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As the severity of global climate change escalates, carbon peak and carbon neutrality have
emerged as international imperatives. Green taxation, a crucial fiscal strategy promoting the
transition to a green low-carbon economy, demands thorough investigation regarding its
efficacy and operational mechanisms. Predominantly, existing research has concentrated on
the macroeconomic implications of green taxes, while their influence on regional green
growth and innovation remains underexplored. This paper delineates green taxation in both a
broad and narrow sense, elucidating its essence and potential in stimulating regional green
progress and innovation. Utilizing panel data from 30 provinces in China spanning 2004 to
2021, a bidirectional fixed-effects model was developed for empirical analysis. Moreover, an
impact mechanism model was constructed to delve into how green taxation specifically
affects regional green development and innovation. Findings reveal that green taxation sig-
nificantly fosters regional green growth and markedly enhances green innovation. None-
theless, due to the resource crowding-out effect, it adversely impacts the comprehensive
innovation capabilities of regional enterprises. This insight offers a fresh perspective on the
paradoxical effects of green taxation, underscoring the necessity for a balanced approach in
policy design and implementation. Drawing on these conclusions, the paper presents tailored
policy recommendations.
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Introduction

n the era of transformative economics, the global shift towards

green low-carbon, and circular development is gaining

momentum, positioning itself as a crucial trajectory and trend
for economic growth. This paradigm shift in economic develop-
ment not only fosters the evolution of environmental manage-
ment but also catalyzes the green tax systems. Green taxation,
targeting polluters, seeks to internalize external costs, remediate
market resource allocation flaws, and boost economic efficiency.
During the 14th Five-Year Plan of China, the pivot from rapid to
high-quality green economic growth has placed the effective
application of green taxation at the forefront of academic and
policy-making circles, both domestically and internationally.
Despite the recognized significance of green taxation, there is a
notable dearth of theoretical research on its adverse effects on
regional green development and innovation. Current literature
predominantly focuses on its macroeconomic impact and envir-
onmental quality, with less emphasis on the detailed mechanisms
by which it influences regional innovation, particularly through
the allocation of corporate resources and the crowding out of
limited assets.

The existing theoretical gap hinders a full evaluation of green
taxation, subsequently affecting the related policy efficiency.
According to the Resource-Based View (RBV), the reallocation of
resources could diminish a firm’s innovation and competitiveness
in non-green sectors (Zahra, 2021). The innovation system
indicates that while green taxation may incentivize green tech-
nological innovation, it could also divert resources away from
other areas of innovation, impacting the overall innovation
capacity (Kooreman and Mot, 2021). Additionally, the techno-
logical lock-in theory points out that once a specific technology is
adopted, it becomes challenging for the system to shift from the
established trajectory due to scale economies and learning effects
(Foxon, 2002; Cecere et al.,, 2014). Therefore, the study investi-
gates the negative aspects of green taxation in fostering regional
green development and innovation. By conducting an in-depth
analysis of how green taxation affects corporate behavior towards
green innovation, this research introduces the innovative concept
that green taxation may negatively influence regional innovation
capacity. Utilizing a novel approach to heterogeneity analysis, it
examines the effects of green taxation across regions with dif-
fering innovation capabilities, probing potential innovation
capacity declines caused by resource imbalances. This approach
fills a crucial theoretical void in existing literature and offers more
precise and practical advice for policymakers. This study aims to
underpin the design of green taxation, facilitating high-quality
green economic development.

Literature review

In defining green taxes, Marshall identified them as environ-
mental taxes, a term first introduced in 1932 by welfare economist
Pigou (Marshall, 1920). Researchers such as Norouzi have har-
monized on the definition and nuances of green taxes, which have
matured from a singular special green tax to an extensive
assortment of tax varieties and strategies pertinent to resource
employment and environmental safeguarding (Norouzi et al.,
2022; Shi et al., 2023; Saad and Ariffin, 2019). Deng and Huang
(2020a) offer a refined distinction of green taxes, differentiating
them into narrow and broad categories. The narrow perspective
of green theory concentrates on pollutant emissions, whereas the
broad view encompasses the synergistic progression of the
economy, ecology, and society. Mohammed (2020) embraced this
division, regarding environmental protection taxes as narrow
green taxes and other environment-related taxes as broad green
taxes. His conclusion was that although green taxes bolster
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reliance on renewable resources and diminish consumption of
non-renewable counterparts, they do not markedly stifle eco-
nomic growth. Researchers concur that green innovation can be
characterized as the modification of processes, technologies,
systems, and products aimed at mitigating or circumventing
environmental problems (Franceschini et al, 2016; Kemp and
Oltra, 2011; Rennings, 2000). This innovation is bifurcated into
two streams: green process innovation and green product inno-
vation (Zhou and Xie, 2019), propelled by the strict governmental
regulations, the pressures of external stakeholders, and cost-effi-
ciency, which are instrumental in competitive edges and perfor-
mance (Diaz-Garcia et al,, 2015). Green development, a strategy
rooted in sustainable growth, strives to balance economic
expansion and societal well-being with the preservation of natural
resources. It encompasses a suite of initiatives, including efficient
policy, technological advancements, behavioral shifts, and
resource management, all targeted at safeguarding ecosystems
and biodiversity and rising to the challenges posed by climate
change (Hussain et al., 2022). The ambit of green development
extends across various sectors such as the green economy, green
energy, green transportation, green construction, and green liv-
ing, fostering resource efficiency, pollution, and waste reduction,
enhanced adaptability to climate variations, and a shift towards
the utilization of clean and renewable energy sources.

Existing research has focused on green taxation as a driving
force of regional green development. In the discourse on ecolo-
gical progress, researchers have predominantly explored this from
the angles of green tax intensity, environmental regulatory
impacts, and green tax frameworks. Pourkarimi and Hojjat (2019)
pointed out that green taxes are an important tool for environ-
mental technology and sustainable development by reducing
production costs and encouraging participation from envir-
onmentally friendly businesses and the public. Chien et al. (2021)
observed that green taxes exert a considerable negative effect on
curbing carbon emissions and haze pollution within the U.S.
economy, thereby playing an important role in environmental
protection and sustainable development. Hu and Chen (2023)
suggested that an expansion in the scope of environmental pro-
tection taxes coupled with the application of differentiated tax
rates could mitigate pollution emissions and enhance green
development. Sun (2013) asserted the green tax system’s vital role
as an economic instrument, particularly in fostering the refine-
ment of such systems in pilot regions like the Qinghai Qaidam
Circular Economy Experimental Zone. Laszl6 (2021) emphasized
that green taxes, via tax policy overhauls, rectify climate-
damaging activities and shift consumer and producer patterns
to fulfill the green policy. Wang et al. (2022) observed that
adopting differentiated green tax policies regionally will advance
local ecological progress. Hafi et al. (2023) underscored the need
for enhanced coordination within and between tax and envir-
onmental regulatory frameworks, advocating for the optimization
of green tax strategies to foster regional ecological advancement.
Saad and Ariffin (2019) provided empirical insights into Malay-
sia’s green tax mechanism, assessing its effectiveness in meeting
environmental goals and noting its primary focus on incentive
taxes with moderate success. Labandeira et al. (2019) highlighted
that green tax reforms are designed for the versatile utilization of
tax revenues, imposing levies on energy-related environmental
damage to influence energy demand, emissions, public finances,
and income distribution. These funds are also earmarked for
fiscal consolidation and subsidizing renewable energy initiatives.
Rodriguez et al. (2019) identified the potential of green tax
reforms to yield a dual benefit, notably improving the energy
trade balance and mitigating energy intensity. Su et al. (2023)
observe that green taxation significantly influences the green
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transformation of heavily polluting industries in China. Deng and
Huang (2020b) recognized green taxes as a potent tool for energy
regulation via taxation, essential for diminishing consumption
and augmenting efficiency, with differentiation into narrow and
broad categories. Accordingly, it is evident that a prevalent view
among scholars is the effectiveness of green taxes in fostering
ecological progress. Fotis and Polemis (2018), utilizing a dynamic
GMM model analysis of data from 34 European countries
(2005-2013), advocated for the early taxation of polluting sectors
as a strategy to enhance air quality and sustainability. However,
regional green development cannot be separated from green
innovation. Shen and Zhang (2022) discovered that specific green
taxes (like those on vehicles, vessels, resources and urban land
use) significantly bolster industrial ecological transformation,
marking a critical tool for environmental safeguarding and sus-
tainable progress. Cheng et al. (2022) observed a favorable
influence of green tax policies on the environmental investments
made by major polluting firms, notably within larger entities. Liu
et al. (2022) noted that the adoption of recycling carbon taxes and
policies promoting clean electricity technology could facilitate
economic growth, emission reduction, and an enhancement in
social welfare. Grounded in the research mechanisms of green
development, the study posits that green taxation emerges as a
key driver for green innovation within enterprises and across
regions.

Consequently, green taxation should be viewed as an effective
approach to enhancing green innovation. Porter Hypothesis
asserts that judicious environmental regulation has a beneficial
impact on green innovation (Porter, 1996). In 2020, Song et al.
(2020) highlighted green taxes as a vital tool for fostering green
product innovation, noting the necessity for further examination
of environmental regulations alongside R&D tax incentives.
Wang et al. (2022) revealed that resource tax reforms significantly
bolster green innovation in resource-intensive industries with
corporate profitability acting as a reinforcing mediator, and
executive compensation amplifying this effect. Yu et al. (2021)
demonstrate a unit-based progressive carbon tax encourages
firms to engage in green innovation more effectively than a fixed
rate. Jiang et al. (2023) identified a dual influence of green taxes
on corporate green innovation: environmental subsidies exert a
positive impetus, whereas environmental taxes demonstrate a
U-shaped dynamic—initially inhibitory but subsequently stimu-
latory. China’s implementation of an environmental protection
tax in 2018, which targets corporate pollution emissions, has been
pivotal in improving corporate ESG (Environmental, Social, and
Governance) performance, thereby stimulating green technology
innovation and facilitating sustainable development. Li’s study
(2022) demonstrates that the environmental protection tax not
only significantly boosts ESG performance, but also enhances
green technological innovation, with the former playing a med-
iating role in the latter’s enhancement. The study also notes
variations in this effect based on corporate ownership and
regional factors (Li and Li, 2022). Zhang et al. (2020), using a
game-theoretic model, find that carbon taxes incentivize firms to
adopt aggressive green innovation strategies. Pourkarimi and
Hojjat (2019) underscore green taxes as crucial instruments
within green economic policies for deploying sustainable tech-
nology. They argue that these taxes promote the adoption of
environmental technologies by lowering production costs and the
expense associated with non-environmental goods. Zheng et al.
(2023) argue that environmental and R&D taxes enhance cor-
porate green innovation, exhibiting a synergistic effect. Wang and
Yu (2021) observed that mineral resource development often
results in externality issues. They found that the rate of envir-
onmental tax directly influences pollution reduction and green
production. His results indicate that environmental externalities

negatively affect green technology innovation, advocating for a
gradual increase in environmental tax rates. Deng et al. (2023)
report that environmental taxes have heightened green innova-
tion in heavily polluting industries, with increased management
costs compelling firms to increase their R&D investment, thus
boosting green technological innovation. The influence of green
taxation on environmental protection and green technology
innovation is substantial, and it is essential to account for the
nonlinear effects of tax competition to enhance the efficacy of
environmental regulation and the advancement of green tech-
nology innovation (Deng et al., 2022). Johan (2006) argued that
green taxation opens wider market opportunities for the devel-
opment of pollution-free environmental technologies. In 2021, Yu
explored the effects of green taxes and technology subsidies on
the intelligent transformation of manufacturing enterprises. He
discovered that adjustments in government taxation policies
could encourage the production of intelligent products and boost
corporate competitiveness (Yu et al., 2021). Lastly, Chen et al.
(2022) emphasized the critical role of green taxation in driving
environmental technology innovation, with significant implica-
tions for the manufacturing industry’s development. In the con-
text of China, the enactment of environmental tax laws has been a
catalyst for green technology innovation, though further incen-
tives are necessary to foster green development.

However, the investigation into the negative impacts of green
taxation remains limited. Extensive research in the realm of green
innovation and development has scrutinized knowledge-based
factors (such as intellectual property rights) that stimulate green
performance, including R&D expenditures, patent registrations
and applications (Guo and Huang, 2022; Wang et al., 2022)- Yet,
there is a notable scarcity of research addressing the adverse
effects resulting from the mandatory channeling of these
knowledge-based and material resources into green investments,
leading to a depletion of resources available for other innovative
activities. Zahra (2021), from the Resource-Based View (RBV),
argues that for resource-constrained firms, managing limited
resources to reach an optimal state is a slow and challenging
process, highlighting the criticality of optimal resource allocation.
Kooreman and Mot (2021), utilizing innovation system theory,
review the literature and policies surrounding green innovation.
This body of work underscores the intricacies involved in for-
mulating and executing green innovation policies, including
green taxation. It highlights how these policies influence the
alteration of incentive structures and the redirection of resource
flows. Foxon (2002) and Cecere et al. (2014), grounded in tech-
nological lock-in and path dependency theories, observe that
entrenchment in existing technological paths can restrict the
scope and trajectory of innovation, making shifts toward more
sustainable pathways arduous. This is particularly relevant in
understanding how green taxation may engender an over-reliance
on existing technologies in firms and regions, thus constraining
the exploration of novel and disruptive technological avenues.
Empirical studies focusing on how to reduce the time and costs of
green innovations, minimize pollutant emissions and diminish
impact are scant, particularly those examining the negative
repercussions of extensive resource reallocation due to green
taxation. This oversight and potential misinterpretation of policy
lag by governments can further hinder the effectiveness of green
taxation and lead to outcomes that contradict initial expectations.

As illustrated in Table 1, substantial research has been con-
ducted on the positive impacts of green taxation and the critical
role of resource allocation. However, when green taxes are effective,
studies on the potential negative consequences that may arise from
resource reallocation remain sparse. This research, therefore, seeks
to assess whether green taxation can facilitate regional green
development and innovation, considering both its resource
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Research Theme

Table 1 Summary of Current Research.

Main Content

Research Findings Related Scholars

Definition and Origin of Green
Taxation

Classification of Green
Taxation

Definition of Green Innovation

Definition and Goals of Green
Development

The Relationship between
Green Taxation and Green
Development

The Relationship between
Green Taxation and Green
Innovation

Management in Resource-
Constrained Enterprises

Design and Implementation of
Green Innovation Policies

Technological Lock-In and
Path Dependency

Green taxation, also known as
environmental taxation, originated from the
concept of Pigovian taxes.

Green taxation can be categorized into
narrow and broad terms.

Green innovation refers to new or improved
processes, technologies, systems and
products.

Green development is a sustainable
development strategy aimed at promoting
economic growth, social welfare and
environmental protection.

Green taxation is considered a crucial tool
for driving green development.

Green taxation can influence corporate
activities in green innovation.

This explores how enterprises with limited
resources manage their resources to
achieve optimal states.

A review of literature and policies on green
innovation policies, including green tax
policies.

Research on how lock-in to existing
technological paths may limit the scope and

direction of innovation.

Marshal, Norouzi, Fahad,
Saad, Deng, Mohammed,
et al.

Deng, Mohammed, et al.

From Pigou’s introduction to modern
scholars, the definition and scope of green
taxation have gradually expanded.

Narrow taxation focuses on emissions of
pollutants, while broad taxation considers the
harmonious development of the economy,
ecology and society. |

These innovations aim to reduce or avoid
environmental issues and are divided into
green process innovations and green product
innovations.

It involves a series of measures to reduce
environmental impacts, protect ecosystems
and biodiversity.

Franceschini, Kemp,
Rennings, et al.

Hussain, Mehmood,
et al.

Pourkarimi, Chien, Hu,
Sun, Laszlé C, Wang,
Hafi, et al.

By reducing costs and motivating businesses
and the public, green taxes foster
environmental conservation and economic
growth.

Appropriate environmental regulations, such  Porter Hypothesis, Song,

as green taxes, positively impact green Wang, Xu, et al.
innovation.
Managing limited resources is a slow and Zahra, et al.

challenging process, and optimal resource
allocation is crucial.

The designing and implementing green
innovation policies changes incentive
structures and resource flows.
Technological lock-in can make the shift to
sustainable innovation pathways more
challenging.

Kooreman, et al.

Foxon, Cecere, et al.

allocation effects and the associated negative impacts. Drawing the
China Innovation Report, assesses innovation capacity through a
systematic framework encompassing knowledge creation, acquisi-
tion, corporate innovation, the innovation environment and per-
formance. The paper argues that while green taxation can indeed
propel regional green development and innovation, this necessi-
tates the reallocation of corresponding resources to achieve such
promotional effects (Shi et al., 2023). Green taxation in a region
should encourage investments in green resources, crucial for
advancing green technological development and reducing pollution
emissions (Arshian et al., 2023). However, this implies that in the
context of overall limited resources, there could be not only a
significant shift in resource allocation towards green initiatives but
also substantial changes in overall resource distribution, which
could inadvertently impede development in other sectors.

By analyzing panel data from 30 Chinese provinces spanning
2004-2021, this study unveils the positive influence of green
taxation on regional green development and innovation, while
also delving into the mechanisms of its potential negative effects.
Anchored in disciplines such as environmental economics, the
Resource-Based View (RBV) theory, and innovation systems, this
research probes how green taxation steers the behavioral choices
of businesses and individuals towards regional green growth and
innovation. This exploration sheds light on the economic merits
of green taxation, especially in terms of its latent role in pro-
moting regional green technological innovation and sustainable
development. Our approach, which refines existing research,
employs meticulous data, including the two-way fixed effects
model and mediation effect analysis. It integrates an empirical
analysis of varying innovation capacities into heterogeneity ana-
lysis, offering deeper and more precise insights. This work

4

endeavors to bridge the gaps in theoretical and empirical research
about the workings of green taxation across diverse economic and
environmental backdrops found in the existing literature.

Research hypotheses and data measurement

Research hypotheses

Impact on green development and green innovation. Green taxa-
tion, as a strategic policy instrument, plays a pivotal role in
promoting sustainable practices. By offering reduced taxes on
environmental equipment and technologies, it motivates enter-
prises to invest in and adopt eco-friendly technologies, including
clean production and resource-efficient technologies. This strat-
egy leads to reduced resource consumption and environmental
pollution, thereby contributing to an enhanced level of regional
green development. Additionally, green tax policies encourage the
adoption of energy-saving and emission-reduction measures.
These practices not only improve energy efficiency but also
decrease emissions during the production process, further aug-
menting productivity (Yasmeen et al., 2023). In a similar vein, the
imposition of higher taxes on sources of pollution compels
enterprises to escalate investments in environmental research and
development. This shift fosters the innovation and application of
green technologies, catalyzing the growth and transformation of
green industries. However, it is noteworthy that the application of
innovative technologies often exhibits a certain degree of latency.
Additionally, the implementation of green taxation may increase
the operational costs for businesses to some extent. Consequently,
green taxation might exhibit a lagging effect on regional green
development and innovation. In light of these considerations, the
following hypotheses are posited:
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Fig. 1 National green tax intensity over time. The percentage of green taxes as a proportion of total tax revenue is plotted on the vertical axis, with years
on the horizontal axis, showing the change in the proportion of green taxes in China from 2004 to 2021.

Hypothesis H1: Green taxation exerts a delayed promotional
effect on regional green development.

Hypothesis H2: Green taxation positively influences regional
green innovation.

Mechanism and impact on regional innovation capacity. The
introduction of green tax policies, while increasing costs for busi-
nesses, also steers them towards investing in the green sector, owing
to the incentives and reductions these policies offer. This shift may
inadvertently result in decreased investment in research and
development (R&D) and innovation in other vital areas. From the
Resource-Based View (RBV), a firm’s competitive advantage and
capacity for innovation are derived from its unique resources and
capabilities. Green taxation encourages businesses to redirect their
finite resources toward green technologies in pursuit of tax benefits.
This reallocation could potentially compromise R&D and innova-
tion in non-green sectors, thereby impacting the firm’s competi-
tiveness and innovative potential in these areas. Innovation system
theory highlights that innovation is a systemic process involving
multiple stakeholders, including enterprises, governments, and
research institutions. These entities collectively foster the generation
and application of new knowledge through diverse interactions.
Green taxation, by reshaping incentive structures and resource
distribution, may bolster innovation in green technologies within
the system. Yet, this could also lead to a diversion of resources from
other potential areas of innovation, influencing a region’s overall
innovative capacity. The technological lock-in and path dependency
indicate that once a specific technological path is embraced, the
system may become excessively dependent on it due to factors like
scale economies, and synergistic and learning effects, potentially
hindering the transition to alternative technological paths. Green
taxation, therefore, might cause enterprises and regions to rely too
heavily on established technologies, restricting exploration into
novel and disruptive technological trajectories. In light of this, the
paper proposes the following two hypotheses:

Hypothesis H3: Green taxation exerts an inhibitory influ-
ence on regional comprehensive innovation capacity.

Hypothesis H4: Green taxation, while advancing regional
green development and reallocating corporate resources,
impedes the enhancement of regional innovation capacity.

Data measurement
Measurement of green taxation. In this study, green taxes are
delineated into two distinct categories: narrow green taxes and

broad green taxes. Narrow green taxes specifically target pollutant
emissions, aiming to foster environmental protection and sus-
tainable development. These are essentially environmental pro-
tection taxes, marking a transition from a pollution fee system to
a formal taxation framework. Prior to the adoption of environ-
mental protection taxes, pollution fees served as an effective
interim measure.

Broad green taxes, on the other hand, are more encompassing,
considering the synergistic development of ecological and
economic systems. These taxes focus on post-event regulation
as well as preemptive guidance and control (OECD, 2010). Broad
green taxes encompass a range of fiscal measures including
environmental protection taxes, pollution fees and specific
environmental provisions within certain tax categories. Given
the challenges in acquiring data on tax incentives for environ-
mental protection and energy conservation within value-added
tax and corporate income tax, this study has chosen to use a
composite measure for broad green taxes. This measure defined
broad green taxation as the proportion of the total sum of
environmental protection tax, domestic consumption tax,
resource tax, urban maintenance and construction tax, farmland
occupation tax, and vehicle and vessel tax to the total regional tax
revenue. This approach allows for a nuanced and comprehensive
evaluation of both narrow and broad green tax policies on
regional green development and innovation capacity. This
comprehensive analysis is visualized in Fig. 1, which presents a
timeline of national green tax intensity:

Measurement of green development indicators. In assessing green
development, the scholarly community has yet to agree upon
uniform measurement indicators. Predominant methods for
evaluation include comprehensive assessment systems that
address environmental pollution and green total factor pro-
ductivity (Li et al,, 2022; Fang, 2021). Green total factor pro-
ductivity, particularly in the production process, encompasses a
holistic consideration of resource utilization efficiency, environ-
mental impact, and economic benefits. This approach integrates
both the outputs and inputs of the production process, while also
emphasizing the sustainable use of resources and minimizing
environmental degradation. An increase in green total factor
productivity signifies enhanced output with equal or reduced
resource consumption and a diminished environmental footprint,
aligning with the principles of sustainable development. Conse-
quently, this paper adopts green total factor productivity as the
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Table 2 Input and Output Indicators for Measuring Green Total Factor Productivity.

Industrial Sulfur Dioxide
Industrial Wastewater
Industrial Particulate
Matter

Unintended Output

Category Variable Indicator Data Source
Description
Input Energy Consumption 10,000 tons of China Statistical Yearbook, Provincial Statistical
standard coal Bulletins, China City Statistical Yearbook, China
Fixed Assets (Perpetual Net fixed assets Energy Yearbook, China Environment Yearbook
Inventory Method)
Number of Employees ~ Number of
employees in urban
units at year-end
Output Expected Output GDP GDP Increment

Value
Emission Volume

representative metric for regional green development. This is
quantified using the sbm-ddf model. The model’s parameters are
outlined in Table 2, and the data have been subjected to loga-
rithmic transformation for analysis.

Assessment of Regional Comprehensive Innovation Capability. The
evaluation of regional comprehensive innovation capability draws
upon the aggregated utility values of China’s regional innovation
capabilities, as reported in the China Regional Innovation Cap-
ability Report spanning from 2004 to 2021. This index system is
structured around five primary indicators, further divided into 20
secondary indicators. A detailed breakdown of these indicators is
provided in Table 3:

Based on the index construction system and the corresponding
weight assignments detailed in the China Regional Innovation
Capability Report, the weights assigned to various indicators are
as follows: knowledge acquisition holds a weight of 0.15,
knowledge creation also has a weight of 0.15, enterprise
innovation is weighted at 0.25, the innovation environment
carries a weight of 0.25, and the innovation performance effect
value is given a weight of 0.20. This weighting scheme culminates
in a comprehensive utility value for regional innovation
capabilities. The partial results, which have undergone logarith-
mic processing, are presented in Table 4:

Research design

Development of the econometric model. This study establishes a
dual fixed effects panel model to examine the influence of green
tax policies on both green development and innovation. In this
analysis, green taxes are categorized into narrow and broad types,
serving as explanatory variables. Given that green taxes impact
green development and innovation through technology research
and development, a lag effect is inherent. Furthermore, numerous
scholars incorporate the squared term of environmental regula-
tion in their analyses of environmental regulatory issues. Hence,
following the methodologies used by Song and Wang (2013) and
Wang (2011), this study accounts for both one-period and two-
period lags, as well as the squared term of green taxes in the
model, leading to the construction of the following specific
dynamic panel model:

LNGTTP = a + B,LNXYGTAX, + B,LNXYGTAX,,_,
+B,LNXYGTAX,,_, + B,LNXYGTAX? + B, LNEDU;,
+B,LNOP,, + B,LNGDP,, + B,LNFDL,,
+PoLNL; 1 +B,0LNTC; +f,, LNIS; , + year, + region;, + €;,

(1)

LNGTTP = a + B, LNGYGTAX,, + B,LNGYGTAX,,_, + B,LNGYGTAX,,_,
+B,LNGYGTAX? + B,LNEDU,,
+ﬁ6LNOPi,t + B,LNGDP; , + B, LNFDL; ,+B,LNL;,
+B10LNTC; ,+B,,LNIS;, + year, + region;, + €;,

(@)

LNGTC = a + p,LNXYGTAX,, + ,LNXYGTAX,, _,
+B,LNXYGTAX, _, + B,LNXYGTAX? + B,LNEDU,
+B,LNOP;, + B, LNGDP;, + B, LNFDL,, '
+ﬂ9LNLi7t+ﬁ10LNTC,-J+ﬁ1ILNIS” + year, + region, , +€;,

3)

LNGTC = a + ,LNGYGTAX,, + B,LNGYGTAX;,_,
+B,LNGYGTAX,,_, + B,LNGYGTAX? + B,LNEDU,
+B,LNOP,, + B,LNGDP;, + B, LNFDL,,
+[59LNLi7t+ﬁ10LNTCi_t+[31ILNIS,-J + year, + region;; +€;,

4

LNTCC = a + B, LNXYGTAX;, + B, LNXYGTAX;,_,
+B,LNXYGTAX,,_, + B,LNXYGTAX> + B, LNEDU,
+B4LNOP; , + ﬁ;LNGDP,-)t + B LNFDL;,

FPoLNL; 1+BoLNTC; ;+p,, LNIS; , + year, + region;, + €;,
%)

LNTCC = a + B LNGYGTAX;, + B,LNGYGTAX;, ,
+B,LNGYGTAX,,_, + B,LNGYGTAX" + B,LNEDU,
+B,LNOP,, + B,LNGDP;, + B, LNFDL;,
+PoLNL; +B,LNTC; ,+f3,, LNIS; , + year, + region; , + ¢, ,

(6)

INTCC = a+ B,LNXYGTAX,, + B,LNXYGTAX,,_,
+B,LNXYGTAX,_, + B,LNXYGTAX? + B;LNGTTP, +B,LNEDU,,
+B,LNOP;, + B,LNGDP,, + B,LNFDL,,
+B10LNL; ;4B LNTC; ,+p,,LNIS; , + year, + region, , + €;,

?)

LNTCC = a + ,LNGYGTAX,, + B,LNGYGTAX;,_,
+B,LNGYGTAX;_, + B, LNGYGTAX* + BsLNGTTP; ,+B,LNEDU;,
+p,LNOP; , + B, LNGDP; , + B, LNFDL, ,
+/;10LNL1'.1+/;11LNTCi,t+ﬁ12LNISi,l + year, + rEgiO”i,z +egy

®)
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Primary Indicator Secondary Indicator

Table 3 Index System for Regional Comprehensive Innovation Capability.

Primary Indicator

Secondary Indicator

Comprehensive R&D Investment Indicator
Comprehensive Patent Indicator
Comprehensive Scientific Research Papers

Knowledge Creation

Indicator
Knowledge Comprehensive Technological Cooperation
Acquisition Indicator
Comprehensive Technology Transfer
Indicator

Comprehensive Indicator of Foreign
Enterprise Investment

Comprehensive Enterprise R&D Investment
Indicator

Comprehensive Design Capability Indicator
Comprehensive Technology Enhancement
Capability Indicator

Comprehensive New Product Sales Revenue
Indicator

Enterprise Innovation

Innovation
Environment

Innovation
Performance

Comprehensive Innovation Infrastructure Indicator
Comprehensive Market Environment Indicator
Comprehensive Labor Quality Indicator

Comprehensive Financial Environment Indicator

Comprehensive Entrepreneurship Level Indicator

Comprehensive Macro-Economic Indicator

Comprehensive Industrial Structure Indicator
Comprehensive Industrial International
Competitiveness Indicator

Comprehensive Employment Indicator
Comprehensive Sustainable Development and
Environmental Protection Indicator

In this framework, LNGTTP signifies the green development
within a region. LNGTC represents regional green innovation,
LNTCC denotes the comprehensive capability of regional bed
innovation, and LNXYGTAX and LNGYGTAX for narrow and
broad green taxes respectively; LNXYGTAX;,_, and
LNXYGTAX;,_, for the one-period and two-period lags of

narrow green taxes; LNXYGTAX? for the squared term of narrow
green taxes; LNGYGTAX;, ; and LNGYGTAX;,_, for the one-
period and two-period lags of broad green taxes; and
LNGYGTAX? for the squared term of broad green taxes.
LNGTTP for green development and LNGTC for green innova-
tion; LNTCC for comprehensive innovation capability; LNEDU
for educational level; LNOP for openness degree; LNGDP for
economic development; LNFDL for foreign investment; LNL for
labor; LNTC for technological level; and LNIS for industrial level.
€;, represents the random error term in the model. To mitigate
the effects of heteroscedasticity and multicollinearity, all data
have been logarithmically processed.

Data overview and indicator selection. In light of the data’s
availability and the need for stability in pandemic-era data, this
study utilizes panel data from 30 provinces and municipalities in
China. The time frame for the data spans from 2004 to 2021. The
information regarding pollution charges within green taxes is
sourced from the China Environment Yearbook, whereas other
necessary data are obtained from the China Statistical Yearbook
and various provincial statistical yearbooks. For instances of data
missing, the regression imputation method is applied to estimate
the missing values. The chosen indicators for this study are
outlined below:

Dependent variables. The research considers three dependent
variables: LNGTTP, LNGTC and LNTCC. The green development
index is measured by the SBM-DDF method, with GDP as the
desired output. The undesired outputs include industrial sulfur
dioxide, industrial wastewater, and Industrial Particulate Matter,
with fixed assets (perpetual inventory method), average number
of employees, and energy consumption as input factors. The data
derived from this method undergoes logarithmic transformation.
LNTCC is determined based on the China Regional Innovation
Capability Report, with assigned index weights and final data also
subject to logarithmic transformation, as detailed earlier. LNGTC
is quantified through the ratio of regional green patent grants to

the total number of patent grants. The resultant data are then
transformed by removing the percentage and applying logarith-
mic processing.

Explanatory variables. This paper divides green taxation into
narrow (LNXYGTAX) and broad (LNGYGTAX) categories.
Narrow green taxation refers to the proportion of environmental
fees within the total regional tax. In contrast, broad green taxation
encompasses the aggregate of environmental protection taxes,
domestic consumption taxes, resource taxes, urban maintenance
and construction taxes, farmland occupation taxes, and vehicle
and vessel taxes as a percentage of the total regional tax.

Control variables.

a. Education Level (LNEDU): This is gauged by the ratio of
regional educational expenditure to the total regional
expenditure. Regions with higher education levels typically
demonstrate greater environmental awareness and a
stronger commitment to green development, often showing
more recognition and support for green tax policies.

b. Openness Degree (LNOP): Measured by the ratio of the
total value of goods imported and exported by operating
units in each region to the regional GDP. This value is
calculated using the average annual exchange rate of the
RMB to the US dollar. A higher degree of openness in a
region usually correlates with increased opportunities for
green development and innovation.

¢. Economic Development (LNGDP): Determined by the per
capita GDP of each region. Regions with higher economic
development are generally more responsive and contribu-
tive to green tax policies, thereby facilitating green
development and innovation.

d. Technological Innovation (LNTC): This is assessed by the
proportion of regional fiscal R&D expenditure to total
regional expenditure. The level of regional technological
innovation plays a significant role in the region’s develop-
mental capacity.

e. Foreign Direct Investment (LNFDL): A high level of foreign
direct investment can introduce more green technology and
industries. It also aids in the implementation and effective-
ness of green tax policies.

f. Labor Force (LNL): Represented by the number of people
employed at the end of the year in each region. An
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inadequately skilled or environmentally unaware labor
force can impede the implementation of green tax policies
and hinder green development.

g. Industrial Structure (LNIS): Measured by the proportion of
tertiary industry output to the regional GDP. A higher
tertiary industry output percentage often indicates a more
developed and diverse regional economic structure, which
tends to have a higher demand for environmental
protection and green development.

Descriptive statistical analysis. The analysis of Table 5 reveals a
substantial variation in the minimum and maximum values for
the degree of green development, green innovation, both broad
and narrow green taxes, foreign investment, and technological
innovation. This variation underscores a notable disparity in
green development, innovation, green tax application, and other
related variables across various regions in China. The relatively
smaller standard deviation observed in the degree of green
development and the level of green innovation suggests a more
cohesive distribution of data pertaining to these indicators.
Conversely, the larger standard deviations associated with green
taxes, technological innovation, foreign investment, and openness
to external engagement reflect a broader dispersion of data. These
disparities indicate significant regional differences in green taxes,
technological innovation, and openness.

Correlation analysis. Table 6 reveals a pronounced negative
correlation between narrow green taxation and regional green
development, yet with a positive coefficient for its squared term.
This suggests that as narrow green taxation increases, its negative
impact on regional green development diminishes and may
potentially transform into a positive influence. This suggests a
nonlinear relationship in which an increase in narrow green
taxation might initially hinder green development but becomes
beneficial after surpassing a certain threshold. The analysis of
Table 7 indicates a significant negative link between broad green
taxation and overall regional innovation capacity, and this rela-
tionship is further accentuated by a significantly negative squared
term. This indicates that an increase in broad green taxation not
only initially exerts a negative impact on regional innovation
capacity but also that this adverse effect intensifies with further
increases in taxation. Such a trend could suggest that excessively
high broad green taxation dampens corporate innovation drive,
thereby adversely affecting regional comprehensive innovation
capacity. These analyses lead to the conclusion that there is a
notable correlation between green taxation (both narrow and
broad) and the chosen dependent variables (regional green
development and comprehensive innovation capacity). Addi-
tionally, the robust significance of the control variables under-
scores their validity. These insights provide a deeper
understanding of the effects of green taxation on regional
development and innovation capacity, underscoring the sig-
nificance of continued research in this area.

Empirical analysis

The dataset employed in this study comprises unbalanced panel
data, encompassing 30 samples over an 18-year period. When
selecting regression models, F-tests strongly reject the null
hypothesis “HO: all u;=0”, indicating a preference for fixed
effects over mixed regression. Further, the Hausman test decisi-
vely refutes the null hypothesis, demonstrating that the fixed
utility model of this study markedly outperforms the random
effects model. Consequently, this paper adopts a fixed effects
model for the empirical analysis. To enhance the model’s
robustness, it accounts for both time and regional variations,
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Table 5 Descriptive Statistics of Variables.

Variable N Mean SD Min p50 Max
Green Development LNGTTP 540 0.34 0.38 -0.5 0.3 2.06
Green Innovation LNGTC 540 2.03 0.35 0.84 2.08 2.68
Comprehensive Corporate Innovation Capability LNTCC 540 3.316 0.325 273 3.27 413
Narrow Green Tax LNXYGTAX 540 —1.52 0.99 -5.8 —1.42 0.9
Broad Green Tax LNGYGTAX 540 29 0.46 1.37 296 5.52
Education LNEDU 540 2.77 0.16 2.29 2.79 31
Degree of Openness LNOP 540 -1.72 0.99 —4.87 -1.97 0.61
Economic Development LNGDP 540 10.39 0.69 8.35 10.47 12.01
Foreign Investment LNFDL 540 0.42 11 —4.53 0.63 2.49
Labor Force LNL 540 7.57 0.8 5.63 7.65 8.86
Technological Innovation LNTC 540 0.29 0.75 -15 0.2 1.97
Industrial Structure LNIS 540 3.76 0.2 3.35 3.72 4.43
Table 6 Correlation Analysis of Narrow Green Taxes.
LNGTTP LNXYGTAX L.LNXY ~ X L2.LNX~ X LNXYGT ~ 2 LNEDU LNOP
LNGTTP 1
LNXYGTAX —0.356*** 1
LLNXYGTAX —0.346*** 0.961*** 1
L2.LNXYGTAX —0.339** 0.929*** 0.959*** 1
LNXYGTAX2 0.265*** —0.921*** —0.888*** —0.861*** 1
LNEDU —0.144*** 0.0470 0.077* 0.120** —0.074* 1
LNOP 0.0210 —0.500*** —0.500*** —0.501** 0.516*** 0.MN7*** 1
LNGDP 0.711** —0.699*** —0.696*** —0.695*** 0.578*** 0.0170 0.417***
LNFDL —0.0180 —0.200*** —0.185*** —0.179*** 0.199*** —0.00300 0.534***
LNL —0.092** 0.093** 0.104** 0.n3** —0.137*** 0.530*** 0.120***
LNTC 0.429*** —0.631** —0.593*** —0.558*** 0.571*** 0.286*** 0.531***
LNIS 0.518*** —0.735*** —0.749*** —0.763*** 0.717*** —0.172%** 0.388***
LNGDP LNFDL LNL LNTC LNIS
LNGDP 1
LNFDL 0.193*** 1
LNL 0.0480 0.192*** 1
LNTC 0.763*** 0.300*** 0.180*** 1
LNIS 0.698*** 0.0360 —0.177*** 0.540*** 1
*, **, *** denote significance at the 10%, 5%, and 1% levels, respectively. (Applies to subsequent analyses)
Table 7 Correlation Analysis of Broad Green Taxes.
TCC LNGYGTAX LLNGY ~ X L2.LNG~ X LNGYGT -~ 2 LNEDU LNOP
TCC 1
LNGYGTAX —0.586*** 1
LLNGYGTAX —0.581"** 0.890*** 1
L2LNGYGTAX —0.572** 0.853*** 0.884*** 1
LNGYGTAX2 —0.545*** 0.985*** 0.840*** 0.802*** 1
LNEDU 0.155*** 0.0450 0.0320 0.0320 0.0240 1
LNOP 0.795*** —0.657*** —0.636*** —0.626*** —0.613*** 0.117*** 1
LNGDP 0.487*** —0.160*** —0.182*** —0.203*** —0.129*** 0.0170 0.417***
LNFDL 0.544*** —0.408*** —0.402*** —0.397** —0.396*** —0.00300 0.534***
LNL 0.366*** 0.138*** 0.144*** 0.145*** 0.122*** 0.530*** 0.120***
LNTC 0.605*** —0.260*** —0.316*** —0.388*** —0.235*** 0.286*** 0.531***
LNIS 0.373*** —0.286*** —0.297*** —0.268*** —0.231** —0.172*** 0.388***
LNGDP LNFDL LNL LNTC LNIS
LNGDP 1
LNFDL 0.193*** 1
LNL 0.0480 0.192*** 1
LNTC 0.763*** 0.300*** 0.180*** 1
LNIS 0.698*** 0.0360 —0.177*** 0.540*** 1
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Table 8 Baseline Regression Results of the Two-Way Fixed Effects Model.

LNGTTP LNGTC LNTCC LNGTTP LNGTC LNTCC
LNXYGTAX —0.002 (—-0.03)  0.161* (1.78) 0.026 (0.72)
LLNXYGTAX 0.104*** (2.85) —0.055* (—1.95) —0.031** (—2.28)
L2.LNXYGTAX 0.030 (0.94) —0.048 (-1.08) —0.126 (—0.84)
LNGYGTAX 0.014 (0.04) 0.151 (0.53) 0.132 (0.84)
LLNGYGTAX —0.039 (-1.52) 0.005 (0.18) —0.029* (-1.8)
L2.LNGYGTAX 0.017 (0.42) 0.011 (0.28) —0.031* (-1.72)
LNXYGTAX"2 —0.002 (-0.18) 0.020* (1.92) —0.004 (-0.7)
LNGYGTAX"2 —0.013 (-0.27) —0.015 (-0.43) —0.019* (-1.82)
LNEDU —0.027 (-0.12) —0.088 (-0.33) 0.016 (0.24) —0.086 (-0.36) —0.032 (-0.13) 0.027 (0.43)
LNOP 0.092* (1.92) —0.037 (-0.77) —0.041* (-1.72) 0.050* (1.81) —0.017 (-0.35) —0.046* (-1.71)
LNGDP 0.043 (0.20) 0.078 (0.45) 0.416™** (4.21) 0.001 (0.00) 0.045 (0.24) 0.402*** (4.15)
LNFDL 0.008 (0.28) —0.051"* (=2.41)  0.003 (0.32) 0.017 (0.56) —0.060*** (=3.03)  0.004 (0.35)
LNL —0.124 (-0.62) 0.442*** (3.08) 0.209** (2.11) —0.150 (-0.76) 0.519*** (3.44) 0.188* (1.89)
LNTC 0.020 (0.30) 0.020 (0.38) 0.009 (0.37) —0.022 (-0.35) 0.037 (0.71) 0.002 (0.06)
LNIS —0.366" (—1.85)  0.179 (0.80) 0.029 (0.23) —0.487* (-1.78)  0.198 (0.78) —0.012 (-0.09)
Cons 2.159 (0.58) —2.710 (-1.03) —2.509 (-1.55) 3.269 (0.87) —3.489 (-1.22) —2.152 (-1.26)
Observations 540 540 540 540 540 540
Number of province 30 30 30 30 30 30
R-squared 0.774 0.646 0.699 0.757 0.631 0.700

constructing a two-way fixed effects model and employing clus-
tered robust standard errors to address potential hetero-
skedasticity. The empirical analysis presented in this paper is
conducted using Statal6 software.

Fundamental regression analysis. (1) Regression Analysis: The
Impact of Narrow Green Taxes on China’s Green Development
and Innovation

In the first column of Table 8, the influence of narrow green
taxes exhibits a lag effect at a 1% significance level. Specifically,
the first lag of narrow green taxes shows a significant and positive
impact on green development. This lag effect indicates that the
imposition of environmental protection taxes can motivate
enterprises and individuals to adopt production methods that
are more environmentally sustainable and resource-efficient. Such
a shift enhances resource utilization and boosts production
efficiency, thus facilitating the green transformation of enterprise
equipment (Luo and Wu, 2023; Sun et al., 2023). As a result, there
is an observed increase in green total factor productivity. The
implementation of new equipment and the resultant improve-
ments in enterprise efficiency take time to materialize, which
explains the positive impact of the one-period lag of narrow green
taxes on green development.

In the second column of Table 7, narrow green taxes positively
influence green innovation at a 10% significance level. This effect
arises because green tax policies elevate corporate environmental
consciousness and costs, thereby fostering green innovation and
green technologies (Feng et al., 2022). However, a first-order
negative effect is observed at a 10% significance level, suggesting
that narrow green taxes boost green innovation in the short term.
In the longer term, due to the delayed application of new
technologies, the distribution of new equipment, and the limited
scope of direct taxation on emissions under narrow green taxes,
the cost effect tends to surpass the compensatory effect.
Consequently, this dampens corporate green innovation, result-
ing in a less pronounced impact of the one-period lag of narrow
green taxes on green innovation.

Moreover, in the third column, while facilitating green
development and innovation, narrow green taxes adversely affect
the overall innovative capacity of enterprises with a one-period
lag at a 5% confidence level. On the one hand, the imposition of
narrow green taxes causes enterprises to redirect their research

10

resources towards green initiatives, which may be inadequate for
supporting innovation in other areas, thus impeding the overall
innovative progress of the enterprise (Zhao et al., 2022). On the
other hand, narrow green taxes generally elevate the comprehen-
sive costs for enterprises, leading to a decrease in their overall
innovative capabilities. (2) Regression Analysis: The Influence of
Broad Green Taxes on China’s Green Development and
Innovation

In the fourth and fifth columns of Table 7, this section
examines the influence of broad green taxes through a national-
level empirical analysis. The findings suggest that these taxes do
not exert a substantial impact on green development and
innovation. The implementation of these green tax policies
appears to be hindered by several institutional and operational
challenges, leading to their limited effectiveness. Initially, it is
important to note that broad green taxes include a spectrum of
fiscal measures beyond just environmental protection taxes. This
diversity can give rise to complications in tax design and
administration. For instance, exorbitant tax rates or impractical
collection methods can impose undue burdens on businesses,
thus potentially stifling their innovative drive. Moreover, the
effectiveness of broad green taxes is further complicated by issues
like market failure and information asymmetry. Enterprises
depend on precise and comprehensive information regarding
environmental costs and benefits to make informed investment
choices. A lack of accessible, accurate information or the presence
of information asymmetry can result in inadequate investment in
green innovation. Furthermore, for broad green taxes to be truly
effective, there must be a harmonious integration with other
environmental policies and strategies. In cases where these
policies are not well-aligned or are flawed, the potency of green
tax initiatives can be significantly weakened. This situation is
exacerbated when environmental standards are lenient or when
regulatory oversight is insufficient, as companies may sidestep
environmental obligations to cut costs. Such behavior inevitably
leads to a reduction in investments in green innovation.

In the sixth column in Table 7, regarding the influence on
enterprises’ overall innovative capacity, the study identifies
negative effects at a 10% significance level for both the first and
second lag periods. This finding is particularly noteworthy due to
the significant negative coefficient of the quadratic term. It
implies that an increase in broad green taxes corresponds with a
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further decline in the innovative capacity of enterprises. The
underlying reasons are akin to those observed with narrow green
taxes. However, the broader scope of taxation intensifies their
impact on the innovative prowess of enterprises.

Drawing from the detailed analysis of the effects of narrow and
broad green taxes on green development and innovation, it can be
inferred that hypotheses H1 and H2 are substantiated to a certain
degree.

In examining the control variables, it becomes evident that
regional labor positively influences green innovation, as evi-
denced by the 1% significance level. An increase in employment
not only boosts labor participation in green innovation but also
catalyzes the development and application of eco-friendly
technologies and products. This shift enhances both the efficiency
and quality of innovation, thereby nurturing the green industry’s
growth. Concurrently, increased employment bolsters the dis-
semination and exchange of knowledge and technology, thereby
enriching the collective capacity for innovation and accelerating
regional progress in green innovation. Conversely, foreign
investment appears to adversely affect green innovation, obser-
vable at both 5 and 1% significance levels. Typically characterized
by a short-term orientation and a focus on profit maximization,
such investment often resorts to environmentally detrimental and
energy-intensive production practices. This approach not only
curtails regional green innovation opportunities but also impedes
environmental betterment. Furthermore, foreign technology
transfer predominantly involves outdated technologies, thereby
constraining the regional development of green innovation and
the transformation of green industries. The degree of regional
openness to foreign markets positively correlates with green
development, as indicated at the 10% significance level. This
openness facilitates resource and technology flows, thereby
bolstering green innovation capabilities and production effi-
ciency. Inter-regional exchange and collaboration enable the
adaptation of cutting-edge technologies, expansion of market
share, and improvement in product value. Such dynamics
stimulate corporate green innovation and enhance the environ-
mental performance and benefits of products. In terms of
economic development and workforce size, these factors
markedly bolster comprehensive innovation capacity in enter-
prises. However, openness, at the 10% confidence level, presents a
paradoxical effect. While economic development and an
expanded labor force can invigorate corporate innovation
activities—fueled by increased capital investment, technological
advancement, and market growth—an escalation in openness
may introduce heightened competition and market pressures,
potentially curtailing innovation efforts. Enterprises, in the face of
rivalry, might prioritize cost reduction and efficiency over
innovation. Moreover, increased openness could facilitate tech-
nology and knowledge outflows, thereby diminishing the
innovative capacities of enterprises.

Assessing the impact of innovation capacity and underlying
mechanisms. This section delves deeper into the nexus between
green development and regional innovation capacity. It particu-
larly examines the hypothesis that green taxes, while fostering
regional green development, adversely affect regional innovation
capacity. To this end, mechanism tests are employed for both
narrow and broad green taxes, utilizing Wen’s three-step
regression method (Wen and Ye, 2014). The initial two steps
are already addressed in the baseline regression analysis, and the
results from the third step are presented in Table 9.

Firstly, drawing upon the baseline regression results and the
mechanism test outcomes in Table 8, the study observes a
nuanced impact of green taxes on enterprise innovation.

Table 9 Mechanism Test Results for Narrow Green Tax
Revenue.

Item Coef Std. Err t P
Intercept —2.669 1.809 —1.475 0141
LNXYGTAX 0.026 0.035 0.727 0.468
[TLNXYGTAX —-0.022 0.013 —1.745 0.082*
[2LNXYGTAX —0.010 0.015 —0.681 0.496
LNXYGTAX2 —0.004 0.005 —0.763 0.446
LNEDU 0.014 0.073 0.188 0.851
LNOP —-0.034 0.026 -1.309 0.191
LNGDP 0.420 0.093 4.499 0.000***
LNFDL 0.004 0.010 0.428 0.669
LNL 0.199 0.106 1.874 0.062*
LNTC 0.0Mm 0.025 0.427 0.669
LNIS —0.000 0.128 —0.003 0.997
LNGTTP —0.081 0.041 —1.989 0.047**

Specifically, narrow green taxes, while conducive to green
development and innovation, adversely affect the comprehensive
innovation capacity of enterprises at a 5% confidence level with a
one-period lag. This form of taxation generally increases the total
costs for enterprises, leading to a reduction in their overall
innovation capacity. In contrast, broad green taxes demonstrate a
negative influence on this capacity at a 10% significance level,
observable in both first-order and second-order lags. Notably, the
significant negative coefficient of the quadratic term suggests a
progressive decline in enterprise innovation capacity with
increasing broad green taxes. The underlying causes mirror those
of narrow green taxes. However, due to their wider range of taxes,
broad green taxes exert a more pronounced impediment to
enterprise innovation capacity.

Consequently, Hypothesis H3 finds robust validation
through these findings.

Secondly, upon integrating the variable of green total factor
productivity in Tables 9 and 10, notable shifts are observed in the
impacts of both broad and narrow green taxes on regional
comprehensive innovation capacity. Focusing on narrow green
taxes and the baseline regression results, these taxes demonstrate
a dual effect: they promote regional green development with a
first-order lag at a 1% significance level, yet concurrently exert a
first-order lagged inhibitory impact on regional innovation
capacity at a 5% significance level. The mediation test outcomes
reveal that when green development is introduced as a mediating
variable in the innovation capacity regression, the significance of
the inhibitory effect of narrow green taxes on innovation capacity
is attenuated, falling to the 10% significance level. Concurrently,
green development itself presents an inhibitory effect on regional
innovation capacity at a 5% significance level.

From the perspective of broad green taxes, and in reference to
the previous regression results in Table 8, a marked first-order
and second-order lagged inhibitory effect on regional innovation
capacity is evident. Although broad green taxes initially do not
show a discernible impact on regional green development, this
changes when green development is incorporated as a variable in
the innovation capacity regression in Table 10. Subsequently, the
second-order lagged inhibitory effect of broad green taxes on
innovation capacity dissipates, leaving only the first-order lagged
effect. Moreover, the previously significant negative quadratic
term loses its significance. This indicates that some impacts were
mitigated through the influence of narrow green taxes on green
development, thereby altering the overall significance of their
effects.

The promotion of regional green development can inadver-
tently lead to a decrease in regional innovation capacity. This
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outcome is partly due to resource reallocation and economic
structure adjustments that can disrupt the existing innovation
system. In the quest for green development, substantial invest-
ments and resources are often channeled into environmental
protection and sustainable development initiatives, potentially
detracting from investments in other innovation sectors (Li et al.,
2022). Compliance with environmental standards and regulations
may also constrain the growth potential of certain traditional
industries, thus impacting regional economic progression and
innovation capacity. Moreover, green development can trigger
shifts in the regional industrial landscape. While this shift may
temporarily hinder traditional industries, the burgeoning green
sectors require time to mature, which could transiently affect
regional innovation capacity during this transitional phase.
Thus, Hypothesis H4 is validated to a certain extent.

Heterogeneity analysis based on the regional level

Narrow green taxes. Acknowledging the notable disparities
among various regions in China, this study segments provincial
data into three geographical categories: Eastern, Central, and
Western. This segmentation aims to conduct a heterogeneity
analysis that accurately reflects regional variations. Figure 2
provides a visual depiction of these differences, focusing on the
intensity of green taxes, quantified as their proportion in the
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Heilongjiang e—

=}

Zhejiang EEE—

Table 10 Mechanism Test Results for Broad Green Tax
Revenue.
Item Coef Std. Err t P
Intercept —2.187 1.869 —1170 0.243
LNGYGTAX 0.133 0.150 0.888 0.375
ITLNGYGTAX —-0.032 0.017 —1.895 0.059*
I2LNGYGTAX —-0.030 0.020 —1.477 0.140
LNGYGTAX2 —0.020 0.018 —1.134 0.257
LNOP —0.042 0.027 —1.568 0.8
LNEDU 0.021 0.069 0.297 0.766
LNGDP 0.402 0.094 4.286 0.000***
LNFDL 0.006 0.012 0.478 0.633
LNL 0.176 0.105 1.682 0.093*
LNTC —0.000 0.026 —0.005 0.996
LNIS —0.051 0.134 —-0.377 0.707
LNGTTP —0.079 0.040 —1.964 0.050**
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overall tax structure. Complementing this, Table 10 offers
detailed regression results, examining the influence of narrow
green taxes on aspects such as green development, green inno-
vation, and comprehensive innovation capacity across these dis-
tinct regions.

According to the top three columns in Table 11, in the Eastern
region, the narrow green taxes significantly bolster green
development, demonstrating a positive impact at the 5%
significance level. Notably, an increasing trend in this positive
effect is evident with the escalation of these taxes, as suggested by
the positive coefficient of the quadratic term. The Eastern region,
in comparison to others, is better poised for green development
due to its superior conditions and solid foundational support.
Characterized by an advanced economy with heightened aware-
ness of green industries and environmental protection, this region
offers an ideal backdrop for the effective enactment of green
taxes, thereby facilitating enhanced green development (Lu and
Zhou, 2023). However, these taxes also exhibit a first-order lagged
negative impact on green innovation, noticeable at the 10%
significance level. As the Eastern region nears the saturation point
in green technology, further innovation demands significant
investments in both funds and human resources. The increased
operational costs for businesses, stemming from narrow green
taxes, pose challenges to ongoing technological advancements.
Interestingly, narrow green taxes appear to exert negligible
influence on the comprehensive innovation capacity of businesses
in the Eastern region. This is largely attributed to the region’s
advanced state, marked by a smaller presence of heavy and
pollution-intensive industries, which significantly diminishes the
impact of these taxes. The study also reveals that certain factors
like foreign investment, labor, and technological innovation serve
as impediments to regional green development, evident at the 1%,
5%, and 10% significance levels, respectively. Conversely, regional
economic development is found to be a significant catalyst for
green development, underscoring its importance at the 1%
significance level.

According to the fourth to sixth column in Table 11, in the
Central region, the impact of narrow green taxes on green
development is not pronounced, yet these taxes notably impede
regional green innovation, as evidenced by a 5% significance level.
This region, characterized by a well-developed industrial sector, is
home to major industrial enterprises. Notable areas include
Heilongjiang and Jilin in the Northeast, predominantly engaged

Henan =—
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Shaany
Qinghai = |
Ningxia T ——
)(injiang I
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Fig. 2 Green tax intensity across regions. The horizontal axis represents various provinces, while the vertical axis depicts the average green tax intensity,
expressed as the percentage of green taxes as a proportion of total tax revenue from 2004 to 2021. This illustrates the differences in average green tax

intensity across different provinces.
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Table 11 Regression Analysis of Narrow Green Taxes in Different Regions.

Western

Central

Eastern

LNGTC LNTCC LNGTTP LNGTC LNTCC LNGTTP LNGTC LNTCC

LNGTTP

—0.098"* (-3.00)

—0.043 (-1.05)
0.032 (0.78)

0.053 (0.42) 0.374* (1.95)

0.057 (1.46)

—0.001 (0.0
—0.021* (-1.79)

0.096 (1.32)

0.015 (0.29) —0.090 (-0.78)
0.148 (1.49)
0.029 (0.4

—0.056 (-0.41)
—0.053* (-1.90)

0.322** (2.49)
0.148** (2.71)

LNXYGTAX

—0.151* (=2.07)
—0.046 (-0.32)
0.063 (1.80)

—0.028 (-0.62)
—0.159** (=2.41)
—0.006 (-0.25)

0.273 (0.92)

—0.016 (—0.93)
0.004(0.35)

LLNXYGTAX

0.040 (0.85)

—0.006 (-0.17)

—0.033 (-0.92)
—0.004 (-0.25)
0.156 (0.58)
0.011 (0.15)

0.056 (1.47)

L2.LNXYGTAX
LNXYGTAX"2

LNEDU
LNOP

—0.017* (-1.95)
—0.077 (-0.79)

0.014 (0.39)

—0.025"* (-2.51)
—0.162 (-1.18)

—0.045 (-114)
0.087 (0.32)

—0.002 (-0.4)
0.151 (-0.4)

0.044** (2.57)
0.011 (0.02)

0.014 (0.11)

—0.424 (-0.85)
—0.019 (-0.20)
—0.396 (-0.81)

—0.292* (-2.13)
0.059 (1.12)

—0.078** (-2.67)

0.098* (1.87)

0.039** (2.32)

—0.007 (-0.10)
0.291 (0.66)
0.052 (1.67)

—0.003 (-0.06)
1.095" (2.91)

0.007 (0.14)

0.591"* (2.31)
0.000 (0.01

0.958*** (7.25)
0.006 (0.4)

0.601"** (3.72)
0.031* (1.82)

0.598** (2.74)

—0.054 (-0.33)

LNGDP
LNFDL
LNL

—0.052* (-1.94) 0.002 (0.21)

0.360 (1.22)

0.180* (2.00)

0.314 (1.35)

—0.129*** (-3.32) 0.006 (0.13)

—0.673** (—2.84)
—0.278* (-1.96)

—0.087 (-1.07)
0.035* (1.76)

—0.012 (-0.03) 0.064 (0.72) 0.126 (0.47)
—0.058 (-0.63) 0.140* (1.90)

—0.035 (-0.09)
—1.549 (-0.21)

162

0.325* (1.79)

0.298 (1.23)

0.145 (0.92)
0.322 (0.86)

3.040 (0.51)

180
10

—0.042 (-1.15)

—0.368* (—2.59)
—0.725* (-2.06)

0.083 (1.51)

0.078 (1.00)

LNTC
LNIS

—0.163 (-1.38)
3.324** (2.60)

180
10

—0.349 (-1.32)

0.559** (2.26)

0.029 (0.12)

0.298 (0.64)

—0.474 (-1.00)
2159 (2.25)

198

n

—4.007 (-1.05)

180
10

—7.473*** (=5.37)

162

—10.989* (-2.22)

162

—5.473** (-2.8)

198

—8.362** (-2.47)

198

Cons

Observations

Number of province

R-squared

0.295

0.641

0.889

0.521

0.634

0.894

0.686

0.824

0.788

in heavy industries like petroleum, and the central and southern
regions focusing on metallurgy, with provinces such as Shanxi,
Hunan, and Hubei specializing in machinery manufacturing.
Despite this industrial robustness, the Central region’s economic
development remains comparatively modest. This situation has
led the region to absorb pollution-intensive industries relocated
from the Eastern region, in a bid to stimulate economic growth.
Consequently, there is a pressing need for the Central region to
impose higher environmental protection taxes and to intensify
regulatory measures. However, the region’s reliance on heavy-
pollution industries and manufacturing enterprises presents
significant challenges in leveraging environmental protection
taxes to influence regional green development and innovation
(Rao et al, 2023). This situation also adversely affects the
capability of enterprises to innovate, with a significant negative
impact at the 10% significance level, as indicated by the negative
coefficient for the quadratic term. The research further identifies
that the regional economic development and the scale of foreign
investment each positively influence regional green development,
at the 10 and 5% significance levels, respectively. Conversely, the
level of technological innovation and the industrial structure are
found to impede regional green development, at the 5 and 10%
significance levels, respectively. Moreover, factors such as regional
economic development, industrial structure, and the degree of
openness to foreign markets collectively promote the enhance-
ment of comprehensive enterprise innovation capacity, with
significant positive impacts at the 1 and 5% significance levels,
respectively.

According to the last three columns in Table 11, in the Western
region, the influence of narrow green taxes on green development
is not substantial; however, they positively affect green innova-
tion, albeit with a first-order lagged negative effect, at the 10%
significance level. There is also a notable negative impact on the
comprehensive innovation capacity of enterprises, evidenced at
the 5% significance level, with the quadratic term showing
significant negativity. The region’s industrial structure is relatively
uniform, predominantly centered around resource exploitation
and traditional heavy industries (Zhang et al., 2022). As a result,
enterprises in the Western region are encountering increased
burdens and challenges under the influence of narrow green
taxes. While the escalation in costs and policy support might
stimulate green innovation in the Western region, the absence of
advanced technology and green innovation capabilities could
hinder enterprises from effectively mitigating environmental
pollution and resource waste. This limitation impacts the
potential for both green development and innovation. Moreover,
these escalated costs contribute to an increased comprehensive
innovation burden for enterprises (Nan et al., 2022). Regarding
regional influences, economic development and technological
innovation each play a supportive role in promoting regional
green development, marked at the 5 and 10% significance levels,
respectively. Conversely, the level of foreign investment is
observed to impede regional green innovation at the 10%
significance level. Additionally, both regional economic develop-
ment and technological innovation are instrumental in enhancing
the comprehensive innovation capacity of enterprises, as
indicated at the 10% confidence level. In contrast, the degree of
openness to foreign markets presents an obstacle to this
enhancement, as evidenced by the 5% confidence level.

Broad green taxes. According to the top three columns in Table 12,
in the Eastern region, broad green taxes demonstrate a more sub-
dued impact on green development compared to narrow green
taxes, manifesting only as a first-order lagged positive effect at the
1% significance level. This muted impact can be attributed to the
region’s advanced economic development and industrial structure,
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—0.0002 (-0.01)
—-0.13 (-1.42)
—0.096*** (—3.55)
0.041 (0.38)
0.012* (1.85)
—0.149** (-2.59)
0.048* (1.82)
—0.241 (-1.49)

4.902** (2.51)

180

—0.029* (-1.83)
10

—0.034 (-0.12)
—0.008 (—0.55)

0.439

0.202 (0.24)
0.021 (0.47)
0.020 (0.49)
—0.018 (-0.19)
—0.248 (—-0.57)
0.033 (0.35)
—0.238 (-0.36)
—0.062*** (—3.34)
0.346 (1.06)
0.106 (0.74)
0.461 (1.07)
0.179 (0.02)

180
10
0.623

—2.865 (-0.81)

180

—0.418* (—1.91)
10

—0.123 (-0.55)
—0.027* (-1.94)
0.030 (1.49)
0.008 (0.29)
—0.258 (—1.62)
0.066** (2.37)
0.413 (1.61)
—0.016 (—1.25)
0.246 (0.94)
0.131** (2.38)

0.886

0.652** (2.65)
—0.075** (-2.79)
—0.030 (-1.14)
—0.089** (—2.57)
—0.149 (-1.36)
0.044** (2.31)
0.833*** (5.70)
0.004 (0.24)
0.077 (0.86)
—0.027 (-0.59)
0.349** (2.24)
—6.862"** (=3.41)
162

0.631

—0.020 (-0.54)
—0.127 (-0.64)
—0.102* (-2.15)
0.306 (0.92)
0.010 (0.13)
0.440 (0.80)

0.066 (1.73)
—0.209 (-0.40)

—3.384 (-0.37)

162

—0.084 (-0.77)
9

0.846** (2.51)
—0.032 (-0.10)
0.622

—13.149** (-2.90)

162

—0.738** (-2.39)
9

—0.136 (-1.00)
0.107 (0.37)
—0.007 (-0.17)
1.102*** (3.96)
0.192* (2.24)
—0.336** (—2.67)

0.312 (1.1

1.037 (1.06)
—0.010 (-0.11)
0.089 (0.57)

0.886

—4.742** (=2.25)

198

1

—0.177 (-0.67)
—0.129* (-1.82)
—0.132* (—1.84)
0.034 (0.67)
0.237* (1.99)
—0.026 (—0.52)
0.531"** (3.20)
0.046 (1.35)
0.339* (1.82)
0.076 (1.12)
0.136 (0.6)

0.769

—0.168* (-1.94)
0.108 (0.70)
0.154 (1.16)
—11.566** (=3.11)
198

1l

1.059* (1.79)
0.136 (0.99)
0.038 (0.27)
0.766*** (3.50)
—0.047 (-0.71)
0.368 (1.62)
0.117 (1.04)
0.159 (0.34)

0.813

—0.445** (-2.80)
—0.681 (-1.26)

7.783 (1.51)

198

n

115 (1.21)
0.359*** (3.44)
0.306 (1.62)
—0.230 (-157)
—0.466 (—0.82)
—0.232 (-1.26)
0.046 (0.11)
—0.010 (-0.17)
—0.995** (—2.88)

0.742

L2.LNGYGTAX
LNGYGTAX"2
LNEDU

Number of provinces
R-squared

LLNGYGTAX
LNOP

LNGYGTAX
LNGDP
LNFDL

LNL

LNTC

LNIS

Cons
Observations

-
N

which stand out relative to the Central and Western regions.
Additionally, the Eastern region levies fewer environmental-related
taxes, such as resource taxes and cultivated land occupation taxes, in
comparison to the Central and Western regions. However, the
Eastern region excels in technological strength, boasting superior
environmental technology and innovative capabilities. The intro-
duction of green taxes in this context serves as an incentive for
enterprises to augment their R&D investments. Consequently, this
leads to a first-order lagged positive effect and a favorable impact on
green innovation at the 10% significance level. The presence of a
negative quadratic term, however, suggests an inverted U-shaped
relationship. At the 10% confidence level, broad green taxes are
observed to impede the comprehensive innovation capacity of
enterprises, with a significantly negative impact noted in the
quadratic term. Owing to their broader tax base, broad green taxes
exert a more pronounced influence on the comprehensive inno-
vation capacity of enterprises than narrow green taxes, and this
influence is notably adverse in the Eastern region. Furthermore, the
labor and technological innovation are found to significantly hinder
green development. In contrast, the level of regional economic
development plays a crucial role in promoting regional green
innovation. Additionally, the labor, regional education, and eco-
nomic development are significant drivers in enhancing the com-
prehensive innovation capacity of enterprises.

According to the fourth to sixth column in Table 12, in the
Central region, broad green taxes reveal a nuanced impact on
green development and innovation. These taxes enhance regional
green innovation notably at the 1% significance level. However,
the analysis of the quadratic term of these taxes shows a negative
effect at the 10% significance level. This suggests an inverted
U-shaped relationship between the broad green taxes and green
innovation in this region. The influence of these taxes on the
comprehensive innovation capacity of enterprises is complex,
exhibiting both promotional and first-order lagged inhibitory
effects. The presence of a significant negative quadratic term
further underscores the inverted U-shaped dynamic in this
relationship. This pattern can be attributed to the Central region’s
industrial landscape, which is skewed towards pollution-intensive
manufacturing sectors. Higher broad green taxes in this context
incentivize enterprises to pursue green innovation as a strategy to
mitigate tax burdens (Wang et al., 2022). Although the push for
innovation spurred by these taxes markedly boosts the compre-
hensive innovation capacity of enterprises, the entrenched nature
of the heavy industry sector limits rapid shifts, thus not yielding a
substantial impact on green development. This situation has also
precipitated a first-order lagged negative effect on the enterprises’
comprehensive innovation capacity. Furthermore, an excessive
tax burden dampens the momentum for regional green innova-
tion, culminating in an inverted U-shaped trend for the
comprehensive innovation capacity of enterprises. Factors like
technological innovation and industrial structure pose significant
challenges to regional green development. Conversely, the
regional economic development acts as a catalyst for green
progress. Additionally, elements such as openness to foreign
markets, industrial structure, and regional economic development
level each play a significant role in bolstering the comprehensive
innovation capacity of enterprises, as evidenced by their impact at
the 5 and 1% significance levels.

According to the last three columns in Table 12, in the Western
region, the effects of broad green taxes on regional green
development and innovation are less distinct compared to the
Eastern and Central regions. These taxes appear to impede green
development and the comprehensive innovation capacity of
enterprises, both at the 10% significance level. The Western
region is characterized by slower economic growth, a relatively
simple industrial makeup, and a delicate ecological system (Dai
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Table 13 Temporal heterogeneity of narrow green taxes.

After 2016

2006-2016

Before 2006

LNTCC LNGTTP LNGTC LNTCC LNGTTP LNGTC LNTCC

LNGTC

LNGTTP

—0.569*** (-3.58)
—0.053 (-1.22)

0.033 (0.12)

1.385*** (2.85)

—0.779 (-157) 0.003 (0.02) 0.032 (0.62) 0.213* (1.73) 0.04 (0.67)
0.313 (1.13) 0.370 (1.41)

0.074 (0.54)
0.176 (1.62)

LNXYGTAX

0.057 (1.28)

—0.016 (-0.83)
—0.048* (1.76)

—0.126" (-2.52)

—0.104 (-1.58)
0.022 (1.48)

—0.198"* (-2.29) 0.025* (1.77)

LLNXYGTAX

—0.026 (-1.23)

—0.044 (-1.30)
0.029 (0.45)

0.285*** (3.95)
0.635*** (5.07)

—0.042** (-2.23)
—0.001 (-0.16)
—0.029 (-0.52)

L2.LNXYGTAX
LNXYGTAX"2

LNEDU
LNOP

—0.155"** (—3.87)

—0.001 (=011
0.010 (0.12)

—0.064 (-0.85) —0.005 (-0.21)

0.034 (1.28)

—0.283 (-0.89) 0.209 (0.91)

0.077* (1.83)

—1.973** (-2.32)
—0.041 (-0.24)
5.482*** (3.49)

—0.489 (-1.29)

—0.005* (1.93)
0171 (114)

—0.821 (-1.06)

—0.356 (—1.18)

0.007 (0.18)

0.002 (0.06)
0.343* (1.89)

—0.099 (-1.03)

—0.003 (-0.06)
0.452*** (2.88)
0.001 (0.03)

—0.037 (-0.25) 0.281 (0.63)

1120 (1.52)

—1.057** (—2.66)

—0.056* (—1.86)

0.507 (1.04)

—0.034 (=011

—0.938* (1.94)

—0.377*** (=3.11) 0.049 (0.76)

0.537 (0.24)

LNGDP
LNFDL
LNL

—0.019 (-0.45)
—0.013 (-0.21)
—0.023 (-0.19)

0.853 (1.34)

—0.049 (-1.42) —0.006 (—0.37) 0.101 (0.91)
0.212 (1.43)

0.192 (0.96)
0.031 (0.30)

—0.053 (-1.06)
0.400 (0.79)

—0.223*** (-3.55)
—0.074 (-1.12)

0.134 (0.67)

—0.003 (-0.02)
—0.052 (-1.48)

—0.166 (—1.12)

—0.271 (-0.50)
—0.211 (-0.79)

0.458 (0.55)
0.245 (0.51)

—0.026 (-0.65) 0.047 (0.20)

—0.064 (-0.41)

0.246 (1.16)

LNTC
LNIS

—0.025* (2.01)

0.362 (0.15)

—0.183 (-0.51)
2.602 (0.48)

300
30

—0.066 (-0.13)
13.186 (1.30)

90
30

—2.011 (=1.37)
3.379 (0.12)

90
30

—0.157 (-0.29)
—1.797 (-1.23)

90
30

15.673*** (3.09)

150
30

—1.461(-0.48) —55.847** (-2.67) —5.701(-0.86)
150 150
30 30

300
30

—3.680 (—1.64)

300
30

Cons

Observations

Number of provinces

R-squared

0.693

0.803

0.661

0.681

0.484

0.825

0.682

0.390

0.240

etal, 2022). As a result, the region exhibits a subdued demand for
green development and a weaker response to green tax initiatives.
Additionally, the technical capabilities in the Western region are
underdeveloped, lacking the necessary infrastructure for green
innovation. The imposition of green taxes in this context may
escalate cost pressures on businesses. Lacking the means to
mitigate these costs through green innovation, enterprises in the
Western region face a limited impact on green innovation,
coupled with a negative influence on their comprehensive
innovation capacity. Furthermore, the study highlights that
factors such as openness to foreign markets and technological
innovation are significant promoters of green development in the
region. In contrast, the industrial structure and the level of
foreign investment are notable impediments to both green
development and innovation. The degree of openness to foreign
markets and regional labor poses challenges to enhancing the
comprehensive innovation capacity of enterprises, as evidenced at
the 5% significance level. On the other hand, foreign investment
and regional innovation capabilities have a promotional effect.

Temporal heterogeneity analysis

Narrow green taxes. Table 13 reveals a dynamic change in the
impact of narrow green taxes over time. Prior to 2016, these
taxes did not significantly influence green development. After
2016, however, their effect became notably promotional at the
1% significance level. In terms of green innovation, the impact
remained non-significant across all periods. The influence on
enterprise innovation capacity varied, presenting as a deterrent
at the 5%, 10%, and 1% significance levels, particularly with a
significantly negative quadratic term post-2006. The evolution
of these effects mirrors broader shifts in China’s environmental
policy and economic priorities. Before 2006, and extending to
2016, the country’s focus was predominantly on economic
growth, with less emphasis on environmental protection and
green development. During this period, green development
concepts had not been deeply integrated into national strate-
gies, and governmental support for green taxes was compara-
tively limited (Lin et al., 2023), leading to a subdued impact of
these policies. Furthermore, the initial design of green tax
policies encountered several challenges. China’s green tax fra-
mework primarily comprised resource taxes and environmental
protection taxes, characterized by low rates, restricted scope,
and operational issues like vague collection standards and
complex procedures. These factors collectively diminished the
influence of green taxes. Moreover, the corporate acceptance of
green tax policies was relatively minimal during this phase.
However, there was a significant shift after 2016. The Chinese
government began to prioritize green development, incorpor-
ating it as a key component of the national agenda. This shift
was accompanied by the introduction of various supportive
policies and measures, including the enhancement and expan-
sion of green tax initiatives. Subsequent adjustments to the
green tax policy involved increasing tax rates, broadening
coverage, and streamlining collection processes, thereby aug-
menting the efficacy of these policies. Despite these advance-
ments, the overall effect of narrow green taxes on enterprise
innovation capacity remained consistently negative throughout
the three periods, primarily due to the increased operational
costs imposed on businesses.

Broad green taxes. An analysis of Table 14 provides insights into
the varying impacts of broad green taxes over time. Prior to 2006,
these taxes had a dual effect: they were promotive for green
development and inhibitory for green innovation at the 1% sig-
nificance level. The quadratic term for green innovation before
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2006, as well as for green development from 2006 to 2016, was
positive, suggesting a U-shaped impact. Regarding enterprise
innovation capacity, a promotional influence was noted at the 10%
significance level, whereas an inhibitory impact was observed at
both the 1 and 5% levels. Notably, the quadratic term was sig-
nificantly negative before 2006 and turned significantly positive
post-2016. These fluctuations may be attributed to changes in the
environmental policy landscape. Following 2006, the Chinese gov-
ernment introduced a suite of environmental policies, including the
Environmental Protection Law and the Air Pollution Control Law.
These initiatives heightened the focus on environmental protection,
potentially diminishing the independent effect of broad green taxes
(Wang and Lin, 2010). Conversely, prior to 2006, moderate green
tax lower impacts on corporate profitability contributed to a posi-
tive effect on comprehensive innovation capacity. However, this
positive influence waned as tax efforts intensified. From 2006 to
2016, the diversification of environmental policies likely altered the
impact of green taxes (Fang et al., 2023). The various environmental
strategies from the government, such as carbon emission trading
markets, renewable energy development, and environmental mon-
itoring, may have lessened the influence of green taxes on green
development. Despite ongoing enhancements in the green tax
system and tax efforts during this period, a pronounced negative
impact on the comprehensive innovation capacity of enterprises
was observed. Post-2016, in the context of sustained economic
growth and employment under broader economic pressures, the
influence of green taxes on green development and innovation
further diminished. Although the significant negative impact on
enterprises’ comprehensive innovation capacity continued, it gra-
dually lessened due to supportive related policies, even as tax efforts
were amplified.

—0.157** (—2.68)
—0.034 (-0.44)
1.038* (1.95)
2.476 (0.35)

—0.165 (—0.69)
150
30

—2.345"* (-2.15)
0.119 (0.46)
0.333* (1.96)
—0.025 (-0.69)
0.110 (0.20)
—0.041 (-1.09)

LNTCC
0.561

—0.068 (—0.25) 0.233 (1.10)

—0.253 (-1.28)
—0.018 (-0.07)
0.071 (1.49)

0.530 (1.20)
—6.728 (—-0.90)

LNGTC

1.296 (1.06)
0.358 (0.85)
—0.063 (-1.06)
—0.146 (-1.22)
—0.111 (-1.01
0.524 (0.67)
150

30

0.782

After 2016
LNGTTP

10.939 (1.51)
—2.087 (-1.39)
1162 (1.32)
—1.473 (-1.32)
—0.001 (-0.00)
0.283 (1.15)
—1.386 (-0.42)
0.094 (0.54)
—0.108 (-0.35)
—0.193 (-0.38)
—5.257 (-1.67)
21.865 (0.50)
150

30

0.345

—0.051"** (-3.38)
—0.065*** (—3.34)
—0.011 (-0.63)

0.189* (1.82)
—0.015 (-0.36)

LNTCC
—0.049 (-0.27)
—0.034 (-0.66) 0.0001 (0.01)
0.039 (0.61)
0.008 (0.24)
0.224* (1.76)
—0.121 (-0.83)
0.521 (-1.48)
300
30
0.662

—0.454 (-1.23)
—0.085 (-0.87)

LNGTC
0.344 (0.80)
0.032 (0.66)
—0.021 (~0.07)
~0.053 (~1.46)
0.359 (1.59)
0.054 (0.52)
—0.051 (~0.15)
—0.173 (~0.03)
300
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Analysis of heterogeneity in relation to innovation levels. This
section delves into the varying effects of green taxes across
regions characterized by disparate levels of corporate innovation
capabilities. For this analysis, regions are categorized into two
distinct groups: those with high innovation capacity and those
with low. Figure 3 illustrates the disparate outcomes linked to
these innovation capacities. The detailed findings of this analysis
are presented below:

—0.024** (-2.25) 0.024 (0.72)

—0.013 (-0.70)

—0.362* (-2.00)
0.039* (1.78)

2006-2016
LNGTTP
—0.064 (-0.94)
0.004 (0.08)
0.313** (2.14)
0.002 (0.09)
—0.058 (-0.42)
—0.049 (-1.48)
—0.237 (-1.56)
—0.708 (-0.31)
300

30

0.829

Narrow green taxes. In Table 15, the impact of narrow green taxes
on green development is discernible, exhibiting a significant but
delayed promotional effect in both high and low-innovation
capacity regions. Specifically, at a 5% significance level, these taxes
influence green development in a first-order and second-order
lagged manner in high-innovation regions, and in a first-order
lagged manner in low-innovation regions. For green innovation,
however, narrow green taxes impede progress in high innovation
areas at the 5% significance level, while fostering it in low inno-
vation regions at a more significant 1% level. In high innovation
areas, mature technology often encounters a bottleneck in green
innovation, and the influence of narrow green taxes is minimal,
leading to no observed promotional effect. Conversely, in low
innovation regions, where technology is less developed, there
remains considerable potential for green technological advance-
ments. Here, the impact of narrow green taxes is more pro-
nounced, resulting in a clear promotional effect. Furthermore,
regarding regional enterprise innovation capacity, a hindering
effect of narrow green taxes is observed only in low innovation
regions at the 5% significance level. This phenomenon can be
attributed to the heavier tax burden imposed by narrow green
taxes in these regions, which escalates the cost pressures on
enterprises compared to their high innovation counterparts, thus
leading to an inhibitory impact.

—0.01 (-0.06)
—0.759 (-0.99)
0.055 (1.02)
—0.486 (—0.88)
—0.179 (=0.71)
0.278 (0.45)
10.8 (0.87)

—0.327* (-1.76)
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30

LNTCC
1.630 (1.82%)
0.201 (0.88)
0.207 (1.23)
0.364

—5.348"** (-3.06)
—0.273 (-0.80)
1127 (3.10)
—0.284 (-0.36)
0.292 (0.56)

1.412 (0.95)
—0.318"* (=3.14)
0.843 (0.87)
0.305 (0.66)

—2.629* (-1.87)
—14.342 (0.00)

LNGTC
90

30
0.367

LNGTTP

1115 (=117)
0.359*** (-0.52)
—0.230 (1.26)
—0.181 (-0.55)
—0.024 (-0.17)
1.306 (1.23)
—0.086* (-1.75)
0.683 (1.35)
0.211 (0.90)
—0.376 (-0.59)
—14.342 (-1.13)
90

30

0.198

Table 14 Temporal heterogeneity of broad green taxes.
Before 2006
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Fig. 3 Regional comprehensive innovation capability. The horizontal axis represents various provinces, while the vertical axis depicts the average
Comprehensive Innovation Capability Index from 2004 to 2021. This illustrates the differences in average comprehensive innovation capability across

different provinces.

Broad green taxes. In Table 16, the analysis reveals that broad
green taxes do not exert a significant promotional effect on green
development and innovation in either high or low-innovation
capacity regions. Instead, these taxes present a hindering effect,
particularly in regions with low innovation capacity, noticeable at
the 10% significance level. Broad green taxes, encompassing a
more extensive array of tax types than narrow green taxes, impose
a greater tax burden on enterprises across both regions. This
heightened financial pressure increases operational costs, conse-
quently impeding the growth of regional green total productivity
and innovation (Hong and Cords, 2019). The influence on
regional enterprise innovation capacity differs between high and
low-innovation regions. In high innovation regions, these taxes
exhibit a first-order and second-order inhibitory effect at the 1%
significance level. However, in regions with lower innovation
capacity, the impact is not statistically significant. The increased
tax burden generally leads to a reduction in enterprise innovation
capacity. Nonetheless, state-initiated support policies for under-
developed regions partially offset the cost challenges posed by
broad green taxes, mitigating their adverse effects in regions with
lower innovation capacity.

Robustness test. To ascertain the dependability of the estimated
results, this study adopts a substitution model method, incor-
porating data into both random effect models and linear regres-
sion models for validation. The findings confirm that the primary
regression outcomes are stable and consistent. Additionally, to
further mitigate any potential measurement errors in the inde-
pendent variables, this paper alters the metric for green taxes
from regional tax intensity to the aggregate amount of green taxes
within a region, subsequently reapplying this modified metric to
the fixed effect model for regression analysis. Typically, the dis-
cussion around green taxes centers on regional green tax inten-
sity, defined as the ratio of green taxes to the total regional
economic output. Nonetheless, this metric might not wholly
capture the actual dynamics of green taxes in a region. By shifting
the focus from regional green tax intensity to the total amount of
green taxes, the study offers a more precise evaluation of the
effectiveness of regional green taxes. The total amount accounts
for the influence of the regional economic scale, thereby pro-
viding a more accurate reflection of the region’s contribution to
environmental protection. The results, even with this

modification, uphold the main regression findings to a con-
siderable degree, suggesting that the empirical results of this
paper possess a notable level of robustness.

Conclusion and policy implications
This study’s empirical analysis yields several key findings:

Firstly, it establishes that both narrow and broad green taxes
significantly hinder the overall innovation capacity of enterprises.
Secondly, the influence of green taxes on regional green inno-
vation and development is region-specific. In eastern regions,
green taxes tend to bolster green development, whereas in central
and western regions, their impact is either subdued or negative.
Narrow green taxes impede green innovation in the east and
central regions, yet foster it in the west. Conversely, broad green
taxes enhance green innovation in the east and central areas
without notable effects in the west. Thirdly, narrow green taxes
exhibit a delayed yet markedly positive effect on regional green
development and provide a stimulative influence on green
innovation, evident both immediately and in a first-order lagged
context. Fourthly, a U-shaped nonlinear relationship is observed
between green taxes and green innovation, green development,
and the aggregate innovation capacity of enterprises. Nationally,
narrow green taxes correlate in a U-shaped manner with green
innovation, while broad green taxes demonstrate an inverted
U-shaped relationship with comprehensive enterprise innovation
capacity. Regionally, a U-shaped pattern is apparent in the rela-
tionship between narrow green taxes and green development.
Fifthly, as the green taxes and their associated policies progres-
sively evolve, their impact on enterprise innovation capacity,
regional development and innovation becomes increasingly
rationalized, exhibiting an ascending trend nationally over time.
Lastly, although green taxes facilitate green development, they
risk diverting other innovative resources, potentially leading to
resource imbalances in enterprises and diminishing the collective
innovation capacity of regional businesses.

Most existing research predominantly concentrates on the
economic impact of green taxation on enterprises, with a lesser
focus on its effects on innovation capacity. The study’s findings,
consistent with prior research, suggest that green taxation acts as
a potential catalyst for green development and innovation.
However, both the narrow and broad green taxation negatively
influence the overall innovation capacity of enterprises. This

| (2024)11:810 | https://doi.org/10.1057/541599-024-03335-4 17



ARTICLE

outcome stands in contrast to some literature that posits a posi-
tive effect on innovation, hinting that green taxation might
initially impose a burden on corporate innovation, mainly due to
the redistribution of resources and resulting imbalances. The
long-term effects, however, remain an area for further study.
Furthermore, this research highlights significant regional dis-
parities in the impact of green taxation on green development and
innovation, a facet that has not received adequate attention in
previous studies. It demonstrates a promotional effect in Eastern
regions, whereas, in Central and Western regions, the impact is
either negligible or negative. This variation could be associated
with differences in regional economic development, industrial
structures, and innovation capacities, emphasizing the need for
region-specific green tax policies. Another key contribution of the
study is the identification of a nonlinear relationship between
green taxation and both green innovation and development. This
insight offers a novel perspective on the complex effects of green
taxation, challenging the linear assumptions found in some
existing literature. It suggests that the influence of green taxation
may vary with the level of taxation, calling for future research to
explore the optimal tax level that balances the promotion of green
innovation against potential negative impacts on corporate
innovation capacity. Ultimately, the study enriches traditional
heterogeneity analysis by examining regions with diverse inno-
vation capabilities. The results highlight the varied effects of green
taxation across areas with different levels of corporate innovation.
In regions with high corporate innovation capacity, narrow green
taxation exhibits a delayed effect in fostering green development,
potentially due to enterprises needing time to adjust their inno-
vation strategies to new tax policies initially. In contrast, in
regions with lower innovation capacities, narrow green taxation
prompts a quicker uptake of green measures, suggesting that
modest incentives may be sufficient to spur action among busi-
nesses in these areas. The influence emphasizes the necessity of
regional innovation capacities in policy-making. This differ-
entiation in impact indicates that identical policies might require
varied approaches across different regions. Broad green taxation
has not demonstrated significant promotional effects on green
development and innovation in either type of region. This finding
points to a more detailed approach to designing green taxation,
ensuring it effectively encourages green innovation and sustain-
able development.

China’s 20th National Congress has distinctly marked green
development as a pivotal trajectory for future growth. The green
development and innovation become focal points for regional
enterprises, particularly those with substantial environmental
resource consumption and high pollution emissions. This need is
most pressing in the less developed central and western regions,
where the stark challenge lies in balancing environmental pro-
tection with swift developmental progress. To more effectively
leverage the beneficial aspects of green taxes for regional green
development and innovation, while simultaneously diminishing
their detrimental effects on enterprise innovation capacity and
regional green progress, this paper offers the policy recommen-
dations and research trends:

Firstly, the governments should strengthen the direction of
green tax policy. It is essential to implement more effective
optimization measures for enterprises that are heavy consumers
of environmental resources and major polluters. These measures
are aimed at motivating such enterprises to expedite their shift
towards advanced green development levels. The green tax relief
for enterprises proactively engaging in green technologies and
practices is recommended. Businesses that adopt practices like
clean energy use, resource recycling and low-carbon production
could benefit from tax reductions or preferential policies, foster-
ing their ongoing progress in green development.
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Table 15 Heterogeneity in Innovation Capacity by Narrow Green Tax.
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Table 16 Heterogeneity in Innovation Capacity by Broad Green Tax.

High Innovation Capacity Low Innovation Capacity

LNGTTP LNGTC LNTCC LNGTTP LNGTC LNTCC
LNGYGTAX 0.355 (0.61) 0.416 (0.66) —0.102 (-0.91) 0.999 (1.13) 0.0435 (0.06) 0.167 (0.35)
LLNGYGTAX —0.00717 (-0.32)  —0.0230 (—0.68) —0.0500*** (—3.47) —0.0882* (—1.82) 0.0540 (0.86) —0.00651 (-0.14)
L2.LNGYGTAX 0.00686 (0.18) —0.0443 (-1.04) —0.0638*** (=3.31)  0.114 (0.89) 0.0307 (0.34) —0.00950 (—0.18)
LNGYGTAX"2 —0.0455 (—0.66) —0.0457 (-0.62) 0.00659 (0.49) —0.163 (-1.13) —0.00285 (-0.03) —0.0207 (-0.31)
LNEDU —0.255 (-0.67) 0.398* (1.84) 0.0812 (0.82) —0.187 (-0.78) —0.541* (—2.09) 0.0588 (0.50)
LNOP —0.0461 (-0.63) —0.175** (=2.72) —0.0271 (-0.78) 0.0541 (0.99) 0.0334 (0.49) —0.0517 (-1.60)
LNGDP 0.0939 (0.34) 0.198 (0.77) 0.267** (2.56) 0.384 (1.27) 0.144 (0.50) 0.501*** (3.10)
LNFDL —0.00980 (—0.20) —0.0231(-0.49) 0.0314 (1.58) 0.0624 (1.60) —0.0703** (-2.73) —0.00384 (-0.28)
LNL —0.491* (-2.02) 0.161 (0.70) 0.222 (1.61) —0.034 (-0.13) 0.843*** (3.48) 0.141 (0.90)
LNTC —0.0952 (-1.08) —0.0303 (-0.45) 0.0265 (0.64) —0.0857 (-0.74)  —0.0175 (-0.18) 0.00154 (0.04)
LNIS —0.339 (-1.01) 0.360 (0.78) —0.0391 (-0.26) —0.591* (-1.96) 0.157 (0.59) 0.119 (0.55)
Cons 4.155 (1.20) —4.738 (-1.04) —0.475 (-0.27) —2.285 (-0.42) —4.837 (=1.07) —3.628 (-1.19)
Observations 288 288 288 252 252 252
Number of provinces 16 16 16 14 14 14
R-squared 0.807 0.747 0.500 0.748 0.580 0.362

Secondly, there is a need to substantially strengthen support for
green development and innovation in the less developed central
and western regions. Incentives, including fiscal subsidies and tax
incentives, should be provided to motivate enterprises to invest in
green technology research and development, as well as in envir-
onmental management. This would significantly advance green
development and innovation at the regional level. The govern-
ment’s role in facilitating these investments through fiscal sub-
sidies is crucial. Establishing special funds on green technology
R&D and environmental management in enterprises located in
the central and western regions could prove to be particularly
effective. Such an approach would not only boost the green
innovation capabilities of companies in these regions but also
assist in their transition and advancement towards sustainable
green development.

Thirdly, a green tax revenue reinvestment is proposed to offset
adverse effects on corporate innovation. A designated portion of
green tax revenues ought to be earmarked for enhancing the
green initiatives of enterprises. The government should consider
specialized funds assisting businesses in green technology
research and development, environmental management and
resource recycling efforts. Such a strategy serves dual purposes: it
significantly bolsters the green innovation potential of companies
and simultaneously nurtures the expansion of the green industry
sector, all while maintaining the holistic innovation capacity of
the enterprises involved.

Fourthly, this paper also extends its findings to propose ave-
nues for future studies. Given the observed delayed effects of
narrow green taxation on green development, forthcoming
research could delve into the temporal dynamics of these tax
policies. Essential is a nuanced analysis of green taxation’s
influence on both corporate and individual behavior, with a
specific focus on variations between short-term and long-term
impacts. Future studies should investigate how tax rates, methods
of levy, and incentives like rebates shape corporate decisions
regarding the adoption of new technologies. An exploration into
the time lags between technological R&D and its commercial
application is crucial, as is understanding how green taxation
influences this trajectory. Research efforts could center on
assessing whether green taxation acts as a catalyst or a barrier in
the research, trial, diffusion, and application of novel technolo-
gies. Considering the intertwined roles of policy and market
dynamics in fostering green development, future studies should
aim to explore synergies between policy design and market
mechanisms to enhance the efficacy of green taxation, thereby
reducing its adverse effects on new technologies and production
methods.

Data availability

All data used in this study are shared at Harvard Dataverse (can
be found at https://doi.org/10.7910/DVN/ISM62]). We obtained
the necessary data for this article from official sources such as the
China Statistical Yearbook and the Environmental Statistical
Yearbook. Specifically, the data was sourced from the National
Bureau of Statistics of China (https://www.stats.gov.cn/sj/ndsj/)
and the Ministry of Ecology and Environment of the People’s
Republic of China (https://www.mee.gov.cn/). Additional local
data can be obtained from local government websites’ statistical
yearbooks.
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