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Abstract: China’s National Key Ecological Function Zones (NKEFZs) currently represent the largest
and most extensive ecological conservation policy in China, with one of the core objectives of this
policy being to improve eco-environmental quality (EEQ). This study regards the establishment of
NKEFZs as a quasi-natural experiment. Based on panel data from 130 counties in Sichuan Province
from 2001 to 2021, a multi-period difference-in-differences (DID) model was employed to evaluate the
impact of NKEFZ establishment on EEQ. The findings indicate the following: 1⃝ The establishment
of NKEFZs can significantly enhance the EEQ of the covered areas, albeit as a gradual long-term
process. This conclusion not only meets the parallel-trends assumption but also holds true in a
series of robustness tests such as placebo tests. 2⃝ Mechanism analysis reveals that NKEFZs can
enhance EEQ through the effects of optimizing land spatial allocation and upgrading industrial
structure. 3⃝ Heterogeneity analysis demonstrates that the beneficial effect of NKEFZs on EEQ varies
across different functional zone types, geographic spaces and ethnic regions. Our study not only
contributes to the accumulation of empirical evidence and institutional refinement in the sustainable
implementation of ecological policies in China but also offers valuable insights and references for
other countries in formulating policies for eco-environmental protection.

Keywords: National Key Ecological Function Zones (NKEFZs); multi-period difference-in-differences
(DID) model; eco-environmental quality (EEQ); quasi-natural experiment; policy evaluation

1. Introduction

Ecological protection is critical for human activities, yet the eco-environment faces
severe impacts from global-warming-induced extreme weather and natural disasters [1,2].
The increasing global focus on the eco-environment necessitates stronger ecological man-
agement, active participation in environmental governance and collaborative efforts to
tackle challenges posed by global environmental change [3]. Addressing these challenges
aligns with the United Nations (UN)’s Sustainable Development Goals (SDGs) [4]. Amid
rapid economic development, China is playing an increasingly important leadership role
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in global conservation activities, promoting global environmental governance and sustain-
able development through policy formulation, international cooperation and ecological
civilization [5]. Improving the eco-environment has become a fundamental criterion for
assessing high-quality and green development. Human activities involving improper
territorial spatial utilization and unreasonable structures contribute significantly to the
degradation of terrestrial ecosystems. Excessive encroachment on ecological spaces by
production and residential areas significantly exacerbates environmental problems [6]. In
response, China introduced the “National Master Plan for Major Function Zones” in De-
cember 2010. The NKEFZ policy has a wide range of pilots, a large number of beneficiaries
and a large number of transfers, making it the world’s largest ecological poverty-alleviation
program [7]. This plan delineates the primary functions of different regions to foster a
coordinated spatial development pattern integrating population, economic, resource and
environmental considerations. Major function zones, according to their development focus,
are categorized into urbanized areas, major agricultural production areas and key ecological
function zones. The latter category primarily aims to improve the eco-environment and
provide ecological products. Notably, National Key Ecological Function Zones (NKEFZs)
serve as a vital natural ecological barrier in China, with the NKEFZ policy emerging as the
country’s largest regional ecological compensation initiative [8,9]. In this context, address-
ing sustainable development challenges and ensuring that NKEFZs effectively enhance
eco-environmental quality (EEQ) are pivotal for the stable and enduring success of this
ecological policy.

Under the existing framework, NKEFZs primarily offer positive incentives to local
governments via ecological transfer payments [10]. Additionally, NKEFZs possess the
financial capability to augment the government’s delivery of basic public services [11].
Scholars have extensively explored the qualitative aspects of NKEFZs, focusing on policy
interpretation, incentive effects, fund allocation and compensation standards. Initial studies
indicated a modest ecological compensation effect from NKEFZs, closely linked to their
transfer payment policies [12] and the ecological conditions during the baseline period [13].
The allocation of transfer payment funds for NKEFZs was not favorably biased towards
zones with limited financial resources and poor EEQ [14]. Furthermore, previous scholars
have found discrepancy exists between the dual objectives of eco-environment protection
and livelihood improvement, and the performance evaluation metrics employed in both
central and local NKEFZs’ transfer payment policies [15–17].

In the quantitative evaluation of NKEFZ policies, studies have utilized remote sens-
ing and Geographic Information System (GIS) technologies to compare environmental
changes before and after policy implementation. These studies reveal an overall trend of
eco-environmental improvement within NKEFZs [18,19], albeit with varying degrees of
ecological improvement across different NKEFZs [20,21]. There is also a study that shows
improvements in EEQ in NKEFZs, but to a lesser extent than in non-NKEFZ areas [22].
Furthermore, post-2010, the overall ecosystem service value of NKEFZs has significantly
increased, though this varies among different types of NKEFZs [23]. Additionally, various
studies have employed the difference-in-differences (DID) model to assess diverse envi-
ronmental aspects, including water quality [24], afforestation areas [25] and sustainable
development [26]. Zhu and Chen [27] noted that transfer payments in NKEFZs have effec-
tively enhanced the eco-environment in Guangdong Province, with a continually increasing
beneficial effect.

While the existing literature has significantly contributed to the research on the ef-
fectiveness of NKEFZs, there remains a scope for further exploration. Studies on the
environmental improvement of NKEFZs typically fall into two distinct categories. The first
category, qualitative analysis, primarily scrutinizes the effectiveness of transfer payments,
largely encompassing experiential summaries and theoretical explorations. The second cat-
egory, quantitative analysis, tends to concentrate on specific dimensions or particular areas
of environmental impact [28]. On one hand, remote sensing images interpreted through
GIS technology generally extract overall feature changes after policy implementation [29].
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However, isolating the impacts of NKEFZs from those of other ecological policies remains
challenging [30]. On the other hand, while the DID model is a widespread method for
policy evaluation, its application is often confined to specific fields. The establishment of
NKEFZs, viewed as an exogenous policy impact, is well suited for DID model analysis to
assess its effect on EEQ. The DID model discerns the net effect by contrasting environmental
differences before and after policy implementation and between areas that are under the
policy’s purview and those that are not [31]. This approach helps control pre-existing
environmental variations, isolating the genuine impact of the policy [32].

In order to deeply explore the long-term impacts of the National Key Ecological
Function Zone (NKEFZ) policy on EEQ and the potential mechanisms of those impacts, this
study utilizes and considers the establishment of the NKEFZs as a quasi-natural experiment.
Employing panel data spanning 2001 to 2021 from 130 counties in Sichuan Province, this
study uses a multi-period DID model to quantitatively evaluate the impact of NKEFZs on
EEQ and explore the underlying mechanisms. This study significantly contributes to the
empirical evidence base and institutional improvement for the sustainable implementation
of ecological policies in China, while also providing valuable insights and guidelines for
other nations developing eco-environmental protection policies.

2. Theoretical Analysis and Research Hypothesis

NKEFZs are pivotal in safeguarding national ecological security, performing key eco-
logical functions including water conservation (WC), soil conservation (SC), windbreak
and sand-fixation effects (WSF) and biodiversity maintenance (BM). NKEFZs represent
China’s most extensive ecological compensation policy in terms of scale and range. By the
end of 2010, China had established an initial set of 25 NKEFZs, encompassing 436 county-
level regions. An additional 240 counties (including cities, districts and banners) were
incorporated into the NKEFZs in 2016. The primary objective of NKEFZs is to augment
regional ecological services and enhance EEQ. In comparison with non-NKEFZ areas, the
policy constraints and incentives within NKEFZs strengthen environmental governance.
This typically entails stricter environmental regulations, facilitating control over pollution
emissions and reduction of negative environmental externalities. Consequently, protecting
and restoring the eco-environment in NKEFZs is instrumental in improving EEQ. Addition-
ally, the establishment of NKEFZs influences EEQ through the effects of territorial spatial
configuration and industrial structure upgrading. Based on the above analysis, this study
will formulate the first hypothesis as follows:

Hypothesis 1. NKEFZs have a significant beneficial effect on EEQ.

2.1. Territorial Spatial Configuration Effect

NKEFZs expand ecological space by optimizing territorial development patterns.
NKEFZs impose strict controls on the intensity and scope of territorial development.
Development within NKEFZs is aligned with the carrying capacity of regional resources and
the environment [33]. Restrictions on large-scale, high-intensity developments mandate that
NKEFZs be strategically placed in cities and towns with robust resource and environmental
carrying capacities. Additionally, all territorial space development must fall within the
clearly defined ecological red lines. Restricted development areas and ecological red lines
serve distinct ecological functions. By optimizing territorial development patterns, land
use functions can be developed more rationally, enhancing the efficiency of territorial
spatial configuration [34] and thus contributing to eco-environmental improvement. Based
on the above analysis, this study will formulate the second hypothesis based on the first
hypothesis as follows:

Hypothesis 2a. NKEFZs can improve EEQ through a territorial spatial configuration effect.
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2.2. Industrial Structure Upgrading Effect

NKEFZs enforce a stringent negative list system for industrial access. This system
specifies industries with restricted or prohibited development and aligns these with corre-
sponding industrial and environmental access standards. NKEFZs encourage the moderate
development and utilization of regionally advantageous resources and the rational devel-
opment of appropriate industries. With stricter industrial access requirements, it becomes
crucial to either facilitate the gradient transfer or phase out outdated production capacities
in industries misaligned with the main functional objectives. Encouraging the growth of
ecological industries and low-pollution service sectors, such as tourism and sightseeing,
supports the upgrading of the industrial structure in these functional areas [35]. Structural
upgrading and adjustment play a significant role in reducing pollutant emissions and
enhancing the eco-environment. Accompanying technological advancements also lessen
the impact of resource and environmental constraints on economic growth [36], facilitating
the green transformation of industrial development. Based on the above analysis, this
study will formulate the third hypothesis based on the first hypothesis as follows:

Hypothesis 2b. NKEFZs can improve EEQ through an industrial structure upgrading effect.

3. Research Design, Variables and Data
3.1. Model Setting

According to the “National Master Plan for Major Function Zones”, the Chinese
government officially established the first batch of NKEFZ counties in 2011 and approved
the list of the second batch of counties in 2016. This study constructs a quasi-natural
experiment based on this. The establishment of NKEFZs adopts a step-by-step approach
on a yearly basis, with different counties experiencing policy shocks at different times,
making it suitable for the use of a multi-period DID model. Therefore, this study draws
on the approach of Callaway et al. [37] and Goodman-Bacon et al. [38] to construct a
multi-period DID model, setting group dummy variables (treated) with a value of 1 for the
experimental group (NKEFZ counties) and 0 for the control group (non-NKEFZ counties);
policy implementation time is represented by dummy variables (dt) with a value of 1 for
the year when the county is designated as an NKEFZ and subsequent years and 0 otherwise.
The construction of the multi-period DID model is as follows:

EEQi,t = α0 + α1NKEFZi,t + λ∑ Controlsi,t + ηi + µt + εi,t (1)

where i and t represent the county and year, respectively; EEQi,t is the dependent variable,
representing the eco-environmental quality of the county; NKEFZi,t is the key explanatory
variable, representing the policy dummy variable for the establishment of NKEFZs, with
the coefficient α1 reflecting the net policy effect of establishing NKEFZs; if the establishment
of NKEFZs contributes to the improvement of eco-environmental quality, α1 is significantly
positive; Controlsi,t represents the set of control variables; ηi and µt denote fixed effects for
cities and years, respectively; and εi,t represents the random disturbance term. This model
allows for effective control of the differences in eco-environmental quality characteristics
and temporal trends between counties with and without NKEFZs.

3.2. Variable Selection
3.2.1. Dependent Variable

The dependent variable was EEQ, represented by an EEQ index. This index, developed
by Xu et al. [39] using MODIS satellite remote sensing data from the National Aeronautics
and Space Administration (NASA), was calculated utilizing the RSEI model on the Google
Earth Engine platform. The data range of this index spans from 0 to 1 and has been
rigorously validated to align closely with the environmental index provided by the Chinese
Ministry of Ecology and Environment, underscoring its robust reliability.
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3.2.2. Core Independent Variable

The core independent variable was the establishment of NKEFZs. The DID model
constructed in this study evaluates the impact of the establishment of NKEFZs on EEQ in
terms of county and year dimensions, as follows: 1⃝ The county scope of policy implemen-
tation. According to policy documents, the first batch covered 9 counties within the study
area, and the second batch covers 4 counties. 2⃝ Time points of policy implementation.
Based on the time of issuance of the “National Master Plan for Major Function Zones” and
the time of the addition list, 2011 was determined as the starting time of the first batch of
NKEFZs, and 2016 was the starting time of the addition list.

3.2.3. Mediating Variables

According to theoretical analysis, the mediating variables included territorial spatial
configuration and industrial structure upgrading.

(1) Territorial spatial configuration (terri). Territorial space can be divided into four
categories: urban space, agricultural space, ecological space and other space. Among
them, ecological space is space with the main function of providing ecological products or
services; it consists mainly of forest land, grassland and waters, and it also includes sandy
land, saline and alkaline land, etc. [40]. The territorial spatial configuration is characterized
by the proportion of ecological space, that is, the ratio of the sum of the forest, grassland,
waters and other ecological spaces to the land area.

(2) Industrial structure upgrading (indus). Industrial structure upgrading mainly refers
to the advanced transformation of leading industries towards industrialization and service
orientation [41]. It is represented by the proportion of the secondary and tertiary industry
output value in GDP to signify the upgrading of industrial structure, reflecting the trend
towards industrial structure advancement [42].

3.2.4. Control Variables

In addition to direct impacts from policy implementation, EEQ is also influenced by
various factors such as socio-economic conditions [43], fundamental endowments [44] and
natural climate [45], thus necessitating the control of these exogenous factors. The main
variables selected were as follows: population density (den), used to reflect the growth
of population size; fiscal self-sufficiency rate (fissr), used to indicate the independence
and sustainability of local government in fiscal revenue and expenditure; government
intervention (gov), used to reflect the role of local government in regulating the market
economy; and local fiscal revenue (lfr), used to reflect the capacity and status of local
government in fiscal management and provision of public services. Natural climate factors
primarily include annual precipitation (pre) and average annual temperature (tem), selected
to examine the impact of climatic conditions on EEQ.

3.3. Data Sources

The data used in this study can be categorized into the following three groups:
(1) List of NKEFZs counties. The panel data for this study comprise data from 130

counties in Sichuan Province from 2001 to 2021, including 13 NKEFZ counties and 117 non-
NKEFZ counties. Among the 13 NKEFZ counties, 9 were established in the first batch of
NKEFZs, and 4 were established in the second batch (Figure 1). The list of NKEFZ counties
in the research sample was compiled based on relevant documents in the “National Master
Plan for Major Function Zones” and the supplementary lists of NKEFZs.
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(2) Remote sensing data. EEQ is derived from the National Earth System Science Data
Center (http://www.geodata.cn (accessed on 6 January 2024)), which releases the China
Historical High-Resolution EEQ Dataset (2001–2021), with a spatial resolution of 1 km.
Similarly, natural climate data are sourced from the aforementioned platform, consisting of
the China 1 km resolution monthly average temperature dataset and China 1 km resolution
monthly precipitation dataset. The land-use data were obtained from the annual land-
use dataset of China for 1985–2022 (https://zenodo.org/records/8176941 (accessed on
6 January 2024)), produced and released by two professors, Jie Yang and Xin Huang of
Wuhan University, which was verified to have a precision of 79.31% and a high degree of
credibility [46].

(3) Socio-economic data primarily came from the “Statistical Yearbook of Sichuan
Province” (https://tjj.sc.gov.cn/scstjj/c105855/nj.shtml (accessed on 6 January 2024)) and
the statistical yearbooks of prefecture-level cities to which each county belongs. Missing
data were supplemented by county-level statistical yearbooks and statistical bulletins, with
interpolation being used to fill in the remaining gaps. Variable explanations and descriptive
statistics are presented in Table 1. The variance inflation factors (VIFs) for all independent
variables were all significantly less than 10, with an average VIF of 1.47, indicating no
apparent multicollinearity issues among the variables.

http://www.geodata.cn
https://zenodo.org/records/8176941
https://tjj.sc.gov.cn/scstjj/c105855/nj.shtml
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Table 1. Variable definition and descriptive statistics.

Variable Definition Obs Mean SD Min Max

Dependent variable
EEQ Eco-environmental quality 2730 0.549 0.104 0.274 0.829

Core independent variable
DID NKEFZs 2730 0.045 0.207 0 1

Mediating variables
terri Ecological space/territorial space 2730 0.321 0.283 0.015 0.986

indus The value added of secondary and
tertiary industrial output/GDP 2730 0.793 0.121 0.330 1.000

Control variables

den Year-end population/land area (million
people/km2) 2730 0.091 0.183 0.002 1.554

fissr Local budget revenues/local budget
expenditures 2730 0.316 0.305 0.007 9.463

gov Local fiscal expenditures/GDP 2730 0.171 0.156 0.011 2.469
lfr Local fiscal revenue (million dollars) 2730 79,557 161,170 688 3,400,000
pre Annual precipitation (mm) 2730 1123.993 204.149 643.002 1822.960
tem Average annual temperature (◦C) 2730 16.484 1.990 7.093 19.002

4. Results and Discussion
4.1. Benchmark Regression

The benchmark regression results (Table 2) show that the estimated coefficients of DID
are significantly positive from (1) to (4). Regardless of whether county and year are fixed or
not and whether a series of socio-economic and natural climate variables are controlled
or not, the establishment of NKEFZs has a significant positive impact on EEQ. In other
words, the establishment of NKEFZs can significantly improve EEQ. Focusing on the DID
estimation coefficient of (4), compared to non-NKEFZs, the average treatment effect of
NKEFZs on EEQ at the prefecture level is about 0.0162. The establishment of NKEFZs has a
significant improvement effect on EEQ, which is in accordance with their original intention
and task of improving the ecological environment. Hypothesis 1 is valid.

Table 2. Results of benchmark regression.

Variables (1) (2) (3) (4)

DID 0.2083 *** 0.0198 *** 0.0421 *** 0.0162 ***

(0.0087) (0.0020) (0.0054) (0.0022)
Constant 0.5392 *** 0.5477 *** 1.0248 *** 0.9228 ***

(0.0018) (0.0004) (0.0109) (0.0655)
Controls No No Yes Yes
Adj-R2 0.1729 0.9694 0.7481 0.9723

County effect No Yes No Yes
Year effect No Yes No Yes

County obs 2730 2730 2730 2730
Note: Standard errors in parentheses; *, ** and *** indicate significance levels of 10%, 5% and 1%, respectively.

4.2. Parallel-Trends Test and Dynamic Effect of Policy

Fulfilling the parallel-trends assumption is a crucial prerequisite to ensure unbiased
estimation results from the DID model [47]. In the baseline model of this study, it is required
that the EEQ values of the treatment group and the control group of counties exhibit similar
trends in variation when not affected by the establishment of NKEFZ policy. Meanwhile,
due to factors such as implementation foundation, intensity and adjustment of production
factors affecting the establishment of NKEFZs, the policy effects of NKEFZ establishment
may experience lag and digestion periods, leading to potential policy implementation
effects having some degree of delay [8]. Taking into account the considerations mentioned
above, this study will follow Beck’s [48] approach and employ event analysis to examine
the parallel-trends assumption in the multi-period DID estimation applied in this study
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and the dynamism of policy effects from the establishment of NKEFZs. The specific model
is as follows:

EEQi,t = α0 + ∑10
k=−10 αk NKEFZk + λ∑ Controlsi,t + ηi + µt + εi,t (2)

where i and t represent county and year, respectively; EEQi,t represents the eco-environmental
quality of counties; NKEFZk represents the “event” of the establishment of NKEFZs, which
is a dummy variable; k represents the year in which the NKEFZ is established, with values
from −10 to 10; αk is the yearly policy effect, reflecting the EEQ gap between treatment-
group and control-group counties in year t of the NKEFZs’ establishment; and Controlsi,t,
ηi, µt and εi,t are defined as in Equation (1) above. In the model, the year of establishment
of NKEFZs, i.e., 2011, is taken as the base year.

Results from parallel-trends tests and dynamic effects analysis (Figure 2) indicate
that during the policy window period, before the establishment of NKEFZs, almost all
regression results are statistically nonsignificant, indicating no significant difference in EEQ
between the treatment and control groups. However, after the establishment of NKEFZs, all
coefficient regression results are significantly positive, indicating a significant improvement
in EEQ in the treatment-group counties compared to the control-group counties, thereby
confirming the parallel-trends assumption. Regarding the changes in dynamic effects,
with the formal implementation of the NKEFZ policy, its average treatment effect on EEQ
has been significantly positive, and this positive effect has exhibited an increasing trend
overall with the implementation of the policy, demonstrating temporal persistence. Thus,
DID analysis effectively captures the changes in EEQ in areas covered by NKEFZs. The
improvement of EEQ is a gradual long-term process, where the effects of NKEFZs and their
transfer payments are relatively small in the short term but gradually strengthen over the
long term. Continuous longitudinal ecological compensation for NKEFZs is necessary for
sustained improvement in EEQ [27].

Land 2024, 13, x FOR PEER REVIEW 8 of 17 
 

implementation effects having some degree of delay [8]. Taking into account the consid-
erations mentioned above, this study will follow Beck’s [48] approach and employ event 
analysis to examine the parallel-trends assumption in the multi-period DID estimation 
applied in this study and the dynamism of policy effects from the establishment of 
NKEFZs. The specific model is as follows: 

10
, 0 , t ,10i t k k i t i i tk

EEQ NKEFZ Controlsα α λ η μ ε
=−

= + + + + +   (2)

where i and t represent county and year, respectively; EEQi,t represents the eco-environ-
mental quality of counties; NKEFZk represents the “event” of the establishment of 
NKEFZs, which is a dummy variable; k represents the year in which the NKEFZ is estab-
lished, with values from −10 to 10; αk is the yearly policy effect, reflecting the EEQ gap 
between treatment-group and control-group counties in year t of the NKEFZs’ establish-
ment; and Controlsi,t, ηi, µt and εi,t are defined as in equation (1) above. In the model, the 
year of establishment of NKEFZs, i.e., 2011, is taken as the base year. 

Results from parallel-trends tests and dynamic effects analysis (Figure 2) indicate that 
during the policy window period, before the establishment of NKEFZs, almost all regres-
sion results are statistically nonsignificant, indicating no significant difference in EEQ be-
tween the treatment and control groups. However, after the establishment of NKEFZs, all 
coefficient regression results are significantly positive, indicating a significant improve-
ment in EEQ in the treatment-group counties compared to the control-group counties, 
thereby confirming the parallel-trends assumption. Regarding the changes in dynamic ef-
fects, with the formal implementation of the NKEFZ policy, its average treatment effect 
on EEQ has been significantly positive, and this positive effect has exhibited an increasing 
trend overall with the implementation of the policy, demonstrating temporal persistence. 
Thus, DID analysis effectively captures the changes in EEQ in areas covered by NKEFZs. 
The improvement of EEQ is a gradual long-term process, where the effects of NKEFZs 
and their transfer payments are relatively small in the short term but gradually strengthen 
over the long term. Continuous longitudinal ecological compensation for NKEFZs is nec-
essary for sustained improvement in EEQ [27]. 

 
Figure 2. Parallel-trends test and dynamic change trend of processing effect. 

  

Figure 2. Parallel-trends test and dynamic change trend of processing effect.

4.3. Robustness Test

To verify the stability and reliability of results, a series of robustness tests were conducted.

4.3.1. Placebo Test

Considering that the changes in EEQ between the treatment and control groups after
the establishment of NKEFZs may still be influenced by omitted variables, random factors
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and other effects, this study conducted a placebo test on the baseline regression using
a counterfactual framework. The specific procedure involved using a non-parametric
permutation test method to conduct non-repetitive random sampling of all counties and
policy times [49,50]. Since there were a total of 13 counties covered by the two batches of
NKEFZs, the initial step was to randomly select 13 counties from the total sample as the
treatment group, with the remaining counties serving as the control group. Then, a random
year between 2001 and 2021 was selected as the establishment time of NKEFZs, constructing
a random experiment with both county and implementation time as dimensions. To
enhance the explanatory power of the placebo test, the above random process was repeated
500 times, resulting in a kernel density distribution plot of DID estimation coefficients under
500 random policy shocks (Figure 3). If the distribution of estimated coefficients under
random processing is near 0, it means that the false policy variable has not significantly
affected the EEQ of counties, indicating that the effect observed in the baseline analysis is
indeed caused by the establishment of NKEFZs. From the distribution plot of estimated
coefficients shown in Figure 3, it can be observed that the false regression coefficients are
concentrated near 0 and far from the baseline regression coefficients in this study. Therefore,
it can be concluded that the baseline estimation results are not affected by omitted variables,
random factors, etc., and are robust and reliable.
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4.3.2. PSM-DID

It is important to consider that the designation of NKEFZs is not entirely random,
but rather a selection made after a comprehensive assessment that consists of constructing
main functional zones and optimizing the spatial pattern of land development, focusing on
regions critical for national ecological security and having relatively low ecological carrying
capacity [33]. This may result in potential sample selection bias issues in the baseline
regression; propensity score matching (PSM) can address this sample selection problem
under non-random experimental conditions [51]. Therefore, to alleviate sample selection
bias and reduce estimation bias in the DID model, this study further employed PSM-DID for
evaluation. Specifically, the control variables from previous analysis were used to predict
the probability of each county being designated as an NKEFZ (logit regression). Then, the
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study used a caliper-based k-nearest neighbor matching method (with k set at 1, i.e., 1:1
matching) to match the samples designated as NKEFZs (treatment group) with the control
group, thereby ensuring that there were no significant systematic differences between the
treatment and control groups before the establishment of NKEFZs, and subsequently used
the matched samples for DID estimation.

The balance test result of PSM in Figure 4 shows that after matching, the majority of
covariates align more closely with the vertical line representing a standard error of zero,
signifying the balanced distribution of the matched formations. Regression results (Table 3)
show that after PSM, the designation of NKEFZs still significantly positively affects the
EEQ of counties. The regression results of the PSM-DID model are consistent with those of
the DID model based on the previous section, further indicating that the establishment of
NKEFZs can effectively enhance the EEQ of counties.
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Table 3. Robustness tests.

Variables
PSM-DID PSM-DID Replacement of

Dependent Variables
Replacement of

Dependent Variables

(1) (2) (3) (4)

DID 0.0110 *** 0.0071 ** 42.4331 *** 14.6494 ***

(0.0031) (0.0029) (4.5815) (5.6763)
Constant 0.6939 *** 1.3786 *** 529.1510 *** −3.0 × 102 ***

(0.0009) (0.0829) (1.2086) (64.4374)
Controls No Yes No Yes
Adj-R2 0.9664 0.9771 0.8308 0.9131

County effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes

County obs 322 322 2730 2730

Note: Standard errors in parentheses; *, ** and *** indicate significance levels of 10%, 5% and 1%, respectively.
Nearest-neighbor matching is performed using a 1:1 matching method, and samples that cannot satisfy the
common support hypothesis are deleted after the matching.

4.3.3. Replacement of Dependent Variables

The net primary productivity (NPP) of vegetation, a vital parameter representing
terrestrial ecological processes, reflects the productivity and quality of ecosystems [52]. It
is frequently employed as a core indicator to characterize EEQ [53]. Consequently, NPP
was utilized as a proxy variable for EEQ to re-estimate the impact of NKEFZs on EEQ,
as shown in Table 3. The results reveal that the DID estimation coefficient is significantly
positive, suggesting that NKEFZs have notably increased NPP levels, thus contributing
to the enhancement of EEQ. Overall, this analysis confirms the robust positive effect of
NKEFZs on EEQ, sustained even when the explained variable is substituted.

4.4. Mechanism Analysis

This study establishes that NKEFZs positively impact EEQ. The critical inquiry is as
follows: how is this improvement effectuated? Integrating theoretical analysis, this study
delved into the transmission mechanisms through which NKEFZs affect EEQ, specifically
from the perspectives of territorial spatial configuration and industrial structure upgrading.
The model development drew on the sequential testing approach used in existing stud-
ies [54]. The first step involved examining the influence of NKEFZs on mediating variables.
The second step tested the combined impact of NKEFZs and these mediating variables on
EEQ, as detailed in Table 4.

Table 4. The results of the mechanism test.

Variables

Territorial Spatial Configuration Industrial Structure Upgrading

terri EEQ indus EEQ

(1) (2) (3) (4)

DID 0.0060 ** 0.0159 *** 0.0283 *** 0.0133 ***

(0.0027) (0.0021) (0.0059) (0.0020)
terri 0.0443 ***

(0.0148)
indus 0.1006 ***

(0.0094)
Constant 0.7629 *** 0.8890 *** 2.0007 *** 0.7215 ***

(0.1032) (0.0638) (0.1377) (0.0650)
Controls Yes Yes Yes Yes
Adj-R2 0.9905 0.9724 0.8908 0.9738

County effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes

County obs 2730 2730 2730 2730

Note: Standard errors in parentheses; *, ** and *** indicate significance levels of 10%, 5% and 1%, respectively.

4.4.1. Territorial Spatial Configuration Effect

NKEFZs exert a significant positive influence on the territorial spatial configuration.
This implies that the establishment of NKEFZs aids in expanding ecological space and
increasing its proportion within the overall territorial layout. The coefficient relating to
territorial spatial configuration reveals a significantly positive effect on EEQ when the
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proportion of ecological space is increased. Optimizing the territorial spatial layout is
shown to enhance EEQ. It is evident that the optimization of territorial spatial configu-
ration acts as a beneficial intermediary mechanism by which NKEFZs positively impact
EEQ. By optimizing the territorial spatial configuration, NKEFZs enhance EEQ, thereby
substantiating Hypothesis 2a.

4.4.2. Industrial Structure Upgrading Effect

NKEFZs significantly positively influence the upgrading of industrial structures.
This suggests that NKEFZs contribute to advancing the industrial structures within their
jurisdictions, notably by increasing tertiary industry’s share in the national economy. The
positive coefficient of industrial structure upgrading reveals a significant positive impact
on EEQ. Industrial structure upgrading plays a crucial role in enhancing EEQ. It becomes
clear that industrial structure upgrading acts as a beneficial intermediary mechanism by
which NKEFZs positively affect EEQ. The enhancement of EEQ through the promotion of
industrial structure upgrading by NKEFZs substantiates Hypothesis 2b.

4.5. Heterogeneity Analysis

NKEFZs across various regions are subject to diverse influences, including ecological
foundations, endowment conditions and geographical locations. This leads to variations in
eco-environmental quality among NKEFZs [31]. Consequently, conducting a heterogene-
ity analysis of the baseline regression results was essential. This heterogeneity analysis
encompassed three perspectives: firstly, the variations in types of NKEFZs; secondly, the
geographical spatial differences among NKEFZs; and thirdly, the disparities in ethnic
regions hosting these zones.

4.5.1. Heterogeneity Test for Types of NKEFZs

Considering the variety in ecological products, services and functional positioning,
NKEFZs in Sichuan Province can be categorized into three types: WC, SC and BM, as
detailed in Table 5. Analysis reveals that ecological function zones, classified as WC, SC
and BM, significantly enhance EEQ. Among these, SC function zones demonstrate the most
substantial improvement in EEQ, followed by BM zones, while WC zones exhibit a less
pronounced enhancement of EEQ.

Table 5. Heterogeneity analysis: differences based on function type.

Variables
WC SC BM

(1) (2) (3)

DID 0.0069 ** 0.0284 *** 0.0179 ***

(0.0030) (0.0025) (0.0030)
Constant 0.9497 *** 0.9342 *** 0.9312 ***

(0.0657) (0.0652) (0.0656)
Controls Yes Yes Yes
Adj-R2 0.9718 0.9724 0.9720

County effect Yes Yes Yes
Year effect Yes Yes Yes

NKEFZ obs 5 3 5
County obs 2730 2730 2730

Note: Standard errors in parentheses; *, ** and *** indicate significance levels of 10%, 5% and 1%, respectively.

Counties implementing SC measures adopt various engineering strategies to ratio-
nally protect and utilize water and soil resources. These include constructing protective
structures, afforestation, grass planting, forest closure and soil and water conservation
efforts [55]. These counties also focus on soil improvement, enhancing soil organic matter
to combat erosion and adopting farming methods designed to reduce soil loss, thereby
improving EEQ. BM counties advance by constructing on-site protection systems and
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improving biodiversity relocation protection efforts. These measures aim to maintain and
restore the balance of wildlife species and populations; prevent habitat alterations due to
ecological construction; and thereby enhance ecosystem stability, strengthen biodiversity
protection and improve regional EEQ [56]. WC counties consolidate ecological engineering
achievements, adopting localized measures such as afforestation, aerial seeding, grass
planting and soil improvement. These efforts target rainwater conservation and water-
saving. By scientifically managing afforestation, they help intercept precipitation, regulate
runoff, control soil erosion and restore vegetation [57]. This approach promotes a beneficial
water cycle within the ecosystem, continually enhancing WC functions [58] and ultimately
bolstering regional EEQ.

4.5.2. Terrestrial Spatial Position Heterogeneity Test

Considering the variations in ecological endowments and sensitivities across different
geographical areas, the Sichuan Terrestrial Spatial Planning (2021–2035) categorizes the
study region into three zones: the Chengdu Plain Economic Zone (CPEZ), the Northeast
Sichuan Economic Zone (NSEZ) and the South Sichuan Economic Zone (SSEZ). Among
these zones, the CPEZ encompasses eight counties designated as NKEFZs, while the NSEZ
includes five such counties. Regression results (Table 6) reveal that the establishment
of NKEFZs in both the CPEZ and the NSEZ has positively impacted EEQ. Notably, the
improvement in EEQ is more pronounced in the CPEZ than in the NSEZ. The CPEZ, char-
acterized as both a traditional agricultural hub and a rapidly developing socioeconomic
region in Sichuan, faces a stark contradiction among population growth, economic ex-
pansion and environmental carrying capacity, leading to significant eco-environmental
challenges. The establishment of NKEFZs in the CPEZ has catalyzed the completion of
industrial restructuring and the implementation of ecological restoration policies, markedly
improving the region’s EEQ. Conversely, the NSEZ, primarily forested and located in the
Qinba Mountain area, possesses a robust eco-environmental foundation. Consequently,
the marginal effect of ecological policy implementation, initiated by the establishment of
NKEFZs, in enhancing the eco-environment in this area is relatively modest.

Table 6. Heterogeneity analysis: regional differences based on geographic space.

Variables
CPEZ NSEZ MER HR

(1) (2) (3) (4)

DID 0.0160 *** 0.0052 ** 0.0176 *** 0.0149 ***

(0.0027) (0.0024) (0.0035) (0.0024)
Constant 0.3738 *** 1.5209 *** 0.9514 *** 0.9292 ***

(0.0917) (0.1516) (0.0656) (0.0656)
Controls Yes Yes Yes Yes
Adj-R2 0.9826 0.9728 0.9719 0.9721

County effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes

NKEFZs obs 8 5 3 10
County obs 1323 819 2730 2730

Note: Standard errors in parentheses; *, ** and *** indicate significance levels of 10%, 5% and 1%, respectively.

4.5.3. Ethnic Region Heterogeneity Test

Significant disparities in socio-economic development and cultural ideologies, notably
in ecological consciousness, exist between Minority Ethnic Regions (MERs) and Han
Regions (HRs) [59]. These differences could influence the effectiveness of establishing
NKEFZs in these regions. This study addressed these disparities by conducting a subgroup
heterogeneity test. Regression results (Table 6) demonstrate that establishing NKEFZs in
both MERs and HRs positively impacts EEQ. Specifically, MERs exhibit greater policy effects
than HRs in improving EEQ. The lag in socio-economic development and complex social
governance in MERs, along with limited ecological awareness, has contributed to significant
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eco-environmental damage in these regions [60]. The establishment of NKEFZs in MERs
has led to the phasing out of highly polluting and energy-intensive enterprises, fostering a
shift towards green industries such as eco-tourism. Furthermore, the implementation of
various local ecological restoration and protection projects has significantly enhanced EEQ
in these regions.

5. Conclusions and Implications
5.1. Conclusions

This study treats the establishment of NKEFZs as a quasi-natural experiment. Using
Sichuan Province as a case study, this study employs a multi-period DID model to assess
the impact of NKEFZs on EEQ. The findings reveal that the establishment of NKEFZs
significantly improves EEQ. Compared to areas without NKEFZs, the average treatment
effect at the county level is a 0.0162 increase in EEQ. This conclusion is substantiated
by parallel-trends analyses and comprehensive robustness checks. The positive impact
of NKEFZs on EEQ is gradual and long-term, with modest initial effects that intensify
progressively. Modifications in territorial spatial configuration and industrial structure
upgrading emerge as effective mechanisms in the improvement of EEQ through NKEFZs.
The policy impacts of NKEFZs vary across different functional-zone types, geographical
locations and ethnic regions yet consistently contribute to EEQ enhancement.

5.2. Policy Implications

The conclusions of this study carry rich policy implications:
(1) Enhancing the sustainability of establishing and implementing NKEFZs is paramount.

The establishment of NKEFZs serves as a significant incentive for local governments, en-
couraging proactive measures in ecological governance and environmental protection. To
guarantee the long-term effectiveness of these incentives and mitigate the risk of ecological
issues re-emerging, continuous national-level support and supervision are essential to
bolster the stability and sustainability of policy implementation.

(2) Constructing a diversified ecological governance and supervision system, tailored
to the specific needs of different functional zone types, geographical locations and ethnic
regions, is crucial. In regions with high ecological vulnerability, including WC areas and eth-
nic minority regions, where eco-environmental conditions have been effectively improved,
continued strengthening of ecological governance in key eco-functional zones is vital. This
approach aims to enhance ecosystem services and consolidate the gains in improving
EEQ. Additionally, the central government’s financial support for key eco-functional zones
should be increasingly directed towards these high-vulnerability areas. Concurrently,
it is essential to guide local governments to amplify their investment in environmental
protection, enhance eco-environmental supervision and establish a sustainable ecological
compensation mechanism.

(3) Strict adherence to the “National Master Plan for Functional Zones” is imperative
for sustainable ecological management. Firstly, the plan mandates limiting human devel-
opment and construction beyond the ecological red line, aligning with the environmental
carrying capacity of ecological spaces. This approach aims to control the expansion and
intensity of production spaces, thereby enhancing land-use efficiency and sustainability.
Secondly, within the framework of enhanced ecological protection, the plan encourages
exploring directions for industrial upgrading and transformation. These strategies should
be compatible with and customized to the local eco-environment, promoting eco-friendly
agriculture and service industries. Additionally, the plan highlights the importance of lever-
aging the ecological product potential of NKEFZs, integrating this potential with broader
industrial transformation efforts. The plan also advocates for exploring development paths
within the constraints of resource availability, environmental carrying capacity and market
dynamics, with a focus on green industries such as eco-tourism and clean energy.
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