<@ sustainability

Article

Impact of Epidemics on Enterprise Innovation: An Analysis of
COVID-19 and SARS

Xin Li 1, Xingyuan He 1'*, Lu Zhou ! and Shushu Xie 2

check for
updates

Citation: Li, X.; He, X.; Zhou, L.; Xie,
S. Impact of Epidemics on Enterprise
Innovation: An Analysis of
COVID-19 and SARS. Sustainability
2022, 14, 5223. https:/ /doi.org/
10.3390/5u14095223

Academic Editor: Mario José

Baptista Franco

Received: 17 March 2022
Accepted: 20 April 2022
Published: 26 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Finance, Capital University of Economics and Business, Beijing 100070, China;
lixin@cueb.edu.cn (X.L.); lu.zhou@cueb.edu.cn (L.Z.)

School of International Trade and Economics, University of International Business and Economics,
Beijing 100029, China; 201900150019@uibe.edu.cn

Correspondence: hexingyuan@cueb.edu.cn

Abstract: This study analyzes the impact of SARS and COVID-19, the two most severe epidemics
to occur in China since the 21st century, on corporate innovation, in order to find a path for sus-
tained innovation growth under the epidemic. For COVID-19, the analysis used data from China’s
A-share-listed companies from 2019 to 2020; a longer period (1999-2006) and a wider sample of
Chinese industrial enterprises were used for the SARS epidemic. The empirical model was con-
structed using the difference-in-differences method. Both COVID-19 and SARS were found to have
significantly reduced enterprise innovation. However, the effect of SARS disappeared after two years.
For COVID-19, information asymmetry, financing constraints, and economic policy uncertainty mod-
erated the epidemic’s effect on innovation. The results show that financing constraints and economic
policy uncertainty reduce the epidemic’s negative impact. However, while most previous studies
have found that an epidemic reduces the information asymmetry between investors and enterprises in
the short term, thus raising enterprise innovation, we found that information asymmetry aggravated
the epidemic’s negative impact. These findings can be applied to alleviate the current epidemic’s

negative impact as well as improve enterprise innovation thereafter.

Keywords: epidemic shock; enterprise innovation; information asymmetry; financing constraints;
economic policy uncertainty

1. Introduction

Public health events, natural disasters, disastrous accidents, and social security inci-
dents are classified as emergent public events [1]. However, compared with other emergent
public events, COVID-19 and similar major public health events pose particular challenges.
First, they are public because the pathogens are airborne and can spread from person to
person. Second, while general emergent public events are unpredictable, their shocks
are often non-recurrent, and their implications and damages can be assessed shortly after
occurrence. By contrast, major public health events such as COVID-19 are unpredictable
and indeterminable due to their specific patterns of development and transmission. The
COVID-19 outbreak that occurred at the beginning of 2020 had dramatic impacts on the
global community and economy, leading to shutdowns of business operations and disrup-
tion in global industrial chains. According to the Global Innovation Index (GII) report,
although developed economies have a high overall strength in innovation, the growth
in Patent Cooperation Treaty (PCT) applications is slowing. If the contribution of China
and the United States to the number of patents is excluded, the total amount of global
enterprise innovation did not increase after COVID-19. Enterprises are an important carrier
of innovation, so it is very important to evaluate and test the impact of the epidemic on
enterprise innovation. This study examined the relationship between epidemic shocks
and enterprise innovation by collecting data on the two major epidemics with the most
profound influence on China during the 21st century—Severe Acute Respiratory Syndrome
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(SARS) and COVID-19. The findings aim to contribute to the theoretical literature while
providing some practical insights.

In November 2002, the first case of atypical pneumonia was found in Guangdong,
China. In January 2003, SARS was officially declared an epidemic. By the time the epidemic
ended in June 2003, its impact on the economy was noticeable. During the SARS period,
the GDP growth rate slowed significantly, dropping by about 2 percentage points. Beijing
and Guangdong, which were hit the hardest by the epidemic, saw their growth rates drop
by 3 and 1 percentage points, respectively. Nevertheless, in 2003, in a broader period of
China’s rapid economic growth, its economic resilience was better than it is in the current
period. Under the conditions of the COVID-19 pandemic, many countries, including China,
have faced a more complex economic situation and more intense industrial competition;
developing countries need to upgrade their industries, and developed countries need
to return to manufacturing. Therefore, the economic effects were expected to be more
profound. According to the National Bureau of Statistics of China, China was the only major
economy in the world to achieve positive growth in 2020. Nevertheless, the growth in its
economy and fixed investments dropped significantly to only 2.3% and 2.9%, respectively.

Generally, the two epidemics exerted negative shocks in the following three dimen-
sions: (1) significant and abrupt drops in total demand and output; (2) considerable negative
effects on the three driving forces of economic growth; and (3) employment shocks, changes
in people’s behavioral patterns, and government actions, such as shutting down businesses
and schools. However, there are also noticeable differences between the two epidemics.
The first difference relates to China’s economic development stage and economic structure
in the two periods. During the SARS period, the focus of China’s economy was on growth,
while COVID-19 occurred as China was absorbed in economic restructuring. Second, they
occurred in different contexts of innovation. During the SARS period, enterprise innova-
tion was at an embryonic stage, with more significant marginal increments and negligible
marginal resistance. By contrast, during the COVID-19 period, China’s innovation in many
fields held a leading position in the world. Such a status implies more challenges for
technological innovation and an unfavorable geopolitical environment. In summary, while
the two epidemics are comparable to a certain extent in economic terms, their differences
are also considerable.

In addition, there are some differences between the two outbreaks in epidemic preven-
tion and response. First, there was no lockdown during the SARS epidemic, while Wuhan
was locked down for 76 days due to COVID-19. Second, the government responded to the
COVID-19 situation one month faster than it did to the SARS situation. Third, big data and
information technology were more widely used during the COVID-19 pandemic, making
epidemic prevention measures more accurate. Finally, during the COVID-19 pandemic,
affected areas reopened more quickly and quarantine measures were smaller and imple-
mented more accurately and with greater precision compared with the SARS epidemic.

While the epidemics’ adverse socio-economic impacts are obvious, their effects on
enterprise innovation are unclear due to insufficient empirical evidence. Notably, according
to the 2021 Global Innovation Index report (GII), global technology publications grew by
7.6% in 2021, 2.2 percentage points above the long-term level (2010-2020 growth rate).
Venture capital deals grew by 5.8%, 2.2 percentage points above their long-term level.
Furthermore, the epidemic has promoted innovation in industries such as medicine and
internet communication equipment manufacturing.

Meanwhile, the government’s interventions in dealing with the shock may also pro-
mote enterprise innovation. The technological innovation boom in Germany and Japan
after World War II highlighted the possibility that a rebound can follow adverse shocks
to innovation. Therefore, the impact of the epidemic on enterprise innovation cannot be
simply judged as negative, as it requires further exploration. While this study expands the
extant literature on emergent public events and major public health events, it also aimed to
determine whether the “theory that the epidemic opens up numerous opportunities” is
valid. Extant research on COVID-19 and SARS is primarily qualitative and evaluative. With
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only a few studies that examine the relationship between public health events and business
performance, there is no established framework for empirical studies. Similarly, theoretical
studies are also insufficient. Most of them are qualitative and only address the relation-
ships between epidemic events and the labor force, corporate governance, and information
disclosure. There is insufficient direct evidence about the effects of public health events
on business investment and financing activities, much less enterprise innovation [2—4].
More broadly, for emergent public events, previous studies focused on disasters, including
hurricanes and earthquakes. Although these events are unpredictable, evaluation and
reconstruction can be completed in a relatively short period of time. Only a few studies
have addressed the shocks of emergent public events such as epidemics, whose occurrence
and impact are uncertain.

In summary, this study’s overall theoretical and practical contributions involve ex-
panding the empirical research on extraordinary major emergencies and public health
events. The results show that the studied epidemics significantly lowered the level of
enterprise innovation. Remarkably, however, an examination of the whole process of the
SARS epidemic indicates that it did not alter the long-term trend of enterprise innovation.
Further research on COVID-19 finds that information asymmetry, financing constraints,
and economic policy uncertainty moderate (rather than mediate) the epidemic’s effects
on enterprise innovation. Information asymmetry aggravated the negative shock of the
epidemic on enterprise innovation, while financing constraints and economic policy uncer-
tainty mitigated the negative shock. Furthermore, this study also finds several abnormal
and positive factors. For COVID-19, the data show that information asymmetry, financing
constraints, and economic policy uncertainty positively affected enterprise innovation. By
contrast, studies of non-epidemic periods generally conclude that these three factors lower
the level of enterprise innovation, implying the particularity of the epidemics. With several
positive factors, an epidemic enhances local information disclosure, thereby reducing the
information asymmetry between firms and investors in the short term.

2. Theoretical Analysis and Hypotheses
2.1. Epidemic Shocks and Enterprise Innovation

Epidemics affect daily life and production activities. Studies have found that during
an epidemic period, the labor participation rate, labor productivity, total wage income, and
human capital decrease significantly [5,6], while the redundancy rate, the employee absen-
teeism rate, and operating costs increase significantly [7,8]. In addition, the International
Labour Organization has suggested that acquired immune deficiency syndrome (AIDS)
directly reduces the average working life of employees and increases the non-business
expenses of enterprises, such as medical care, funerals [9], and others. Studies conducted
on COVID-19’s global effects have found that contracted liquidity, declines in demand,
increased uncertainty, and supply chain disruptions were enterprises” major concerns in
relation to the pandemic [10,11].

Some studies provide evidence that certain epidemics have a negative impact on
enterprise innovation. In this study, we introduced the cost of epidemic prevention into the
theoretical analysis to ascertain how epidemic shocks impact enterprise innovation. A shock
changes the behaviors of both the market and consumers. Owing to timely government
action, the reality after the COVID-19 outbreak was that the production order sequence
was not significantly affected; however, consumers’ consumption preferences were.

Consequently, we started with the typical consumer’s subutility function of commodity
i. Based on Mayer et al. [12] and Aghion et al. [13], we analyzed the impact of an epidemic
shock on enterprise innovation by solving the equilibrium of innovation input and output.
Supposing the number of consumers in a closed economy is L and consumer income is
normalized to 1, the number of firms is M, and each firm produces the same type of product,
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although each is unique. This implies consumers’ preference for different products of the
same type. The consumer utility function is

2
u(q;) = aq; — B;li, )

where 0 < @« < 1,0 < § < 1, and q; represents the output of product i. Meanwhile, con-
sumers’ utility maximization decisions and constraint conditions are expressed as follows:

M
di 2
max /0 u(q;)di, @)
M
s.t. / p;q;di =1 (©)]
0
We constructed a Lagrange function to obtain consumers’ inverse demand function:
w'(q) _ a—Bg
p(q) = — X )

where A = fOM u’(q;)q;di > 0 is the Lagrange multiplier, which is equal to the marginal
utility of income. Considering a firm without fixed costs in the production process, whose
marginal cost is ¢, the firm chooses the optimal output per consumer 4(c) to maximize its
profit T = L{p(q)q — cq]. The first-order condition yields

dr

i p'(q)q+p(q) —c=0, (5)
o —CcA

According to Equation (6), as long as ¢ < §, q(c) > 0, the firm will produce. Therefore,
the equilibrium output is

. 2
(e) = plela(e) — en(e) = L3 7)

An innovative firm reduces its marginal cost through innovation. Therefore, its
marginal cost is N
C=C-—c¢k (8)

where C represents its benchmark marginal cost, k denotes its innovation index (its invest-
ment in innovation), ¢ > 0 is the parameter, and ¢ > ek. An innovative firm incurs the

innovation cost: ,
o = —ck?, 9
k 2 I ( )

where c; is the innovation cost coefficient. Therefore, after the introduction of the innovation
factor, the new profit function under the optimal innovation input k is

[ (@ k) = Ln(¢c — ek) — c. (10)
The first-order condition of k, the level of innovation investment, is
eQ(S k) = crk (11)
Meanwhile, the first-order condition of output g is

“_Tzﬁq — ke (12)



Sustainability 2022, 14, 5223 5 of 28

Therefore,
Q(c k) =Lg(c—¢k) = Lla — (¢ —ek)A] /2B (13)

ko = eL(a — GA)/ (z;sc, - ezL)L>. (14)

In an epidemic, the direct costs incurred by the firm increase, including the costs of
monitoring employees’ health and disinfecting finished products. These costs increase
the firm’s marginal cost. Let f; denote the crowding-out effect of the cost of epidemic
prevention. From Equation (8), the firm incurs an increased marginal cost of production
due to the crowding-out effect. In other words, the cost of epidemic prevention increases
the marginal cost ¢ incurred by the firm in its production process. Therefore, we propose

c(frx) = ¢ — ek + Ac(fy), (15)

where Ac(fy) is the increasing function of the cost of epidemic prevention fi. Accordingly,
after the introduction of fy, the profit function is revised to

[1@k) = L(¢ — ek + Ac(fi)) — ck (16)

Taking the partial derivative with respect to k and g and the partial derivative with
respect to k first, the result is a constant:

Lge = ck 17)

Taking the partial derivative with respect to g,

x ;2/3‘7 = —ke+ Ac(fy) (18)

Therefore,
QK Ac(fi)) = Lq(F — ek + Ac(fi)) = Ll — (T~ ek + Ac(fi))Al/26 (19)
ki = eL(a — €A — Ac(f)A)/ (2/3c, - szL/\). (20)

According to Equation (19), we can calculate the partial derivative of k; with respect

to fi, and obtain

oy eA  dac o
afk N 2,3(11 — 2L\ dfk !

since Ac( fx) is an increasing function of fj, ‘fi—?—; > 0. Then, the key factor is to determine

whether the denominator 28c; — €2LA is positive or negative. Theoretically, when deciding
on its innovation investment, a firm increases investment as long as marginal income is
higher than the marginal cost of investment. In practice, however, even after satisfying
investment conditions, continuing to innovate and invest indefinitely is not economically
viable. Therefore, we assume that the slope of the marginal cost of investment is greater
than the slope of marginal income, that is,

0Q  €2LA
C1>8§— 2’8

(22)

Therefore, % < 0, implying that an increase in the cost of epidemic prevention
leads to a decline in the firm’s innovation capacity; in other words, the epidemic reduces
enterprise innovation. Therefore, we propose:

Hypothesis 1a (H1a). Epidemic shocks reduce enterprise innovation.
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On the other hand, the emerging “social innovation” during the COVID-19 period
has made some scholars optimistic about an epidemic shock. Gupta et al. [14] suggest
that the shift from customer-oriented innovation to social innovation has offered firms the
opportunity to enhance their innovative capabilities by integrating traditional innovation
and social innovation. In a case study of 3M, Alibaba, Lai, and Meng [15] argue that
COVID-19 has provided a good opportunity for such a shift. In fact, during the epidemic,
numerous examples of social innovation could be found, including unmanned retail and
drone delivery. These high-tech services enable traditional businesses to integrate online
and offline operations. Far-reaching social innovations accelerate the substitution of new
ways of life for old ones, such as delivering takeaway food via drones, which in turn
drives enterprise innovation to respond to the resulting external challenges. Meanwhile,
the controversial intelligentization of public health management proceeds meaningfully.
People are becoming accustomed to digital epidemic prevention management. Big data,
communications, and networks are employed to ascertain everyone’s risk of exposure. For
example, with big data, it is possible to advise an individual to undergo nucleic acid testing
if a suspected COVID-19 case is identified among travelers on the same public transit
system. This enhances the public sector’s management efficiency and generates positive
externalities for other sectors. With the “common interface” of information technology
innovation, public administrative innovation has benefited both the public and the private
sectors by launching service innovations, administrative and organizational structure
innovations, policy innovations, and systematic innovations [16,17]. In summary, the
positive externalities of social innovation and some innovative sectors play a positive role
under COVID-19. Therefore, we propose the following hypothesis:

Hypothesis 1b (H1b). Epidemic shocks promote enterprise innovation.

2.2. Analysis of Mechanisms

In this study, we regard information asymmetry, financing constraints, and economic
policy uncertainty as the paths through which epidemics affect enterprise innovation.
These choices are reasonable for two main reasons. First, the extant literature has identified
numerous factors that affect enterprise innovation. Far too many factors affect enterprise
innovation for all to be considered in this study. However, they can be covered satisfactorily
by three umbrella factors: information asymmetry, financing constraints, and economic
policy uncertainty. Figures 1 and 2 presents the factors and illustrates the connections
between them. Second, the three factors are also representative of business operations, as
they cover the three dimensions of information flow, capital flow, and macro policies.

2.2.1. Epidemic Shocks, Information Asymmetry, and Enterprise Innovation

We are unaware of any research that has directly examined the relationships between
epidemic shocks and information asymmetry. However, the strength of both external
and internal relationships can effectively promote improvement in enterprise innovation
capabilities [18,19]. During an epidemic, cooperation and networking between innovative
agents become less active because information transmission is hindered. In other words,
an epidemic could affect information exchange and thus weaken external relationships,
consequently curbing enterprise innovation. In addition to external exchanges, the internal
relations of enterprises may deteriorate during an epidemic. Exploratory and exploitative
innovation are two types of technological innovation [20]. Of the two, a strong relationship
has a more obvious effect on exploitative innovation because a strong relationship in a
network of firms implies a high degree of trust, which is conducive to disseminating
complex knowledge [21]. A gap in the relationship between research and development
(R&D) partners leads to partnership matching and adjustment [22], which in turn negatively
affects enterprise innovation [23]. The information asymmetry caused by an epidemic may
destroy partnerships, cause gaps in relationships between partners, and lead to partnership
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restructurings. An epidemic is also detrimental to enterprise innovation due to the implicit
costs of adapting to new partnerships.

For the technology alliances within which a cooperative relationship has been estab-
lished, studies show that technology spillovers have a positive impact on group innovation
performance [24]. As agglomeration is a form of “technology alliance”, such an orga-
nizational structure is likely to increase the total patent output of the companies in the
agglomeration [25]. However, an epidemic shock can reduce the efficiency of the informa-
tion exchange within the alliance, thereby weakening the technology spillover effects. The
supplier network in an industrial chain is an important source of firms” external knowl-
edge [26], but an epidemic shock may also affect the integrity of an innovative industrial
chain. It can be inferred that supplier shutdown during an epidemic indirectly reduces the
knowledge supply.

Trust is one means to reduce information asymmetry and boost cooperation, and it
can increase firms’ willingness to innovate and their ability to acquire new knowledge [27].
Meanwhile, trust, as an informal system, can supplement formal institutions and stimulate
innovation [28]. Nevertheless, enforced isolation due to an epidemic can weaken the trust
between agents. Another way that corporate integrity culture influences innovation is
through internal control [29]. Internal control and integrity culture can improve firms’
operating efficiency, productivity, and innovation efficiency. In an epidemic, isolation
leads to poor internal information transmission, relaxed internal control, reduced internal
execution, and a negative impact on enterprise innovation. Whether it is a relationship
network, cooperative relationship, or information exchange within a firm, a firm’s infor-
mation asymmetry is an overarching concept, just like the ability of stock prices to reflect
information from all aspects of the market. Therefore, we propose:

Hypothesis 2 (H2). Epidemic shocks increase a firm'’s information asymmetry, which is a mediator
that affects enterprise innovation.

2. Financial flexibility, epidemic preven-
tHion costs, internal control, equity incen- Financing

( ™ —
1. Relationship network, trust, technolog- :> Epidemics
ical alliance, and internal control
N _J
/ \ Information
asymmetry

Intermediary effect or

|

NS

tives, reputation gua.?’antees (cred'.lt constraints moderating effect?
guarantee), resource linkages, capital
flows, and financing costs Economic
K policy un-
/ certainty
4 I
3. Economic policy adjustment and gov- :> Enterprise
ernment subsidies Innovation

J ~—

Figure 1. Factors identified by extant research and their relationships with the three potential
mechanisms. Note: Far too many factors affect enterprise innovation for all to be considered in this
study. However, they can be covered satisfactorily by three umbrella factors: information asymmetry,
financing constraints, and economic policy uncertainty.
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Y=cX+er

M=aX+e:

Y=¢'X+bM+es

Y = F(X,M) +es

(a) (b)

Figure 2. Mediating and moderating effects can be seen as two different forms of mechanism analysis,
and whether the mechanism factor M acts as a mediator or moderator is the focus of the following
discussion. In particular, (a) shows the logical relationship between variables where M acts as a
mediator and (b) shows the logical relationship between variables where M acts as a moderator.
In addition, M is based on the logic of the literature shown in Figure 1 to filter out three elements,
which are information asymmetry, financing constraints, and economic policy uncertainty. X is the
treatment effect of the epidemic shock, and Y is enterprise innovation.

2.2.2. Epidemic Shocks, Financing Constraints, and Enterprise Innovation

Because studies have addressed the direct effects of epidemic shocks on financing
constraints, we expanded our scope to examine how such shocks affect funding constraints
through indirect factors. Generally, it is not the epidemic’s disease itself that aggravates
firms’ financing constraints. Rather, the changes in business operations and investing and
financing behaviors are more relevant. A high concentration of suppliers makes it easier
for firms to access bank loans by reducing transaction costs, production costs, and supply
chain complexity [30]. However, firm shutdowns in an epidemic reduce the degree of
supplier concentration. Leveraging peer effects, a firm can learn from larger peer firms how
to integrate production and financing [31], which can ease its financing constraints [32].
Regional fragmentation caused by an epidemic quarantine is likely to limit the realization
of peer effects, thereby increasing financing constraints.

Financial resilience helps firms cope with an uncertain environment and ease external
financing constraints [33]. During an epidemic, firms’ financial resilience declines as the
cost of epidemic prevention increases and orders decrease. Similar to the path through
which an epidemic affects information asymmetry, an epidemic may also weaken a firm’s
internal control, thus aggravating its financing constraints. Good internal control can
not only directly alleviate financing constraints but can also restrain the self-interested
behaviors of managers and shareholders. By contrast, strengthening equity incentives can
alleviate firms’ financing constraints [34].
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According to social network theory, an epidemic may weaken the relationships be-
tween market players. Financial linkages are the types or aspects of relationships that bear
the brunt, and financial linkages, dominated by bank—firm linkages, which in turn signifi-
cantly alleviate financing constraints [35,36]. Informal associations affect firms’ reputations
and credit constraints. Executives who participate in informal associations are often more
capable of choosing financing channels with lower costs for their firms [37,38]. As one
form of informal relationships, the social connections of interlocking directorates reduce
firms’ financing costs through reputation guarantees and resource linkages [39]. Political
associations have information and resource effects, which can help reduce information
asymmetry in the credit market, increase a firm'’s ability to obtain resources, and alleviate
its credit difficulties [19]. The linkages that can alleviate financing constraints may be
weakened due to isolation or departures during an epidemic.

An epidemic could also hamper international capital flows, because of either reason-
able precautions or excessive xenophobic reactions. Foreign ownership can significantly
ease the financing constraints of emerging strategic industries [40]. With fewer foreign
investments and financing entities, domestic financial institutions are less likely to reform
under external pressure. Without fierce competition in the domestic financial market, firms’
financing costs increase [41,42]. During an epidemic, the isolation policies enforced by
other countries reduce information transmission channels globally. Facing a reduction
in “soft information”, foreign investors become cautious and need long-term tracking to
weaken the investment supervision mechanism. This trend may aggravate firms’ financing
constraints. An epidemic may also slow foreign direct investment, which can alleviate
firms’ financing constraints, as such investment seeks regulation avoidance and policy
incentives [43]. A quasi-natural experiment in implementing the “One Belt, One Road”
policies shows that enterprises directly affected by the policy have significantly reduced
financing constraints after the policy’s implementation. The financing constraints of those
who do not directly adapt the initiative but are affected by the spillover effects are also
eased [44—-46]). This spillover effect was also noticed after the Shanghai-Hong Kong Stock
Connect was launched. That is, as the financing constraints of large firms are eased, the
financing constraints of small firms also improve [47]. In addition to capital flows, trade
fragmentation aggravates firms’ financing constraints; for instance, owing to the shock
of trade protectionism, financing constraints in several industries have increased signifi-
cantly [48,49]. An epidemic indirectly leads to the fragmentation of international trade and
a rise in xenophobia, as countries attempt to protect their national economies. Such mea-
sures negatively affect both inbound and outbound foreign investment. In summary, firms’
financing constraints can reflect factors that may be impacted by the epidemic. Therefore,
we propose:

Hypothesis 3 (H3). Epidemic shocks increase firms’ financing constraints, acting as a mediator
that affects enterprise innovation.

2.2.3. Epidemic Shocks, Economic Policy Uncertainty, and Enterprise Innovation

Extant research has yielded conflicting results in terms of how economic policy un-
certainty affects enterprise innovation. A few researchers argue that frequent adjustments
in economic policies can motivate firms and enhance market selection effects, thereby
increasing firms’ innovation investment and output [50,51]. A negative market shock en-
hances the role of market selection. As long as high-quality firms are better positioned and
more motivated to invest in R&D than poor performers, economic policy uncertainty can
strengthen market selection by rejecting firms that are reluctant to innovate. As survivors
are responsive to policy changes and negative shocks, they further invest in innovation due
to the substitution effects of social resources.

However, most researchers suggest that economic policy uncertainty has negative
effects. Evidence shows that many aspects of macroeconomic activities, such as investment,
employment, and productivity, are negatively affected by economic policy uncertainty [52].
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At the micro or firm level, characteristic factors such as cost inhibition and irreversible
investment ratios are also adversely affected by economic policy uncertainty [53]. Economic
policy uncertainty also proves to be additive. “Additive effects” refer to the situation in
which we think that if one thing is good for us and another thing is good for us, then
it is possible that a third thing, which is otherwise detrimental to us, will turn positive
and vice versa. Effects that turn negative over time (from the short term to long term) are
then “additive effects”, suggesting that things are developing and changing. Although it
can promote innovation through short-term stimuli, it inhibits enterprise innovation over
time [54]. Therefore, regardless of the direction of the influence, economic policy uncertainty
is an important factor that affects enterprise innovation in non-epidemic periods. During
an epidemic, countries generally tend to adopt loose macroeconomic policies. However, in
practice, established economic policies are often adjusted as countries trade off between
immediate easing and long-term development. On the one hand, an epidemic shock
requires that governments adopt accommodative economic policies to provide liquidity.
On the other hand, governments need to guard against issuing excess liquidity after an
epidemic. Moreover, uncertainties such as quarantine measures and vaccine R&D can also
alter governments’ economic policies from time to time. Therefore, we propose:

Hypothesis 4 (H4). Epidemic shocks increase economic policy uncertainty, which is a mediator
that affects enterprise innovation.

Unlike hurricanes, earthquakes, industrial accidents, and other immediate public
emergencies, an epidemic progresses steadily with lagging economic and social effects. In
China, the successful containment of COVID-19 can be attributed to its experience handling
SARS and the application of advanced technologies in public administration. Except for
Hubei, most of the subsequent outbreaks have been tackled only through isolation in a
community or village. Online business models such as “net meetings” and “live streaming
sales” have effectively cushioned the epidemic shock. The factors discussed above may not
be mediators between epidemic shocks and enterprise innovation. Nevertheless, since the
impact of these factors on enterprise innovation may have changed during an epidemic,
they may alleviate the epidemic’s impact. Hence,

Hypothesis 5 (H5). Information asymmetry, financing constraints, and economic policy uncer-
tainty are not directly affected by the epidemic, but are moderators of the epidemic shock.

3. Research Design
3.1. Variable Construction

The dependent variable is enterprise innovation. Following extant research [55,56],
it was measured as the ratio of R&D expenditure to total assets. On 30 December 2019,
the Wuhan Municipal Health Commission issued an emergency notice, declaring that
some local medical institutions were admitting pneumonia patients with unknown causes.
Therefore, the impact time was set as 30 December 2019, and the treatment period was set
after this point (post = 1). In the actual empirical study, dates after 31 December 2019, were
set as days after the event. This adjustment was necessary because one day’s effects are
limited in comparison with a quarter (the fourth quarter of 2019), which otherwise would
be classified as the period after the epidemic. The trade-off justifies the decision to regard
31 December 2019, as the event time.

Since COVID-19 has spread nationally, it was impractical to divide the sample into an
infected (treatment) group and unaffected (control) group. Therefore, in this section, we
used Qian’s [57] method and built a model using the continuous difference-in-differences
(DID) method. That is, an interaction term was constructed by multiplying the log of cases
(treat) and post to capture the treatment effect of the epidemic. Based on studies of listed
companies, this research used company characteristics and financial indicators as control
variables (Table 1). The control variables include total assets (size), financial leverage (debt),
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the cash flow ratio (cash), beginning assets (begin size), capital expenditure (capital), years
on the market (age), institutional investor ownership (institutional), the sales growth rate
(salesgrowth), the ratio of independent directors (independent), and return on total assets (roa).
The COVID-19 outbreak occurred only a year and a half ago. To overcome the problems of
a short data period and small data volume, we made the following improvements. First,
we used quarterly data instead of annual data and obtained more than 20,000 observations
from seven data periods. Second, we performed further research using continuous annual
data over the course of the SARS epidemic, which is discussed in Section 5. Finally, we
conducted several robustness tests by replacing variables and regrouping.

Table 1. Variable construction.

Type Variable Name Symbol Construction
Explained variable Enterprise innovation intangible R&D expenditure/total assets
Shock factor treat In (number of cases)

Factor variables of

Dates before 30 December 2019, are
defined as “before the event”, post = 0;

continuous DID Before or after the event post dates after 30 December 2019, are
defined as “after the event”, post = 1
Treatment effects did* treat x post
Total firm assets size In (total assets)
Financial leverage debt Total liabilities/ capital
Cash flow ratio cash Net cash flows from operating

Control variables for
firm characteristics

activities/total assets

Cash paid for fixed assets, intangible
Capital expenditure capital assets, and other long-term
assets/beginning assets

Years on the market age Year of data period-year of listing
Ratio of institutional ownership institutional Ratio of mstltutlonal. ownership to
total equity
Sales growth rate salesgrowth Quarter-on-quarter sales growth rate

Number of independent directors/total

Ratio of ind dent direct ind dent -
atio of independent directors independen number of directors

Return on total assets roa Net profit/total assets

The choice of the point in time for the DID analysis is crucial. Some studies set the
time of the epidemic shock event as 23 January 2020, the day Wuhan was locked down.
However, in corporate financial research, it is more reasonable to choose 30 December 2019
(this research actually uses 31 December 2019; see below). When the Wuhan Municipal
Health Commission issued the emergency notice on 30 December 2019, based on the SARS
experience, the public was expected to experience a period of panic. Moreover, information
about the epidemic’s progress was frequently disclosed after 30 December 2019 (We have
compiled a detailed timeline of relevant developments; in order to save space, this paper
does not present this, and you can contact us to get this timeline). For the period from
30 December 2019, to 23 January 2020, it is counterfactual to assume that the epidemic had
no social or economic effects. In particular, the social impact of deaths, confirmed human-
to-human transmission, and involvement of the World Health Organization (WHO) cannot
be ignored. Therefore, 30 December 2019, is a more reasonable date than 23 January 2020.

3.2. Model, Sample Selection, and Data Sources

Based on extant theories and empirical studies as well as the previous theoretical
analysis of the effects of an epidemic shock on enterprise innovation, we built a continuous
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DID model (Equation (23)) with two-way fixed effects to examine the relationships between
the epidemic and enterprise innovation using quarterly panel data on the sample firms
from 2019 to 2020:

intangible;y = Bo + P1did™ + Potreat + Bzpost + Z7z4ﬁjcontrol,~,t +ui+or+eip  (23)

where did* represents the continuous did (the variable did* in the following tables is con-
structed the same way) and treat is the log of the number of cases. The starting point of
the event shock is 30 December 2019 (31 December 2019, is actually used in the regression),
where post = 0 indicates 31 December 2019, and the days before, while post = 1 means after
31 December 2019.

In this model, the main factor on which this study focused is f1, which measures
the epidemic’s impact on enterprise innovation. In addition, control;; is the vector of the
other control variables, y; controls for individual fixed effects at the firm level, o; controls
for the model’s time fixed effects, and ¢;; is the model’s error term. The data source is
quarterly data on A-share-listed companies’ financial reports from all of 2019 to the third
quarter of 2020, excluding ST, ST*, financial, and real estate companies. A total of 3104 listed
companies with complete and continuous data disclosure were selected, and the sample
firms are representative.

The research on COVID-19 in this paper only selected the data from 2019 to 2020 and
excluded the data after 2021, for the following reasons: first, the epidemic situation in China
in 2021 was atypical. On the one hand, as seen in Figure 3, other countries have experienced
outbreaks, plateaus, gradual weakening, and re-emergence of infectious diseases, while
China seemed to be “free of epidemic” compared with other countries in the world in 2021.
On the other hand, compared with the epidemic situation in China in 2020, in 2021, the
subsequent new outbreaks in China were imported from abroad, many provinces had no
epidemics, and provinces with epidemics only implemented community-level isolation
policies, and its impact is not very well reflected in the innovation behavior of the listed
companies. Therefore, the control factors have undergone major changes. Secondly, our
paper postulates that there were other unknown major factors that should be controlled
for in 2021. Regarding the end of the epidemic, one is the end in the medical sense, which
refers to the sharp drop in the morbidity and mortality of the epidemic, and the other is the
end in the social sense, which means that people no longer fear the disease. In 2021, China
was “close to the end of medical significance” for a long time, but the social significance has
not ended for a long time. In order to maintain the universality of the epidemic regarding
enterprise innovation research, the data of 2021 and later will not be used for the time being.
Therefore, the epidemic in China in 2020 was included in the current epidemic research,
and the epidemic situation in China after 2021 can be treated as a new topic of epidemic
research, that is, “heterogeneity research”.
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Figure 3. Figure shows a comparison of daily new cases of COVID-19 in the world and China. (a) The
data come from the Wind database according to global news and the World Health Organization.
(b) The data come from the Chinese Health Commission.

4. Empirical Results and Analysis
4.1. Descriptive Statistics

A statistical analysis of the original data shows no outliers. Considering the large
gaps in the total assets of firms and number of cases in various provinces, the logarithm
was used for smoothing. Enterprise innovation is the main variable and was measured as
the ratio of R&D expenditure to total assets. The descriptive statistics (Table 2) show that
for A-share-listed companies, the mean ratio of R&D expenditure to total assets was 1.5%,
with a median of 0.9%. The wide range from 0% to 63.9% suggests that some firms did not
invest in R&D, while others invested heavily.
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Table 2. Descriptive statistics.
Variable N Min Mean p50 sd Max
Enterprise innovation (intangible) 22,556 0 0.0150 0.00900 0.0200 0.639
Number of cases (treat) 25,543 0 6.704 6.827 1.114 11.13
Total assets (size) 24,534 18.14 22.16 21.99 1.323 28.64
Financial leverage (debt) 24,533 0.00600 0.397 0.388 0.196 2.114
Cash flow ratio (cash) 24,534 —0.635 0.0200 0.0160 0.0640 0.596
Capital expenditure (capital) 24,454 —368.8 —0.0220 0.00100 2.568 24
Years on the market (age) 25,543 0 9.431 8 8.262 30
Ratio of institutional ownership (institution) 22,693 0 0.366 0.367 0.238 1.136
Sales growth rate (salesgrowth) 24,573 —413.3 32.51 3.477 788.4 62881
Ratio of independent directors (independent) 22,953 0.143 0.378 0.364 0.0560 0.800
Return on total assets (roa) 25,153 —1.184 0.0290 0.0200 0.0550 0.809

4.2. Regression Analysis

The ratio of R&D expenditure to total assets was used as the explained variable to
examine the epidemic’s impact on enterprise innovation. We set dates after 31 December
2019, as the period of the epidemic shock (post = 1) and took the number of cases in each
province as one of the factors in the interaction term for the continuous DID. We set the
interaction term of post and treat +it as the treatment effect (did*), and used these two terms
to control for the year and individual firm fixed effects as well as the industry and province
in which the firm is located. The results in Table 3 show that under strict controls, the
treatment effect was significantly negative. That is, the epidemic had a negative impact on
enterprise innovation. In other words, the positive effects observed in certain industries
during the epidemic were not present in all listed companies. Generally, an epidemic shock
reduces listed companies” innovation.

Table 3. COVID-19 impact on enterprise innovation.

(1

Variable : :
Enterprise Innovation
—0.000460 ***
did*
(0.000100)
0.0973 ***
Intercept item
(0.0146)

Sample size 3104
Firm fixed effects YES
Time fixed effects YES
Other control variables YES
R? 0.515

Note: Robust standard errors are in parentheses, where *** p < 0.01.

4.3. Robustness Analysis

Although the epidemic spread nationally, its severity varied greatly from region to
region. Therefore, in this section, provinces were classified according to whether they
were the first to initiate first-level emergency responses, and the classical DID method
was used for the robustness test (Table 4, regression (1)). From 23-24 January 2020, Zhe-
jlang, Guangdong, Hunan, Hubei, Anhui, Tianjin, Beijing, Shanghai, Chongqing, Sichuan,
Jiangxi, and Yunnan were the first provinces to initiate first-level emergency responses.
For China, our view is that the early shock immediately after the outbreak accounts for
most of the total shock. Given the number of cases and traffic convenience, by including
provinces that initiated a first-level emergency response, the treatment group can faith-
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fully capture their attitudes in facing the uncertainty of the epidemic. The second group
of provinces that initiated first-level emergency responses then suffered relatively mild
shocks. Moreover, subsequent sporadic outbreaks were tackled by isolation measures at
the community and village levels, with minimal effects at the province level. Therefore,
the grouping above makes sense. The results of the classic DID show that the epidemic re-
duced listed companies’ innovation in the provinces that were the first to initiate first-level
emergency responses.

Table 4. Robustness test of COVID-19’s impact on enterprise innovation.

@ (V) (3)

Variable Enterprise Enterprise Enterprise Innovation
Innovation Innovation (R&D Expenditure)
—0.00109 *** —0.000762 ** —0.000312 **
did1
! (0.000198) (0.000300) —(0.000131)
0.0918 *** 0.0870 *** —0.0508 ***
Intercept item
(0.0146) (0.0186) (0.00768)

Sample size 3104 3006 2562
Firm fixed effects YES YES YES
Time fixed effects YES YES YES
Other control variables YES YES YES
R? 0.516 0.520 0.407

Note: In the three regressions, the treatment effect was constructed in different ways. Robust standard errors are
in parentheses, where *** p < 0.01, ** p < 0.05.

To solve the subjective problems that may exist in the grouping in the classical DID
method, the propensity score matching (PSM) method was used in this section to match
the treatment and control groups in the classical DID method (Table 4, regression (2)). In
this section, nearest-neighbor matching was performed for the listed companies according
to total assets, financial leverage, the cash flow ratio, capital expenditure, and the number
of years on the market. The parameters of the propensity score were estimated using
a logit model, and the main parameters of the matching process were the default ones
on STATA. The matching results are satisfactory. There was a significant difference in
the treatment effects between the two groups before and after matching; ATT before
treatment = 0.0035, p < 0.01, and ATT after treatment = 0.002976, p < 0.01, indicating that
the treatment effect difference was still significant after minimizing self-selection effects. A
total of 20,378 observations in the treatment group and control group meet the common
support assumption, while 51 observations fail to meet the assumption. A total of 3006
samples were obtained that satisfy the hypothesis. After matching, the covariate had good
balance between the treatment and control groups (see Figure 4). According to the PSM-DID
regression results, the coefficient direction and significance are consistent with the results
of the main regression; that is, the epidemic significantly reduces enterprise innovation.
We also tested the parallel trend assumption (PTA), and, although not presented here,
the experimental results show that it was satisfied before COVID-19 and SARS. The PTA
test was used mainly to avoid sample selection problems. As the PSM-DID method can
more fundamentally solve the problem of sample selection bias, we report the regression
results of the PSM-DID instead of the parallel trend graph. There is no essential difference
in how the two deal with the problem. Traditionally, the DID method cannot be used
after the PTA test fails, and the underlying reason for this is the randomness of sample
selection. Therefore, PSM-DID can “skip” the PTA test to some extent due to sample
matching. Moreover, the robustness test where the grouping is changed can also partially
solve this problem.
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Figure 4. Propensity score test results of the PSM.

More specifically, the robustness test applied by replacing the enterprise innovation
index shows that the structure of the treatment effect did* is consistent with the main
regression results (Table 4, regression (3)). We replaced “R&D expenditure” with “R&D
expenditure—direct input” and replaced quarterly data with semi-annual data, which
provides a more accurate measure of direct R&D expenditure.

5. Discussion: Long-Term Effects of Epidemics on Enterprise Innovation

SARS in 2003 presents a complete epidemic process, and its experimental period
was longer, which is helpful for a quantitative experiment. Examining the epidemic may
lead to general conclusions about the long-term effects of epidemic shocks on enterprise
innovation. This section uses data from the China Industry Database from 1999 to 2006,
and its sample range was wider than that of the COVID-19 analysis. After removing firms
that lack major financial data, we constructed an unbalanced panel. Drawing from extant
research on the industrial business database, we measured enterprise innovation using the
ratio of intangible assets to total assets [53]. Ju et al. [53] discuss in detail the feasibility of
measuring enterprise innovation using intangible assets. We add that although intangible
assets include land use and other “non-innovative” assets, land value rose rapidly during
the SARS period in China. This appreciation of land reinforces this section’s conclusion
that the epidemic reduced enterprise innovation as measured using intangible assets. The
DID method was also used in the experimental study. The first case of SARS appeared in
early December 2002, and the epidemic ended in July 2003. Therefore, the time affected
by the event is 2003, where post = 1 refers to 2003 and later days and post = 0 refers to the
period before 2003.

According to the data characteristics and facts of the epidemic, in this section, enterprises
in provinces with 35 or more cases were placed into the treatment group (treatment = 1)
and enterprises in provinces with 35 or fewer cases were placed into the treatment group
(treatment = 0). There was an obvious “fault” in the number of SARS cases around the
mark of 35. In 2003, the number of SARS cases in Jilin Province was 35. Among the regions
with more SARS cases, Tianjin was the lowest with 176 cases. Although there was no
national classification standard for epidemic severity that year, the Beijing Emergency Plan
for Prevention and Control of Infectious Atypical Pneumonia provided a criterion that
more than 30 cases should be regarded as the first-level warning. The criterion of 35 cases
generated a relatively balanced number of firms in the treatment and control groups. In
short, the criterion is appropriate.
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5.1. Basic Regression Results

Considering the randomness in the selection of grouping criteria and indicators, we
discuss the results in this section through more tests. Table 5 presents the results of the
basic grouping in regression (1), the results after replacing enterprise innovation with the
growth rate in regression (2), the results after using per capita GDP as a control variable to
account for the economic conditions in the provinces in regression (3), and the results after
grouping according to the third level of warning criterion in the Beijing Emergency Plan
for Prevention and Control of Infectious Atypical Pneumonia (cases > 0 as the experimental
group, treat = 1) in regression (4). All the results show that SARS had a negative impact on
enterprise innovation.

Table 5. Epidemic shocks on enterprise innovation—SARS.

) (2) (3) @

Variable Enterprise Innovation Activities Enterprise Enterprise
Innovation (Growth Rate) Innovation Innovation
—0.00844 *** —0.0141 *** —0.0174 * —0.00939 ***
did2
! (0.00106) (0.00204) (0.00935) (0.000929)
0.186 *** 8.954 *** 0.126 *** 0.182 ***
Intercept item
(0.0102) (0.0783) (0.0398) (0.0102)
Sample size 344,530 299,228 344,530 344,530
Firm fixed effects YES YES YES YES
Time fixed effects YES YES YES YES
Other control YES YES YES YES
variables
R? 0.015 0.141 0.016 0.015

Note: To save space, “did2” in this table represents two ways of constructing the treatment effect. Regression
(1) presents the results of the basic regression. For regressions (2) and (3), the treatment effect is constructed in
the same way as in regression (1). However, for regression (4), it was constructed according to the third level of
warning criterion in the Beijing Emergency Plan for Prevention and Control of Infectious Atypical Pneumonia.
Robust standard errors are in parentheses, where *** p < 0.01, * p <0.1.

5.2. Long-Term Effects of Epidemics

The complete process of the SARS epidemic helps us answer the question that
COVID-19 currently cannot; that is, what is the long-term effect of an epidemic on en-
terprise innovation? As shown in Table 6 regression (1), if 2002, when the epidemic first
appeared, is taken as the base year, currentz is the interaction term of the base year and
experimental group dummy variable, prez_1 and prez_2 are the interaction terms of the
period before the base year and experimental group dummy variable, and postz_1 to postz_4
are the interaction terms of the experimental group dummy variable and periods after the
base year. As shown in Table 6 regression (1), in 2000 and 2001, before the outbreak of
the epidemic, there was no significant difference in the level of innovation between the
experimental and control groups. Moreover, the SARS epidemic was not fully exposed
in December 2002, so the situation of no difference in 2000 and 2001 continued into the
base year (2002), whereas in 2003 and 2004, the SARS epidemic had a significantly negative
impact on enterprise innovation. Unlike general policy shocks, the shock from the SARS
epidemic did not have a permanent impact on corporate innovation. This is because the
SARS virus itself has a low rate of transmission, the prevention and control measures are
active and effective, the epidemic has a limited impact on other countries outside of China,
and China’s macroeconomy developed rapidly in the first decade of the 21st century. With
the disappearance of the epidemic and the national economy’s recovery, the epidemic’s
effect on enterprise innovation gradually weakened from 2005. Meanwhile, in this section,
a further study was conducted on 2003 to examine the dynamic effect of the impact period



Sustainability 2022, 14, 5223

18 of 28

(Table 6, regression (2)), where currentw is the interaction term between the base year and
experimental group dummy variable, prew_1 to prew_4 are the interaction terms of the
period before the base year and experimental group dummy variable, and postw_1 and
postw_2 are the interaction terms of the experimental group dummy variable and period
after the base year. Although currentw did not show a trend change in that year, the results
before 2003 indicate that the grouping of sample data satisfies the PTA test. Considering
the lag effect of the epidemic on enterprise innovation, the epidemic’s negative impact on
innovation as of 2004 (postw_1) is also consistent with the conclusion. In accordance with
the results of a subsequent placebo test (counterfactual analysis), the effect was found to
have gradually weakened by 2005.

Table 6. Analysis of dynamic effects.

1 (2)

The Year of the The Year of the
Outbreak Is 2002 Enterprise Outbreak Is 2003 Enterprise
Innovation Innovation
prez_2 0.00315 prew_4 0.00625 *
(0.00232) (0.00340)
prez_1 0.0223 prew_3 0.00310
(0.0246) (0.00311)
currentz 0.00106 prew_2 0.0254
(0.00285) (0.0228)
postz_1 —0.00573 * prew_1 0.00417
(0.00309) (0.00290)
postz_2 —0.00799 *** currentw —0.00263
(0.00256) (0.00310)
postz_3 —0.00379 postw_1 —0.00488 **
(0.00262) (0.00213)
postz_4 —0.00310 postw_2 —0.000688
(0.00311) (0.00161)
Intercept item —0.443 *** Intercept item —0.444 ***
(0.158) (0.158)
Sample size 397,470 Sample size 397,470
Firm fixed effects YES Firm fixed effect YES
Time fixed effects YES Time fixed effect YES
Other control variables YES Other control variables YES
R? 0.120 R? 0.115

Note: Robust standard errors are in parentheses, where *** p < 0.01, ** p < 0.05,and * p < 0.1.

The year 2002 was not the main year affected by the epidemic; at the beginning of the
epidemic, the behavior of various social agents was often unchanged. Therefore, in this
section, we chose 2002 as the impact year for a counterfactual test. As shown in Table 7
regression (1), the insignificant treatment effects are consistent with the conjecture in this
section. Given the lagged effects of epidemics on social agents, differences in trends can still
be observed in 2004 (see Table 7 regression (2)). In this section, we further tested whether
this trend difference continued to exist in 2005. The regression shows that the epidemic’s
negative impact on enterprise innovation was no longer observed in 2005 (see Table 7
regression (3)). In summary, evidence from the SARS epidemic shows that although an
epidemic has a short- or medium-term impact on enterprise innovation after the epidemic
ends, there is no long-term impact on enterprise innovation. In the long run, enterprise
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innovation will most likely return to normal. This conclusion offers significant insights into
the effects of the current COVID-19 epidemic.

Table 7. Regression results of the counterfactual analysis.

1 (2) 3)
Variable Enterprise Enterprise Enterprise
Innovation Innovation Innovation
did3 —0.0172 —0.0105 ** —0.00750
(0.0111) (0.00467) (0.00469)
Intercept item 0.176 *** 0.139 *** 0.136 ***
(0.0182) (0.00482) (0.00454)
Sample size 344,530 344,530 344,530
Firm fixed effects YES YES YES
Time fixed effects YES YES YES
Other control variables YES YES YES
R? 0.102 0.136 0.147

Note: To save space, “did3” in this table represents the treatment effect under each of the counterfactual scenarios
in which the regression experimental group and control group have the same grouping standard but different
treatment times (post). For regressions (1) to (3), the assumed treatment periods are 2002, 2004, and 2005,
respectively.Robust standard errors are in parentheses, where *** p < 0.01, ** p < 0.05.

6. Analysis of Mediators
6.1. Epidemic Shocks, Information Asymmetry, and Enterprise Innovation

Andersen and Bondarenko [58] and Chen et al. [59] measured firms’ information
asymmetry using the probability of informed trading (PIN). In this section, we used the
volume-synchronized probability of informed trading (VPIN) as a proxy indicator for
information asymmetry. VPIN is better than PIN, as the latter can be used to infer the
market structure of informed traders through trading prices, while the former can be used
to understand informed traders by observing trading volume. The VPIN index value was
derived from the GTAFE Database. In this section, we first matched the daily VPIN index
of A-share-listed companies from 2019 to the third quarter of 2020 to the daily epidemic
data at the municipal level to obtain panel data with more than 1.40 million observations
per day. The continuous DID was again used to investigate the epidemic’s impact on listed
companies’ short-term information asymmetry (Table 8, Panel B, regression (1)), where
the treatment effect was the number of new cases on the day (municipal level) x post. The
regression results show that in the short term (each day), the epidemic reduced firms’ infor-
mation asymmetry because the timely disclosure of local epidemic information indirectly
releases information related to firms, including the administrative efficiency of the regions
in which the firms are located, cooperation between the government and firms during
the epidemic, and other economic and social information. However, as shown in Table §,
Panel B, which presents the regression results using quarterly data, the epidemic did not
significantly affect firms’ information asymmetry. This is because as an outbreak ends
somewhere, the public’s interest in epidemic disclosures and reports wanes rapidly. There-
fore, at the quarterly level, the epidemic had no significant impact on firms” information
asymmetry. VPIN (quarterly) is the quarterly average of a firm’s daily VPIN index. Since
enterprise innovation is the fruit of medium- and long-term endeavors, the results of the
quarterly panel data analysis are of more significance in economics. Therefore, information
asymmetry is not a mediator that affects enterprise innovation. In this case, constructing
the epidemic treatment effect at the quarterly level is the same as that in the main regression
(Table 3).
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Table 8. Epidemic shocks, information asymmetry, and enterprise innovation.

Panel A Panel B
Variable ) (2) 3) @) @ (2)
Enterprise Enterprise Enterprise Enterprise VPIN VPIN
Innovation Innovation Innovation Innovation (Daily) (Quarterly)
VPIN 0.0228 *** 0.0229 *** 0.0333 *** 0.0180 ***
(0.00308) (0.00308) (0.00365) (0.00317)
did* —0.000466 *** 0.00126 *** —0.000343 ***  —0.00158 *** 0.000231
(0.000101) (0.000169) (9.88 x 1075) (0.000122) (0.000308)
VPIN x did* —0.00529 *** —0.00529 ***
(0.000414) (0.000414)
Intercept item —0.0175 0.0887 *** 0.0679 *** 0.0770 *** 0.297 *** 0.186 ***
(0.0144) (0.0149) (0.0149) (0.0150) (0.00060) (0.0273)
Sample size 3079 3079 3079 3079 3519 3264
Firm fixed effects YES YES YES YES YES YES
Time fixed effects YES YES YES YES YES YES
Other control variables YES YES YES YES YES YES
R? 0.517 0.517 0.521 0.521 0.021 0.178

Note: in this table, the construction of the treatment effect in Panel A and regression (2) in Panel B is the same as
that in the main regression (Table 3), while in regression (1) of Panel B, the treatment effect is the number of new
cases on the day (municipal level) x post. Robust standard errors are in parentheses, where *** p < 0.01.

Table 8, Panel A, regression (2) also shows that information asymmetry was not a
mediator between COVID-19 and enterprise innovation. That is, including the information
asymmetry factor did not alter the significance of the COVID-19 treatment effect. Although
information asymmetry was not a mediator, it did moderate COVID-19’s effect on enterprise
innovation. Panel A, regression (3) shows that information asymmetry intensified the
epidemic’s negative impact on enterprise innovation. Although the moderating effect was
mainly reflected in the coefficient of interaction terms [60,61], to enhance the explanatory
power of the coefficient of the independent variable (did*) for the moderating effect, we
centralized the independent variable based on the suggestions of Porter [62] and Kemp [63].
The results in Panel A, regression (4) show that the variable’s sign after centralization was
significantly negative, indicating that under the average degree of information asymmetry,
the epidemic’s impact on enterprise innovation was still negative. Counterintuitively,
only from the perspective of firms” information asymmetry, this promotes enterprise
innovation (Panel A, regression (1)), indicating that although the degree of asymmetry
of firm information did not change in the middle term (quarterly) during the epidemic,
the epidemic did impact the effects of information asymmetry. This is because investor
mood is fragile in a crisis; investors are more cautious about positive news and more
fearful of negative news. Therefore, with increasingly more detailed information being
disclosed by firms, it is easier for investors to find negative news and subjectively magnify
its influence. They then reduce investment, which adversely affects enterprise innovation.
The combination of regressions (1) and (3) in Panel A shows that reducing information
asymmetry is still advisable to mitigate a negative shock, considering the significantly
negative moderating effect of information asymmetry (the interaction term), as long as
the drop in enterprise innovation is directly caused by the epidemic instead of investor
sentiment. Firms that are directly affected by an epidemic should explain the situation to
investors in as much detail as possible, rather than withhold information. The government
should guide firms through government-firm cooperation and help them with information
disclosure. However, it is also necessary to strengthen investor education so that they can
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be guided to be “informed” and “rational”, particularly considering an epidemic shock
from a long-term perspective.

In Panel A, the information asymmetry results in regression (1) and moderating effect
in regression (3) seem to be contradictory. We drew diagrams of the moderating effect to
visually explain this (Figure 5). The figure shows that as the epidemic worsened, enterprise
innovation decreased; moreover, the higher the degree of information asymmetry, the more
“severe” the epidemic’s negative impact on enterprise innovation. Meanwhile, Figure 5a
shows that although information asymmetry negatively moderates enterprise innovation,
enterprise innovation under higher information asymmetry was generally higher than that
under lower information asymmetry. A possible explanation is that higher information
asymmetry helps firms protect their intellectual property rights and trade secrets, thereby
alleviating investor panic. Table 9, Panel A, regression (1) illustrates this point. Notably, the
curves may change, as shown in Figure 5b, if the epidemic becomes more severe. Figure 5b
shows the results after increasing the average treatment effect of the epidemic while the
other variables and parameters remained unchanged. This indicates that when the epidemic
became more serious, the advantages of high information asymmetry disappeared. Under
the same epidemic severity, high information asymmetry had a greater inhibiting effect
on enterprise innovation. For brevity, in the following discussion on financing constraints
and economic policy uncertainty, since the regression coefficients of the treatment effect
(DID *) for the main effect and moderating effect have the same sign, no additional figures
are provided, as they are not needed to remove possible ambiguity.

Table 9. Epidemic shocks, financing constraints, and enterprise innovation.

Panel A Panel B
Variable (W) ) 3) 4 D
Enterprise Enterprise Enterprise Enterprise Financing
Innovation Innovation Innovation Innovation Constraints
SA 0.000349 ** 0.000352 ** —0.000240 —0.000208
(0.000172) (0.000175) (0.000196) (0.000194)
did* —0.000462 ***  —0.000680 ***  —0.000459 *** 0.00657
(0.000101) (0.000101) (9.82 x 1075) (0.00922)
SA x did* 0.000011 *** 0.000011 ***
(9.76 x 107%)  (1.11 x 1079)
Intercept 0.0534 0.161 *** 0.0678 * 0.0617 —168.8 *+*
item
(0.0365) (0.0371) (0.0393) (0.0429) (7.366)
Sample size 3088 3088 3088 3088 3279
Fizrf‘f‘efci;‘:d YES YES YES YES YES
Ti‘;}?efci;‘:d YES YES YES YES YES
Other control YES YES YES YES YES
variables
R2 0.515 0.515 0.518 0.518 0.922

Note: Robust standard errors are in parentheses, where *** p < 0.01, ** p < 0.05, and *p <0.1.
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Figure 5. Moderating effects of information asymmetry. Note: “Lower did” and “higher did”
represent the weaker and stronger treatment effects of the epidemic, respectively; “lower VPIN and
“higher VPIN” indicate the lower and higher levels of information asymmetry, respectively. (a) implies
that information asymmetry negatively moderates firm innovation, but the level of innovation is
higher for the high information asymmetry case. (b) shows the case after increasing only the epidemic
treatment effect and keeping other variables and parameters constant, the figure illustrates that the
advantage of high information asymmetry disappears when the epidemic is more severe (higher
epidemic treatment effect).

6.2. Epidemic Shocks, Financing Constraints, and Enterprise Innovation

On the basis of previous research [64], index size age (SA) was adopted as an indicator
to measure a firm’s financing constraints. Researchers in China have some concerns about
the index; in particular, they fail to agree on how to treat negative index values [65]. Some
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use absolute values, while others deem that the treatment is unnecessary. As negative
values may be attributable to the variety of firm sizes in the sample, we used Hadlock
and Pierce’s [66] method and adjusted the unit to measure total assets in millions of
yuans. Without negative index values, we effectively avoided this controversy. Table 9,
Panel B shows that the epidemic shock had no significant impact on financing constraints.
Meanwhile, the results of regression (2) in Panel A show that the significance of the
epidemic treatment effect did not change after incorporating the financing constraint factor.
This suggests that financing constraints are not a mediator between epidemic shocks and
enterprise innovation. To cope with the epidemic shock, the government adopted an
accommodative monetary policy and a proactive fiscal policy. Meanwhile, the banking
industry, represented by state-owned banks, reduced loan interest rates. As a result, the
financing constraints of firms did not change notably during the epidemic. However, these
constraints had a positive impact on enterprise innovation (Table 9, Panel A, regression (1)).
This abnormal phenomenon may be explained by the epidemic’s sorting effect. It is
assumed that all firms were faced with the same financing constraints before the epidemic.
Under the epidemic’s sorting effect, sample firms” willingness for innovation changed.
Aggressive innovators kept innovating, while opportunistic firms decided to recover
liquidity and suspend innovation due to the epidemic’s uncertainty. Innovation requires
capital input, and owing to the above changes, aggressive innovators faced tighter financing
constraints. For all the sample firms, the observed effect is that higher financing constraints
promote enterprise innovation. This is contrary to the conclusions of most studies, which
suggest that financing constraints restrain enterprise innovation. The empirical results
on the moderating effect of financing constraints echo this abnormal conclusion (Table 9,
Panel A, regression (3)); that is, financing constraints alleviate the epidemic’s negative
impact on enterprise innovation. This conclusion remains valid after centralizing the
variables (Table 9, Panel A, regression (4)). Moreover, the independent variable’s negative
coefficient indicates that the epidemic had a negative impact on enterprise innovation under
mean financing constraints. In summary, financing constraints did not play a mediating
role, but had a positive moderating role. Moreover, counterintuitively, this promotes
enterprise innovation. Its real meaning is that when firms committed to innovation are
affected by an epidemic shock, a more targeted policy is needed to provide them with
financial support. Equally importantly, the government should distinguish between those
who persist in innovation and “fake” and “speculative” innovators only interested in taking
advantage of government subsidies for innovation. The government needs to establish
a special fund for the former to provide more subsidies, while stimulating the latter’s
willingness to engage in “true innovation.”

6.3. Epidemic Shocks, Economic Policy Uncertainty, and Enterprise Innovation

The degree of economic policy uncertainty as described in this section was measured
using the economic policy uncertainty index (EPU) jointly published by Stanford University
and the University of Chicago [67]. The empirical evidence shows that the epidemic had a
statistically significant but minimal impact on economic policy uncertainty in China. The
regression coefficient was very small, indicating a minimal economic impact (Table 10,
Panel B). This may be attributable to the fact that the epidemic is basically under control
and China’s economic policies are generally stable. It suggests that economic policy un-
certainty is not a mediator between epidemic shocks and enterprise innovation. Further
investigation of the moderating effect of economic policy shows that economic policy
uncertainty significantly alleviated the epidemic’s negative effects on enterprise innovation
(Table 10, Panel A, regression (3)). Similarly, after centralizing the variables, the positive
moderating effect still existed (Table 10, Panel A, regression (4)). This means that economic
policy uncertainty moderated the impact of the epidemic on enterprise innovation. Al-
though economic policy uncertainty did not change significantly during the epidemic, it
promoted enterprise innovation (Table 10, Panel A, regression (1)). According to some
studies [68], in regions with higher economic policy uncertainty, innovation is a tool for
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firms to mitigate market risks and promote their development. The screening mechanism
and incentive effect of the epidemic enhance this mechanism; in other words, firms that
have adapted to the current epidemic environment could leverage policy incentives to
promote enterprise innovation. With the epidemic generally under control, the government
should maintain the overall stability of its economic policies. Meanwhile, more targeted
and precise measures are needed to help those hit hardest by the epidemic. The screening
mechanism and incentive effect are also conducive to achieving the goals of industrial
restructuring, such as eliminating backward industries, inspiring the new economy, and
promoting innovation. The term “new economy” refers to technology-intensive industries
compared with traditional resource- and labor-intensive industries.

Table 10. Epidemic shocks, economic policy uncertainty, and enterprise innovation.

Panel A Panel B
Variable @ @) ®) ®) (6]
Enterprise Enterprise Enterprise Enterprise
Innovation Innovation Innovation Innovation EPU
EPU 0.00909 *** 0.00909 *** 0.00116 *** —0.00834 ***
(0.000206) (0.000206) (0.000226) (0.000372)
did* —0.000545 ***  —0.000470 ***  —0.0199 *** —0.0000 ***
(0.000130) (0.000130) (0.000471) 0)
EPU x did* 0.00331 *** 0.00331 ***
(714 x 1075 (7.14 x 1079)
Intercept item —0.0362 *** —0.0362 *** 0.0162 *** 0.0664 *** —-0.5771
(0.00119) (0.00119) (0.000367) (0.00222) 0)
Firm fixed YES YES YES YES YES
effects
Other control YES YES YES YES YES
variables
Sample size 3454 3454 3454 3454 3454
R? 0.087 0.087 0.119 0.119 0.004

Note: since the key explained variable EPU is a macroeconomic variable, to avoid multicollinearity, the regression
in this section did not control for the time fixed effects. Robust standard errors are in parentheses, where
4k

p <0.01.

7. Conclusions and Implications

While emergent public events are unpredictable, their direct impacts are often assess-
able shortly after their occurrence, such as rebuilding and assessment after a disaster or
accident. COVID-19, which spreads from person to person and is unpredictable in terms of
occurrence, impact, and future trajectory, poses unique challenges. The epidemic has not
only caused a crisis but also promotes development in many fields. At present, developing
countries, including China, are at a critical stage of industrial upgrading—transforming
traditional industries to increase technological content while reducing labor and energy
input. It is of great significance to adequately assess the impact of COVID-19, a major
uncertain event, on enterprise innovation to provide the governments of these countries
with valuable inputs to make informed decisions.

In summary, this study draws the following basic conclusions. Epidemics reduce
enterprise innovation, but the medium- to long-term effects are minimal. The study
of COVID-19 shows that for enterprise innovation, information asymmetry, financing
constraints, and economic policy uncertainty moderate the epidemic’s negative shock to
varying degrees; information asymmetry aggravates the epidemic’s negative shock, while
financing constraints and policy uncertainty mitigate it. Finally, owing to the complexity
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of COVID-19, some of the findings are contrary to those of studies during non-epidemic
periods. These three factors all promote enterprise innovation, and daily data show that
epidemic shocks reduce firms’ information asymmetry in the short term.

The following implications follow from the above findings. First, although epidemics
have a negative impact on enterprise innovation, the evidence from SARS shows that the
negative impact has a limited duration. It is desirable to be optimistic and objective about
the epidemic’s impact. In addition, traditional views are that lower financing constraints,
information asymmetry, and economic policy uncertainty are conducive to firm growth,
including enterprise innovation. The present quasi-natural experiment on epidemics,
owing to the abnormal phenomenon observed, may enrich our understanding and offer
better ways to improve the enterprise innovation environment.

Second, information asymmetry can promote enterprise innovation to a certain extent.
This is because exceptionally transparent information disclosure may cause shortsighted-
ness and panic among investors, which is not conducive to protecting intellectual property
rights. Regulators can formulate differentiated information disclosure systems for innova-
tive firms, but the findings on moderating effects also suggest that for the firms hit hardest
by epidemics or as epidemics worsen, a certain intensity of information disclosure and
regulation from firms and regulators is desirable. The measures include enhancing infor-
mation transparency by objectively disclosing the challenges through government—firm
cooperation. Education for investors should also be strengthened to guide investors to be
“informed” and “rational”, considering firm development from a long-term perspective.

Third, the finding that financing constraints promote enterprise innovation under epi-
demics has special significance. The epidemic’s screening mechanism may be a contributing
factor. That is, firms that insist on innovation may have higher financing constraints, while
those that are less motivated may stop innovation. This suggests that the former need more
financial support than the latter during an epidemic. Therefore, the government can set up
a special fund to provide support and optimize resource allocations.

Finally, given the positive moderating effects of economic policy uncertainty on en-
terprise innovation, the government should adjust economic policies more precisely to
increase flexibility, thereby promoting enterprise innovation. Meanwhile, the inherent
screening effects of economic policy uncertainty are also useful for achieving goals, includ-
ing the withdrawal of backward industries, inspiring the new economy, and promoting
industrial transformation.
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