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Technological innovation is the core factor for enterprises to maintain competitiveness. This
paper aims to investigate how policy uncertainty affect enterprises’ innovation. On the basis of
theoretical analysis, this study selects data from 2008-2017- and a share of non-financial listed
companies as the research sample. Using patent data of listed companies and China’s
economic policy uncertainty (EPU) index, the study examines the impact of EPU on enterprise
innovation. In addition, the regulatory effect of enterprise financialization has been investigated.
The results show that the EPU can promote the quantity growth of enterprise innovation but
inhibit the improvement of enterprise innovation quality. The impact of EPU on enterprise
innovation will be affected by enterprise ownership, financing constraint level, life cycle, regional
administrative level and regional economic level. Furthermore, enterprise financialization shows
a negative regulatory effect in the process of EPU affecting enterprise innovation. This study
provides policy enlightenment for reasonably formulating economic policies and promoting
enterprise financialization, so as to effectively improve enterprise innovation ability and
economic development.

Keywords: policy uncertainty, financialization, technological innovation, economic development, China

1 INTRODUCTION

The COVID-19 pandemic has changed our lives in certain ways (Yang Zhen. et al., 2021; Elavarasan
et al,, 2021; Ahmad et al., 2022; Huang et al., 2022; Hussain et al., 2022; Wen et al,, 2022). In this
regard, economic policy is not only an important means for the state to regulate the economy and
market, but also an important external condition for enterprises (Yumei et al., 2021; Tang et al.,
2022). The frequent adjustment of economic policies by the government can stimulate the
investment vitality of enterprises in the short term, but it will also make enterprises to face the
uncertainty of the policy environment when making business decisions (Shi et al., 2022; Xiang et al.,
2022). According to the global Economic Uncertainty Index data developed by Baker et al. (2016)
and jointly released by Stanford University and The University of Chicago, the global EPU Index
increased by about 200% from January 2014 to December 2020. The index in December 2020 was
much higher than that during the 2008 financial crisis, reaching a record high. China’s EPU index
was high during 2008-2009, 2011-2012 and 2016-2020. It is closely related to the changes of global
economy, China’s economic development and many intensive economic policies of Chinese
government.
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At present, China’s economy has shifted from a stage of high-
speed growth to a stage of high-quality development (Wu et al.,
2021; Irfan and Ahmad 2022; Rauf et al., 2021). The Chinese
government emphasizes that adhering to the core position of
innovation in the overall modernization, deeply implementing
the innovation driven development strategy and improving the
technological innovation ability of enterprises (Hao et al., 2020;
Hao et al.,, 2021; Abbasi et al., 2022). How to strengthen the
dominant position of enterprises in scientific and technological
innovation, improve the independent innovation ability of nation
and enterprise, and promote high-quality economic development
has become an urgent issue for China. However, finance, real
estate and other industries in China have high profit margins
compared with the traditional manufacturing industry. The profit
seeking characteristics of capital urge enterprises to make a lot of
financial investment, while lack enthusiasm for technological
innovation and R&D activities. In this context, what impact
does financialization have on enterprise innovation in the face
of high EPU? Will this impact change with the differences of
enterprise ownership, life cycle, financing constraints, regional
administrative level and wurban economic development?
Obviously, the impact of EPU and financialization on
enterprise innovation is still an issue worthy of investigation.

2 LITERATURE REVIEW

The existing research on EPU can be divided into two categories.
One category of literature studies the impact of EPU on
macroeconomic activities. The literatures discussed the impact
of EPU on macroeconomic fluctuations, economic recovery,
employment, productivity and so on (Caldara et al, 2016).
Another category of literature investigates the impact of EPU
on micro enterprises’ operation, R&D investment and other
decision-making activities. The studies have found that when
EPU is enhanced, enterprises’ cash holding level (Wang et al,
2014), commercial credit financing (Zhang et al., 2020), senior
management change (Rao and Xu, 2017), R&D investment
behavior (Li and Yang, 20155 Gulen and Ion, 2016;
Bhattacharya et al, 2017), the level of financialization (Peng
et al., 2018) and investment efficiency (Rao and Xu, 2017) will
be affected.

For the impact of economic policy uncertainty on enterprise
innovation, the existing literature has the opposite conclusion.
Some literatures believe that enterprise R&D investment is
positively correlated with macro EPU (Meng and Shi, 2017;
Irfan et al., 2019; Irfan et al., 2020). EPU has incentive effect
and selection effect on enterprise innovation. EPU can affect the
enterprise R&D investment and patent application. At the same
time, the relationship between EPU and innovation will be
affected by the characteristics of enterprises, such as the
ownership, government subsidies and financing constraints
(Gu et al,, 2018). Uncertain policy environment will encourage
enterprises to carry out innovation investment as early as possible
to obtain future growth options, thus promoting enterprise
innovation activities (Liang and Xie, 2019). In addition, Yang
C. et al. (2021) explored the internal mechanism between EPU
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and enterprise innovation from the perspective of corporate
social responsibility, and found that EPU had a more
significant impact on enterprise invention patent, namely
substantive innovation. Yang H. C. et al. (2021) found that
EPU has a positive effect on R&D input and innovation
output of family business. The literature holds negative views
believes that EPU will increase the bank credit risk and make the
enterprise have to face strong financing constraints, thus having
obvious inhibitory effect on enterprise technological innovation
(Zhang and Feng, 2018). The lack of financing capacity caused by
macroeconomic uncertainties will limit the improvement of
enterprisess R&D and innovation (Pan and Dong, 2021). In
addition, EPU will significantly reduce the product innovation,
increase the proportion of service business, promote the
transformation of manufacturing enterprises to services
(Zhang et al., 2019). Regarding the research question whether
economic policy uncertainty can promote enterprise innovation,
although there are a lot of research results, there is not a relatively
consistent conclusion. When facing the uncertainty of external
economic policies, do enterprises with different characteristics
have the strategic choice of actively seeking change? Whether
there are different innovation behaviors and different innovation
outcomes is also the question that this paper considers and tries to
answer.

With the continuous attention to financialization in the
academic world, scholars at home and abroad have begun to
discuss the impact of corporate financial investment on corporate
technological innovation. Scholars have not reached a consensus
on the impact of financialization on enterprise innovation. Some
literatures believe that increasing the investment proportion of
financial assets will crowd out the funds for technological
innovation, so that enterprises lack sufficient funds for R&D
innovation, which will have a restraining effect on enterprise
innovation (Wang et al,, 2017; Duan and Zhuang, 2021). Other
studies show that enterprises can increase the liquidity of assets
by using idle funds for short-term financial investment, which
can not only realize the maintenance and appreciation of capital,
but also bring more investment income, thus alleviating the
financing constraints and promoting enterprise innovation
(Bonfiglioli, 2008; Yang et al, 2019). In addition, financial
investment may also indirectly promote R&D innovation by
improving enterprise performance.

Through reviewing the above literature, we find that the
existing literature mainly investigates the impact of EPU on
enterprise innovation investment, new product sales revenue
or the total number of patents. However, there is a lack of
analysis from the dual perspective of innovation quantity and
innovation quality. Especially, less attention has been paid to the
impact of EPU on enterprise innovation with different
characteristics. In addition, there is no consensus on the
impact of financialization on enterprise innovation.

The marginal contribution of this study lies in three aspects.
Firstly, this study investigates the innovation effect of EPU from
the dual perspective of innovation quality and innovation
quantity, thus enriching the research scope of existing
literature and deepening the understanding of EPU. Secondly,
this study includes financialization into the analysis of the
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innovation effect of EPU, and examines the complex relationship
between financialization, EPU and enterprise innovation. It not
only expands the relevant research perspective, but also provides
a reference for enterprises to reasonably allocate financial assets
in the face of EPU. Thirdly, this study investigates the differences
in the innovation effects of EPU among different types of
enterprises. It not only helps to enrich the understanding of
the EPU’s innovation effect, but also provides inspiration for
different types of enterprises to make scientific innovation
strategies in the face of EPU.

The rest of this paper is arranged as follows: The third part
contains theoretical analysis and research hypothesis. The fourth
part is about research design. The fifth part includes the
estimation result and robustness test of the basic model. The
sixth part contains further research. The last part is about the
conclusion and enlightenment of this paper.

3 THEORETICAL ANALYSIS AND
RESEARCH HYPOTHESIS

3.1 EPU and Enterprise Innovation

Facing the uncertainty of economic policy, enterprises cannot
accurately predict whether, when and how the government will
change the current economic policy (Gulen and Ion, 2016). EPU
is an important part of economic uncertainty. The objective
existence of economic policy uncertainty will have a profound
impact on macro-economy and micro enterprise behavior. The
continuous adjustment of policies and the differences in the
interpretation and implementation of policies by local
governments will also bring a certain degree of uncertainty to
enterprise operations. Theoretically, if we only rely on the market
mechanism to allocate resources, it may lead to problems such as
uneven resource distribution and income gap. Therefore, the
government needs to adopt corresponding economic policies to
overcome or make up for the defects of resource allocation by
market mechanism. However, due to the change of market
environment and the objective existence of information
asymmetry, the government is often unable to make accurate
judgment in time. The decision-making and implementation of
economic policies often lags behind the changes of the market.
Then there is the distortion of resource allocation, which makes
enterprises lack of effective incentive mechanism (Lin et al., 2010;
Chen et al., 2011).

As a high-risk and high-yield activity, innovation has the
characteristics of high R & D cost, long R&D cycle and low
success probability. Enterprises are not only the main body of
economic activities, but also the main body of innovation
activities. They have the demand to transform technical
advantages into product advantages, transform innovation
achievements into commodities, and get returns through the
market. The output of enterprise innovation not only has the
form of goods, but also appears in the form of knowledge
products such as patents and proprietary technologies. The
benefits of technical knowledge and information cannot be
fully occupied by individuals alone (Arrow, 1962), but show
strong positive externalities through spillover effects. However,
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it is this spillover effect that makes other enterprises have “free
riding” behavior and carry out “imitation innovation” or “follow-
up innovation”. This will undoubtedly reduce the motivation of
enterprises to carry out independent innovation and
breakthrough innovation, and make the innovation activities
evolve into a waiting game (Guo, 2018).

When faced with the EPU, the business environment of
enterprises will become more complex. Enterprise managers
have more difficulty in predicting the changing trend of the
market, thus increasing the operating risk and making it more
difficult for enterprises to obtain credit resources from banks and
other financial institutions. The rise of financing costs increases
the uncertainty of corporate profits. Due to financing constraints
and risk aversion, enterprises will reduce investment and restrain
technological innovation activities (Zhang et al., 2019). However,
Bloom (2007) pointed out that although uncertainty brings short-
term negative impact on employment, productivity and
investment, its impact on enterprise R&D innovation may be
different from other economic activities. He also pointed out that
the relationship between EPU and firms’ R&D and innovation
activities is a very important topic that needs to be further studied
theoretically and empirically. Gu et al. (2018) showed that EPU
had a positive impact on the enterprise R&D investment and
patents. Policy uncertainty will encourage enterprises to
implement innovation investment as soon as possible to
obtain future growth options, thus promoting enterprises
innovation.

The above analysis shows that the impact of EPU on
enterprises will vary according to specific behaviors such as
enterprise investment, financing behavior or technological
innovation. Its impact on enterprise innovation may be
different from that on enterprise general investment behavior.
Although the increase of EPU inhibits enterprises’ physical
capital investment (Li and Yang, 2015), enterprises may
transfer part of their investment to R&D input, thus
promoting the quantity of enterprises’ innovation output.
Innovation is an effective means for enterprises to gain market
share and excess profits. When enterprises are faced with market
competition and external EPU, they will increase their investment
in innovation to strengthen their market power. However, when
enterprises face too high EPU, they will weigh the risks and
benefits of innovation. Out of caution, enterprises are more
willing to carry out “imitation innovation” or “follow-up
innovation” and reduce investment in “breakthrough
innovation” with high capital demand and high risk. This
makes enterprises pay more attention to the quantity growth
of innovation rather than the quality improvement of innovation.
Therefore, this paper proposes H1:

H1: EPU has a positive effect on the quantity growth of
innovation, and a negative effect on quality improvement of
innovation.

3.2 EPU, Financial Investment and

Enterprise Innovation
In the process of EPU affecting enterprise innovation, enterprise
financialization plays a regulatory role. On the one hand, the
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increase of EPU will make it difficult for enterprises to accurately
predict future market demand, thus increasing the uncertainty of
corporate cash flow. For the precautionary demand, enterprises
will use idle funds for financial investment, increasing the
liquidity and revenue of assets. Technological innovation is a
process that requires continuous and large investment. Financial
investment can create a capital “reservoir” to deal with the capital
shortage in the long-term R&D activities (Yang et al., 2019). The
rate of return brought by financial investment is generally high.
Financial investment can significantly improve the financial
performance of enterprises, alleviate the financing constraints
of enterprises, and then promote enterprises to pursue the
improvement of innovation quality. However, on the other
hand, the rise of EPU may lead to a decline in the profits of
non-financial industries. As a result, more and more non-
financial enterprises choose to invest in financial products,
thus crowding out the resources of enterprises for
technological innovation (Wang et al, 2017). For enterprise
managers, investing in financial products with higher returns
can improve business performance in the short term. Therefore,
managers have sufficient motivation to reduce investment in
R&D activities with long cycle, high cost and high risk, which
will eventually inhibit enterprise innovation.

When the uncertainty of economic policies increases,
enterprises will choose to hold more financial assets to cope
with the uncertainty of cash flow and reduce operational risks
(Duchin et al., 2017), which will further enhance the trend of
corporate financialization and affect enterprise innovation. On
the one hand, the continued to decline in the real economy profit
and income under the continuous rise in the overall environment
of financial assets, non-financial enterprises to carry out a large
number of financial asset investment behavior, will continue to
use enterprise resources for technology innovation, crowding out
effect on corporate r&d, make enterprises lack enough money for
product research and development of innovation and equipment
update, Leading to the decline of enterprise innovation output; on
the other hand, when enterprises face the uncertainty of external
environment and policy, in the face of increasing financial
investment, enterprises will be more eager to gain more
market share through technical innovation and the excess
profit, enterprises under the condition of the limited research
and development through compression “strategic innovation”
project investment, increasing the financial input in “real
innovation” project, In order to increase their core
competitiveness, enhance the value of enterprises, and make
the innovation quality of enterprises rise. Based on the above
analysis, we propose hypothesis H2:

H2: In the process of the impact of economic policy
uncertainty on firm innovation, financial investment has a
negative moderating effect.

4 RESEARCH DESIGN

4.1 Sample Selection and Data Sources
This paper selects A-share listed companies from 2008 to 2017 as
research samples. The data mainly come from CSMAR database,
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Wind database and The National Intellectual Property Office
database. The product innovation data comes from the patent
database of listed companies and subsidiaries provided by
CSMAR and The National Intellectual Property Office
database. The data used to measure the EPU comes from the
Uncertainty Index of China’s Economic Policy developed by Baker
et al. (2016). Considering the availability, validity and quality of
data, this paper eliminated the samples as follows: 1) ST and *ST
enterprises were eliminated; 2) Exclude financial and insurance
enterprises; 3) Eliminate enterprises with missing core variables.
In order to reduce the influence of extreme values on regression
results, the continuous variables at the enterprise level were
treated with 1% bilateral tail shrinking.

4.2 Definition of Variables

4.2.1 Explained Variable: Enterprise Innovation
Existing literature often adopts R&D input, innovation output
and innovation efficiency to measure enterprise innovation.
Innovation output can be measured by patent output or sales
revenue of new products. In this study, patent output is used to
measure the enterprise innovation. Patent types include
invention patent, utility model patent and design patent.
Among them, invention patents have the highest technical
content and innovation level. It needs substantive
examination. The technical content of utility model patents
and design patents is relatively low, and only need to pass the
formal examination. Their application authorization rate is close
to 100%. The patent data used in this paper comes from the
patent database of listed companies and subsidiaries provided by
CSMAR. The patent query system of the China National
Intellectual Property Database is used to check and verify the
patent data of listed companies and subsidiaries. This paper uses
the logarithm of “total number of patent applications +1” to
measure the quantity of enterprise innovation (Innovanum), and
uses the proportion of invention patent applications in total
patent applications to measure the quality of enterprise
innovation (Innovquay).

4.2.2 Explanatory Variable: Economic Policy
Uncertainty (EPU)

The Economic Policy Uncertainty Index developed by Baker et al.
(2016) and published regularly by Stanford University and the
University of Chicago covers major economies around the world.
The index uses the media’s attention to the uncertainty of
economic policy to infer the EPU faced by microeconomic
subjects. Baker et al. (2016) used text retrieval and filtering
methods to measure China’s EPU index with the Hong Kong
South China Morning Post as the retrieval platform for news
reports. Referring to Meng and Shi, 2017 and Zhang et al. (2019),
this paper uses the geometric mean of monthly EPU index as the
annual EPU. In addition, this paper uses the arithmetic mean of
monthly EPU index as the explanatory variable in the
robustness test.

4.2.3 Moderating Variable: Financialized Investment
At present, there is no unified view on how to measure the level of
enterprise financialization. Most of the existing literatures
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TABLE 1 | Variable definitions and descriptive statistical resullts.
Variables Definition

Innovnum Innovqua

EPU Number of invention patent/total number of patent
Fin EPU index level of financialization

Soe Nature of property right

Cf Financing constraints (SA index)

Size Enterprise scale

Roa Enterprise age

Lev Return on total assets

Fixs Asset-liability ratio

Inco Fixed assets ratio

Cen Main business income

Eco Equity concentration

Gov Level of urban economic development
Inv Proportion of financial expenditure

Data source: Author calculates and collates according to Stata software.

measure it from the perspective of asset allocation and investment
return. This paper aims to explore the regulatory effect of
financialization on enterprise innovation under the influence
of EPU. Therefore, this paper defines the enterprise
financialization =~ from  the  perspective of financial
asset allocation. Based on Wang et al. (2017) and Duan and
Zhuang, 2021, this paper uses the proportion of enterprise
financial assets in total assets to measure enterprise
financialization. Enterprise financial assets mainly include
monetary capital, trading financial assets, available for sale
financial assets, investment real estate, held to maturity
investment, dividends receivable and dividends receivable.

4.2.4 Control Variables

The selection of control variables in this paper mainly refers to the
research of Gu et al. (2018) and Zhang et al. (2019). The size, age,
return on assets, leverage ratio, fixed assets ratio, main business
income and ownership concentration of enterprises are selected
as control variables at the enterprise level. The level of economic
development, proportion of financial support and proportion of
fixed asset investment were used as control variables at the
regional level. Where, enterprise Size is measured by the
natural logarithm of the company’s total assets. The Age of the
enterprise is calculated from the year when the enterprise is
established. Return on total assets (ROA) is related to corporate
profitability and asset utilization efficiency, and is expressed by
net profit/total assets. The leverage ratio (Lev) is related to
corporate financial risk, the higher the leverage ratio is, the
greater the financial risk is. Fixed assets ratio (Fixs) adopts
fixed assets to total assets ratio. Main business income (Irnco)
is expressed logarithmically. Equity concentration (Cen) is the
sum of the previous three shareholders’ shareholding ratio. The
level of economic development (Eco) is logarithmic with per
capita GDP. Fiscal expenditure ratio (Gov) adopts the ratio of
local government fiscal expenditure to GDP. Fixed asset
investment ratio (Inv) adopts the ratio of total fixed asset
investment to GDP. Table 1 reports the definitions and
descriptive statistical results of all variables. It can be seen
from Table 1 that the logarithmic mean of total patent

Take the log of the total number of patent applications plus 1
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obs Mean Std Max Min
12,400 2.062 1.899 6.967 0
12,400 1.480 1.649 1 0
12,400 196.811 92.875 364.83 98.89
12,400 0.204 0.147 1 0
12,400 0.587 0.492 1 0
12,400 -3.234 2.891 9.688 -14.65
12,400 22.234 1.411 26.135 18.874
12,400 204.725 61.602 354 60
12,400 0.038 0.061 0.245 -0.191
12,400 0.375 0.288 0.964 0
12,400 0.252 0.189 0.765 0.001
12,400 21.575 1.623 25.616 16.547
12,400 0.360 0.155 0.761 0.084
12,400 11.107 0.584 12.129 9.418
12,400 0.156 0.065 0.464 0.066

applications from 2008 to 2017 is 2.062, the logarithmic mean
of invention patents is 1.480 and the logarithmic mean of non-
invention patents is 1.623. It shows that there is no obvious
quantitative difference between invention patents and non-
invention patents among the listed companies in China. The
maximum value of the EPU index is 364.83, and the minimum
value is 92.875, indicating that the EPU index of China changes
greatly from 2008 to 2017, and the degree of uncertainty is
relatively obvious.

4.3 Model Construction

In order to test the impact of EPU on enterprise innovation, this
paper refers to Zhang et al. (2019) and establishes the following
basic regression model:

Innovnum;, / Innovqua; = a9 + &y EPU;, + Z controls;

+ FirmFE + YearFE + ¢;

Among them, Innovnum represents the quantity of enterprise
innovation and Innovqua represents the quality of enterprise
innovation. EPU represents the uncertainty index of economic
policy. ¢ is the error term. )’ Controls are a series of enterprise
and regional control variables, including: Size, Age, Roa, Lev, Fixs,
Cen, Inco, Eco, Gov and Inv. FirmFE and YearFE represent
individual fixed effect and time fixed effect, respectively. We
mainly focus on the coefficient «;, which reflects the impact of
EPU on the quantity and quality of enterprise innovation.

5 EMPIRICAL RESULTS ANALYSIS

5.1 Benchmark Regression Results

Table 2 reports the regression results of EPU on enterprise
innovation. Columns 1) and 2) do not add control variables.
Columns 3) and 4) add enterprise-level control variables.
Columns 5) and 6) add all control variables. The regression
results show that EPU has a significant positive effect on the
quantity of enterprises’ innovation and a significant negative
effect on the quality of enterprises’ innovation. The regression
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TABLE 2 | Regression results of EPU and firm innovation.

Policy Uncertainty

, Financialization and Enterprise Innovation

Variables 1) (2) (3) (4) (5) (6)
Innovnum Innovqua Innovnum Innovqua Innovhum Innovqua
EPU 0.291** -0.019™** 0.001 -0.008*** 0.021* -0.007**
- (32.83) (-8.15) (0.08) (-2.69) (1.86) (-2.07)
Scale — — 0.322* 0.027* 0.320"* 0.027***
— — — (12.53) 8.82) (12.47) (3.78)
Age — — 0.008** 0.001*** 0.007*** 0.001***
— — — (21.30) 6.71) (13.63) (4.62)
Lev - — 0.054 -0.054** 0.052 -0.053**
— — — (0.62) (-2.21) (0.59) (-2.20)
Roa — — 0.399* 0.014 0.418* 0.015
— — — (2.37) (0.30) (2.48) 0.32)
Fixs — — -0.053 -0.068** -0.067 -0.069**
— — — (—0.55) (-2.51) (-0.69) (—2.55)
Inco — — 0.046™ 0.004 0.047* 0.005
— — — (2.21) 0.77) (2.26) (0.80)
Cen — — —0.912"* -0.071** -0.927*** -0.071*
- - - (-7.43) (-2.06) (-7.56) (—-2.09)
Eco — — — - 0.101* 0.003
— — — — — (2.38) (0.28)
Gov — — — - -0.771* —-0.069
— — — — — (-2.11) (-0.68)
Inv — — — — 0.242* 0.025
— — — - — (4.15) (1.53)
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes
Observations 12,400 12,400 12,400 12,400 12,400 12,400
R? 0.088 0.066 0.242 0.271 0.247 0.282

Note: The numbers in brackets are robust standard errors of clustering to enterprises, **means p < 0.01, *means p < 0.05, *represents p < 0.1. The following tables are the same.

Data source: Author calculates and collates according to Stata software.

result verifies H1. As mentioned above, when facing the EPU,
enterprises are more willing to enhance their core
competitiveness, improve market share and obtain more
profits by increasing R&D investment and strengthening the
innovation ability of products and technologies. Therefore, the
quantity of enterprise innovation will increase. At the same time,
with the increase of EPU, the risk and uncertainty of enterprises
carrying out innovation activities increase. Motivated by
prudence, enterprises are more willing to carry out “follow-up
innovation” than breakthrough innovation with high risk, long
cycle and high investment, which reduces the innovation quality
of enterprises. The coefficients of control variables indicate that
the larger the scale of the enterprise, the greater its innovation
output. The reason lies in that large companies have resource
advantages and stronger technological innovation ability. In
addition, the results show that the older the firm, the more
innovative it is. The higher the main business income and the
higher the rate of return on total assets, the greater the number of
innovation output. The more concentrated the equity, the smaller
the quantity and quality of innovation. Moreover, regional
economic development has positive impact on the quantity of
enterprise innovation.

5.2 Robustness Test
In order to ensure the reliability of the benchmark regression
results, a series of robustness tests were conducted in this paper.

5.2.1 Replace the Explained Variables

In the benchmark regression, we use the patent applications to
calculate the quantity and quality of innovation. In the
robustness test, we replace the patent applications with
patent authorization, and use the same calculation method
to calculate the quantity and quality of enterprise innovation.
The regression results are shown in columns 1) and 2) of
Table 3a.

5.2.2 Replace Core Explanatory Variables

Referring to Meng and Shi, 2017, the arithmetic mean of monthly
EPU index is used as the new explanatory variable in the
robustness test. The regression results are shown in columns
3) and 4) of Table 3a.

5.2.3 Further Reduce the Impact of Extreme Values
The core variables were treated with bilateral tail shrinking on the
5% quantile to further reduce the impact of extreme values on the
estimated results. The regression results are shown in columns 5)
and 6) of Table 3a.

5.2.4 Add Control Variables

Referring to Li and Yang, 2015, this paper further added the
regional research support (Scisup) and regional financial
development (Finc) into the regression model. The regression
results are shown in columns 1) and 2) of Table 3b.
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TABLE 3 | Robustness tests.

Policy Uncertainty

, Financialization and Enterprise Innovation

Table 3a
Variables Quantity of patents granted Arithmetic mean of EPU Shrink 5%
(1) 2 (3) (4 (5) (6)
Innovhum Innovqua Innovnum Innovqua Innovhum Innovqua
EPU 0.021* —0.055*** 0.016 —-0.006* 0.022¢ -0.007*
- (1.89) (-18.42) (1.41) (~1.95) (1.94) (-2.13)
Control Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes
Observations 12,400 12,400 12,400 12,400 12,400 12,400
R? 0.276 0.291 0.247 0.228 0.236 0.218
Table 3b
Variables Add control variables Manufacturing samples Tobit regression
(1) 2 (3) (4 (5) (6)
Innovhum Innovqua Innovhum Innovqua Innovhum Innovqua
EPU 0.010 -0.008** -0.022 -0.015"** 0.692*** -0.106™**
- (0.93) (~2.46) (~1.47) (-3.32) (11.29) (~6.66)
Control Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes
Observations 12,400 12,400 6,730 6,730 12,400 12,400
R? 0.236 0.227 0.317 0.233 0.191 0.210
5.2.5 Use ManUfaFturlng S?‘mples TABLE 4 | Discussion on endogeneity.
The non-manufacturing enterprises were further removed from
the whole samples, and 6,730 manufacturing sample enterprises ~ Variables U @
were retained for robustness test. The regression results are Innovnum Innovqua
shown in Columns 3) and 4) of Table 3b. EPU P~ 0.154%
) ) - (1.230) (-2.125)
5.2.6 Change Estimation Method Control Yes Yes
Since the quantity of enterprise patents is non-negative and there ~ FirmFE Yes Yes
is a large number of zero values, this paper chooses Tobit model ~ Y6aFE Yes Yes
for robustness test. The regression results are shown in columns Observations 12400 12400
: & Anderson canon. corr. LM 0.000 0.000
5) and 6) of Table 3. Cragg-Donald Wald F 752.38 500.37

The results of Table 3a and 3b show that after a series of
robustness tests, the regression results of core explanatory
variables are consistent with the results of benchmark test. It
shows that our benchmark test is reliable. EPU can improve the
quantity of enterprise innovation, but it does not improve the
quality of enterprise innovation.

5.2.7 Discussion on Endogeneity

For enterprises, EPU is an exogenous variable. Therefore, a single
enterprise cannot affect EPU in reverse. Nevertheless, in order to
be robust, this paper refers to Zhang et al. (2019) and selects
India’s EPU as the instrumental variable of China’s EPU for
analysis. The reason is that India and China have similarities in
economic development and policy environment. At the same
time, there are close trade ties between China and India. This
makes the two countries have similarities in the formulation and
implementation of economic policies. We use the two-stage least
square method (IV-2SLS) to estimate the parameters. The results
are shown in Table 4. It can be seen that the coefficient of EPU
has not changed significantly, which also shows that the

Note: Anderson canon. corr. LM, represents the p value corresponding to this statistic.
Cragg-Donald Wald F represents the value of the statistic.

benchmark conclusion of this paper is still valid after dealing
with the endogenous problem.

6 FURTHER ANALYSIS
6.1 Heterogeneity Analysis

The impact of EPU on enterprise innovation would be
heterogeneous due to the differences of enterprises’
characteristics (Zhang et al., 2019). This paper holds that the
innovation effect of EPU will be affected not only by the
characteristics of the enterprise, but also by the characteristics
of the region where the enterprise is located. The following is to
study the heterogeneous innovation effect of EPU from the
perspective of enterprise characteristics such as ownership,
financing constraints and life cycle, as well as regional
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TABLE 5 | Heterogeneity of firm ownership.

Variables State-owned enterprises Private enterprises
Innovnum Innovqua Innovhum Innovqua

EPU 0.027* —0.004 0.017 -0.010*
— (1.85) (-0.99) (0.94) (-1.99)
Control Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes
YearFE Yes Yes Yes Yes
Observations 7,280 7,280 5,120 5,120
R? 0.271 0.226 0.225 0.234

characteristics such as the regional administrative level and the
regional economic development.

6.1.1 From the Perspective of Enterprise

Characteristics

1) Heterogeneity of enterprise ownership. The results of Table 5
show that the EPU has a significant positive effect on the
quantity of innovation of State-Owned enterprises, and
doesn’t have significant effect on the quality of State-
Owned enterprises. when it comes to private enterprises,
the impact of EPU on the quantity of innovation is not
significant, while the impact on the quality of innovation is
significantly negative. The reason for this result is that
compared with private enterprises, state-owned enterprises
have convenient policy information channels in resource
allocation and can obtain the government’s policy guidance
in time. At the same time, most of the executives of state-
owned enterprises are directly appointed by the government,
which makes them think more about being responsible to the
government than to the long-term development of
enterprises. Therefore, state-owned enterprises are often
unwilling to bear the uncertainty and risk of R&D activities
(Li and Yu, 2012), and prefer to pursue utility patents and
design patents with relatively low risk. When private
enterprises are faced with high EPU, they will reduce the
capital investment of invention patents due to capital
constraints and consideration of financial security.
Therefore, the innovation quality of enterprises has
declined. The difference of ownership will influence the
resource allocation of enterprises, and then lead to different
responses to the EPU. China’s private enterprises often face
serious “credit discrimination” in the process of financing.
Bank credit, government subsidies, land supply and other
resources will be allocated more to state-owned enterprises,
significantly increasing the R&D input of state-owned
enterprises. However, the private enterprises are difficult to
obtain the bank credit (Zhang et al., 2012).

2) Heterogeneity of financing constraint. Enterprise’s internal
research and development, technology innovation activities
can produce a large number of capital requirements,
sustainable, when the enterprise funds nervous, facing
serious financing constraints, the enterprise will be limited
number of priority funds for daily operation activities and
short-term profitability good projects, reduce spending on
research and development makes the enterprise technology

Policy Uncertainty, Financialization and Enterprise Innovation

innovation levels drop. Based on the method of Hadlock &
Pierce (2009) [31], this paper uses SA index to measure the
degree of financing constraints faced by enterprises. SA index
can be calculated as follows: SA = 0.737 Size + 0.043 Size*-0.04
Age. In this formula, Size is the enterprise scale, and Age is the
age of the enterprise. The smaller the SA index is, the smaller
the financing constraint is. We use SA index to measure the
financing constraint of enterprises.

According to the median of financing constraints, enterprises
are divided into strong financing constraint enterprises and weak
financing constraint enterprises. The estimated results are shown
in Table 6. The results show that, for enterprises with weak
financing constraints, EPU has a significant positive impact on
the quantity of enterprise innovation and a significant negative
impact on the quality of enterprise innovation. For enterprises
with strong financing constraints, EPU has a significant positive
impact on the quantity of innovation, but not on the quality of
innovation. The reason for this result is that when financing
constraints are weak, enterprises have cash flow that can be used
for R&D investment. However, in the face of higher EPU,
enterprises may choose to carry out R&D activities with lower
risk and reduce the investment in invention patents. This makes
the quantity of enterprise innovation increase, while the quality of
innovation decreases. Zhang et al. (2012) found that financing
constraints have a negative effect on enterprisess R&D
investment. Pan and Dong (2021) believe that insufficient
financing capacity caused by macroeconomic uncertainties
would limit the improvement of enterprises’ innovation level.
Yu et al. (2019) found that when the degree of macro policy
uncertainty is high, enterprises will increase their cash holdings.
Therefore, with the rise of EPU, the business risk of enterprises
increases and enterprises prefer to invest in financial assets with
higher returns. When the financing constraints faced by
enterprises are small, enterprises have more funds for financial
asset investment. Therefore, enterprises’ investment in financial
assets is actually an occupation of innovation resources (Duan
and Zhuang, 2021). In addition, the government should focus on
overcoming the financing constraints for private enterprises (Ren
et al., 2021).

3) Heterogeneity of life cycle. Life cycle theory points out that the
scale, investment, financing strategy, profitability, growth and
R&D willingness of enterprises will be significantly different at
different development stages. There are many methods to
define enterprise life cycle in existing literature (Anthony and
Ramesh, 1992; Dickinson, 2011). Referring to Dickinson’s
method, this paper divides samples into three types: growth
stage enterprises, mature stage enterprises and decline stage
enterprises. The Dickinson’s method measures the life cycle of
enterprise through the combination of the net cash flow of
operation, investment and financing activities. It can not only
avoid the interference of industry differences, but also avoid
the subjective assumption of enterprise life cycle distribution.
It has strong objectivity. We conduct grouping regression for
enterprises with different life cycles. The results are shown in
Table 7. It shows that EPU has a heterogeneous impact on the
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TABLE 6 | Heterogeneity of firm financing constraints. further divided into high-level enterprises and low-level

Variables Weak financing Strong financing enterprises. The estimated results are shown in Table 8. As

constraint constraint can be seen, EPU has significant positive impact on the

Innovnum Innovqua Innovnum Innovqua  innovation quantity of high-level enterprises, and has negative

but insignificant impact on the innovation quality. In addition,

EPU 0.051™ -0.010" 0.027* -0.004 EPU has no significant impact on the quantity and quality of
- (2.97) (-2.03) (1.76) (-0.88) . . . X

Control Ves Ves Ves Vs innovation of low-level enterprises. It means that the impact of

FirmFE Yes Yes Yes Yes EPU on the innovation of enterprise in cities with different

YearFE Yes Yes Yes Yes administrative levels is heterogeneous. Jiang et al. (2018)

Observations 6,274 6,274 6,126 6,126 found that compared with lower-level cities, enterprises in

R? 0.295 0.227 0.190 0.228

high-level cities have more government subsidies, greater
talent advantages, more financing facilities and smaller local

innovation of enterprises with different life cycles. EPU has tax burden.

no significant impact on the innovation quantity of growth
enterprises, but has a significant negative impact on the
innovation quality. EPU has no significant impact on the
innovation of mature and decline enterprises. The reason
may be that compared with the enterprises in the mature
and decline periods, the growth enterprises need to make
more investment in production and operation, thus
crowding out the investment of R&D activities and
making the proportion of invention patents relatively
low. Enterprises in different development stage have
differences in their ability to acquire resources for
innovation (Xie and Fang, 2011).

2) Heterogeneity of regional economic development. Since the
Reform and Opening up, China’s economy has been growing
at a high speed, but it has also shown a significant regional
imbalance. The level of economic development and
innovation in the Yangtze River Delta, the Pearl River
Delta and the Bohai Rim are significantly higher than those
in the central and western regions. This paper refers to Huang
et al. (2021), uses the per capita GDP of cities to measure the
level of regional economic development. According to the
median of per capita GDP of cities, the sample is divided into
enterprises with high economic development level and
enterprises with low economic development level. Through

6.1.2 Regional Characteristics Perspective comparison, it is found that the average of patent applications
1) Heterogeneity of regional administrative levels. China’s of enterprises with high economic development level is 128.38,
regional administrative level reflects the structure of state which is significantly higher than 68.98 patents of enterprises
power allocation. The essence of many regional with low economic development level. The results of Table 9
development imbalances is the imbalance of resource show that EPU has no significant impact on the quantity of
allocation among regions. Many provinces in China have enterprise innovation, but has a significant negative impact on
successively implemented the strategy of developing central the quality of innovation. Kou and Liu (2020) shows that there
cities, which promotes the allocation and agglomeration of is an obvious regional imbalance in the innovation of Chinese
resources to the provincial capital and central cities, and then enterprises. The level of industrial agglomeration and
forms a strong squeeze effect and siphon effect on other cities innovation in the eastern regions is significantly higher
in the province. than that in the central and western regions. The eastern
regions have three-quarters of the quantity of patent
Referring to the national standards of administrative divisions, applications in China. Cities with low economic
we define the municipalities directly under the central development level have insufficient innovation capacity.
government, provincial capital cities, sub-provincial cities as Therefore, when facing EPU, these regions are more
high-level cities. The rest of the city is defined as a low-level inclined to carry out innovation activities for accelerating
city. At the same time, according to the administrative level of the technological ~ progress and  promoting economic
city where the enterprise is located, the sample enterprises are development.

TABLE 7 | Heterogeneity of enterprise lifecycle.

Variables Growth period Mature period Decline period
Innovhum Innovqua Innovhum Innovqua Innovhum Innovqua

EPU 0.027 —0.015"* 0.003 -0.005 0.046 —-0.003
— (1.44) (-2.89) (0.13) (-0.80) (1.52) (-0.34)
Control Yes Yes Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes Yes Yes
YearFE Yes Yes Yes Yes Yes Yes
Observations 5,434 5,434 4,275 4,275 2,691 2,691
R? 0.302 0.229 0.240 0.230 0.133 0.114
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TABLE 8 | Heterogeneity of administrative levels.

Variables High-level enterprises Low-level enterprises
Innovnum Innovqua Innovnum Innovqua
EPU 0.024* —0.006 0.004 —0.009
— (1.74) (-1.61) (0.21) (-1.45)
Control Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes
YearFE Yes Yes Yes Yes
Observations 8,410 8,410 3,990 3,990
R? 0.230 0.222 0.290 0.242

6.2 The Moderating Effect of

Financialization

The R&D activities of enterprises need a lot of continuous funds.
When an enterprise invests funds in various financial assets, on
the one hand, it will make the enterprise’s funds tight and
financing limited. The enterprise will reduce the funds for
R&D, thus reducing the innovation output of the enterprise.
On the other hand, the high return of investing in financial assets
can significantly improve the financial performance, alleviate the
financing constraints of enterprises, and then promote the
innovation of enterprises. Refer to Wu et al. (2020) and Ren
etal. (2021), we establish the following regression equation to test
whether the financialization shows a moderating effect during the
EPU affects enterprise innovation:

Innovnum;, / Innovqua; = ay + &y EPU + o, Finy,
+ a3 Fin; x EPU + Z controls (2)
+ FirmFE + YearFE + ¢;

In the above formula, Fin represents the financialization of
enterprise. The larger Fin is, the higher the enterprise’s
financialization level is. The definition of other variables is the
same as model (Eq. 1). We mainly focus on the coefficient aj,
which reflects the moderating effect of financialization in the
process of EPU affecting enterprise innovation.

The results are shown in Table 10. Columns 1) and 2) only
control time and individual fixed effect. Columns 3) and 4)
further include enterprise and regional control variables. As
can be seen, the coefficients of Fin x EPU in Columns 3) and
4) are —0.243 (significant at 1% level) and 0.028 (significant at
10% level) respectively. This means that in the process of EPU
affecting enterprise innovation, enterprise financialization has a
negative regulatory effect. In the face of EPU, the innovation

Policy Uncertainty, Financialization and Enterprise Innovation

quantity of enterprises with high degree of financialization is
declining, but the innovation quality is rising. Although non-
financial enterprises’ investment in financial assets will crowd out
resources for R&D activities, thus making enterprises lack
sufficient funds for product innovation and equipment
upgrading, and resulting in a decline in the quantity of
enterprise innovations. However, when facing EPU, enterprises
will be more eager to obtain excess profits through innovation.
Therefore, on the premise of limited R&D resources, enterprises
will focus more on the research of cutting-edge technologies, so as
to improve the core competitiveness. This finally makes the
innovation quality of enterprises rise. This conclusion also
verifies hypothesis 3.

7 CONCLUSION AND IMPLICATIONS

On the basis of theoretical analysis, this paper establishes the
relationship between macroeconomic policy and micro enterprise
innovation. Taking Chinese A-share listed companies from 2008
to 2017 as research samples, this paper examines the impact of
EPU on enterprise innovation by using patent data of listed
companies and the Uncertainty index of China’s economic policy
constructed by Baker et al. (2016). Meanwhile, the moderating
effect of financialization is tested. The results show that the EPU
will increase the quantity of enterprise innovation, but inhibit the
improvement of enterprise innovation quality. In the process of
EPU affecting enterprise innovation, financialization has a
negative moderating effect. The impact of EPU on innovation
will be affected by enterprise ownership, financing constraint
level, life cycle, regional administrative level and regional
economic level.

The conclusion of this paper has some policy implications.
Firstly, the results of this study show that EPU positively
promotes the growth of firm innovation quantity, but
inhibits the improvement of firm innovation quality. The
increased uncertainty of economic policy will also bring a lot
of negative impacts to enterprises. For example, it may cause the
rise of enterprise operating costs, inhibit enterprise investment,
and lead to the decline of investment efficiency. At the same
time, the EPU will also bring negative impacts to the macro
economy, such as increasing the volatility of macroeconomic
variables and financial assets, affecting employment and output,
and hindering economic recovery. Therefore, when relevant
government departments frequently adjust economic policies to

TABLE 9 | Heterogeneity of the economic development level.

Variables High economic development level Low economic development level development
Innovnum Innovqua Innovnum Innovqua
EPU 0.019 -0.007* 0.028 -0.010*
— (1.23) (-1.72) (1.62) (-1.91)
Control Yes Yes Yes Yes
FirmFE Yes Yes Yes Yes
YearFE Yes Yes Yes Yes
Observations 6,194 6,194 6,206 6,206
R? 0.186 0.121 0.244 0.131

Frontiers in Environmental Science | www.frontiersin.org

May 2022 | Volume 10 | Article 905505


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Zhang et al.

TABLE 10 | Regression results of the moderating effect of financialization.

Variables 1) 2 (3) (4)
Innovnum Innovqua Innovnum Innovqua
EPU 0.333"** 0.011** 0.074* —0.013"**
— (20.69) (2.74) (4.43) (-2.72)
Fin -0.179 —0.084** —0.060 —0.098**
— (-1.17) (-2.14) (-0.42) (-2.44)
Fin x EPU -0.181** 0.034** —0.243* 0.028*
— (-2.87) (2.12) (-4.23) (1.75)
Control No No Yes Yes
FirmFE Yes Yes Yes Yes
YearFE Yes Yes Yes Yes
Observations 12,400 12,400 12,400 12,400
R? 0.092 0.086 0.251 0.228

smooth economic fluctuations, promote economic growth and
improve national innovation ability, they should weigh the
impact of EPU on different regions, different economic
subjects and different economic activities. Secondly, the
results of this paper have some inspiration for the
adjustment of government innovation policy. Relevant
departments should consider the heterogeneous impact of
EPU on the innovation of enterprises with different
characteristics. We will strive to build a transparent, fair and
stable policy environment, promote policy implementation and
help enterprises give better play to their innovation vitality.
Thirdly, as a big country of patent application, China is not a
strong country of patent quality. Patent is an important part of
innovation output. The creation of high-quality invention
patent and the technology spillover effect of patent itself are
the key to promoting technological progress and economic
growth. In the face of policy uncertainty and the increasing
proportion of financial investment, enterprises should make use
of the excess returns brought by financial investment to alleviate
the financing constraints, obtain more market shares and excess
profits through technological innovation, so as to increase their
core competitiveness, enhance corporate value, and improve the
quality of innovation. Fourth, in order to further stimulate and
protect innovation and promote high-quality development of
patents, the State Intellectual Property Office of China (SIPO)
has adjusted the funding policy for patent applications. The
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