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The government is actively pursuing a financial subsidy policy to assist new energy
companies in strengthening their ability to innovate independently, but the impact of
government subsidies has been contentious. Using 142 new energy listed companies in
Shanghai and Shenzhen A-stocks from 2012 to 2018, a fixed-effect model was used to
examine the impact of government subsidies on new energy companies’ R&D investment,
as well as the changes in the relationship between the two under conditions of economic
policy uncertainty and enterprise heterogeneity. The results indicate that government
subsidies have an inverted U-shaped effect on enterprise R&D investment; that is, while
appropriate subsidies promote enterprise R&D investment, excessive subsidies suffocate
other funds invested by the company in R&D and exacerbate the company’s proclivity to
invest in fixed assets. Furthermore, economic policy uncertainty has a more substantial
negative adjustment effect on the relationship between government subsidies and
corporate R&D investment than fixed-asset investment. Additionally, research indicates
that in China’s eastern coastal regions, the impact of government subsidies on R&D
investment is more remarkable for high-risk preference enterprises and non-state-owned
enterprises than in the central and western regions, where the negative adjustment effect
of economic policy uncertainty is more remarkable for low-risk-preference and non-state-
owned enterprises. It is recommended that government departments ensure economic
policy stability and continuity and that subsidy selection be more targeted and precise in
determining subsidy funds.
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INTRODUCTION

New energy industries’ economic and social benefits have become
increasingly prominent considering the dual challenges of
economic development and environmental governance (Bekun,
2022). In 2019, China’s new energy industries added value at
14.9%, and Chinese companies accounted for 209 of the world’s
top 500 new energy companies (Su and Lin, 2021). In comparison
to conventional energy sources such as coal and petroleum, new
energy represented by unconventional energy sources such as
solar energy, wind energy, nuclear energy, and biomass energy
offers more significant economic benefits and development
potential, which has gradually attracted the attention of
governments in almost every country (Bekun et al., 2018; Sun
et al., 2021). The Central Committee of the Communist Party of
China’s proposal for the 14th Five-Year Plan for national
economic and social development and the long-term goal for
2035 emphasizes the importance of accelerating the growth of the
new energy industry, profoundly integrating it with various
industries, increasing new energy consumption and storage
capacity, and promoting clean, low-carbon, safe, and efficient
energy utilization (Xinhua News Agency, 2020). The notice on
further improving the financial subsidy policy for the promotion
and application of new energy vehicles emphasizes the
importance of optimizing technical indicators, adhering to the
“excellent and strong” and improving the subsidy standard (The
Ministry of Finance, 2020). Policymakers must strike a favorable
balance between energy subsidies and the government’s financial
burden (Husaini et al., 2019). China’s energy market is in high
demand, and R&D and innovation in new energy technologies
are critical for alleviating the energy crisis and achieving the “Two
Mountains” goal (Jiang and Tan, 2013). However, new energy
companies currently face a high demand for R&D funds, a lack of
technological innovation capabilities, and a high reliance on
critical technologies. As a result, the growth of new energy
industries has revealed significant bottlenecks (Zhou et al., 2020).

To promote the development of new energy enterprises, the
central government and local governments have issued a series of
supportive policy measures, including designating the new energy
industry as one of the seven strategic emerging industries and
establishing industrial policies to assist enterprises with R&D
(Nan and Han, 2019). Under the market mechanism, enterprises’
R&D and innovation activities are external, and the public
attributes of innovation results force enterprises to bear all
R&D costs without receiving all benefits, resulting in the
enterprise’s innovation activities having an uneconomic
externality, affecting the enterprise’s R&D enthusiasm, and
thus causing market failures (Zhan et al., 2019; Shang and
Huang, 2018). The government must intervene and provide
the necessary support to encourage businesses to invest in
R&D. However, numerous scholars have discovered that
research and innovation are contingent upon a firm’s technical
capabilities and resource strength (Zhang and Chen, 2016).
Indeed, it is difficult to ensure the stability and continuity of
government subsidies (Wallsten, 2000). Temporary government
subsidies are insufficient to alter the company’s R&D strategy and
will suffocate the enterprise funds initially invested in R&D

(David et al., 2000). The academic community is divided on
the relationship between government subsidies and R&D
investment. According to Xiao et al. (2012), government
subsidies encourage and crowd out corporate R&D
investment. Subsidies initially encourage companies to increase
R&D investment, but as the amount of subsidies increases, the
incentive effect gradually erodes and eventually eliminates the
company’s R&D investment. Li and Zheng (2016) discovered that
enterprises can increase their government subsidies by pursuing
strategic innovation, that is, pursuing innovation “quantity”
rather than innovation “quality” Catering innovation through
policy tools may not result in significant R&D investment. It is
challenging to improve an enterprise’s capacity for innovation
significantly. Enterprise R&D investment is both high-risk and
long-term in nature. Government subsidies, when used
effectively, can increase corporate cash flow and encourage
businesses to invest in R&D (Hewitt-Dundas and Roper,
2010). However, unstable government subsidies and opaque
distributions make businesses more hesitant to invest in R&D.
For fixed R&D projects, temporarily wealthy government subsidy
funds will dwindle the company’s original R&D funds and
increase the company’s proclivity to invest in fixed assets (Nan
and Han, 2019; Fu et al., 2021). Zhang and Chen (2016) found
that while government subsidies will promote enterprise R&D
investment within a reasonable range, excessive subsidies will
crowd out other funds intended for enterprise R&D, resulting in
more stable capital flow investment in fixed assets. Fixed assets
such as real estate can effectively withstand an enterprise’s
internal financial fluctuations and alleviate the strain of
financing constraints. Additionally, new energy companies
benefit from favorable land policy treatment. When there are
too many subsidies, businesses tend to invest in fixed assets.
While there is a wealth of research on the relationship between
government subsidies and R&D investment, their conclusions
vary significantly, and few works of literature also consider the
impact of government subsidies on corporate R&D and fixed-
asset investment. Thus, government subsidies and the
relationship between corporate R&D and fixed-asset
investment are critical for the investment decisions and policy
formulation of new energy companies.

Numerous events in recent years, including the financial crisis,
government elections, and Sino-US trade frictions, have resulted
in significant fluctuations in economic policies, and enterprises’
internal and external environments have demonstrated an
unstable state (Sun, 2019). It creates uncertainty, which has
several consequences for enterprise capital allocation and
investment behavior (Liu and Zhang, 2020). Tan and Zhang
(2017) discovered that when economic policies are uncertain,
changes in external policy and increased financing constraints
lead enterprises to express uncertainty about their future form of
judgment. As a result, enterprises will typically increase their cash
holdings rather than diversify their investment portfolios.
Uncertainty in economic policy discourages corporate
investment through real options and financial friction.
According to Nan and Han (2019), uncertainty will stifle
corporate R&D investment and exacerbate corporate financing
constraints and fixed-asset investment tendencies. Liu and
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Zhang, (2020) have a significant inhibitory effect on corporate
fixed-asset investment, more pronounced in firms with low asset
reversibility. Liu and Zhang, (2020) believe that moderate
environmental uncertainty will increase an organization’s
capacity for organizational learning and willingness to self-
innovate, thereby increasing R&D investment. However, if
uncertainty persists beyond a critical point, it will result in
scarce resources, fierce competition, and reduced corporate
R&D investment. Corporate capital allocation is determined by
the trade-off between the added benefits of early investment and
the waiting value of new information (Gulen and Ion, 2016). The
R&D investment of new energy companies is highly irreversible
and highly policy-sensitive. External economic policy changes
will have a disproportionate impact on their investment activities.
While the new energy industry has proliferated in recent years
due to policy support, it has also encountered significant
financing constraints, overcapacity, a lack of technological
innovation motivation, and low innovation efficiency (Wang
and Zou, 2018; Sun et al., 2020). Scholars have debated the
fund allocation and investment behavior of businesses in the
face of economic policy uncertainty. Will businesses continue
investing, or will they actively reduce investment until the
uncertainty subsides? It is worth investigating further.

Thus, this paper uses the Shanghai and Shenzhen A-share new
energy listed companies from 2012 to 2018 as a research sample
to examine the impact of government subsidies on new energy
company R&D investment, analyzes the relationship between the
two over time in the context of economic policy uncertainty and
enterprise heterogeneity, and further explores the differences in
the effects of government subsidies on corporate R&D investment
and the regulatory effects of economic policy uncertainty in
companies with different property rights, regional
characteristics, and risk preferences. Additionally, it expects to
make recommendations and countermeasures to encourage
investment in new energy enterprises based on empirical
research findings. The following are the possible contributions.
(1) In contrast to previous research that found a single linear
relationship between government subsidies and corporate R&D
investment, this paper discovers that government subsidies have a
nonlinear effect on the R&D investment of new energy
companies. While government subsidies will encourage
appropriate levels of enterprise R&D investment, excessive
subsidies will crowd out other forms of capital investment for
R&D and increase a firm’s proclivity to invest in fixed assets. (2)
Against the backdrop of current economic policy uncertainty, this
paper includes a review of the research literature on enterprise
investment behavior under economic policy uncertainty
scenarios. (3) Further subsampling reveals a cross-sectional
difference between the effect of government subsidies on
corporate R&D investment and the regulatory effects of
economic policy uncertainty. Government subsidies have a
more significant impact on R&D investment in eastern coastal
areas, high-risk preference enterprises, and non-state-owned
enterprises; economic policy uncertainty has a more significant
negative adjustment effect in central and western regions, low-
risk preference enterprises, and non-state-owned enterprises.
Hence, it is recommended that government departments

ensure the stability and consistency of economic policies, be
more targeted in their subsidy object selection, and be more
precise in their subsidy fund determination.

BACKGROUND AND HYPOTHESES

Theoretical Review on the Impact of
Government Subsidies on R&D Investment
of New Energy Enterprises
The new energy industry, as a strategic emerging industry reliant
on technological innovation and R&D as the primary drivers of
development, has received policy support and guidance from the
government since the industry’s inception (Zhu et al., 2019).
Government intervention can compensate for the external loss of
market competition in the new energy industry, and new energy
enterprises can be encouraged to innovate and develop.
Government intervention can compensate for the external loss
of market competition in the new energy industry and encourage
new energy enterprises to innovate and develop. There is no
doubt that policy support in the form of financial subsidies
(Shang and Huang, 2018), tax breaks (Pan, 2019), and land
and energy preferential production factors (Nan and Han,
2019) has a sizable impact on new energy enterprises’ R&D
investment. The government extends a “visible hand” to assist
emerging industries in growing and improving their
competitiveness through resource reallocation. While it can
alleviate some of the burdens of “policy tasks” for new energy
companies, the impact of traditional energy sources, industry
competition, and fluctuations in the industrial environment make
it difficult for the government to gauge the level of support. On
the other hand, excessive protection will stifle the internal
motivation for innovation, potentially reducing the company’s
R&D input and output (Dou et al., 2019). There is a wealth of
research on government subsidies and enterprise R&D
investment, but the conclusions reached by different scholars
are contentious, with the debate centered on whether government
subsidies have “crowding in” or “crowding out” effects on
enterprise R&D investment.

According to proponents of the “crowd-in” effect,
technological innovation activities are spillover. Due to the
quasi-public nature of R&D accomplishments, enterprises bear
all innovation costs but not all innovation benefits. Therefore,
government intervention and necessary support are required to
motivate R&D activities and correct market failures during the
innovation process (Guan and Yam, 2015). Government
subsidies can effectively correct market failures by increasing
corporate cash flow and surplus, rapidly expanding corporate
capital pools (Shang and Huang, 2018), and mitigating the cost
risk associated with the “spillover effect” of R&D activities,
thereby increasing corporate enthusiasm for R&D and
innovation and stimulating enterprises to carry out previously
uneconomic R&D activities (Wang and Hou, 2015). Therefore,
government subsidies have a “crowding-in” effect on corporate
R&D spending. Bianchini et al. (2019) examined the impact of
R&D subsidies on corporate R&D investment across a range of
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institutional frameworks, compared the impact of government
policies on R&D investment in Spain and 13 European
economies, and concluded that regardless of the economic
system, enterprises receiving government subsidies invest more
in R&D than enterprises that do not receive government
subsidies. Liu et al. (2016) used propensity score matching to
examine the effect of government subsidies on the R&D
investment of high-tech manufacturing enterprises in Jiangsu
Province. Government subsidies significantly increased the R&D
intensity of high-tech manufacturing enterprises, which was
more effective than small-scale and non-state-owned
enterprises in overcoming financing constraints.

On the other hand, according to proponents of the “crowding
out” effect, there is information asymmetry in selecting subsidy
objects and determining the subsidy amount. When information
asymmetry exists, resource-scarce enterprises frequently choose
political donations to establish contact with the government and
secure political resources (Yuan et al., 2015). Political donations
are a common form of rent-seeking in an imperfect system. To
maintain political ties, businesses must continue to contribute to
politics and invest additional production resources in
unproductive rent-seeking activities, thereby “squeezing out”
the company’s existing R&D resources (Li and Qiu, 2015).
While rent-seeking behavior can result in excess profits for the
enterprise, as competition for the monopoly market position
intensifies, the enterprise’s rent-seeking price increases,
resulting in rent-seeking income not being sufficient to offset
the cost and the enterprise having to absorb some of its internal
expenses (Krammer and Jiménez, 2020). To offset rising rent-
seeking costs, high-risk, high-investment R&D funds are
frequently the first to bear the brunt (Luo et al., 2013). Cai
et al. (2018) discovered that the political connections created by
rent-seeking activities distort enterprise resource allocation
efficiency. Maintaining relationships between government and
business frequently consumes significant financial and material
resources from businesses, reducing their investment in R&D
activities. Wang and Zou (2018) examined 1,293 large private
enterprises that were publicly listed in China between 2010 and
2014 and discovered a negative correlation between the strength
of political ties and the strength of enterprise R&D. Tong and
Chen (2016) further noted in their research that if private
enterprises receive government subsidies based on political ties
rather than on future R&D innovation, the rent-seeking activities
of political donations will not benefit enterprises’ R&D
investment.

Numerous studies conducted in recent years have
demonstrated that government subsidies do not have a single
linear relationship with R&D investment. There is a limit to the
promotion effect of government subsidies on R&D investment.
When government subsidies reach a certain level, the government
increases them but squeezes out other enterprises’ original R&D
investments (Guellec and Van Pottelsberghe, 2003; Dai and
Cheng, 2014). The R&D activities of new energy companies
are both capital- and technology-intensive, with high technical
barriers and significant capital requirements. Government
subsidies are a significant source of external funding for
businesses, as they can effectively alleviate the plight of

corporate R&D funding constraints while also sending positive
signals to the rest of the world. Disclosure of information to
banks, venture capitalists, and other external investors enable
enterprises to manage external financing better and accelerate
R&D activities. Subsidies provided by the government during the
establishment of R&D projects serve as an excellent incentive for
R&D activities. Following receipt of government subsidies,
enterprises make a substantial initial investment in R&D. Even
if the government ceases to provide subsidies, businesses will
continue to invest. Since the government continues to
supplement subsidies only to replace the enterprise’s R&D
expenditure, this has a crowding-out effect on R&D
investment. Xiao et al. (2012) found that while government
subsidies initially incentivize enterprises to invest in R&D, the
incentive effect diminishes as the intensity of subsidies increases.
When the optimal subsidy threshold is exceeded, the company’s
R&D investment is squeezed out. An et al. (2016) examined data
from innovative businesses and discovered that the incentive
effect of government subsidies on R&D investment has a critical
value. Excessive subsidies suffocate the enterprise’s original R&D
funds and act as a deterrent to enterprise innovation. Overall,
government subsidies alleviate corporate financing constraints and
encourage corporate R&D investment in the early stages of R&D,
but as subsidies increase, the company’s initial R&D funds will
gradually dwindle. As such, the following hypothesis is proposed:

Hypothesis 1. (H1). Government subsidies have an inverted U-
shaped relationship with enterprise R&D investment; they will
encourage enterprise R&D investment within a reasonable range.

Excessive government subsidies will suffocate the company’s
initial R&D investment and exacerbate the company’s proclivity
for fixed-asset investment. There are primary reasons for this.
First, as a strategic emerging industry, the new energy industry
integrates new materials, organizations, equipment, and
personnel. Its R&D activities are characterized by long return
cycles, rapid technology updates, and a high level of innovation
risk. Additionally, the positive externalities associated with R&D
and innovation activities result in a significant “free-riding”
phenomenon for other businesses. The inadequacy of
intellectual property protection and the absence of
implementation mechanisms have significantly harmed
enthusiasm for R&D and innovation (Peng et al., 2015).
Numerous risk factors contribute to enterprises’ external
uncertainties, and R&D investment is irreversible. Therefore, it
is certain to be more circumspect about R&D investment.
Compared to R&D investment, which carries a high risk of
innovation and a long payback period, the fixed-asset
investment carries a low risk, immediate effect, and high
visibility. It takes a long time for financing, investment, and
accomplishments in R&D to be converted into market value.
Enterprises prefer fixed-asset investment, which is a direct
investment method that is immediate and rapid (Nan and
Han, 2019). The growth of the domestic real estate industry
and skyrocketing housing prices have attracted people from all
walks of life to come and share a slice of the soup in recent years.
As a result, internal demand for corporate R&D has been stifled,
and companies are increasingly inclined to invest in low-risk,
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stable-income fixed assets. Increased fixed-asset investment
harms enterprises’ cash flow, thereby limiting R&D investment.

Second, the government has a clear preference for subsidy
selection. Enterprises with close ties to the government frequently
receive many government subsidies, and the irrationality of the
subsidy target determination harms corporate investment
decisions (Li, 2019). On the one hand, there is a lack of close
collaboration between government and business, making it
difficult for businesses to obtain resources. As rational
economic actors seeking to maximize economic benefits,
enterprises typically invest capital in reversible fixed-asset
investments. Additionally, fixed assets such as real estate are
considered mortgage assets by lenders and can effectively address
the issue of external financing constraints. However, because the
period for technological innovation and production efficiency
improvement is lengthy, uncertain factors pervade it, and it
cannot resolve corporate financing issues effectively. High
financing constraints make it impossible to resolve effectively,
and internal demand for R&D investment is stifled. Fixed-asset
investment is the optimal investment strategy for businesses
seeking to maximize returns. On the other hand, the close
relationship between government and business enables
businesses to access additional political resources. The greater
the government’s likelihood of using businesses to accomplish
social objectives, the greater the incentive for businesses to
expand their production scale and social influence. Enterprises
will use specialized resources to invest in fixed assets such as asset
purchases or engineering construction, establish effective
financing channels through the integration of industry and
finance, and acquire banks to broaden their business scope
and achieve expansion (Cheng et al., 2020). Additionally,
maintaining positive government-business relations requires
businesses to invest significant energy and resources, which
will inevitably eat into the company’s R&D budget. The closer
the relationship between the government and the enterprise, the
more subsidies the enterprise receives, and the more it tends to
focus on low-risk, stable-income, and short-term projects such as
government regulation and franchising, thereby inhibiting high-
risk R&D investment. As a result, the following hypothesis is
proposed:

Hypothesis 2. (H2). Government subsidies positively correlate
with enterprise fixed-asset investment in a U-shaped fashion;
when an enterprise receives government subsidies above the
optimal level, it tends to invest in fixed assets, crowding out
R&D investment.

The Influence of Government Subsidies on
the Investment Behaviors of Enterprises
Under Economic Policy Uncertainty
Economic policy uncertainty has a profound effect on both the
macroeconomic environment and the behavior of micro-
enterprises. Economic policy uncertainty primarily manifests
itself in two stages. The first stage is that the enterprise is
unaware of whether and when the government will issue
relevant policy documents and whether the new documents will

alter current economic policy; the second stage is that the
implementation strength and effect of the government policy
after it is promulgated, as well as the extent to which enterprises
interpret the government policy, remain unknown. The preceding
stage was primarily responsible for the uncertainty created by the
macroeconomic environment’s chain reaction, while the latter stage
may result in more violent fluctuations in the company’s own
investment decisions (Meng and Shi, 2017). Corporate investment
decisions are highly dependent on anticipated future returns.When
economic policy is uncertain, corporate investment requirements
fluctuate due to uncertainty (Liu and Zhang, 2020). According to
traditional net present value theory, enterprise investment is
beneficial only when the expected investment income exceeds
the investment cost. If an investment is not irreversible and can
be delayed, the net present value theory is no longer applicable.
According to real option theory, because investment projects are
irreversible and have sunk costs, enterprises tend to wait for a clear
investment opportunity to avoid losses caused by uncertainty to the
greatest extent possible (Gulen and Ion, 2016). Specifically, the
enterprise investment can earn more additional income only when
the expected investment income exceeds the sum of the cost and
waiting value. The greater the degree of economic policy
uncertainty, the higher the return on investment businesses will
pay to wait for the uncertainty to subside and seize investment
opportunities (Kim and Kung, 2017). For R&D projects involving a
greater degree of irreversible investment, investment failure means
that companies will have a more challenging time realizing their
capital, and their R&D investment decisions will be more
conservative. When it comes to fixed-asset investment with a
low degree of irreversible investment, and when it is impacted
by uncertainty, firms are more likely to resist risk through asset
realization, implying a weaker degree of fixed-asset investment
suppression. Tran’s (2019) found in his observational samples
from 18 countries that economic policy uncertainty significantly
harmed enterprises’ ability to take risks and that countries with
substantial uncertainty avoidance cultures have a more vital ability
to take risks. Ashraf and Shen (2019) examined loan data from 17
national banks and discovered a significant positive correlation
between economic policy uncertainty and bank loan interest rates.
Economic policy uncertainty increases a company’s default risk, and
as a result, banks raise loan interest rates, increasing corporate
financing constraints and impeding enterprise investment behavior.
Xu (2019) believes that economic policy uncertainty inhibits
corporate innovation activities by increasing the cost of R&D
funds, and not just because the investment is irreversible.
Economic policy uncertainty significantly impacts firms with
financing constraints or excessive reliance on external funds in
market competition. Tan and Zhang (2017) examined the path of
economic policy uncertainty as it affects the investment behavior of
Chinese enterprises and discovered that when economic policies are
uncertain, external policy changes and increased financing
constraints cause enterprises to make uncertain future
judgments. Enterprises will frequently prefer to increase their
cash holdings over expanding their investment scale. Uncertainty
in economic policy has stifled corporate investment via two
channels: real options and financial friction. Rao and Xu (2017)
examined the effect of China’s economic policy uncertainty index
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on corporate investment, finding that as economic policy
uncertainty increased, overall corporate investment exhibited a
significant downward trend. The research of Li and Yang (2015)
further established that an increase in the uncertainty index
surrounding China’s economic policy would have a depressing
effect on corporate investment.

According to some scholars, businesses can anticipate
uncertainty by identifying potential sources of uncertainty,
investing in R&D in advance, and accumulating technological
and brand advantages. Uncertainty can stimulate a company’s
dynamic adjustment and organizational learning capabilities,
while a potential sense of crisis can activate corporate
adventure motivation, prompting businesses to increase R&D
investment to maintain a competitive edge. However, the new
energy sector is markedly different from traditional enterprises as
a new industry. The new energy industry’s development is
inextricably linked to government policies. Subsidies from the
government are a significant source of external capital for R&D
investment activities. Under the dual guarantee of industrial
policies and government subsidies, the risk of R&D investment
is the lowest. Economic policy uncertainty will significantly
impact the company’s policy guidance and market
environment. The company’s investment risk will increase,
external financing channels will narrow, the market
environment will deteriorate, and investment and corporate
cash flow will be inextricably linked. Uncertainty reduces an
enterprise’s investment desire, and the enterprise will prioritize its
healthy survival and development capabilities and strengthen its
solvency in the event of economic policy uncertainty to overcome
the risk period (Li, 2019). Government subsidies are a significant
source of funding for businesses. A significant capital injection
improves the cash ratio of the business and serves as a guarantee
of the business’s solvency capital. When irreversible R&D
investment and high risks are combined, they increase the
company’s waiting value, causing the company to wait for the
uncertainty to subside before making investment decisions,
resulting in a suppression of corporate R&D investment
demand when economic policy uncertainty increases (Li,
2019). Fixed asset investment is relatively reversible, and when
it is negatively impacted, the asset realization rate is high,
allowing it to resist risks and overcome financial difficulties
effectively. When economic policy uncertainty occurs,
corporate fixed-asset investment demand is only marginally
suppressed, and economic policy uncertainty has a negligible
effect. Accordingly, the following hypothesis is advanced:

Hypothesis 3. (H3). Economic policy uncertainty has a negative
adjustment effect on the relationship between government
subsidies and corporate investment. Corporate R&D
investment is more constrained than fixed-asset investment.

RESEARCH METHOD

Sample and Data
The research sample for this article was the A-share new energy
listed companies in Shanghai and Shenzhen from 2012 to 2018,

excluding ST and *ST companies with abnormal financial status
and listed companies with missing data on the variables studied in
this article. Finally, 142 newly listed energy companies were
chosen as research subjects. The research relies on data on
government subsidies, R&D investment, and enterprise
characteristics from the CSMAR database (Guotai’an
Information Technology Co., Ltd., 2020) and on data on
economic policy uncertainty from the China Economic Policy
Uncertainty Index compiled by Baker et al. (2020). To minimize
the effect of extreme values on empirical analysis, continuous
variables required for empirical analysis are subjected to
winsorize tailing at a level of 1% above and below the total sample.

Variable Definitions
1) R&D investment (RD): Related literature uses the ratio of

R&D investment to operating income to quantify the intensity
of corporate R&D investment, but operating income, mainly
accrued income, is subject to corporate earnings management.
To mitigate the effect of multicollinearity between variables,
and following Sun’s (2019), the natural logarithm of the total
amount of R&D investment in new energy companies plus 1 is
chosen as the indicator of R&D investment level. Additionally,
robust testing uses the R&D investment intensity (the ratio of
total R&D investment to total assets) of new energy
companies as a proxy for R&D investment. Removing the
difference in R&D investment caused by different enterprise
sizes makes it possible to calculate the difference more
accurately. The investment level in R&D that a business
makes concerning its size is a good indicator of how much
money it spends on R&D.

2) Fixed-asset investment (FAI): Using the research methods of
Nan and Han (2019) and tracking changes in the enterprise’s
fixed-asset investment quota, this paper can determine the
ratio of the current period’s increase in fixed assets to the
enterprise’s total assets at the end of the period, objectively
reflecting fixed-asset investment.

3) Government subsidies (GS): The amount of “government
subsidies included in the current profit and loss” disclosed
by listed companies in the new energy industry in their annual
report is used to calculate government subsidies. To mitigate
the effect of heteroscedasticity, the methods of Shang and
Huang (2018) are used for reference, with the natural
logarithm of the number of government subsidies as the
proxy variable.

4) Economic policy uncertainty (EPU): Baker et al. (2020) index
of China’s economic policy uncertainty is used to quantify
economic policy uncertainty. It extracts keywords from the
South China Morning Post, Hong Kong’s largest English
newspaper, and calculates the number of reported events
relating to China’s economic uncertainty. It then uses the
quantitative treatment of the reported events and the total
number of articles published in the current month to calculate
the final monthly economic policy uncertainty index. Baker
et al. (2020) have rigorously demonstrated the effectiveness of
his economic policy uncertainty index. Moreover, their index
is relatively mature, which means that it is not dependent on
the occurrence of specific political or economic events to
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produce a continuous quantitative economic policy
uncertainty index. Given that Baker et al. (2020) calculated
the monthly China Economic Policy Uncertainty Index based
on prior research (Sun, 2019), the annual economic policy
uncertainty index is calculated as the arithmetic average of the
monthly economic policy uncertainty index over one year.

5) Risk appetite (Lev): The debt level of a business, expressed as
the asset-liability ratio, is used as a proxy for the degree of
risk appetite. Above the sample, the median asset-liability
ratio is 1 and vice versa (Meng and Shi, 2017). While debt
financing is less expensive than equity financing, it entails
more significant financial risks. Thus, to a certain extent, the
level of corporate debt reflects the degree of radicalization of
corporate financial policies. Radical financial policies are
both high-yielding and risky. Therefore, risk appetite has a
consistent connotation.

6) Property rights (state): It is divided into two categories based
on the characteristics of the enterprise: state-owned
enterprises (state-owned enterprises, state-owned joint
ventures, and state-owned and collective joint ventures)
and non-state-owned enterprises. For state-owned
enterprises, the dummy variable is set to 1; for other non-
state-owned enterprises, it is set to 0.

7) Area: This term refers to the various listed companies’ regions.
The regions are classified as eastern coastal areas (Beijing,
Shanghai, Tianjin, Liaoning, Shandong, Jiangsu, Zhejiang,
Fujian, and Guangdong) and non-eastern coastal areas. The
eastern coastal area is assigned a value of 1, while the western
coastal area is assigned a value of 0.

8) Control variables: This paper selects enterprise size,
current assets, profitability, growth capability, operating
capability, R&D capabilities, executive stock ownership,
institutional stock ownership, and equity concentration as
the control variables based on the research of relevant
scholars (Nan and Han, 2019; Sun, 2019; Liu and Zhang,
2020). Each variable’s name, definition, and code are listed
in Table 1.

Model Building
To examine the relationship between government subsidies and
enterprise R&D investment, as well as the regulatory effect of
economic policy uncertainty, the following models are
constructed for empirical analysis based on the research
methods of Liu and Zhang (2020):

RD � β0 + β1GS + β2GS2 +∑Control + YEAR + ε. (1)
Model 1 tests the inverted U-shaped relationship between

government subsidies and enterprise R&D investment, with
YEAR as the annual dummy variable to control the fixed time
effect of R&D investment in new energy companies. According to
theoretical analysis, the value of β1 in Eq. 1 is positive, while the
value of β2 is negative.

FAI � β0 + β1GS + β2GS2 +∑Control + YEAR + ε (2)
RD
FAI

� β0 + β1GS + β2GS2 +∑Control + YEAR + ε (3)

Models 2 and 3 test the positive U-shaped impact of
government subsidies on corporate fixed-asset investment.
They also evaluate the crowding-out effect of government
subsidies on the optimal threshold for corporate R&D
investment. As per theoretical analysis, if the crowding-out
effect of R&D investment exists, the values of the government
subsidy coefficients in Eqs 2 and 3 are opposite. Hence, the value
of β1 in Eq. 2 is positive, the value of β2 is negative, and Eq. 3
provides an opposite sign to the coefficient of government
subsidy.

RD � β0 + β1GS + β2GS2 + β3FAI +∑Control + YEAR + ε (4)
RD � β0 + β1GS + β2GS2 + β3FAI + β4GS × FAI + β5GS2 × FAI

+∑Control + YEAR + ε
(5)

Models 4 and 5 further explore the crowding out effect of
government subsidies deviating from the optimal threshold on
R&D investment and the substitution effect of fixed-asset
investment on R&D investment. From theoretical analysis, the
value of β3 in Eq. 4 is negative, the value of β4 in Eq. 5 is negative,
and the value of β5 is positive.

RD � β0 + β1GS + β2GS2 + β3EPU +∑Control + YEAR + ε
(6)

RD � β0 + β1GS + β2GS
2 + β3EPU + β4GS × EPU

+ β5GS
2 × EPU +∑Control + YEAR + ε (7)

Models 6 and 7 test the moderating effect of economic policy
uncertainty on the relationship between government subsidies
and corporate R&D investment. From theoretical analysis,
economic policy uncertainty negatively regulates the
relationship between government subsidies and R&D
investment. Thus, β3 takes a negative value, β4 takes a
negative value, and β5 takes a positive value.

FAI � β0 + β1GS + β2GS2 + β3EPU +∑Control + YEAR + ε,
(8)

FAI � β0 + β1GS + β2GS2 + β3EPU + β4GS × EPU

+ β5GS2 × EPU +∑Control + YEAR + ε. (9)
Models 8 and 9 assess the moderating effect of economic

policy uncertainty on the relationship between government
subsidies and enterprise fixed-asset investment. Based on
theoretical analysis, economic policy uncertainty weakens the
impact of government subsidies on fixed-asset investment.
Therefore, β3 takes a negative value, β4 takes a negative value,
and β5 takes a positive value.

EMPIRICAL FINDINGS

Descriptive Statistical Analysis
Table 2 contains a descriptive statistical analysis of this paper’s
major variables. As the table indicates, the average value of a
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fixed-asset investment in new energy companies is 0.054, while
the standard deviation is 0.061, signifying that fixed-asset
investment in new energy companies somewhat varies. The
average value of government subsidies received by new energy
companies is 12.69, with a standard deviation of 5.945, implying
that while government subsidies provide new energy companies
with more subsidies, the amount received by individual
companies varies significantly. The average value of R&D
investment is 14.257, and the standard deviation is 7.643,
inferring that while new energy companies’ overall R&D status
is favorable, there are significant differences in the level of R&D
investment among companies. Finally, economic policy
uncertainty has an average value of 2.806, indicating that
businesses’ level of economic policy uncertainty has changed
significantly over the sample period.

Empirical Analysis
Examination of the Relationship Between Government
Subsidies and R&D Investment
To verify the theoretical hypothesis via the F and Hausman tests,
it is determined that regression analysis should be performed
using a fixed effect model.Table 3 shows the regression results for
government subsidies on corporate R&D investment. The
relationship between government subsidies and corporate

R&D investment is summarized in Column 1. The coefficient
of government subsidy is significantly positive, while the
coefficient of its square term is significantly negative. If the
subsidy intensity exceeds the threshold for enterprise-level
R&D investment, it will have a deterrent effect. Hence, H1 is
confirmed. Column 2 contains the regression coefficients for the
relationship between government subsidies and fixed-asset
investment by businesses. The government subsidy coefficient
is significantly negative, while the square term coefficient is
significantly positive, indicating that an excessive level of
government subsidy will suffocate other funds used by
enterprises for R&D and exacerbate enterprises’ investment in
fixed assets. In Column 3, the government subsidy coefficient is
significantly positive. In contrast, its square term coefficient is
significantly negative, signifying that before government subsidy
gradually increases to the optimal level, the ratio of government
subsidy to fixed-asset investment is positively related, further
implying that government subsidy will encourage enterprise R&D
investment. When government subsidies continue to grow, the
square term and the ratio of fixed-asset investment exhibit a
negative correlation; government subsidies will crowd out other
capital investments that could have been used for R&D and then
increase enterprises’ fixed-asset, thereby crowding out R&D
investment. Column 4 shows a significant negative coefficient
for fixed-asset investment, while the regression coefficient for
government subsidies decreases. It demonstrates that increasing
fixed-asset investment by government-subsidized enterprises will
inevitably squeeze out other capital investments originally used
for R&D. Column 5 includes the interaction item between
government subsidy and fixed-asset investment. Government
subsidy primary and fixed-asset investment interaction item
has a significantly negative regression coefficient. The
interaction item of government subsidy secondary and fixed-
asset investment has a statistically significant positive regression
coefficient. It contrasts with the sign of the government subsidy’s
regression coefficient on R&D investment, inferring that the
government subsidy’s effect on R&D investment is weakened
by fixed-asset investment. Government subsidy’s regression
coefficient decreases by 0.205 and 0.005, respectively,
validating that when government subsidy exceeds the optimal

TABLE 1 | Variable definitions.

Variables Name Code Definitions

DV R&D investment RD Natural log of R&D expenses
Fixed-asset investment FAI Ratio of growth in fixed-asset investment to total assets at the end of the period

IV Government subsidies GS Natural logarithm of government subsidies
MV Economic policy uncertainty EPU Arithmetic average of monthly EPU index/100
CV Enterprise size Size The natural logarithm of the total assets of the enterprise at the end of the period

Current assets LR Current assets ratio
Growth ability IG Main business growth rate
Profitability ROE Return on equity
Operating ability IT Natural logarithm of inventory turnover rate
R&D capabilities PER Proportion of R&D personnel
Executive stock ownership GG Executive shareholding ratio
Institutional stock ownership JG Institutional shareholding ratio
Equity concentration Owncon Shareholding ratio of the largest shareholder

TABLE 2 | Descriptive statistical analysis of main variables.

Variables Numbers Mean Standard deviation Min Max

FAI 994 0.054 0.061 −0.001 0.45
RD 994 14.257 7.643 0 23.137
GS 994 12.69 5.945 0 20.845
EPU 994 2.806 0.114 2.646 2.991
Size 994 13.833 1.303 9.998 17.513
IT 994 1.882 1.074 0 11.582
ROE 994 0.026 0.06 −0.645 0.399
IG 994 0.607 5.773 −1.517 172.01
LR 994 0.489 0.236 0.036 0.943
PER 994 5.493 8.237 0 43.75
GG 994 0.007 0.054 0 0.69
JG 994 55.109 17.157 11.809 94.44
Owncon 994 36.627 15.941 3.622 84.106
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threshold, it will replace the original capital used by enterprises
for R&D, increase the investment tendency of enterprises’ fixed
assets, and thus crowd out enterprises’ R&D investment.
Therefore, H2 is confirmed.

The Test of Adjustment Effect of Economic Policy
Uncertainty
China’s EPU index has risen rapidly since 2016, reaching 935.31
in December 2018, a 247.24% increase over the same period in
2017, signifying that China’s economic policy environment is
unstable. Table 4 shows the impact of government subsidies on
corporate R&D and fixed-asset investment under various
scenarios of economic policy uncertainty. As shown in
Columns 6 and 7, the coefficient of economic policy
uncertainty is significantly negative, implying that economic
policy uncertainty has limited enterprise R&D investment.
Furthermore, government subsidy and economic policy
uncertainty have a significant negative interaction coefficient,
which is in the opposite direction of the government subsidy
coefficient, and a significant positive square interaction term
coefficient, which is in the opposite direction of the
government subsidy square term coefficient, inferring that

economic policy uncertainty has a significant negative
adjustment effect on the relationship between government
subsidies and enterprise R&D investment. Referring to the
judgment method of nonlinear relationship adjustment by Liu
et al. (2019), the adjustment effect is in the opposite direction of
the main effect coefficient, causing the main effect curve to
decline in general and tend to be flat.

As shown in Columns 8 and 9 of Table 4, the economic policy
uncertainty coefficient is significantly negative, implying that the
EPU has a detrimental effect on corporate fixed-asset
investment. Furthermore, the direction of the interaction
coefficient between government subsidies and economic
policy uncertainty is the opposite of the main effect,
indicating that EPU harms the relationship between
government subsidies and enterprise fixed-asset investment.
As economic policy uncertainty increases, enterprises reduce
their fixed-asset investment quotas. Under the scenario of
economic policy uncertainty, the coefficient of government
subsidy to R&D investment decreased by 0.086 and 0.008,
respectively. In contrast, the coefficient of government subsidy
to fixed-asset investment decreased by 0.027 and 0.007,
respectively, inferring that the effect of government subsidies
on R&D investment is significantly weakened under the scenario
of economic policy uncertainty. Hence, H3 is confirmed.

TABLE 3 | Full sample regression results.

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

GS 0.233** −0.077* 0.092** 0.210** 0.028***
(2.30) (−1.91) (2.12) (2.08) (3.20)

GS2 −0.013** 0.004* −0.005** −0.013* −0.018**
(−2.17) (1.72) −2.10) (−1.97) (−2.19)

FAI −0.986*** −0.314***
−3.49) (−4.54)

GS × FAI −0.424**
(−2.62)

GS2 × FAI 0.028***

(2.99)
Size 1.386*** 0.017*** −0.04 1.549*** 0.935

(3.50) (3.48) (−0.23) (3.91) (1.19)
LR 0.938 −0.115*** 1.774** −0.196 1.536

(0.53) (-5.42) (2.33) (−0.11) (0.74)
IG −0.352** 0.001 −0.123* −0.341** −0.257*

(−2.09) (0.57) (−1.70) (−2.03) (−1.88)
ROE 0.285 0.0231 −0.537 0.513 1.758

(0.08) (0.52) (-0.34) (0.14) (0.59)
IT 0.757*** −0.002 0.238** 0.734*** 0.692*

(2.83) (−0.73) (2.07) (2.76) (1.70)
PER 13.71*** −0.091*** 7.561*** 12.81*** 16.71***

(6.34) (−3.51) (8.14) (5.92) (4.67)
GG −2.478 0.071 −4.015 −1.782 0.124

(−0.41) (0.98) (−1.55) (−0.30) (0.02)
JG 7.150* −0.0304 2.809* 6.850* 7.254*

(1.96) (-0.70) (1.80) (1.89) (2.43)
Owncon −4.858 0.015 −1.630 −4.713 −3.762

(−1.06) (0.27) (−0.83) (−1.03) (−0.89)
Cons −9.188* −0.097 3.143 −10.15* −16.94**

(−1.65) (−1.45) (1.31) (−1.83) (−2.39)
YEAR YES YES YES YES YES

R2 0.1427 0.0730 0.1236 0.1549 0.2754

N 994 994 994 994 994

Note: *, * *, *, represent significance level of 10%, 5%, 1%, respectively, t value in
brackets, the same as the following table.

TABLE 4 | Moderating effects of economic policy uncertainty.

Variables (6) (7) (8) (9)

GS 0.279*** 0.193** −0.019*** −0.036*
(2.74) (2.14) (−3.83) (−1.66)

GS2 −0.017*** −0.009* 0.001*** 0.008**

(−2.72) (−1.82) (3.54) (2.05)
EPU −5.892*** −5.395* −0.068*** −0.083**

(−3.56) (−1.80) (−3.26) (−2.34)
GS × EPU −1.295** 0.013*

(−2.02) (1.74)

GS2 × EPU 0.062* −0.001**

(1.71) (−2.11)
Size 2.075*** 1.269*** 0.024*** 0.025***

(4.74) (2.86) (4.05) (4.70)
LR 0.861 0.994 −0.110*** −0.117***

(0.49) (0.56) (−4.40) (−5.56)
IG −0.407** −0.325* 0.0002 0.0003

(−2.42) (−1.92) (0.12) (0.16)
ROE 0.0549 0.745 0.0210 0.025

(0.02) (0.20) (0.43) (0.58)
IT 0.804** 0.725** −0.001 −0.002

(3.02) (2.71) (−0.36) (−0.51)
PER 18.08*** 12.82*** −0.038* −0.035

(7.31) (5.14) (−1.65) (−1.18)
GG −3.452 −1.746 0.071 0.06

(−0.58) (−0.29) (0.91) (0.84)
JG 8.091** 7.091* −0.025 −0.012

(2.23) (1.94) (−0.47) (−0.28)
Owncon −6.048 −4.927 0.005 −0.006

(−1.32) (−1.07) (0.08) (−0.11)
Cons −2.287 −22.65** −0.003 0.021

(−0.39) (−2.41) (−0.05) (0.19)
YEAR YES YES YES YES

R2 0.1554 0.1769 0.1094 0.1489

N 994 994 994 994
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Robust Test
1) Sample selection bias: China’s enterprise R&D investment is

voluntary, and companies have the option of disclosing
information. The Heckman two-stage model is used in this
paper to account for sample selection bias, and the regression
results show no significant difference, as shown in Table 5.

2) Variable measurement bias: To avoid the deviation of
empirical results caused by different variable measurement
methods, this paper first regresses on the natural logarithm of
the increase in fixed assets. Second, in robust testing, the R&D
investment intensity (i.e., the ratio of total R&D investment to
total assets) of new energy companies is used as a proxy for
R&D investment. Third, the original equation is regressed
using the natural logarithm of the annual arithmetic mean of
the economic policy uncertainty index. The empirical findings
are summarized in Table 6. There is no statistically significant
difference between the regression and original results.

3) Time lag effect test: Government subsidies may have a lag
effect on enterprise R&D investment. Numerous scholars have
previously examined the role of government subsidies in
enterprise R&D investment, emphasizing the importance of
the time lag effect. Therefore, it is critical to analyze the lag
period in the model to develop accurate government subsidy
policies and improve their effectiveness. Given the small
sample size of new energy companies, this paper examines
whether the dependent variables’ impact on government
subsidies is lagging. Government subsidies have a
continuous and significant effect on R&D investment in
the current and lag periods at a level of 5% but have no
lag effect on fixed-asset investment, as shown in Table 7.

4) Missing key control variables: Given the critical influence of
managerial power on corporate R&D investment decisions,
this paper includes managerial power as a control variable (if
the chairman serves concurrently as general manager, it is 1,
otherwise it is 0) in the regression model. Table 8 summarizes
the regression results.

5) This paper examines cross-sectional dependence (CD) in the
data to determine whether the effects of government subsidies
on one firm may spill over to other firms which can result in
misleading results if correlated with independent variables
(Anser et al., 2021). Specifically, it applies Pesaran CD tests
because the data are short panels. Table 9 summarizes the
results of the CD tests.

As shown in Table 9, the null hypothesis is rejected because
the probability value is statistically significant at the 1%
significance level. Hence, this paper reports the existence of
cross-sectional dependence. Given the possibility of cross-
sectional and sequence autocorrelation in panel data, the
Driscoll and Kraay (1998) method is used to adjust the
coefficient standard error while simultaneously taking
autocorrelation and heteroscedasticity into account. The
regression result is consistent with the original result (Table 10).

Further Analysis
Due to differences in property rights and the difficulty for new
energy companies to apply for government subsidies, new energy
companies’ decision-making process for R&D investment also varies
significantly due to different risk appetites and the combination of
industry and finance. Hence, this paper also categorizes the samples
by the nature of the enterprise’s intellectual property rights, regional
characteristics, and risk tolerance. The two-sample T-test results in
Table 11 indicate that the selected subsamples of the grouping
variables have statistically significant differences. Thus, group
regression analysis is possible.

The Impact of Property Rights Heterogeneity on the
Relationship Between Government Subsidies and
R&D Investment
Table 12 examines the effect of government subsidies on
corporate R&D investment and the moderating effect of
economic policy uncertainty in firms with varying levels of

TABLE 5 | Heckman test.

Variables (1) (2) (3) (4) (5) (6)

GS 0.240** 0.271*** 0.259** −0.022* −0.025** −0.045**
(2.38) (2.67) (2.16) (−1.84) (−2.04) (−2.10)

GS2 −0.013** −0.016** −0.018* 0.001* 0.001* 0.002*

(−2.22) (−2.58) (−1.82) (1.68) (1.77) (1.87)
EPU −3.745** −5.958** −0.069*** −0.115***

(−2.24) (−1.99) (−3.47) (−3.21)
GS × EPU −1.301** 0.015**

(−2.03) (2.02)

GS2 × EPU 0.061* −0.001*

(1.70) (−1.81)
IMR −0.369*** −0.339** −0.383*** −0.004*** −0.004** −0.004**

(−2.68) (−2.45) (−2.78) (−2.64) (−2.36) (−2.34)
CONS 21.53* 22.98* 8.247 0.265* 0.310** 0.428**

(1.69) (1.81) (0.57) (1.74) (2.04) (2.47)
Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

R2 0.1499 0.1550 0.1556 0.0806 0.0965 0.0991

N 994 994 994 994 994 994
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property rights. As the table indicates, there is no evidence of an
inverted U-shaped relationship between government subsidies
and corporate R&D investment in state-owned enterprises, and
economic policy uncertainty has little effect on SOE R&D
investment. It may be because SOE R&D investment is more
motivated by political objectives, its external financing
constraints are modest, enterprise resources are plentiful, and
government subsidies and external economic policy changes have
little effect on its investment decisions. Additionally, policies
protect state-owned enterprises due to their unique
relationship with the government. Therefore, external
economic policy uncertainty has little effect on them. As a
result, economic policy uncertainty will have little effect on
state-owned enterprises’ R&D investment. Non-state-owned
enterprises, on the other hand, do not face the same
constraints as state-owned enterprises. The market
environment is cutthroat, and the best outcome of a variety of

portfolio games is the use of government subsidies. R&D
investment can help businesses gain market share, generate
excess returns, and aid in corner-cutting. Government
subsidies can help enterprises invest in R&D in the
appropriate range. When the intensity of government subsidies
exceeds the optimal level, non-state-owned enterprises will raise
their R&D funds and invest in investments that generate stable
earnings, thereby crowding out corporate R&D investment. non-
state-owned enterprises face increased competition in the open
market. When economic policy uncertainty increases, financing
constraints for non-state-owned enterprises become more severe.
Enterprises should exercise greater caution considering policy
changes and the volatility of the futures market. Due to the
inherent risks and high investment required for R&D activities,
high-level enterprises become more conservative, which
inevitably reduces their R&D investment.

The Influence of Regional Heterogeneity on the
Relationship Between Government Subsidies and
R&D Investment
Eastern coastal new energy enterprises benefit from a more
transparent market environment, fiercer enterprise
competition, and a greater sense of innovation. An open and
transparent market environment, combined with a pool of
technical talent, creates an ideal environment for R&D and
innovation. On the other hand, market transparency is low in
the central and western regions, product market competition is
low, and enterprises’ R&D investment intensity is lower than in
the eastern coastal regions due to a scarcity of talents and market
consolidation. The regression results in Table 13 illustrate the
effect of regional differences on corporate R&D investment. The
findings indicate that government subsidies have a much smaller
effect on R&D investment in new energy companies in the central

TABLE 6 | Substitution variable test.

Variables (1) (2) (3) (4) (5) (6)

GS 0.0005*** 0.008*** −13.68** −11.54*** 0.008*** 0.06***
(2.88) (2.73) (−2.12) (−4.13) (2.71) (2.81)

GS2 −0.00003*** −0.004** 0.759* 0.268*** −0.0004** −0.004***

(−2.93) (−2.48) (1.97) (3.44) (−2.45) (−3.37)
EPU −0.011** −0.367***

(−2.33) (−4.02)
GS × EPU −0.003*** 0.201***

(−2.58) (4.06)

GS2 × EPU 0.0001** −0.093***

(2.32) (−3.38)
LNEPU −0.0301** −0.312***

(−2.30) (−3.15)
GS × LNEPU −0.007*** −0.06***

(−2.57) (−2.87)

GS2 × LNEPU 0.0004** 0.004***

(2.30) (3.41)
CONS 0.0384*** 0.0141 563.3 285.4*** 0.0134 0.0657

(4.42) (0.97) (1.58) (4.31) (0.90) (0.58)
Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

R2 0.0973 0.1068 0.0201 0.0607 0.1067 0.1154

N 994 994 994 994 994 994

TABLE 7 | Time lag effect test.

Variables (1) (2) (3) (4) (5) (6)

RD RD (−1) RD (−2) FAI FAI (−1) FAI (−2)

GS 0.233** 0.250** 0.114 −0.077* −0.008 −0.002
(2.30) (2.35) (0.92) (−1.91) (−0.54) (−1.08)

GS2 −0.013** −0.016** −0.009 0.004* 0.001 0.0001

(−2.17) (−2.49) (−1.22) (1.72) (1.04) (0.79)
Controls Yes Yes Yes Yes Yes Yes
CONS −9.188* −6.086 −2.575 −0.097 −0.013 −0.174

(−1.65) (−0.95) (−0.30) (−1.45) (−0.16) (−1.59)
Year Yes Yes Yes Yes Yes Yes

R2 0.1427 0.1324 0.0635 0.0730 0.0652 0.0257

N 994 852 710 994 852 710
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and western regions than in the eastern coastal regions. Economic
policy uncertainty should also have a more substantial inhibitory
effect on R&D investment in the central and western regions.

The Impact of Risk Appetite on the Relationship
Between Government Subsidies and R&D Investment
Companies with varying degrees of risk tolerance frequently
exhibit disparate R&D investment styles. Enterprises with a

high risk appetite are optimistic about investment prospects
and prefer to maximize returns through venture capital;
enterprises with a low risk appetite prefer to wait and see and
invest only when the risk is acceptable. Two distinct investment
styles represent risky, high-yielding investments and low-risk,
stable returns. As shown in Table 14, the negative impact of
economic policy uncertainty on the high-risk preference group is
less than that on the low-risk preference group, and the high-risk
preference group’s R&D investment intensity is roughly double
that of the control group. When economic policy uncertainty and
government subsidies are factored in, the ratio increases fourfold,
indicating that new energy companies with a high risk tolerance
can conduct R&D investment activities more effectively and even
maintain a high R&D investment intensity in the face of
economic policy fluctuations.

TABLE 8 | Tests for missing variables.

Variables (1) (2) (3) (4) (5) (6)

Power −0.834** −0.778** −0.884** −0.049*** −0.048*** −0.048***
(−2.15) (−2.01) (−2.28) (−11.34) (−11.19) (−11.08)

GS 0.230** 0.256** 0.403** −0.002** −0.003*** −0.051**
(2.27) (2.51) (2.24) (−2.20) (−2.89) (−2.57)

GS2 −0.013** −0.015** −0.198* 0.0001* 0.0002** 0.0025**

(−2.15) (−2.45) (−1.95) (1.94) (2.54) (2.18)
EPU −3.330** −5.629* −0.057*** −0.120***

(−1.99) (−1.88) (−3.03) (−3.62)
GS × EPU −1.360** 0.018**

(−2.12) (2.47)

GS2 × EPU 0.067* −0.001**

(1.83) (−2.10)
Controls Yes Yes Yes Yes Yes Yes
CONS −9.060 −5.168 −22.67* −0.0896 −0.0175 0.148

(−1.63) (−0.88) (−2.42) (−1.44) (−0.27) (1.42)
Year Yes Yes Yes Yes Yes Yes

R2 0.1474 0.1514 0.1530 0.1962

N 940 940 940 940 940 940

TABLE 9 | Cross-sectional dependence test.

Test value p-value

Pesaran’s CD 43.608 0.000

Note: H0 of test is “there is no cross-sectional dependence.”

TABLE 10 | Robustness analysis results of D-K standard error adjustment.

(1) (2) (3) (4) (5) (6)

Variables Rd Rd Rd FAI FAI FAI

Gs 0.189*** 0.189*** 6.483** −0.003* −0.003* −0.075***
(3.99) (3.99) (2.40) (−2.17) (−2.17) (−3.76)

GS2 −0.009* −0.009* −0.300* 0.000** 0.000** 0.004**

(−2.31) (−2.31) (−1.87) (2.70) (2.70) (2.78)
EPU 3.683*** 10.281*** 0.048*** 0.053***

(9.80) (2.62) (6.30) (8.55)
GS × EPU −2.242** 0.026***

(−2.36) (3.76)
GS2 × EPU 0.104* −0.001**

(1.83) (−2.73)
Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

R2 0.1511 0.1511 0.1451 0.0625 0.0625 0.0720

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
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Discussion
Energy subsidies can be rationalized to achieve environmental
management objectives in energy use (Husaini et al., 2021).
However, continuous R&D innovation is conducted based on the
enterprise’s technical capability and resource strength. Temporary
government subsidies will not change an enterprise’s R&D strategy
but divert funds previously used for R&D investment (Wallsten,
2000; Shen and Luo, 2015). Government subsidies incentivize and
crowd out enterprise R&D investment (Xiao et al., 2012). While
subsidies initially stimulate enterprises to increase R&D investment,
as the subsidy amount increases, the incentive effect gradually
diminishes, and when the optimal subsidy threshold is exceeded,
enterprises’ R&D investment is crowded out. This paper concludes
that government subsidies have an inverted U-shaped effect on
enterprise R&D investment; that is, while appropriate subsidies
encourage enterprise R&D investment, excessive subsidies
suffocate other funds invested in R&D and exacerbate the
company’s proclivity to invest in fixed assets. The R&D
investment of new energy enterprises is irreversible and policy-
sensitive, and external economic policy changes significantly impact
its investment activities. Therefore, economic policy uncertainty will
stifle corporate R&D investment, exacerbate corporate financing
constraints, and reverse recent trends in fixed-asset investment (Nan
and Han, 2019; Liu and Zhang, 2020). Compared to fixed-asset
investment, economic policy uncertainty has a more substantial
negative adjustment effect on the relationship between government
subsidies and corporate R&D investment. Additionally, this paper
has discovered that government subsidies have a more significant
impact on R&D investment in China’s eastern coastal regions for
high-risk preference enterprises and non-state-owned enterprises. In
contrast, economic policy uncertainty has a more significant
negative adjustment effect on low-risk preference and non-state-
owned enterprises in the central and western regions.

CONCLUSIONS AND POLICY
RECOMMENDATIONS

Conclusions
In recent years, academics have discussed the difficulties and hotspots
associated with government subsidies and corporate R&D investment
behavior. From the perspective of economic policy uncertainty, this
paper examines the impact of government subsidies on enterprise
R&D and fixed-asset investment. It then analyzes the impact on

enterprise R&D investment in three dimensions: the nature of
enterprise property rights, regional differences, and risk preference.
The following are the research conclusions. (1) Within a reasonable
range, government subsidies have a promoting inverted U-shaped
effect on R&D investment. Subsidies that are more than what a
business invests in R&D will crowd out other funds and increase the
proclivity of businesses to invest in fixed assets. (2) Compared to fixed-
asset investment, economic policy uncertainty has a more significant
adverse effect on the relationship between government subsidies and
enterprise R&D investment. (3) Further research revealed that while
government subsidies have a more significant impact on R&D
investment in eastern coastal areas, high-risk preference enterprises,
and non-state-owned enterprises, the negative regulatory effect of
economic policy uncertainty ismore substantial in central andwestern
regions, low-risk preference enterprises, and non-state-owned
enterprises.

Policy Recommendations
The conclusion of this paper contributes to a better understanding
of the impact of government subsidies on enterprises’ R&D
investment behavior, expands the existing literature on the
factors affecting new energy enterprise investment, and
identifies the effect boundary between government subsidies
and new energy enterprise R&D investment behavior under
conditions of economic policy uncertainty, thereby providing a
new theoretical foundation for this issue.

First, as one of the strategic emerging industries tasked with
altering the economic growth mode and reshaping the energy
consumption structure, the new energy industry exhibits
technology-intensive characteristics. R&D innovation has the
potential to generate enormous economic and social benefits and
contribute to economic growth and enterprise innovation. However,
the domestic new energy industry’s technology is still in its infancy.
Several factors, including high innovation costs, a lengthy
development cycle, high risk, and high product costs, mean no
clear competitive advantage over traditional fossil fuels in the energy
market. Furthermore, due to insufficient protection of intellectual

TABLE 11 | Two-sample t-test results.

Grouping RD

Variables N Mean Diff T-value

Property rights SOE 294 15.979 2.451*** 4.665
N-SOE 700 13.528

Area East-coast 746 14.633 1.524*** 2.73
Mid-western 248 13.109

Risk appetite High-risk 497 14.965 2.845*** 5.512
Low-risk 497 12.121

TABLE 12 | Group property inspection.

Variables State = 1 State = 0

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

GS 0.107 0.107 1.769 0.248* 0.236* 0.493**
(0.67) (0.67) (0.50) (1.90) (1.82) (2.29)

GS2 −0.005 −0.005 −0.083 −0.014* −0.013* −0.022*

(−0.54) (−0.54) (−0.41) (−1.76) (−1.70) (−1.82)
EPU −5.046 −2.915 −4.23* −4.887**

(−1.50) (−0.51) (−2.14) (−2.64)
GS × EPU −0.596 −0.167**

(−0.47) (−2.18)

GS2 × EPU 0.028 0.0735*

(0.39) (1.71)
CONS −29.38*** −16.03 −22.21 −2.055 −11.41 −29.28**

(−2.96) (−1.51) (−1.23) (−0.26) (−1.50) (−2.49)
Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

R2 0.3037 0.3037 0.3045 0.1312 0.1319 0.1401

N 294 294 294 700 700 700
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property rights and ineffective environmental regulations, the new
energy industry’s technology spillover and positive environmental
externalities cannot be compensated through the market,
exacerbating the new energy industry’s development dilemma. In
an imperfectly competitive market environment, the government
must act as a “supporting hand” in fine-tuning subsidy policies and
assist firms in various ways, including taxation, law, and talent
development, to increase their market competitiveness maximize
social and economic benefits. Regarding subsidy distribution, the
government should maintain a high level of transparency regarding
R&D subsidies and work to eliminate the phenomenon of incorrect
and excessive subsidies caused by information asymmetry. In terms
of subsidy intensity, government departments should closely
monitor the company’s early R&D preparation, initial

investment, and mid-to-late projects, adjust the subsidy intensity
following the enterprise’s R&D projects and capacity, encourage the
enterprise to strengthen its capacity for independent innovation, and
gradually reduce or eliminate the subsidy after it reaches a certain
level, avoiding the enterprise’s excessive reliance on the subsidy. In
terms of external financing, the government should diversify
external financing channels, optimize the external business
environment, provide preferential treatment to high-quality
enterprises with a greater capacity for independent innovation,
and provide policy guidance to enterprises with a lower capacity
for independent innovation.

Second, given that economic policy uncertainty has a significant
negative impact on corporate investment, the government should
strengthen its credibility and transparency to maintain the stability

TABLE 13 | Regional heterogeneous grouping test.

Variables Area = 1 Area = 0

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

GS 0.301*** 0.342*** 0.166** 0.073*** 0.064*** 0.051***
(2.68) (2.65) (2.08) (3.12) (2.66) (2.98)

GS2 −0.017** −0.021*** −0.012*** −0.043*** −0.036** −0.022**

(−2.49) (−2.59) (−2.97) (−3.15) (−2.59) (−2.46)
EPU −4.071*** −3.157*** −4.077* −4.011***

(−2.74) (−3.31) (−1.75) (−3.18)
GS × EPU −0.600*** −0.719**

(−2.56) (−2.95)

GS2 × EPU 0.019** 0.300**

(2.04) (2.43)
CONS −22.38** −12.97 10.74 12.26 4.777 −46.53

(−3.01) (−1.47) (0.98) (0.72) (0.27) (−1.45)
Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

R2 0.1533 0.1716 0.1770 0.1870 0.2025 0.2452

N 746 746 746 248 248 248

TABLE 14 | Group test of risk preference.

Variables Lev = 1 Lev = 0

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

GS 0.477*** 0.424** 0.412* 0.237** 0.192* 0.103**
(2.87) (2.36) (1.73) (2.09) (1.70) (2.17)

GS2 −0.023** −0.023** −0.022*** −0.030** −0.023* −0.011***

(−2.38) (−2.19) (−2.74) (−2.14) (−1.66) (−3.73)
EPU −3.012*** −2.801*** −5.967*** −4.143***

(−3.40) (−3.76) (−2.97) (−4.26)
GS × EPU −0.170* −0.103**

(−1.68) (−2.02)

GS2 × EPU 0.015*** 0.053***

(2.69) (3.54)
CONS −41.82*** −36.05* −11.28 1.571 −7.036 11.46

(−3.64) (−2.05) (−0.50) (0.26) (−1.07) (1.46)
Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

R2 0.2313 0.2808 0.3070 0.0863 0.1073 0.6582

N 497 497 497 497 497 497
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and continuity of economic policies that can effectively avoid
economic policy uncertainty at its source, thereby fostering a
favorable investment and financing environment. Due to the
diversity of enterprise characteristics, their ability to withstand
the uncertainty of external economic policies varies. When
formulating policies to guide enterprise innovation and
development, the government should consider the environmental
differences between the central and western regions, low-risk
preferences, and non-state-owned enterprises and provide timely
policy guidance and innovation incentives. For state-owned
enterprises, the government should develop supportive policies to
increase their enthusiasm for R&D, strengthen oversight of the flow
of subsidies to state-owned enterprises, establish a performance
evaluation system to increase their awareness of independent
innovation, strictly define the period of policy preferences and
subsidies, and avoid excessive reliance on subsidies. New energy
enterprises should maximize their inherent advantages, rely on
policy support to increase R&D investment, strengthen dynamic
adjustment and organizational learning capabilities, and
significantly increase innovation output, thereby enhancing
innovation capabilities and preserving core advantages.

Subsidy policies have varying short-term effects on various
renewable energy sources and can have some negative
consequences. Due to the sample space-time interval and
scope constraints, this paper does not consider the
heterogeneity within the same industry. Furthermore, due to a
lack of measurement indicators, this paper cannot quantify the
impact of all intermediary mechanisms, such as industry
competition intensity. The R&D activities of new energy
companies vary by subsector. In subsequent research, much
more data and analysis can be conducted on the subsectors of

new energy companies, resulting in more valuable research
results.
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