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Abstract

Environmental protection is an essential path to achieving high-quality economic develop-
ment, and green tax policies are an effective means of achieving environmental protection.
This study categorizes green tax policies into environmental protection-oriented green tax
policies, resource-oriented green tax policies, and guidance-oriented green tax policies
based on the nature of the tax. The fixed-effect model, the system GMM model and the
continuous DID model are used to explore the causal relationship between the overall
green tax policy, the classified green tax policy and the use of natural resources. The spatial
Durbin model is used to explore the spatial spillover effect of the green tax policy and the
regional heterogeneity in the east, central, west and northeast of China. Finally, the role
of trade openness in the relationship between the green tax policy and natural resource
use is explored. The research results show that (1) the green tax policy has a positive effect
on natural resource use, but the green tax policy in the previous period has no promoting
effect, and the natural resource use in the previous period has a positive impact on the cur-
rent period. Among them, there is no causal relationship between the resource-occupying
green tax and natural resource use. (2) All three types of green tax policies studied in this
paper have spatial spillover effects, but the spillover effects of the three types of green tax
policies are relatively small in the eastern region. The spillover effects of the three types
of green tax policies in the central region are significantly negative. In the western region,
only the guiding green tax policy has a spillover effect. In the northeastern region, the
environmental protection green tax policy and the resource-based green tax policy are
significantly negative, while the guiding green tax spillover effect is significantly positive.
(3) In the mechanism test, the guiding green tax policy has an impact on natural resource
utilization through trade openness, while the environmental protection green tax policy
and the resource-based green tax policy cannot affect natural resource utilization through
the level of trade openness. Finally, based on the research conclusions, policy recommenda-
tions are proposed from the perspectives of policy timeliness, tax structure adjustment, and
trade network optimization to maximize economic benefits.

Keywords: green tax policy; trade openness; natural resource utilization; spatial
spillover effects

1. Introduction

The green economy is a trend in global economic development today. China has made
resource conservation and environmental protection a fundamental national policy and
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is actively working to build a beautiful China [1,2]. However, China has long adopted a
relatively extensive production method, resulting in serious resource waste, land degra-
dation, water pollution, and other problems [3,4]. Environmental pollution usually has
high negative externalities and diffusion, which inhibits the development of the green
economy [5]. For this reason, the report of the 20th National Congress of the Communist
Party of China also clearly pointed out that the development of the green economy requires
the coordinated development of ecology and the economy as the core to achieve the unity of
low carbon emissions and economic growth [6]. In recent years, China has also successively
issued relevant policy documents to encourage the development of the green economy,
such as the “Opinions of the Central Committee of the Communist Party of China and the
State Council on Accelerating the Comprehensive Green Transformation of Economic and
Social Development” and “Opinions on Playing the Role of Green Finance in Serving the
Construction of a Beautiful China”. In the development process of the green economy, the
green tax system is an extremely important link. The purpose of green taxation is to give
full play to the regulatory role of green taxation and coordinate the relationship between
economic development, environmental protection, and resource utilization [7]. Therefore,
in order to deeply explore the actual role of green tax policies, this study divides green taxes
into three major categories, namely environmental protection green tax policies, resource
occupation green tax policies and guidance green tax policies.

China’s green tax policy can be subdivided based on the Coase theorem and Pigo-
vian tax. The core idea of the Coase theorem is to solve externality problems through the
definition of property rights and market negotiations. Pigovian tax emphasizes taxing
negative externalities and subsidizing positive externalities [8]. Under the guidance of
the Coase theorem and Pigou taxation, combined with the evolution history of green tax
policies, it is not difficult to find that the government has shifted from rigid intervention
and semi-rigid intervention to flexible intervention. The changes in these three types of
intervention methods also reflect the changes in the boundaries of the different roles of
the government and the market. Rigid intervention is the internalization of environmental
external costs through legal coercion, and is also a concentrated expression of the govern-
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ment’s “command-and-control” model. Environmental protection tax best embodies the
characteristics of rigid intervention. This tax requires direct taxation on the emission of air
pollutants, solid waste and other pollutants, and it is difficult to reflect the role of market
mechanisms in government intervention. Therefore, the first category of green tax policies
is environmental protection tax policies, which include sewage fees and environmental
protection taxes. Semi-rigid intervention combines market incentives and government
regulation. Under the green tax policy system, resource taxes have different tax rates by
category and region. Urban land use tax transfers use rights through transaction contracts
through the market. To this end, the second category of green tax policies is subdivided
into resource occupation tax policies, which include resource tax, urban land use tax, and
cultivated land occupation tax. Flexible intervention refers to stimulating the motivation
of enterprises to reduce emissions independently through non-mandatory means such as
tax incentives and industry guidance, embodying the concept of co-governance in which
market spontaneity is the mainstay and government intervention is supplementary. The
“voluntary negotiation” logic of the Coase Theorem suggests that reducing transaction costs
is an effective way to promote cooperation between businesses and the government [9].
The consumption tax exempts new energy vehicles from purchase tax, resulting in a short-
age of new energy companies in the market; the value-added tax encourages companies
to voluntarily upgrade by reducing the cost of using clean technology. Based on this,
green tax policies are further subdivided into a third category: guiding tax policies, which
include value-added tax, corporate income tax, vehicle and vessel tax, deed tax, urban
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construction tax, and consumption tax (The classification system of this research has a
clear operational basis in the report structure of the “China Tax Yearbook”. The data of
environmental protection-oriented taxes are fully reflected in the report on the income
situation of environmental protection taxes by region and tax category across the country.
The data of resource occupation-oriented taxes, such as the resource tax, can be obtained
from the report on the income situation of resource taxes by region and tax category across
the country, and its statistical dimensions closely revolve around the behaviors of resource
exploitation and occupation. The policy effects of guiding-oriented taxes, although scat-
tered among multiple main tax types, have the same policy goals under different statistical
standards. For instance, the data in the chapter on the income situation of consumption
taxes by region and enterprise type across the country directly reflects the suppression
of high-energy consumption, while reports such as the income situation of enterprise
income taxes by province and type provide the possibility for tax preferences for industries
such as environmental protection, energy conservation, and new energy. Therefore, the
physical separation based on the official yearbook reports is a direct proof of the operability
of the classification method of this research. It indicates that on the theoretical basis of
dividing the three types of taxes, they also correspond to different data sets in the official
statistical system.).

Furthermore, China’s green economic development faces multiple challenges, particu-
larly the long-standing problem of inefficient natural resource utilization. This inefficient
utilization not only exacerbates ecological and environmental pressures but also makes
the “natural resource curse” effect more pronounced in some regions of China [10,11].
Currently, building a resource-conserving economic system has become a strategic pri-
ority. This requires regulating resource utilization through green tax policies and, more
importantly, driving improvements in resource utilization efficiency through technologi-
cal innovation [12]. Furthermore, with the increasing momentum of globalization, trade
openness offers new avenues for breaking through bottlenecks in resource utilization. High
levels of trade openness accelerate the cross-border transfer of low-pollution production
technologies through technological spillovers, specifically the import of environmentally
friendly equipment and the introduction of low-carbon patented technologies, thus en-
abling China’s manufacturing industry to break free from its path dependence on primary
resource-intensive processes. Competitive pressures in the international market and green
trade barriers also incentivize companies to enhance product competitiveness by improving
resource efficiency. However, the optimizing effect of trade openness on natural resource uti-
lization can be more effectively mitigated when local institutional innovation, strengthened
environmental regulations, and import and export processes form a synergistic mechanism,
truly achieving a dynamic balance between an open economy and green development.
To this end, this paper explores the impact of green tax policies on natural resource utiliza-
tion using methods such as system GMM and continuous DID. The paper demonstrates
that different levels of green taxation have different effects on natural resource utiliza-
tion, further clarifying the mechanism of action of the green tax system. This study also
explores the spillover effects of green tax policies in eastern, central, western, and north-
eastern China (According to the “Opinions of the CPC Central Committee and the State
Council on Promoting the Rise of the Central Region” and the “Implementation Opinions
of the State Council on Several Policies and Measures for the Development of the West-
ern Region,” China’s economic regions are divided into four major regions: the East, the
Central, the West, and the Northeast. The East includes Beijing, Tianjin, Hebei, Shang-
hai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The Central includes
Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan. The West includes Inner Mongolia,
Guangxi, Chongging, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia,
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and Xinjiang. The Northeast includes Liaoning, Jilin, and Heilongjiang.), as shown in
Figure 1 below. Empirical results indicate that spillover effects vary across regions. Fur-
thermore, we find that trade openness plays a partial mediating role in the mechanism of
green tax policies, thus providing a new avenue for improving the efficiency of natural
resource utilization.
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Figure 1. Regional distribution of eastern, central, western, and northeastern China (This map is
based on a standard map of national administrative division vector data, with approval number
GS(2024)0650 and downloaded from the China National Geographic Information Platform. The base
map remains unchanged.).

The remainder of this paper, including Section 2, provides a review of research on this
topic. Section 3 presents the theoretical analysis and research hypotheses. The model setting,
variable interpretation, and data for this study are presented in Section 4. Section 5 reports
the empirical results. Section 6 presents the main conclusions and policy implications.

2. Literature Review
2.1. Research on the Relationship Between Green Tax Policy and Trade Openness

The connotation of green tax policy is a prerequisite for exploring its effectiveness.
Green tax policy aims to protect the environment and, through a combination of economic
constraints and positive incentives, achieves a coordinated regulation of resource utilization
and social and environmental pollution through multiple tax types [13]. Green tax policy
levies taxes on energy consumption and energy inputs for household energy use, using tax
revenue to reduce distortionary taxes, thereby achieving environmental improvements and
enhancing redistributive efficiency [14,15]. Although scholars have yet to reach a unified
definition of green tax policy, existing scholars generally agree that China has established a
comprehensive green tax system with environmental protection taxes as the core, resource
taxes, consumption taxes, and vehicle purchase taxes as key components, and value-added
taxes, deed taxes, farmland occupation taxes, corporate income taxes, and vehicle and
vessel taxes as supplementary components.
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Regarding the impact of green tax policies on trade openness, the core controversy
in existing research centers on whether environmental regulation can achieve synergy
with trade openness. Different scholars, based on their own research perspectives and
empirical logic, have reached different conclusions. Scholars, exemplified by the “synergy
theory,” believe that green tax policies can be an important tool for balancing trade devel-
opment and environmental protection, drawing on the perspectives of environmental cost
internalization and policy adaptability. China’s current environmental tax system, due to
its narrow coverage and low collection standards, fails to fully transform environmental
costs into internal constraints for businesses, ultimately leading to increased trade friction
and inefficient resource utilization [16,17]. Therefore, these scholars explicitly advocate
for the internalization of environmental costs through strengthening green tax measures,
such as pollution discharge fees, thereby promoting the coordinated development of trade
and the environment. Yang primarily validates this logic from an international compar-
ative perspective, arguing that trade openness and the degree of cross-border pollution
together constitute key variables in setting environmental tax rates. When cross-border
pollution risks are low, countries with high trade openness are more motivated to raise
environmental tax rates. This is because these countries can use strict green taxation to
select high-value-added, low-pollution industries and maintain their trade competitive
advantage [18]. This conclusion directly supports the positive interaction between green
taxation and trade openness.

Nevertheless, scholars of the conflict theory, as opposed to the synergy theory, di-
rectly challenge the aforementioned synergy view by revealing policy contradictions at the
international level. Empirical research based on agricultural trade has found that when
environmental standards and green tax intensity differ significantly across countries, the
“pollution haven” effect can significantly weaken the policy effectiveness of green taxes, dis-
tort trade patterns, and ultimately defeat the environmental protection objectives of green
tax policies [19]. Lai’s cross-border pollution model further validates this phenomenon.
In the absence of international coordination, countries may lower green tax standards
to maintain trade competitiveness, attracting foreign investment and industry. This cre-
ates a dilemma: “whoever imposes stricter taxes first loses their trade advantage first.”
This makes it difficult for a single country’s green tax policy to achieve its intended goals
through trade liberalization [20]. Bohringer, using a general equilibrium model simulation
at the policy implementation level, found that when transboundary pollution problems are
prominent, some countries may even need to subsidize highly polluting imports to comply
with multilateral trade agreements and avoid trade retaliation [21].

To sum up, the relationship between green taxation and trade openness remains
inconclusive. The reason why the “synergy theory” and “conflict theory” have been in
a stalemate in existing research is that most discussions are still confined to theoretical
deductions or the examination of a single tax type, such as environmental taxes, lacking
empirical tests from the perspective of the overall green tax policy system on their complex
interactions with trade openness. Different types of green taxes, such as restrictive envi-
ronmental taxes and incentive-driven guiding taxes, may have entirely different impact
mechanisms on trade openness, but existing research has insufficiently examined these
distinctions. Therefore, this paper categorizes green tax policies into three types: environ-
mental protection, resource occupation, and guiding, aiming to transcend the binary debate
of either-or and empirically test the differentiated performances of different types of green
tax policies in the context of trade openness from a more refined structural perspective,
providing new evidence to resolve the aforementioned academic disputes.

Researchers such as Huang, Huo and others unanimously believe that trade opening
has a positive impact on environmental policy. Trade liberalization and fiscal decentraliza-
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tion are policy leverages to achieve green growth through the development of renewable
energy, thus reflecting the effect of green tax policy [22]. Financial development, trade
openness and FDI as predictors, analyze the impact through the automatic regression dis-
tribution lag method. Financial development, trade opening and foreign direct investment
have been found to have made positive contributions to promoting environmental sustain-
ability [23]. But more researchers prefer that trade openness has negative impacts on the
environment. Wan and others have constructed a trade model between the two countries
and found that when there is no environmental policy, countries may not benefit from
trade opening up, and pollution tax can help trade liberalization to achieve welfare im-
provement [24]. Hu pointed out that without environmental policy support, the impact of
trade opening on the environment is questionable. The impact of the multi-purpose use of
trade openness on traditional energy can lead to environmental damage. Integrating trade
opening into the global carbon tax system will increase the impact of carbon tax on carbon
dioxide emission reduction by 33% [25]. Li constructs a three-stage dynamic game model,
believing that trade opening will lead to an increase in environmental tax and import
tax [26]. Trade openness may allow cheap imported goods to crowd out the domestic
market, weakening the guiding effect of green tax policies on consumer behavior [27].

These studies collectively reveal the complex and multifaceted impacts of trade open-
ness on green tax policies under different scenarios. Thus, academic research has reached
no consensus on the relationship between green tax policies and trade openness. Most
studies have not explored the relationship between green tax policies and trade openness
from the perspective of green tax policies, focusing instead on specific tax types. This paper,
based on a tax-by-tax perspective, examines the role of trade openness in green tax policies
as a whole, providing an opportunity for this study.

2.2. Research on the Relationship Between Trade Openness and Natural Resource Utilization

Regarding the impact of trade openness on the utilization of natural resources, there
are also significant differences among scholars. The core of the debate lies in whether trade
openness optimizes global resource allocation and promotes resource utilization efficiency
through technology spillovers (the “promotion” view), or whether it exacerbates resource
consumption and the “resource curse” effect (the “repression” view), or whether there
exists a more complex nonlinear relationship between the two.

Those who advocate the “promotion theory” emphasize the positive aspects of trade
openness. They point out that trade openness can effectively mitigate the negative impact
of energy endowment on the efficiency of green resource utilization [28]. Cheng and Zhang
found, from the perspective of energy utilization structure, that under the guidance of
appropriate policies, trade openness can optimize resource allocation, promote techno-
logical progress, and thus enhance resource utilization efficiency, ultimately promoting
sustainable development [29]. Trade openness can also optimize resource utilization struc-
ture, indirectly improving resource utilization efficiency and laying the foundation for
sustainable development [30]. From a technical perspective, green trade facilitates the
exchange of clean fuels and technologies, while innovations in hydropower development
efficiency improve resource utilization efficiency, ultimately promoting economic growth
in ASEAN countries [31]. Thus, researchers have explored the relationship between trade
openness and natural resource utilization from different perspectives, but all agree that
trade openness directly promotes resource utilization. However, not all scholars support
this view.

In contrast, the “restraint theory” proponents have identified the potential risks and
conditional nature of trade liberalization. Their research indicates that, given the current
volatile global market situation, trade barriers have a severely adverse impact on high-
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income and highly trade-oriented economies [32]. Under the impact of renewable energy
and trade policies in RCEP countries, resources like coal could become a trade advantage
for RCEP countries, while oil dependence could inhibit trade development due to the
“resource curse [33].” Furthermore, Zheng Yongjie’s research has found that the technolog-
ical spillover effects brought about by trade openness do not occur automatically. Their
effectiveness depends on the absorptive capacity of the host country. If the local technologi-
cal level is insufficient, it may not be able to effectively enhance resource utilization [34].
Resource rents and trade openness have quantile-heterogeneous environmental effects. At
low levels, resource rents exacerbate pollution, while at high levels, green technologies are
needed to offset their effects [35]. Existing scholars have explored the relationship between
trade openness and natural resource utilization from the perspectives of energy structure,
technological progress, and trade barriers, but the fundamental path of trade openness’s
impact on natural resource utilization efficiency remains undetermined.

Overall, the impact of trade openness on the utilization of natural resources is not a
simple linear promotion or inhibition, but is regulated by multiple factors such as the stage
of development, resource endowment, technological level, and policy environment. How-
ever, most existing studies mainly examine the direct relationship between the two from a
static perspective, generally ignoring the time lag of policy effects and the possibility of
trade openness as an intermediate mechanism. Most literature regards trade openness as
a given external condition or control variable, rather than a dynamic transmission path.
An important breakthrough of this paper lies in not only capturing the time lag effect of
policies through a dynamic panel model, but also testing trade openness in the “green
taxation policy—trade openness—natural resource utilization” mediating path, aiming to
reveal the indirect mechanism by which trade openness affects resource utilization, thereby
providing a mechanism-based explanation for the above debate.

2.3. Research on the Relationship Between Green Taxation and Natural Resource Utilization

Although the goal of green taxation policies is directly aimed at resource conservation
and environmental protection, the actual effect of these policies on the utilization of natural
resources remains controversial in empirical studies. The focus of these studies lies in
whether the policy effect of green taxation is generally positive, or whether it has significant
conditional heterogeneity and spatial complexity.

Some scholars hold the “positive promotion” viewpoint. The research of this group
of scholars mainly focuses on the reform effects of specific tax types. For instance, they
believe that green taxation can significantly enhance the efficiency of natural resource
utilization through cost constraints and incentive guidance. Currently, China’s green tax-
ation system has shortcomings such as narrow tax coverage and insufficient preferential
policies, which are the key obstacles restricting the improvement of resource utilization
efficiency. Therefore, they explicitly advocate that reforms such as expanding the scope of
resource tax collection and innovating the form of consumption tax collection should be
carried out to strengthen the regulatory role of green taxation on the utilization of natural
resources [36,37]. Qian, Yang, and other researchers used multi-period DID and PSM-DID
methods to focus on the impact of specific tax categories, such as resource taxes and envi-
ronmental taxes, on water and mineral resource utilization. Their results showed that pilot
water resource tax reforms can significantly reduce water waste, while effective mineral
resource tax management can achieve sustainable mineral resource utilization [38,39]. This
provides micro-level empirical support for the “positive effects of green taxation.” Cheng’s
research complements this conclusion from the perspective of optimizing the energy struc-
ture, arguing that increasing the environmental tax rate can directly incentivize businesses
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to shift to clean energy alternatives and promote green infrastructure investment, thereby
improving natural resource efficiency from the energy consumption side [40].

However, scholars advocating for “heterogeneous effects” challenge the universality of
the “positive promotion theory” by revealing the conditionality of policy effects. Some stud-
ies indicate that the positive effects of green taxes are not absolute but rather constrained
by multiple factors [41]. Some scholars, through dynamic panel data analysis, have found
significant instability in the role of environmental taxes in promoting renewable energy sub-
stitution. Specifically, in regions with lower technological levels, environmental taxes may
simply increase corporate compliance costs without promoting energy substitution [42].
The positive effects of environmental tax policies only become apparent when regional
green innovation capacity reaches a threshold [43]. Ma’s research shows that in some
economies, environmental taxes even show a significant negative correlation with natural
resource utilization efficiency: When an economy is in the early stages of industrialization
and its industrial structure is dominated by high-energy-consuming industries, environ-
mental taxes may force companies to reduce production to avoid the tax burden, which
in turn leads to a decrease in resource allocation efficiency. This negative correlation will
gradually weaken as economies advance in development and policy synergy increases [44].
This conclusion directly undermines the single-minded perception that “green taxation
inevitably optimizes resource utilization.”.

A more critical controversy arises from scholars who support the “regional hetero-
geneity theory,” further enriching the debate through cross-national and cross-regional
comparative studies. A study comparing the effects of resource taxation in Russia and
South Africa found that Russia significantly enhanced its ability to curb regional carbon
emissions and indirectly improved resource utilization efficiency through taxes related to
natural resource development [45]. However, South Africa’s mineral resource tax policy
failed to achieve similar results. Instead, it exacerbated pollution emissions due to the ex-
pansion of mineral trade. This suggests that the compatibility of environmental regulation
methods with resource endowments directly influences the effectiveness of tax policies
in regulating resource utilization. Research in China has shown that when neighboring
provinces form a coordinated environmental policy mechanism, green taxation can effec-
tively reduce regional resource dependence. However, if there is a “race to the bottom”
policy among provinces, the tax’s effect on optimizing resource utilization is weakened.
Furthermore, in the unique context of developing countries, blindly raising green taxes
could force vulnerable economies to take on highly polluting industries [46,47].

The above research indicates that the assessment of the effectiveness of green taxation
policies must go beyond a single dimension and be placed within a dynamic, spatial and
multi-type comprehensive analysis framework. The shortcomings of the existing research
lie in:

First, there is a confusion of concepts, with green taxation often being equated with
environmental taxation, while the complete policy system including incentives and con-
straints is overlooked. green tax policies encompass a wider range of topics, extending
beyond environmental taxes to include other functional taxes. Existing research has focused
primarily on environmental taxes, lacking sufficient exploration of the effects of these other
taxes. Most studies confuse the concepts of green tax policies with individual taxes. This
study, however, deconstructs the connotations of green tax policies from three perspectives,
integrating multiple tax types. From the perspective of the nature of the tax, it analyzes the
inherent impacts of different types of green taxes on natural resources, thereby providing
a more comprehensive exploration of the intrinsic pathways between green tax policies
and natural resources. Second, the perspective is static, with less consideration given
to the dynamic lag effects of policies. most studies use static panel models to explore
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the relationship between green tax policies and natural resource utilization. However,
due to the time lag inherent in these policies, these effects are not immediately apparent.
Therefore, dynamic models are more realistic. To this end, this study constructs a system
GMM dynamic panel model, comprehensively considering the lag in the effects of green
tax policies to make the research more relevant to social reality. Third, the research has a
single dimension and lacks systematic examination of the spatial spillover effect, as well
as insufficient in-depth discussion on the heterogeneity among different regions in China
(such as eastern, central, western, and northeastern regions). This study addresses these
research deficiencies. Firstly, starting from the nature of tax types, a comprehensive green
tax policy framework including environmental protection type, resource occupation type,
and guidance type was constructed; then, using the System GMM and spatial Durbin
models, both the dynamic effect and spatial spillover effect of the policy were captured
simultaneously; finally, through regional heterogeneity analysis, the complex and diverse
effects of green tax policies in different regions of China were revealed, thereby providing
evidence from China for the “heterogeneous complex theory”.

3. Theoretical Framework

In the process of market transactions, private traders only focus on how to maximize
their profits. For resource-intensive enterprises, this process is usually based on sacrificing
social interests, resulting in problems such as excess output and idle resources in society.
This phenomenon is also called negative externalities [48]. Green tax policies are envi-
ronmental policy tools based on Pigouvian externality theory [49]. A Pigovian tax is a
regulatory measure used by the government to maximize social welfare at the expense of
deadweight losses through tax intervention when negative market externalities cannot be
internalized through free negotiation.

A specific green tax policy places the tax cost directly on resource-intensive enterprises.
To avoid taxes, enterprises reduce energy-intensive and polluting output and adjust their
production practices [50]. However, at this point, as prices are transmitted across the
supply chain, costs across the entire production system rise, making it difficult for the
industry to operate smoothly [51]. Under tax controls, enterprises can rationally avoid
taxes through factor substitution, allowing them to achieve excess output while increasing
unit resource output. However, while tax policy controls directly impact private costs,
enterprises also need time to absorb the impact of these policies. Large-scale investments
by resource-intensive enterprises may result in shutdowns and production reductions for
renovations, failing to promote improved natural resource utilization efficiency. Green tax
technology innovation and implementation require time.

The Pigovian tax mechanism primarily serves to induce enterprises to make intertem-
poral green investments. These investments generate path-dependencies in green tech-
nology and equipment, physical capital, management experience and knowledge capital,
and efficient development trajectories [52]. The fundamental purpose of Pigovian taxes is
to correct market failures caused by negative externalities, and environmentally friendly
green taxes are a typical application of Pigovian tax externality internalization. Pigou
believes that the marginal pollution cost of each pollutant emitted should be levied [53].
When the government levies environmentally friendly green taxes, the private costs for
resource-based companies will include both their own costs and the environmental taxes.
To maximize profits, companies have a strong economic incentive to invest in pollution
treatment facilities. With regard to resource-intensive green taxes, the marginal costs of
resource consumption include the costs of resource scarcity, the costs of ecological damage,
and the social welfare losses caused by resource waste [54]. From the perspective of tax
shifting mechanisms, the ultimate effectiveness of resource-intensive green taxes (RGTs)
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may be directly influenced by market structure. In markets with inelastic demand for re-
source products, companies can shift the tax burden to consumers by raising product prices,
thereby weakening the tax’s incentive effect. However, if resource-intensive companies
find it difficult to fully shift the burden of environmental taxes, this can effectively squeeze
profit margins, forcing them to absorb the costs through improved resource efficiency.
Secondly, at the level of corporate behavioral responses, RGTs can either guide companies
to achieve efficiency gains through technological innovation or force them to relocate high-
energy-consuming operations to areas with weaker resource-intensive environmental taxes,
offsetting local resource optimization effects by cross-regional resource shifts. Finally, policy
linkage is a key factor. If RGT revenue fails to form a closed loop with incentives for green
technology innovation, companies may be discouraged from long-term green investment
due to increased compliance costs. However, if tax revenue is directed toward technology
R&D subsidies or innovation tax credits, it can effectively transform cost constraints into an
internal driving force for efficiency improvement. In terms of guiding green taxation, the
positive and negative incentives of Pigouvian taxes are fully demonstrated. By providing
income tax credits for investments in environmentally friendly equipment and exempting
new energy vehicles from purchase tax, these policies compensate for positive externalities
in the market and reduce private costs. Conversely, higher consumption taxes are imposed
on high-energy-consuming consumer goods, encouraging consumers to purchase fewer
of them. Thus, under the intervention of green taxation, both consumer and producer be-
havior will spontaneously evolve toward the socially desirable green and environmentally
friendly direction. Based on the above analysis, the following hypotheses are proposed:

Hypothesis 1. Green tax policies promote increased natural resource utilization, but previous
green tax policies do not.

Hypothesis 2. Natural resource utilization in the previous period can promote current utilization.

Hypothesis 3. Environmental protection tax policies, resource-intensive tax policies, and guiding
tax policies have a positive impact on natural resource utilization.

The spatial spillover effect of green taxation on natural resource utilization stems from
the spatial interaction mechanism of new economic geography. Its essence is the “knowl-
edge spillover” theory of Marshall’s industrial district theory, revealing the phenomenon of
economic factor flows breaking through administrative boundary barriers [55]. Whether it
is environmental protection, resource occupation or guidance green tax policies, the source
of the local green tax policies is the implementation of local green tax policies. Therefore,
Pigou tax is the primary driving force for the spatial spillover of green tax policies. How-
ever, the adjustment behavior of local enterprises will not be limited to administrative
boundaries. The three major paths of Marshall’s knowledge spillover theory can fully ex-
plain how the local adjustment behavior caused by Pigou Tax can achieve spatial spillover
effect. In terms of industrial linkage and migration, in the face of the province’s higher en-
vironmental protection and resource occupation tax costs, resource-dependent enterprises
directly choose industries to flow across regions in order to choose low-tax areas, which has
also changed the industrial structure of neighboring provinces [56]. In terms of knowledge
and technology diffusion, local enterprises have a demonstration effect in order to update
technical talents and management experience in response to policy requirements, and are
seeking free-ride speculation by neighboring provinces. In terms of learning systems and
policies, an effective green tax policy in one province will be regarded as a learning model
by other provinces, forming a spillover effect of institutional knowledge, and ultimately
affecting the natural resource utilization effect of each province. Therefore, this is not only
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a confirmation of the influence of Pigot’s space, but also a successful expansion of the ap-
plication scenarios of Marshall’s spillover theory from traditional industrial agglomeration
research to the fields of environmental regulation and green development.

Environmentally protective green tax policies are the most direct form of Pigouvian
taxes, targeting typical public goods. Environmental governance measures in one province
often generate positive externalities, such as improved air quality and cleaner rivers.
However, these spillovers limit the incentive for policy spillovers. Neighboring provinces
can enjoy the benefits of environmental improvements without incurring governance costs.
This is true across regions, so it’s not difficult to infer that the overall spillover effects of
environmentally protective green tax policies are relatively weak. Resource-intensive green
tax policies target natural resources like minerals and land. The internalization of these
negative externalities directly alters the market prices of resource-based end products. The
eastern and northeastern regions, with their developed economies or strong industrial
bases, are at a higher stage of the Environmental Kuznets Curve (EKC). Consequently,
resource demand is relatively high. Local green tax regulations can create a significant
demand shock, forcing businesses to seek production resources in neighboring provinces,
disrupting their equilibrium of low prices and high energy consumption [57]. In contrast,
the western region is a resource-exporting region, where improvements in natural resource
utilization efficiency rely more heavily on local policies. Its responsiveness to external
price signals is relatively weak, resulting in less significant spillover effects. Guidance-
based green tax policies can be viewed as soft Pigouvian taxes, incentivizing businesses to
adopt green production through tax incentives. Although such green tax policies exhibit
Marshallese technology diffusion and institutional learning spillovers, these technological
spillovers may not be affected by the EKC stage. Advanced production technologies
are always attractive regardless of the stage of neighboring provinces, so the spillover
effects of guidance-based green tax policies are likely to be more universal [58]. This study
combines this theory with policy intervention, providing theoretical and empirical support
for policy-driven EKC inflection points, moving EKC theory from passive observation to
active intervention. Based on the above, the following hypotheses are proposed:

Hypothesis 4. Green tax policies have spatial spillover effects on natural resource utilization.

Hypothesis 5. Environmental protection-based tax policies have weak spillover effects, resource-
intensive tax policies have stronger spillover effects in the eastern and northeastern regions, and
guidance-based tax policies have stronger spillover effects.

A Pigovian tax requires the internalization of costs, forcing changes in production
behavior. This is the root of all these effects. However, the weak Porter hypothesis argues
that environmental regulations can provide end-of-life treatment for businesses, leading
them to passively purchase equipment to reduce compliance costs. This type of innovation
is often defensive. Strong Porter falsely indicates that environmental regulation can produce
fundamental innovations that develop completely clean production tools and can also form
innovation compensation, which is called proactive innovation [59]. Trade opening is an
amplifier of the green tax environment regulation effect. Trade opening determines whether
the innovative achievements of enterprises can form comparative advantages by being
amplified by the international market.

In terms of environmental protection green taxation, the emergence of externalities
mainly triggers the weak Potter effect, and direct Pigou tax forces enterprises to avoid
high taxes through terminal governance. The technical capital formed by this terminal
governance is difficult to reduce unit production costs and cannot tradeable goods with
comparative advantages [60]. High-intensity environmental protection tax policies provide



Sustainability 2025, 17, 9378

12 of 34

enterprises with more alternatives. Neither industrial transfer nor resource outflow can
solve the negative externalities, nor can it be improved by promoting trade opening up. In
terms of resource-occupying green taxation, increasing resource prices can theoretically
guide enterprise process reform and improve resource utilization efficiency, which is also
a reflection of the weak Porter theory. However, under the conditions of opening trade,
enterprises can directly import cheap primary resources and semi-finished products to
replace the resource needs of the region. In order to pursue short and fast tax avoidance
effects, enterprises will curb their independent motivation and find it difficult to promote
the sustained utilization of natural resources in the region. Inductive green taxation is a
concentrated manifestation of the strong Porter hypothesis. This type of green tax policy
does not directly penalize negative externalities but instead encourages positive externali-
ties, guiding enterprises to undertake fundamental product and process innovation [61].
Technological improvements directly reduce unit product input costs, creating a compara-
tive advantage over other countries’ products in an open trade environment. Furthermore,
open trade provides opportunities for enterprises to export their technologies and prod-
ucts, thereby earning excess profits through innovation compensation [62]. This positive
incentive strengthens enterprises’ innovative investment. Technological innovation is key
to improving resource utilization. Trade openness, as a mediating condition for green
taxation, provides a path for natural resource utilization. Based on the above, the following
hypotheses are proposed:

Hypothesis 6. Trade openness mediates the impact of inductive green taxation policies on natural
resource utilization only. It has no mediating effect on environmental protection green taxation
policies or resource-intensive green taxation policies.

4. Research Design

4.1. Model Specification
4.1.1. Baseline Regression Model

This paper uses interprovincial dynamic panel data to examine how green taxation
affects natural resource utilization. The baseline regression model is as follows:

M

InNNRE;; =a+ Y /\] In NREi,t_j +B1InGTy + BoInGTj;_4 1)
=1

+n1In1S;; +np InCUIG;; + n3InURB;j; + ngIn FILR;; + u; + uy + €34

where i represents China’s 30 provinces, t represents the year, NRE represents the natural
resource utilization rate, NRE;;_; represents the lagged order of the natural resource
utilization rate, and M is the maximum lagged order. GTj; represents green tax, and GTj;_
represents the green tax lagged by one period. where IS, CUIG, URB, and FILR are control
variables. u; represents the regional fixed effect, 11; represents the time fixed effect, and ¢;;
represents the disturbance error term.

Model (1) in this study may face two endogeneity problems. The first is the two-way
causality. While green tax policies (GT) may affect natural resource utilization (NRE),
policymakers in regions with rich or scarce natural resource endowments may also for-
mulate green tax policies of different intensities. That is, there is a possibility that NRE
affects GT. Secondly, omitted variable bias. Although we control for a range of variables,
there may still be unobservable factors that influence both GT and NRE, such as regional
environmental governance commitment and public environmental awareness.

To effectively address this endogeneity issue, this study employs the system GMM
estimation method proposed by Blundell and Bond [63]. This method combines level
equations and difference equations and uses higher-order lags of the explanatory and
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dependent variables as instrumental variables for their current values. For the difference
equations used to eliminate individual fixed effects u;, this study uses level variables, such
as GTj;_1 and earlier lags, as instrumental variables for the difference variable AGTj;_1.
For the level equations, we use first-order differences in variables, such as AGTj;_1, as
instrumental variables for the level variable GTj;_1. Thus, the system GMM effectively
handles dynamic panel models and potential endogeneity issues of explanatory variables.

4.1.2. Continuous DID Model for Different Tax Types

China first systematically proposed a green tax policy in an official policy document
in September 2015, marked by the release of the “Overall Plan for Ecological Civilization
System Reform” (hereinafter referred to as the “Plan”) by the Central Committee of the
Communist Party of China and the State Council. Although this is the first systematic
proposal, many taxes under the green tax system, such as resource tax, farmland occupation
tax, and vehicle and vessel tax, were levied before 2015. Therefore, this study uses 2015 as
the time point for exogenous policies and adopts a quasi-natural experiment strategy for
identification. However, given that the Plan is a national policy, it’s not possible to simply
construct a control and experimental group based on whether or not a province received
a policy shock. Furthermore, the initial conditions for implementing green tax policies
vary across provinces, making it impossible to categorize provinces into experimental
and control groups based on whether or not they were impacted. To further explore the
effectiveness of green tax policy implementation, this study divides green tax policies into
three tiers: environmental protection tax (ENT); resource-based green tax (RGT), consisting
of resource tax, urban land use tax, and cultivated land occupation tax; and inductive green
tax (IGT), consisting of value-added tax (for specific industries or products), corporate
income tax (preferential policies), vehicle and vessel tax, deed tax (for specific uses), urban
maintenance and construction tax, and consumption tax. Based on this, this study adopts
a continuous difference-in-differences approach, treating categorized tax revenue as a
continuous variable to reflect the impact of green tax policies on each region. The following
model is constructed:

InNRE;; = ao + a1 N1ds; it + axControly +u; + vt + €, = 1,2,3 2)

In the above formula, when j = 1, 2, and 3, Nid,;, Nids, and Nid,3, respectively, repre-
sent the green tax policy dummy variables (ENTj; X Post;;, ENT;; X Posty;, ENT;; X Posty);
Post;; represents the policy time point dummy variable; Controls;; represents the control
variable; u; and - represent the province fixed effect and the time fixed effect, respectively;
and ¢;; represents the random error term.

4.1.3. Spatial Spillover Effect Model

This paper uses the spatial Durbin model to explore the spillover effect of green
taxation on natural resource utilization through LM and LR tests. The model is as follows:

InNREj; = ag + pwis InNREj; + a1 In GT;

3
+)_BjControly; + 6jw; Controlyy + p; + e + & ®)

To further explore the role of green taxation, this study explores its impact in the east-
ern, central, western, and northeastern regions from three levels: environmental protection
tax, resource-based green tax, and guiding green tax:

In NREj; = ap + pwjs In NRE;; + a1 In X + 3 BjControly + 6jw;Controlyy + pi + v + €4 4)
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k
InNREy,, = ag + 0r;,r, INNREy, + ) BriXpk, + 1rZry + it (5)
k=1

In Formulas (4) and (5), X contains ENT, RGT, and IGT; r corresponds to the eastern,
central, western, and northwestern regions, respectively; w is the spatial weight matrix;
and p, is the spatial spillover effect coefficient of region r. X, y is the kth core explanatory
variable of region r (e.g., environmental protection tax, resource-based green tax, and
inductive green tax). Z, is the set of control variables for region r, while , ; and 7, are the
regression coefficients of the explanatory and control variables, respectively.

4.1.4. Mediation Effect

Based on the above theoretical analysis, this study constructs a mediation effect model
of trade openness to explore the deep-seated pathways through which environmental
protection tax, resource-based green tax, and inductive green tax affect natural resources:

In NREj; = a, + B1 In My + BoControlyy + u; + €5
InTDCj = by + 1 In My + yoControly + u; + € (6)
In NREj; = co + p1 In Mjt + p2 In TDCj; + p3Controly + u; + €

In Formula (6), TDC represents trade openness; M includes ENT, RGT, and IGT; §, v,
and p are the coefficients of the core explanatory variables; u; represents the province fixed
effect; and ¢;; represents the random error term.

4.2. Explanation of Variables
4.2.1. Explained Variables

This study uses the natural resource utilization efficiency (NRE) model developed
by Chen Xun to measure changes in natural resources. Due to the different evaluation
objectives and regional scopes of resource utilization efficiency, the selected evaluation
indicator system also differs [64]. This study comprehensively considers the ratio of each
province’s GDP to seven indicators: energy consumption, total fixed asset investment,
water consumption, construction land area, industrial waste gas emissions, industrial
wastewater emissions, and industrial solid waste generation. These indicators represent the
economic and ecological benefits of energy, mineral resources, water, and land resources in
each region, respectively. The weights of each indicator were determined using principal
component analysis.

4.2.2. Explanatory Variables

This study constructs a green tax index system to measure the green tax level in
30 provinces. By drawing on the construction methods of existing studies and combin-
ing them with the above-mentioned mechanism analysis, a green tax evaluation index
system was constructed, encompassing 10 secondary green tax indicators: environmental
protection tax, resource tax, farmland occupation tax, urban maintenance and construc-
tion tax, urban land use tax, vehicle and vessel tax, value-added tax, deed tax, corpo-
rate income tax, and consumption tax [65]. To scientifically determine the weights of
each indicator and synthesize the comprehensive index, this study uses the entropy-
weighted TOPSIS model for (In order to eliminate the dimensional influence, first per-
form standardization processing on the original indicator data. For positive indica-
tors, use Formula (1) to process; for negative indicators, use Formula (2) to process.
Yi‘ _ Xjj—MinX;; MaxX;j—X;;

i i 1] 1
of the j-th indicator in the Yjj i-th province, is the standardized MaxX;; value, MinX;; and

are the maximum and minimum values of the j-th indicator, respectively. Secondly, the
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entropy weight method is used to calculate the indicator weight: Calculate the proportion
of the i-th province under the j-th P;; indicator: P;; = Yj;/ Y.t Yij. Calculate the entropy
value of the ¢; j-th ¢; = —ﬁ[‘qm:l Pjjln P; (if P = 0, elselimy_,opln p = 0) indicator:
Calculate the difference coefficient of the j-th g; indicator: g; = 1 — ¢;. The smaller the en-
tropy value, the larger the difference coefficient, indicating that the indicator provides more
information and the greater the weight. Calculate W; weight: W; = g;/}.i ; g;. Finally,
calculate the comprehensive index based on the TOPSIS method: construct a weighted
Z = (zjj)mxn normative. z; = W; x Yj; matrix, where determine the positive Z* and

negative Z~ ideal solutions. That Z* = (z],z],...,z}) = (maxz;;, maxzjy, ..., maxz;,)
is, Z~ = (z{,23,...,2;,) = (minzj, minzp, ..., minz;,). Calculate the sum of the dis-

tances between each evaluation object and the positive and negative D" ideal D; solu-

tions: D" = | [ (zij — z;r)z, D =,/ ;7:1(21«]' — z;)Z. Calculate the relative closeness
of each evaluation target to the optimal C; solution, i.e., the final comprehensive green
tax index (GT), where C; = D; /(D;" + D;") C;. The value range is [0, 1]; the closer
the value is to 1, the higher the green tax level of the province.) The resulting Green
Tax Index (GT) ranges between 0 and 1, with larger values indicating a higher level of
green taxation in the province. Similarly, based on the above research in this study, green
taxation is divided into three levels: environmental protection green tax, resource occupa-
tion green tax and guidance green tax, and the environmental protection green tax index
(ENT), resource occupation green tax index (RGT) and guidance green tax index (IGT) are

constructed, respectively.

4.2.3. Mediating Variable

This study uses trade openness as a mediating variable. Drawing on existing literature,
we use the trade dependence of each province (autonomous region, or municipality) as a
measure [66], namely, the proportion of total import and export trade to GDP during the
same period.

4.2.4. Control Variables

Income inequality may affect natural resource utilization through consumption struc-
ture and resource demand, as shown in Table 1 below. Research indicates that income
inequality is positively correlated with deforestation and water consumption [67], necessi-
tating the independent impact of income inequality on natural resources. The relationship
between financial development and resources and the environment has been widely dis-
cussed in studies of the Environmental Kuznets Curve [68]. Controlling for the loan rates
of financial institutions can isolate the impact of financial policies on resource utilization.
Industrial structure is one of the core control variables in environmental economics re-
search [69]. When analyzing the relationship between trade and the environment, it is
especially important to eliminate the interference of industrial structure. The inverted U-
shaped relationship between urbanization and carbon emissions and resource consumption
has been widely verified [70]. Controlling for urbanization levels can avoid confounding
the relationship between green taxation and resources. Based on this, the control variables
selected for this study include the urban-rural income gap, the loan rates of financial
institutions, the social industrial structure, and the urbanization level.
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Table 1. Variable Names and Calculations.

Variable Symbols Describe Calculation Formula
Explained Natural resource Evaluation indicators of natural
. NRE e - e -
variable utilization efficiency resource utilization efficiency
GT Green tax policy Green Tax Index
Expl'anatory ENT Environmental protectlon Environmental Protection Green Tax Index
variables green taxation
RGT Resource—mtgn Sive Resource-intensive green tax index
green taxation
IGT Guiding green taxation Guiding Green Tax Index
Mediating The proportion of total import and export
variables TDC Trade Dependence trade to GDP in the same period
IS Industrial Structure Value added of the tertiary 1n.dustry\value added of
C 1 the secondary industry
O,Ht;lo FILR Loans from Financial institutions’ loan balances in RMB
vanables financial institutions and foreign currencies\GDP
Per capita disposable income of urban
CUiIG Urban-rural income gap residents\Per capita disposable
income of rural residents
URB Urbanization level Urban permanent population\ permanent population

4.3. Data Sources

All tax data related to green taxation in this study are sourced from the China Tax
Yearbook, which was edited and published by China Taxation Press from 2011 to 2023,
focusing on total tax revenue, structure, and tax types. Natural resource utilization
data are derived from two sources: first, the environment and resources chapter of the
China Statistical Yearbook, compiled by the National Bureau of Statistics of the People’s
Republic of China from 2011 to 2023. The chapter numbers vary slightly between years.
Second, the solid waste, natural ecology, and environmental investment chapters of the
China Environmental Statistical Yearbook, jointly edited by the National Bureau of Statis-
tics and the Ministry of Ecology and Environment. The chapter numbers vary slightly
between years. Missing data are supplemented by searching for missing data in the
corresponding provincial statistical yearbooks. The control variable, industrial structure,
is derived from the regional GDP accounting section of the China Statistical Yearbook
from 2011 to 2023. The level of financial development is derived from the China Financial
Yearbook published by the People’s Bank of China and financial data released by provin-
cial branches. Data on urban and rural residents” income and social consumption levels
are sourced from the chapters on people’s livelihood and national economic accounting
in the China Statistical Yearbook. Population data related to urbanization levels are
sourced from the 2011-2023 China Population and Employment Statistical Yearbook
published by China Statistics Press and provincial statistical yearbooks. In addition, to
eliminate dimensionality effects and mitigate potential heteroskedasticity, core continu-
ous variables such as green tax revenue, natural resource utilization efficiency, and trade
openness were logarithm zed. For small amounts of missing annual data for individual
provinces, this study used linear interpolation to fill in the gaps. In addition, all the
empirical content in this paper was completed using the Stata 16.0 software. Descriptive
statistical analysis is shown in Table 2.
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Table 2. Descriptive Analysis.
Variable Mean sd Min Max

NRE 1.0334 0.7856 0.2304 7.1314

GT 0.1666 0.1209 0.0043 0.5937

ENT 0.2850 0.1620 0.0035 0.3150

RGT 0.3520 0.3380 0.0012 0.2080

IGT 0.4430 0.2310 0.0008 0.1750

TDC 0.2655 0.2871 0.0076 1.5482

IS 1.3536 0.7450 0.5271 5.2829

FILR 1.5105 0.4428 0.6706 2.7741
CUIG 2.5468 0.3789 1.8266 3.6716

URB 0.6012 0.1206 0.3504 0.8958

As shown in the table above, the mean NRE is 1.0334, but its standard deviation
reaches 0.7856, with a wide range of extreme values. This indicates significant differences
in resource utilization across regions, potentially indicating uneven resource endowments
or uneven utilization efficiency. The mean GT is only 0.1666, with a standard deviation of
0.1209. Combined with the extremely low values, this reflects the overall weak implemen-
tation of green tax policies, with some regions even approaching non-existence, indicating
significant deficiencies in policy coverage and effectiveness. The low mean TDC is 0.2655,
with a standard deviation of 0.2871 and a wide range of extreme values. This highlights the
polarization of regional trade openness, with a few regions showing high levels of openness,
while most remain at relatively low levels. Among the other variables, IS and FILR show
some fluctuation or variation, but the overall dispersion is relatively manageable. Overall,
the dispersion characteristics and numerical levels of key variables reveal imbalances and
room for development in resource utilization, policy implementation, and trade openness,
providing intuitive data clues for future research.

5. Results and Discussion
5.1. Baseline Regression Results

As shown in Table 3, this section uses fixed-effects and system GMM methods to
explore the causal relationship between green tax policies and natural resource utilization.
In model (1), the green tax index coefficient is 0.283, which is significantly positive at the
1% level, indicating that the current green tax policy directly improves the current natural
resource utilization rate, which is consistent with the Pigouvian tax correction of negative
externalities and scale economy mechanism presented in the theoretical analysis. In model
(2), its coefficient is 0.198, which is significantly positive at the 1% level, but the lagged
green tax coefficient is not significant. The realization of the Pigouvian tax governance
effect requires providing time guarantees for enterprises. Although the reduction in private
and social costs provides a shortcut to expanding the government’s Pigouvian tax revenue,
technological changes require a cross-cycle process, and the adjustment of resource use
and management experience requires continuous learning, which leads to the existence
of time lag in green tax policies. Therefore, Hypothesis 1 is confirmed. In model (3), its
coefficient is significantly positive at the 5% level, and the lagged green tax coefficient is
significantly negative at the 1% level. This study further examines the effectiveness and
robustness of the evaluation model. The Arellano-Bond autocorrelation test shows that
the error term after first-order difference has a first-order autocorrelation of AR(1) = 0.001,
while the second-order autocorrelation test is insignificant, AR(2) = 0.458, indicating that
the model setting is reasonable and there is no serious serial correlation problem. In terms
of over-identification test, the p-value of the Sargan test is 0.101, which fails to reject the null
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hypothesis that “all instrumental variables are exogenous”, indicating that the instrumental
variables are generally effective; the p-value of the Hansen test is 1.000, which does not
reject the null hypothesis, but due to the large number of instrumental variables, its test
power may be weakened. To this end, this study also conducted a Difference-in-Hansen
test, and the results showed that the exogeneity of the instrumental variable subset was
not rejected (p = 0.372), further supporting the rationality of the instrumental variables. In
summary, the system GMM model is effective in controlling endogeneity and dynamic bias,
and the estimation results have a good statistical basis. In addition, we use robust standard
errors in the regression to control heteroskedasticity, further enhancing the reliability of the
results. Except for the lagged natural resource utilization rate, which is 1.125, indicating
that the previous period’s natural resource utilization rate has a strong inertia effect on the
current periods. The current green tax policy is designed to correct negative externalities
and encourage enterprises to use resources more efficiently. However, to reduce private
production costs, enterprises need to adjust their production scale. Short-term changes in
the capital-labor ratio will have a certain inhibitory effect on their production activities. In
other words, natural resource utilization is subject to dynamic changes during the policy
pulse process. Hypothesis 2 is confirmed. Overall, green taxation has a strong positive
effect on natural resource utilization efficiency, but the lagged terms vary across models,
reflecting the varying duration of the green policy’s effects.

Table 3. Baseline regression results of green tax policy on natural resource utilization.

1 (2) (3)
FE Without Lag Term  FE with Lag Term GMM
GT 0.283 *** 0.198 *** 0.230 ***
(0.056) (0.068) (0.094)
L.GT —0.077 —0.233 ***
(0.068) (0.085)
L.NRE 0.911 *** 1.125 ***
(0.062) (0.092)
L2. NRE —0.107 —0.091
(0.065) (0.061)
IS 0.363 *** —0.056 0.023
(0.082) (0.068) (0.068)
CUIG 0.002 —0.088 0.019
(0.131) (0.090) (0.024)
URB —1.211* —0.489 0.065
(0.564) (0.440) (0.189)
FILR —0.163 ** 0.039 —0.032
(0.072) (0.052) (0.023)
cons 1.312 ** 0.695 —0.038
(0.620) (0.473) (0.098)
AR (1) 0.001
AR (2) 0.458
Sargan test 0.101
Hansen test 1.000
Difference-in-Hansen test 0.372

Note: * p < 0.05; " p < 0.01,

5.2. Continuous DID by Tax Type

To ensure the reliability of the continuous difference-in-difference model estimation
results, we first conducted a parallel trend test for the three types of green tax policies.
The results are shown in Figure 2 (environmental protection), Figure 3 (guidance), and
Figure 4 (resource occupation). The parallel trend hypothesis requires that before the policy
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shock, the development trends of natural resource utilization efficiency in provinces with
different treatment intensities should not show systematic differences. In other words,
the estimated coefficients in each period before the policy shock should not be statisti-
cally significantly different from zero. The test results show that all three types of green
tax policies generally meet the parallel trend hypothesis. Specifically, for environmental
protection green taxes (ENT), the confidence intervals for the coefficients in each period
before policy implementation (pre4 to prel) all include zero, and the estimated values
fluctuate slightly around zero. This indicates that before the 2015 policy was introduced,
regions with different environmental protection tax intensities had comparable trends in
natural resource utilization efficiency. For the inductive (IGT) and resource-requiring green
taxes (RGT), although some of the pre-policy point estimates deviate slightly, their 95%
confidence intervals cover zero throughout the entire pre-policy period, indicating that
these deviations are not statistically significant, and therefore the parallel trend hypothesis
remains valid.
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To further explore the relationship between different types of green tax policies
—environmentally protective, resource-requiring, and inductive—and natural resource
utilization, this study uses the continuous DID method and constructs an intensity variable
to further analyze the causal relationship between green tax policies and natural resource
utilization. As shown in the model in Table 4 below, the ENT coefficient is 0.80 and sig-
nificantly greater than zero, indicating that the implementation of green tax policies has
significantly increased the level of natural resource utilization. As a direct application of
Pigouvian tax theory, environmentally protective green tax policies can directly change
private costs for enterprises, guiding them toward social costs, achieving a balance between
marginal social benefits and marginal social costs, and ultimately promoting enterprises to
improve the efficiency of natural resource utilization. The RGT coefficient is 0.075 and is
not significant, indicating that resource-intensive green tax policies have not effectively pro-
moted the improvement of natural resource utilization efficiency at the current stage. From
the perspective of tax shifting mechanisms, demand for resource products such as minerals
and energy is often inelastic. When RGT increases resource usage costs, companies tend
to pass the tax burden on to downstream consumers or end markets by raising product
prices. This directly undermines the “Pigouvian tax” function of RGT, which is intended to
incentivize companies to improve resource efficiency by internalizing costs. At the level of
corporate behavioral responses, empirical results show that resource-based companies are
more inclined to adjust their factor input structure through short-term measures such as
industrial relocation and cost reduction and efficiency improvement, shifting high-energy-
consuming operations to regions with lower green tax intensity, rather than engaging in
long-term green technology innovation. The lack of a policy linkage mechanism further
weakens the effectiveness of RGT. If RGT revenue fails to form a closed loop with incentive
policies such as green technology R&D subsidies and innovation tax credits, companies
will only face increased compliance costs and lack the internal motivation to transform
and upgrade. However, the IGT coefficient is significant at 2.981. Guiding green taxation
fully demonstrates the dual incentive and constraint effects of Pigouvian taxes. Tax and
investment incentives encourage businesses to upgrade capital factors, compensating for
positive externalities. Advanced development equipment can reduce unit labor time and
increase unit output. Thus, Hypothesis 3 is not fully supported. ENT has a “constraint and
forcing” effect, IGT has an “incentive and guiding” effect, and RGT cannot promote the
utilization of natural resources.

Table 4. Continuous DID Results of Categorized Green Tax Policies on Natural Resource Utilization.

@) @) ®)
ENT RGT IGT
did 0.802 *** 0.075 2.981 ***
(0.181) (0.056) (0.959)
Is 0.241 *** 0.263 *** 0.183 *
(0.093) (0.098) (0.096)
FILR —0.325 **+ —0.368 *** —0.300 ***
(0.070) (0.071) (0.074)
CUIG 0.845 *** 0.705 *** 0.608 ***
(0.160) (0.162) (0.164)
URB —0.984 * —1.427 ** —1.663 ***
(0.550) (0.596) (0.579)
cons —1.655 *** —0.984 —0.678
(0.614) (0.634) (0.632)
N 360 360 360

Note: * p < 0.1, ** p < 0.05; *** p < 0.01.
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To further verify the robustness of the continuous DID results and eliminate the
influence of unobservable factors or randomness on the conclusions, this study conducted
a placebo test. Specifically, we created three fictitious policy periods in 2012, 2011, and 2010
and reran the continuous DID model based on these fictitious policy periods.

The test results are shown in Table 5. When the policy impact of the environmental
protection green tax (ENT) is fictitiously set to 2012 (didgnT),the policy impact of the
resource-based green tax (RGT) is fictitiously set to 2011 (didrgT), and the policy impact of
the inductive green tax (IGT) is fictitiously set to 2010 (did;cT), The estimated coefficients
of the core explanatory variables all become very small and statistically insignificant, with
coefficients of 0.105, 0.098, and —0.244, respectively. For the environmental protection tax
(ENT) and inductive green tax (IGT), placebo tests show that they significantly promote
natural resource utilization only at the actual policy time point of 2015. The effect disappears
at the fictitious policy time point, strongly confirming the policy effectiveness of ENT and
IGT. For the resource-based green tax (RGT), the main regression finds its coefficient is
insignificant, indicating that the policy has failed to effectively improve natural resource
utilization. A placebo test confirms that the coefficient on RGT is insignificant even at the
fictitious policy time point. This suggests that the ineffectiveness of the main regression
results for resource-intensive green tax policies is not accidental but a robust empirical fact.
This eliminates the possibility that the conclusions in this section are due to accidental model
specification, thereby confirming the robustness of the continuous DID main regression’s
conclusion that the RGT policy has a limited effect.

Table 5. Continuous DID Placebo Test Results of the Categorized Green Tax Policy on Natural
Resource Utilization.

@ ) 3)
didenT 0.105
(0.091)
didrer 0.098
(0.151)
didicr —0.244
(0.269)
Is 0.238 ** 0.267 *** 0.250 **
(0.096) (0.097) (0.097)
FILR —0.388 *** —0.367 *** —0.380 ***
(0.071) (0.071) (0.071)
CUIG 0.707 *+* 0.674 *** 0.711 ***
(0.162) (0.163) (0.162)
URB ~1.016* —0.926 —1.190 **
(0.580) (0.576) (0.565)
N 360 360 360

Note: *p < 0.1, * p < 0.05; ** p < 0.01.

5.3. Spatial Spillover Effects

Before constructing the spatial econometric model, this study conducted Lagrange,
likelihood ratio, and Hausman tests. The results are summarized in Table 6. The test results
show that the LM statistics for both the spatial error model and the spatial lag model are
highly significant at the 1% level. This result rejects the null hypothesis of the absence
of both spatial error correlation and spatial lag correlation, indicating that spatial effects
do exist. More importantly, the robust LM test is also highly significant, suggesting that
the spatial Durbin model (SDM) may be the most appropriate specification. This model
includes spatial lags of both the explained variable (NRE) and the explanatory variable
(GT), allowing it to capture more complex spatial influence paths. To ultimately confirm the
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applicability of the SDM, this study conducted a likelihood ratio test to examine whether
the SDM could potentially degenerate into an SLM or SEM. The LR test results all returned
p-values of 0.000, strongly rejecting the null hypothesis of model degeneration. This means
that forcibly using an SLM or SEM would result in model specification errors, leading
to biased estimation results. In summary, both the LM test and the LR test point to the
same conclusion: the spatial Durbin model (SDM) is the optimal choice for this study.
Combined with the results of the Hausman test (p significantly less than 0.01), this suggests
that a fixed-effect model is appropriate. Therefore, this study chose a fixed-effects spatial
Durbin model to explore the direct effects and spatial spillover effects of green tax policies,
ensuring the accuracy and reliability of the estimation results.

Table 6. Spillover Effect Results of Green Tax Policy.

(V1) (2) 3) (5) (6) (7)
Main Wx Spatial Direct Indirect Total
GT 0.216 *** 0.123 *** 0.255 *** 0.458 *** 0.714 ***
(9.91) (2.65) (9.95) (5.17) (6.65)
IS 0.539 *** 0.035 0.587 *** 0.612 *** 1.199 **+
(12.32) (0.34) (13.01) (2.75) (4.75)
FILR —0.082 —-0.019 —0.121 —0.208
(—1.57) (—0.21) (—1.30) (—0.62) (—0.86)
CUIG 0.075 —0.041 0.077 —0.014 0.063
(1.46) (—0.42) (1.14) (—0.07) (0.24)
URB —1.901 *** —1.301 *** —0.581 1.237
(9.50) (—2.81) (6.55) (—0.61) (1.08)
overflow effect (p) 0.520 ***
(9.38)
Observations 360 360 360 360 360 360
R-squared 0.597 0.597 0.597 0.597 0.597 0.597
Spatial Error 0.000 0.0002
LM Test Spatial Lag: 0.000 LR Test 0.0000
Spatial Error 0.000
Robust LM Test Sls}))atial Lag: 0.021 Husman 0.0000

Notes: ***p < 0.01.

Table 6 shows that green tax policies have spatial spillover effects on natural resource
utilization. The direct, indirect, and total effects of green tax policies are all positive and
significant. The indirect effect is greater than the direct effect, and the significance of
the direct effect indicates that the Pigouvian tax of green tax policies directly changes
the cost-benefit structure of resource-based enterprises. Maintaining existing marginal
returns requires technological growth, and technological change drives improvements in
natural resource utilization. The indirect effect surpassing the direct effect is a concentrated
manifestation of Marshall’s theory of knowledge and technology diffusion and institutional
learning. Industrial technological advancements in a province have a demonstration effect
on neighboring provinces. These provinces can provide incentives for industrial reloca-
tion, technology replication, and policy learning to improve natural resource utilization,
ultimately allowing the indirect effect of green taxation to surpass the local direct effect.
The p value indicates that natural resource utilization among adjacent provinces is strongly
spatially connected. Policy effects can be transmitted through geographical or economic
connections. Therefore, it is not difficult to see that green tax policies have spatial spillover
characteristics, confirming Hypothesis 4.

Table 7 shows that different types of green taxes have significant impacts on natural
resource utilization and all exhibit significant spatial spillover effects. The weak spillover
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effect of ENT confirms the “free-rider” effect brought about by its public good nature:
while environmental governance investments by a province can improve regional environ-
mental quality, neighboring provinces can share the benefits without paying for governance
costs, which in turn weakens their inherent motivation to proactively improve resource
efficiency, resulting in limited direct spillover effects. RGT also has strong spatial spillover
effects. Higher resource taxes in a province trigger a surge in resource demand and price
fluctuations in neighboring provinces. Industrial linkage and migration under Marshallese
knowledge spillovers force neighboring provinces to break through the “low-price, high-
energy consumption” equilibrium. Furthermore, due to regional differences in resource
endowments and technological absorptive capacity, the central and western regions have
higher resource carrying capacity but weaker intensive technologies, and weaker institu-
tional and policy learning capabilities. This main effect is offset by regional heterogeneity.
The spillover effects of IGT are attributed to the knowledge diffusion and policy learning
of Marshallian knowledge spillovers. When economically developed regions form green
industry clusters through tax incentives, neighboring provinces can not only attract in-
dustrial relocation by imitating these preferential policies, but also leverage technological
spillovers to reduce the costs of green innovation. This “incentive compatibility” mech-
anism allows guiding policies to not only improve efficiency in their own provinces but
also significantly drive efficiency improvements in neighboring provinces through factor
mobility and institutional learning. Overall, ENT has a stronger local effect, while IGT
exerts greater cross-regional synergy. Therefore, policy design should be tailored to the
characteristics of different tax types.

Table 7. Spillover Effect Results of Green Tax Policies by Region.

1 2 3
0.122 ***
ENT (5.72)
0.269 *
RGT (1.77)
0.772 *#*
IGT (8.51)
0.517 *** 0.529 *** 0.517 ***
FILR (11.33) (10.79) (11.33)
—0.292 * 0.326 *** —0.248 ***
culG (—4.96) (—6.35) (=5.27)
0.341 ** 0.072 0.059
URB (2.37) (1.27) (1.10)
s —0.141 2411 **+* 1.984 **
(—0.26) (11.37) (9.60)
0.344 *** 0.584 0.486 ***
overflow effect (p) (5.48) (11.80) (8.03)
o 0.012 *** 0.053 *** 0.046 ***
sigmaz_e (13.24) (12.92) (13.04)
Observations 360 360 360
R2 0.329 0.683 0.646
Number of ID 30 30 30

Note: *p < 0.1, * p < 0.05; ** p < 0.01.

As shown in the regional regressions in Table 8, green tax policies have strong spatial
spillover effects, with heterogeneous differences in direction and intensity. In the east-
ern region, the local effect of RGT is the largest, reaching 0.813. However, the lack of
spatial spillovers confirms that while high resource taxes in the eastern region force local
enterprises to reduce their resource dependence, neighboring provinces, with their greater
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emphasis on information-based services, have mitigated resource demand shocks. Given
the high degree of economic integration in the eastern region, it is possible that policy com-
petition within the region offsets the cross-regional spillovers from green taxes. The weak
positive effect of ENT reflects the Pigouvian tax’s effectiveness in addressing local negative
externalities, but it is unlikely to trigger Marshallese knowledge spillovers, thus lacking
spillover effects. In addition, IGT exhibits a significant negative spillover of —1.116. While
green tax policies can generate positive incentives in the eastern region, tax incentives can
also easily create barriers to green technology. When neighboring provinces blindly imitate
the policy’s effects, they suffer from “policy hollowing out” due to a lack of supporting
factors such as skilled workers and supply chains. This leads to policy distortions that
drive up production costs and reduce the efficiency of natural resource utilization. Envi-
ronmental protection taxes (ENT) have insignificant spillover effects. Based on the public
goods theory of pure Pigovian taxes, ENT internalizes costs to address local pollution, and
the resulting environmental benefits are typically non-excludable and non-rivalrous. The
positive externalities created by strengthening environmental governance in one eastern
province are quickly “free-ridden” by neighboring provinces, weakening the urgency for
neighboring provincial governments to proactively learn from or strengthen their local ENT
policies, thereby hindering the spillover of ENT policy knowledge. The lack of significant
spillover effects from resource-based taxes (RGT) is closely related to the upgrading of the
eastern region’s industrial structure after crossing the inflection point of the Environmental
Kuznets Curve. Faced with rising tax costs, local enterprises are more inclined to respond
through technological upgrades and industrial restructuring rather than relocating high-
energy-consuming industries to surrounding areas. This weakens the “industrial linkage
and migration” path in Marshall’s spillover theory in the eastern region.

Table 8. Regional Spillover Effect Results of Green Taxes by Region.

Eastern Region

Central Region

Western Region

Northeastern Region

1 2 3 1 2 3 1 2 3 1 2 3
2 *kok kst —0.069
ENT Okg0180) Okglgl) 0.((14;11) iy
. . : (—3.94)
RGT 0.813 *** 0.025 3.478 *** —0.481*
(3.24) (0.13) (—8.63) (—=1.75)
IGT 0.049 —2.119* 2.737 *** 5.477 **
(0.44) (~1.81) (3.02) (2.12)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Overflow 0.084 0.002 71;1*16 —0.513* —0.444* —0.592 ** —0.063 0.130 0.445 *** 79541 0.400 *** 0.307 **
Effect (p) (0.67) (0.02) (~7.85) (-1.9) (—1.65) (—2.27) (—0.29) (0.61) (3.61) (—4.24) (3.29) (2.32)
sioma? e 0.006 *** 0.007 *** 0.003 *** 0.003 *** 0.004 *** 0.002 *** 0.006 *** 0.045 *** 0.011**  0.001***  0.006***  0.008 ***
gmas (7.74) (7.75) (7.28) (5.71) (5.80) (5.71) (8.12) (8.14) (8.00) (4.06) (4.07) (4.14)
Observations 120 120 120 72 72 72 132 132 132 36 36 36
R2 0.53 0.556 0.619 0.22 0.321 0.363 0.001 0.066 0.218 0.065 0.318 0.53
Number of ID 10 10 10 6 6 6 11 11 11 3 3 3

Note: *p < 0.1, * p < 0.05; ** p < 0.01.

In the central region, inductive green taxes (IGT) exhibit extremely negative spatial
spillover effects. Based on the weak Porter hypothesis and the pollution haven theory,
when central provinces promote local industrial upgrading through IGT tools such as
value-added tax exemptions and corporate income tax incentives, high-energy-consuming
enterprises struggle to achieve compliant production through technological transformation
due to the lack of a comprehensive green industrial chain within the region. At this point,
companies are more inclined to follow the passive tax avoidance approach of the weak
Porter hypothesis, shifting highly polluting production capacity to neighboring provinces
with looser environmental regulations and lower green tax intensity, turning these re-
gions into “pollution havens.” This industrial relocation directly expands the pollution
stage of the Environmental Kuznets Curve (EKC), ultimately resulting in negative spatial
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spillovers from the IGT policy. Further examining the spillover results of environmental
green taxes (ENT) and resource-based green taxes (RGT), both also exhibit significant
negative spatial spillovers. On the one hand, ENT in central China forces businesses to
internalize environmental costs by directly levying pollution taxes. However, due to the
region’s still-dominant heavy industry structure, businesses lack the funding and technical
reserves for green technology innovation, forcing them to relocate polluting equipment and
production capacity outside the province. On the other hand, RGT constrains corporate
resource consumption by increasing resource extraction and occupation costs. However, as
important national energy and raw material supply bases, resource-based businesses in
central provinces face the dual pressures of maintaining production and reducing costs.
Consequently, they are more inclined to relocate high-energy-consuming extraction pro-
cesses to neighboring provinces with lower resource tax standards, resulting in excessive
depletion of natural resource utilization efficiency in these provinces.

The empirical results from the western region show the typical characteristics of
“strong local effects and weak spatial spillovers.” First, environmental protection taxes
(ENT) have significant local effects, but insignificant spatial spillovers. This verifies that
ENT, as a public property of pure Pigou tax, has easy to be “free-ride” by neighboring
provinces. In addition, the western region is vast and the inter-provincial economic ties
are weak, and the industrial linkage path in Marshall’s spillover is blocked, making it
difficult for knowledge and technology to spread across provinces. Secondly, although
resource occupancy tax (RGT) has the greatest local effect, its spatial overflow is also not
significant. All provinces are mainly resource-based industries, with similar RGT policies,
forming homogeneous competition. Enterprises tend to make adaptive adjustments locally
rather than cross-provincial migration. Finally, guided taxation (IGT) is the only policy
in the western region that generates significant positive spatial spillovers. Its mechanism
of action is in line with the “strong Porter hypothesis” and Marshall’s “knowledge and
technology diffusion” path. Through fundamental green innovations in incentives for tax
incentives, IGT helps the western region to form advanced management experience and
production technology and has strong replicability. Even among provinces with different
levels of economic development, this technological demonstration effect can break through
geographical barriers and be imitated and learned by neighboring provinces, resulting in
positive cross-regional spillover.

The green tax policies in the Northeast region show a complex two-way overflow
characteristic of “local incentives and neighboring siphons”. First, environmental pro-
tection taxes (ENT) have significantly negative local effects and spatial spillovers. ENT
directly constrains local polluting behavior by internalizing costs. However, as a traditional
industrial base, enterprises in Northeast China face high compliance costs and may choose
to reduce production or relocate high-polluting operations to regions with more relaxed
environmental regulations. This leads to reduced local resource utilization efficiency and
negative spillovers to neighboring provinces. Second, resource-use taxes (RGT) exhibit
negative local effects but positive spillovers. Increasing resource taxes increases the burden
on local resource-based enterprises and suppresses their production efficiency. However,
this also drives up regional resource product prices, prompting enterprises in neighboring
provinces to seek intensive substitution or technological innovation to reduce dependence,
thereby indirectly improving their resource utilization efficiency. Finally, the significant
local and spillover effects of inductive taxation (IGT) are the result of the combined effects
of soft Pigouvian taxation and the “strong Porter hypothesis.” IGT incentivizes green
technology innovation through tax incentives, forming local green industry clusters and
generating Marshallian knowledge spillovers. This mechanism not only optimizes local
resource utilization but also provides a replicable green transformation path for the entire
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region, achieving positive spillovers from local innovation and regional synergy. Hence,
Hypothesis 5 is confirmed.

5.4. Mechanism Test

Based on the theoretical analysis above, this section explores whether trade openness
can mediate the impact of three green tax policies on natural resource utilization, namely,
environmental protection green taxation, resource-intensive green taxation, and guidance-
oriented green taxation. Based on strong and weak Porter theories, green taxation guides
enterprises to increase innovation investment by restructuring the relative prices of regional
production factors. Trade opening further strengthens this mechanism by reducing cross-
border transaction barriers and information costs, it forces low-tax-related enterprises
to break the “low environmental cost dependence” path, and instead compress resource
consumption and improve total factor productivity through clean technology innovation to
maintain export competitiveness. As shown in Table 9, trade opening is a key intermediary
mechanism for green taxation to affect the efficiency of natural resource utilization, but
the degree of trade opening plays a different role in the impact of green taxation on the
efficiency of natural resource utilization.

Table 9. Results of Testing the Intermediary Mechanism of Trade Openness.

NRE TDC NRE TDC
1 2 3 1 2 3 1 2 3 1
ENT 0.146 ==+ —0.123 ** 0.148 *+* —44.160
(0.027) (0.042) (0.027) (63.677)
RCT 0.137 0.513 * 0.149 —26.182
(0.171) (0.260) 0.172) (24.873)
T 0.870 *** 1.515 *** 0519 %+  —32.904
(0.115) (0.234) (0.107) (188.915)
TDC 0.011 —0.024 0.011 —0.024 0.232 #+
(0.035) (0.037) (0.035) (0.037) (0.023)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
—1.051* 0.289 —1.521 # 1.327 0.397 3547 _1.065* 0.299 —0.700 ***
—cons (0.625) (0.608) (0.234) (0.984) (0.922) (0.477) (0.628) (0.608) (0.222)
Observations 360 360 360 360 360 360 360 360 360 360
R2 0.189 0.115 0.674 0.086 0.072 0.572 0.19 0.116 0.747

Note: * p < 0.1, * p < 0.05; ** p < 0.01.

Based on the corresponding analysis of theoretical mechanisms and empirical results,
this study found that trade opening does not play a mediating role in the influence of
natural resource utilization in environmental protection and resource occupation green
taxation, but there is a significant mediating effect in guiding green taxation, and its
internal logic is highly consistent with theoretical assumptions. First, the environmental
protection and resource occupation green taxes are essentially used as Pigou taxes to
internalize costs by punishing negative externalities. This mainly triggers the “weak baud
effect”. In order to avoid high taxes, enterprises tend to adopt passive innovations in
replacing imported equipment with cheap equipment, which are cost-centric rather than
profit-focused. Under the conditions of opening trade, the disadvantage of increasing
operating costs is amplified, and enterprises cannot form tradable goods with comparative
advantages, and may even weaken their international competitiveness due to rising costs.
Therefore, trade opening cannot become an “amplifier” to improve the efficiency of natural
resource utilization, but may instead catalyze resource outflow or industrial transfer, so the
mediation effect is not significant. Secondly, guided green tax positive incentives reward
positive external behaviors, which fits the “strong Porter hypothesis”, inspires enterprises
to actively innovate, reduce resource investment and production costs per unit product,
and thus form an “innovation compensation” effect within the enterprise. At this time,



Sustainability 2025, 17, 9378

27 of 34

trade opening can truly reflect the role of intermediary, and the reduction in costs will
enable the company’s green products to have non-price comparative advantages in the
international market. Trade opening provides a broad export market for such advantageous
products, allowing them to obtain excess profits and feedback and strengthen the company’s
innovation investment. In addition, the mechanism testing method of this study cannot
determine whether there is a two-way causal relationship between various types of green
tax policies and trade opening. For this purpose, a simultaneous equation model (SEM)
system is used to test the two-way causal relationship between three types of green taxation
and trade opening. As shown in the last column of the table, the estimated results for
the reverse path from trade openness to green taxation all failed the significance test.
Specifically, the feedback coefficient for environmental protection-oriented green taxation
is —44.160, with a significant p-value of 0.488; for resource-oriented green taxation, it is
—26.182, with a significant p-value of 0.293; and for guidance-oriented green taxation, it
is —32.904, with a significant p-value of 0.862. This finding indicates that trade openness
does not significantly affect the intensity of green tax policies, and there is no reverse causal
relationship between various types of green tax policies and trade openness, thus validating
the validity of our mediation model. Therefore, the conclusion that trade openness amplifies
the benefits of guidance-oriented green policies and, as a mediating effect, drives the growth
of natural resource utilization is relatively robust. Hence, Hypothesis 6 is confirmed.

5.5. Robustness Tests

To ensure the reliability of the baseline regression results, this study conducted the
following robustness tests. As shown in Table 10 below, replacing the measurement method
of the core explanatory variables. Here, we abandon the original index construction method
and recalculate the green tax index using principal component analysis. This dimensionality
reduction measurement method can eliminate collinearity between indicators and extract
the most representative common factors. The results, as shown in the first column of
the table below, show that the coefficient of the newly constructed green tax index is still
significantly positive at the 1% level and is similar in magnitude to that of the baseline
regression, indicating that the conclusions of this study are not sensitive to the variable
measurement method. Adding control variables. To prevent omitted variable bias, we add
a variable that may affect natural resource utilization but was not previously controlled for,
namely, social consumption level, to the baseline model. The results shown in column 2 of
the table below show that even after controlling for this variable, the core coefficient of green
tax policy, 0.192, remains significant, indicating that this study’s results are not affected
by this potential omitted variable. Between 2016 and 2018, my country implemented the
environmental protection fee-to-tax policy. To mitigate the impact of this major tax reform
on the estimation of the green tax policy’s effects, this study further excluded the sample
data from 2017 and 2018 in a robustness test and re-regressed the remaining samples using
a high-dimensional fixed-effect model to examine the robustness of the green tax policy’s
impact on natural resource utilization efficiency. The results, shown in column 3 of the
table below, show that the coefficient of green tax policy (GT) is 0.299, positive at the 5%
significance level, indicating that even after excluding the interference of the structural
policy shock of the fee-to-tax reform, green tax policy still has a significant promoting effect
on natural resource utilization efficiency. This result further confirms the reliability of the
baseline regression conclusion.
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Table 10. Robustness and Endogeneity Tests.

(V)] (2) 3) 4) (5)

Variables Replacing Explanatory Variables Adding Control Variables ngl:li‘;?én;fn:cltosna] First-Stage GT Second-Stage NRE
GT 0.192 *** 0.299 ** 0.153 ***
9.14) (2.14) (0.00)
0.946 ***
LGT 0.00)
Green Taxation After 0.257 ***
The Main Component (7.31)
Is 0.552 *** 0.461 *** 0.340 —0.032* 0.531 ***
(12.08) (10.68) (1.42) (0.09) (0.00)
FILR —0.173 *** 0.089 —0.210* —0.117 *** —0.392 ***
(-3.31) (—2.93) (-1.73) (0.00) (0.00)
cuiG 0.102* 0.121** —0.019 0.077 *** 0.079
(1.88) (2.45) (—0.06) (0.00) 0.22)
URB 2.229 *** 2.055 *** -1.071 0.370 *** 2.789 ***
(11.00) (10.76) (—0.67) (0.00) (0.00)
Social 1.371 ***
consumption level (5.88)
0.588 *** 0.580 ***
p (11.51) (11.05)
FXH
LM statistic (7(5(.)3(())81)
K-P rk LM statistic 194.629
sigma2_e 0.047 *** 0.038 ***
- (12.87) (12.88)
Observations 360 360 300 360 360
R2 0.551 0.541 0.922 0.988 0.657

Notes: *p < 0.1, ** p < 0.05; *** p < 0.01.

To address the potential endogeneity between green tax policy and natural resource
utilization, this study uses a two-stage least squares instrumental variable test. The in-
strumental variable selected is the lagged one-period value of each province’s green tax
policy (L.GT). The lagged one-period value of the green tax policy satisfies the requirement
of being correlated with the current green tax but unaffected by the current error term.
The results of the unidentification test in Table 9 show that the LM statistic significantly
rejects the null hypothesis of unidentification, indicating that the instrumental variable
is not unidentifiable. The F-value of the instrumental variable test is 194.629, which is
greater than the critical value (16.38) at the 10% level, indicating that there is no weak
instrumental variable problem. The first-stage regression instrumental variable L.GT is
highly correlated with current green tax revenue (GT), strongly demonstrating the strength
of the instrumental variable. The second-stage results show that, after controlling for
endogeneity, green tax policies still have a significant positive impact on natural resource
utilization. This means that for every 1% increase in green tax revenue, resource utilization
increases by approximately 15.3%. This test confirms that green tax policies are an effective
causal driver of improving resource utilization efficiency, rather than a simple correlation.

6. Conclusions and Discussion
6.1. Research Conclusions

This study uses fixed-effect and system GMM models and examines the spatial
spillover effects of different types of green tax policies, the regional differences in spa-
tial spillover effects, and the mediating effect of trade openness on the differences in green
tax policies among different types. The following conclusions are drawn:

First, the current promotion effect of green tax policies on natural resource utilization
efficiency is significantly robust. The fixed-effect model also validates the effectiveness
of Pigouvian tax theory in environmental governance, and the GMM model constructed
in this study further confirms the reliability of this conclusion. However, this study also
found significant temporal heterogeneity in green tax policies. In the fixed-effect model
with a lagged term, the one-period lagged green tax coefficient is insignificant, suggesting
that the sustainability of policy effects may face obstacles. However, the one-period lagged
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coefficient in the GMM model is significantly negative, reflecting that when companies need
to restructure production processes or upgrade equipment, short-term output reductions
may lead to a temporary decline in resource utilization efficiency. Furthermore, the one-
period lagged natural resource utilization coefficient is as high as 1.125, indicating a strong
inertia effect in resource utilization patterns. However, the two-period lagged coefficient
is insignificant, indicating that this inertia largely dissipates after two years, which is
consistent with the typical 2-3-year update cycle of industrial technology.

Secondly, the significant positive effect of environmental protection taxes of
0.802 confirms the transmission path of production function theory. By increasing resource
factor prices, environmental protection taxes encourage companies to proactively reduce
their natural resource inputs while maintaining output, thereby optimizing the allocation of
capital and labor factors. The non-significant coefficient of 0.075 for resource-demand taxes
reveals the heterogeneity of factor substitution elasticity. Guided taxation demonstrated a
multiplier effect with a significant coefficient of 2.981. By building a transmission chain of
“differentiated tax rates—tax incentives—-market response,” dual incentives are created on
both the business and consumer sides to achieve Pareto improvements.

Third, green tax policies as a whole have significant spatial spillover effects, with
their indirect effects significantly exceeding their direct effects, indicating that envi-
ronmental regulation practices do indeed experience cross-regional transmission. In
particular, when the spatial spillover effect reaches 0.520, it suggests significant spa-
tial strategic interaction among provinces, providing empirical evidence for building
a cross-regional environmental governance alliance. A study of tax types shows that
environmental protection taxes (ENT) have significant direct effects but only a spatial
spillover of 0.344. This “strong local, weak spillover” characteristic suggests that while
environmental governance investments in a province can benefit neighboring provinces
through technology diffusion, the spillover effects are partially offset by “free-riding” be-
havior. The spatial spillover of resource taxes (RGT) reaches 0.584. Increases in resource
taxes in a province trigger fluctuation in resource prices in neighboring provinces, forc-
ing enterprises to break out of the “low-price, high-energy consumption” equilibrium.
Instructional taxes (IGT) have a spillover effect of 0.486. Analysis of regional heterogene-
ity reveals structural differences in spatial spillover effects: The eastern region has the
largest RGT local effect (0.813), but the spillover effects of the ENT, RGT, and IGT are
relatively small, indicating that green tax policies are buffered by market mechanisms,
generating a lock-in effect at the inflection point of the Environmental Kuznets Curve.
The ENT, RGT, and IGT in the central region all exhibit strong negative spillovers,
indicating a “pollution haven” effect in industrial transfer. In the western region, the
ENT, RGT, and IGT all exhibit strong local effects, but only the IGT exhibits spillover
effects. Spillover effects in the northeastern region are more complex. The ENT’s local
and spillover effects are both significantly negative. The RGT exhibits a negative local
effect and positive spillover effects, and only the IGT exhibits both positive local and
spillover effects.

Fourth, this study found that neither environmentally friendly green taxes nor
resource-intensive green taxes can influence natural resource utilization efficiency through
trade openness. Trade openness can only further influence natural resource utilization effi-
ciency through guiding green tax policies. Resource-intensive taxes may cause enterprises
to pass on cost pressures through industrial transfers, leading to a negative erosion of the
policy’s effectiveness through trade openness. Guided taxation leverages international
trade networks to create a chain reaction, fostering comparative advantages in clean indus-
tries through strengthened tax incentives and preferential policies and achieving synergistic
benefits between environmental regulation and trade openness.
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6.2. Countermeasures and Discussion

Based on the above conclusions, this study proposes the following policy recommen-
dations: First, implement precise regulation based on policy timeliness and the functional
differences between tax types. This study confirms that green tax policies have significant
time lags and tax heterogeneity. Therefore, government policy design must be wary of
falling into the trap of a “one size fits all” model. In terms of policy lags and short-term
fluctuations, establish a dynamic monitoring and response mechanism for the effects of
green tax policies, and set up a policy buffer observation period of 1-2 years for green tax
policies. During this policy buffer period, temporary tax deductions and exemptions will be
provided to key resource-based enterprises experiencing short-term operating difficulties to
help them survive the painful period and prevent a temporary decline in resource utilization
efficiency. At the same time, using the strong inertia conclusion revealed by this study that
the one-period natural resource utilization coefficient is as high as 1.125, the continuous
improvement of resource utilization efficiency is used as a long-term assessment indicator for
local governments to encourage the government to adhere to long-term sustainable policies
rather than short-term speculation. Environmental protection tax (ENT) has a clear “restraint
and forcing” effect, which can guide the government from fixed quota collection to high-
intensity emission reduction incentives. For enterprises whose annual reduction in pollutant
emission intensity exceeds the industry average, environmental protection tax refunds or
preferential tax rates will be implemented, gradually forming a refined incentive mechanism
in the industry of “penalties for exceeding standards and rewards for being ahead of the
curve”. Resource-based taxes (RGT) have no significant causal relationship with natural
resource utilization, and enterprises are prone to circumventing costs through industrial
relocation. Reform should focus on blocking tax avoidance channels and strengthening local
innovation incentives. It is recommended that RGT revenue be used to establish a “Local
Green Technology Innovation Subsidy Fund for Resource-Based Enterprises” to provide
supporting funding for enterprises to purchase water-saving and energy-saving equipment
or conduct research and development of recycling technologies, thereby transforming tax
costs into innovation drivers rather than pressure for transfer. Research has found that
inductive taxes (IGT) are the most effective and can strengthen their “incentive and guiding”
function. A system linking a green technology and product certification catalog with IGT
benefits could be implemented. Enterprises that purchase energy-saving equipment included
in the catalog should be allowed to enjoy corporate income tax deductions; consumers who
purchase new energy vehicles and energy-saving appliances included in the catalog should
be given consumption tax exemptions or personal income tax deductions, thereby creating
strong guidance on both the supply and demand sides.

Second, a differentiated regional collaborative governance mechanism should be es-
tablished based on the spatial spillover effects of green taxes. The results of this study’s
spatial Durbin model indicate the presence of a spillover effect (p = 0.520), revealing the
crucial role of interprovincial interactions. First, establish a cross-provincial green tax
policy coordination platform. With the central government as the main body, green tax
and natural resource utilization coordination agencies should be established within the
four major regions of eastern, central, western, and northeastern China. This agency should
regularly communicate green tax policy adjustment plans among regions to avoid the nega-
tive spillover traps of vicious competition or policy hollowing out. Secondly, differentiated
regional coordination strategies should be implemented. The eastern region has strong local
effects of RGT but weak spillovers, and negative spillovers from IGT. Green tax revenues
from eastern provinces should be used for interprovincial green technology transfer and
cooperation. Funding should be provided to environmental protection enterprises in the
province to establish branches or provide technical assistance in neighboring provinces
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in central and western China, transforming the “siphon effect” into a “diffusion effect.”
All three types of taxes in the central region exhibit negative spillovers, posing the risk of
creating “pollution havens.” A “green threshold” could be introduced for industrial transfer
in the central region, requiring that the receiving enterprises meet the green tax intensity
of the sending region, with oversight and implementation by the regional coordination
agency. Western and northeastern regions should fully leverage the significant positive
spillover effects of IGT. These regions are encouraged to jointly apply for national-level
green industry coordinated development demonstration zones. Within these demonstra-
tion zones, a unified catalog of guiding tax incentives will be implemented to attract the
development of industrial chain clusters and amplify the positive spillover effects of IGT.

Third, strengthen the synergy between trade openness and inductive green taxation.
Trade openness only plays a significant mediating role in inductive green taxation ( IGT).
Create a closed-loop policy for green taxation and trade facilitation. Specifically, for ex-
porting enterprises that accept IGT incentives and obtain green certification, customs and
commerce departments should grant “green customs clearance” conveniences, such as
shortened customs clearance times and reduced inspection rates. At the same time, in inter-
national trade negotiations, we can strive for import tariff reductions and exemptions in
other countries for products from these green enterprises that utilize natural resources, thus
combining domestic incentives with international market access. Regarding environmental
protection (ENT) and resource-use taxation (RGT), we must be wary of the potential for
industrial relocation under high trade openness. Strengthen environmental cost assess-
ments for the export of high-energy-consuming and high-emission products, and study
and formulate differentiated green tax coverage for export links. At the same time, we
must prevent strict domestic environmental regulations from forcing resource-dependent
enterprises to transfer pollution through trade channels.

While this study has drawn numerous conclusions, there is still considerable room for
further research. First, although this study constructs a green tax intensity index based on
ten tax categories, the weightings assigned to each tax category may not fully and accurately
reflect their actual environmental regulation intensity. Future research could explore using
more refined industry or enterprise-level data to more meticulously measure the effects of
green tax policies. Second, the sample coverage is limited. Due to data integrity constraints,
this study does not include Tibet, Hong Kong, Macao, and Taiwan. As data becomes more
available, they could be incorporated into the analysis to enhance the generalizability of the
conclusions. Third, differences in policy implementation are not fully considered. The same
green tax policy may have varying collection and enforcement efficiency and enforcement
strength across different regions. These implementation gaps could affect the assessment
of the green tax policy’s impact on natural resource utilization. Subsequent research could
therefore consider these limitations in more detail.
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