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This study investigates the impact of China’s Ecological Civilization Construction 
(ECC) policy on Land Green Use Efficiency (LGUE), taking Jiangxi Province’s pilot 
demonstration zone as an example. Based on panel data from 2010 to 2020, 
and employing the entropy method, super-efficiency EBM model, and Tobit 
regression, the results reveal that the ECC pilot significantly improved regional 
ECC levels, LGUE, and the coupling coordination between them. Key influencing 
factors include the comprehensive utilization rate of industrial solid waste, the 
proportion of the tertiary industry in GDP, and per capita disposable income, 
with heterogeneity across cities. The findings demonstrate that the ECC policy 
not only promotes ecological governance but also enhances land use efficiency, 
suggesting the necessity of differentiated policy measures to support high-quality 
and sustainable regional development.
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1 Introduction

Sustainable development, as a global goal pursued collectively, has garnered widespread 
attention from the international community (Liu et al., 2022). It refers to a development model 
that meets the needs of the present generation without compromising the ability of future 
generations to meet their own needs, encompassing three dimensions: social sustainability, 
economic sustainability, and ecological sustainability (United Nations, 1992). Among these, 
ecological sustainability is a prerequisite for achieving sustainable development and a key 
element in driving global environmental governance and green development (Simpson and 
Jewitt, 2019). However, with the acceleration of global urbanization and industrialization, 
issues such as tightening resource constraints, severe environmental pollution, and ecosystem 
degradation have become increasingly prominent, posing shared challenges for the world 
(Zhou, 2023; Zhuang et al., 2023). Land, as a non-renewable natural resource, underpins all 
human production and living activities, playing a fundamental role in the realization of 
sustainable development (Zheng et al., 2024; Lin and Ling, 2021; Chen and Xie, 2019).

Since the reform and opening-up, China has experienced rapid socio-economic 
development. However, the early extensive economic growth model led to severe land resource 
waste, low land use efficiency, soil pollution, and the loss of biodiversity, among other issues. As 
the economy gradually expanded, China also began to recognize the importance of transforming 
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its development model, shifting from the earlier “GDP-only” approach 
toward a focus on sustainable development. In 2007, the concept of 
“ecological civilization” was introduced for the first time at the 17th 
National Congress of the Communist Party of China, and the goals of 
ecological civilization construction (ECC) were clearly outlined. By 
2012, ecological civilization was incorporated into China’s Five-sphere 
Integrated Plan, marking the elevation of ECC to a national priority 
(Zou and Pan, 2023). In 2014, the Chinese government approved 
Jiangxi, Guizhou, Yunnan, Qinghai, and Fujian as provincial-level 
ecological civilization pilot zones, initiating a series of ecological 
civilization trials and innovations (Hu et al., 2023a; Hu et al., 2023b; 
Zhang et  al., 2022). ECC, by promoting the rational planning and 
efficient use of land resources, emphasizes the protection and restoration 
of the ecological environment during land development. This approach 
aims to achieve a harmonious balance between economic development 
and environmental protection, effectively fostering green land 
utilization and ensuring the sustainability of land resources and 
ecological balance. Compared to traditional land use models, land green 
use (LGU) stresses the transformation from high-resource 
consumption, extensive, and expansion-oriented land use practices to 
more efficient, low-carbon, circular, and sustainable models (Fu, 2022). 
Land green use efficiency (LGUE) emphasizes that, in the process of 
land use, the goal should not only be the maximization of economic 
returns but also the integration of social benefits and ecological 
environmental protection. This approach aims to achieve the optimal 
comprehensive benefits of land use with minimal input of land 
resources, while simultaneously minimizing “undesirable outputs” (Niu 
et al., 2023). The scientific connotation of LGU aligns with the concept 
of harmonious coexistence between humans and nature in the 
construction of ecological civilization. The two are mutually reinforcing, 
collectively advancing the achievement of sustainable development goals.

Against the backdrop of the increasingly strained relationship 
between humans and resources, ECC and LGU have garnered 
widespread attention from scholars. Some researchers, focusing on 
ECC, have explored its interactive relationships with systems such as 
carbon emissions (Cao and Chen, 2023), tourism development (Liu 
and Cheng, 2019), and green development in the electricity sector 
(Chai et al., 2020). Other scholars have focused on topics such as the 
relationship between economic and social development and sustainable 
development (Biekša et al., 2022; Frazier et al., 2019; Jędrzejczak-Gas 
et al., 2024), as well as ecological environmental protection (Yang et al., 
2024; Kamran et al., 2021; Chaudhary et al., 2019). From Howard’s 
early concept of the Garden City to the formulation of the “sustainable 
development” goals, the concept of ecological civilization has expanded 
from traditional environmental protection to encompass the entire 
utilization cycle of natural resources, including extraction, circulation, 
and recycling (Wang et al., 2021; Joseph, 2008). LGU, as an important 
component and practical pathway of ECC, plays a crucial role in 
alleviating the human-environment conflict. Currently, scholars have 
conducted a series of studies on LGUE, focusing on areas such as the 
measurement and evaluation of LGUE (Lu et al., 2020; Yang et al., 2018; 
Tang et al., 2021), spatial–temporal differences and influencing factorss 
(Ma et al., 2024; Hong and Mao, 2024; Chen et al., 2022), and coupling 
coordination (Ge et al., 2024; Zhang et al., 2024; Zhu et al., 2019).

The existing research reveals that substantial progress has been 
made, but there are still several shortcomings: Firstly, most studies 
address ecological civilization and LGU separately. As an important 
strategy for achieving sustainable development, the mechanism through 

which ecological civilization influences LGUE has yet to receive 
sufficient attention from the academic community. Secondly, existing 
research primarily focuses on the coupling and coordination between 
LGUE and urbanization or economic systems, but studies on the 
coupling and coordination between ECC and LGUE remain insufficient. 
There is an urgent need for a deeper  analysis of the interactive 
relationship between the two. Finally, the majority of research is 
concentrated in urban agglomerations and specific provincial cities, but 
selecting cities as study areas lacks representativeness, making it difficult 
to reflect the overall nature of the research.

Jiangxi Province is located in the southeastern central region of 
China, in the middle and lower reaches of the Yangtze River. It consists 
of 11 prefecture-level cities: Nanchang, Jiujiang, Shangrao, Jingdezhen, 
Pingxiang, Xinyu, Yingtan, Ganzhou, Yichun, Ji’an, and Fuzhou, with 
a total area of 166,900 square kilometers. It serves as an important 
ecological security barrier in southern China and has long faced the 
dual pressures of economic development and environmental 
protection. As the first province in China to fully incorporate ecological 
civilization into its pilot demonstration area, Jiangxi Province’s practices 
enjoy a pioneering advantage. Exploring the relationship between ECC 
and LGUE in this province can provide valuable experience and 
insights for promoting green and low-carbon development, as well as 
advancing global ecological civilization and sustainable development. 
Based on this, this paper selects Jiangxi Province in China as the study 
area to analyze the interactive relationship between ECC and 
LGUE. The paper is divided into three main parts: the first part 
introduces the research methods, the construction of the indicator 
system, and data sources; the second part conducts an in-depth analysis 
of the research results; the third part discusses the findings, points out 
the limitations of the study, and suggests directions for future research. 
Specifically, this study seeks to answer the following key question: how 
and to what extent does the construction of ecological civilization 
influence land green use efficiency at the regional level? While existing 
literature has made progress in separately examining ECC and LGUE 
or their coupling with other systems, the internal logic and causal 
mechanisms linking ECC initiatives to land use efficiency remain 
underexplored. This study addresses this gap by empirically evaluating 
the coupling coordination between ECC and LGUE, and further 
identifying the main influencing factors using a Tobit regression 
framework. The theoretical contribution lies in clarifying how 
institutional innovations, such as green planning, waste management 
systems, and economic structural upgrading under ECC, contribute to 
the improvement of LGUE. Methodologically, the study integrates 
entropy-based evaluation, super-efficiency EBM modeling, and 
econometric testing, offering a replicable framework for other 
ecological pilot zones. The findings also provide practical implications 
for differentiated policy design in cities with varying degrees of 
coordination, promoting both ecological integrity and high-quality 
land use for sustainable regional development.

2 Materials and methods

2.1 Research methods

2.1.1 Entropy method
The entropy method is an objective weighting approach for multi-

indicator dimensionality reduction evaluation. Its basic principle involves 
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calculating the information entropy based on the variation of each 
indicator, and then using this information entropy to derive more 
objective indicator weights, which are subsequently used to evaluate the 
research target. As a relatively mature multi-indicator evaluation method, 
the entropy method has been widely applied in areas such as urban land 
ecosystem evaluation (Fang and Lou, 2019), urban land sustainability 
assessment (Chen et al., 2019), and land intensive use (Wang et al., 2018). 
The measurement of ECC levels is mathematically a multi-indicator 
dimensionality reduction problem. Therefore, we intend to establish an 
indicator system and apply the entropy method to evaluate the level of 
ECC across cities in Jiangxi Province. Given the maturity of the entropy 
method in academic research and the constraints on the length of the 
paper, the calculation formulas are not detailed here. The specific 
calculation process can be found in the referenced literature.

2.1.2 Super-efficiency EBM model with 
non-desired outputs

Current academic approaches to measuring efficiency primarily 
focus on two aspects: one is the parameter-based Stochastic Frontier 
Approach (SFA), and the other is the non-parametric Data Envelopment 
Analysis (DEA) and its extended methods. The advantage of the former 
lies in its statistical properties, which can be supported through relevant 
tests, while the advantage of the latter is its ability to handle multi-input, 
multi-output problems and avoid systemic biases introduced by 
predefined model assumptions and the distribution categories of 
indicator parameters. As a result, the DEA approach is more widely 
applied than the SFA method (Chen and Xie, 2019).

A major limitation of traditional DEA models is the assumption 
that all input factors change proportionally, which often does not align 
with actual output conditions and prevents in-depth evaluation of 
efficient units. The super-efficiency SBM model, which is an extension 
of the DEA model and incorporates non-desired outputs, addresses 
some of the shortcomings of the traditional DEA model by enabling 
a more thorough evaluation of efficient units. However, it still suffers 
from the issue of efficiency value distortion due to the loss of the 
original proportional information of the efficiency frontier projection. 
On the other hand, the super-efficiency EBM model with non-desired 
outputs overcomes the limitations of both previous models. Not only 
can it effectively reflect the proportional differences between target 
values and actual values as well as the non-radial differences in input–
output variables, but it also allows for a deeper evaluation of efficient 
units, improving model fit and making the evaluation results more 
accurate (Li et al., 2023; Zou et al., 2023). Therefore, this paper applies 
the super-efficiency EBM model with non-desired outputs to calculate 
the LGUE of cities in Jiangxi Province. The MaxDEA software is used 
for the computation, and the model’s calculation formula is as follows:
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In the formula, ∗r  represents the optimal efficiency value, 
while 0ix , 0ry , 0pu  and −

is  represent the 0DMU  inputs, expected 
outputs, non-desired outputs, and 0DMU  input slacks, respectively, 
with corresponding expected and non-expected output slacks +

rs  
and −

ps . −
iw , +

rw , and −u
Pw  denote the importance levels of the input 

indicators, expected outputs, and non-expected outputs. θ  
represents the efficiency value under radial conditions, and ε  
indicates the importance level of the non-radial component, with 
the constraint 0≤ε≤1.

2.1.3 Coupling coordination degree model
Coupling refers to the phenomenon where two or more 

systems or modes of operation interact with each other and 
influence each other, leading to synergy. The coupling 
coordination degree reflects the extent to which subsystems 
interact and mutually promote one another. Essentially, it 
describes the dynamic trend from disordered and uncoordinated 
states to ordered and coordinated relationships between 
subsystems (Hu et al., 2023a; Hu et al., 2023b). In this paper, the 
evaluation scores of ECC (denoted as E) and LGUE (denoted as 
L) in Jiangxi Province represent the ECC system and the LGUE 
system, respectively. To measure the mutual influence, strength 
of interaction, and dynamic process between these two systems, 
a coupling coordination model is employed. The model formula 
is as follows:

 = ×D C T  (2)
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 α β= +E LT  (4)

In the formula, D represents the coupling coordination degree 
(0 ≤ D ≤ 1), with a higher D value indicating a better degree of 
coupling coordination between the systems. C represents the 
coupling degree between ECC and LGUE, and T is the composite 
evaluation index for both. E is the evaluation score of ECC, and L 
is the LGUE value. α and β are the coefficients to be determined, 
representing the relative importance of the two systems—ECC 
and LGUE. Based on existing research (Lin et  al., 2021), it is 
assumed that both systems are of equal importance, so α = β = 0.5. 
According to previous studies (Bai et  al., 2021), the coupling 
coordination degree between ECC and LGUE is classified into 10 
categories as follows (Table 1).

2.1.4 Tobit model
The Tobit model was first proposed by Tobin in 1958 and is 

also known as the censored dependent variable model. It is 
suitable for analyzing data where the dependent variable is either 
truncated or censored. This study aims to analyze the impact of 
ECC in Jiangxi Province on LGUE. Given the characteristics of 
the data from the LGUE evaluation and ECC indicators, the Tobit 
model is highly suitable for analyzing the relationship between 
these two factors. Therefore, we  employ the Tobit model to 

https://doi.org/10.3389/fsufs.2025.1647428
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Han et al. 10.3389/fsufs.2025.1647428

Frontiers in Sustainable Food Systems 04 frontiersin.org

examine the impact of ECC on LGUE in Jiangxi Province. The 
calculation formula is as follows:

 

γ ε∗

∗

= +

 = < ≤
 = <
 = >

y

0 1
y 0 0

1 1

it it it

it it it

it it

it it

x

y y if y
if y

y if y
 

(5)

In the formula, ∗yit  represents the latent variable, yit is the 
observed dependent variable, itx  denotes the independent variables, 
γ  is the coefficient of the independent variables, and εit is the random 
disturbance term.

Based on the above models, we  use LGUE as the dependent 
variable and ecological civilization-related indicators as the 
independent variables. To address multicollinearity, 12 indicators were 
selected through significance testing via the F-test. The following 
regression equation model is constructed:

 β ω ε= + +it it itD c  (6)

In the formula, itD  represents the coupling coordination degree; 
c denotes the constant term; εit  is the random disturbance term; βit  
represents the partial regression coefficients for different variables; i 
denotes different cities; t represents different time periods; and ω 
refers to the set of influencing factor variables incorporated into the 
model for analysis.

2.2 Indicator system and data

2.2.1 Ecological civilization construction indicator 
system

The construction of ecological civilization emphasizes the 
harmonious coexistence between humans and nature, offering a green 
development model for the world. In addressing the theoretical 
connotations and construction levels of ecological civilization, 
scholars have developed evaluation frameworks from various 

dimensions, including economic, environmental, natural, social, and 
cultural aspects (Dong et al., 2020; Du et al., 2020).

Drawing on existing evaluation frameworks, particularly referring 
to the specific requirements for indicator setting outlined in the 
Implementation Plan for the Construction of the Ecological Civilization 
Pilot Area in Jiangxi Province, this study aims to construct an indicator 
system based on five dimensions: resource utilization, environmental 
quality, growth quality, green living, and ecological culture. The 
system will evaluate the ecological civilization development level in 
Jiangxi Province across these five criterion layers, while considering 
the feasibility of indicator selection and the accessibility of data 
(Table 2).

2.2.2 Land green use efficiency indicator system
LGUE refers to the optimal land use combination that, under current 

natural, economic, technological, and social conditions, not only 
considers traditional economic output but also accounts for energy 
consumption and environmental costs. The goal is to minimize resource 
and environmental consumption on limited land while maximizing the 
economic, social, and environmental benefits. This represents the most 
efficient use of land resources (Lin and Ling, 2021).

Building upon the aforementioned research, we aim to construct 
a theoretical analysis framework for the efficiency of land green 
utilization through an “input-expected output-unexpected output” 
chain, considering dimensions such as land, labor, capital, energy 
input, as well as economic, social, ecological benefits, and undesirable 
outputs. The framework takes into account the systemicity, 
measurability, and relevance of the indicators, while drawing on 
relevant evaluation metrics to establish the following indicator system 
for measuring LGUE (Table 3).

2.2.3 Data sources
This paper uses panel data from 11 prefecture-level cities in 

Jiangxi Province between 2010 and 2020 as the research sample. The 
ecological civilization indicator data is primarily sourced from the 
Jiangxi Statistical Yearbook and the China Urban Statistical Yearbook 
for the years 2010–2020. Data on LGUE is obtained from the China 
Urban Construction Statistical Yearbook. Missing data is supplemented 
using the annual statistical yearbooks of the respective prefecture-level 
cities, the National Economic and Social Development Statistical 
Bulletins, and government work reports.

3 Results

3.1 Ecological civilization construction 
status

The entropy method evaluation of the ECC level in Jiangxi 
Province shows that from 2010 to 2020, the ecological civilization 
level in all cities of the province steadily improved. The average 
ecological civilization score increased from 0.34 in 2010 to 0.54 in 
2020, with a gradual reduction in the disparity of ecological 
civilization levels among cities (Figure  1). From a temporal 
perspective, prior to 2016, the improvement in ECC was relatively 
stable across cities. However, after 2016, significant progress was 
made, and the rate of improvement also accelerated. This can 

TABLE 1 Classification of coupling coordination levels.

Degree of coupling 
coordination Level of coordination

[0.0-0.1) Extreme disorder

[0.1-0.2) Severe disorder

[0.2-0.3) Moderate disorder

[0.3-0.4) Mild disorder

[0.4-0.5)
On the verge of becoming 

dysfunctional

[0.5-0.6) Sue for harmonization

[0.6-0.7) Primary coordination

[0.7-0.8) Intermediate level coordination

[0.8-0.9) Ggood coordination

[0.9-1.0) Quality coordination
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TABLE 2 Evaluation index system for the level of ECC.

System level Criterion level Indicator level Unit Weight Expected direction

Ecological Civilization Resource Utilization Per capita energy consumption (tec) Ten thousand tons of standard coal 0.043 −

Per capita water consumption (tw) Hundred million cubic meters 0.060 −

Industrial solid waste recycling rate 

(isw)

% 0.025 +

Environmental Quality Per capita park green space area (pga) Square meters 0.026 +

Municipal solid waste harmless 

treatment rate (lit)

% 0.035 +

Domestic wastewater centralized 

treatment rate (sew)

% 0.009 +

Growth Quality Tertiary industry share of GDP (ti) % 0.021 +

Proportion of R&D expenditure in GDP 

(stf)

% 0.150 +

Registered unemployment rate (une) % 0.060 −

Per capita disposable income (inc) Yuan 0.051 +

Green Living Urban public transport passenger 

volume per 10,000 people (tra)

Rides per 10,000 people 0.122 +

Rural tap water coverage rate (rtw) % 0.011 +

Ecological Culture Proportion of government education 

expenditure in GDP (edu)

% 0.303 +

Number of public libraries (lib) Units 0.084 +
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TABLE 3 Indicator system for LGUE.

Goal level System level Criterion level Indicator level Unit Expected 
direction

Land green use 

efficiency

Input Land Arable land area km2 +

Built-up area km2 +

Labor Total employment per 

unit land area

104people/km2 +

Capital Fixed asset investment 

per unit land area

104yuan/km2 +

Energy Total water supply per 

unit land area

108m3/km2 +

Total electricity 

consumption per unit 

land area

108kwh/km2 +

Expected output Economic benefits

social benefits

GDP per unit land area 104yuan/km2 +

Fiscal general budget 

income per unit land area

104yuan/km2 +

Ecological benefits Green coverage area per 

unit land area

hm2/km2 +

Unwanted output Negative externalities Industrial wastewater 

discharge per unit land 

area

104t/km2 −

Industrial sulfur dioxide 

emissions per unit land 

area

t/km2 −

Industrial smoke 

emissions per unit land 

area

t/km2 −

FIGURE 1

Ecological civilization score of cities in Jiangxi Province, 2010–2020.
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be mainly attributed to the issuance of the Implementation Plan for 
the National Ecological Civilization Pilot Zone (Jiangxi) by China’s 
State Council in 2017 (hereafter referred to as the Implementation 
Plan). Following this, Jiangxi Province seized the opportunity of 
ecological civilization demonstration zone construction to 
scientifically delineate environmental management units and 
establish a comprehensive “three lines and one single” ecological 
environmental zoning and control system, resulting in a substantial 
overall improvement in the province’s ecological civilization level.

From a city-level perspective, in 2010, Nanchang and Jiujiang had 
the highest ecological civilization scores, at 0.56 and 0.43, respectively, 
while Fuzhou had the lowest score, at 0.31. However, by 2020, 
Ganzhou and Fuzhou emerged as the two cities with the most 
successful ecological civilization construction in Jiangxi Province, 
with scores of 0.64 and 0.63, respectively. Xinyu, with a score of 0.43, 
became the city with the lowest score. The main reasons for these 
changes lie in various factors: Nanchang’s per capita park green space 
area was much lower than that of other cities, and its wastewater 
treatment rate also declined, resulting in a lower overall ecological 
civilization score. In contrast, Ganzhou has recently innovated with 
the “Ecology +” development model, which reduced per capita energy 
consumption and increased per capita park green space, significantly 
improving its ECC level. Fuzhou, focusing on institutional and 
mechanism innovation in ECC, enhanced its proportion of the 
tertiary industry and expenditure on scientific and technological 
research, leading to notable achievements and earning its selection as 
the only ecological civilization pilot city in Jiangxi Province. On the 
other hand, Xinyu’s well-developed steel industry, with high levels of 
pollutant emissions and low industrial solid waste recycling rates, 
adversely affected its ecological civilization results, leading to its 
lower ranking in LGUE.

3.2 Land green use efficiency status

According to Equation 1, the super-efficiency EBM model was 
employed to evaluate the land green use efficiency (LGUE) in Jiangxi 
Province. The results demonstrate that the provincial LGUE showed 
a fluctuating upward trend from 2010 to 2020. The average efficiency 

value increased from 0.87 in 2010 to 0.99 in 2020, and the efficiency 
gap between cities also narrowed slightly. The standard deviation of 
efficiency values decreased from 0.15 in 2010 to 0.13 in 2020 (Table 4).

From the overall temporal perspective, after 2017, the average 
LGUE in Jiangxi Province showed a noticeable shift, transitioning 
from slow growth to rapid growth, and by the end of the study period, 
it approached a highly efficient utilization state. This trend closely 
correlates with the deepening practices of ECC across Jiangxi’s cities 
and counties. In particular, the province has actively explored various 
governance and technological pathways, including the integration of 
ecological goals into spatial planning, the acceleration of green 
infrastructure investment (such as eco-industrial parks and public 
transport systems), and the promotion of industrial restructuring 
toward less resource-intensive, more service-oriented economies.

Additionally, Jiangxi’s push for green brand building and 
ecological industry clusters—especially in cities like Ganzhou and 
Fuzhou—has facilitated more efficient land use models. These efforts 
not only reduced per capita energy and water consumption but also 
promoted land-saving development patterns. As a result, LGUE in 
Jiangxi has risen significantly, and disparities among cities have 
narrowed. The number of cities achieving frontier-level LGUE 
increased from 5 in 2010 to 9 in 2020. Furthermore, with the exception 
of Shangrao, all other 10 cities had efficiency values above 0.8, 
indicating a widespread improvement in LGUE status.

Taken together, these results suggest that the success of Jiangxi’s 
LGUE improvement stems not only from top-down policy guidance, 
but also from bottom-up innovations in spatial governance, 
infrastructure provision, and economic transformation. These 
institutional innovations may provide transferable lessons for other 
regions seeking to reconcile land use efficiency with 
ecological sustainability.

3.3 Coupling coordination relationship 
between ecological civilization 
construction and land green use efficiency

According to Equations (2)–(4), the coupling coordination 
degree was calculated. The results show that from 2010 to 2020, 

TABLE 4 LGUE score of Jiangxi Province, 2010–2020.

Cities 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Average Rankings

Nanchang 1.01 1.01 1.00 1.01 1.22 1.01 1.00 1.00 1.01 1.00 1.17 1.04 1

Jingdezhen 1.04 1.01 1.01 0.94 0.93 1.01 1.01 1.00 1.02 0.94 1.03 0.99 2

Xinyu 0.82 1.00 1.01 1.00 1.00 1.01 1.01 1.00 1.01 1.00 1.02 0.99 3

Yingtan 0.84 1.00 1.03 1.00 1.00 1.01 1.01 0.82 1.06 1.01 1.03 0.98 4

Fuzhou 1.01 1.01 1.00 1.00 1.01 1.01 1.00 1.00 0.76 0.77 0.81 0.94 5

Pingxiang 0.67 0.79 0.75 0.75 0.82 1.01 1.01 1.00 1.00 0.93 1.10 0.89 6

Ganzhou 1.00 1.01 0.83 0.74 0.75 0.73 0.72 0.67 0.78 0.83 1.00 0.82 7

Ji’an 1.00 0.74 0.75 0.75 0.78 0.82 0.76 0.55 0.75 1.00 1.01 0.81 8

Shangrao 0.74 0.78 1.00 1.00 1.01 0.81 0.79 0.63 0.72 0.70 0.70 0.81 9

Yichun 0.71 0.77 1.01 0.73 0.72 0.71 0.72 0.53 0.72 0.75 1.00 0.76 10

Jiujiang 0.70 0.74 0.74 0.71 0.69 0.73 0.77 0.68 0.72 0.74 1.00 0.75 11

Average 0.87 0.90 0.92 0.88 0.90 0.90 0.89 0.81 0.87 0.88 0.99 — —
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the coupling coordination degree between the ecological carrying 
capacity (ECC) and land green use efficiency (LGUE) in the 11 
prefecture-level cities of Jiangxi Province showed a significant 
upward trend. Notably, after 2017, the slope of the coupling 
coordination curve increased significantly, indicating a marked 
improvement. This suggests that after the issuance of the 
Implementation Plan in 2017, the policy effects became evident. 
The province made significant efforts to protect and restore key 
ecological function areas, such as the “Five Rivers and One Lake,” 
the headwaters of the Dongjiang River, national nature reserves, 
and important wetlands. Additionally, it focused on addressing 
prominent issues such as rural environmental remediation and 
agricultural non-point source pollution, strengthened the 
regulation of natural ecological space use, and strictly adhered to 
the red line of arable land protection. These major measures 
ensured the effective implementation of the key tasks outlined in 
the Implementation Plan. Jiangxi’s proactive efforts led to 
significant improvements in the coupling coordination between 
ECC and LGUE (Figure 2).

Specifically, the coupling coordination degree of the 11 cities 
in Jiangxi Province increased from 0.76 in 2010 to 0.85 in 2020, 
marking a shift from moderate coordination to good 
coordination. In terms of the number of cities at each 
coordination type, in 2010, nine cities, including Jingdezhen, 
Jiujiang, and Yichun, were in a state of moderate coordination, 
while Nanchang and Ganzhou were in a state of good 
coordination. By 2020, with the exception of Shangrao, which 
remained at a moderate coordination level with a coupling 
coordination degree of 0.77, and Pingxiang, which reached a 
high-quality coordination level with a coupling coordination 
degree of 0.90, the other 8 cities had all reached a state of good 

coordination. This indicates that with the advancement of 
national ecological civilization demonstration zones and the 
in-depth implementation of a series of green development 
policies in industries such as manufacturing, aquaculture, and 
finance, the positive interaction between ECC and LGUE in 
Jiangxi Province has been significantly enhanced, leading to a 
noticeable improvement in the coupling coordination between 
the two.

At the city level, Nanchang’s coupling coordination between 
ECC and LGUE stands out most prominently. It has consistently 
been in a state of good coordination and even achieved high-
quality coordination in 2014. Since 2016, its coupling 
coordination has steadily improved, reaching 0.89  in 2020, 
approaching a state of high-quality coordination. The city with 
the greatest improvement in coupling coordination is Pingxiang. 
Its coupling coordination degree increased from 0.71 in 2010 to 
0.90  in 2020. This significant progress is mainly attributed to 
Pingxiang’s thorough implementation of national ecological 
civilization initiatives. By focusing on building ecological 
industrial demonstration zones, water ecological civilization 
cities, and striving to create sponge cities, Pingxiang has achieved 
sustained and significant improvements in both ECC and 
LGUE. As a result, the coupling coordination between the two 
subsystems has moved from good coordination to high-quality 
coordination, with a noticeable improvement in the overall 
coordination level.

In addition, by 2020, the coupling coordination between ECC 
and LGUE in Ganzhou, Ji’an, and Jiujiang also remained high, all 
reaching a good coordination state with values greater than 0.85. 
This can be  attributed to the steady growth in both ECC and 
LGUE in Ganzhou, leading to a strong alignment between the 

FIGURE 2

The coupling and coordination degree of ECC and LGUE in Jiangxi Province from 2010 to 2020.
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two developments. In Ji’an and Jiujiang, the growth rate of 
ecological civilization exceeded that of LGUE, which resulted in 
an improvement in their coupling coordination level from the 
relatively low moderate coordination state to a good 
coordination state.

3.4 The impact of ecological civilization 
construction on land green use 
efficiency

As shown in Figures  1, 2, since 2010, the level of ECC in 
Jiangxi Province has gradually improved, especially after 2017, 
when the effects of ECC became more apparent. Additionally, the 
coupling coordination between ECC and LGUE has also 
significantly increased. From the perspective of land use, the 
question arises: Can the implementation of ecological civilization 
construction policies enhance LGUE? If a positive promotional 
effect exists, to what extent can these policies improve regional 
LGUE? A scientific assessment and quantification of the 
aforementioned issues are conducive to evaluating and refining 
the effectiveness of regional ecological civilization construction 
policies. This carries significant practical value for optimizing 
regional land resource allocation, promoting green land use, and 
achieving sustainable development.

Based on this, we calculate the impact of Jiangxi Province’s 
ECC on LGUE according to Equations (5–6). To enhance 
specificity and address the issue of multicollinearity due to high 
correlation among independent variables, the ECC indicators 
were first screened based on the following criteria: those with an 
F-test significance probability less than or equal to 0.05 were 
included, and those with a probability greater than 0.10 were 
excluded. After this process, 12 indicators were selected to enter 
the analysis model: per capita energy consumption (TEC), per 
capita water consumption (TW), industrial solid waste recycling 
rate (ISW), per capita park green space area (PGA), the rate of 
harmless treatment of domestic waste (LIT), the rate of 
centralized treatment of domestic sewage (SEW), the share of the 
tertiary industry in GDP (TI), registered unemployment rate 
(UNE), per capita disposable income (INC), urban public 
transportation passenger volume per 10,000 people (TRA), rural 
tap water coverage rate (RTW), and the share of government 
expenditure on education in GDP (EDU). The study applies 
logarithmic transformation to five indicators—per capita total 
energy consumption (TEC), per capita total water consumption 
(TW), per capita park green space area (PGA), per capita 
disposable income (INC), and urban public transportation 
passenger volume per 10,000 people (TRA)—to enhance the 
stability of the independent variables and improve the 
model’s applicability.

To enhance the specificity of the model, this paper examines 
the influencing factors from two aspects: First, a full sample 
analysis is conducted to assess the overall impact of ECC on LGUE 
in Jiangxi Province. Second, a heterogeneity analysis is carried out, 
focusing on the differences in coupling coordination levels. This 
aims to provide insights for the formulation of differentiated 
intervention policies for local regions. The classification of high 

and low coupling coordination levels is based on the median. Cities 
with a coupling coordination degree above the median—Nanchang, 
Jingdezhen, Xinyu, Yingtan, and Fuzhou—are grouped into the 
high-coupling coordination group, while cities with a coupling 
coordination degree below the median—Pingxiang, Ganzhou, Ji’an, 
Shangrao, Yichun, and Jiujiang—are classified into the 
low-coupling coordination group.

The baseline regression results based on the full sample, as 
shown in model (1), indicate that six indicators—per capita 
energy consumption, industrial solid waste recycling rate, share 
of the tertiary industry in GDP, per capita disposable income, and 
rural tap water coverage rate—are statistically significant. Among 
them, only per capita energy consumption is significant at the 
10% level, while the other indicators are significant at the 1% 
level. This suggests that policies targeting these indicators are key 
to improving the LGUE across Jiangxi Province.

The regression results from the coupling coordination 
degree-based grouping in models (2) and (3) show the following: 
For the five cities with higher coupling coordination, the rate of 
harmless treatment of domestic waste and per capita disposable 
income are significant at the 1% level; the rate of centralized 
treatment of domestic sewage and the registered unemployment 
rate are significant at the 5% level; and per capita energy 
consumption, industrial solid waste recycling rate, the 
share of the tertiary industry in GDP, and the share of 
government education expenditure in GDP are significant at the 
10% level. However, from the perspective of model indicator 
directions, industrial solid waste recycling rate, rate of 
harmless treatment of domestic waste, rate of centralized 
treatment of domestic sewage, share of the tertiary industry in 
GDP, and share of government education expenditure in GDP are 
inconsistent with the expected directions of the modeled 
indicators. This suggests that, in cities with high coupling 
coordination, these indicators have already advanced beyond the 
level of LGUE.

For the six cities with lower coupling coordination, the 
industrial solid waste recycling rate, share of the tertiary industry 
in GDP, per capita disposable income, and rural tap water 
coverage rate are all significant at the 1% level. Except for the 
share of the tertiary industry in GDP, the remaining indicators 
are consistent with the expected direction of the model.

Overall, the industrial solid waste recycling rate, the share of 
the tertiary industry in GDP, and per capita disposable income 
are key indicators affecting the current LGUE in Jiangxi Province. 
Therefore, the province can implement intervention policies 
targeting these indicators in its ecological civilization 
construction practices to improve LGUE and achieve a synergistic 
advancement of both ECC and land green utilization (Table 5).

4 Conclusion and discussion

As the first provincial-level ecological civilization pilot zone 
in China, Jiangxi Province provides a valuable case for examining 
how ecological governance can support sustainable land use. This 
study integrates the entropy method, super-efficiency EBM 
model, and Tobit regression to assess the interaction between 
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ecological civilization construction (ECC) and land green use 
efficiency (LGUE). The findings highlight three key insights: (1) 
Since the launch of the Implementation Plan in 2017, both ECC 
and LGUE in Jiangxi have improved markedly, indicating policy 
effectiveness (2) The coupling coordination between ECC and 
LGUE has transitioned from moderate to good levels in most 
cities, reflecting an increasingly synergistic relationship (3) 
Industrial solid waste recycling rate, the share of the tertiary 
industry, and per capita disposable income are identified as core 
drivers of LGUE, though their effects vary across regions with 
different coordination levels.

Despite these insights, the study acknowledges limitations in 
indicator coverage—particularly for non-urban areas—and calls for 
future research to incorporate broader spatial dimensions and 
governance mechanisms. Nonetheless, the results offer practical 
implications for tailoring green development strategies and provide 
a replicable policy reference for other regions striving toward 

sustainable land management under the framework of 
ecological civilization.
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TABLE 5 Impact of ECC on LGUE in Jiangxi Province.

Independent variable Model (1) Model (2) Model (3)

lntec −0.0376* −0.0483* −0.0233

(−1.91) (−1.82) (−0.72)

lntw 0.0245 0.1400 −0.0480

(0.34) (1.45) (−0.52)

isw 0.0017*** −0.0020* 0.0022***

(2.79) (−1.90) (3.04)

lnpga −0.0216 −0.1081 0.1171

(−0.26) (−1.35) (0.68)

lit 0.0001 −0.0035*** 0.0019

(0.12) (−2.86) (1.47)

sew 0.0009 −0.0036** 0.0004

(0.68) (−2.10) (0.25)

ti −0.0090*** −0.0039* −0.0148***

(−3.59) (−1.70) (−3.50)

une 0.0122 0.0846** −0.0104

(0.42) (2.36) (−0.32)

lninc 0.3262*** 0.4810*** 0.3242***

(3.89) (5.48) (2.91)

lntrans 0.0404 0.0300 0.0006

(1.48) (1.11) (0.01)

rtw 0.0289*** −0.0157 0.0371***

(3.89) (−1.54) (−4.13)

edu −0.0003 −0.0166* 0.0100

(−0.04) (−1.75) (0.87)

Constant −5.2646*** −1.1403 −6.4068***

(−4.40) (−0.90) (−4.08)

LR test 51.22*** 35.99*** 35.32***

Observations 121 55 66

z-statistics are in parentheses, *** represent p < 0.01, ** represent p < 0.05, * represent p < 0.1.
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