al., 2020) and

indicates the maximum population that a region can support while
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preserving optimal natural conditions and ecological balance (Niu
et al., 2018). Research in developing evaluation systems has shifted
from single-factor to multi-factor assessments (Shen et al., 2022).
Scholars have deepened the principles, content, and perspectives of
indicators, resulting in studies focused on various factors such as
land, water, and ecological conditions (Liu et al., 2023; Gao et al,
2020). Research has encompassed both single-factor (Yang and
Wang, 2022) and comprehensive assessments of carrying capacity
(Shao et al., 2013; Yang et al,, 2016). Additionally, studies have also
varied in spatial scale, addressing evaluations at national, provincial,
and urban levels (Wang J. et al, 2023; Luo et al., 2022), contributing
to the development of assessment systems that incorporate factors
such as water, climate, and land (Feng et al., 2021; Zhang et al., 2018;
Yang et al.,, 2015; Liu and Borthwick, 2011).

Various methodological approaches are key to evaluating RECC,
each suited to specific ecological complexities, data availability, and
geographic requirements. These methods offer unique advantages in
understanding RECC, particularly in ecologically sensitive,
resource-limited karst regions. Comprehensive assessments
integrate resource, environmental, and ecological data into
composite RECC scores, providing policymakers with a holistic
view of carrying capacity (Wangand Wang, 2022). System dynamics
models analyze interactions between ecological, economic, and
social factors and are effective for long-term, predictive
assessments (Wang M. et al, 2023; Ge et al, 2021). These
models are suitable where complex feedback loops and time-
dependent changes are vital for understanding sustainability
trends in karst landscapes. The ecological footprint method
quantifies natural resource demand relative to regional supply
and is particularly valuable in high-stress areas like karst regions
(Liu et al., 2022; Jia et al., 2020). This method allows researchers to
determine whether a region’s resource consumption aligns with its
regenerative capacity, making it highly applicable for comparative
studies in stressed environments. Fuzzy evaluation models
incorporate qualitative data and account for uncertainties,
making them suitable for RECC evaluation in ecologically
complex regions with limited data (Min et al., 2022; Tan et al,
2021). Fuzzy models’ adaptability is advantageous in karst areas,
where data precision is often challenging and uncertainty requires
effective management. Advances in remote sensing and GIS now
provide high-precision spatial data, enabling the detailed mapping
of resource distributions and environmental impact zones (Peng
et al, 2020). The barrier degree model critically identifies and
assesses primary factors limiting regional RECC. This model
that hinder
sustainable resource management and environmental protection,
particularly under ecological civilization constraints (Zhang et al.,

quantifies obstacle factors, pinpointing issues

2018; Lin et al,, 2023). The model uses a structured approach, using
indicators like urbanization rate, wastewater discharge, and resource
use efficiency to calculate an “obstacle degree.” A high barrier degree
suggests major challenges to sustainable RECC, while a low degree
indicates fewer obstacles (Chen et al., 2023). By identifying these
barriers, the model aids policymakers in targeted interventions to
strengthen resource and environmental resilience in karst and other
fragile regions. Pearson’s correlation analysis determines linear
relationships between key RECC indicators, providing insights
into  dependencies environmental, and

among resource,

socioeconomic factors. In karst regions, Pearson’s analysis reveals
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associations between land-use intensity and water resource
availability, aiding in identifying leverage points for enhancing
RECC (Wu and Hu, 2020). However, its linearity assumption
limits it, potentially missing complex, non-linear relationships in
ecological systems, suggesting a need for complementary analyses
(Wei et al,, 2019). These methodologies enable adaptive, region-
RECC
ecological, and resource constraints. This variety of approaches

specific assessments, addressing unique geographic,
supports sustainable policy formulation, allowing researchers to
select the most suitable tools based on study requirements and
regional ecological characteristics.

Scholars have delineated various terms such as resource carrying
capacity, environmental carrying capacity, ecological carrying
capacity, and land and water resource carrying capacities (Liu
et al,, 2020; Niu et al, 2020; Niu et al, 2018). The concept of
carrying capacity was first articulated by Park in 1921, who defined it
as the maximum number of biological individuals that an
environment can sustain under specific conditions (Park and
Burgess, 1921), laying the groundwork for further exploration.
Malthus (1978) later proposed a population growth model that
indicated that famines and poverty would arise when the population
exceeded the limits of food supply. Resource and environmental
carrying capacity is a comprehensive synthesis of these concepts
(Sun et al,, 2020) and indicates the maximum population that can be
supported in a region while maintaining an optimal natural
environment and ecological balance (Niu et al,, 2018). Research
in developing evaluation systems has shifted from single-factor to
multi-factor assessments (Shen et al., 2022). Scholars have deepened
the principles, content, and perspectives of indicators, resulting in
studies focused on various factors such as land, water, and ecological
conditions (Liu et al., 2023; Gao et al, 2020). Research has
encompassed both single-factor (Yang and Wang, 2022) and
comprehensive assessments of carrying capacity (Shao et al,
2013; Yang et al, 2016). Additionally, studies have also varied in
spatial scale, addressing evaluations at national, provincial, and
urban levels (Wang J. et al., 2023; Luo et al., 2022), contributing
to the development of assessment systems that incorporate factors
such as water, climate, and land (Feng et al., 2021; Zhang et al., 2018;
Yang et al., 2015; Liu and Borthwick, 2011). Researchers have also
adopted diverse evaluation methods and models to meet different
objectives, including comprehensive assessments (Wang J. et al,
2023; Wang and Wang, 2022), system dynamics (Wang M. et al,
2023; Ge et al., 2021; Yang et al., 2015), ecological footprints (Liu
etal, 2022; Jia et al., 2020), fuzzy evaluations (Min et al., 2022; Tan
et al, 2021), and energy value analysis. Recent studies, including
those by Peng et al. (2020), have utilized remote sensing and GIS
technology to conduct comprehensive evaluations in the karst
regions of Southwest China.

Existing research in the field encompasses a wide range of
aspects, including concepts, frameworks, indicator systems,
evaluation methods, and models, yet several challenges persist.
Existing assessment indicator systems often lack specificity,
especially for karst regions, where limited studies fail to
sufficiently  highlight the
Moreover, the presentation of evaluation

region’s unique characteristics.

results is often
insufficient, and a deeper analysis of factors influencing the
regional carrying capacity and their interrelationships requires

further exploration. Additionally, there is also a disconnection
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between current analyses and the realities of modern societal
development. This highlights the necessity for a comprehensive
evaluation framework specifically tailored to the distinct attributes
of karst regions as this is crucial for enhancing the theoretical and
methodological foundations of resource and environmental carrying
capacity evaluations. In summary,

although a relatively

comprehensive  theoretical ~framework for resource and
environmental carrying capacity has been established (Li et al,
2022), karst regions encounter distinct challenges in this
evaluation due to their unique geological and ecological
conditions. Future studies should further integrate the concept of
ecological civilization and deepen theoretical and empirical
investigations of resource and environmental carrying capacity in
karst regions, with the aim of providing more scientifically grounded
guidance for sustainable development in these regions.

Karst regions are characterized by expansive landscapes, unique
geological environments, ecological sensitivity, and constrained
resource endowments. Although industrialization, urbanization,
transportation, and tourism contribute to regional economic
growth, they also result in significant land-use disruptions, severe
ecological degradation, and escalating resource constraints. The
growing conflicts between ecological preservation, development
needs, and the conservation of natural and cultural heritage
expose the limitations of current human activities. Consequently,
it is essential to establish an analytical framework that accurately
captures the distinctive characteristics of karst regions. This article
focuses on this important area, specifically examining Anshun City
in Guizhou, which exemplifies a karst region. Utilizing 2019 as the
evaluation timeframe and county units as the fundamental
evaluation units, the article uses qualitative methods such as
surveys and expert consultations to construct an evaluation
framework for resource and environmental carrying capacity
based on the principles of ecological civilization. This framework
not only enhances the theoretical foundation and analytical
methodologies of resource and environmental assessments but
also provides practical guidelines for policymaking related to
ecological civilization development, land-use planning, and
sustainable resource management in karst regions.

2 Research area

The research area is located in the central-western part of
Guizhou, China, at the watershed between the North Panjiang
and Wujiang river systems. This accessible region is
geographically defined between longitudes 105°15’ to 106°35' E
and latitudes 25721 to 26°37" N. It experiences an average annual
temperature of 14.8°C, receives an annual precipitation of 1,222 mm,
and benefits from 1,238.80 h of sunshine each year. Rich in mineral
and water resources, this region is also recognized for its
biodiversity, making it a focal point for national initiatives in
natural forest protection and ecological development. Notably,
over 12% of the region consists of scenic areas, significantly
higher than the national average of 1% and Guizhou’s average of
4.2%. Despite these advantages, the region faces challenges,
including significant land degradation and soil erosion,
characterized by high elevations in the central region and lower

terrain in the north and south, as well as higher elevations in the
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FIGURE 1

Overview of the research area [Approval Qian S (2023) No. 009], with simplified elements on the base map but no changes to the scope.

northwest and lower elevations in the southeast. This spatial
differentiation showcases it as a quintessential region of
concentrated karst topography (Figure 1).

In 2019, the total land area amounted to 9,267 km?, with arable
land covering 4.39 million acres. The forested cover reached
7.6194 million acres, resulting in a forest coverage rate of
59.03%. The region experienced an average annual runoff of
6.217 billion m?® with a technical potential for hydropower
generation estimated at 1.5929 million kilowatts, of which
1.5429 million kilowatts are economically viable. The resident
population is approximately 2.3636 million, contributing to a
regional gross domestic product (GDP) of 92.394 billion yuan
with an annual growth rate of 8.1%. The industrial structure is
divided into three sectors at a ratio of 17.0:31.7:51.3. The research
area encompasses six districts and counties, Xi Xiu, Ping Ba, Pu
Ding, Guanyin, Zi Yun, and Zhen Ning (Figure 1), supported by
2,003 healthcare institutions. Known as the “Mountain Park
Province,” Guizhou is characterized by striking landscapes,
abundant water resources, beautiful valleys, impressive rock
formations, and a wealth of natural resources, which contribute
to its reputation as a “natural air conditioner,” “green oxygen bar,”
and “summer resort.” Under the province’s expansive ecological
strategy, the research area has actively pursued ecological civilization
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initiatives, including rocky desertification control, river
management, and pollution reduction. These efforts, strongly
supported by national policies, have resulted in gradual
enhancements in resource and environmental endowments, as

well as improvements in carrying capacity.

3 Research design
3.1 Data sources

This article derives data from various authoritative sources,
encompassing land use, climate, water resources, socioeconomic
factors, and ecological conditions. These sources include the results
of the third national land resource survey, comprehensive land-use
planning for the region from 2006 to 2020, and statistical yearbooks
and public reports from 2015 to 2019. Additional data sources
consist of environmental condition reports, plans for addressing
stoniness in the region (2008-2015), water ecological civilization
construction (2016-2030), soil and water conservation (2016-2030),
government work reports, and various development plans related to
industrial growth, transportation during the 13th Five-Year Plan,
energy development, and wetland conservation. The evaluation
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FIGURE 2
Radar chart presentation of typical indicators.

indicators for land, water, and air quality are illustrated by a single,
representative baseline indicator for each category (Figure 2).

3.2 Research methods

3.2.1 Establishing the analysis framework for
resource and environmental carrying capacity

This research addresses the distinct resource and
environmental characteristics of karst regions, along with the
characteristics of socioeconomic development. Through

interviews, expert consultations, and empirical validation, we
developed an analytical framework for evaluating resource and
environmental carrying capacity, guided by the concept of
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ecological civilization (Figure 3). The framework consists of
three logical phases: problem identification, analysis, and
decision-making. When evaluating carrying capacity in karst
regions, these phases are applied as follow:

(1) Problem identification: In this initial phase, we recognize
critical issues such as widespread rocky desertification, severe
soil erosion, ecological vulnerability, significant disturbances
in land use, increasing resource constraints, and conflicts
between development and conservation. The analysis is
contextualized within national and regional commitments
to green development, low-carbon initiatives, ecological
protection, and high-quality growth, leading to the
formulation of relevant research questions addressing the
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Research framework diagram for analyzing resource and environmental carrying capacity based on “problem design—problem

deconstruction—decision evaluation.”

carrying capacity of resources and the environment in
karst regions.
2

~

Problem analysis: Due to the distinct natural environment
and resource endowments in karst regions, achieving
sustainable development requires compliance with natural
laws and customized approaches for local conditions. This
phase constructs a comprehensive evaluation index system
reflecting the region’s unique features while examining
the  environment,

A mixed-method
interviews, expert consultations, comprehensive evaluation

resources, and  socioeconomic

dimensions. approach  integrates
models, obstacle degree models, and Pearson’s correlation
analysis. It is used to assess the carrying capacity level, identify
hindering factors, and explore the interrelations among these
with the results illustrated

visualization.

factors, through spatial
Decision-making: Utilizing the evaluation results as a
this
macroeconomic strategies and urgent regional development

foundation, phase addresses current national
needs. The focus is on identifying and mitigating obstacles to
enhance resource and environmental carrying capacity,
thereby promoting a harmonious human-environment
relationship and  achieving long-term  sustainable
development goals for the karst region. This process
includes proposing scientifically grounded strategies and

recommendations for improvements.
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3.2.2 Technical process for evaluating resource
and environmental carrying capacity
3.2.2.1 Development of an evaluation index system

Index selection principles: Adhering to the concept of ecological
civilization, index selection emphasizes a systematic and locally
relevant approach. Indicators must reflect the conditions of the
research area, be easily interpretable, align with the basic theoretical
framework for carrying capacity evaluation and national technical
standards, and appropriately represent the carrying capacity status.

Selection of evaluation indexes: The research area, as a typical
karst region, is abundant in mineral and tourism resources but also
faces significant ecological challenges, including extensive rocky
desertification, severe soil erosion, and inadequate vegetation
cover. Although the economy is growing, its overall level remains
relatively low. Drawing from existing research, technical standards,
and expert consultations, we established an evaluation index system
comprising three main criteria: resource, environmental, and
socioeconomic carrying capacity. This system incorporates eight
evaluation indexes, such as land resources and air quality, leading to
a total of 30 specific indicators, including per capita arable land and
per capita water usage (Table 1).

Setting weights for evaluation indexes: We applied a
combination of the variance and Delphi methods to assign
weights to the evaluation indexes. This process involved engaging
experts from various fields, such as land planning, resource
management, and ecological

development, encompassing
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TABLE 1 Construction of the evaluation indicator system and weight setting (Equations 1-3).

Evaluation

standard layer

Evaluation
index layer

Measurement index

Number

Measurement
unit

10.3389/fenvs.2024.1499757

Indicator
attribute

Weight

Resource bearing capacity Land resources Per capita cultivated land area R1 hm*/human being + 0.0522
(0.4087) (0.1934)
Proportion of the rocky desertification R2 % - 0.0503
area
Proportion of the effective irrigated R3 % + 0.0282
area of cultivated land
Proportion of unused land R4 % - 0.0184
Proportion of regional soil erosion R5 % - 0.0291
area
Proportion of flooded area R6 % - 0.0152
Water resource Per capita total annual water use R7 m®/human being - 0.0591
(0.2153)
Per capita water resources owned R8 m*/human being + 0.0652
Average annual rainfall R9 mm + 0.0518
Utilization rate of water resource R10 % + 0.0392
development
Environmental bearing Atmospheric Annual nitrogen oxide concentration El ug/m - 0.0204
capacity environment (0.0662)
(0.3408) Annual SO, concentration E2 pg/m? - 0.0207
Excellent rate of ambient air quality E3 % + 0.0251
Water environment Centralized treatment rate of E4 % + 0.0302
(0.1125) wastewater and sewage
Water resource contamination E5 Ton + 0.0324
capacity (COD + NH;-H)
Area proportion of regional water E6 % + 0.0499
ecological protection area
Geological Number of geological disaster points E7 Individual/km - 0.0304
environment per unit area
(0.0806)
proportion of karst area E8 % - 0.0502
Ecological condition | Land area covered with trees E9 % + 0.0385
(0.0815)
Forest area E10 hm?*/100 km* + 0.0236
Ratio of nature reserves to the total Ell % + 0.0194
area
Economic and social Financial condition Per capita total GDP S1 Yuan/person + 0.0436
carrying capacity (0.2505) (0.1721)
Proportion of the tertiary industry S2 % + 0.0284
in GDP
Per capita fixed asset investment S3 10,000 yuan/person + 0.0411
Per capita disposable income of urban S4 Yuan/person + 0.0289
residents
Per capita disposable income of rural S5 Yuan/person + 0.0301
residents
Social condition Density of population S6 Human being/km* - 0.0226
(0.0784)
Urbanization level S7 % + 0.0179
Number of health institutions for S8 10,000 people + 0.0161
10,000 people
Proportion of the number of residents 9 % + 0.0218
with minimum living security
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administrative officials, technical personnel, educators, and
community representatives, to account for obstacles to regional
ecological construction.

Variance-based weighting approach: The variance weighting method
involves calculating the average values and variances of evaluation
indicators, followed by normalizing the variance coefficients to derive

the indicator weight values. The main steps are as follows:

® The average of each evaluation indicator is calculated:
o1&
MjZZZri]-,]zl,ZJ ...... 5 1, (1)
i=1

where M is the average value of indicators, rj; is the value of the
jth evaluation indicator in the ith evaluation region, and n is the total
number of indicators.

@® The variance of the evaluation indicators is computed:

n

2
o, = Z[rij_ﬁj] j=1,23,....n, )

i=1

where o; is the mean square error of the indicators and n is the
number of indicators.

® The variance coefficients are normalized to derive the weight
coefficients:

1, A3)

where w; is the normalized weight coefficient of the indicator
and n is the total number of indicators.

indicators have diverse focuses and attributes,

carrying
environment differently. In the evaluation, the weight coefficients

Various
influencing  the capacity of the resources and
obtained through both the variance and Delphi methods are used to
comprehensively determine the weight values of the indicators. The
weights are assigned based on the significance of resource carrying
capacity, environmental carrying capacity, and socioeconomic
carrying capacity, as shown in Table 1.

Data standardization of evaluation indicators: This article
encompasses a comprehensive system of indicators, featuring
3 criterion levels, 8 indicator levels, and 30 specific indicators.
Indicators are categorized into positive and negative attributes to
highlight their roles in evaluating resource and environmental
capacities (Table 1). To eliminate dimensional disparities, we
used the extreme value method for the standardization of the
original data using the following formulas:

Postive Indicators: Z;; = w,
maxrij — minti;
(i=1,2,3....mj=1,23,. .. .n), (1)
Negative Indicators: Z;; = m,
maxr;; — mint;;
(i=1,23....mj=1,2,3,....n), (5)

where Z;; represents the standardized value of the jth evaluation
indicator in the ith evaluation region, rj is the actual value of the jth
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evaluation indicator in the ith evaluation area, minr; and maxr;
denote the minimum and maximum values of the jth evaluation
indicator in the ith evaluation region, respectively, m refers to the
number of evaluation objects, and n is the total number of evaluation
indicators.

Results and analysis of standardized indicators: In this article, we
applied the extreme value method to standardize the indicators. The
resource, environmental, and socioeconomic capacities of the
research region include both positive and negative attributes. For
positive indicators, the optimal value is the maximum observed in
each district. Conversely, for negative indicators, the minimum
value serves as the optimal baseline. The standardized values
were computed using corresponding formulas, resulting in
transformed indicator values ranging from 0 to 1, with 1 being
the maximum and 0 being the minimum.

3.2.2.2 Selection of the evaluation model

After standardizing the indicators, we used a comprehensive
evaluation model to calculate the index values for each criterion level
pertaining to the resource and environmental carrying capacity in
the research region. The model is expressed as follows:

Ki=zzleozij,(i=1,2,3, ..... mj=1,2,3..n), (6)

where K; represents the index value for the ith criterion level, w;
represents the weight coefficient for the jth indicator, and Zj
represents the standardized value of the jth indicator in the ith
evaluation region.

3.2.2.3 Introduction of the barrier model

The barrier degree model can be utilized to analyze the key
factors contributing to disparities in the regional resource and
environmental carrying capacity (Li et al, 2024; Ding et al,
2024). This model serves as a guiding tool to promote the
efficient utilization of resources (Jia et al., 2017), such as land,
within the research region by identifying and mitigating potential
obstacles. By utilizing this model, we can effectively identify the
primary barriers that impede the resource and environmental
carrying capacity in the region. A higher barrier degree indicates
a greater hindrance to achieving the region’s overall resource and
environmental capacity goals, while a barrier degree of 0 suggests no
hindrances to these objectives. The barrier degree model
incorporates several important variables, including factor
contribution wj, indicator deviation Vj, and indicator barrier
degree Zjj. The overall barrier degree B; assesses the impact of all
identified obstacles on the resource and environmental carrying

capacity in the research region.

Vij =1 —Xj, (7)
w; X Vi;
Zy = M x 100%, (8)
ij X V,‘j
j=1
BJ = ZZU'. (9)

In this model, the indicator deviation Vj represents the
difference between the standardized value of the jth indicator in
the ith city and 1. The factor contribution wj represents the weight of
the jth indicator in that city. The barrier degree Zj; represents how
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much the jth indicator impedes the resource and environmental
carrying capacity, with higher values indicating greater hindrance.
The barrier degree Z;; for each indicator is expressed on a scale of 0%
to 100%, where larger values signify a more significant impact on the
carrying capacity.

3.2.2.4 Pearson'’s correlation analysis

Pearson’s correlation analysis is utilized to evaluate the linear
relationship between two sets of indicators. A higher correlation
coefficient indicates a stronger relationship. This method calculates
the correlation coefficient between two variables and determines its
statistical significance. The introduction of Pearson’s correlation
analysis in this article aims to explore the linear associations among
various evaluation indicators related to the resource and
environmental carrying capacity in the research region. By
examining these relationships, we can identify the critical factors
that influence and determine the levels of resource and
environmental carrying capacity in karst regions, as well as the
primary obstacles. This comprehension enables targeted
interventions to improve the area’s resource and environmental
carrying capacity, fostering high-quality and sustainable
socioeconomic development in the region.

Y (Xi - E(X))(Y; - E(Y))
n x (0X)(aY)
Yo (Xi - E(X))

oX)=\=F0 (11)

p(XY) = ) (10)

where p(XY) represents the correlation coefficient (r), which
illustrates the strength and direction of the relationship between two
variables. The overall mean is denoted by E(X), and the overall
covariance is represented by o (X).

4 Empirical analysis and result
interpretation

4.1 Evaluation results of resource and
environmental carrying capacity and spatial
disparities

4.1.1 Evaluation result analysis

The comprehensive evaluation of standardized indicator data
(Equations 4, 5) generated an index for resource and environmental
carrying capacity across different regions within the research region,
as shown in Tables 2, 3 (Equation 6).

4.1.1.1 Analysis of resource carrying capacity results

The findings correspond well with the regional resource
endowments; regions with higher water resource indexes
demonstrate greater resource carrying capacities. The sequence of
resource carrying capacity, from highest to lowest, is as follows:
Guanling, Ziyun, Xixiu, Pingba, Zhenning, and Puding. Regions
like Xi Xiu and Ping Ba, located near Gui'an New District, exhibit
high land resource scores but low water resource scores, while Guan
Ling and Zi Yun present high water resource scores and moderate
land resource scores. Notably, Guan Ling has the lowest region of
stoneland desertification and the least annual per capita water usage,
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TABLE 3 Comprehensive evaluation results of the criterion level.

10.3389/fenvs.2024.1499757

Region Resource carrying Environmental carrying Economic and social Comprehensive bearing
capacity capacity carrying capacity capacity
Xi Xiu 0.2265 0.1941 0.1866 0.6072
Ping Ba 0.2026 0.0410 0.1625 0.4061
Pu Ding 0.1556 0.1439 0.0904 0.3900
Zhen Ning 0.1986 0.1421 0.1049 0.4456
Guan Ling 0.2707 0.2540 0.0894 0.6142
Zi Yun 0.2530 0.1727 0.0394 0.4651

coupled with high average annual rainfall, resulting in the highest
resource carrying capacity. Conversely, Pu Ding consistently shows
low values, and it ranks second-highest in stoneland desertification,
soil erosion, and flooded land area, while its per capita water resources
and average annual rainfall are fifth in the region, culminating in the
lowest resource carrying capacity evaluation and reflecting the existing
disparities in resource distribution.

4.1.1.2 Analysis of environmental carrying capacity results

The evaluation of the environmental carrying capacity effectively
illustrates the ecological heterogeneity of the research region. There is
a strong correlation between the evaluation indexes and actual
conditions. The comprehensive evaluation ranks the regions from
highest to lowest as follows: Guan Ling, Xi Xiu, Zi Yun, Pu Ding, Zhen
Ning, and Ping Ba. A disparity of more than 6-fold exists between the
highest and lowest values. In terms of the 11 measured indicators,
Guan Ling excels in 7 indexes, including average annual SO, and NO,
concentrations and the proportion of karst land region, although it
scores lower in water pollution capacity and wastewater treatment
rates. Conversely, Ping Ba ranks the lowest across six indicators,
reflecting overall poor environmental quality.

4.1.1.3 Analysis of economic and social carrying
capacity results

The evaluation results reveal significant disparities in local
economic and social development. The research region displays
markedly higher scores for economic conditions than for social
conditions, with high and low values typically present in the same
regions. The ranking from high to low is as follows: Xi Xiu, Ping Ba,
Zhen Ning, Pu Ding, Guan Ling, and Zi Yun. A 4-fold difference
exists between the highest and lowest values. Among nine measured
indicators, Xi Xiu and Ping Ba showed the highest values for per
capita GDP and fixed asset investment, whereas Zi Yun ranks lowest
in six indicators for per capita GDP and investment. The regions of
Pu Ding, Zhen Ning, and Guan Ling fall in the moderate range.
Geographically adjacent Xi Xiu and Ping Ba present high economic
and social carrying capacities, while Zi Yun demonstrates the lowest
value, indicating a strong correlation with the current state of
economic and social development.

4.1.1.4 Comprehensive evaluation of the resource and
environmental carrying capacity

The cumulative results, representing the collective evaluation of
resource, environmental, and socioeconomic carrying capacities, are
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ranked from high to low as follows: Guan Ling, Xi Xiu, Zi Yun, Zhen
Ning, Ping Ba, and Pu Ding. Guan Ling boasts the highest overall
scores, particularly in resource and environmental capacities,
reflecting abundant availability and favorable conditions of land
and water resources, albeit with weaker socioeconomic conditions.
Conversely, Xi Xiu shows high resource and environmental carrying
capacities, along with the highest socioeconomic capacity, attributed
to advantageous spatial characteristics. Conversely, Pu Ding is
characterized by its lowest resource carrying capacity and
intermediate environmental and socioeconomic development
capacities, culminating in the lowest comprehensive carrying
capacity, highlighting the region’s inadequate ecological and
socioeconomic conditions.

4.1.2 Analysis of spatial disparities at the
county level

Utilizing the spatial analysis capabilities of ArcGIS 10.8, we
conducted a comprehensive evaluation of the resource and
environmental carrying capacity in the research region. The results
are visually represented at the county level (Figure 4), illustrating the
diverse spatial heterogeneity of these capacities. To categorize these
results effectively, we applied the natural breaks method, which
focuses on minimal intra-group variation and maximal inter-group
variation, dividing the groups into three defined categories: “high,”
“medium,” and “low.” Figures 4, 5 show that

(1) The overall evaluation of resource carrying capacity reveals a
pronounced spatial distribution of “high in the south and low
in the north,” which closely correlates with the region’s
topographical features. Notably, high values are found in
Zi Yun and Guan Ling, while Pu Ding reveals lower
values. The spatial distribution of water and land resources
demonstrates distinct disparities. Land resources generally
follow a pattern of “low in the center, high at both ends,” with
Xi Xiu standing out as a high-value region. Conversely, water
resources display a distribution pattern of “high in the south,
low in the north,” with significant values also shown in Zi Yun
and Guan Ling.

The comprehensive assessment scores for environmental
carrying capacity exhibit a similar “high in the south, low
in the north” distribution, closely linked to the region’s
topography. Guan Ling receives high scores, while Ping Ba
presents lower and intermediate values. The differences
between high and low scores highlight notable gaps in
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environmental capacity evaluations. Patterns in atmospheric,

and environment scores are
comparable, in the

southwestern regions, particularly in Guan Ling and Zhen

geological, ecological

with mid-high values clustered
Ning, as well as in southeastern Zi Yun. In contrast, water
environment scores indicate a “high in the north, low in the
south” trend, with Xi Xiu presenting a noteworthy high score
across four evaluation indicators, emphasizing the substantial
disparity between high and low values. Additionally, Ping Ba
shows some indicators with a minimum score of 0,
emphasizing the spatial heterogeneity in environmental
capacity evaluations.
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(3) The social and economic carrying capacity scores reveal a
spatial pattern of “high in the northeast, low in the southeast,
and mid-values in the central and western regions.” Regions
such as Xi Xiu and Ping Ba, which are adjacent to the Guian
New District, exhibit higher values, whereas Zi Yun shows a
lower score. Significant differences in economic and social
conditions are evident in towns like Guan Ling and Pu Ding,
reflecting a similar spatial distribution of high and low values,
indicating a spatial homogeneity in socioeconomic carrying
capacity assessments.

(4) Finally, the overall evaluation scores for carrying capacity

consistently exhibit a “high in the south, low in the north”
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distribution. This pattern is significantly influenced by
environmental and resource carrying capacities rather than
socioeconomic factors. The northern areas, particularly Ping
Ba and Pu Ding, present lower values, while Xi Xiu and Guan
Ling display higher scores, reinforcing the identified spatial
disparities in the carrying capacity within the region.

4.2 Statistical correlation analysis

This section presents a statistical analysis of the relationships
among the resource carrying capacity, environmental carrying
capacity, socioeconomic carrying capacity, and overall carrying
capacity in the research region. Utilizing univariate linear
regression to fit the data and assessing the linear correlation
coefficients (Figure 6), we find a strong linear relationship among
the resource carrying capacity, environmental carrying capacity, and
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overall carrying capacity. To further elucidate the interdependencies
among these indicators, we applied Pearson’s correlation coefficient
method for correlation analysis (Figures 7, 8) (Equations 10, 11).
The analysis of the standard layers (Figure 7) reveals significant
medium-to-high positive correlations and resource carrying
capacity, with environmental capacity (0.61) and overall capacity
(0.74). The environmental capacity correlates with the overall
capacity (0.80). Conversely, the socioeconomic carrying capacity
shows no significant correlations with the resource carrying capacity
(=0.21), environmental capacity (—0.32), or overall capacity (0.23).
These results indicate that resource and environmental capacities
have a significantly greater influence on the overall carrying capacity
than socioeconomic indicators. A detailed statistical analysis of the
indicator levels (Figure 8) reveals several key relationships:

(1) Land and water resources show differentiated correlations
with other indicators, highlighting a strong connection
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between land resources and socioeconomic factors, as well as

a robust relationship between water resources and
environmental elements. Specifically, land resources show
with

environment (0.68), economic status (0.70),

medium-to-high positive correlations the water
and social
status (0.50). Water resources also show strong positive
correlations with the atmospheric environment (0.61),
ecological environment (0.81), and ecological environment
(0.76). However, there are significant negative correlations
between water resources and economic status (—0.71) and
social status (—0.53).

Within  the
interdependencies exist among the indicators. Except for
there
environmental

environmental ~ dimension, = complex

the water environment, are notable negative

correlations  between indicators and

socioeconomic indicators. Significant positive correlations
are evident between the atmospheric and geological

environments  (0.65), atmospheric and  ecological
environments (0.96), and geological and ecological
environments (0.73). Other correlations within this

dimension tend to be weaker, while the water environment

positively correlates with economic status (0.79) and social

status (0.36).
(3) The intricate relationships between resource carrying capacity
and both environmental and socioeconomic capacities reveal
that socioeconomic indicators significantly correlate with
land resources, while environmental indicators strongly
associate with water resources. Socioeconomic indicators
show negative correlations with environmental indicators,
despite having a high positive correlation (0.80) within
their own dimension.

In addition, we categorized the comprehensive scores of the

standard layers into “high, medium, and low” using the natural-
breaks method. This classification is visualized through alluvial
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diagrams (Figure 9), illustrating the flow of scores among the
different capacities. The diagrams reveal complex interrelations
driven by the region’s diverse resources, environments, and
socioeconomic characteristics within the karst region. Notably,
resource carrying capacity nodes primarily consolidate into an
“M” category of environmental capacity, which then subsequently
disperses into “H,” “M,” and “L” nodes for socioeconomic capacity.
In turn, these socioeconomic nodes flow into overall capacity nodes.
Notably, no cross-layer transitions occur between the resource and
environmental capacities at an “H-L” level, indicating a stable
relationship. However, socioeconomic capacity nodes exhibit
cross-layer transitions, highlighting the intricate socioeconomic
dynamics and their minor impact on the overall carrying capacity.

4.3 Analysis of obstacle factors

Given the extensive number of indicators, this article focuses on
Equations 7-9 the top three obstacle factors ranked by their
severity (Table 4).

4.3.1 Obstacle factors impacting the resource
carrying capacity

Water resources pose a greater challenge than land resources
regarding the overall carrying capacity (Figure 10). Notable spatial
disparities exist between water and land resources. Important factors
influencing the resource carrying capacity include per capita water
availability (R8), average annual precipitation (R9), per capita arable
land area (R1), water resource utilization rate (R10), and proportion
of rocky desertification region (R2). Notably, R8, R9, and R10, which
pertain to water resources, often rank as primary or secondary
factors. This indicates that water scarcity is the primary impediment
to resource carrying capacity in karst regions. The findings reveal a
discrepancy between water availability and the overall resource
carrying the need for

capacity, highlighting improved
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TABLE 4 Comprehensive analysis of obstacle factors at the indicator level.

Region Resource carrying capacity Environmental carrying capacity Economic and social carrying
capacity
First Second Third First Second Third First Second Third
factor factor factor factor factor factor factor factor factor
Xi Xiu R8 R9 R1 E8 E9 E6 3 6 S2
16.61% 10.25% 6.31% 12.79% 7.32% 6.97% 5.98% 5.76% 2.16%
Ping Ba R7 R8 R1 E8 E6 E9 S2 S5 4
9.95% 9.38% 8.79% 7.46% 7.03% 6.48% 4.78% 2.74% 2.20%
Pu Ding R8 R9 R2 E8 E9 E6 3 S1 S5
10.03% 9.34% 9.07% 5.80% 5.16% 4.97% 5.44% 4.68% 4.28%
Zhen Ning RY R2 RI10 E8 E6 E5 S3 S5 S4
9.34% 9.17% 9.36% 8.60% 7.29% 4.76% 6.66% 5.43% 3.81%
Guan Ling R10 R8 R1 E5 E4 E9 S3 S5 S1
9.13% 5.39% 5.16% 8.40% 6.34% 5.46% 8.32% 7.68% 6.52%
Zi Yun R10 R3 R9 E6 E5 E4 S1 S3 S5
7.33% 5.27% 4.26% 9.33% 5.86% 5.65% 8.15% 7.68% 5.57%

coordinated management of water resources. Additionally, the 4.3.2 Obstacle factors impacting the

abundance of per capita arable land area (R1) and the proportion ~environmental carrying capacity

of rocky desertification area (R2) further impede resource capacity. The obstacle factors affecting environmental carrying capacity
This contributes to significant regional disparities, with regions like ~ are more complex. Notably, key barriers include forest coverage and
Xi Xiu exhibiting strong land resource support, while regions suchas  the proportion of karst areas, which are more significant than other
Pu Ding and Zhen Ning show comparatively weak support. In terms  elements (Figure 10). Factors such as the area proportion of
of water resources, Zi Yun and Guan Ling have considerable ecological protection zones (E6), proportion of the karst area
support, whereas Pu Ding, Xi Xiu, and Ping Ba are notably weaker. ~ (E8), forest coverage (E9), water pollutant absorption capacity
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Statistical chart of different types of obstacle factors.

(E5), and centralized sewage treatment rate (E4) frequently emerge
as key obstacles. The karst region proportion (E8) is particularly
impactful, frequently ranking as a primary obstacle, thereby
indicating its substantial restriction on enhancing environmental
carrying capacity. The variables E6, E5, and E4 emphasize the strong
influence of water environment factors on environmental capacity.
Furthermore, forest coverage (E9), classified within the ecological
dimension, the overall

environment significantly  hinders

environmental carrying capacity.

4.3.3 Obstacle factors affecting the economic and
social carrying capacity

The primary obstacle factors impacting the economic and social
carrying capacity are predominantly economic in nature. The
industrial development across the six counties lags behind
population and social development (Figure 10). This disparity
highlights the need for coordinated efforts to elevate economic
levels and promote the mutual reinforcement of population
dynamics and industrial growth. Key factors influencing
economic and social carrying capacity include per capita fixed
asset investment (S3), disposable income of rural residents (S5),
per capita GDP (S1), the contribution of the tertiary sector to the
GDP (S2), and disposable income of urban residents (S4). The
indicators S3 and S5 illustrate how these economic factors constrain

the development of the overall economic carrying capacity in the
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region. There is significant economic disparity among the regions,
with Ping Ba and Xi Xiu performing better, while Zi Yun ranks
lowest. This economic inequality closely correlates with resource
and environmental factors, revealing a disconnection between
industrial and social development in karst regions.

5 Discussion and conclusion
5.1 Discussion

In Southwest China, karst topography presents several
challenges, including poor soil quality, rock desertification, and
water scarcity, which profoundly affect the region’s sustainable
socioeconomic development. Therefore, constructing a technical
framework and indicator system for analyzing resource and
carrying
civilization principles is essential. The proposed evaluation index

environmental capacity aligned with ecological
system for assessing resource and environmental carrying capacity is
well-suited to challenges specific to karst regions, such as rocky
desertification, water scarcity, and soil erosion. However, its
applicability across regions with varied ecological types and

developmental stages may be limited. Although the focus on

karst-specific ~ environmental factors enhances precision,
broadening this framework’s application would require
frontiersin.org
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integrating flexible, region-specific indicators to capture diverse
ecological and developmental characteristics.

(1) This technical framework is developed based on existing
research to provide insights for specific regions’ carrying
capacity evaluation. The proposed framework entails a
process of “problem design-problem

decomposition-decision assessment,” beginning with the

identification of conflicts among resource, environmental,
and socioeconomic factors. This framework aims to clearly
define primary issues to ensure targeted decision-making.

Moreover, its value extends beyond its theoretical application,

offering practical guidance for spatial planning in karst

regions through the integration of regional realities and
optimization of resource, production, and ecological spaces

while facilitating viable technical solutions.

—
58
~

The comprehensive evaluation indicator system emphasizes
regional characteristic elements.! The interplay of these factors
demonstrates a system of mutual causality and interaction,
reflecting the area’s resource endowments and socioeconomic
realities. Many current studies on carrying capacity indicator
systems tend to overlook the significance of regional
characteristics in indicator design and weight settings, often
neglecting the ecological constraints on development
initiatives. This article addresses this gap by proposing a
comprehensive evaluation indicator system that combines
the resource carrying capacity, environmental carrying
capacity, and socioeconomic carrying capacity, aimed at
effectively analyzing key issues and obstacles in the research
area. The evaluation results reveal that the comprehensive
carrying capacity is relatively high in the central region,
especially in Xi Xiu and the southern area of Guan Ling,
while the northern regions, like Ping Ba and Pu Ding,
display lower capacities. The resource carrying capacity is
highest in the southern counties, such as Guan Ling and Zi
Yun, diminishing northward toward Ping Ba. Regarding the
environmental carrying capacity, Guan Ling represents a high-
value area compared to the lower-value zone in northeastern
Ping Ba. Economic and social capacities show a more favorable
profile in the central and northern regions, whereas the middle
and southwest regions have lower ratings. Notably, these
geographical
economic realities of the research area. Furthermore, the
highlights  that
environmental deficiencies have not received adequate

empirical findings correspond with the

analysis  also critical ~ resource and
attention, underscoring the necessity for strengthened
monitoring and assessment of these dynamic changes to

effectively guide regional development in the future.

—
(SS)
~

This article thoroughly analyzes the key factors influencing
resource and environmental carrying capacity through the
integration of multiple data sources. It shifts the focus from a
localized perspective to a holistic view, emphasizing the

1 Pay special attention to the regional characteristic elements such as rocky
desertification, water and soil loss, water resources, economic level, and

social development in the karst region.
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balance between resource utilization and conservation. By

introducing an obstacle degree model, this article identifies

primary constraints, such as water resources and rock
desertification, assessing their significance in order to
inform subsequent improvement measures. Challenges in

karst regions are interconnected issues arising from a

complex interplay of multi-dimensional factors. Future

research should aim to distill the insights obtained from
the  model's  results into  practical  regional
development policies.

(4) The application of Pearson’s correlation analysis provides a
robust methodological tool for understanding the inherent
relationships among various obstacle factors in karst regions,
facilitating region-specific optimization strategies. Current

analyze these internal

correlations adequately, which undermines the effectiveness

research frequently fails to

of resource and environmental policy implementation. This
article visually illustrates the associations among factors
through Pearson’s correlation coefficient diagrams and
scatter plots, highlighting the importance of integrating
quantitative with thinking.  This
approach will enhance the theoretical, methodological, and

analysis systematic
technical aspects of carrying capacity analysis and evaluation.
Future research should concentrate on the diversity of factor
characteristics and their dynamic interconnections, analyzing
the intricate relationships underlying carrying capacity and
reconsidering the networks of interaction between humans
and nature, as well as between humans and society.

This article systematically constructs a technical framework and
an indicator system for analyzing the resource and environmental
carrying capacity in karst regions within the constraints of ecological
civilization. It highlights the dialectical relationship among various
environmental and social factors. Future research should prioritize the
integration between qualitative and quantitative analyses, utilizing
multi-dimensional, multi-method, and multi-spatial scale approaches
to deeply examine the current characteristics and relational dynamics
of resources, environment, ecology, and social development in karst
regions. This approach will enable the implementation of targeted
measures to improve resource and environmental quality while
respecting natural systems.

5.2 Conclusion and policy implementation

5.2.1 Conclusion

This article provides a comprehensive analysis of the resource
and environmental carrying capacity of Anshun City, a typical karst
region in Guizhou Province, China, within the context of ecological
civilization. It establishes a three-dimensional integrated evaluation
framework that encompasses resource, environmental, and
socioeconomic capacities, using quantitative research methods to
better facilitate regional socioeconomic development. This article
contributes a robust technical framework and case studies to support
the advancement of ecological civilization while introducing new
methodologies and theoretical insights.

The principal findings are summarized as follows: @ the novel

technical framework for comprehensive evaluation -effectively
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addresses current research limitations by systematically examining
regional resources, environmental factors, and socioeconomic
characteristics within the framework of ecological civilization,
which enables empirical assessments of karst regions. Subsequently,
it provides practical policy recommendations to improve the resource
and environmental carrying capacity in these regions, contributing to
a deeper theoretical and technical foundation for conducting carrying
capacity analyses in karst environments. @ The integrated index
system, which combines resource, environmental, and socioeconomic
factors, demonstrates strong adaptability to contemporary regional
challenges and research demands. Unique indicators, such as the
proportion of rock desertification and karst regions, effectively reflect
the distinctive ecological characteristics of these regions. By
systematically adjusting weights to reflect the diverse impacts of
each indicator on the carrying capacity, the evaluations ensure
objectivity and reliability. Higher weights are allocated to
indicators representing the specific features and limitations of karst
regions, while varied values are allocated to guiding indicators
pertaining to the environmental carrying capacity, -effectively
integrating regional resource characteristics and development
stages. This article enhances the relevance and practicality of the
evaluation system, fostering a nuanced response to the specific
conditions of karst regions. ® The article also identifies critical
factors that impede the resource and environmental carrying
capacity in karst regions, providing a solid foundation for regional
policy development. The implementation of an obstacle degree model
enriches the analysis, providing increased usability and depth in
the carrying capacity related resources, the
environment, and socioeconomics. This highlights
significant obstacle factors that affect evaluations, granting insights
that can improve regional resource and environmental carrying

assessing to

model

capacities. @ Additionally, the intricate interrelations among
various indicator factors were clarified, emphasizing the significant
influence of characteristic resources on the carrying capacities in karst
regions. Pearson’s correlation analysis has elucidated these complex
interactions, revealing that the impact of resource and environmental
carrying capacities on the overall carrying capacity surpasses that of
socioeconomic factors. The assessment portrays a distinctive
environmental carrying capacity focused on water resources while
indicating a strong correlation between land resources and
socioeconomic capacities. Here, water resources reflect resource
disparities, while land resources reveal variations in socioeconomic
development. ® Lastly, the delay in economic and social
development notably restricts the advancement of comprehensive
carrying capacities in the karst region. The region’s inadequate
resource endowment and low levels of economic development
impede overall enhancements in carrying capacity. Socioeconomic
factors play a notable obstructive role in bolstering socioeconomic
capacities, as reflected in the underdevelopment of industrial sectors
across the six counties compared to their population and social
growth. Therefore, it
development indicators holistically across the region while

is imperative to promote economic

tailoring support strategies to address the diverse developmental
stages of different regions.

5.2.2 Policy implications

The main policy recommendations for enhancing the overall
resource and environmental carrying capacity are as follows: @

Frontiers in Environmental Science

17

10.3389/fenvs.2024.1499757

lead by the natural resource management authorities to draft
technical standards for assessing the carrying capacity in karst
regions. This approach will ensure that evaluations are scientifically
robust and tailored to the unique challenges of these regions. @ Focus
on improving resource and environmental carrying capacity in the
northern regions to promote high-quality and coordinated economic
growth. The existing advantages of the southern counties should be
utilized to support the northern regions’ shift toward greener, low-
carbon production through technological innovation. ® Strengthen
market-oriented resource allocation and environmental protection
efforts by rigorously controlling pollution emissions from industrial
and daily activities while reducing disparities between different
regions. @ Establish targeted regional initiatives for optimizing
water resource management to improve the ecological status in
karst regions. This approach should consider the distinct resource
and environmental attributes of the region, guiding ecological
civilization construction and development in a targeted manner.
® Enhance the capacity for resource and environmental carrying,
as well as high-quality development within the research area, by
accelerating green technology innovations. The advantages of
northern counties in funding, technology, and talent should be
leveraged to implement energy-saving and emission-reduction
southern and

initiatives and foster collaboration with the

southwestern counties.
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