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Abstract: Urban forest policies have garnered increasing global attention for their critical role in
providing key ecosystem services such as carbon sequestration, air pollution control, microclimate
regulation, and biodiversity enhancement, as well as their potential to drive green innovation and
sustainable urban development. This study utilized panel data from 273 Chinese cities between
2000 and 2022, employing a quasi-natural experiment and a difference-in-differences (DID) model
to systematically evaluate the impact of the National Forest City Policy (NFCP) on urban green
innovation. The results indicate that NFCP significantly enhances urban green innovation, with
these findings remaining robust across a series of validation tests. Mechanism analysis revealed
that the policy fosters green innovation by increasing environmental attention, facilitating talent
aggregation, and reducing carbon emissions. Furthermore, heterogeneity analysis showed that the
policy’s effects are more pronounced in small- and medium-sized cities, non-transportation hub cities,
and economically developed regions. Based on these findings, this paper offers recommendations for
optimizing policy implementation across different city types to further promote sustainable urban
green economic development. This study broadens the research perspective on the relationship
between urban policies and green innovation, providing more precise decision-making guidance for
policymakers while also highlighting the important role urban forests play in enhancing ecosystem
services and driving sustainable urban growth.

Keywords: urban forest policy; sustainable urban development; ecosystem services; green innovation;
environmental attention

1. Introduction

As global climate change and environmental degradation intensify, countries around
the world are implementing policies to address environmental challenges and promote
sustainable development. Urban forests and green spaces, as integral components of
urban ecosystems, provide essential ecosystem services such as carbon sequestration [1],
air pollution control [2], microclimate regulation [3], and biodiversity enhancement [4].
These services are crucial for improving urban quality of life and driving sustainable urban
development. China, as the largest developing country, faces increasing environmental
pressures and resource consumption challenges while striving for economic growth. In
recent years, the Chinese government has implemented the National Forest City Policy
(NFCP) to enhance urban greening, improve urban ecosystems, reduce carbon emissions,
and promote green innovation and sustainable development. In developing countries like
China, balancing rapid economic growth with environmental protection presents unique
sociopolitical challenges. Firstly, these countries often experience resource depletion and
environmental degradation in their pursuit of economic expansion, where short-sighted
decisions can undermine long-term sustainability. Secondly, the capacity for effective policy
implementation is often hindered by limited resources and weak governance structures,
which may lead to insufficient enforcement of environmental regulations. In contrast,
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developed countries have more established institutional frameworks which enable better
integration of environmental considerations into economic policies. Therefore, developing
countries require tailored approaches to address their specific socioeconomic contexts while
promoting sustainable development. Therefore, examining the impact of the NFCP on
urban green innovation is not only essential for understanding how this policy improves
ecological quality but also provides valuable insights into achieving a balanced approach
to economic and environmental development.

The implementation of the NFCP aims to enhance urban environmental quality and
improve residents’ living standards through urban greening and ecological development.
Unlike traditional industrial development policies, this policy prioritizes ecological consid-
erations, striving for a balanced integration of economic, social, and environmental benefits.
Green innovation, as a crucial means to promote resource efficiency and environmental
protection, has become increasingly important under the framework of this policy. By
advancing the NFCP, green technological innovation and the development of green indus-
tries not only reduce pollutant emissions and improve energy efficiency but also facilitate
economic restructuring and upgrading. However, while the theoretical mechanisms of the
NFCP have been extensively discussed, its actual impact on urban green innovation has
yet to receive sufficient empirical support, particularly in developing countries like China,
where the effects of such policies remain a subject of debate. This lack of empirical evidence
can be attributed to two main reasons. First, specific data on green innovation, such as
the number of green patent applications and corporate innovation activities, are often
scarce, especially at a prefecture’s city level. Many cities may not have collected or made
this relevant data publicly available in a timely manner. Second, environmental policies
typically require time to manifest their effects. In the early stages of policy implementation,
significant increases in green innovation may not be immediately observable, leading to
inaccurate preliminary assessments of policy effectiveness.

The literature closely related to this study can be divided into two main strands. The
first focuses on the impact of urban policies on green innovation, while the second explores
evaluations of the NFCP. Regarding the effects of urban policies on green innovation, nu-
merous studies have shown that appropriate urban policies can promote the development
of environmental products and green innovation [5]. For instance, recent research has
highlighted the role of outdoor thermal comfort conditions in historical urban plazas and
their influence on tourist satisfaction, emphasizing how microclimatic factors can affect
visitor experiences in urban settings [6]. In terms of policy themes, scholars have examined
the influence of various urban policies, such as those related to the digital economy [7],
innovative cities [8], low-carbon cities [9,10], smart cities [11], and green finance [12],
on green innovation. In terms of policy mechanisms, researchers have explored factors
such as industrial structure [13], financial constraints [14], environmental regulations [15],
marketization [16], and technological innovation [8] as mediating elements in how urban
policies impact green innovation. Concerning the heterogeneity of policy effects, scholars
have analyzed the differing impacts of urban policies on green innovation across various
city sizes [17] and regions [18]. Methodologically, researchers have employed diverse
approaches, including case studies [19], difference-in-differences (DID) models [20], and
theoretical frameworks [21], to investigate the green innovation effects of urban policies.

Research on the evaluation of the NFCP primarily focuses on qualitative studies and
urban environmental ecology. For instance, Liao et al. used a DID model to investigate
the impact of the policy on carbon emissions, concluding that green spaces and green
development models are key mechanisms for achieving carbon reduction [22]. Studies
by Zhang et al. and Xu et al. found that the NFCP improves urban living environments
and air quality [23,24]. Moser et al. and Koh et al. conducted case studies on foreign-
funded forest city projects in Malaysia, highlighting potential negative effects on local
urban ecosystems [25,26]. Additionally, Mauro Ramon et al., from a nature-based solutions
(NBS) perspective, conducted a case study on forest city projects in Brazil, finding that such
policies effectively reduce vehicular emissions and improve urban air quality [2]. Other
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scholars have explored the policy’s impact on green total factor productivity and urban
environmental welfare [27,28].

Existing research has provided a solid foundation and valuable insights for this study,
but several gaps remain. First, from a research perspective, although previous studies
have explored the impact of various urban policies on green innovation and discussed the
ecological effects of the NFCP, few have examined the policy’s green innovation effects from
this perspective, particularly at the urban level with empirical analysis. Second, regarding
policy mechanisms, existing research lacks detailed analysis of how the policy promotes
green innovation, particularly in terms of multiple mechanisms such as environmental
attention, talent aggregation, and carbon reduction. Environmental attention reflects the
degree of awareness among the public, enterprises, and governments toward environ-
mental issues, and an increase in this attention may be a key driver for green innovation.
Additionally, limited research exists on how talent aggregation fosters green innovation
in the context of the NFCP. Improvements in the urban ecological environment following
policy implementation may attract high-quality talent, thereby fostering innovation activi-
ties. Lastly, controlling carbon emissions is a critical measure of the policy’s effectiveness.
Carbon reduction not only directly improves the environment but also indirectly stimulates
green innovation. However, this mechanism has not been fully explored in existing studies.
Furthermore, discussions on the heterogeneity of policy effects, such as differences in trans-
portation infrastructure, city size, and economic geography, are not sufficiently in-depth.
Therefore, it is necessary to conduct a more detailed investigation at the urban level using
real-world data to thoroughly assess the green innovation effects of the NFCP.

Based on this, this paper constructs a quasi-natural experiment centered on the NFCP,
using the difference-in-differences (DID) method and panel data from 273 Chinese cities
between 2000 and 2022 to systematically empirically evaluate the policy’s effects on green
innovation. The use of the DID method is justified as it allows for the estimation of causal
effects by comparing changes in outcomes over time between a treatment group (cities
implementing the NFCP) and a control group (cities not implementing the NFCP). This
approach effectively accounts for unobserved confounding factors which may influence
both the policy implementation and the outcome, thus enhancing the validity of the
findings. To ensure the robustness and reliability of the results, this study conducts a
series of robustness checks, including propensity score matching difference-in-differences
(PSM-DID) models, parallel trend tests, placebo tests, winsorization, the addition of omitted
variables, and the control of fixed effects. These additional tests help confirm the consistency
of the results and mitigate potential biases, thereby providing a more comprehensive
evaluation of the NFCP’s impact on green innovation.

Compared with existing research, the potential marginal contributions of this paper
are as follows. 1⃝ From a research perspective, this study is the first to evaluate the green
innovation effects of the NFCP through a quasi-natural experiment. This not only enriches
the literature on the impact of urban policies on green innovation but also expands the
research framework for evaluating the NFCP. 2⃝ Regarding the mechanisms of policy
impact, this paper introduces the concepts of environmental attention, talent aggregation,
and carbon emissions, expanding the theoretical framework for how the policy influences
green innovation. It also provides new explanations for the pathways through which
the policy affects green innovation. 3⃝ In terms of analyzing the heterogeneity of policy
effects, this paper examines the differences in the policy’s impact across various dimensions,
such as urban transportation conditions, city size, and economic geographic regions. This
analysis reveals the differentiated effects of the policy in different regions and city types,
thereby extending the perspective of policy heterogeneity analysis and offering more
precise tools for policymakers to design effective strategies.

The remainder of this paper is structured as follows. Section 2 presents the theoretical
analysis and research hypotheses, exploring the mechanisms through which the NFCP
influences green innovation and proposing relevant hypotheses. Section 3 details the
research design, including data sources, variable construction, and model specification.
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Section 4 conducts an empirical analysis, presenting the regression results of the policy’s
impact on green innovation along with robustness tests. Section 5 examines the mechanisms
of the policy’s effects. Section 6 analyzes the heterogeneity of the policy’s impact. Finally,
Section 7 provides conclusions and policy recommendations, offering suggestions for
optimizing the policy based on the empirical findings.

2. Theoretical Analysis and Research Hypotheses
2.1. Policy Background

As global climate change and environmental challenges intensify, the Chinese gov-
ernment has placed great emphasis on the construction of an ecological civilization, imple-
menting a series of policies to promote green development. The NFCP, as a key initiative
in realizing the concept of ecological civilization, was first introduced in 2004 and has
since been widely promoted. This policy aims to enhance urban greening and increase
forest coverage, thereby improving the quality of urban ecosystems and livability and
laying the foundation for green innovation and sustainable development. In 2007, the
State Forestry Administration issued the “National Forest City Evaluation Index System”,
which established a comprehensive set of criteria for evaluating urban forests across four
dimensions—urban forest networks, urban forest economy, urban ecological culture, and
urban forest management—providing a foundational guide for the construction and evalu-
ation of national forest cities.

In 2016, the State Forestry Administration released the “Guiding Opinions on Pro-
moting Forest City Construction”, which further clarified specific tasks and development
goals for forest city construction. The document emphasized that forest city construction
not only enhances urban greening levels but also improves urban ecosystem functions,
with the ultimate goal of achieving harmony between humans and nature. This policy
supports increasing urban green space, improving air quality, and providing richer ecolog-
ical services and recreational spaces for residents, significantly boosting urban livability.
In 2018, the State Forestry Administration issued the “National Forest City Development
Plan (2018–2025)”, outlining the overall layout and key tasks for forest city construction
nationwide. The document set a target of building 300 national forest cities by 2025 and
proposed the creation of forest city clusters and ecological corridors to further optimize
urban ecological spatial planning. The policy also introduced initiatives such as “Forests
in Cities”, “Forest Surrounding Cities”, and “Forests Benefiting the People”, aimed at
advancing urban greening and ecological restoration, to improve the overall quality of
urban environments.

Since 2004, over 200 cities and regions in China have implemented the NFCP. However,
despite more than a decade of implementation, there remains a lack of systematic evaluation
of the policy’s specific impact on urban green innovation and its underlying mechanisms.
As green innovation is a critical driver for balancing environmental protection and economic
growth, whether the NFCP can foster green technological innovation and development
through environmental improvements remains the core question of this study. Therefore,
this paper aims to empirically analyze the impact of the NFCP on green innovation, offering
a new perspective for evaluating the policy’s effectiveness and providing insights for future
policy formulation and optimization.

2.2. Mechanisms of the Green Innovation Effects of the NFCP

As a crucial component of China’s green development policies, the NFCP improves
urban ecological environments, directly enhancing cities’ sustainable development capabili-
ties while indirectly driving green technological innovation. This study proposes analyzing
the mechanisms through which the policy influences green innovation, focusing on three
key areas: environmental attention, talent aggregation, and carbon emissions.

Implementation of the NFCP improves urban environmental quality, which in turn
raises awareness of environmental issues among the public, businesses, and the government.
Environmental attention refers to the increased focus of various societal stakeholders on
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environmental protection and ecological improvement, which can be transformed into a
demand for and investment in green innovation [29]. In this process, the environmental
attention mechanism serves as a key driver of green innovation for several reasons [30].

First, the environmental attention mechanism enhances public awareness of environ-
mental issues, prompting more individuals and organizations to pay attention to sustain-
able development. This awareness manifests not only in consumer choices but also in
support for and promotion of policies, thus creating strong demand for green innovation.

Second, as environmental attention increases, businesses face greater social pressure
to adopt sustainable practices in order to maintain their reputation and competitiveness in
the market. Consequently, companies are more inclined to invest in green technologies to
meet consumer expectations and comply with environmental regulations, thereby driving
technological innovation.

Third, when the public and businesses are highly aware of environmental issues,
governments are more likely to implement and strengthen environmental policies [31].
This policy support includes not only financial subsidies and incentives but also regu-
latory measures which promote green technologies, creating a more favorable external
environment for green innovation by firms [32].

Fourth, the environmental attention mechanism can also facilitate cooperation among
various stakeholders. By enhancing the collective focus on environmental issues, different
sectors of society, including businesses, government, non-governmental organizations, and
the public, can form a consensus on green technological innovation, promoting resource
sharing and technology transfer.

Therefore, by raising awareness of environmental issues among the public and busi-
nesses, the NFCP helps stimulate demand for green technological innovation and sustain-
able development. While the policy promotes urban greening and improves air quality, it
also subtly boosts the overall demand for and investment in green technological innovation
in cities. Based on this, we propose the following hypothesis:

Hypothesis 1. The NFCP promotes green innovation by strengthening environmental attention.

The implementation of the NFCP may also improve urban ecological environments,
enhancing urban livability and thereby increasing the city’s attractiveness to high-quality
talent [33]. Talent aggregation [34] is a key driver of technological innovation, particularly
in green technology. The competitiveness of modern cities largely depends on their ability
to attract and retain highly skilled technical professionals, whose concentration provides the
necessary intellectual and technical support for green innovation. A high-quality ecological
environment often coincides with a high standard of living, attracting more innovative
talents who are inclined to work and live in cities where the policy is implemented [35].
This is especially true for professionals in green technology and environmental science, for
whom a superior ecological environment plays a significant role in career decisions.

By increasing urban forest coverage, improving air quality, and reducing pollution,
the NFCP not only enhances urban ecological livability but also boosts the city’s ability to
attract innovation-driven talent. As high-quality talent flows into these cities, their capacity
for innovation, particularly in green technologies, is greatly enhanced. Additionally, the
aggregation of talent fosters knowledge spillovers [34], accelerating the development and
application of green technologies across the city. The talent aggregation mechanism pro-
motes the research and application of green technologies by facilitating the concentration
of skilled professionals. In urban areas, the gathering of high-quality talent allows for the
sharing of knowledge, experience, and resources, creating a strong innovation network.
This density of talent enhances the city’s capacity for innovation in green technologies,
making it more capable of developing and implementing sustainable solutions. In cities
with favorable ecological environments, talent is often more focused on sustainable devel-
opment and environmental protection, actively participating in the research and promotion
of green technologies. These cities typically provide better resource support, such as fund-
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ing, infrastructure, and favorable policy environments, further facilitating green innovation.
Conversely, in cities with poorer ecological conditions, despite the presence of talent aggre-
gation, there may be greater environmental challenges and resource constraints. This can
diminish the motivation and capacity for innovation among talent, ultimately affecting the
effectiveness of green innovation. Based on this, we propose the following hypothesis:

Hypothesis 2. The NFCP promotes green innovation by enhancing talent aggregation.

The NFCP directly curbs carbon emissions by increasing green space and reducing
pollution [36]. Carbon reduction is not only a key goal for improving the ecological
environment but also a critical factor in driving green technological innovation [37]. By
increasing urban forest coverage, the policy enhances a city’s carbon sequestration capacity,
effectively reducing greenhouse gas emissions. At the same time, in pursuit of further
carbon reduction goals, businesses and governments are likely to intensify their research,
development, and application of low-carbon and green technologies [38]. This transition to
a low-carbon economy not only reduces pollution but also creates favorable conditions for
the development of a green economy in cities.

Moreover, the pressure to reduce carbon emissions accelerates the pace at which
companies develop and adopt green technologies to comply with increasingly stringent
environmental regulations [39]. The implementation of the NFCP, while improving urban
ecological environments, forces enterprises to adapt more quickly to the demands of
a low-carbon economy, thereby promoting the advancement of green technologies and
environmental innovation. Consequently, carbon reduction, as a direct result of policy
implementation, indirectly fosters the development of green innovation. Based on this, we
propose the following hypothesis:

Hypothesis 3. The NFCP promotes green innovation by facilitating carbon reduction.

2.3. Heterogeneity of the Green Innovation Effects of the NFCP

While the NFCP has a generally positive impact on green innovation, the actual
effects may vary significantly across different types of cities due to the diverse resource
endowments, economic development levels, transportation conditions, and geographic
locations in China. This section explores the heterogeneity of the policy’s effects in three
key dimensions: city size, transportation conditions, and economic-geographical regions.

From the perspective of city size, differences in scale may significantly influence
the policy’s impact on green innovation [40]. Large cities typically have more advanced
technological infrastructure, stronger innovation capacities, and richer resource allocation,
which give them a comparative advantage in green technology innovation. Large cities
benefit from stronger technological spillover and agglomeration effects, allowing them to
better translate the policy’s benefits into actual technological innovation outcomes. With a
higher concentration of skilled talent, technological facilities, and financial resources, the
NFCP is likely to have a more pronounced effect in large cities.

However, while large cities possess more robust innovation resources, smaller cities
with weaker infrastructure may experience greater marginal benefits from policy inter-
vention. These cities, with relatively underdeveloped innovation foundations, could see
the policy fill gaps in green technology and resource management. The improvement in
ecological environments in smaller cities may be more substantial and the demand for
green technological innovation more urgent, leading to a potentially larger marginal effect
of the policy in these cities. Based on this, we propose the following hypotheses:

Hypothesis 4-1a. The NFCP has a more significant positive effect on green innovation in large
cities compared with small cities.

Hypothesis 4-1b. The NFCP has a more significant positive effect on green innovation in small
cities compared with large cities.
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From the perspective of transportation conditions, transportation infrastructure plays
a critical role in facilitating the flow of resources and the diffusion of technology in
cities [41,42]. Transportation hub cities, with their well-developed transportation networks
and capacity for resource aggregation, can more quickly absorb external innovation re-
sources such as capital, talent, and technology, thereby effectively driving the dissemination
and application of green technologies. The openness and market potential of transportation
hubs enable them to convert green technologies into economic growth more rapidly during
implementation of the policy. Therefore, the green innovation effects of the NFCP are
expected to be more significant in transportation hub cities.

In contrast, while non-hub cities may face challenges due to underdeveloped trans-
portation infrastructure, implementation of the policy could help these cities overcome
their infrastructural disadvantages by improving the ecological environment. This im-
provement may in turn enhance their capacity for green innovation. As non-hub cities tend
to rely more on the exploitation and use of local resources for economic development, the
ecological improvements from the policy may trigger a more urgent demand for green
technologies. Thus, the marginal effects of the policy’s promotion of green innovation may
be more pronounced in these cities. Based on this, we propose the following hypotheses:

Hypothesis 4-2a. The NFCP promotes green innovation more significantly in transportation hub
cities compared with non-hub cities.

Hypothesis 4-2b. The NFCP promotes green innovation more significantly in non-hub cities
compared with transportation hub cities.

From the perspective of economic-geographical heterogeneity, China’s regional eco-
nomic development is highly uneven [43], with significant differences in economic foun-
dations, innovation capacities, and resource endowments across regions [44], particularly
between the northern and southern areas divided by the Hu Line. Economically developed
cities, such as those in the southern regions, typically possess more advanced green tech-
nology systems and stronger economic foundations. These cities are better equipped to
leverage the NFCP and drive green innovation. With their higher levels of technological
reserves and marketization, these cities are more capable of integrating market forces
and policy interventions to promote the application of green technologies. Therefore, the
policy’s impact on promoting innovation is likely to be more pronounced in these regions.

On the other hand, cities in less developed economic-geographical regions, such
as those in the northern areas, may experience greater marginal benefits from policy
intervention despite their lower levels of economic development. Compared with the
developed eastern regions, these less developed areas face more acute ecological challenges,
and their potential for green innovation has not yet been fully realized. Implementation of
the NFCP can significantly improve the ecological quality in these cities, which in turn may
stimulate demand for green technologies and innovation. Consequently, the policy’s green
innovation effects could be more pronounced in less developed regions. Based on this, we
propose the following hypotheses:

Hypothesis 4-3a. The NFCP promotes green innovation more significantly in economically
developed regions compared with less developed regions.

Hypothesis 4-3b. The NFCP promotes green innovation more significantly in less developed
regions compared with economically developed regions.

In summary, this paper presents a theoretical analytical framework regarding the
impact of the NFCP on green innovation, as illustrated in Figure 1. As shown, the NFCP
influences green innovation by strengthening environmental attention, enhancing talent
aggregation, and facilitating carbon reduction. The impact of the NFCP on green innovation
varies under different contexts of city size, transportation hub, and city region.
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3. Research Design
3.1. Model Construction

The difference-in-differences (DID) method is an econometric approach used to evalu-
ate the effects of policies or interventions [45]. The core idea is to compare the changes in
outcomes between a treatment group and a control group before and after the intervention,
thereby eliminating the influence of time trends and inherent differences between groups
and identifying the causal effect of the policy. Since the NFCP was implemented in multiple
phases, this study adopts a multi-period DID approach to assess the impact of the policy on
green innovation. To effectively control for time and city fixed effects and reduce potential
endogeneity issues, the model is specified as follows:

lngreenapplyit = α0 + α1treatNFCit + α2controls + µi + γt + εit (1)

In the above equation, lngreenapplyit represents the logarithm of the number of green
patent applications in city i at time t, used as a proxy for the level of green innovation;
treatNFCit is the treatment variable indicating the implementation of the NFCP, which
takes the value of one if the policy was implemented in city i at time t and is zero otherwise;
controls represents a set of control variables to account for other factors affecting green
innovation; µi denotes city fixed effects, controlling for unobserved city-specific character-
istics; γt denotes time fixed effects, controlling for time trends which may affect all cities;
and εit is the error term. This model set-up allows for identification of the causal effect of
the NFCP on green innovation while controlling for both the time-invariant characteristics
of cities and macro-level time trends.

3.2. Variable Design

The key variables in this study are categorized as follows:
Dependent Variable: Green innovation (lngreenapply) is the dependent variable, mea-

sured by the logarithm of the number of green patent applications in a city. It serves as an
indicator of the city’s level of green innovation [46,47].

Independent Variable: The primary independent variable is the effect of the NFCP
(treatNFC), which indicates whether a city has implemented the policy. If a city implemented
the policy in year t, then the variable takes a value of one for that year and subsequent
years; otherwise, it is zero.
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Control Variables: To account for other factors which may influence green innovation,
the following control variables are introduced. 1⃝ The economic development level (lnpgdp)
is the logarithm of the per capita GDP and reflects the economic conditions of a city.
2⃝ The financial development level (lnfinance) is the logarithm of the total loan and deposit

balances of financial institutions in the city, representing a city’s financial development.
3⃝ The population density (popdensity) is the number of permanent residents per square

kilometer, indicating the population density in a city. 4⃝ Foreign direct investment (lnfdi) is
the logarithm of actual utilized foreign direct investment in a given year, used as a measure
of a city’s openness to external investment. 5⃝ Government intervention (lngovinterv) is the
logarithm of the total fiscal expenditure by a city’s government, which is used to measure
the degree of government intervention. 6⃝ The infrastructure level (lninfrustru) is the
logarithm of the road mileage and public transport route mileage, representing the level of
urban infrastructure development. 7⃝ The information technology level (lninformation) is
the logarithm of the total postal and telecommunications business volume, reflecting the
level of a city’s information technology development.

The meanings and descriptions of the relevant variables in this paper can be found in
Table 1.

Table 1. Variable definitions and explanations.

Variable Name Variable Symbol Measurement Explanations

Green innovation lngreenapply Logarithm of the number of green
patent applications

Measures the level of urban
green innovation

NFCP treatNFC A dummy variable taking values of 0 or 1 Measuring whether a city has
implemented the NFCP

Economic development level lnpgdp Logarithm of per capita GDP Controlling for urban
economic characteristics

Financial development level lnfinance Logarithm of the total loan and deposit
balances of financial institutions

Controlling for urban
financial characteristics

Population density popdensity The number of permanent residents per
square kilometer

Controlling for urban
demographic characteristics

Foreign direct investment lnfdi Logarithm of actual utilized foreign
direct investment in a given year

Controlling for urban foreign
investment characteristics

Government intervention lngovinterv Logarithm of total fiscal expenditure by
the city government

Controlling for urban
government intervention
characteristics

Infrastructure level lninfrustru Logarithm of road mileage and public
transport route mileage

Controlling for urban
infrastructure characteristics

Information technology level lninformation Logarithm of total postal and
telecommunications business volume

Controlling for urban
information technology
characteristics

3.3. Data Sources

This study utilizes panel data from 273 prefecture-level cities in China, covering the
period from 2000 to 2022. The data sources were as follows. 1⃝ Green innovation data
measure the level of green innovation in cities with the number of green patent applications.
These data were obtained from the patent database of the China National Intellectual Prop-
erty Administration (CNIPA). 2⃝ Economic and environmental data are data on economic
development, population density, foreign direct investment, urban science and technol-
ogy expenditures, infrastructure levels, and information technology levels sourced from
several publications, including the China Urban Statistical Yearbook, the China Urban Envi-
ronmental Statistical Yearbook, the China Urban Construction Statistical Yearbook, and various
statistical bulletins released by local governments. These data were used to control for city-
specific characteristics. 3⃝ Policy implementation data are information on the cities which



Forests 2024, 15, 1913 10 of 24

implemented the NFCP and the corresponding years of implementation, which comes
from policy documents and official announcements issued by the National Forestry and
Grassland Administration. In cases where certain data points were missing, interpolation
methods were used to fill in the gaps. Descriptive statistics for the key variables in this
study are provided in Table 2.

Table 2. Descriptive statistics.

(1) (2) (3) (4) (5)

Variables Observations Mean sd Min Max

lngreenapply 6279 3.7214 2.0473 0.0000 9.9278
lnpgdp 6279 10.1446 0.9610 4.5951 13.0557

lnfinance 6279 16.6813 1.3581 13.2638 21.4117
lnfdi 6279 9.1656 2.3492 0.0000 14.5605

lninfrustru 6279 9.3532 0.6903 6.5539 10.7239
lninformation 6279 12.2651 1.1301 8.8478 16.5035

lnenvregul 6279 10.0000 1.3492 0.6931 13.1151
lngovinterv 6279 14.0110 1.2644 9.7050 17.7270
popdensity 6279 418.8869 317.0201 5.0000 2712.0000

4. Empirical Analysis
4.1. Baseline Regression Model

In the baseline regression model, several city-level factors were controlled for, includ-
ing economic development level, financial development level, population density, foreign
direct investment, government intervention, infrastructure construction, environmental
regulation, and information technology levels.

Table 3 presents the regression results for the impact of the NFCP on green innovation.
Column (1) reports the results without controlling for any variables. Column (2) introduces
control variables but does not account for city or year fixed effects. Column (3) incorporates
control variables, city fixed effects, and year fixed effects. Finally, column (4) presents
results from an optimized model.

Table 3. Baseline regression results.

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

Variables lngreenapply lngreenapply lngreenapply lngreenapply

treatNFC 2.6580 *** 0.2845 *** 0.2015 *** 0.1665 ***
(0.0487) (0.0241) (0.0221) (0.0210)

constant 3.1613 *** −18.5753 *** 3.6789 *** −11.7207 ***
(0.0255) (0.2264) (0.0080) (1.1986)

controls NO YES NO YES
city fixed NO NO YES YES
year fixed NO NO YES YES

observations 6279 6279 6279 6279
R squared 0.280 0.899 0.940 0.945

Notes: *** denotes p < 0.01.

The results show that the coefficient for the NFCP (treatNFC) was positive and statisti-
cally significant at the 1% level across all models, indicating that the policy significantly
promotes green innovation in cities. Specifically, in model (1), the policy effect coefficient
was 2.6580, demonstrating a significant positive impact on green innovation even without
controlling for any other variables. In model (2), after introducing control variables, the pol-
icy effect coefficient dropped to 0.2845 but remained significant, suggesting that the policy
continues to have a positive impact on green innovation even when economic, population,
and other city-level factors are considered. In models (3) and (4), after accounting for city



Forests 2024, 15, 1913 11 of 24

and year fixed effects, the policy effect coefficients were 0.2015 and 0.1665, respectively,
indicating that the policy’s positive influence on green innovation remained robust.

In summary, implementation of the NFCP significantly enhanced cities’ green innova-
tion capabilities. Whether or not control variables are included, and after accounting for
city and year fixed effects, the policy showed a consistently significant positive impact. This
suggests that the NFCP not only directly benefits the urban environment but also stimulates
demand for green innovation, driving research and development in green technologies.

4.2. Parallel Trend Test

The parallel trend assumption is a crucial prerequisite for ensuring the validity of
the estimated policy effects. This assumption requires that prior to the implementation
of the policy, the trends in green innovation for both the treatment group (cities which
implemented the NFCP) and the control group (cities which did not implement the policy)
should be consistent, meaning there should be no significant difference in the trajectory of
green innovation between the two groups. To validate this assumption, this paper employs
a placebo test.

The core idea of the placebo test is to assume that the policy was “implemented earlier”
at a hypothetical point in time before the actual policy implementation and examine
whether there is a false policy effect. If no significant difference is found between the
treatment and control groups during the placebo period, then this indicates that there was
no spurious policy effect, confirming that the trends in green innovation were consistent
between the two groups before the policy’s implementation and thus validating the parallel
trend assumption.

For this purpose, we defined placebo policy variables—F.treatNFC, F2.treatNFC, and
F3.treatNFC—which represent the policy being hypothetically implemented 1 year, 2 years,
and 3 years earlier, respectively. We then tested the significance of the policy effect coef-
ficients. The regression results are shown in Table 4. It can be observed that regardless
of whether the policy was assumed to have been implemented 1 year, 2 years, or 3 years
earlier, the policy effect coefficients were not significant. This indicates that prior to the
actual implementation of the NFCP, there was no significant difference in the level of green
innovation between the two groups. Therefore, the parallel trend assumption is satisfied in
this study.

Table 4. Parallel trend test results.

Variables lngreenapply

F.treatNFC −0.0231
(0.0509)

F2.treatNFC 0.0456
(0.0490)

F3.treatNFC 0.1608
(0.0618)

constant −4.8898 *
(2.5656)

controls YES
city fixed YES
year fixed YES

observations 5439
R squared 0.943

Notes: * denotes p < 0.1.

4.3. Placebo Test

To further minimize potential biases from sample selection, this paper conducts a
placebo test using randomly selected cities which were not covered by the NFCP. Specif-
ically, a random sample of cities which did not implement the policy was selected as
“placebo policy cities”. For these randomly chosen cities, we constructed hypothetical
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policy implementation variables, assuming that their policy implementation years aligned
with the actual policy implementation in the treated cities. A difference-in-differences (DID)
model was then used to estimate the green innovation effects for these placebo policy cities.

To enhance the robustness of the results, the bootstrap method was employed to
simulate the regression with 500 random samples. The resulting estimated coefficients and
the kernel density of these estimates are displayed in Figure 2. As shown in the figure,
the estimated coefficients and their density were distributed near zero, and the p values
for the vast majority of the estimates were greater than 0.1. In contrast, the actual policy
effect estimate, with a coefficient of 0.1665, was outside of the range of the placebo effect
estimates. This indicates that the randomly assigned “placebo policies” had no significant
effect on green innovation, further supporting the validity of the actual policy’s effect.
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In conclusion, the estimation results in this study were robust, and the NFCP had a
genuine impact on promoting green innovation.

4.4. Additional Robustness Tests

To further ensure the accuracy and robustness of the estimation results, the following
robustness tests were conducted. 1⃝ PSM-DID: A propensity score matching (PSM) DID
approach was applied. A logit model was used to estimate the propensity scores for policy
implementation based on the initial characteristics of the cities. The sample was then
re-matched based on these propensity scores, and regression analysis was performed on
the matched sample. 2⃝ Replacement of the Dependent Variable: The logarithm of the
number of green patent grants was used as an alternative dependent variable to replace
the logarithm of green patent applications. 3⃝ Winsorization: The data were winsorized at
the 1% level to reduce the impact of outliers and extreme values. 4⃝ Addition of Omitted
Variables: Additional control variables, including the level of urban industrialization
(indstruc) and urban education expenditures (lneduexpd), were introduced to further
account for city-specific characteristics.
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The results of the four robustness tests are presented in Table 5. Models (1–4) corre-
spond to the PSM-DID, replacement of the dependent variable, winsorization, and the
addition of omitted variables, respectively. In all four models, the coefficient for the core
policy effect (treatNFC) remained positive and statistically significant at the 1% level. These
findings indicate that the estimation results were robust, affirming the positive impact of
the NFCP on green innovation.

Table 5. Additional robustness tests.

(1)
PSM-DID

(2)
Replacement of the
Dependent Variable

(3)
Winsorization

(4)
Addition of Omitted

Variables

Variables lngreenapply lngreengrant lngreenapply lngreenapply

treatNFC 0.1793 *** 0.1906 *** 0.1542 *** 0.1470 ***
(0.0211) (0.0218) (0.0209) (0.0209)

indstruc 0.0022
(0.0016)

lneduexpd 0.3970 ***
(0.0567)

constant −10.7418 *** −6.9487 *** −13.0330 *** −12.3604 ***
(1.1363) (1.1445) (1.1713) (1.1570)

controls YES YES YES YES
city fixed YES YES YES YES
year fixed YES YES YES YES

observations 6552 6279 6279 6279
R squared 0.944 0.941 0.945 0.945

Notes: *** denotes p < 0.01.

This comprehensive set of robustness tests strengthened confidence in the reliability
of the results, ensuring that the conclusions drawn were not driven by specific model
assumptions or data issues.

5. Mechanism Test

Based on the theoretical analysis presented earlier, this section aims to examine the
mechanisms through which the NFCP influences green innovation. To accomplish this, we
constructed the following mechanism testing model:

lngreenapplyit = β0 + β1treatNFCit × Mechanism + β2treatNFCit + β3controls + µi + σt + ϑit (2)

In this mechanism test, the mechanism variables represent the channels through which
the NFCP influences green innovation. These mechanism variables include environmen-
tal attention (envattent), talent aggregation (talents), and carbon reduction (carbons). Our
primary focus was on the interaction term between the policy effect and each mecha-
nism variable. If the coefficient of the interaction term β1 is statistically significant, then
this suggests that the mechanism is validated and plays a role in the policy’s effect on
green innovation.

This study examines the mechanisms of the NFCP’s impact on green innovation
through three key channels: environmental attention, talent aggregation, and carbon
reduction. The detailed results of the mechanism tests are presented in Table 6. The results
indicate that the policy affected green innovation to varying degrees via these different
pathways. Below is a detailed analysis of each mechanism.
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Table 6. Mechanism test results for the green innovation effects of the NFCP.

(1)
Environmental Attention

(2)
Talent Aggregation

(3)
Carbon Reduction

Variables lngreenapply lngreenapply lngreenapply

treatNFC × envattent 0.2294 ***
(0.0886)

treatNFC × talents 0.0579 ***
(0.0119)

treatNFC × carbon −0.0917 ***
(0.0110)

treatNFC 0.0545 −0.3384 *** 0.3404 ***
(0.0479) (0.1096) (0.0279)

constant −11.7126 *** −11.7378 *** −11.5974 ***
(1.1986) (1.1857) (1.1788)

controls YES YES YES
city fixed YES YES YES
year fixed YES YES YES

observations 6279 6279 6279
R squared 0.945 0.945 0.946

Notes: *** denotes p < 0.01.

Environmental Attention Mechanism (treatNFC × envattent): Environmental at-
tention refers to the increased focus by the public, businesses, and governments on envi-
ronmental issues, which can stimulate demand for green technologies and innovation. In
this study, data were collected from government work reports on prefecture-level cities.
The number of sentences mentioning environmental protection, resource conservation,
pollution prevention, and ecological civilization were counted. The ratio of environmental
protection-related sentences to the total number of sentences in the reports was used as a
proxy variable for environmental attention.

In the mechanism test model, the regression coefficient for environmental attention was
0.2294 and statistically significant at the 1% level. This indicates that the NFCP significantly
promoted green innovation by increasing environmental awareness. After the policy’s
implementation, the ecological environment of cities improved substantially, leading to
heightened public environmental consciousness. Businesses, in response to these changes
in policy and market demands, were more inclined to adopt green technologies. Moreover,
governments may further incentivize green innovation through environmental regulation
and fiscal incentives, encouraging firms to increase their investment in the research and
development of green technologies. Specifically, implementation of the NFCP enhanced
public awareness of environmental protection, encouraging active participation in eco-
friendly initiatives and increasing demand for green technologies. Additionally, companies
facing pressure from the public and market are more inclined to invest in green technologies
to maintain competitiveness. The government can also encourage investment in green
R&D through fiscal incentives and tax breaks. Furthermore, heightened environmental
awareness fosters collaboration among the government, businesses, and civil organizations,
accelerating the transfer and application of green technologies. Overall, the environmental
attention mechanism significantly boosted green innovation and supported sustainable
economic development.

These factors collectively drive green innovation at the city level. The significance
of the environmental attention mechanism demonstrates that the NFCP directly fosters
the development and innovation of green technologies by raising societal awareness of
environmental issues. Thus, Hypothesis H1 is supported.

Talent Aggregation Mechanism (treatNFC × talents): Talent aggregation is consid-
ered a critical driver of technological innovation, particularly the gathering of high-quality
talent, which greatly enhances a city’s innovation capacity. In this study, the logarithm of
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the number of professionals engaged in scientific research, technology services, and related
fields was used as a proxy variable for talent aggregation.

The mechanism test results show that the coefficient for talent aggregation was 0.0579,
and it was statistically significant at the 1% level. This indicates that the NFCP promoted
green innovation by attracting high-quality talent. As the ecological environment of cities
improves, urban livability increases, drawing in more skilled professionals. These talents
contribute to green innovation by bringing knowledge and technological expertise to the
city. Additionally, through technology diffusion and spillover effects, they help propel the
broader development of green technologies in a city.

The NFCP, by fostering a superior ecological environment, enhances the attractiveness
of cities to high-caliber talent, which in turn boosts green innovation. Thus, Hypothesis H2
is supported.

Carbon Reduction Mechanism (treatNFC × carbon): Carbon reduction is a key goal
for green development and technological innovation. The NFCP, through increasing forest
coverage and improving urban ecology, has significantly reduced carbon emissions, which
in turn has influenced green innovation. In this study, the ratio of a city’s total carbon
emissions to its GDP was used as a proxy variable for the carbon reduction mechanism.

The mechanism test results show that the coefficient for carbon reduction was −0.0917,
which was statistically significant at the 1% level. This indicates that reductions in carbon
emissions significantly promote green innovation. As carbon emissions decrease, businesses
are compelled to adapt to stricter environmental standards, which motivates them to
invest more in green and low-carbon technologies. The reduction in carbon emissions
improves the overall ecological environment of cities, increases market demand for green
technologies, and encourages firms to enhance their research and development efforts in
low-carbon technologies.

Thus, carbon reduction not only helps improve environmental quality but also indi-
rectly drives the advancement and application of green technologies by steering corporate
innovation activities. As a result, Hypothesis H3 is supported.

6. Heterogeneity Analysis
6.1. City Size Heterogeneity

The impact of the NFCP on green innovation exhibited significant heterogeneity across
cities of different sizes. According to official government classifications, cities are divided
into mega cities, large cities, medium-sized cities, and small cities. By conducting group
regression analysis, this study examined the effects of the policy in large cities versus
medium and small cities, revealing that city size has a substantial influence on the policy’s
effectiveness. The detailed heterogeneity analysis results are presented in Table 7.

Table 7. City size heterogeneity.

(1)
Mega Cities

(2)
Big Cities

(3)
Medium Cities

(4)
Small Cities

Variables lngreenapply lngreenapply lngreenapply lngreenapply

treatNFC −0.0334 −0.0244 0.1712 *** 0.1191 ***
(0.0829) (0.0549) (0.0318) (0.0298)

constant −157.6448 ** −17.9105 *** −14.7336 *** −11.0927 ***
(58.7825) (5.6122) (2.3462) (1.6093)

controls YES YES YES YES
city fixed YES YES YES YES
year fixed YES YES YES YES

observations 69 322 1794 4094
R squared 0.996 0.982 0.957 0.911

Notes: ** denotes p < 0.05. *** denotes p < 0.01.
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Firstly, in large cities, the NFCP did not have a significant effect on green innovation.
The regression coefficient was negative, specifically −0.0244, and it did not pass the sig-
nificance test. This suggests that the policy’s impact on green innovation in large cities is
limited. Large cities generally have more resources, advanced technology, and a stronger
innovation foundation, meaning their green innovation capacity is already relatively high.
Therefore, the marginal effect of the NFCP may be smaller. In other words, since large cities
already possess well-established green technology systems and infrastructure, the policy’s
implementation has not resulted in a significant further increase in green innovation. Sec-
ond, large and mega cities face more complex socioeconomic structures. These cities often
have diversified industrial layouts and a highly competitive market environment. In this
context, companies may be influenced by other factors during the innovation process, such
as market pressures, cost control, and competitive strategies, which could lead to a decrease
in their enthusiasm for green technology innovation. Furthermore, implementation of the
policy may also be constrained by the existing industrial structure. In large cities, traditional
high carbon emission industries may dominate, making it more challenging for companies
to transition to green innovation. Thus, despite the policy’s aim to promote the research
and application of green technologies, it may not effectively incentivize companies to make
the necessary technological upgrades in these larger cities. Finally, ecological issues in
large cities are often more complex and diverse, and the environmental challenges faced
by enterprises and governments may affect the effectiveness of policy implementation. In
such cases, the policy effects of the NFCP may be obscured by other environmental and
social factors, making its direct impact on green innovation less visible.

Secondly, in medium and small cities, the NFCP had a significant positive effect on
green innovation, especially in medium-sized cities. The regression results show that
the policy effect coefficient for medium-sized cities was 0.1712, which was statistically
significant at the 1% level. This indicates that green innovation in medium and small cities
significantly improved following the policy’s implementation. Unlike large cities, medium
and small cities had relatively weak green technology foundations prior to the policy, and
the introduction of the policy provided these cities with new opportunities for development.
By increasing urban forest coverage and improving the ecological environment, the NFCP
created a more favorable environment for green innovation in these cities. Additionally,
the industrial structure in medium and small cities tends to be more flexible, making the
policy’s ecological guidance more apparent and thereby leading to a stronger impact on
green technological innovation.

Based on this analysis, it is clear that the green innovation effects of the NFCP varied
significantly across cities of different sizes. The policy’s impact was notably stronger in
medium and small cities than in large cities. Thus, Hypothesis 4-1b is supported.

6.2. Heterogeneity in Transportation Hub Cities

The green innovation effects of the NFCP exhibited significant heterogeneity between
transportation hub cities and non-hub cities. Cities were classified into two groups based
on whether they are transportation hubs. The regression results, shown in Table 8, indicate
differences in the policy’s impact between these two types of cities.

Firstly, in transportation hub cities, the policy’s effect on green innovation was not
significant. Specifically, the regression coefficient for transportation hub cities was 0.0468,
but it did not pass the significance test. This suggests that implementation of the NFCP has
not significantly boosted green innovation in transportation hub cities. These cities already
benefit from well-developed infrastructure and transportation networks, which support
high levels of economic activity and innovation capacity. As a result, the marginal effect
of the policy in these cities may be limited. Furthermore, the complex industrial structure
of transportation hub cities may weaken the direct impact of the policy, and it may take
longer for the policy to show noticeable effects on green innovation. Economic activities in
transportation hub cities are often more concentrated in traditional and resource-intensive
industries. The industrial structure in these cities may be more complex, with traditional
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sectors dominating, which results in greater resistance for companies to undergo green
transitions. In this context, the implementation of the NFCP may not effectively incentivize
businesses in these cities to undertake the necessary innovations in green technology. Addi-
tionally, transportation hub cities typically face stronger market competition and economic
pressures. As a result, companies may prioritize short-term economic benefits over long-
term investments in green technologies. This short-term orientation may diminish their
enthusiasm for innovation, even while complying with environmental regulations. More-
over, although transportation hub cities possess better infrastructure, this advantage may
be offset by insufficient market demand and policy incentives in driving green innovation.
In contrast, non-hub cities, due to their relatively inadequate infrastructure, may receive
more policy attention and resource support following the implementation of the NFCP,
making them more likely to promote green innovation.

Table 8. Heterogeneity of transportation hubs.

(1)
Non-Hub Cities

(2)
Hub Cities

Variables lngreenapply lngreenapply

treatNFC 0.1630 *** 0.0468
(0.0224) (0.0458)

constant −11.7847 *** −10.7416 ***
(1.2508) (3.2452)

controls YES YES
city fixed YES YES
year fixed YES YES

observations 5934 345
R squared 0.937 0.986

Notes: *** denotes p < 0.01.

In contrast, the policy had a significant positive effect on green innovation in non-hub
cities. The regression coefficient for non-hub cities was 0.1630, and it was statistically
significant at the 1% level. This indicates that the NFCP effectively enhanced green inno-
vation in non-hub cities. These cities typically lack the infrastructure and technological
resources of hub cities, and the policy provides new opportunities for development and
ecological improvement. The policy’s guidance, along with improvements in the ecological
environment, increased demand for green technologies in non-hub cities, which in turn led
to a notable rise in green innovation activities.

Overall, the NFCP has produced heterogeneous effects across different city types. The
policy’s impact was relatively limited in transportation hub cities, while it had a much
stronger effect in non-hub cities. Therefore, Hypothesis 4-2b is supported.

6.3. Economic-Geographical Regional Heterogeneity

According to the regression analysis, the impact of the NFCP on green innovation
varied significantly across different economic-geographical regions. The Hu Line (Hu
Huanyong Line), a major dividing line in China’s economic, social, and geographical
development, highlights the stark contrasts in policy effects between cities in different
regions. In this study, cities were classified into economically developed regions (south of
the Hu Line) and less developed regions (north of the Hu Line). The detailed results are
presented in Table 9.
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Table 9. Heterogeneity of economic geography regions.

(1)
North of the Hu Line

(2)
South of the Hu Line

Variables lngreenapply lngreenapply

treatNFC 0.0786 0.1704 ***
(0.1690) (0.0212)

constant −6.5119 −12.4863 ***
(7.3831) (1.2327)

controls YES YES
city fixed YES YES
year fixed YES YES

observations 161 6118
R squared 0.962 0.945

Notes: *** denotes p < 0.01.

The analysis revealed clear regional heterogeneity in the green innovation effects of
the NFCP between the southern region (south of the Hu Line) and the northern region
(north of the Hu Line). Specifically, the policy significantly promoted green innovation in
the southern region, whereas no significant effect was observed in the northern region.

The southern region, which includes economically advanced areas like the Yangtze
River Delta and the Pearl River Delta, has a strong economic foundation and well-developed
green technology research and development capabilities. The regression results indicate
that the policy had a significant positive effect on green innovation in the southern region.
This suggests that cities in the south, following the implementation of the NFCP, were able
to leverage their existing technological advantages and resources to quickly drive green
innovation activities.

The effectiveness of the policy in the southern region may be attributed to better
resource allocation and stronger policy execution capabilities. These regions not only
have superior infrastructure but also demonstrated higher efficiency in implementing
ecological improvements and policy measures, allowing them to benefit more from the
policy. Additionally, firms and the public in the southern region are more conscious of
green development. As a result, after the policy’s implementation, increased environmental
awareness led businesses to focus more on the development and application of green
technologies, significantly boosting the level of green innovation.

In contrast, the northern region lags behind in economic development, with weaker
infrastructure and limited green technology capabilities. The regression results show
that the policy’s effect on green innovation in the northern region was not significant,
indicating that the NFCP has not effectively stimulated green innovation in these areas.
This may be due to the weaker foundation for green innovation in northern cities prior to
the policy’s implementation. Furthermore, northern regions often face challenges such as
resource shortages, outdated technology, and inadequate infrastructure, which can hinder
the effective execution of the policy, thereby reducing its overall effectiveness. The complex
industrial structure in these regions may also limit the capacity of businesses to transition
to greener technologies.

Moreover, the effectiveness of policy implementation was influenced by the capabilities
of local governments and the level of public participation. In some northern regions, local
governments may lack sufficient resources and policy support to effectively promote
implementation of the NFCP, while public awareness of environmental protection may
also be low, affecting the acceptance and execution of the policy. This situation further
complicates the policy implementation process and leads to significant differences in
outcomes across regions.

In summary, the heterogeneity in policy impact across different economic-geographical
regions in China reveals the broader socioeconomic challenges encountered during the
implementation of the NFCP. While economically developed regions like the south benefit
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significantly from the policy due to their robust infrastructure and awareness of green
development, the less developed regions in the north struggle with foundational challenges
which inhibit similar advancements. Therefore, Hypothesis 4-3a is supported; the NFCP
had a more significant positive impact on green innovation in economically developed
regions (south of the Hu Line) than in less developed regions (north of the Hu Line).

7. Conclusions and Policy Implications
7.1. Conclusions and Discussion

This paper conducted an empirical analysis using data from 273 prefecture-level cities
in China to evaluate the impact of the NFCP on green innovation, while also examining the
mechanisms through which the policy operates, such as environmental attention, talent
aggregation, and carbon reduction. The main conclusions are as follows.

Firstly, the NFCP significantly promotes green innovation overall. Regardless of
whether control variables, city characteristics, fixed effects, or time effects were considered,
the policy had a significant positive effect on green innovation. By improving the ecological
environment, the policy increased urban green innovation activities, as evidenced by the
growth in green patent applications. This underscores the policy’s positive influence on
green technology development.

Secondly, the mechanism tests revealed that the NFCP primarily promoted green
innovation through the mechanisms of environmental attention, talent aggregation, and
carbon reduction. The increase in environmental attention significantly boosted public
and corporate demand for green technologies, thereby enhancing the city’s innovation
capacity. At the same time, improvement in the ecological environment attracted more high-
quality talent, providing intellectual and technical support for green technology innovation.
Additionally, the carbon reduction mechanism also played a role in promoting green
innovation, indicating a strong link between ecological improvements and the development
of green technologies.

Finally, there was significant regional and urban heterogeneity in the policy’s effects. In
terms of city size, the policy’s impact on green innovation was more pronounced in medium
and small cities compared with large cities. Regarding transportation hub status, non-hub
cities experienced a greater boost in green innovation than transportation hub cities. In
terms of economic-geographical regions, the policy had a significant positive effect in the
southern regions (south of the Hu Line), while no significant effect was observed in the
northern regions (north of the Hu Line). These findings suggest that the NFCP has different
effects across various regions and city types.

The findings of this study indicate that the National Forest City Policy (NFCP) signifi-
cantly promotes green innovation in Chinese cities, particularly in small- and medium-sized
cities and non-transportation hub cities. This observation aligns with the research con-
ducted by Liao et al. (2021) [22], who demonstrated that urban greening policies can
enhance environmental quality, thereby laying the groundwork for low-carbon develop-
ment and subsequent green innovation. However, this study further illustrated that the
NFCP not only improves ecological conditions but also directly drives green innovation
through mechanisms such as heightened environmental attention and talent attraction,
thereby enriching the understanding of the policy’s impact on green innovation pathways.

In terms of policy mechanisms, this study revealed that the NFCP fosters green
innovation by increasing environmental attention, which corresponds with the findings
of Chen et al. (2022) [29]. They suggested that governmental environmental attention
can significantly promote green innovation at the enterprise level. Nevertheless, this
study extends the discussion by demonstrating how this mechanism operates at the urban
policy level, highlighting the crucial role of environmental attention in stimulating overall
green innovation activities within cities. By elevating public, corporate, and governmental
awareness of environmental issues, the NFCP effectively stimulates green technological
innovation at the urban level.
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Furthermore, the impact of the NFCP exhibited notable heterogeneity across different
regions, corroborating the results found by Luo et al. (2021) [18] and Xu et al. (2020) [24]
regarding the regional differences in policy effectiveness. Particularly in the economically
developed southern regions, the policy’s influence was significantly more pronounced,
likely due to stronger economic foundations and better access to innovation resources
in these cities. Luo et al. emphasized that the developed economic structure and higher
degree of marketization in southern regions facilitate the effective implementation of the
policy, while this study further elucidated the mechanisms through which these factors
contribute to the NFCP’s success. In contrast, the limited effectiveness of the NFCP in
underdeveloped northern regions is attributed to a scarcity of innovative resources and
lower policy execution capabilities. Xu et al. (2020) [24] also highlighted that varying levels
of economic development and infrastructure substantially affect the green innovation. Our
research corroborated and expanded upon this conclusion through an investigation of the
regional impacts of the NFCP.

In summary, this study builds upon the existing literature to validate the effective-
ness of the NFCP in promoting green innovation and enriches the understanding of how
ecological policies affect green innovation in diverse urban and regional contexts through
detailed mechanism analysis and exploration of regional heterogeneity.

7.2. Policy Implications

The following sections of this paper will present targeted policy recommendations
based on the previous mechanism testing results and heterogeneity analysis findings.

The mechanism testing results indicate that the National Forest City Policy (NFCP)
positively impacts green innovation through three mechanisms: enhancing environmental
attention, strengthening talent aggregation, and promoting carbon reduction. Therefore, to
fully leverage the positive effects of these mechanisms, policymakers can implement the
following measures.

Environmental Attention: Policymakers should raise public awareness of environ-
mental issues through promotional and educational activities, encouraging community
participation in environmental protection projects. Media and social platforms can be
utilized to spread the importance of environmental protection, thereby increasing societal
focus on green technologies and innovation. This heightened environmental attention will
help drive demand for green innovation from both businesses and the public.

Talent Aggregation: To attract more skilled talent, the government should imple-
ment targeted talent attraction policies, offering financial incentives, career development
opportunities, and a favorable living environment. Collaboration with universities and
vocational training institutions is also essential to develop training programs focused on
green technology, enhancing local talent’s professional skills and innovation capabilities
and building a stronger talent ecosystem.

Carbon Reduction: Policymakers should continue to advance carbon reduction poli-
cies related to green technologies, ensuring that businesses can achieve economic benefits
while reducing carbon emissions. The government can encourage investments in green
technology research and applications through financial subsidies and tax breaks, thereby
achieving a win-win situation for carbon reduction and economic development.

However, it is important to note that while the NFCP promotes green innovation
through carbon reduction mechanisms, there may be an inverse causal relationship between
carbon reduction and green innovation. Therefore, it is necessary to discuss related policies
which can better enhance and transform the socioeconomic benefits produced through
carbon reduction mechanisms.

To ensure that the carbon reduction efforts under the National Forest City Policy
(NFCP) achieve environmental goals and promote equitable socioeconomic outcomes, poli-
cymakers should implement the following key measures. First, integrate policies to combine
carbon reduction with economic development goals. This will encourage investment in
green technologies and renewable energy, creating job opportunities and stimulating local
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economic growth. Such integration allows businesses to gain economic returns while
pursuing environmental objectives, promoting sustainable development. Second, establish
systematic evaluation and monitoring mechanisms to track the socioeconomic impacts
of carbon reduction efforts. This will enable policymakers to adjust strategies promptly,
balancing environmental goals with socioeconomic benefits. Effective monitoring ensures
that policies meet their intended outcomes and can be flexibly adjusted based on real
conditions, enhancing both effectiveness and equity.

The heterogeneity analysis results indicate significant differences in the impact of the
National Forest City Policy (NFCP) on green innovation based on urban scale, transporta-
tion hub status, and economic geographical region. Therefore, it is necessary to discuss and
formulate corresponding policies to improve the variability in green innovation performance.

City Size: The NFCP had no significant positive impact on green innovation in large
cities. To enhance the effectiveness of the NFCP in promoting green innovation in these
areas, several targeted measures should be implemented. First, establish cross-industry
collaboration mechanisms to facilitate resource sharing and technology transfer, thereby
increasing the application of green technologies. Second, provide financial incentives and
technical support to encourage businesses to invest more in green technology research and
development, addressing the current stagnation in innovation. Finally, optimize urban
spatial layouts to ensure that green infrastructure development aligns with urban growth.
These measures will help overcome regional disparities and promote green innovation and
sustainable development nationwide.

Economic Geographical Region: In terms of economic geographical heterogeneity, the
NFCP has not significantly impacted green innovation in northern cities (underdeveloped
areas). To enhance the NFCP’s effectiveness in promoting green innovation in these re-
gions, policymakers should adopt comprehensive measures. First, establish cross-regional
technology cooperation parks to concentrate resources and talent for green technology
research and application. These parks will provide essential R&D facilities and market
access, accelerating technology exchanges between northern and southern cities. Second,
encourage collaboration and knowledge transfer between these regions to optimize re-
source allocation and share best practices. Additionally, implement talent attraction policies
with financial incentives to draw skilled professionals and collaborate with educational
institutions to develop training programs focused on green technology. Lastly, local gov-
ernments should secure sufficient financial support and resources to effectively implement
the NFCP, enhancing their governance capacity to promote research and application in
green technologies. By taking these measures, northern regions can effectively boost green
innovation and foster collaborative development with southern areas, leading to more
balanced sustainable development goals.

Transportation Hub Status: Regarding transportation hub heterogeneity, the NFCP
showed no significant positive impact on green innovation in transportation hub cities,
while it significantly promoted innovation in non-hub cities. To enhance the policy’s
effectiveness in transportation hubs, several measures should be considered. First, en-
courage these cities to optimize their industrial structure and facilitate the transition of
traditional industries to green technologies by providing financial subsidies and technical
guidance to reduce transformation costs. Second, strengthen market incentive mechanisms
through tax breaks and financial incentives to boost market demand for green technolo-
gies. Additionally, establish cross-industry cooperation networks to promote resource
sharing and technology exchanges, enhancing the application of green technologies. Local
governments need to improve policy execution capabilities, ensuring effective implementa-
tion of measures and providing sufficient financial support. Furthermore, enhancing the
ecological environment by increasing green spaces and infrastructure will encourage busi-
nesses to invest in green technologies. Finally, implementing successful green technology
demonstration projects will showcase their effectiveness and build confidence in green
innovation among businesses and the public. These measures will effectively promote
green innovation and sustainable development in transportation hub cities.
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7.3. Limitations and Furure Directions

Despite providing empirical evidence on the effectiveness of the National Forest
City Policy (NFCP) in promoting green innovation, this study has several limitations.
First, this paper focused on examining the impact of the NFCP on green innovation at
the urban scale, assessing its effectiveness in urban green innovation. Therefore, it does
not consider the potential interactions between urban and rural areas or the NFCP’s
impact on short-term economic growth. Second, the research objective was to investigate
the net policy effects of the NFCP on green innovation, and thus we did not explore
scenarios involving collaboration of the NFCP with other policies. Finally, while this paper
analyzed the theoretical mechanism of the NFCP’s impact on green innovation through
carbon reduction, it acknowledges that there may also be an inverse causal relationship
between green innovation and carbon reduction. Based on these research limitations, future
researchers can explore the following aspects.

Urban–Rural Interaction Perspective on NFCP and Green Innovation: Future re-
search should focus on urban–rural interaction and the heterogeneity of urban–rural poli-
cies. The effectiveness of urban–rural interaction systems is crucial for the success of the
National Forest City Policy (NFCP). Differences in economic development and resource
allocation between urban and rural areas can lead to varying policy outcomes. There-
fore, policy design should promote collaboration between urban and rural regions to
achieve comprehensive green development. Additionally, targeted measures addressing
the unique challenges of urban–rural policy heterogeneity will enhance the effectiveness of
implementation and support sustainable development goals.

Synergistic Perspective on NFCP: Future research should focus on the synergistic
effects of the National Forest City Policy (NFCP) alongside other economic and industrial
policies. While the NFCP significantly promotes green innovation and reduces carbon
emissions, relying solely on urban greening measures may not achieve substantial emission
reductions. Policymakers need to integrate the NFCP with energy policies, industrial
upgrading, and technological innovation to maximize overall policy effectiveness. This
coordinated approach can enhance the promotion of green technologies and support more
balanced regional development.

Green Innovation and Short-Term Economic Growth: In future research, attention
should focus on the trade-offs between promoting green innovation and short-term eco-
nomic growth, especially in carbon-intensive industries. Companies in these sectors often
prioritize short-term profits, which may discourage them from investing in necessary tech-
nological upgrades for green innovation. Therefore, policy design must address the specific
needs of these industries to reconcile short-term benefits with long-term environmental
goals. Effective incentive mechanisms can encourage firms to invest in green technologies
while still pursuing immediate growth, thus supporting sustainable development.

Inverse Causal Relationship between Carbon Emission and Green Innovation:
Future research should explore the inverse relationship between carbon reduction and
green innovation. While the National Forest City Policy (NFCP) promotes green innovation
by encouraging carbon reduction, green innovation can also lead to significant reductions
in carbon emissions. Understanding this dynamic is crucial for policymakers. Effective
policy design should integrate carbon reduction measures with green innovation incentives.
Future studies can investigate how this relationship impacts policy implementation in
various economic and social contexts and how to foster their synergistic development.
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