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Abstract: National key ecological function zones (NKEFZs) in China are critically important to
maintain ecological security and accelerate the construction of the ecological civilization system. The
quantitative impact of NKEFZs on green development at the county level has not received much
attention. In this study, the county-level statistics of the Yanshan–Taihang Mountainous area in
Hebei province from 2013 to 2018 were selected as samples. The symbiotic relationship between
economy and ecology was measured and development patterns were identified using an improved
Lotka–Volterra model. Then, a difference-in-differences (DID) model was used to empirically test the
green development effects of establishing NKEFZs, as well as the dynamic changes of the effects and
the heterogeneity of different development patterns. The results show that: (1) Green development in
the sample area can be classified into four patterns: Low-High, High-Low, High-High, and Low-Low;
(2) NKEFZs reduce the level of green development in the study interval and have a persistent negative
effect on the level of green development; and (3) NKEFZs have a significant negative effect on areas of
Low-High and High-Low development patterns, while the effect on areas of Low-Low development
patterns is not significant. Overall, the results indicate that NKEFZs have a negative impact on the
green development of the Yanshan–Taihang Mountainous area in Hebei Province. Finally, to promote
green development in mountainous areas, the paper makes the following recommendations: Firstly,
to improve the transfer payment system for NKEFZs and bring into play a long-term mechanism
for the compensation effect of transfer payments. Secondly, to cultivate special industries to achieve
the differentiated development of county economies. Thirdly, to accelerate the optimization and
adjustment of industrial structures and promote the coordinated development of primary, secondary,
and tertiary industries.

Keywords: national key ecological function zones; level of green development; mountainous areas;
improved Lotka–Volterra model; development patterns; difference-in-differences model

1. Introduction

China has achieved rapid economic growth in the past four decades. However,
this has also been accompanied by a series of environmental problems such as environ-
mental pollution, the over-exploitation of resources, and ecological degradation [1,2].
These problems may lead to an imbalance in ecosystem structure, reduction in the value of
ecological services, and loss of biodiversity [3,4], especially in some key mountainous areas.
Territorial spatial planning plays an important role in the rational development of resources
and the protection of the ecological environment. It can reduce the disorder and imbalance
of the spatial development of the country [5–7]. In 2010, the State Council of China issued
the National Zoning of Main Functions, which divided the national land space into four types
of main function zones: optimized exploitation, key exploitation, restricted exploitation,
and prohibited exploitation [8,9]. National key ecological function zones (NKEFZs) perform
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important ecological functions such as water and soil conservation, water conservation,
wind and sand control, and biodiversity maintenance, and are also the key zones to ensure
national ecological security and ecological product supply [10]. Such zones are relatively
backward in economic development, rich in ecological resources, and have a fragile security
base. NKEFZs refer to areas that undertake important ecological functions and guaran-
tee national ecological security and ecological product supply. Most of the NKEFZs are
located in mountainous areas, where economic development mainly relies on agriculture,
with weak industrial foundations, which make it difficult to boost the regional economy.
NKEFZs restrict development activities for urbanization and industrialization, making it
more difficult to transform natural resources into economic advantages. Under the premise
of maintaining the ecological service function of NKEFZs, how to reduce the degree of
mismatch between environmental protection costs and ecological benefits [11], opening up
a new path of green development and ecological enrichment, is a realistic proposition for
the construction of NKEFZs. To balance and develop the economy of counties in NKEFZs,
China has established a transfer payment system for NKEFZs since 2009. NKEFZs and
their transfer payment mysteries are necessary to promote the construction of ecological
civilization and improve the efficiency of environmental protection [12,13] and are an
important measure to optimize the spatial land pattern. However, the NKEFZs are vast and
economically backward. The endogenous development of the regional economy cannot
be realized only by relying on state financial support [14]. According to the China County
Economic Ecological Civilization Index, there are still some mountainous counties that have
established NKEFZs developing high energy-consuming industries to varying degrees,
undermining the coordinated relationship between ecological protection and economic
development. At present, the NKEFZs are under the policy requirement of restricting large-
scale development. NKEFZs also need to meet the regional ecological demand. Under
these restrictions, can NKEFZs promote green development in mountainous areas? Can it
achieve a win-win situation of ecological protection and economic development? These
problems are related to the effect of ecological civilization construction and the interests of
the people and need to be further discussed.

There are many studies on ecological functional zones in China and other countries,
and those related to this study mainly include the following five aspects. Firstly, the evalu-
ation of the effectiveness of ecological services in NKEFZs, which includes various aspects
such as water resources protection services [15], wind and sand control services [16,17],
and soil and water conservation services [18]. Some researchers also have evaluated the
resilience of NKEFZs [19]. Secondly, the fund allocation and compensation effect of trans-
fer payment for NKEFZs. Several countries such as Brazil, Germany, and Portugal have
implemented fiscal transfers to compensate local governments for the cost of environmen-
tal protection, mainly through direct deductions from corporate and residential taxes for
ecological protection based on the development status of local governments and the status
of protected zones [20]. Chinese government departments and public social organizations
have played a greater role in the transfer of payments to NKEFZs. Thirdly, the degree of
coupling and coordination between ecosystems and economic systems in NKEFZs. Fiscal
transfers from ecologically functional zones are less pollution-intensive industrial activ-
ities [21]. However, some researchers believe that the financial transfer payment system
for NKEFZs is imperfect, mainly based on emergency-type and status quo compensation,
and the policy formulation lacks foresight, resulting in ecological security and economic
development being uncoordinated [22] and often facing double pressure. Fourth is the rela-
tionship between NKEFZs and green development. Some researchers argue that NKEFZs
will improve environmental quality [23] and will create long-term incentives for county
governments to protect ecology. However, NKEFZs will cause shocks to economic growth
and thus induce poverty [24], and the short-sightedness of the poor population will destroy
the ecological environment and thus create a vicious circle [25], which will negatively affect
the green development of NKEFZs. The fifth is the evaluation method of the level of green
development of NKEFZs. The research has mainly combined the entropy–TOPSIS evalua-
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tion method, Markov chain, and barrier degree model to evaluate the green development
level of ecological functional areas and explore the barrier factors of green development
level [26]. However, the above methods are difficult to use for measuring the competition
between economic and ecological resources and quantitatively analyzing the impact of
NKEFZs on the level of green development.

Since the concept of green development was proposed, many studies have appeared for
green development. These mainly deal with green policy [27,28], green economy [29], green
supply chain [30,31], and many other fields. Zhang et al. (2022) examined the impact of
green environmental policies on renewable energy technology innovation to provide insight
into the stringency of environmental policy implementation [32]. Hou et al. (2022) studied
the impact of government spending on the green economy in each country under the “Belt
and Road” and explored the path of government spending for green economy development
in each country [33]. Renewable energy and transportation infrastructure are important
factors affecting the performance of the green tourism supply chain [34,35]. In addition,
many studies have also explored the conditions for achieving green development from
both economic transformation and environmental sustainability perspectives. One type of
research takes the perspective of economic transformation and argues that technological
innovation [36], industrial agglomeration [37], and urbanization [38] will optimize resource
allocation efficiency and thus green development. Another type of research has analyzed
the realization of green development from the perspective of environmental sustainability,
targeting factors such as environmental technology [39], environmental regulation [40],
and the transformation of energy consumption structure [41]. NKEFZs, as a major part
of the main functional zones policy, will have a greater impact on green development in
mountainous areas. The previous research has not paid enough attention to the impact of
NKEFZs on green development.

The existing research mainly used geographical zoning as the criterion for hetero-
geneity analysis [42,43]. The heterogeneity of regional resource endowment and economic
development level has not received sufficient attention. Therefore, we introduced an im-
proved Lotka–Volterra model to measure the competition between economic and ecological
resources. The heterogeneity of NKEFZs of different development patterns in green de-
velopment is analyzed based on the measurement results of the improved L–V model.
This study uses a difference-in-differences model to empirically analyze the impact of
NKEFZs and their dynamic effects, taking some mountain counties in the Yanshan–Taihang
Mountainous area in Hebei province from 2013 to 2018 as samples. The mechanism of
the impact of the NKEFZs on the green development of mountainous areas is analyzed in
depth. The conclusions are expected to provide countermeasures and suggestions for the
green development of NKEFZs under the background of restricted development.

2. Model and Data
2.1. Study Area and Framework

The study area of this paper includes 64 counties in the Yanshan–Taihang Mountainous
area in Hebei province (see Figure 1). The Yanshan–Taihang Mountainous area has a
complex and diverse ecosystem. It is rich in biological, water, and mineral resources and
has important ecosystem service functions. The economic development level of the area is
lower, and it faces the double pressures of ecological protection and economic development.
There are 26 counties in the ecological function zones and 38 counties in the non-ecological
function zones.
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Figure 1. Study area.

The study framework combines the Lotka–Volterra model and the difference-in-
differences model (see Figure 2). Based on the L–V model to measure the symbiotic
relationship between economy and ecology, the DID model analyzes the impact of NKEFZs
on green development.
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2.2. Improved Lotka–Volterra Model
2.2.1. Model Setting

This paper uses the Lotka–Volterra interspecific competition model in biology to de-
termine the relationship between ecological and economic development. This model has
been widely used to explain the existence of competition between two systems. Current
research directions relate to industrial competition [44,45], product innovation, technologi-
cal progress [46], population and rent [47], and other aspects [48]. Economic development
and ecological development together constitute green development. However, the two
compete in terms of funding, energy, space, and environment. This competition is similar
to the competition between species for survival resources. The Lotka–Volterra model can
better reflect the results of the competition between economic and ecological development.
Unlike simulating interspecies competition, green development research focuses on the
relationship between economic and ecological development. On this basis, this paper
assumes that economic development and ecological development have the same social
carrying capacity and judges the relative relationship between economic development and
ecological development by simulating the competition coefficient. There is competition
between economic and ecological development in terms of money, energy, space, and the
environment. This study establishes a Lotka–Volterra model between ecological develop-
ment and economic development to measure the symbiotic relationship between the two
and thus determine the green development status of the region.

Assuming that the total capacity of ecological and economic development is T, E1
and E2 represent the actual amount of ecological and economic development, respectively.
r1 and r2 are the natural growth rates of ecological and economic development, respectively.
α is the competitive inhibition coefficient of economic development, and β is the competitive
inhibition coefficient of ecological development on economic development.

dE1

dt
= r1 ∗ E1 ∗

(
1− E1

T
− α ∗ E2

T

)
(1)

dE2

dt
= r2 ∗ E2 ∗

(
1− E2

T
− β ∗ E1

T

)
(2)

In the equilibrium state, both dE1
dt and dE2

dt are 0.

r1 ∗ E1 ∗
(

1− E1

T
− α ∗ E2

T

)
= 0 (3)

r2 ∗ E2 ∗
(

1− E2

T
− β ∗ E1

T

)
= 0 (4)

E1 = T ∗ (1− α) ∗ (1− αβ) (5)

E2 = T ∗ (1− β) ∗ (1− αβ) (6)

The equilibrium results are related to environmental capacity and competitive coefficients.
The state analysis of E1 and E2 can be performed by simulating the values of competition
coefficients α and β. This paper assesses the coordination of economic development and
ecological development by comparing the relative relationship between E1 and E2:

R = E2/E1 =
1− β

1− α
(7)

where R represents the green development pressure. A higher R-value indicates that the area
tends to be more economically developed and less ecologically developed. An R-value close to 1
indicates that the level of economic development is closer to the level of ecological development.
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2.2.2. Indicators Selection

The competitive inhibition coefficient α indicates the extent to which economic de-
velopment takes up resources that could have been used for ecological development. Its
selected indicators include GDP, the added value of primary industry, the added value of
secondary industry, the added value of tertiary industry, household registration population,
urban per capita disposable income, general public budget revenue, and general public
budget expenditure.

The competition inhibition coefficient β indicates the extent to which ecological de-
velopment takes up resources that could have been used for economic development. The
selected indicators include total sown area of crops, comprehensive air quality index, in-
dustrial sulfur dioxide emissions, industrial wastewater emissions, total industrial smoke
emissions, the harmless treatment rate of domestic waste, the centralized treatment rate of
sewage treatment plants, and the comprehensive utilization rate of general industrial solid
waste. Using pollution emission indicators as negative indicators can reflect the constraints
of environmental regulations on economic development.

2.3. Difference-in-Differences Model
2.3.1. Model Setting

The difference-in-differences (DID) method is one of the methods commonly used to
assess policy effects. It is also effective in assessing the effects of NKEFZs by construct-
ing time and individual dummy variables and multiplying the difference between the
experimental and control groups. NKEFZs provide a good “quasi-natural experiment”
opportunity for the DID method.

In this paper, the DID model is set as follows:

GDi,t = α0 + α1EAi,t + γXi,t + µi + δt + εi,t (8)

where i represents region; t represents year; GD is the level of green development; EA
denotes the dummy variable of whether to establish an ecological functional area or not,
which is the core explanatory variable of the model; X denotes a series of control variables;
µi is the region fixed effect; δt is the time fixed effect; and ε denotes the disturbance term.

2.3.2. Indicators Selection

(i) Explained variable: Green Development Level (GD)

The entropy value method is used to calculate the level of green development, based
on the standardized values of each evaluation index, which are weighted and integrated
according to the weights already given. In 2016, the National Development and Reform
Commission published the Green Development Indicator System, which comprehensively
reflects the connotation and essence of the new concept of green development. However,
due to the availability of county-level data in the Taihang Mountains, this paper makes
appropriate adjustments to the original indicators to construct an evaluation system of
green development indicators. In this paper, the entropy value method is used to determine
the weights of the indicator layer. SPSS software was used to test for multicollinearity in the
sample values of all indicators. The results show that the variance expansion factors of all
indicators were less than 2. It shows that the information contained in the 10 explanatory
variables are independent of each other and there is no collinearity. See Table 1.
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Table 1. Green development index system.

First Level Indicators Second Level Indicators Unit of Measurement Indicator
Weighting Positive/Negative

Environmental Governance
Harmless disposal rate of domestic

waste % 0.0988 Positive

Centralized sewage treatment rate % 0.1004 Positive

Quality of growth

GDP million yuan 0.1054 Positive
The proportion of tertiary industry

output value % 0.1039 Positive

Disposable income of urban residents yuan/person 0.0905 Positive
Financial revenue million yuan 0.1052 Positive

Financial Expenditure million yuan 0.0944 Positive

Ecological Protection
Ecological Environment Index % 0.1212 Positive

The annual average value of PM2.5
concentration µg/m3 0.0913 Negative

Sulfur dioxide emission million tons 0.0890 Negative

(ii) Explanatory variable: Establishment of ecological functional zones (EA)

First, set the individual dummy variable treat. Counties with established ecological
functional zones are set as the experimental group (treat = 1) and counties without as the
control group (treat = 0). Then, set the time dummy variable time. time = 1 refers to the
years when ecological functional zones are established and time = 0 refers to the years
where they are not. The interaction term treat*time is a dummy variable for counties of
the experimental group, and its estimated coefficient indicates the impact of establishing
NKEFZs on the level of green development in the county. Set EA = treat * time.

(iii) Control variables

Level of industrial development (IN). The output value of the secondary industry
has an important impact on the level of regional green development. Industries with
high pollution, high energy consumption, and high material consumption are restricted
or prohibited in key ecological function areas. This paper chooses the proportion of the
output value of secondary industry to GDP to represent the industrial development status.

Level of agricultural development (AR). The output value of primary industry can
indicate the development of agriculture, forestry, animal husbandry, fishery industries, etc.
In this paper, we choose the proportion of the output value of primary industry to GDP to
indicate the level of agriculturalization.

Agro-ecological environment quality (EC). The Yanshan–Taihang Mountainous area
relies mainly on traditional agriculture to drive economic growth, but the excessive ap-
plication of chemical fertilizers can cause adverse effects such as soil acidification and
heavy metal pollution. In this paper, the intensity of agricultural fertilizer use (fertil-
izer application/crop sown area) is chosen to indicate the quality of the agro-ecological
environment.

Greening level (VE). Vegetation cover is an important indicator of forest resources and
greening level, which is expressed by the normalized vegetation index (NDVI).

2.4. Data

The data of green development level are measured by the entropy method, for which
the data of ecological environment quality were obtained from the National Earth Sys-
tem Science Data Center (http://www.geodata.cn, accessed on 7 September 2021). PM2.5
concentration data were obtained from the Atmospheric Composition Analysis Group
(ACAG) [49]. Normalized vegetation index (NDVI) data were obtained from the Data
and Center for Resource and Environmental Sciences, Chinese Academy of Sciences
(http://www.resdc.cn/, accessed on 13 September 2021). All the data were raster data
and were parsed into county-level annual average data by ArcGIS software and spatially
matched with the 64 district and county administrative units in the Yanshan–Taihang

http://www.geodata.cn
http://www.resdc.cn/
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Mountains. Other data were obtained from China County Statistical Yearbook, China City
Statistical Yearbook, Hebei Economic Statistical Yearbook, Hebei Province Ambient Air Quality
Ranking and Publication Methods, and the statistical yearbooks of municipal cities in Hebei
Province in previous years. Some missing data were filled in by mean interpolation. The
descriptive statistics of the variables are shown in Table 2.

Table 2. Descriptive statistics of the variables.

Variable Variable Description Number of Samples Mean Standard Deviation Min Max

GD Green Development Level 384 0.4992 0.1077 0.2619 0.8711
EA With or without NKEFZs 384 0.3594 0.4804 0 1
IN Industrial development level 384 0.4390 0.1427 0.0534 0.7696
AR Agricultural development level 384 0.1590 0.1073 0.0020 0.4677
EC Agro-ecological quality 384 0.8928 0.8568 −2.8538 3.3605
VE Greening level 384 0.7317 0.0756 0.4517 0.8644

3. Results and Analysis
3.1. Improved Lotka–Volterra Model Results
3.1.1. The Results of the Improved L–V Model

The indicators and weights were input into the model to obtain the results of the
α-value, β-value, and R-value of green development pressure in the sample area. The
sample areas were classified into four development patterns based on whether they have
higher α, β, or R values than average, namely the Low-High model, High-Low model,
High-High model, and Low-Low model, as described in Table 3.

Table 3. Development patterns.

Pattern Classification Basis Performances

Low-High α↑; β↓; R↑ Ecologically weaker, economically stronger

High-Low α↓; β↑; R↓ Ecologically stronger, economically weaker

High-High α↑; β↑; R- Ecologically stronger, economically stronger

Low-Low α↓; β↓; R- Ecologically weaker, economically weaker
Note: ↑: Denotes that this indicator is strong; ↓: Denotes that this indicator is weak.

Based on the above measurement results, Figure 3 shows the distribution of all sample
indicators. Figure 3a shows the distribution of α-competition factors. The darker the red
color, the higher the intensity of economic development. Figure 3b shows the distribution
of β-competition factors. The deeper the green, the greater the intensity of ecological
development. Figure 3c shows the distribution of green development pressure. The deeper
the red, the greater the pressure of economic development on ecological development. The
deeper the green, the greater the impact of ecological development on economic develop-
ment. The yellow color indicates that the level of economic development is similar to the
level of ecological development. Figure 3d shows the distribution of green development
patterns in the sample area, where red represents the Low-High pattern, green represents
the High-Low pattern, yellow represents the High-High pattern, and gray represents the
Low-Low pattern.
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3.1.2. The Analysis of Green Development Patterns

The sample counties were divided into four categories based on the National Di-
rectory of Key Ecological Function Zones and the National Directory of Resource-based Cities
(see Figure 4). Resource-based cities (City R) are included in the National Directory of
Resource-based Cities only. Ecologically protected cities (City E) are included in the National
Directory of Key Ecological Function Zones only. Resource-based ecological cities are included
in both directories (City RE). Other cities (City O) are not included in either directory.
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Figure 4. Four categories of cities.

First, the environmental effects of establishing NKEFZs are not significant. The value
of β indicates the pressure of ecological development of a region on its economic develop-
ment. Regions with bigger β values tend to have a better environment and less pollution.
However, results show that the difference in β values between the four types of cities is
not significant: R-city, 0.40; E-city, 0.37; RE-city, 0.47; and O-city, 0.43. Surprisingly, City E
has the lowest β-value and City RE has the highest β-value. The ecological development
of non-resource-based cities designated as ecological reserves has not been significantly
enhanced and the results are not satisfactory. In terms of green development patterns, all of
Cities E belong to the Low-Low pattern, and 9 of the 22 Cities RE belong to the Low-Low
pattern, which indicates that more than half of the cities classified as ecological reserves
are low ecological and low economic cities. Combining the analysis of other indicators,
this paper concludes that setting areas with poor economic development as ecological
functional zones cannot achieve the goal of environmental protection. If these areas are
classified as ecological functional zones, restricting the use of natural resources and limiting
economic development would have a serious negative impact on the quality of life of
residents, who would be discouraged from cooperating with environmental efforts and
may even destroy the environment to improve living standards.

Resource-based cities have gone through a period of extensive development. This
was a period of high economic growth in China, along with relatively weak awareness
of environmental protection and no restrictions on resource exploitation. With increasing
ecological needs, more and more ecological reserves are being established. As a result,
some resource-based cities with better economic development have produced better en-
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vironmental protection effects after establishing NKEFZs. However, NKEFZs still have
a significant impact on local economic development. On the whole, the environmental
protection effect brought by the construction of NKEFZs is not significant.

Second, green development still needs to rely on economic development. Green de-
velopment needs not only to achieve economic goals but also to meet the requirements of
environmental protection. Ecological development and economic development cannot be
achieved without one another. The High-High pattern is a development pattern with both
strong economic development and ecological development. We believe that this pattern
has recently been followed by Green Development. Table 2 shows that five of the eight
High-High pattern regions are from City R and three from City O. High-High patterns do
not exist in cities that establish NKEFZs. All High-High pattern regions are distributed
around the Low-High pattern regions. It can be seen that the intensity of ecological devel-
opment has not become significantly worse in cities with faster economic development. As
the economy develops and basic survival needs are met, people begin to pursue a higher
level of happiness. A livable living environment is an important aspect of happiness. Thus,
when the economy grows to a certain level, there are intrinsic and extrinsic incentives for
environmental protection. To meet residents’ needs for a better ecological environment,
the government will increase local environmental regulations, actively restrict production
in highly polluting industries, and consciously work on environmental protection. The
implementation of environmental regulations may have a negative impact on economic
benefits in the early stage [50], but there is a “U-shaped” relationship between environ-
mental regulations and green technology innovation. In the long run, strict environmental
regulations can effectively improve the regional ecological environment. Some regions
that are committed to environmental reforms have gradually shifted from the Low-High
pattern to the High-High pattern and achieved green development. On the other hand,
areas with faster economic development can drive the development of neighboring areas.
Since the surrounding City O is not a major industrial area, there is even less pollution.
O-cities around L-H model cities enter the H-H model first. Whether it is an autonomous
ecological reform in the L-H model region or influencing the surrounding areas into green
development, results show that green development can only be achieved by developing
the economy.

Third, the construction of ecological function areas might hinder local green devel-
opment. To reduce the environmental damage, the exploitation of most natural resources
in ecological function areas is banned. However, government subsidies are not enough to
compensate for the loss of residents. The average value of α for resource-based cities is
0.31, which is significantly bigger than for other types of cities (City E—0.11, City RE—0.16,
City O—0.20). This reflects the stronger economic development of resource-based cities and
is in line with the theory that regional development is determined by resource endowments.
It is worth noting that the α-value is smaller in City E than in City O, and in City RE than
in City R. It further indicates that the construction of cities as NKEFZs will inhibit local
economic development. The α-value of City RE is even smaller than that of City O. NKEFZs
make the economic development of resource-based cities less intense than that of non-
resource-based cities. The NKEFZs not only prohibit the development of natural resources
but also prohibit some polluting enterprises from building factories. This will further inhibit
the economic development of NKEFZs. The national government can set up some areas as
NKEFZs to solve the ecological security problems of the upgraded areas. For example, the
Zhang-Cheng region in the sample is close to Beijing and Tianjin, and its ecological quality
directly affects that of Beijing and Tianjin. To maintain the ecological security of the entire
Beijing–Tianjin–Hebei region, the government has implemented large-scale ecological con-
struction projects in the Zhang-Cheng region, such as water ecology, grassland ecology, and
restoration projects. High energy consumption and high pollution is constrained. At present,
the ecological environment of the Zhang-Cheng region has been effectively improved and
the ecological indicators show better ecological and environmental results. However, the
intensity of economic development in the Zhang-Cheng region is much lower compared
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to the ecological level. There is a serious imbalance between economic development and
ecological development. NKEFZs have sacrificed the quality of life of residents, who have
very limited sources of income. Economic development in the ecological reserve is very
limited, and it is difficult to achieve green development in this state.

3.2. DID Model Results
3.2.1. Benchmark Regression Analysis

The improved Lotka–Volterra model classified the development patterns of the study
area into four types. Based on the results of this model, the impact of the NKEFZs on the
green development of mountainous areas was explored using the DID model. The model
estimation results are shown in Table 4. It can be seen that the effect of establishing NKEFZs
on the level of green development is negative regardless of whether control variables
or time and area fixed effects are included or not, i.e., NKEFZs do not promote green
development in mountainous areas. The coefficient of EA in the model (8) is significant at
the 1% level, again proving the results of the improved Lotka–Volterra model described
above. To control the differences by year and region, a subsequent model analysis was
conducted using a double fixed effects model. The economic significance of the estimated
coefficients from the model shows that, all else being equal, the level of green development
in counties with established NKEFZs is 0.0309 units lower compared to counties without
established NKEFZs.

Table 4. Benchmark regression analysis.

Variables (1) (2) (3)

EA −0.0411 **
(0.0133)

−0.0232
(0.0143)

−0.0309 ***
(0.0103)

IN −0.0703
(0.0444)

−0.2081 ***
(0.0538)

AR −0.2460 ***
(0.0619)

−0.0095
(0.1119)

EC −0.0035 **
(0.0015)

−0.0006
(0.0010)

VE 0.1487 **
(0.0778)

0.3458 ***
(0.1314)

Time fixed NO NO YES
City fixed NO NO YES

N 384 384 384
R2 0.8360 0.1163 0.8501

Note: *** and ** represent significance levels of 1% and 5% respectively; the values in parentheses are standard errors.

Although the NKEFZs will improve the county’s ecological performance to a certain
degree, they limit the county’s industrialization process in terms of industrial development,
due to the need for ecological protection, which means that ecological counties cannot enjoy
the development dividends brought by resource exploitation, while adding environmental
protection costs and development losses. China has implemented a transfer payment
system for NKEFZs, which gives more transfer payments and policy inclination to counties
that have established NKEFZs. However, due to problems in the fund allocation and
use, supervision, and assessment and incentive mechanism, the ecological compensation
performance of the transfer payments is low, cannot fully cover the financial expenditure
gap of ecological counties, and fails to truly promote the green economic development of
the counties. Furthermore, the NKEFZs will limit the development of traditional resource-
dependent agriculture, which will have an impact on the agricultural industry in these
areas that rely mainly on traditional agriculture for economic development. In a word, the
NKEFZs can protect the ecological environment of mountainous areas to a certain extent,
but they do not lead ecological counties down the road of green development.
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3.2.2. Parallel Trend Test and Dynamic Effect Analysis

The construction of the DID model requires satisfying the parallel trend assumption,
i.e., the green development levels of established and non-established ecological functional
zones should have the same trend of change before the policy is implemented. According
to Jia et al. [51], this paper utilizes an empirical regression approach to test the model:

GDi,t = α0 + α1test(t) + α2treati + α3treati ∗ test(t) + γXi,t + µi + δt + εi,t (9)

where test(t) represents the period of the test and the rest of the variables are set the same
as in Equation (8). treati ∗ test(−n), α3treati ∗ test(0) and α3treati ∗ test(n) represent the
interaction terms between the time dummy variables before policy implementation in
period n, the current period of policy implementation, and the n period after the policy
shock, respectively. In this paper, three years before and two years after the implementation
of the policy are selected for validation, and the test results are shown in Figure 5.
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Figure 5. Parallel trend test and dynamic effect analysis results.

As shown in Figure 5, the coefficients of the EA in each of the three years before the
opening of the high-speed railway were not significantly different from zero and passed the
parallel trend test. The estimated value of the treatment effect coefficient after the NKEFZs
is significantly negative, but the dynamic effect on green development after it is not fully
revealed, limited by data availability.

3.2.3. The Heterogeneous Analysis of Green Development Patterns

According to the benchmark regression results, the NKEFZs have a significant in-
hibitory effect on the economic development of ecological counties, but the impact varies
for regions with different development patterns. Since there are no counties that have
established NKEFZs showing the High-High development pattern, the areas of the other
three patterns are included in the model for analysis in this paper.

It can be seen from the results in Table 5 that the establishment of NKEFZs has a
negative impact on the level of regional green development in Low-High and High-Low
patterns, while it has a positive impact on green development in the Low-Low pattern, but
the regression coefficient is not significant. Regions with Low-High patterns rely mainly
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on resource-based industries to develop their economy. Since NKEFZs will have a great
impact on these industries, and the green service industry that is born with the NKEFZs has
not yet become a pillar of economic development, it is difficult to give full play to the value
of the ecological resources of the region. Therefore, the NKEFZs have not yet promoted the
green development of the Low-High pattern.

Table 5. Heterogeneous analysis.

Variables (1)
Low-High

(2)
High-Low

(3)
Low-Low

EA −0.0433 **
(0.0211)

−0.0469 ***
(0.0161)

0.0081
(0.0151)

IN 0.0624
(0.1355)

−0.1734
(0.1132)

−0.1737 ***
(0.0673)

AR 1.0922 ***
(0.3487)

−0.0647
(0.1803)

−0.1991
(0.2131)

EC 0.0037
(0.0044)

0.0015
(0.0017)

−0.0011
(0.0014)

VE −0.3204
(0.2068)

0.4524 **
(0.2016)

0.7051 ***
(0.2188)

Time fixed YES YES YES
City fixed YES YES YES

N 54 102 148
R2 0.9826 0.7929 0.7863

Note: *** and ** represent significance levels of 1% and 5% respectively; the values in parentheses are standard errors.

The regions with a High-Low pattern have a weak economic base and rely mainly on
traditional agriculture for economic development, but the industrial chain of agricultural
products in these regions is short, and large-scale characteristic agriculture has not yet
been developed, so the NKEFZs will bring great pressure to the regions. Since green and
ecological agricultural development patterns have not yet been formed, this, in turn, leads
to a low level of green development.

For regions with a Low-Low development pattern, NKEFZs will, on the one hand,
promote the improvement of the ecological environment, and on the other hand restrict
the regional green development because restrictions on industrialization and urbanization
may reduce local fiscal revenue, related infrastructure investment, and construction, as
well as service enterprises and foreign investment. So NKEFZs do not improve the green
development level of regions with a Low-Low pattern, either.

3.2.4. Robustness Tests

The robustness tests of the benchmark regression results are conducted in the following
aspects. First, the study sample was randomly divided into a control group and an
experimental group to construct the counterfactual hypothesis of whether to establish
NKEFZs, and after re-regression, as shown in column (1) of Table 6, the estimated coefficient
of EA is negative but not significant, indicating that the above findings are caused by
the exogenous shock of NKEFZs, which proves the robustness of the study findings.
Second, the PSM-DID method is used to estimate the model. Although the NKEFZs
in China are promoted under the national comprehensive planning, the delineation of
NKEFZs is inevitably disturbed by factors such as geographical location and planners’
preferences. Therefore, this paper adopts the propensity score matching method to reclassify
the experimental and control groups based on the propensity score values, and then uses a
DID model for estimation, and the results are shown in column (2) of Table 6. It can be seen
that the coefficients for the NKEFZs are still significantly negative, proving the robustness
of the study’s conclusions. Third, change the scope of the sample. After excluding seven
municipal districts, the regression results are presented in column (3) of Table 6, which
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shows that the estimated coefficients for the NKEFZs are still significantly negative, again
proving the robustness of the study findings.

Table 6. Estimation results of robustness tests.

Variables

(1) (2) (3)

Random Grouping PSM-DID Changing the
Sample Range

EA −0.0069
(0.0102)

−0.0302 *
(0.0172)

−0.0298 ***
(0.0107)

Variable control YES YES YES
Time fixed YES YES YES
City fixed YES YES YES

R2 0.8503 0.8211 0.8256
Note: *** and * represent significance levels of 1% and 10% respectively; the values in parentheses are standard errors.

4. Discussion

The NKEFZs have great significance to the ecological security of the whole country
or on a larger scale, and it is of great practical significance to study the impact of NKEFZs
on the green development of mountainous areas. Taking Hebei Province as an example,
this paper analyzes the impact of NKEFZs on green development in mountainous areas
and their dynamic effects, using the DID model with county-level statistics of the Yanshan–
Taihang Mountainous area, and analyzes the heterogeneity of four development patterns
based on the improved Lotka–Volterra model.

Existing research has mostly studied the heterogeneity of the implementation effects of
NKEFZs based on the criteria of geographical zoning [52]. Differences in resource endow-
ments and economic development patterns in different regions can lead to differences in
the effectiveness of policy implementation. Compared with the existing research, this study
used the improved L–V model to measure the symbiotic relationship between economy and
ecology and determine the development pattern of the study area. We then used the DID
model to quantitatively analyze the impact of NKEFZs on green development. Most of the
existing research on the NKEFZs policy focuses on the effects of environmental protection,
and there is a lack of attention on the impact of the policy on economic development [53,54].
This paper assesses the dual impacts of the policy from the perspectives of environmental
protection and economic development. Overall, the findings of this study are the same as
Jiang et al., Sun et al., and Li et al. [55–57].

The findings of this study have some reference significance for achieving green devel-
opment in mountainous areas and for ecological planning, but there are some limitations,
as well. On the one hand, due to the difficulty of obtaining county statistics, the selection of
indicators is incomplete and some data are missing. On the other hand, different countries
have different forms of governance, thus the conclusions drawn may not apply to other
countries and regions. Of course, further exploration will be needed in the future. The next
phase of this study will focus on analyzing areas with different ecosystem functions and
development patterns to provide targeted development strategies.

5. Conclusions

The NKEFZs are related to the ecological security of the whole country or on a larger
scale, and it is of great practical significance to study the impact of their establishment
on the green development of mountainous areas. This study analyzes the impact of
NKEFZs on green development in mountainous areas in Hebei province and their dynamic
effects using a double difference model with county-level statistics of the Yanshan–Taihang
Mountainous area in Hebei province. Furthermore, this study analyzes the heterogeneity
of four development patterns measured based on the improved L–V model, and the
conclusions are as follows.
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First, the NKEFZs do not promote green development in mountainous areas. The
results of both the improved L–V model and the double difference model indicate that
the green development level of counties with NKEFZs is instead lower, with counties
with NKEFZs having a 0.0309 units lower green development level compared to counties
without NKEFZs, at a 1% significance level.

Second, the negative impact of NKEFZs on the level of green development tends to
increase as the number of years of policy implementation increases, with the level of green
development two years after policy implementation decreasing by about 19% compared to
the year of policy implementation.

Third, the NKEFZs in both low-high and high-low development patterns have a
significant negative impact on the level of green development, while the NKEFZs in
regions with low-low development patterns have no significant impact on the level of green
development.

The above findings indicate that the NKEFZs in China have not formed a coordinated
development relationship between ecological protection and economic development. This
causes the development of NKEFZs to face two dilemmas, which adversely affect sustain-
able economic and social development and make it difficult to truly achieve green and
sustainable development. Based on the above findings, this paper proposes the following
policy recommendations:

First, improve the transfer payment system for NKEFZs and bring into play a long-
term mechanism for the compensation effect of transfer payments. The economic base of
the NKEFZs is weak, where large-scale industrialization and development are restricted, so
it is difficult to achieve economic development through conventional industrialization and
easy to miss opportunities for economic development. Therefore, the mechanism of transfer
payment fund distribution should be improved, and the national financial funds should
be weighted to key functional zones to stimulate the enthusiasm of county governments
for ecological protection. At the same time, a monitoring system for transfer payment
funds should be constructed to ensure that compensation funds can be earmarked for
specific purposes and improve the efficiency of fund utilization. Improve the performance
appraisal system of NKEFZs and guide the transfer of financial compensation funds to
green development. Implement the permanent monitoring of ecosystem service values
within the NKEFZs. Establish and implement a green promotion mechanism, and conduct
ecological performance and economic performance assessments for NKEFZs.

Second, cultivate special industries to achieve the differentiated development of
county economies. NKEFZs are rich in agricultural and ecological resources, suitable for
the development of green agriculture, ecological industries, tourism, etc. Future industrial
planning must highlight differentiated development based on local conditions, develop
new economic growth sources, and achieve green economic development. Furthermore,
the optimization and upgrading of traditional industries should be accelerated to develop
characteristic industries for each county, give full play to their comparative advantages,
and take the road of diversified development.

Third, accelerate the optimization and adjustment of industrial structure, and promote
the coordinated development of primary, secondary, and tertiary industries. For primary
industry, promote the development of agriculture in the direction of ecology, intensification,
and industrialization, cultivate special brands, and improve the added value of agricultural
products and agricultural output. For secondary industry, guide industry to take a green
development path, while supporting the development of advanced manufacturing indus-
tries such as biomedicine and realize the transformation and upgrading of the county’s
industry to energy-saving, emission-reducing, and efficient new industries. For tertiary
industry, the development of modern service industries, such as culture and tourism, and
health and elderly care, is supported by information network technology to enhance the
economic benefits of tertiary industry.

Fourth, explore the path to realize the value of ecological products and services in
NKEFZs. Ecological products and services are ecological resources that bring economic
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and social benefits. Carrying out ecological product value assessment, promoting the
marketization of ecological products, and realizing the precise matching of supply and
demand for ecological products can help enhance the enthusiasm for ecological protection
in NKEFZs, thus promoting green and sustainable development. Promote the industrial
operation of ecological products and explore the green development model with local
characteristics, obtaining more economic development results through the market-oriented
operation of ecological products.

Fifth, improve the employment skills of the poor and upgrade the quality of the labor
force. Enrich the forms of labor force employment according to the ecological projects in
NKEFZs. Strengthen labor and production and management skills training for the poor
in NKEFZs. Mobilize ecological enterprises and professional cooperatives to drive their
product development. At the same time, organize ecological migration for the labor force
in resource-poor areas to provide employment opportunities for the remaining labor force.
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