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Abstract: Corporate innovation is an important topic in the academic community, but there are few
studies on the impact of the micro operation environment on corporate innovation. Using the data
of A-share listed companies in Shanghai and Shenzhen from 2009 to 2020, this paper examines the
impact of environmental uncertainty on enterprise innovation from a micro perspective. The results
show that there is an overall negative correlation between environmental uncertainty and corporate
innovation. Companies facing a higher degree of environmental uncertainty are more cautious in
their innovation investment. We also find that this negative correlation was more pronounced in
companies with weaker risk-taking ability. Further research finds that financing constraints have
a partial intermediary effect on the impact of environmental uncertainty on innovation, that is,
environmental uncertainty can have a negative impact on innovation by increasing the financing
constraints faced by corporations. Our research provides micro-level evidence for the impact of
uncertainty on corporate innovation.

Keywords: environmental uncertainty; corporate innovation; financing constraints; risk-taking ability

1. Introduction

It has become the consensus of all countries to accelerate scientific and technological
innovation and improve the competitiveness of corporations and even countries. China, for
example, is at a critical stage of accelerating the transformation of its economic development
model, optimizing its economic structure and transforming its growth drivers. It is also at a
crucial stage of overcoming the “middle-income trap”. In this context, China urgently needs
to use innovation to lead development and boost economic transformation. Endogenous
growth theory points out that the driving force of national economic growth mainly comes
from investment in human capital, innovation. and knowledge [1]. The corporation
is an important micro subject of innovation implementation. In the increasingly fierce
market competition, technological innovation is an inevitable choice for corporations
to maintain competitive advantages and achieve high-quality economic development.
However, China is in the period of economic transformation, and corporate investment
is facing extensive uncertainty. Since the global financial crisis in 2008, in response to the
economic fluctuation, the government introduced a series of fiscal and monetary policies
that frequently exacerbated the economic policy of uncertainty [2]. At the same time,
under the trend of accelerating the adjustment of the industrial structure, the pressure of
enterprises from competitors and market demand increased. In particular, the outbreak of
COVID-19 in 2020 has increased the burden of survival and the transformation of many
corporations, and a large number of corporations urgently need to solve the problems of
the resumption of work and production and capital repayment [3]. All of these factors
aggravate the uncertainty of the operation environment, and then seriously affect the
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investment decisions of corporations. Therefore, it is of great practical significance to
understand the impact of uncertain factors on corporate innovation.

The existing literature shows that the uncertainty faced by corporations mainly comes
from both the macro and micro levels, and the uncertainty at the macro level includes
changes in economic policies and changes in national politics [4,5]; Uncertainties at the
micro level mainly come from the micro operation environment, including cash flow
fluctuation, stock price fluctuation, sales change and so on [6–9]. Scholars have done
corresponding research on the impact of uncertainty on enterprise innovation. He et al. [2]
used the economic policy uncertainty index compiled by Huang et al. [10] to find that
economic policy uncertainty has a significant positive impact on corporate innovation.
They also found that in the period of low environmental productivity, corporate innovation
activities increased significantly, while in the period of high environmental productivity,
corporate innovation activities decreased significantly. The EPU Index developed by
Guan et al. [11] using Steven et al. [12] also found that EPUs increased corporate innovation
input and innovation efficiency. Some scholars have also discussed the perspective of
political uncertainty. Cao et al. [13] found that the mobility of provincial leaders will
improve the innovation performance of corporations, and Pertuze et al. [14] also found that
the unexpected departure of national leaders increases the value of patents, thus having a
positive impact on innovation. It is worth pointing out that the aforementioned research
only focuses on the macro-level, while the environmental uncertainty at the micro-level
has not been paid attention to.

Govindarajan [15] argues that environmental uncertainty refers to the unpredictabil-
ity of the behavior of customers, suppliers, competitors, and regulatory groups, which
is essentially a micro category. Compared with the uncertainty at the macro-level, the
environmental uncertainty at the micro-level is closer to the operating environment of the
corporation, which can reflect the dynamic and complexity of the business environment.
For example, when studying the impact of economic policy uncertainty on firm behavior,
most of the above scholars use the same EPU index for individual firms, which means that
the economic policies faced by all firms in the same year are determined, and this is often
unrealistic. On the other hand, corporations are often able to respond dynamically when
facing the uncertainty of micro environment, so it emphasizes so it emphasizes that we
should discuss from the enterprise itself. In addition, some scholars pointed out that the
fluctuation at the macro level will eventually be transmitted to the micro level [16]. There-
fore, this paper follows the definition of environmental uncertainty by Govindarajan [15]
and further explores the impact of environmental uncertainty on corporate innovation at
the micro-level.

The available literature also focuses primarily on the impact of environmental un-
certainty on physical capital investment and draws inconsistent conclusions. On the one
hand, environmental uncertainty increases the difficulty of managers to process informa-
tion, making it difficult for management to identify good investment projects, so when
faced with high uncertainty, management is likely to adopt a “wait-and-see” attitude and
choose to invest cautiously [17–20]. On the other hand, higher environmental uncertainty
makes it more difficult for companies to monitor management behavior, which provides an
opportunity for management to pursue private gains through inefficient investments [16],
so uncertainty can lead to an increase in physical investment. But in theory, corporate
innovation is more sensitive to environmental uncertainty than traditional physical capital
investment. Corporate innovation has the characteristics of large investment amounts, long
sustainability, high irreversibility, and high sunk costs will be incurred once innovation
fails [21], so rising environmental uncertainty may lead companies to postpone innovation
investment to reduce losses. In addition, rising environmental uncertainty has sent an
unfavorable signal to the capital markets, leading to an increase in the cost of external
financing for corporations [22], which in turn has harmed corporate innovation.

We chose Chinese-listed companies as research objects for the following reasons:
First, technological innovation is considered to be the critical engine of economic growth.
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At present, China is in the critical period of economic transformation and China’s low-
cost advantage in the world is gradually disappearing. The traditional growth model
of the “investment driven economy” is no longer applicable, and economic growth is in
urgent need of innovation and empowerment, and economic growth is in urgent need
of innovation and empowerment. In this context, China proposes to “deeply implement
the innovation driven development strategy”, emphasizing institutional innovation and
accelerating endogenous development. Therefore, China’s listed companies are ideal
research objects. Second, in recent years, the proportion of China’s R&D expenditure in
GDP has gradually increased, and the number of patent applications ranked first in the
world in 2019. However, China is still the largest developing country in the world, and its
independent innovation ability still lags behind that of developed countries. Therefore,
the discussion on the innovation of Chinese enterprises under environmental uncertainty
can also provide some reference for the study of other developing countries. Third, most
of the current research results on innovation come from developed economies such as
the United States, but due to differences in social systems, the research conclusions may
not be applicable to China. An important point is that China’s financial market is not
yet mature, and there is “ownership discrimination” and “scale discrimination” in bank
credit [23–25], which also provides an idea for us to study the heterogeneity of the impact
of environmental uncertainty on corporations.

The contribution of this study is mainly reflected in the following aspects: First, it
further discusses the impact of environmental uncertainty on corporate innovation. The ex-
isting literature mainly examines the impact of uncertainty at the macro level on corporate
innovation [2,14], while at the micro level it mainly studies the impact of environmental
uncertainty on real investment, but is less involved in the impact on firm innovation.
Starting from a microscopic perspective, this paper explores the micro-mechanism of envi-
ronmental uncertainty affecting corporate innovation, and enriches the understanding of
environmental uncertainty and corporate innovation. Second, most of the existing theoreti-
cal achievements on uncertainty are based on the institutional background of developed
countries. This paper takes Chinese listed companies as the research object and provides
evidence from emerging markets on the impact and consequences of environmental uncer-
tainty. Thirdly, this paper not only studies the direct impact of environmental uncertainty
on corporate innovation, but also verifies that environmental uncertainty can affect inno-
vation through indirect channels of financing constraints, which is a supplement to the
research in related fields.

The arrangement of this paper is as follows: Section 2 presents the research hypothesis.
Section 3 introduces the research design. Section 4 analyzes the empirical results, and
Section 5 concludes the paper.

2. Literature Review and Hypothesis Development

As the cornerstone of the survival and development of the organization, the oper-
ation environment is an important factor affecting the decision-making behavior of the
corporation. In China, which is in a transition period of its economic system, the market
environment is becoming more and more complex, and it is more and more difficult to
obtain information. The operation of enterprises is facing more extensive environmental
uncertainty. Environmental uncertainty will mainly affect corporate innovation from the
following aspects. First, environmental uncertainty reinforces management’s risk-averse
motivations. High environmental uncertainty weakens the ability of managers to predict
information, and it is difficult for managers to predict and judge the returns of innovative
projects, so in order to avoid the risk of investment failure, managers are more inclined
to take a “wait-and-see” attitude and choose to invest cautiously [17], thereby reducing
the scale of investment. Moreover, corporate innovation depends on the stability of inter-
nal cash flow, and rising environmental uncertainty often leads to fluctuations in future
earnings and cash flow [26,27], so the management will be more cautious when investing
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in innovation activities over the long cycle and with high uncertainty in order to reduce
losses, resulting in the reduction of innovation investment.

Second, the real option theory holds that due to the irreversibility of the investment,
the firm will weigh the profit difference between the current and future investments to
make the optimal investment decisions, uncertainty increases the value of the waiting
option, and the firm may postpone or reduce the current investment to avoid future
losses [28]. Innovation activities usually have a long cycle and are more irreversible than
capital investment, which leads to corporations facing high adjustment costs, so the value
of waiting options is more important. In order to avoid the loss caused by the interruption
of innovation activities, enterprises are more likely to reduce innovation investment in the
face of environmental uncertainty.

In addition, the financing environment is also an important factor affecting corporate
innovation activities. Environmental uncertainty increases the idiosyncratic risk of corpora-
tions [29], and external investors need to compensate for their risk with a higher capital
premium [3], which leads to higher external financing costs for companies [28]. Liao [30]
and Wang and Chen [31] find that environmental uncertainty raises the cost of equity
capital and the cost of debt capital for corporations. Moreover, the rise in environmental
uncertainty will also lead to serious information asymmetry problems, since in order to
reduce the risk of default, commercial banks and other financial institutions usually reduce
the supply scale of credit funds, which further weakens the financing ability of enterprises
and intensifies the financing constraints of enterprises. The financing difficulties will also
make enterprises more cautious in innovation investment. Based on the above analysis, we
propose the following assumptions:

Hypothesis 1. There is a negative correlation between environmental uncertainty and
corporate innovation.

In addition, corporate innovation requires a large amount of capital investment and is
often accompanied by a high risk of failure [32]. Therefore, whether an enterprise carries
out innovation and how many resources are mobilized for innovation are also related to the
corporation’s risk-taking ability [33]. When environmental uncertainty rises, corporations
with strong risk-taking ability can still make full use of internal and external resources (such
as the internal cash and bank enterprise relationship) to alleviate the problem of insufficient
innovation investment, without excessive worry about the losses caused by innovation
failure. Therefore, their sensitivity to environmental fluctuations is relatively low. However,
when facing the risk of environmental uncertainty, corporations with weak risk-taking
ability may not be able to ensure sufficient cash flow to promote R&D projects, which
makes it easy to interrupt innovation activities and bring huge losses to the corporation.
Thus, such corporations are more sensitive to environmental fluctuations and will be
more cautious in corporate innovation. Through the above analysis, we believe that for
corporations with different risk-taking ability, the impact of environmental uncertainty on
corporate innovation is different, so we propose the following assumptions:

Hypothesis 2. Compared with corporations with strong risk-taking ability, the negative correlation
between environmental uncertainty and corporate innovation is more obvious in corporations with
weaker risk-taking abilities.

3. Research Design
3.1. Sample Selection and Data Sources

This paper selects the data of A-share listed companies in the Shanghai and Shenzhen
stock markets from 2009 to 2020 and adds the following processing to the data: (1) exclude
the sample of financial companies; (2) eliminate the company samples subject to ST (com-
panies that have suffered losses for two consecutive years and have been specially treated),
* ST (companies that have suffered losses for two consecutive years and have been warned
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of delisting risks) and PT (companies suspended from listing) during the observation pe-
riod; (3) exclude the sample of insolvent companies; (4) exclude the company samples with
missing main variables. We then end up with 15,096 samples. The financial data required
for the research comes from CSMAR (The China Stock Market & Accounting Research)
database. In order to reduce the impact of outliers, we shrunk the tail of the 1% and 99%
quantiles for all continuous variables at the company level.

3.2. Variable Definition and Description
3.2.1. Corporate Innovation (rd)

The existing literature mainly measures enterprise innovation from enterprise innova-
tion investment and innovation output. This paper mainly focuses on the management’s
response strategies and countermeasures in the face of environmental uncertainty. There-
fore, we use the natural logarithm of R&D investment to represent corporate innovation.
In addition, we also use the number of patent applications as an alternative variable for a
robustness test.

3.2.2. Environmental Uncertainty (eu)

At present, there are two main ways to measure environmental uncertainty in the
existing literature. The first is to use subjective indicators. This kind of method regards envi-
ronmental uncertainty as the perceived behavior of senior managers, and the measurement
method is the amount of uncertainty perceived by managers, which is obtained through
the method of survey questionnaire (such as a Likert scale), referring to Duncan [34] and
Tan [35]. The second measurement method is to use objective indicators, such as sales
revenue, EBIT, etc., with reference to Tosi et al. [36], and Ghosh and Olsen [26]. There are
two main drawbacks in measuring environmental uncertainty through the questionnaire
survey of managers: (1) The managers’ judgment is not objective enough and subjective
randomness is relatively large, which may not truly reflect the environmental uncertainty
of enterprises; (2) Due to the limitation of investable objects, this method is more suitable
for small sample research, so its reliability is weak. In terms of objective indicators, since
sales revenue is less affected by the company’s financing and investment decisions than
EBIT, it is more suitable to measure the enterprise’s performance in the product market [16].
The fluctuation of sales revenue means the fluctuation of the market environment, which
then reflects the uncertainty of the corporation’s operational environment. Bergh and
Lawless [37] also argue that environmental uncertainty is rooted in changes in the exter-
nal environment, which ultimately affects the level of corporate activities and leads to
fluctuations in sales revenue.

Referring to the practices of Ghosh and Olsen [26], and Shen et al. [16], we use the
fluctuation of the company’s sales revenue to measure the environmental uncertainty.
Specifically, we first use the following ordinary least squares method to estimate the
abnormal sales revenue of the company in the past five years:

Sale = ϕ0 + ϕ1Year + ε (1)

In model (1), Sale represents sales revenue, and Year represents the annual variable. If
the observed value is in the past fourth year, then the value of Year is 1, and if the observed
value is in the current year, then the value of Year is 5, and the residual error ε represents
the abnormal sales revenue. Then, we calculate the standard deviation of the company’s
abnormal sales revenue for the past five years and divide it by the average value of the
sales revenue in the past five years to obtain the unadjusted sales revenue volatility. Finally,
we take the median of the annual unadjusted sales revenue volatility of each industry as the
industrial environmental uncertainty, and then divide the annual sales revenue volatility of
the enterprise by the industrial environmental uncertainty so as to obtain the environmental
uncertainty (eu) of each company after eliminating the impact of the industry.
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3.2.3. Risk-Taking Ability

A company’s risk-taking ability reflects its ability to respond to unknown risks. There
are currently two main ways to measure risk-taking ability: The first is based on the
results obtained by a questionnaire survey [38], and the second is to use the relevant
variables of company traits [33,39]. Considering the subjectivity of the questionnaire, we
use the relevant variables of company characteristics to measure the risk-taking ability with
reference to Rao and Xu [39] and Lou et al. [33]. Specifically, we use the following three
indicators as proxy variables: property right nature, company scale, and profitability.

Firstly, in China, state-owned companies are often implicitly guaranteed by the govern-
ment, with the convenience of having the advantage of debt financing [40,41]; state-owned
companies usually have lower loan costs and more tax subsidies, which makes them have
strong risk-taking ability. Therefore, even when environmental uncertainty leads to higher
financing costs for companies, state-owned companies still have natural financing advan-
tages. Therefore, compared with non-state-owned companies, state-owned companies are
less sensitive to environmental fluctuations. We value state-owned companies to 1 and
non-state-owned companies to 0.

Secondly, the operation and management of large-scale companies are often relatively
perfect, and they often have a stronger ability to disperse risks in the face of uncertain
factors. Walls and Dyer [42] argue that large-scale companies can diversify their risks
through diversified portfolios so as to reduce the adverse effects of price fluctuations and
political risks. This practice confirms the logic of “don’t put all of your eggs in the same
basket”. It also shows that large-scale companies often have a strong dynamic adjustment
ability to deal with potential uncertain factors. Therefore, compared with small-scale
enterprises, large-scale enterprises have higher risk-taking ability. We divide this by the
median of the natural logarithm of total assets in the same year. Large scale enterprises are
those higher than the median, and the value is 1. Those below the median are small-scale
enterprises, with a value of 0.

In addition, companies with higher profitability will perform better in terms of in-
creasing income and saving funds, and will also perform better in stabilizing cash flow.
Therefore, they have stronger risk-taking ability and are less sensitive to environmental fluc-
tuations. On the contrary, companies with low profitability may have greater operational
risks and the possibility of acquisition increases. Therefore, in order to prevent the further
expansion of losses, the management often postpones or rejects high-risk projects in the face
of high environmental uncertainty, which makes enterprises with weak profitability more
sensitive to environmental changes. We calculate the average of roa in the past three years
by a company as the adjusted roa, and those above the annual median are high-profitability
corporations with a value of 1, while those below the annual median are low-profitability
corporations with a value of 0.

3.2.4. Control Variables

Referring to existing studies, we set the following control variables: Profitability
(roa), Growth (grow), Corporate leverage ratio (lev), Capital intensity (fixed), Investment
opportunity (tobinq), Company scale (size), Ownership concentration (shrcr1), Board size
(board), and Proportion of independent directors (indep). In addition, annual and industry
effects are controlled. The specific description of variables is shown in Table 1.

3.3. Model Specification

We constructed the following multiple regression model to verify the above hypothesis:

rd = α0 + α1eu + α2roa + α3grow + α4lev + α5 f ixed + α6tobinq + α7size+
α8shrcr1 + α9board + α10indep + αj∑ industry + αk∑ year + ε

(2)

In model (2), according to Hypothesis 1, we predict α1 < 0, indicating that environ-
mental uncertainty has a negative impact on corporate innovation. At the same time, we
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conduct a grouping regression according to Hypothesis 2. We expect that the absolute
value of α1 in the high risk-taking ability group is less than the absolute value of α1 in the
low risk-taking ability group, which indicates that the impact of environmental uncertainty
on corporate innovation is more obvious in enterprises with low profitability.

Table 1. Variable definitions.

Variables Symbol Description

Corporate innovation rd The natural logarithm of firm R&D spending

Environmental uncertainty eu For the fluctuation of corporation sales revenue, see
the model for the specific calculation method (1)

Profitability roa Net profit/Total assets

Corporate growth grow
Growth rate of operating income, current year
operating income/same period last year operating
income

Corporate leverage ratio lev Total liabilities/Total assets
Capital intensity fixed Fixed assets ratio, fixed assets to total assets
Investment opportunities tobinq Market value/Total assets
Company scale size The natural logarithm of a firm’s total assets at the end
Ownership concentration shrcr1 Shareholding ratio of the largest shareholder
Board size board The natural log of the number of board members
Proportion of independent
directors indep Number of independent directors/number of directors

4. Analysis of Empirical Results
4.1. Descriptive Analysis

According to the above calculation method, we report the environmental uncertainty
index and the average value of R&D investment in various industries in Figures 1 and 2.
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Figure 1. Average value of environmental uncertainty in various industries. A: agriculture, forestry,
animal husbandry and fisheries. B: mining. C1: food, beverage, textile, leather manufacturing.
C2: wood furniture, chemical raw materials, and pharmaceutical manufacturing. C3: metal, nonmetal,
machinery and equipment manufacturing. C4: other manufacturing. D: electricity, heat, gas and water
production and supply industries. E: construction. F: wholesale and retail. G: transportation, ware-
housing and postal service. H: accommodation and catering. I: information transmission, software
and information technology services. K: real estate. L: leasing and business services. M: scientific
research and technology services. N: water conservancy, environment and public facilities management.
P: education. Q: health and social work. R: culture, sports and recreation. S: comprehensive.
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As can be seen from Figure 1, the industries greatly affected by environmental un-
certainty are railway transportation, storage and postal (G), accommodation and catering
(H), wholesale and retail (F), electricity, heat, gas and water production and supply (D),
and food, textile and leather manufacturing (C1). Sectors less affected by environmental
uncertainty are real estate (K), education (P) and health and social work (Q). As can be seen
from Figure 2, R&D investment varies significantly by industry. Industries with high R&D
investment are construction (E), information transmission, software and information tech-
nology services (I), and non-metal, metal and mechanical equipment manufacturing (C3).
The sector with low R&D spending was accommodation and catering (H).

Table 2 reports descriptive statistics for the main variables. The mean value of
eu is 1.284, the median is 0.953, and the standard deviation is 1.281, indicating that the
degree of environmental uncertainty faced by different individuals varied greatly, and this
index is distributed in a right-biased way. The standard deviation of rd is 1.623, indicating
that R&D investment varies greatly among different individuals. The mean value and
median value of roa are 0.032, indicating that the overall profitability of the company is
good. The mean value and median value of lev are 0.442 and 0.439, respectively, indicating
that the overall debt ratio of the corporation is at a reasonable level. No outliers are found
in other variables.

Table 2. Descriptive statistics.

Variable Obs. Mean Std. Dev. Min Median Max

rd 15,096 17.95 1.623 13.192 18.011 22.04
eu 15,096 1.284 1.281 0.010 0.953 23.62
roa 15,096 0.032 0.065 −0.285 0.032 0.197

grow 15,096 0.150 0.377 −0.493 0.092 2.370
lev 15,096 0.442 0.194 0.068 0.439 0.869

fixed 15,096 0.222 0.153 0.005 0.192 0.677
tobinq 15,096 2.071 1.294 0.845 1.657 8.137

size 15,096 22.457 1.253 20.122 22.219 26.337
shrcr1 15,096 0.335 0.143 0.090 0.312 0.729
indep 15,096 0.375 0.054 0.333 0.333 0.571
board 15,096 2.140 0.197 1.609 2.197 2.708
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4.2. Correlation Analysis

Table 3 reports the Pearson correlation coefficients of all variables. On the whole, the
correlation coefficient between variables is small, indicating that the existence of multi-
collinearity in the regression model is less likely. The coefficient of eu and rd is −0.091,
which is significant at least at the 1% level, indicating that the higher the degree of environ-
mental uncertainty is, the lower the innovation input is when the influence of other factors
is not taken into account. Hypothesis 1 is preliminarily satisfied. In addition, this paper
divided the samples into 10 groups according to eu from small to large, and the changes
of the mean rd of each group are shown in Figure 3. It can be seen that environmental
uncertainty is negatively correlated with innovation input on the whole. As the degree
of environmental uncertainty increases, corporate innovation input decreases, which also
conforms to the expected results of Hypothesis 1.

Table 3. Correlation coefficient matrix between variables.

rd eu roa grow lev fixed tobinq size shrcr1 indep board

rd 1
eu −0.091 *** 1
roa 0.131 *** −0.088 *** 1

grow 0.047 *** 0.435 *** 0.236 *** 1
lev 0.117 *** 0.041 *** −0.306 *** 0.014 * 1

fixed −0.080 *** −0.038 *** −0.056 *** −0.064 *** 0.088 *** 1
tobinq −0.140 *** −0.0120 0.208 *** 0.044 *** −0.352 *** −0.125 *** 1
size 0.497 *** −0.014 * 0.063 *** 0.043 *** 0.481 *** 0.086 *** −0.438 *** 1

shrcr1 0.062 *** 0.009 0.118 *** −0.003 0.116 *** 0.122 *** −0.067 *** 0.269 *** 1
indep 0.043 *** −0.017 ** −0.020 ** −0.018 ** −0.006 −0.038 *** 0.035 *** 0.035 *** 0.047 *** 1
board 0.056 *** −0.036 *** 0.035 *** −0.005 0.160 *** 0.147 *** −0.132 *** 0.244 *** 0.058 *** −0.515 *** 1

Note: This table reports the correlation coefficients between variables. ***, **, * represent the significance level of
1%, 5%, and 10% respectively.
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indep 0.043 *** −0.017 ** −0.020 ** −0.018 ** −0.006 −0.038 *** 0.035 *** 0.035 *** 0.047 *** 1  
board 0.056 *** −0.036 *** 0.035 *** −0.005 0.160 *** 0.147 *** −0.132 *** 0.244 *** 0.058 *** −0.515 *** 1 

Note: This table reports the correlation coefficients between variables. ****, **, * represent the signif-
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4.3. Analysis of Basic Regression Results
4.3.1. The Impact of Environmental Uncertainty on Corporate Innovation

Table 4 reports the regression results of environmental uncertainty and corporate
innovation. Column (1) does not control for year and industry effects, and column (2) con-
trols for year and industry effects. We find that after controlling for the relevant variables,
the regression coefficient between environmental uncertainty and corporate innovation is
−0.1088, which is significant at the level of 1%. In terms of economic significance, every
time eu increases by one unit, rd decreases by about 10.88 percentage points. This result
supports the prediction of Hypothesis 1 that environmental uncertainty will have a negative
impact on corporate innovation. With the increase of environmental uncertainty, it is more
difficult for corporations to predict the return of innovation investment in the future. In
addition, external financing becomes more difficult. In order to reduce possible losses,
management will choose prudent investment and then reduce the level of innovation in-
vestment. In column (2), roa, grow, tobinq and size are significantly positively correlated with
rd, indicating that strong profitability, high growth, good investment opportunities and
large company scale can promote corporate innovation. lev, fixed and shrcrl are significantly
negatively correlated with rd, indicating that high debt ratio, high fixed asset ratio and
high equity concentration are not conducive to corporate innovation. These conclusions
are basically consistent with the results of the existing literature.

Table 4. Environmental uncertainty and corporate innovation.

(1)
Full Sample

(2)
Full Sample

(3)
High eu

(4)
Low eu

rd rd rd rd

eu −0.1288 *** −0.1088 *** −0.0568 *** −0.1528
(−11.4358) (−10.5367) (−3.7152) (−1.1460)

roa 0.7005 *** 1.5276 *** 0.8322 *** 2.3660 ***
(3.6494) (8.3534) (2.8180) (5.7890)

grow 0.2180 *** 0.2038 *** 0.1529 *** 1.0516 ***
(5.8768) (6.3107) (4.0353) (5.2910)

lev −1.0221 *** −0.5370 *** −0.4996 *** −0.4763 ***
(−13.8103) (−8.0060) (−3.9083) (−3.2425)

fixed −1.0359 *** −0.5045 *** −0.4976 *** −0.5122 ***
(−11.6247) (−6.4248) (−3.0507) (−3.1803)

tobinq 0.0663 *** 0.0496 *** 0.0272 0.0458 ***
(7.3352) (5.6923) (1.3981) (2.8548)

size 0.7974 *** 0.8387 *** 0.8289 *** 0.8039 ***
(61.2848) (75.6083) (36.3822) (36.3281)

shrcrl −0.8200 *** −0.1623 ** 0.2159 −0.1108
(−9.5596) (−2.3898) (1.4873) (−0.9306)

indep −0.3461 0.0194 −1.0896 ** 0.3228
(−1.3776) (0.0948) (−2.3247) (0.9232)

board −0.4838 *** −0.0842 −0.4143 *** 0.2430 **
(−6.4769) (−1.3414) (−3.0962) (2.0981)

_cons 2.1326 *** −2.2677 *** −1.1682 * −3.0147 ***
(6.5042) (−7.5747) (−1.9352) (−5.1441)

Industry No Yes Yes Yes
Year No Yes Yes Yes
r2_a 0.2986 0.5314 0.4644 0.6074

N 15096 15096 3774 3774
Note: This table shows the regression results of environmental uncertainty and corporate innovation. Column (1)
does not control for industry and year effects, and column (2) does. Columns (3) and (4) are the regression results
of the high and low environmental uncertainty group and corporate innovation, respectively. Control variables
include roa (Profitability), grow (Growth), lev (Corporate leverage ratio), fixed (Capital intensity), tobinq (Investment
opportunity), size (Company scale), shrcr1 (Ownership concentration), board (Board size), indep (Proportion of
independent directors). The t-values in brackets adopt robust standard error, ***, ** and * represent significance
levels of 1%, 5% and 10%, respectively.



Sustainability 2022, 14, 4902 11 of 19

In addition, we also study the impact of different degrees of environmental uncertainty
on innovation, and reported the results in columns (3) and (4). We rank eu from small to
large, and define the last 25 percentile of eu as high environmental uncertainty and the first
25 percentile as low environmental uncertainty. The results of grouping regression showed
that there is a significant negative correlation between eu and rd in the high environmental
uncertainty group, while the coefficient of eu and rd is negative but not significant in the
low environmental uncertainty group. The above results show that corporations facing
higher environmental uncertainty are more likely to reduce or delay innovation investment.

4.3.2. Heterogeneity Analysis

Table 5 reports the regression results of environmental uncertainty and corporate
innovation based on companies with different risk-taking abilities. Columns (1) and (2)
distinguish different property rights, columns (3) and (4) distinguish different company
sizes, and columns (5) and (6) distinguish different profitability. We can see that the impact
of environmental uncertainty on corporate innovation is different in different groups. In
the property right group, the eu coefficient of state-owned companies is −0.1046, which
is significant at the level of 1%, and that of non-state-owned listed companies is −0.1235,
which is also significant at the level of 1%, indicating that environmental uncertainty has a
significant negative impact on both state-owned and non-state-owned listed companies.
However, the negative impact is even greater for non-state-owned listed companies with
low risk-taking ability. In the company size group, small corporations are more sensitive
to environmental changes due to their weak dynamic adjustment ability, which leads
to a negative effect of environmental uncertainty on the innovation of small companies.
Similarly, in the profitability group, environmental uncertainty also has a negative impact
on the innovation of enterprises with different profitability, but corporations with low
profitability have weak risk-taking ability. The above results support Hypothesis 2, that is,
that negative correlation between environmental uncertainty and corporate innovation is
more obvious in corporations with weaker risk-taking abilities.

4.4. Further Discussion: The Mediating Effect of Financing Constraints

The previous analysis shows that environmental uncertainty can make it more difficult
for management to forecast the return on investment; in order to reduce losses, management
tends to reduce or postpone investment in innovation. On the other hand, we should also
pay attention to the idiosyncratic risk that may be generated by environmental uncertainty;
the research of Hua and Xu [29] shows that environmental uncertainty will lead to the rise
of cash flow fluctuation and the decline in the quality of accounting information, which will
positively promote the idiosyncratic risk of the company. When idiosyncratic risks exist,
investors need to compensate for their risk with a higher capital premium, resulting in an
increase in the cost of external financing for corporations [28]. Moreover, the information
asymmetry caused by environmental uncertainty will lead financial institutions to be more
cautious in lending. In order to reduce risk exposure, bank loans will be reduced [43].
Financing difficulties also inhibit the improvement of the corporate innovation level. There-
fore, we infer that environmental uncertainty will not only directly inhibit innovation
but also indirectly inhibit innovation by exacerbating the degree of financing constraints
faced by corporations. In order to test the path of “environmental uncertainty—financing
constraints—corporate innovation”, we set up the following intermediary effect model
with reference to the method of Baron and Kenny [44]:

rd = α0 + α1eu + αi∑ control + αj∑ industry + αk∑ year + ε (3)

kz = β0 + β1eu + βi∑ control + β j∑ industry + βk∑ year + ε (4)

rd = γ0 + γ1eu + γ2kz + γi∑ control + γj∑ industry + γk∑ year + ε (5)
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Model (3) represents the regression of dependent variable rd to independent variable
eu, model (4) represents the regression of mediator variable kz to independent variable eu,
and Model (5) represents the simultaneous regression of dependent variable rd to both the
independent variable eu and the mediation variable kz.

Table 5. Results of heterogeneity analysis.

(1) State-Owned (2) Non
State-Owned (3) Large Scale (4) Small Scale (5) High

Profitability
(6) Low

Profitability

rd rd rd rd rd rd

eu −0.1046 *** −0.1235 *** −0.0997 *** −0.1191 *** −0.0887 *** −0.1087 ***
(−6.2379) (−10.0907) (−6.2455) (−8.8815) (−8.1544) (−9.1431)

roa 1.8904 *** 1.1391 *** 1.7198 *** 1.1454 *** 1.1101 *** 0.5381 **
(4.7607) (5.7320) (5.0273) (5.6101) (4.8425) (2.0764)

grow 0.1950 *** 0.2122 *** 0.1952 *** 0.2048 *** 0.1916 *** 0.2376 ***
(3.6803) (5.3090) (3.9395) (5.0086) (4.7837) (5.7701)

lev −0.7658 *** −0.3983 *** −0.7673 *** −0.3352 *** 0.2267 *** −0.5995 ***
(−6.9041) (−4.8163) (−6.9631) (−4.0296) (2.5884) (−6.5141)

fixed −0.7372 *** −0.0245 −0.3990 *** −0.5084 *** −0.3487 *** −0.2922 ***
(−6.1041) (−0.2537) (−3.6365) (−4.6136) (−3.6603) (−2.8585)

tobin 0.0012 0.0828 *** 0.1165 *** 0.0318 *** 0.0673 *** 0.0007
(0.0757) (8.2762) (6.9039) (3.0992) (6.6513) (0.0445)

size 0.8268 *** 0.8710 *** 0.8119 *** 0.9181 *** 0.8028 *** 0.8108 ***
(47.9600) (60.0903) (42.3463) (37.3910) (59.8440) (50.4107)

shrcr1 0.0267 −0.1375 * 0.1689 * −0.4815 *** −0.2388 *** −0.1257
(0.2323) (−1.6543) (1.7303) (−5.5436) (−2.8480) (−1.1891)

indep 0.1360 0.3907 0.1774 0.2280 −0.0246 0.4613
(0.4290) (1.5053) (0.6033) (0.8650) (−0.0949) (1.5563)

board −0.1296 0.1805 ** −0.1631 * 0.0121 −0.0305 −0.0793
(−1.3290) (2.2818) (−1.8109) (0.1543) (−0.4182) (−0.9039)

_cons −1.7673 *** −3.9557 *** −2.3374 *** −3.9096 *** −1.7033 *** −1.9717 ***
(−4.0876) (−9.3529) (−4.8723) (−6.7960) (−4.8658) (−4.9036)

Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

r2_a 0.5792 0.5080 0.5117 0.4091 0.5570 0.5203
N 6297 8799 7545 7551 7546 7550

Note: This table shows the results of heterogeneity regression for the effects of environmental uncertainty.
Columns (1) and (2) represent property heterogeneity, columns (3) and (4) represent the heterogeneity of business
size, and columns (5) and (6) represent heterogeneity of profitability. Control variables include roa (Profitability),
grow (Growth), lev (Corporate leverage ratio), fixed (Capital intensity), tobinq (Investment opportunity), size
(Company scale), shrcr1 (Ownership concentration), board (Board size), indep (Proportion of independent directors).
The t-values in parentheses use robust standard errors, with ***, **, and * representing the significance levels of
1%, 5%, and 10%, respectively.

As for the financing constraint (kz), we draw on the ideas of Kaplan and Zingales [45] to
construct the kz index based on five factors such as operating net cash flow, cash dividends,
cash holdings, degree of debt, and growth, and take it as a proxy variable of financing
constraints. The specific steps are as follows:

Firstly, we classify the whole sample in each year according to operating cash flow/total
assets at the beginning of the period (cfit/assetit−1), cash dividend/total assets at the be-
ginning of the period (divit/assetit−1), cash holdings/total assets at the beginning of the
period (cashit/assetit−1), asset liability ratio (levit) and tobinq (qit). If cfit/assetit−1 is lower than
the median, then kz1 is 1; otherwise, kz1 is 0. If divit/assetit−1 is lower than the median,
then kz2 = 1; otherwise, kz2 = 0. If cashit/assetit−1 is lower than the median, then kz3 = 1;
otherwise, kz3 = 0; If lev it is lower than the median, then kz4 = 1, otherwise, kz4 = 1; If qit is
lower than the median, then kz5 = 1, otherwise, kz5 = 0.

Secondly, we calculate the kz index, let kz = kz1 + kz2 + kz3 + kz4 + kz5.
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Next, we construct the model (6) and use ordered logistic regression for model (6), and
then we regress kz index as the dependent variable to estimate the regression coefficient of
each variable.

Finally, we use the estimation results of model (6) to calculate the KZ index of each
company every year. The larger the kz is, the higher the financing constraints the company
is subject to.

kzit = α1(c fit/assetit−1) + α2(divit/assetit−1) + α3(cashit/assetit−1) + α4(levit) + α5(qit) (6)

Table 6 reports the regression results of financing constraints as a mediator variable.
The eu regression coefficient in column (1) is significantly negative at the 1% level, in-
dicating that environmental uncertainty has a significant negative impact on corporate
innovation. The regression coefficient of eu in column (2) is 0.0789, which is significant at
the statistical level of 1%, indicating that the increase of environmental uncertainty will
aggravate the financing constraints faced by corporations. In column (3), the regression
coefficient of eu is −0.1048, which is significant at the 1% level. The regression coefficient
of kz is −0.0503, which is also significant at the level of 1%, indicating that financing
constraints play a partial intermediary role in the impact of environmental uncertainty
on corporate innovation. When environmental uncertainty increases, corporations face
higher financing constraints, and financing difficulties significantly reduce the level of
corporate innovation. The above results prove that financing constraints are an important
factor affecting enterprise innovation. In order to enhance the credibility of the mediation
effect, the Sobel test and Bootstrap test are also used in this paper, and we find that the
conclusions remain unchanged.

Table 6. Mediating effect of financing constraints.

(1) (2) (3)

rd kz rd

eu −0.1088 *** 0.0798 *** −0.1048 ***
(−10.5367) (6.5151) (−10.2109)

kz −0.0503 ***
(−7.7809)

roa 1.5276 *** −11.7026 *** 0.9394 ***
(8.3534) (−38.5334) (4.7492)

grow 0.2038 *** −0.2288 *** 0.1923 ***
(6.3107) (−4.7984) (5.9608)

lev −0.5370 *** 5.9079 *** −0.2400 ***
(−8.0060) (67.5686) (−3.1635)

fixed −0.5045 *** 0.5639 *** −0.4762 ***
(−6.4248) (6.6753) (−6.0516)

tobinq 0.0496 *** 0.2017 *** 0.0598 ***
(5.6923) (13.6632) (6.8856)

size 0.8387 *** −0.2364 *** 0.8269 ***
(75.6083) (−16.6555) (73.6675)

shrcr1 −0.1623 ** −0.7924 *** −0.2021 ***
(−2.3898) (−8.9956) (−2.9657)

indep 0.0194 0.5466 ** 0.0468
(0.0948) (2.1145) (0.2297)

board −0.0842 −0.1133 −0.0899
(−1.3414) (−1.4987) (−1.4334)

_cons −2.2677 *** 2.1873 *** −2.1577 ***
(−7.5747) (6.0237) (−7.2040)

Industry Yes Yes Yes
Year Yes Yes Yes
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Table 6. Cont.

(1) (2) (3)

r2_a 0.5314 0.5310 0.5334
N 15096 15096 15096

Note: This table shows the test results of the mediating effect of financing constraint as a mediating variable.
Column (1) represents the regression result of corporate innovation on environmental uncertainty; column (2)
represents the regression result of financing constraint on environmental uncertainty, and column (3) represents the
regression result of corporate innovation on environmental uncertainty and financing constraint. Control variables
include roa (Profitability), grow (Growth), lev (Corporate leverage ratio), fixed (Capital intensity), tobinq (Investment
opportunity), size (Company scale), shrcr1 (Ownership concentration), board (Board size), indep (Proportion of
independent directors). The t-values in parentheses use robust standard errors, with ***, ** representing the
significance levels of 1% and 5% respectively.

4.5. Robustness Test
4.5.1. Endogeneity Test

In this paper, instrumental variables are used to mitigate the endogeneity problems
that may arise from the study, and generalized moment estimation (IV-GMM) is used to
estimate the relevant models. We use the following two instrumental variables: (1) one and
two lag periods of environmental uncertainty (eu); (2) (environmental uncertainty minus
the mean of environmental uncertainty) to the third power, namely (eu-eu_mean)ˆ3. The
clever nature of this method is that effective instrumental variables can be constructed
without external factors [46]. The regression results are shown in Table 7. After controlling
for endogeneity, there is still a negative correlation between environmental uncertainty and
corporate innovation, indicating that the conclusion is robust.

Table 7. Results of the endogenous test.

(1) IV: l.eu l2.eu (2) IV: (eu-eu_mean)ˆ3

rd rd

eu −0.1539 *** −0.0422 **
(−9.7036) (−2.4876)

roa 0.8542 *** 1.8184 ***
(4.2711) (10.0114)

grow 0.3099 *** 0.0898 **
(7.5332) (2.3313)

lev −0.4882 *** −0.5314 ***
(−6.6052) (−8.4878)

fixed −0.2722 *** −0.4672 ***
(−3.2877) (−6.6113)

tobinq 0.0611 *** 0.0505 ***
(5.8060) (5.7669)

size 0.8619 *** 0.8401 ***
(71.3388) (80.9256)

shrcr1 −0.1476 * −0.1885 ***
(−1.8220) (−2.7566)

indep −0.2594 0.0712
(−1.1130) (0.3548)

board −0.1561 ** −0.0686
(−2.3229) (−1.1831)

_cons −1.3026 *** −2.4381 ***
(−4.2689) (−9.0974)

Industry Yes Yes
Year Yes Yes

r2_a 0.5554 0.5293
N 9406 15096

Note: This table reports the endogeneity test results of environmental uncertainty and corporate innovation.
The instrumental variables in column (1) are l.eu and l2.eu, and the instrumental variables in column (2) are
(eu-eu_mean)ˆ3. Control variables include roa (Profitability), grow (Growth), lev (Corporate leverage ratio), fixed
(Capital intensity), tobinq (Investment opportunity), size (Company scale), shrcr1 (Ownership concentration), board
(Board size), indep (Proportion of independent directors). The t-values in brackets adopt robust standard error,
***, ** and * represent significance levels of 1%, 5%, and 10%, respectively.
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4.5.2. Change the Sample Interval

Manufacturing is the foundation of the nation, and it should be the subject of innova-
tion, so we kept the manufacturing sample for further analysis. Considering the impact of
special environments on innovation, such as the financial crisis and COVID-19, samples
from 2009, 2010 and 2020 were excluded from further examination. The regression results
are shown in columns (1) and (2) of Table 8. We find that the main conclusions remain
unchanged, thus demonstrating the robustness of the conclusions.

Table 8. Results of changing the sample interval, testing nonlinear relationship and replacing the
explanatory variable.

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

rd rd rd rd_1

eu −0.1395 *** −0.1103 *** −0.1725 *** −0.1396 ***
(−12.2073) (−9.5640) (−10.8257) (−12.0824)

eu2 0.0077 ***
(4.1526)

roa 1.6960 *** 1.7295 *** 1.4484 *** 2.3075 ***
(8.1958) (8.2794) (7.9235) (8.1399)

grow 0.2700 *** 0.1964 *** 0.1960 *** 0.2043 ***
(7.2198) (5.5036) (6.1127) (5.2142)

lev −0.4581 *** −0.5380 *** −0.5374 *** −0.1790 **
(−6.2062) (−7.2115) (−8.0213) (−2.0546)

fixed −0.4688 *** −0.4819 *** −0.5154 *** −0.7957 ***
(−5.5987) (−5.5012) (−6.5639) (−8.9158)

tobin 0.0296 *** 0.0334 *** 0.0498 *** 0.2084 ***
(3.1211) (3.2672) (5.7359) (12.6477)

size 0.8899 *** 0.8238 *** 0.8378 *** −0.0754 ***
(73.6202) (63.4994) (75.6264) (−5.0941)

shrcr1 −0.0107 −0.1034 −0.1684 ** −0.2008 **
(−0.1489) (−1.3614) (−2.4817) (−2.2924)

indep 0.0428 0.0065 −0.0009 0.3596
(0.1975) (0.0285) (−0.0046) (1.3398)

board −0.1822 *** −0.1137 −0.0920 −0.0940
(−2.7251) (−1.6220) (−1.4690) (−1.1240)

_cons −2.6925 *** −1.5434 *** −2.1527 *** 1.6915 ***
(−8.5889) (−4.7288) (−7.1817) (4.6244)

Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes

r2_a 0.5568 0.5145 0.5325 0.3202
N 10781 12222 15096 15096

Note: This table reports test results for altering sample intervals, testing for nonlinear relationships, and replacing
explanatory variables. Column (1) only retains the manufacturing sample, column (2) excludes the samples of
2009, 2010, 2020, (3) eu2 is the second term of eu, column (4) rd_1 indicates the proportion of R&D investment
in total assets to measure corporate innovation. Control variables include roa (Profitability), grow (Growth),
lev (Corporate leverage ratio), fixed (Capital intensity), tobinq (Investment opportunity), size (Company scale),
shrcr1 (Ownership concentration), board (Board size), indep (Proportion of independent directors). The t-values in
parentheses use robust standard errors, with ***, ** representing the significance levels of 1% and 5% respectively.

4.5.3. Test Nonlinearity

Considering that there is a nonlinear relationship between environmental uncertainty
and corporate innovation which affects the research conclusion, we include the quadratic
term (eu2) of environmental uncertainty (eu) in model (2). The regression result is shown
in column (3) of Table 8. We find that the coefficient of EU is still significantly negative,
while the coefficient of Eu2 is significantly positive. We calculated the extreme point of EU
according to the formula and find that there are only 29 samples on the right of the extreme
point, indicating that the vast majority (99.8%) of samples are still on the left of the extreme
point. Therefore, there is no U-shaped relationship between the two. In addition, we also
conducted the “Utest” test and found no U-shaped relationship between the two.
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4.5.4. Replace Corporate Innovation Indicators

In the previous study, we measured corporate innovation by the natural logarithm of
R&D investment, and below we replace this indicator with the intensity of R&D investment
(rd_1), which is measured by the proportion of R&D investment in total assets. In addition,
we also use the number of patent applications of corporations in that year to measure
corporate innovation. We use four patent indicators: patent 1 indicates the total number
of invention patents, utility models and design patents plus the natural logarithm of 1;
patent 2 indicates the total number of applications for invention patents, utility models
and design patents plus the natural logarithm of 1, but the weight of the three patents is
taken according to 3:2:1; patent 3 indicates the number of invention patent applications
plus the natural logarithm of 1; patent 4 represents the total number of applications filed
for utility model and design patents plus the natural logarithm of 1. Considering the lag of
patent variables, we will lag the independent variables and other control variables behind
the number of patent applications when expressing corporate innovation in terms of the
number of patent applications. The regression results for the substitution variables are
shown in column 8 (4) of Tables 8 and 9, and we find that the conclusions have not changed.

Table 9. Results of replacing the explanatory variable (Measuring corporate innovation by the number
of patent applications).

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

patent 1 patent 2 patent 3 patent 4

L.eu −0.1193 *** −0.1348 *** −0.1017 *** −0.1004 ***
(−9.4345) (−9.2191) (−8.6389) (−8.4620)

L.roa 1.8817 *** 1.9549 *** 1.2334 *** 1.8517 ***
(7.5207) (6.7852) (5.3665) (7.5466)

L.grow 0.2373 *** 0.2773 *** 0.2178 *** 0.1962 ***
(5.8867) (5.9609) (5.7555) (5.1064)

L.lev −0.0173 −0.0603 −0.1767 ** 0.1843 **
(−0.2042) (−0.6256) (−2.2218) (2.2091)

L.fixed −1.1145 *** −1.2121 *** −1.0956 *** −0.8516 ***
(−11.6627) (−11.1505) (−12.2763) (−9.0612)

L.tobin 0.0077 0.0035 0.0508 *** −0.0249 **
(0.6301) (0.2506) (4.4170) (−2.0612)

L.size 0.5537 *** 0.5970 *** 0.5772 *** 0.4649 ***
(38.6018) (37.1524) (41.3068) (32.7929)

L.shrcr1 −0.4416 *** −0.5654 *** −0.4712 *** −0.2320 **
(−4.7689) (−5.3667) (−5.3115) (−2.5538)

L.indep 0.3820 0.5244 * 0.6527 ** 0.0922
(1.4333) (1.7545) (2.5216) (0.3420)

L.board 0.2178 *** 0.2941 *** 0.2449 *** 0.1327 *
(2.8166) (3.3636) (3.2595) (1.7382)

_cons −11.0873 *** −11.7513 *** −12.3437 *** −9.4680 ***
(−31.2076) (−29.4521) (−35.6377) (−26.9073)

Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes

r2_a 0.3732 0.3559 0.3336 0.3813
N 11896 11896 11896 11896

Note: This table reports the test results of alternative explanatory variables in which corporate innovation is
measured by the number of patent applications. Column (1) represents the total number of applications for
the three patents, column (2) represents the total number of applications for the three patents, but the weight
of the three patents is taken as 3:2:1, column (3) represents the number of applications for invention patents,
and column (4) represents the number of applications for utility model and design patents. Control variables
include roa (Profitability), grow (Growth), lev (Corporate leverage ratio), fixed (Capital intensity), tobinq (Investment
opportunity), size (Company scale), shrcr1 (Ownership concentration), board (Board size), and indep (Proportion of
independent directors). The t-values in parentheses use robust standard errors, with ***, **, and * represent the
significance levels of 1%, 5%, and 10%, respectively.
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5. Conclusions and Implications

In today’s world, innovation has become a decisive force for economic and social
development and the key to the survival and development of companies. However, due
to their large investment amounts, long durations and high adjustment costs, innovative
activities are very vulnerable to the influence of the external environment. With the reform
of China’s economic system, the increase in the degree of opening up to the outside
world and the intensification of market competition, corporate operations are facing wider
environmental uncertainties, and corporation management is facing a wider range of
uncertain factors. Based on the data of China’s A-share listed companies from 2009 to
2020, this paper empirically examines the impact of micro environmental uncertainty on
corporate innovation and analyzes the differences in the role of environmental uncertainty
under different risk-taking ability.

The test results of this paper indicate that there is a negative correlation between
environmental uncertainty and corporate innovation. When facing environmental uncer-
tainty, corporations tend to reduce innovation investment in order to avoid future losses.
Corporations with higher environmental uncertainty are more cautious about innovation,
which is in line with the risk aversion motivation of management and the relevant inter-
pretation of real option theory. We also find that the impact of environmental uncertainty
varies among corporations with different characteristics. Compared with corporations with
strong risk-taking ability, the negative correlation between environmental uncertainty and
corporate innovation is more obvious in corporations with weak risk-taking ability. Finally,
we also verify that environmental uncertainty will indirectly affect enterprise innovation
by increasing financing constraints.

This paper helps to understand how environmental uncertainty at the micro-level
affects corporate innovation. Based on the existing research on the impact of the macro-level
on corporate innovation, this paper starts from a micro perspective and draws a conclusion
different from the existing literature. Many studies have shown that uncertainty at the
macro level drives innovation [2,11,47,48]; however, our research shows that microenvi-
ronmental uncertainty inhibits firm innovation, so this paper enriches the literature on the
external environmental impact of firm behavior. At the same time, with certain empirical
references and evidence support, this paper provides some practical and policy implications.

First, this paper finds that in the face of environmental uncertainty, corporations tend
to give up innovation investment to reduce losses, so the government and other relevant
departments should promote the integration of digitalization and marketization, strive to
create a fair and just atmosphere of technological innovation, strengthen the protection
of corporate intellectual property rights, and give them confidence and motivation for
innovation. In addition, China’s “difficult financing” and “expensive financing” prob-
lems are becoming more and more prominent, which has a greater negative impact on
corporate innovation, so the government should promote the establishment of multi-level,
multi-dimensional financing channels, promote the rational allocation of resources and
improve the ability and level of financial services in the real economy. In addition, relevant
departments should increase support for small and medium-sized enterprises and private
enterprises, such as reducing the tax burden and increasing subsidies so as to reduce the
adverse impact of credit discrimination and enhance their dynamic adjustment ability.

Secondly, for companies, they should enhance their ability to resist risks and effec-
tively adapt to changes in the external environment. This paper finds that environmental
uncertainty will exacerbate the financing constraints faced by corporations, so corporations
need to make more rational use of existing funds and ensure stable cash flows to prevent
the sudden interruption of innovation activities. At the same time, corporations should
pay attention to the grasp of market information. Changes in the external environment often
lead to changes in market demand, so corporations should effectively identify the information
beneficial to themselves, formulate more active strategies to deal with environmental changes,
and turn the possible damage caused by environmental uncertainty into opportunities.
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Although this paper has some theoretical contributions, there are still certain limita-
tions. First, it is very difficult to accurately measure corporate innovation, although this
paper uses corporate innovation input and the number of patent applications to represent
corporate innovation, it is still impossible to comprehensively measure the innovation
level of a company, which needs further study. Second, when studying the impact of
environmental uncertainty on corporate innovation, this paper does not consider factors
at the level of managers’ traits, such as managers’ ability and managers’ risk preferences.
For example, Zhang et al. [49] find that managers’ risk preference can alleviate the adverse
impact of cash flow uncertainty on corporate innovation, so it can be further expanded in
this regard in future research.
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