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Introduction: Objective environmental uncertainty has important impacts on
entrepreneurial decision-making, but entrepreneurs’ perception of uncertainty
may be a more crucial factor. This is because objective environmental uncertainty
may need to be filtered through entrepreneurs’ perceptions to influence their
decision-making. Therefore, exploring how entrepreneurs’ perceived
environmental uncertainty (PEU) affects their corporate eco-innovation
behavior has significant theoretical and practical implications.

Methods: Drawing on the dynamic capability view, we utilize data from the 2016
China Private Enterprise Survey (CPES) on 2,733 small and medium-sized
enterprises (SEMs) to highlight the impact of entrepreneurs’ PEU on corporate
eco-innovation. We also examine the moderating effect of government
intervention (government subsidies and government official visiting) on this
relationship.

Results: Our study reveals a positive impact of entrepreneurs’ PEU on corporate
eco-innovation, confirming the critical role of dynamic capability in corporate
strategic adjustment under uncertain conditions. Additionally, we find that
government intervention (government subsidies and official visits) has a
positive moderating effect on this relationship, with entrepreneurs’ PEU and
eco-innovation being mediated by corporate dynamic capability.

Discussion: The study contributes to the literature on environmental uncertainty,
dynamic capabilities, and eco-innovation, and provides practical implications for
SMEs in developing countries. The findings highlight the importance of subjective
perceptions of environmental uncertainty over objective uncertainty. The study
also demonstrates that environmental uncertainty is not inherently negative, but
can be managed strategically with dynamic adjustment and government support.
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1 Introduction

Uncertainty, which is defined as the inability to assign an
objective probability to each potential outcome or the inability to
predict the likelihood of an event occurring (Knight, 1921), has
emerged as a salient feature of the contemporary business
environment that shapes firms’ innovation efforts (Gulen and
Ion, 2016; Hanlon et al., 2017; Nagar et al., 2019; Zayadin et al,,
2022). However, real options theory and strategic growth options
theory have contradictory perspectives regarding the effect of
uncertainty on innovation investment. Based on the premise that
investments are irreversible, real options theory argues that
uncertainty increases the value of the waiting option for an
innovative  investment opportunity held by the firm.
Consequently, firms may choose to reduce or delay investment
activities in response to external environmental uncertainty when
uncertainty levels rise (Cui et al., 2021; Wang et al., 2021; Li et al,,
2022). In contrast, strategic growth option theory posits that firms
facing uncertainty are more likely to increase innovation investment,
as uncertainty enhances the value of growth options, and the value of
these options may be further augmented when the firm’s growth
strategy aligns with uncertainty (Bromiley et al., 2017; Belderbos
et al.,, 2019).

However, the uncertainty discussed by scholars is primarily an
objective entity. Specifically, the majority of prior literature captures
environmental uncertainty at the macro-level, rather than the
environmental uncertainty perceived by decision-makers (Gulen
and Ton, 2016; Hanlon et al,, 2017). This is a significant factor
contributing to the differential impact of environmental uncertainty
on firm innovation investment (McKelvie et al., 2011), as even
objective environmental uncertainty may need to be filtered through
perceptions to affect
Milliken (1987), it is
uncertainty as an objective, externally measurable term, because

entrepreneurs’ firm decision-making.

According  to challenging to treat
there is no clear evidence of a relationship between objective
environmental features and perceived environmental uncertainty
(Zayadin et al., 2022). Therefore, bridging the gap between the two
perspectives requires a shift in focus towards how entrepreneurs
perceive environmental uncertainty and how this perception
influences their strategic decisions. Moreover, in emerging
economies, the role of the government as a significant external
stakeholder of firms is controversial, as to whether government
intervention serves as a “helping hand” or a “grabbing hand” in
business. Addressing this issue requires consideration of specific
scenarios. By situating government intervention in uncertain
situations, we can understand the role it plays under conditions
of uncertainty. This is particularly critical for small and medium-
sized enterprises (SEMs) in developing countries undergoing
economic transformation, as they face not only higher levels of
environmental uncertainty than their counterparts in developed
countries but also more intense government intervention.

To address this research gap, our study examines the impact of
Chinese entrepreneurs’ PEU on corporate eco-innovation, while
highlighting the role of dynamic capabilities. Given their heightened
sensitivity to environmental uncertainty and strategic flexibility,
SMEs are better equipped to adapt when entrepreneurs perceive
an increase in external environmental uncertainty. In response, they
can identify opportunities and threats in the field of eco-innovation,
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integrate existing internal and external resources, and reallocate
resources to eco-innovation activities through strategic foresight,
product portfolios, technology investment, and innovation activities,
thus establishing a competitive advantage in the field of eco-
innovation and promoting eco-innovation activities. Therefore,
we expect that entrepreneurs’ PEU has a positive impact on
corporate eco-innovation. Furthermore, we argue that in an
uncertain environment, it is imperative to integrate government
forces into firms’ innovation processes. This means that firms
require government intervention to guide them in a turbulent
market environment. In our study, we focus on two types of
government interventions: government subsidies and government
official visits. We contend that these interventions improve firms’
resource allocation flexibility and ability to recognize uncertainty,
both of which are beneficial for reducing firms’ eco-innovation costs
and enhancing resource allocation efficiency. Therefore, we expect
that government intervention will mitigate the impact of PEU on
eco-innovation.

To test our hypothesis, we utilize data from the 2016 China
Private Enterprise Survey (CPES), which is the most comprehensive
and widely used dataset on Chinese SMEs (Zhao and Lu, 2016). Our
findings provide strong evidence that entrepreneurs’ PEU has a
positive impact on corporate eco-innovation and that this positive
relationship is moderated by government intervention. Specifically,
we observe that when firms receive government subsidies or are
visited by government officials, the positive relationship between
entrepreneurs’ PEU and eco-innovation is stronger. These results
support our hypotheses even after conducting various robustness
tests. Moreover, our research on mediating effects highlights that a
firm’s dynamic capabilities play a crucial role in linking PEU to eco-
innovation.

We try to make four main contributions. Firstly, beginning with
the competitive conclusion between real options and strategic
options, our study reveals that subjective perceptions of
environmental uncertainty by entrepreneurs are more important
than objective uncertainty. Additionally, our findings indicate that
small and medium-sized enterprises exhibit greater strategic
flexibility in responding to environmental uncertainty. This
perspective offers a new way to reconcile the conflicting
conclusions from prior literature on the competition conclusion
between these two types of options.

Secondly, our study broadens prior research on the influence of
environmental uncertainty on corporate investment decisions, as
much of the past research has focused solely on the impact of
objective environmental uncertainty on firm decisions, particularly
when considering long-term innovation investments. Our research,
by contrast, attempts to enrich this stream of literature by
introducing the concept of entrepreneur’s subjective perception
of environmental uncertainty.

Thirdly, our
uncertainty is not inherently negative. In fact, with sufficient

study demonstrates that environmental

strategic foresight and dynamic capabilities, coupled with
government policy support and strategic guidance, SMEs can
seize opportunities within uncertain environments and pursue
sustainable innovation and achieve low-carbon development.
Our findings highlight the potential benefits of uncertainty and
emphasize the importance of strategically managing it for SMEs
to achieve sustainable innovation outcomes.
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FIGURE 1
Theoretical model.
TABLE 1 Descriptive statistics.
Variable Number Mean SD Min Median Max
Eco-Innovation 2,733 0.333 0471 0 0 1
PEU 2,733 0.583 0.157 0.2 0.578 1
Gov_Subsidy 2,733 0.337 0.473 0 0 1
GOV 2,733 0.578 0.494 0 1 1
Gov_Intervention 2,733 3.862 0.813 1 4 5
Size 2,733 6.508 2.676 1.099 6.686 11.513
Firm_Age 2,733 9.984 6.594 1 9 43
Lev 2,733 0.28.8 0.288 0 0.22 0.971
ROE 2,733 0.186 0.373 —-0.453 0.07 1.933
Pre_IPO 2,733 0.099 0.298 0 0 1
Entrepreneur_Age 2,733 45.810 9.555 20 46 76
Education 2,733 2.922 1.115 1 3 6
Gov_ Regulation 2,733 2.452 1.265 1 3 5
Competitive pressure 2,733 2.165 1.106 1 2 5

Finally, we emphasize the strategic guidance role of proactive
government intervention in uncertain contexts for firms’ innovative
actions, and investigate the boundary conditions of the impact of
entrepreneurs’ PEU on eco-innovation. Our research findings
suggest that proactive government intervention can serve as a
“helping hand” for businesses during uncertain times, and
become an important source for enhancing their dynamic
capabilities. This further support for
emerging economies to view government intervention as a
complementary mechanism to the market.

provides theoretical

2 Literature review and hypotheses

2.1 SME entrepreneurs perceived
environmental uncertainty

Perceived environmental uncertainty (PEU) is a perceptual
phenomenon that primarily exists in the “eyes” of the observer
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(Duncan, 1972). It describes entrepreneurs’ lack of critical
information about the external environment. The three primary
types of perceptual uncertainty are state uncertainty, effect
uncertainty, and response uncertainty. State uncertainty refers to
the inability to predict the probability of a particular event occurring
or changing; effect uncertainty refers to the inability to predict the
impact of external environmental fluctuations on the firm; and
reaction uncertainty refers to the inability of entrepreneurs to
predict the effect of strategic decisions in response to uncertainty.
Empirical evidence suggests that this uncertainty plays a secondary
role in determining a company’s strategy. What is more important is
how decision-makers perceive the uncertainty.

Environmental uncertainty has a greater impact on SMEs than on
large corporations. Turbulence in the external environment may easily
impede the success of or lead to the failure of these businesses, as they
have fewer resources and limited capabilities (Garcia-Pérez and Yanes-
Estévez, 2022). Furthermore, SME decision-makers, as the firm’s
external environment analysts, are more sensitive to environmental
uncertainty under the influence of a turbulent environment (Gaur et al,,
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FIGURE 2

Average level of eco-innovation at the provincial level.

2011). Specifically, in most SMEs, decision-makers are closer to the
objective environment (Robinson and Simmons, 2018); they function as
both analysts and collectors of environmental information (Aldehayyat,
2015); they usually rely on common sense or intuition rather than
sophisticated analytical tools to analyze the environment (Wong et al.,
2014); and their perception of environmental uncertainty frequently
influences firms’ strategic choices (Robinson and Simmons, 2018).
As reform and opening up have progressed, tens of millions of
SMEs have been developed in China. However, they face more
severe external environmental uncertainties than state-owned firms
or large enterprises due to flawed market mechanisms and arbitrary
resource allocation (Liu et al, 2021). With regard to strategic
decision-making, Chinese entrepreneurs tend to rely on their
accumulated knowledge and experience to make decisions, and
experience or perceptions play a pivotal role in entrepreneurial
decision-making. In China, experienced managers are not
necessarily well-educated and systematically trained (Parnell
et al, 2012). Given the massive number of Chinese SMEs and
who base their

the entrepreneurs strategic decisions on
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experience or perception, it is appropriate to focus our research
on Chinese SMEs.

2.2 Uncertainty and corporate eco-
Innovation

Dynamic capabilities are considered a pre-tension to the
resource-based view of the firm (RBV), which emphasizes an
organization’s ability to renew or reconfigure its internal and
external resources in response to environmental uncertainty
(Teece et al,, 1997). Dynamic capabilities are particularly valuable
in turbulent environments, as they enable firms to integrate, build
and reconfigure internal and external resources to address and shape
rapidly changing business environments (Teece and Leih, 2016), and
help managers to navigate when and how to manage under
conditions of deep uncertainty. The actions and adjustments
associated with dynamic capabilities can be broadly categorized
as perceiving, reconfiguring, and continuously adjusting (Teece,
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TABLE 2 Pearson correlation matrix.

10.3389/fenvs.2023.1196997

Variables (1) ) B @ ©) ©) @) 8) €) (10 @an a2 3 (4
(1) Eco-Innovation 1.000

(2) PEU 0.032 1.000

(3) Gov_Subsidy 0.142 0.016 1.000

(4) GOV 0.300 0.018 0.385 1.000

(5) Gov_Intervention 0.003 0.131 0.173 | 0.141 1.000

(6) Size 0.396 0.041 0.131 0.310 —-0.045 1.000

(7) Firm_Age 0.237 —-0.003 0.036 0.179 —-0.068 0.459 1.000

(8) Lev 0.198 0.028 0.037 0.114 0.015 0.417 0.255 1.000

(9) ROE -0.025 -0.031 0.023 -0.031 0.022 -0.073 -0.066 -0.152 1.000

(10) Pre_IPO 0.234 0.015 0.112 0.188 0.026 0.284 0.092 0.122 0.041 1.000

(11) Entrepreneur_Age 0.134 0.083 0.004 = 0.091 —-0.058 0.257 0.384 0.159 —-0.090 0.060 1.000

(12) Education 0.142 -0.011 0.099 0.164 0.014 0.329 0.126 0.143 —-0.031 0.261 —-0.146 1.000

(13) Gov_Regulation 0.302 -0.159 = 0.093 0.148 -0.097 = 0.153 0.126 0.074 -0.016 0.037 0.084 0.008 1.000

(14) Competitive pressure = 0.214 —-0.133 0.100 0.104 —-0.041 0.084 0.090 0.039 0.008 -0.024 | 0.032 -0.022 = 0.727 1.000

N = 2,733; correlations greater than [0.01| are significant at 0.05.

2012). Given the significance of a firm’s dynamic capabilities during
periods of uncertainty, we argue that SMEs rely on their strategic
flexibility. Upon perceiving heightened environmental uncertainty,
these firms can effectively integrate and allocate resources by
coordinating these three sets of activities to drive corporate eco-
innovation and establish a first-mover advantage.

Firstly, the perceptiveness with which SME decision-makers
sense uncertainty enables them to promptly recognize market
dangers and opportunities and remain fully aware of changes in
the external environment. Despite lacking the technology and
resources for environmental information collection and analysis
(Garcia-Pérez and Yanes-Estévez, 2022), the qualities of being
closer to the objective environment and more perceptive are
more likely to stimulate strategic foresight activities and provide
them with more time to respond to external shocks (Teece and
Leih, 2016). Through strategic foresight activities, companies can
accurately detect external opportunities and risks, thereby
improving their external competitive environment (Heger and
Rohrbeck, 2012; Haarhaus and Liening, 2020). Secondly, the
high-level strategic adaptability and flexibility of SMEs enable
them to respond effectively to opportunities and threats in
turbulent markets, including decisions regarding product
portfolios, technology, and human resource investments
(Weaven et al., 2021). Ross et al. (2018) indicate that market
uncertainty, while reducing investment in new products, also
encourages enterprises to engage in research and development
activities. These flexible strategic decisions not only mitigate
unexpected shocks but also provide market
information that other competitors may not be able to obtain.

income

Finally, innovation is vital to the survival of SMEs (Zouaghi et al.,
2018), and it has significant value during periods of external
environmental uncertainty. Innovative organizations exhibit
better responsiveness by grasping emerging opportunities
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when they detect heightened environmental uncertainty, and
they respond to tumultuous environments by engaging in
innovative conduct (Han et al, 1998). Even conservative
companies are compelled to innovation as a kind of strategic
adaptation (Russell and Russell, 1992).

As a fusion of innovation and sustainability, eco-innovation not
only meets the expectations of external stakeholders but also
addresses enterprises’ needs to develop disruptive technologies
and gain competitive advantages. When entrepreneurs perceive
uncertainty, they integrate and allocate existing internal and
external resources, creating competitive advantages in the field of
eco-innovation through activities such as strategic foresight, product
portfolio management, technology investment, and innovation.
Conversely, in the absence of perceived uncertainty in the
external environment, entrepreneurs’ dynamic capabilities may
not be fully activated, and eco-innovation activities may be
postponed, as dynamic capabilities become less significant in a
stable context (Drnevich and Kriauciunas, 2011; Teece, 2014).
Therefore, we propose:

Hypothesis 1: Entrepreneurs’ PEU is positive associated with
corporate eco-innovation

2.3 The moderating effect of government
intervention

Compared to conventional innovation efforts, eco-innovation
has a dual externality, as firms may face “free-rider” behavior
(knowledge spillover or environmental spillover) from other
market participants, and the firms themselves might not fully
reap the benefits of eco-innovation (Yi et al, 2020). When
market mechanisms fail to address the dual externalities of eco-
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TABLE 3 Estimation of Eco-innovation.

Variables DV: Eco-innovation
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

PEU 0.160*** 0.077 0.055 —0.425%% —0.448*%
(0.050) (0.060) (0.069) (0.213) (0.213)

PEU x Gov_Subsidy 0.225%* 0.150
(0.103) (0.115)

PEU x GOV 0.177* 0.088
(0.096) (0.109)

PEU x Gov_Intervention 0.146*** 0.125**
(0.052) (0.053)

Gov_Subsidy 0.023 0.024 —0.108* 0.025 0.023 —-0.064
(0.019) (0.019) (0.063) (0.019) (0.019) (0.070)

GOV 0.114%* 0.118*** 0.118* 0.014 0.1187** 0.067
(0.018) (0.019) (0.019) (0.060) (0.019) (0.067)
Gov_Intervention —-0.003 -0.006 -0.006 —-0.006 —0.089*** —0.077**
(0.009) (0.010) (0.010) (0.010) (0.031) (0.032)
Size 0.035%** 0.035%** 0.035%** 0.035%** 0.035** 0.035**
(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)

Firm_Age 0.003** 0.003* 0.003* 0.003* 0.003* 0.003*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Lev 0.040 0.048 0.046 0.047 0.048 0.046
(0.030) (0.030) (0.030) (0.030) (0.030) (0.030)

ROE 0.007 0.008 0.008 0.007 0.011 0.010
(0.020) (0.021) (0.021) (0.021) (0.021) (0.021)
Pre_IPO 0.163*** 0.161%%* 0.162%%* 0.161*** 0.162* 0.162***
(0.029) (0.030) (0.030) (0.030) (0.030) (0.030)

Entrepreneur_Age 0.000 -0.000 -0.000 —-0.000 -0.000 -0.000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

Education 0.014* 0.012 0.013 0.012 0.012 0.012
(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Gov_Regulation 0.064*+* 0.067*** 0.067%+* 0.067%+* 0.067%%* 0.067%%*
(0.010) (0.010) (0.010) (0.010) (0.010) (0.010)

Competitive pressure 0.013 0.016 0.017 0.016 0.017 0.018
(0.011) (0.011) (0.011) (0.011) (0.011) (0.011)

Industry dummy YES YES YES YES YES YES

Province dummy YES YES YES YES YES YES
Constant —0.196** —0.271*** —0.227*** —0.214** 0.057 0.067
(0.081) (0.085) (0.087) (0.089) (0.145) (0.145)

Observations 2,818 2,733 2,733 2,733 2,733 2,733

(Continued on following page)
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TABLE 3 (Continued) Estimation of Eco-innovation.

Variables

Model 1

Model 2

R-squared 0.309 0.315

Model 3

10.3389/fenvs.2023.1196997

DV: Eco-innovation

Model 4 Model 5 Model 6

0.316 0.316 0.317 0.318

Robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

—+—No Gov_Subsidy

,§ —a— Gov_Subsidy
s

>

<)

<

g

8

m

Low PEU High PEU
FIGURE 3

The effect of PEU on eco-innovation under different levels of
government subsidy.

——No GOV

—&—GOV

/

Eco-Innovation

Low PEU High PEU

FIGURE 4

The effect of PEU on eco-innovation under different levels of
government official visiting.

innovation, government policy instruments might encourage
enterprises to engage in eco-innovation by reducing the disparity
between social and private profits (Long and Liao, 2021). Thus, the
eco-innovation of companies is internally dependent on government
forces. In our research, we emphasized the moderating impacts of
two distinct types of government involvement: government
subsidies and government official visits (GOV).

Government subsidies are one of the most common government
intervention strategies (Shao et al., 2020), and their positive influence on
eco-innovation has been consistently demonstrated, despite ongoing
concerns about the crowding-out effect of government subsidies on
enterprises’ R&D spending (Long and Liao, 2021). In reality, most
studies have found that government subsidies have an “additional
effect” on enterprises’ R&D activities, reducing the cost of R&D and
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hastening the completion of R&D projects (Gorg and Strobl, 2007),
revitalizing previously unprofitable R&D programs. Furthermore,
government subsidies serve as a guide, encouraging enterprises to
allocate resources to production technologies and opportunities that
meet society’s expectations, allowing firms to benefit economically while
focusing on societal rewards (Tsai and Liao, 2017b). As a result,
corporations are more willing to engage in eco-innovation activities
with government subsidies (T'sai and Liao, 2017a; Tsai and Liao, 2017b;
Long and Liao, 2021).

Corporate eco-innovation activities entail significant environmental
uncertainty and variability, requiring a keen perception of external
opportunities and threats, as well as the full utilization of current
resources and the introduction of new external resources into
innovation activities (Demirel and Kesidou, 2019). Due to the dual
externalities of eco-innovation activities, even though SMEs have greater
strategic flexibility and adaptability in uncertain environments, the lack
of external resource support or meager economic returns over time may
lead firms to abandon investing in eco-innovation. Government financial
incentives are crucial to a company’s resource base (Melander, 2018). Ina
volatile market environment, SMEs that receive government subsidies
can combine them with their existing knowledge and experience. These
new combinations not only enhance SMEs’ resource allocation flexibility
but also strengthen their organizational learning capacity. Therefore,
after receiving government subsidies, companies can reallocate cross-
functional teams, restructure their resource portfolios, and participate
more effectively in eco-innovation activities in uncertain situations.
Therefore, we propose:

Hypothesis 2a: The
entrepreneurs’ PEU and corporate eco-innovation is stronger for

positive relationship between the
firms that receive government subsidies.

In emerging economies, governments as social resource
allocators and institutional authorities not only control scarce
resources (land, industry access, etc.) but also have a strong voice
in determining the legitimacy of firms’ strategies and can exert
significant influence on firms’ innovation activities (Liu et al., 2021).
GOV provides an opportunity to enhance enterprise and
government information communication, improve corporate
legitimacy, and reduce risk in strategic decision-making.

Firstly, corporations can increase their political uncertainty
perception by utilizing GOV to obtain political information, such as
the dynamics of government policy, changes in government officials,
and the political philosophy of these officials (Yunxia and Qiu, 2021).
This crucial information can strengthen firms’ willingness to take risks
in implementing innovation activities, reducing their inclination to be
risk-averse and exhibit short-term investment tendencies. Secondly,
during government officials’ visits, companies can consult with them on
major issues they face by showcasing their current achievements and
long-term plans. In this manner, the corporation can assess the
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TABLE 4 Robustness check using alternative variables and regression model.

Variables DV: Score_Eco DV: Eco-innovation
Model 2 Model 3 Model 5 Model 6 Model 7
PEU 0.246%** 0.143 0.072 ~0.597* 1120 0.538 0511 -3.013*
(0.077) (0.087) (0.102) (0.338) (0.351) (0.449) (0.655) (1.592)
PEU x Gov_Subsidy 0.277* 1.372*%*
(0.161) (0.674)
PEU x GOV 0.293* 0.856
(0.147) (0.764)
PEU x Gov_Intervention 0.210%* 1.032%+%
(0.082) (0.387)
Gov_Subsidy 0.075%* ~0.087 0.076* 0.074** 0.159 —0.643 0.159 0.148
(0.030) (0.098) (0.030) (0.030) (0.113) (0.408) (0.113) (0.113)
GOV 0.159%%* 0.160%** -0.012 0.159*%% 0.787+%% 0.786*** 0.285 0.795%%*
(0.027) (0.027) (0.090) (0.027) (0.122) (0.122) (0.464) (0.122)
Gov_Intervention ~0.003 -0.003 -0.003 ~0.123** -0.035 -0.035 -0.034 ~0.618***
(0.015) (0.015) (0.015) (0.050) (0.066) (0.066) (0.066) (0.228)
Size 0.055%** 0.055%%* 0.055%%* 0.055*%% 0.240*%% 0.240%* 0.241%%% 0.239%%*
(0.006) (0.006) (0.006) (0.006) (0.027) (0.027) (0.027) (0.027)
Firm_Age 0.004 0.004 0.004 0.004 0.014 0.015* 0.014 0.014
(0.002) (0.002) (0.002) (0.002) (0.009) (0.009) (0.009) (0.009)
Lev -0.011 -0.013 -0.012 -0.011 0.250 0.236 0.241 0.248
(0.046) (0.046) (0.046) (0.046) (0.196) (0.196) (0.197) (0.197)
ROE 0.028 0.028 0.028 0.033 0.060 0.061 0.061 0.076
(0.034) (0.033) (0.034) (0.033) (0.151) (0.151) (0.152) (0.151)
Pre_IPO 0.278*** 0.278%%* 0.277%%% 0.279*%% 0.819%%* 0.826%** 0.821%%¢ 0.830%**
(0.052) (0.052) (0.052) (0.052) (0.180) (0.180) (0.180) (0.180)
Entrepreneur_Age 0.001 0.001 0.001 0.001 -0.001 -0.001 -0.001 ~0.001
(0.001) (0.001) (0.001) (0.001) (0.006) (0.006) (0.006) (0.006)
Education 0.027** 0.028* 0.028** 0.027** 0.067 0.068 0.066 0.066
(0.013) (0.013) (0.013) (0.013) (0.052) (0.052) (0.052) (0.052)
Gov_Regulation 0.091%%* 0.091%%¢ 0.091%%% 0.091%%% 0.400%%* 0.399%%* 0.400%%* 0.402%%*
(0.016) (0.016) (0.016) (0.016) (0.059) (0.059) (0.059) (0.059)
Competitive pressure 0.027 0.028 0.027 0.029 0.141%* 0.146** 0.143** 0.151%*
(0.017) (0.017) (0.017) (0.017) (0.066) (0.066) (0.066) (0.066)
Industry dummy YES YES YES YES YES YES YES YES
Province dummy YES YES YES YES YES YES YES YES
Constant ~0.501%** —0.447* —0.407* -0.028 49110 —4.589*+ —4.568"* ~2.604**
(0.137) (0.138) (0.141) (0.232) (0.598) (0.619) (0.676) (1.042)
Observations 2,733 2,733 2,733 2,733 2,733 2,733 2,733 2,733

(Continued on following page)
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TABLE 4 (Continued) Robustness check using alternative variables and regression model.

DV: Score_Eco

Variables

Model 1 Model 2 Model 3
R-squared 0.305 0.306 0.306

Pseudo R-squared

Model 4

DV: Eco-innovation

Model 5 Model 6 Model 7 Model 8

0.307

0.288 0.290 0.289 0.290

Robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

authorities” basic attitude toward the company’s strategy and seek their
feedback and recommendations, thereby earning the government’s
recognition and support (Jia et al, 2019). Thirdly, government
officials’ visits to target firms not only imply that the firms’ ability
to use scarce government resources has improved but also indicate the
government’s attention and support for firms’ risky behavior (Yunxia
and Qiu, 2021), which will attract the support of more external
stakeholders. Therefore, GOV is conducive to enhancing firms’
willingness to invest in eco-innovation and resource security.

The primary cause of entrepreneurs’ perception of uncertainty is
the lack of access to vital external information. In contrast to firms,
governments possess a vast quantity of critical external information and
scarce resources. Therefore, GOV provides opportunities for enterprises
to gain information and enhance their dynamic capacities during times
of uncertainty. Specifically, during government officials’ visits, their
views and suggestions on the company’s technological strengths,
production processes, and product innovation provide crucial
information for strategic decisions and adjustments. The
government can even assist the company in identifying appropriate
technologies and recruiting professional staff, which are essential for
driving the company’s eco-innovation. GOV also enables corporations
to learn about policy changes, turnover of officials, and other political
information, improving their ability to perceive uncertainty and make
their strategic decisions more rational in an uncertain environment.
Moreover, similar to government subsidies, GOV can provide scarce
resources to companies, enhancing their resource flexibility. Therefore,
we propose:

Hypothesis 2b: The positive
entrepreneurs’ PEU and corporate eco-innovation is stronger for

relationship  between the

firms that visited by government officials.

Based on the hypotheses developed above, the dynamic capabilities
perspective is employed in this study to posit a positive relationship
between entrepreneurs’ perceived environmental uncertainty and eco-
innovation. Additionally, government subsidies and official visits are
identified as moderators of this relationship, while firms’ dynamic
capabilities are found to mediate the relationship between perceived
environmental uncertainty and eco-innovation. The theoretical model
of this study is illustrated in Figure 1.

3 Methodology
3.1 Sample and data
The data on SMEs used in this study were obtained from the

2016 China Private Enterprise Survey (CPES) data, which is a
collaborative effort between the United Front Work Department of
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CPC Central Committee, All-China Federation of Industry and
Commerce, and State Administration for Industry and Commerce
of the People’s Republic of China. The survey project began in 1993 and
is conducted every 2 years, with the most recent publicly available data
being from 2016. The CPES database employs a multi-stage stratified
random sampling survey of private enterprises in China, which ensures
data universality and representativeness and reduces the potential for
sample selection bias. Additionally, the CPES database provides
information on firms operations, entrepreneurs socio-economic
backgrounds, and entrepreneurs’ perceived evaluation of external
environmental conditions. As the founder is the provider of
information, this is the most knowledgeable and effective source of
information (Lechner et al, 2006). This data has been extensively
employed in previous studies (Ma et al, 2015; Zhao and Lu, 2016).
We selected the 2016 survey data as the research sample because
only this year’s data provided a detailed description of
entrepreneurs’ perceptions of environmental uncertainty. After
winsorizing some continuous variables at the 1st and 99th
percentiles, we obtained a sample of 2733 (Li et al., 2020).

3.2 Measurements

3.2.1 Dependent variable
Previous empirical studies have used patents or green
management practices, such as

reducing fossil energy

consumption, to measure firms’ eco-innovation or green
innovation (Tsai and Liao, 2017a; He et al., 2018). In contrast to
previous studies, we focused on eco-product innovation and eco-
process innovation through two items in the CPES dataset. These
two items are “developing new environmental technology
equipment or environmental

products” and “adding new

environmental technology equipment or improving the
environmental quality of products.” Firm’s Eco-Innovation is
coded as 1 if the firm participated in either of these two items,
and 0 otherwise. Furthermore, we conducted a robustness test by
measuring the sum of these two item scores (Score_Eco) as an

alternative dependent variable for Eco-Innovation.

3.2.2 Independent variable

The independent variable in our study is PEU, which was
measured based on entrepreneurs’ perceptions of nine macro-
environmental risks in the CPES over the next 5years (Roper
and Tapinos, 2016). Similar to Haarhaus and Liening (2020),
these risks mainly include social and economic risks, namely

» » o«

“economic depression,” “worker unemployment,” “rising prices,”

“bursting of the housing bubble,” “financial crisis,” “local
government bankruptcy,”

“ecological degradation,”
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TABLE 5 Robustness check using alternative variables.

Variables DV: Eco-innovation
Model 1 Model 2 Model 3 Model 4
LnPEU 0.080*** 0.040 0.022 —0.206*
(0.027) (0.032) (0.036) (0.109)
LnPEU x Gov_Subsidy 0.108*
(0.055)
LnPEU x GOV 0.098*
(0.052)
LnPEU x Gov_Intervention 0.0730*
(0.027)
Gov_Subsidy 0.025 -0.323* 0.025 0.024
(0.019) (0.180) (0.019) (0.019)
GOV 0.1187** 0.1197* —-0.200 0.1187**
(0.019) (0.019) (0.168) (0.019)
Gov_Intervention -0.006 -0.005 -0.005 —0.237***
(0.010) (0.010) (0.010) (0.086)
Size 0.035%** 0.035%** 0.035%** 0.035%**
(0.004) (0.004) (0.004) (0.004)
Firm_Age 0.003* 0.003* 0.003* 0.003*
(0.001) (0.001) (0.001) (0.001)
Lev 0.047 0.047 0.047 0.048
(0.030) (0.030) (0.030) (0.030)
ROE 0.008 0.008 0.007 0.011
(0.021) (0.021) (0.021) (0.021)
Pre_IPO 0.161** 0.161* 0.161* 0.162***
(0.030) (0.030) (0.030) (0.030)
Entrepreneur_Age —0.000 -0.000 —-0.000 -0.000
(0.001) (0.001) (0.001) (0.001)
Education 0.012 0.013 0.012 0.012
(0.008) (0.008) (0.008) (0.008)
Gov_Regulation 0.067*** 0.067*** 0.067*** 0.067***
(0.010) (0.010) (0.010) (0.010)
Competitive pressure 0.016 0.017 0.017 0.017
(0.011) (0.011) (0.011) (0.011)
Industry dummy YES YES YES YES
Province dummy YES YES YES YES
Constant —0.440*** —0.314** —0.254* 0.473
(0.117) (0.129) (0.139) (0.358)
Observations 2,733 2,733 2,733 2,733

(Continued on following page)
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TABLE 5 (Continued) Robustness check using alternative variables.

Variables

Model 1

R-squared 0.315

10.3389/fenvs.2023.1196997

DV: Eco-innovation

Model 2 Model 3 Model 4

0.316 0.316 0.316

Robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

“intensification of social conflicts,” and “terrorism.” The options for
these items range from 1 to 5, with 1 representing “strongly disagree”
and 5 representing “strongly agree” (Afshar Jahanshahi and Brem,
2020). PEU was calculated as the ratio of the sum of these nine items’
scores to the maximum of the item scores. The specific formula is as
follows:

Y PEUP;

PE i=
v MPEU

(1)
where PEU; represents the level of perceived environmental
uncertainty by entrepreneurs in enterprise i, z PEUP; represents
the total score of 9 macroeconomic risk items of enterprise i, MPEU
represents the sum of the highest score among all the items, and
MPEU is 45 points.

In addition, we employed the natural logarithm of the sum of
these nine items’ scores (LnPEU) as an alternative independent
variable to measure PEU, which can be used to test the robustness of
our results.

The research methodology included two moderators:
government subsidies (Gov_Subsidy) and government official
visiting (GOV). Additionally, we included the moderator of
government intervention (Gov_Intervention) to evaluate the
moderating effect of government involvement on the
relationship between PEU and corporate eco-innovation from
a holistic perspective. In CPES, government subsidy was
measured by querying whether the firm received special
incentives and financial support from the local government,
with the variable coded as 1 if the answer was “yes” and 0 if
the answer was “no” (Tsai and Liao, 2017b; Long and Liao, 2021).
GOV was measured by querying whether local officials visited or
worked on-site at the firm, with the variable coded as 1 if “yes”
and 0 if “no” (Yunxia and Qiu, 2021). Government_ Intervention
was measured by inquiring about the firm’s level of satisfaction
with the local government’s intervention, with a score of
5 assigned if “very satisfied” was selected, and a score of
1 assigned if “very dissatisfied” was selected.

3.2.3 Control variables

We selected control variables at the company, entrepreneurial
qualities, and external environmental levels to control for potential
effects on eco-innovation.

At the firm level, we used the natural logarithm of revenue to
measure the firm size (Size) and the number of years since the firm
was founded to measure firm age (Firm_Age). Previous research has
found that larger or longer-established enterprises may have greater
resources, which may benefit the firm’s eco-innovation (Afshar
Jahanshahi and Brem, 2020). We measured firms’ financial
leverage with the debt-to-assets ratio (Lev) and profitability with
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return on equity (ROE) (Cui et al., 2021). In addition, we controlled
whether the firms were ready to go public (Pre_IPO), as these firms
may face greater normative pressure, which is an important factor
influencing firms’ eco-innovation (Cai and Li, 2018).

At the entrepreneurial characteristic level, we controlled for
entrepreneur age (Entrepreneur_Age) and education (Education).
Education was measured as an ordered variable, with a code of
1 for junior high school or less, and a code of 6 for doctorate
degrees. Younger entrepreneurs may be more inclined to pursue
innovative and risky behaviors, while entrepreneurs with higher
education possess stronger learning abilities and more inventive
ideas.

At the external environment level, we controlled for government
environmental regulatory pressure (Gov_ Regulation) and
competitive pressure (Competitive pressure). Both of these
variables were coded as 1 for no pressure and 5 for very high
pressure. Flexible environmental regulations (T'sai and Liao, 2017b)
and suitable competitive pressures (Cai and Li, 2018) can increase
firms’ innovation motivation. Finally, we controlled for the province
and industry effects to capture changes in province and industry.

3.3 Estimation method

In our research, we utilized ordinary least squares (OLS) to
estimate regression (2) and incorporated fixed effects at the industry
and province levels in our estimation to investigate the relationship
between entrepreneurial PEU and eco-innovation.

Eco — Innovation; = 3, + 3, x PEU; + f3, x Controls; +¢&  (2)

Where, Eco — Innovation; represents whether enterprise i
participated in eco-innovation, PEU; denotes the level of
environmental uncertainty perceived by the entrepreneur in
enterprise i, Controls is a set of control variables, and ¢ is the
error term.

To further examine the moderating effect, we estimated
regression (3) by introducing interaction terms between the
moderators and independent variables in regression (2).

Eco — Innovation; = B+, x EPU; + 8, x Gov_Subsidy;
+ B, x GOV; + 3, x EPU; x Gov_Subsidy;
+ ;s x EPU; x GOV + 3, x Controls; + ¢;
©)
Where, EPU x Gov_Subsidy and EPU x GOV are the
interaction terms of perceived environmental uncertainty with

and government official
respectively, for testing Hypothesis 2a and Hypothesis 2b.

government  subsidies visiting,
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TABLE 6 Robustness check using 2SLS.

Variables

Model 1 (Stage 1)

DV: Eco-innovation

Model 2 (Stage 2)

Model 3 (Stage 1)

10.3389/fenvs.2023.1196997

Model 4 (Stage 2)

PEU 1.620%*
(0.782)
Industry_PEU 1.398%*
(0.361)
LnPUE 1.199**
(0.539)
Industry_LnPEU 1.187%%
(0.353)
Gov_Subsidy -0.001 0.020 -0.007 0.028
(0.007) (0.021) (0.013) (0.023)
GOV -0.000 0.130*** -0.003 0.1320%*
(0.007) (0.021) (0.013) (0.023)
Gov_Intervention 0.022%** -0.033 0.035%** —-0.039*
(0.004) (0.021) (0.007) (0.023)
Size 0.003* 0.036*** 0.006** 0.032%*
(0.001) (0.005) (0.003) (0.006)
Firm_Age 0.009 0.035 0.020 0.024
(0.011) (0.036) (0.021) (0.041)
Lev 0.001 0.177%* 0.001 0.176*
(0.010) (0.032) (0.019) (0.035)
ROE -0.009 0.019 -0.018 0.027
(0.008) (0.025) (0.015) (0.029)
Pre_IPO —-0.001* 0.005** —-0.001 0.005**
(0.001) (0.002) (0.001) (0.002)
Entrepreneur_Age 0.0017* —-0.002 0.002%* —-0.002
(0.000) (0.002) (0.001) (0.002)
Education -0.003 0.008 —-0.007 0.012
(0.003) (0.009) (0.006) (0.011)
Gov_Regulation —0.0157%* 0.103*** —0.024%* 0.108***
(0.003) (0.016) (0.006) (0.017)
Competitive pressure —-0.005 0.019 —-0.012 0.025*
(0.004) (0.012) (0.007) (0.014)
Province dummy YES YES YES YES
Constant -0.313 —1.143*** —-0.735 —4.027**
0.206 (0.384) (1.127) (1.648)
Observations 2,733 2,733 2,733 2,733
F-value 6.730 6.04
(Continued on following page)
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TABLE 6 (Continued) Robustness check using 2SLS.

Variables

Model 1 (Stage 1)

Wald chi-squares

Model 2 (Stage 2)

958.82

10.3389/fenvs.2023.1196997

DV: Eco-innovation

Model 3 (Stage 1) Model 4 (Stage 2)

661.49

R-squared ‘ 0.097

Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

4 Results
4.1 Descriptive statistics and correlation

Table 1 presents the descriptive statistics for all variables
included in this study. The mean value and standard deviation of
Eco-Innovation among firms were 0.333 and 0.471, respectively,
indicating significant variation in the extent to which firms engage in
eco-innovation, with only 33.3% of firms engaging in such activities.
This finding is consistent with Long and Liao (2021). Similarly, there
was a significant variation in the extent to which firms received
government subsidies (mean value of 0.337, standard deviation of
0.473). The mean value of entrepreneurs’ PEU was 0.583, with a
standard deviation of 0.157, indicating a generally strong perception
of future environmental uncertainty among entrepreneurs.

In addition, in order to depict the spatial distribution of eco-
innovation levels among SMEs, we presented the average eco-
innovation level at the provincial level in Figure 2. The results
revealed that the average eco-innovation level in the eastern coastal
region of China was significantly higher than that in the central and
western regions. Specifically, the average level of eco-innovation in
coastal provinces in eastern China was 0.344, while it was 0.273 in other
regions. The adoption of more environmentally-friendly production
processes and technologies in the eastern coastal provinces, as well as
the imposition of stricter environmental regulations by the government,
may be internal factors contributing to this difference.

The Pearson correlation coefficients between the variables are
presented in Table 2. Consistent with our hypothesis, there is a
positive correlation between Eco-Innovation and entrepreneurs’
PEU, with a correlation coefficient of 0.032. Moreover, the
correlation coefficients between Eco-Innovation and the other
variables are less than 0.5. In addition, we calculated variance
inflation factors (VIFs) for the estimated models, which ranged
from 1.04 to 2.22. These values are considerably below the
acceptable level of 10 (Wang and Qian, 2011), indicating that
multicollinearity was not a serious problem in this study.

4.2 Multivariate regression test

The regression results are presented in Table 3. Model 1 serves as
the baseline model with only control variables. In Model 2, we
introduced PEU to test Hypothesis 1. The results demonstrate a
positive and significant effect of PEU on Eco-Innovation (f =
0.160, p <0.01). The analysis of the marginal effects of the
regression coefficients revealed that an increase of one standard
deviation in entrepreneurs’ PEU is associated with an increase in
firms” willingness to engage in eco-innovation by (0.157 x 0.160/
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0.087

13

0.088 0.079

0.471) standard deviations. These results provide strong support for
Hypothesis 1. Therefore, when entrepreneurs perceive an increase in
environmental uncertainty, they are likely to take proactive measures
such as implementing eco-innovation to address these challenges.

The results of the moderating effect are presented in Models
3 and 4. Model 3 examined the moderating effect of government
subsidies by introducing the interaction term between Gov_Subsidy
and PEU, which produces a positive and significant coefficient (5 =
0.225, p <0.05), providing support for Hypothesis 2a. Similarly,
Model 4 tested the moderating effect of GOV and found a positive
and significant coefficient for the interaction term (8 = 0.177,
p <0.1), offering support for Hypothesis 2b. The results of
Models 3 and 4 show that the eco-innovation activities of
enterprises under uncertainty are influenced by government
intervention, which can reduce the cost of eco-innovation,
enhance the dynamic capabilities of enterprises, and thus increase
their innovation motivation. This also provides empirical support
for the positive intervention of government as a “helping hand” for
enterprise innovation in uncertain environments. Moreover, we
introduced the interaction term between Gov_Intervention and
PEU in Model 5 to further examine the positive effect of
government intervention. The coefficient of this interaction term
(B = 0.146, p <0.01) is consistent with our previous findings.

To further illustrate the moderating effects of the selected
moderators, we plotted the estimated values of these moderating
relationships as shown in Figures 3, 4. The results in Figure 3
indicate that firm eco-innovation intensity is higher when they
receive government subsidies, suggesting that such subsidies
increase firm motivation to engage in eco-innovation activities,
thus providing further support for Hypothesis 2a. Similarly,
Figure 4 demonstrates that GOV significantly strengthens the
relationship between entrepreneurs’ PEU and eco-innovation,
thereby providing additional evidence for Hypothesis 2b.

4.3 Robustness check

We performed several analyses to ensure the robustness of our
results. Firstly, we used the eco-innovation score (Score_Eco) as an
alternative indicator for Eco-Innovation, which may more accurately
reflect the eco-innovation intensity of a firm. The findings are presented
in Models 1-4 in Table 4. The results of Models 1-4 show that the
coefficients of PEU, PEU x Gov_Subsidy, PEU x GOV, and PEU x Gov_
Intervention are positive and significant (8 = 0.246, p <0.01; 3 = 0.277,
p <0.1; B = 0.293, p <0.05; B = 0.210, p <0.05, respectively). These
results are consistent with our main findings, further indicating that the
positive relationship between entrepreneurial PEU and eco-innovation
is robust across different measures of eco-innovation.
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TABLE 7 Estimation of firm eco-innovation: mediation effect of dynamic capability.

Variables DV: Eco-innovation DV: Dynamic_Capability DV: Eco-innovation
X=Y X—M X, M=Y
Model 1 Model 2 Model 3
Dynamic_Capability 0.156***
(0.014)
PEU 0.160*** 0.113** 0.108***
(0.050) (0.047) (0.040)
Gov_Subsidy 0.024 0.002 0.026*
(0.019) (0.017) (0.015)
GOV 0.118%** 0.103*** 0.096***
(0.019) (0.017) (0.015)
Gov_Intervention -0.006 0.005 0.007
(0.010) (0.009) (0.008)
Size 0.035%** 0.020*** 0.026***
(0.004) (0.003) (0.003)
Lev 0.048 -0.039 0.058**
(0.030) (0.028) (0.024)
Pre_IPO 0.161*** 0.080*** 0.143***
(0.030) (0.025) (0.024)
ROE 0.008 —-0.014 0.010
(0.021) (0.024) (0.021)
Firm_Age 0.003* -0.000 0.004***
(0.001) (0.001) (0.001)
Entrepreneur_Age -0.000 0.000 0.000
(0.001) (0.001) (0.001)
Education 0.012 0.016** 0.015**
(0.008) (0.007) (0.007)
Gov_Regulation 0.067* 0.021** 0.060***
(0.010) (0.008) (0.008)
Competitive pressure 0.016 0.038** 0.009
(0.011) (0.009) (0.009)
Industry dummy YES YES YES
Province dummy YES YES YES
Constant =0.2717* 0.039 —0.3250*
(0.085) (0.081) (0.069)
Observations 2,733 2,833 2733
R-squared 0.315 0.158 0.319

Robust standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Secondly, as the dependent variable in this study is a categorical
variable with only two values, 0 and 1, we employed the Logit model
to test the research hypotheses again for robustness. The results of
the Logit model are presented in Models 5-8 in Table 4. The
regression coefficients of PEU, PEU x Gov_Subsidy, and PEU x
Gov_Intervention remained positive and significant (8 = 1.120,
p <0.01; B = 1.372, p <0.05; = 1.032, p <0.01). These results
suggest that government subsidies and government intervention
have a positive moderating effect on the relationship between PEU
and Eco-Innovation. However, for PEU x GOV the regression
coefficient is positive but not statistically significant.

Thirdly, we used LnPEU as an alternative independent variable
for PEU. Table 5 presents the results of replacing the independent
variables. Models 1-4 demonstrate that the coefficients of LnPEU,
LnPEU x Gov_Subsidy, LnPEU x GOV, and LnPEU x Gov_
Intervention are all positive and significant (8 = 0.080, p <0.01;
B =0.108, p <0.1; f=0.098, p <0.1; f = 0.073, p <0.01, respectively).
Overall, the findings of this study are robust to changes in the
measures of key variables and regression methods.

Another issue that may affect the robustness of our research is
the existence of omitted variables and reverse causality in our
regressions, which can lead to endogeneity problems. For
instance, firms with higher eco-innovation intensity may be more
sensitive to external environmental uncertainty. To address this
endogeneity problem, we utilized two-stage least squares (2SLS)
estimation with an instrumental variable, the industry PEU mean.

The validity of instrumental variables depends on the relevance
condition and the exclusion restriction. Firstly, regarding the relevance
condition, we argue that the average level of PEU at the provincial level
mainly reflects the degree of regional environmental uncertainty, and
thus is correlated with entrepreneurs’ perception of external
environmental uncertainty, satistying the relevance condition.
Secondly, with respect to the exclusion restriction, we contend that
in the context of this study, unobserved firm-specific characteristics
related to eco-innovation are unlikely to affect the regional-level
environmental variable, that is, used as the instrumental variable,
thereby satisfying the exclusion restriction (Fisman and Svensson, 2007).

Table 6 presents the estimation results using 2SLS, and we report
the results for both stages. The findings of the first stage of Model
1 and Model 3 reveal that both instrumental variables (Industry_PEU
and Industry_LnPEU) are significantly associated with entrepreneurs’
PEU. In the second stage, all coefficients, PEU in model 2 (8 = 1.620,
p <0.05), and LnPEU in model 4 (8 = 1.199, p <0.05), are positive and
significant at the 5% level, which remains consistent with our main
conclusions. Thus, the positive relationship between PEU and Eco-
Innovation remains robust even after correcting for the endogeneity
problem using 2SLS estimation.

4.4 Test for mechanism of perceived
environmental uncertainty

According to our theory, when entrepreneurs perceive higher
levels of environmental uncertainty, the dynamic capabilities of SMEs
can be enhanced, leading to a positive impact on the firm’s eco-
innovation. To measure a company’s dynamic capabilities, we utilized
a CPES item that asks, “What are the most significant changes that
companies undertake to adapt to environmental changes?” A
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company’s Dynamic_Capability is coded as 1 if it has upgraded its
technology, transferred its product production to high-end products,
and reduced the pollution generated by its production process as part
of its transformation; otherwise, it is coded as 0.

We estimated a mediation model using the firm’s dynamic
capabilities as a mediator, and Table 7 reports the results of the
analysis of our mediation model. In the first step, we estimated the
impact of PEU on Eco-Innovation and the results are consistent with
the previous ones. In the second step, we estimated the effect of PEU
on firm Dynamic_Capability, and Model 2 demonstrates that PEU
has a positive and significant effect on Dynamic_Capability (f =
0.113, p <0.05). In the third step, we observed further that the effect
of PEU on Eco-innovation shrinks when Dynamic_Capability is
added to the model. These results suggest that the firm’s dynamic
capability is an important mechanism to connect entrepreneurs’
PEU with firm’s eco-innovation.

5 Conclusion

The impact of objective environmental uncertainty on
entrepreneurs’ decisions needs to be realized by influencing
entrepreneurs’ perceptions of uncertainty, which means that
the
influencing the firm’s strategic adjustment. This study examines

perceived environmental uncertainty is deeper factor
the impact of SME entrepreneurs’ PEU on their eco-innovation
activities, and investigates the moderating role of government
intervention (government subsidies and government official
visits) on this relationship. Our findings, based on a sample of
2,733 SMEs from the 2016 CPES, provide robust evidence that
perceived environmental uncertainty has a significant and positive
effect on eco-innovation. In addition, we find that the positive
relationship between entrepreneurs’ PEU and eco-innovation is
strengthened by government subsidies or official visits. Firms’
dynamic capabilities are critical in overcoming environmental
uncertainty and driving eco-innovation, enabling them to detect
opportunities and threats in the external environment, and
effectively mobilize internal and external resources to capture
opportunities and continuously adapt their strategies to the
Our

implications for how firms and governments can collaborate in

dynamic environment. conclusions have significant

uncertain environments to achieve low-carbon development.

5.1 Theoretical contributions

As the primary theoretical contribution of this study, we
emphasize the influence of entrepreneurs’ PEU on corporate eco-
innovation from a dynamic capability viewpoint, thereby enhancing
the literature on uncertainty and corporate innovation. Previous
research has mainly assumed that the risk of external environmental
uncertainty prompts entrepreneurs to delay innovation investment
decisions. However, they primarily focused on objective macro-
environmental risks rather than entrepreneurs’ attitudes towards
risk (Roper and Tapinos, 2016). In fact, entrepreneurs’ attitudes or
perceptions of risk are essential factors influencing business
decisions (Zayadin et al., 2022). We have linked entrepreneurial
PEU with corporate eco-innovation decisions based on the dynamic
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capabilities of the organization. Our findings not only bridge the gap
between objective environmental uncertainty and PEU but also
enable researchers to gain a deeper understanding of how
dynamic capabilities function in uncertain environments.

Furthermore, we found that government intervention significantly
contributes to improving the strategic flexibility of enterprises in an
uncertain environment, providing theoretical support for the rationality
of government intervention behavior in uncertain situations. Whether
the influence of government interference on innovation activities is a
“helping hand” or a “grabbing hand” has been the focus of academic
discussion. Some scholars argue that government public funding has a
crowding-out effect on firms’ innovation investments (Dimos and
Pugh, 2016), while others contend that government financial
support reduces firms’ R&D costs and risks (Long and Liao, 2021),
thereby increasing firms’ willingness to research eco-product
innovation. Our study emphasizes the positive effect of government
involvement on company eco-innovation under uncertainty, providing
theoretical evidence for government intervention under uncertainty.
These findings further clarify the boundary conditions for the impact of
PEU on eco-innovation.

5.2 Practical implications

More practically, this research provides new evidence and
corporate
policymakers about managing corporate eco-innovation in an

insights ~ for decision-makers and government
uncertain environment. Based on our results, they can have a
more transparent and comprehensive understanding of the risks
and opportunities arising from environmental uncertainty.

First, corporate decision-makers, especially SMEs, should clearly
recognize the opportunities and challenges brought by the changing
environment when they perceive the uncertainty of the external
elevated. Although

unpredictable environment carries the risk of revenue decreases,

environment as eco-innovation in an
organizations can obtain a first-mover advantage and turn
challenges into opportunities in a crisis if they are adaptable and
have a solid dynamic capability. They should be willing to embrace
technological advancements in an uncertain environment, strive to
enhance their dynamic capabilities, and actively seek government
resource support. Based on the resources available, companies
should fully leverage their dynamic capacities to integrate and
reconfigure resources to address the difficulties of uncertainty.
Second, in an unpredictable environment, policymakers should
support the eco-innovation activities of businesses with financial
support and strategic direction. This is because government
interventions can increase the strategic flexibility of businesses
and decrease the cost of eco-innovation, thereby increasing their
motivation to participate in eco-innovation. In addition, the
government should value government official visits as a means of
government intervention, that is, significantly different from
subsidies. It
interaction and reduces the information asymmetry between the

government improves  business-government

two parties. Policymakers can conduct more effective and long-term
strategic planning based on corporate strategic information, a
substantial amount of which is unavailable without in-depth
enterprise access. Companies can make

timely  strategic

adjustments based on government officials’ policy priorities.
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5.3 Limitations and directions for future
research

Our research also has some limitations. Firstly, we used cross-
sectional data, and although we eliminated some adverse effects by
using instrumental variables, we cannot entirely exclude any
unfavorable impacts from the use of cross-sectional data. In the
future, longitudinal data could be used to further validate the
relationship between entrepreneurs’ PEU and company eco-
innovation. Secondly, we used a sample of SMEs to test our
hypothesis, without considering large enterprises. SMEs may be
compelled to engage in eco-innovation due to survival pressure or
resource constraints, whereas large enterprises have fewer of these
constraints and may be less sensitive to perceptions of
environmental uncertainty. They may not have a positive attitude
towards eco-innovation in an uncertain environment. Therefore,
using a sample of large enterprises in future research could be
interesting for studying this issue.
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