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Innovative governance systems
and green innovations of
agriculture-related enterprises
based on the approach of
fuzzy-set qualitative comparative
analysis

Huricha Bao*, Chibo Chen* and Yuemin Liu

School of Business Administration, Zhongnan University of Economics and Law, Wuhan, China

The green innovation (Gl) of agriculture-related enterprises has been an
important factor to the ecological and sustainable development of
agriculture. This research integrates the eight elements of the internally and
externally governing mechanisms in the innovative governance system (IGS),
adopts the fuzzy-set qualitative comparative analysis (fsQCA) from the
configuration perspective, taking the data of A-shares’ listed agricultural
companies in Shanghai and Shenzhen stock markets from 2007 to 2019 as
samples, and explores the configuration effects of highly green innovations
(Gls) from the collaborative matching of various elements of the enterprises’
IGS. The research results showed that 1) a single element of this IGS was unable
to become a requisite for agriculture-related enterprises to generate highly Gls,
but government subsidies played a more universal role in such a process; 2) the
“multiple synergies” of various elements in the enterprises’ IGS formed six
different configurations to drive highly Gls, namely, three major models of
internal and external supervision with an external incentive, internal supervision
with internal and external incentives, and internal and external supervision with
internal and external incentives; 3) there were five different paths for the IGS of
agriculture-related enterprises to generate non-highly Gls, which were in
asymmetry with the configuration paths to generate the highly Gls.

KEYWORDS

external governance, internal governance, synergistic matching, highly green
innovations, fsSQCA

1 Introduction

The establishment of ecological civilization has always been one of the most
significant factors to the sustainable and healthy development of human society, and
both academic and practical circles attach great importance to it. Enterprises are not only
the users and takers of natural resources but also the key factor to coordinating economic,
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social, and ecological issues. In ecological governance, enterprises
should assume a major role, and their GI has been an effective
way to achieve the dual goals of economic and ecological benefits
(Kong et al, 2016). However, the GI of agriculture-related
enterprises not only possesses dual externalities but also faces
uncertainties of agricultural production and operation. Its risk
has been much higher than that of other industries (Wang et al,
2021a). The GI behaviors of its executives brought higher agency
costs, and the economic benefits generated by the GIs of
agriculture-related enterprises were often lower than their
benefits. This the
enthusiasm of enterprises and withdraw their momentum for

ecological and social will dampen
more GIs. Therefore, the synergy of internal and external
governance mechanisms is needed to guide agriculture-related
enterprises to actively carry out GIs.

Scholars have carried out significant research on the
influences of GIs on enterprises and obtained fruitful results,
but the conclusions were not always consistent and sometimes
contrary to each other. As the most effective external governance
mechanisms, environmental regulation and government subsidy
policy have a significant effect on enterprises’ GIs. Research
studies by scholars also showed that the subsidy policy would
promote the GIs of enterprises, make up for the increased costs,
and compensate for the short-term economic losses of producers
(Wang et al,, 2014). In contrast, it was believed that the subsidy
policy would bring the crowding-out effect because sufficient
government subsidies could replace a part of enterprises’ internal
funds for research and development (R&D) (Herrer and
Montmartin, 2015; Yu et al, 2016). Government subsidies or
tax returns were deemed to mainly play an incentive role, while
environmental regulation, as a mandatory regulatory policy, was
considered to exert a more supervisory effect. The “Porter
hypothesis” holds that appropriate environmental regulation
could encourage enterprises to implement technological
innovations and transformations. In contrast, it was believed
that environmental regulation increased the cost of enterprises’
environmental governance, which would crowd out investments
in technological innovations and product R&D and then impose
a negative impact on the market competitiveness and
performance of enterprises (Jaffe and Palmer, 1997; Kneller
and Manderson, 2012). Effective implementation of external
policies was directly related to the internal governance
mechanism of enterprises. GIs require plenty of capital
investments, policy support, and effective allocation of capital.
As the carrier of the internal incentive and supervision
mechanisms of enterprise innovations, internal governance
played an important role in the process of GIs (Cheng et al,
2019), which would effectively reduce the agency behaviors of
executives, promote their motivation for GIs, and improve the
enterprise efficiency of resource allocation in a timely manner.
Existing literature research studies demonstrated that increasing
the cash incentives of executives would reduce their agency
behaviors and lower their risk aversions (Benjamin et al,
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2017). Increasing the proportion of independent directors
would increase the transparency of enterprises and effectively
control the major shareholders or internal staff, which might
facilitate the improvement of the quality of innovative decision-
making (Xu and Xu et al., 2021).

In general, the aforementioned research studies mainly
evaluated and validated the influences of single governance
systems and their mutual interactions on GIs, but the internal
and external governance mechanisms exist in integration than in
solitary, while there is a synergistic matching effect among their
elements. Only the matching of diverse external policies and
proper
encouraging enterprise innovation behaviors (Reichert et al,

internal  governance mechanisms can achieve
2016). Future research should evaluate and validate the
effectiveness of the IGS coordinately developed by internal
and external governance elements.

Agricultural green innovation is the core of sustainable and
high-quality development of the entire agriculture industry.
Agricultural enterprises have not only been the most dynamic
and vital subject, leading the activities of agricultural green
innovation, but also a pivotal force in the industrialization of
agricultural achievements from science and technologies (Hong
and Li, 2020). However, research and development innovation
activities are characterized by long cycles, high risks, and
irreversibility, while enterprises have to bear the high
governance costs when conducting these innovation activities
(Wan et al,, 2020). The production and operation activities of
agricultural enterprises have already been influenced by
uncontrollable factors such as biological growth cycle, natural
the

result

environment, and epidemic situation; consequently,

technological innovation process and innovation
implementation cycle have become longer and riskier (Li and
Li, 2015). In particular, green innovations of agricultural
enterprises demand high-quality land; sufficient oxygen,
moisture, and other natural environments; and abundant
support of human and material resources. Unlike agricultural
technology innovation or industrial enterprises’ green
innovation, agricultural green technology innovation poses the
dual characteristics of commonness of agricultural technology
innovation and non-exclusivity of green technology innovation
benefiting, which reflected its unique attribute of public goods
(Chu, 2022). This feature enables the social and environmental
benefits of agricultural green technology innovation to go far
beyond its economic benefits. Enterprises and individuals
seeking to maximize economic benefits are not willing to
conduct agricultural green innovation. As a consequence, it
becomes necessary to build supervision and incentive
mechanisms for affecting the elements of agricultural green
technology innovation to achieve the innovation objectives
and eventually promote the green innovation behaviors of
agricultural enterprises. It can be observed that establishing an
effective system of innovation governance is quite significant to

the green innovation of agricultural enterprises, but at present,
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few scholars have paid attention to the possible influence of an
innovation governance system on the green innovations of
agricultural enterprises.

This study integrates the eight elements of internal and
external supervision and incentives of the IGS, takes the data
of agricultural companies listed in Shanghai and Shenzhen stock
markets from 2007 to 2019 as the research sample, and uses the
method of fuzzy-set qualitative comparative analysis (fsQCA) to
explore the synergistic matching of various elements of the IGS
and the complex causality mechanism of GIs of agriculture-
related enterprises. From the perspective of configuration, this
method analyzes the different paths of highly GIs of agriculture-
related enterprises generated by the synergistic matching of
various elements of the governance system, like “all roads lead
to Rome.” This study tries to answer the following questions:
does a single element of the IGS constitute a necessary condition
for highly GIs of agriculture-related enterprises? Which
configurations of governance elements can generate highly GIs
for agriculture-related enterprises? Also, which configurations of
elements for

governance can generate non-highly GIs

agriculture-related enterprises?

2 Literature review and configuration
analysis

2.1 External governance and green
innovations of agriculture-related
enterprises

Enterprise innovation brings high-quality resources to
enterprises and is also an effective way to establish market
competitiveness. It should become a natural selection process
for enterprises, but in reality, not all companies actively
implement innovations (Cheng et al., 2019). There are dual
externalities in enterprises’ GI, which requires regulatory and
the

environmental governance. As a mandatory environment from

subsidy policies to internalize cost of enterprise
the external institution, environmental regulation will affect the
investment scale and efficiency of enterprise GIs. The social costs
from environmental pollution are higher than the benefits from
GI, resulting in negative externalities. The government needs to
implement mandatory constraints and market guidance to
reduce the emission of pollutants from enterprises, thus
stimulating enterprises’ technological transformation and GI.
The “Porter hypothesis” holds that appropriate environmental
regulation could encourage enterprises to carry out technological
innovation and transformation so that enterprises’ core
competitiveness and business performance are improved.
Agriculture has been an industry with low-tech innovations
(Pang and Liu, 2021), and agriculture-related enterprises rely
more on resources, environments, and simple processing of

regional agriculture-related products. Under increasingly strict
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environmental regulations, these enterprises now have to
improve technology for green transformation. Moreover, the
government mainly restricts pollution behaviors through
of
regulations and market supervision by pollution charging to

mandatory  requirements directive  environmental
stimulate the motivation for GIs.

From a macroscopic perspective, due to the positive
externality of GI, innovative enterprises need to invest plenty
of money and time, but they cannot monopolize their innovation
results. The GIs of agriculture-related enterprises have long
cycles, high risks, and low economic profits, which cause
their The

contradiction between the weaknesses of agriculture and the

strong uncertainty in investment returns.
profit-seeking nature of capital has severely restricted the
financing of agriculture-related enterprises (Czarnitzki and
Hussinger, 2004), leading to lack of GI momentum of listed
agricultural companies. Other research studies showed that the
government subsidy policy would promote the GI of enterprises,
compensate for the increased costs, and make up for the short-
term economic losses of innovators (Dong et al., 2021). First,
government subsidies could solve the short-term financing
of the

unexpected losses from early innovation failures, and reduce

problems innovative enterprises, make

up for

the uncertainty caused by financial problems to a certain extent
(Czarnitzki 2004).
compensations such as tax returns could offset the costs

and Hussinger, Second, later-stage
brought by the spillover of knowledge and technology to a
the of

innovations’ compensation, and increase the enthusiasm of

certain  degree, increase efficiency enterprise
enterprise innovation (Cheng et al, 2019) so that the GI of
enterprises is improved. The public production attribute of the
agricultural industry causes its economic profits to be far below
its social benefits, and the positive externality of GIs is more
obvious, which makes the subsidy policy an important factor in
the green and high-quality development of agricultural

enterprises.

2.2 Internal governance and green
innovations of agriculture-related
enterprises

According to the agent theory, the agent problems hidden
within enterprise innovative activities will restrict innovation
efficiency. As the agents of entrepreneurs, executives are also the
controllers and executors of enterprises’ GI strategies. Reasonable
supervision and incentives to executives have been conducive to
reducing agent costs and improving innovation efficiency (Xie
etal., 2018). To pursue short-term interests, enterprise executives
would often give up some long-term investments, especially
when making highly risky investment decisions such as GIs.
Thus, how to reduce the agent behaviors of executives and
improve the enterprises’ enthusiasm for GI has been an
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important issue of internal governance. Improving the cash
incentives to executives would reduce their agent behaviors
and risk aversions (Xi and De, 2020), which is the most
effective incentive in the short term. Moreover, equity
incentives will enable them to tolerate short-term innovation
failures and offer long-term returns, making executives consider
more about the long-term development of the enterprise.
However, due to binding the executive performance with
equity, they would be affected by short-term market pressures
and worries about the shrinkage of short-term wealth, before
choosing investment projects with high economic returns to
crowd out GI ones (Yu et al., 2020). Therefore, both internal
and external supervision mechanisms must be adopted to restrict
executives” short-sighted behaviors.

Internal supervision is not only the core factor of internal
governance but also an important element in the IGS. Research
studies exhibited that governance mechanisms such as improving
the proportion of independent directors and keeping the share
balances could enhance the enterprise’s transparency and
effectively ~ implement internal control over major
shareholders, which is conducive to improving the quality and
efficiency of executives” innovative decision-making (Xu and Xu,
2021). From the perspective of board governance, independent
directors have no critical business connection with executives
and can make decisions independently; therefore, they are
expected to make more objective suggestions on the long-term
development and environmental issues of the company, supervise
the short-sighted behaviors of senior executives, and reduce the agent
costs (Cheng et al., 2019). From the perspective of equity governance,
the share balance divides the control among shareholders to supervise
and restrict each other, alleviate their selfish behaviors, and reduce the
agent cost between shareholders and executives to a certain extent (Yu
et al, 2020). This could also restrict the short-sighted behaviors of
executives so that the GI behaviors of enterprises are improved.
Although the enterprise’s GIs endure high risk and a long return
period, they remain the key factor to maintaining the enterprise’s core
competitiveness and green sustainable development in the new era. As
a result, for the sake of long-term interests, major shareholders and
independent directors will become more inclined to improve the

enterprise’s GL

2.3 Configuration analysis of enterprises’
innovative governance systems and green
innovations of agriculture-related
enterprises

The governance of enterprise innovation is an integrated system
composed of both internal and external governance systems (Cheng
et al., 2019). The studies on the “net effects” of different internal and
external governance systems on the GI of agriculture-related
enterprises provided a basis for understanding the relationship
between these IGSs and GIs. However, in such studies, the linear
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relationships between different government policies with different
internal governance systems and GIs of agriculture-related enterprises
were uncertain, and it was difficult to explain the configuration effects
of more than three factors. It was impossible to clarify the necessary
and sufficient causalities because the process of enterprise GI has been
a loosely connected entity, relying on the values of “connection” and
“aggregation” and the logic of re-creation (Wang et al, 2021b).
Different
interdependent, interactive, and connected entities; hence, the

internal and external governance systems are
single internal supervision and incentives cannot generate high
GIs. There are complex causality relationships between multiple
conditional variables of internal and external governance and
enterprise GIs.

Scholars have also conducted substantial research on the
complex causality among multiple factors with plentiful results, which
laid a solid foundation for this study. Meyer et al. (1993) proposed that
the environment, industry, technology, culture, belief, community,
members, and other elements with results could be aggregated into
distinct configurations at different dimensions. Ragin (2007) also
believed in the existence of numerous reasons for various social
phenomena, which were interdependent rather than independent
of each other; therefore, the interpretation of these social phenomena
requires the analysis ideology to rely on the abovementioned
configurations. This ideology has also been widely applied in the
display analysis of economic management, but the contingency theory
remains preferred by traditional academic research, mainly to analyze
the causal relationship between the two or the cross-relationship
among the three, when controlling other conditions. This is primarily
because of the mismatch between the research theories and methods.
With the introduction of set theory and the QCA method, the
dilemma of scholars in analyzing problems from the perspective of
configurations was eventually resolved (Fiss, 2007). In recent years,
numerous scholars have adopted the method of QCA to analyze the
practical problems of economic management. For example, the study
by Huang et al. (2021) has revealed that the performance by overseas
subsidiaries of Chinese manufacturing enterprises was the result of the
achievement of multiple factors. The research of Li et al. (2022) has
demonstrated that the process of enterprise business model
innovation is the output of multiple internal and external factors.
Nonetheless, the existing literature on QCA lacks comprehensive
consideration of the internal and external factors of the enterprises’
innovative governance systems.

The relationships of symbiosis and competition among the
elements of the enterprise IGS can only depend on the synergistic
matchings between these elements to achieve effective governance,
such as the matchings between the configuration effects of
supervision and incentives, the configuration effects of long-term
incentives and short-term incentives, and external policy and
internal governance. Moreover, the green innovation process of
agriculture-related enterprises is deemed to be a complex procedure
that needs to integrate the natural, environmental, technological,
and economic resources, while coordinating multiple stakeholders,
including the government, farmers, related enterprises, and
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employees (Chu, 2022). These green innovations of enterprises
demand the synergy between the combination policies of
different departments and sophisticated internal governance
(Cheng, 2019; Wang and Li, 2021). From the perspective of
configuration, the organization is best understood as an
interrelated structure rather than a unitized or loosely combined
entity (Du and Jia, 2017), which is the same as the perspective of the
enterprise IGS. Therefore, the configuration perspective is very
suitable for analyzing the non-linearity, equivalence, and
complexity of the enterprise IGS to the GI of agriculture-related
enterprises. On one hand, the enterprise IGS restricts the agent
behaviors of executives but encourages GI behaviors to improve the
innovation enthusiasm of decision-makers. On the other hand, it
optimizes the external policy and market environment to improve
the efficiency of compensating the GI. To sum up, it remains an
open question about how the elements of the IGS interact with each
other to influence the GI of enterprises. Based on the configuration
perspective, this study explores the complex causality mechanisms
of the IGS affecting the GI of agriculture-related enterprises. The
theoretical model is shown in Figure 1.

3 Research methods and variable
selection

3.1 Research methods

According to the aforementioned theoretical analyses, it
was found that the GI of agriculture-related enterprises had a
spillover effect, while the spillovers of technology and
knowledge would reduce the enthusiasm of innovative
enterprises. Therefore, it proved to be far from enough for
the highly GI of agriculture-related enterprises to merely study
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the influences of the pairwise interactions between internal
factors and external policies. It was necessary to explore the
effects of the IGS with the multidimensional synergy of
internal governance and external policies on the GI of
agriculture-related enterprises.

The method of fuzzy-set qualitative comparative analysis
(fsQCA) based on the set theory proposed by Ragin C C can well-
solve the complexity of causality and identify different equivalent
paths leading to the same result for evaluating the multiple
synergistic causalities (Ragin, 1987). This method has been
widely used in academia since Ragin proposed the QCA
method. In the early days, scholars mainly used the QCA
method in cross-case studies of small samples of complex
problems in social sciences such as sociology and political
science (Ragin, 1987; Ragin, 2007). In recent years, the QCA
method has been widely used in the processing of large samples
in management and the configuration analysis of complex
problems (Du and Jia, 2017) and has become an important
tool to solve the complexity of causality in management,
marketing, and management information systems (Fiss, 2007;
Fiss, 2011; Misangyi et al., 2017; Du and Ma, 2022). There are
three reasons for choosing the fsQCA approach: first, the
realization of highly GI of agriculture-related enterprises
depends more on the joint supervision and incentive of
external and internal governance. The fsQCA method can
the different
combinations of IGS elements and GI from the perspective of

analyze nonlinear relationship  between
entirety and configuration. Second, this method can explore the
different configuration paths of the IGS elements to realize the
highly GI of listed agricultural companies, facilitating a better
understanding of the multiple equivalent paths to realize the
highly GI of agriculture-related enterprises. Third, the fsQCA
method can also compare the asymmetric configuration path
between highly and non-highly GIs generated by multiple

synergy conditions.

3.2 Data collection

This study took the GI of listed agricultural companies as the
research object with a specific data source: the GI data of
agriculture-related enterprises were retrieved by first querying
the corresponding International Patent Clsassification (IPC)
from the website of China’s State Intellectual Property Office
based on all the innovation data of listed companies in the
Guotai'an database. Then, these IPCs were compared with
published by the World
Organization (WIPO)'. Finally, according to the “Industry

those Intellectual  Property

1 Bao Huricha (1988): Doctorate in Agricultural Economics, Zhongnan
University of Economics and Law, China (Corresponding author);
Email: SUYEBAO@aliyun.com; Telephon:18204856757.
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TABLE 1 Calibration values and descriptive statistics.

10.3389/fenvs.2022.990414

Variables Measurements Anchor points of calibrations Descriptive statistics
Full Cross  Full Non- Mean Standard Minimum Maximum
membership over membership deviation
GI R.D. Number of green 3 2 1 3.698 6.3171 1 58
patent applications
Supervision  Int. Independent directors’ 0.4 0.3571 0.3333 0.3763  0.0603 0.250 0.60
mechanism proportions
Share-balance Summed 1.0295 0.5837 0.2275 0.7339  0.6436 0.0219 2.9613
shareholdings of the
2nd-5th major
shareholders/
shareholdings of
controlling
shareholders
Incentive Executive_pay Executive average 43.75 25.51 15.29 33.778 27.002 3.5060 153.9
mechanism payment (10000 yuan)
Executive_share  Executive 0.2130 0.0046 0.0001 0.1260 0.1850 0 0.6992
shareholding
Regulatory Reg. Environment-related 7211 6386 5557 6363.09 1108.1 3935 9111
system words in the
government work
reports
Fees Fees for pollutant 2.8665 2.0566 1.3806 22325 1.3245 0.1588 8.9727
discharge /GDP
Subsidy Sub. Subsidies/total assets 0.0076 0.0045 0.0021 0.008 0.0143 0.0001 0. 1343
policy of the enterprise in the
current year
Tax Tax return in total / 0.0074 0.0018 0.0001 0.0087 0.1880 3.5062 152.96

total assets of the
enterprise in the
current year

Classification Guide for Listed Companies” revised by the China
Securities Regulatory Commission in 2012, this study selected the
enterprises of agriculture, forestry, animal husbandry, fishery,
related The
government’s work reports could be downloaded from the

and agricultural product manufacturing’.
websites of Chinese provincial governments. The data for the
pollutant discharge fee were obtained from the “China
which  the

environmental protection tax was levied after 2018 without

Environmental  Statistics ~ Yearbook,” in
publishing the pollutant discharge fee any longer. In this
article, the market-oriented environmental regulation in
2018 and 2019 was replaced by the environmental protection
tax amount obtained from the “China Tax Statistics Yearbook.”
Other data related to corporate governance and government

subsidies were from the Guotai’an database.

2 Chen Chibo (1961): Professor, Doctoral Tutor, Zhongnan University of
Economics and Law, China.
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3.3 Definition and calibration of variables

3.3.1 Definition of variables
The GI of
enterprises was measured by the number of green patent

Outcome variable: agriculture-related
applications of listed agriculture-related companies, which
of

enterprise innovation activities (Li and Zheng, 2016), rather

could more accurately measure the output level
than the input in advance. Furthermore, the International
Patent Clsassification (IPC) published by the State Intellectual
Property Office could also clearly distinguish the technical
characteristics of enterprise innovation activities: GI or
non-GIL.

Conditional variables: We refer to the research studies of
Benjamin et al. (2017) and Cheng et al. (2019) for selecting
eight elements from four aspects of internal supervision,
internal  incentive, environmental regulation, and
government subsidy, specifically including environmental
regulation policy: directive environmental regulations and
market-oriented environmental regulations; government
subsidy policy: government subsidies and tax breaks;
internal the of independent

supervision: proportion
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TABLE 2 Necessity test of single conditions.

Highly GI

Conditional variables Consistency
Int. 0.4970

~Int. 0.6107
Share_balance 0.5113
~Share_balance 0.5985
Executive_pay 0.6115
~Executive_pay 0.4947
Executive_share 0.5307
~Executive_share 0.5867

Reg. 0.5592

~Reg. 0.5400

Fees 0.4993

~Fees 0.5928

Sub. 0.5743

~Sub. 0.5270

Tax 0.5560

~Tax 0.5555

Note: “~” represents the non-high sets of conditional variables.

directors and the degree of share balance; internal incentive:
executive compensation incentive and executive equity
incentive. Detailed measurements and descriptive statistics
are listed in Table 1.

3.3.2 Calibration of variables

QCA data are usually numerical, and each type has its
own specific format. All conditions in fsQCA must be
calibrated as continuous values between 0 and 1. This
study followed the mainstream research of QCA at
home and abroad to use the direct method (the way of
objective quantile value) to calibrate each variable as a
(2011)
and Greckhamer (2016), according to the characteristics of

fuzzy set. Referring to the research of Fiss
the sample data in this article, it can be observed from

the descriptive statistics that there is a significant

difference between the maximum value and the
minimum value of the sample data, with the average
value being closer to the minimum value. If 95%, 50%,
and 5% are selected as the anchor points, it will be
too extreme and affect the accuracy of the research
results. Therefore, the 75%, 50%, and 25% quantiles of
descriptive statistics of outcome variables and conditional
variables were used as three qualitative anchor points of full
membership, crossover, and full non-membership,
respectively, This anchor is also widely used and recognized
by scholars in economics and management (Fiss, 2011;
Greckhamer, 2016; Du and Jia, 2017; Du and Ma, 2022).

See Table 1 for details.
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Non-highly GI

Coverage Consistency Coverage
0.4219 05174 0.6695
04537 0.5532 0.6263
0.4097 0.5553 0.6782
0.4690 05167 0.6171
0.4934 04816 04816
0.3850 0.5881 0.6976
0.4365 0.569 0.546
0.4884 0.5505 0.6413
0.4356 0.5404 0.6416
04353 0.5247 0.6446
0.4046 0.5425 0.6700
0.4595 05179 0.6119
04535 0.5206 0.6265
0.4190 0.5459 0.6615
04501 05189 0.6402
0.4310 0.5543 0.6555

4 Empirical analysis and results
4.1 Analysis of necessary conditions

According to the existing QCA research practices, this study
adopted the fsSQCA software to test the requisites of all conditional
variables and non-sets. Whether the elements of the IGS can
constitute the requisites for highly GIs and non-highly GIs of
agriculture-related enterprises is illustrated in Table 2. The
consistencies of single variables were all below 0.7; thus, single
conditions could not constitute the requisites for outcome variables
(Du and Jia, 2017). The realization of highly GI of agriculture-related
enterprises was proven to be a configuration system of synergy among
the elements of the IGS, not driven by the single elements or the
interactions between every two.

4.2 Analysis results of sufficient conditions

4.2.1 Highly green innovations’ governance
system for agriculture-related enterprises
Referring to the research of Du and Jia (2017), considering
that the sample cases and data feature frequency threshold and
consistency threshold of this study were selected as 2 and 0.85,
respectively, the results calculated by fsSQCA software are listed in
Table 3. This study distinguished the core condition or edge
condition by comparing their simple solutions and the
intermediate solutions (Fiss, 2011; Du and Jia, 2017). It could
be observed from Table 3 that the overall consistency level of the
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TABLE 3 Configuration analysis of Gl of agriculture-related enterprises.

Configuration of highly GI

Condition variable H1 H2 H3 H4
Int. ® [

Share-balance ° ® [ ] °
Executivejay ® ® [
Executive_share ® ° ®
Reg ° ° ® ®
Fees ° ° [ ] ®
Sub ° ° ® °
Tax ° ® [ J [
Consistency 0.856 0.917 0.853 0.835
Original coverage 0.091 0.073 0.062 0.076
Unique coverage 0.022 0.018 0.031 0.017
Consistency of Solutions 0.824

Coverage of Solutions 0.258

H5

R e ® @ o @ o

0.868

0.104

0.025

10.3389/fenvs.2022.990414

Configuration of non-highly GI

He6 H1 H2 H3 H4 H5
) ® ° ) ®
° ® ® [ ] [ ]
® ° ° ° ® ®
) ) ) ° ® °
® ® ° ® )
® ® [ ) ° °
) ® ®
® ® ® ® ° ®
0.901 0.863 0.873 0.868 0.842 0.846
0.079 0.056 0.078 0.060 0.032 0.034
0.016 0.002 0.033 0.015 0.018 0.016
0.883
0.175

Note: @ indicates the existence of this core condition; @ indicates the lack of this core condition; ® indicates the existence of this marginal condition; ® indicates the lack of this marginal

condition.

intermediate solution was beyond 0.8 and the coverage was 0.258.
According to the coverage index, each configuration had a
substantive explanation for the GI of agriculture-related
enterprises, while the six configurations jointly explained the
coordination mechanism of internal and external governance of
GIs. In five of the
configurations, government subsidy existed as the core

agriculture-related enterprises’ six
condition, while the proportion of independent directors did
not exist in three configurations, indicating that the highly GI of
agriculture-related enterprises depended on the configuration
system with synergistic effects of environmental regulation +
internal supervision + government subsidies, government
subsidies + internal incentive and internal supervision, and
internal supervision + dual incentives of governments and
enterprises. This study also analyzed the non-highly GIs’
configuration system of agriculture-related enterprises and
obtained five different configuration paths, as listed in
Table 3. Each configuration is described in detail as follows.

(1) Configuration H1: a model of environmental regulation +
government subsidy + share balance, in which sufficient
government subsidies, insufficient environmental regulation
or tax return, and the lack of share balance as the core
condition would still generate highly GI of agriculture-
related enterprises. In this configuration, whether there
was an equity incentive had little effect on the GI of

the

conditions of independent directors and executives’ cash

agriculture-related  enterprises, while marginal
incentives exist and lack. The possible reasons are that for
listed agricultural companies, their competitiveness and scale

have not been dominant at present. There are many

Frontiers in Environmental Science

08

@

financing constraints (Wang et al, 2021a), and more
government subsidies are needed to offset short-term
financial problems and generate a longer-term driving
GL the effect of
environmental regulation policy on agriculture-related

force for Moreover, regulatory
enterprises has been insufficient. It is necessary to
increase the regulatory intensity to improve the GI
of

increase

awareness agriculture-related enterprises,
the of

minority shareholders, and strengthen the supervision

simultaneously shareholding  ratios
over controlling shareholders. Configuration HI is a
typical traditional model of applying government support
to promote GIL.

Configuration H2: a model of government subsidy +
independent director supervision similar to HI, in
which the synergistic effect of adequate government
by
directors would also generate highly GI of agriculture-

subsidies and strict supervision independent
related enterprises. Under this model, internal incentives,
share balances, and tax returns all existed as marginal
conditions. The possible reason was that government
subsidies could compensate for the short-term costs of
GI, but whether government subsidies were applied in GI
required strict supervision by independent directors to
improve the resource allocation efficiency of executives,
with constraints of environmental regulation policy to
guide the investment direction of agriculture-related
enterprises. H2 belonged to the configuration path of
highly GI generated by the synergistic effect of both
and external sufficient

internal supervision with

government support.
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(3) Configuration H3: a model of government regulation +
share balance + tax return incentive, which was mainly a
highly GI configuration formed by the synergy of strict
internal and external supervision with internal and
external long-term incentives. As long as the core
conditions such as the directive-based and market-
based environmental regulations and the share balances
existed, irrespective of the presence of government
subsidies or not, the long-term encouragement from
executives’ equity incentives and tax returns would still
generate highly GI of agriculture-related enterprises. The
possible reason was that strict environmental regulation
would increase the environmental awareness of decision-
makers and bring an innovation compensation effect in
the long run. Moreover, the supervision of market-based
environmental regulation would improve the market
reputation of enterprises, and the equity incentive
would increase the ownership awareness of executives
to pay more attention to the long-term development of
the company, which would improve its GI. Under strict
environmental regulation, only GI could bring market
competitiveness to agriculture-related enterprises, but
the existence of externalities and natural risks to
agricultural  enterprises required long-term  and
continuous incentives for executives to actively improve
their GI enthusiasm.

(4) Configuration H4: a model of government subsidy + share

balance + cash incentive, regardless of the supervision by

independent directors, with environmental regulation
policies as the marginal condition. As long as the
lacked existence of sufficient government subsidies,
executive payment incentives, share balances, and tax
returns as core conditions could still generate highly GI
of agricultural enterprises. This might be attributed to the
following reasons: compared with other enterprises,
agriculture-related enterprises suffered high operation
risk and difficult financing; hence, sufficient financial
support would effectively improve the innovation
efficiency. Meanwhile, cash incentives would be given to
executives for reducing the agent costs and increasing the
efficiency of resource allocations, which would improve
the GI enthusiasm of executives. This configuration
highly GI
configuration generated by the synergistic effect of the

belonged to a typical governance
internal and external short-term incentives and the
supervision by minority shareholders.
(5) Configuration H5: a model of share balances + government
and enterprise incentives. Whether there were independent
director supervision and even directive-based and market-
oriented government regulations have already been marginal
conditions in this model, the existence of the supervision by
minority shareholders as the core condition under sufficient

government subsidies and enterprise incentives would still
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also generate highly GI of agriculture-related enterprises.
The possible reason was that the operation risk of
agriculture-related enterprises was relatively high and
executives had more agent behaviors, but the strong
internal and external support and encouragement could
well-alleviate the negative feelings of executives, reduce
their agent behaviors, and solve the financing problems.

Furthermore, the internal supervision by minority
shareholders over controlling shareholders would also
promote the GI of enterprises. This configuration

belonged to an IGS of synergy among government
subsidies, long-term and short-term dual incentives for
executives within the enterprise, and supervision by
minority shareholders.
(6) Configuration H6: a model of internal dual supervision +
share incentive + government subsidy. Whether it had
command-based environmental regulation or not, when
the existence of market-based environmental regulation
and tax returns were both lacked as marginal conditions,
as long as there was the existence of core conditions such as
strict internal supervision, equity incentive, and government
subsidy, the highly GI of agriculture-related enterprises will
still be generated. The possible reason for this was that the
current internal governance of China’s agriculture-related
enterprises was imperfect. Hence, strict internal supervision
would have obvious constraints on senior executives, and
with the synergistic matching of government subsidies and
long-term incentives, highly GI effects could be generated.
This configuration belonged to the innovative governance
configuration of synergy between strict internal supervision

and internal and external dual incentives.

To sum up, the governance process of promoting GIs of
agriculture-related enterprises has been a configuration
system with the synergistic effect of internal and external
supervision and internal and external incentives. It was
neither generated by the supervision or incentive of a single
party nor formed by the interactions between every two of

them but by the entirety of the joint actions by
the government, the market, and the enterprises
themselves. Also, this configuration system was not

symmetrical to that of non-highly GI, which was also
analyzed in this study.

4.2.2 Governance system of non-highly green
innovations of agriculture-related enterprises
From Table 3, it could be observed that the existence of
government subsidies had little effect on non-highly GI.
Configuration H1 showed that only strengthening internal
supervision and incentive without environmental regulation
or government financial support was one of the main reasons
for generating non-highly GI in agricultural enterprises;
configuration H2 proved that only strict government policy
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TABLE 4 Robustness test results.

Configuration of highly GI

Condition variable H1 H2 H3 H4
Int. ® ® ®

Share-balance [ [ J [ (]
Executive_pay ® ® ® [ ]
Executive_share ® ° °
Reg ° [ [ ®
Fees ° ° [ ] ®
Sub ° o ® °
Tax ° ° ° ®
Consistency 0.885 0.851 0.851 0.835
Original coverage 0.054 0.047 0.047 0.076
Unique coverage 0.024 0.013 0.013 0.016
Consistency of Solutions 0.815

Coverage of Solutions 0.281

10.3389/fenvs.2022.990414

Configuration of non-highly GI

H5 H1 H2 H3 H4 H5
[ ] [ J ° [ °
® ° ® ® [ [ J
° ® ® ® ®
([ ] [ ] [ ] ° (] [ ]
® [ ] [ ] ® [ ]
® ® ) ) ° °
° ® ® ®
® ® ® ° °
0.902 0.860 0.861 0.856 0.904 0.904
0.079 0.027 0.038 0.047 0.066 0.066
0.016 0.002 0.014 0.021 0.011 0.007
0.891
0.129

Note: @ indicates the existence of this core condition; @ indicates the lack of this core condition; ® indicates the existence of this marginal condition; ® indicates the lack of this marginal

condition.

regulation and internal incentives without internal
supervision or government financial support would also
generate non-highly GI of agriculture-related enterprises;
configuration H3 indicated that strict internal and external
supervision and internal incentives without government
financial support would again generate non-highly GI of
configuration

agriculture-related enterprises;

H4 revealed that the lacked existence of strict internal

supervision, equity incentives, market-oriented
environmental regulation, and tax returns also led to the
non-highly ~ GI  of  agriculture-related  enterprises;

configuration H5 demonstrated that the existence of core
conditions such as strict directive-based environmental
regulation, share balances, and tax returns, with the lack
of core conditions such as equity incentives and market-
oriented environmental regulation, would also generate non-
highly GI of agriculture-related enterprises.

Moreover, it could be observed from Table 3 that government
subsidies existed as a core condition in five of the six
configurations of highly GI but as a marginal condition in
only two of the five configurations of non-highly GI, which
illustrated that government subsidies had a universal and
important effect on the highly GIs of Chinese agriculture-
related enterprises during their green transformation process.
From the perspective of internal supervision, supervision by
independent directors existed as a core condition in only two
configurations of highly GI and in three configurations of non-
highly GI, which indicated that the supervision role of
independent directors of listed agricultural companies in GI
decision-making had not been significant, as they might have
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colluded with other directors and senior executives to serve their
personal interests.

4.3 Robustness test

Based on the research studies of Fiss (2011) and Du and Jia
(2017), this study selected the frequency threshold and
consistency threshold as 3 and 0.85, respectively, and tested
the robustness of the configuration analysis on the GI of
agricultural enterprises. Test results are shown in Table 4, It
was found that the configurations of the new and the original
models were basically consistent with each other, and there was a
clear subset relationship between them, indicating that this
research conclusion was relatively robust.

5 Research conclusion and revelation
5.1 Research conclusion

This study analyzed the complex causality path of GI driven
by various elements of enterprise IGS. First, a single governance
element does not constitute a necessary condition for the highly
GI of agriculture-related enterprises, which deepened the
discovery of the positive role of environmental regulations,
government subsidies, internal supervision, and internal
the GI

enterprises. Meanwhile, government subsidies played a more

incentives in promoting of agriculture-related

universal role and would influence the effects of other
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governance elements, which verified the compensation effect of
government subsidies on the GI of Chinese agricultural
enterprises at the current stage. Second, there were six and
five types of internal and external synergy governance
configurations that generated highly GI and non-highly GI of
agriculture-related enterprises, respectively. This study not only
revealed that the constraints of regulatory policies and
government subsidies were complementary to each other, such
as H1 and H2, but also included both the strict environmental
regulations and high government subsidies, which promoted the
compensation effect on GI, reduced the externalities, and
complemented other governance factors to generate highly GI.
It was also disclosed that environmental regulation policy and
internal supervision exerted the substitution effects, such as
H1 and H6, which both included the matching of high-level
high-level
supervision with internal and external incentive mechanisms,

environmental regulation policy or internal
which would generate highly GI and reduce externality and agent
behavior. Finally, this study integrated different internal and
external governance mechanisms, analyzed the complex
matching relationship between various elements of the IGS,
and improved the understanding of the synergies between the
IGSs. From an overall perspective, this study discussed the
influences of the synergistic configurations of various elements
such as environmental regulations, government subsidies,
internal supervision, and internal incentives on the GI of
agriculture-related enterprises. It further proved that the
internal and external governance mechanism of enterprises
was an interdependent and synergistic entirety, and a single
mechanism was difficult to become a necessary condition for
generating highly GI. For agriculture-related enterprises,
applying internal governance to increase the efficiency of
resource allocation was also an important factor to GI
improvement.

5.2 Revelation on governance

The study conclusion of this article puts forward the following
three suggestions for improving the IGS of agriculture-related
enterprises: first, optimizing the single enterprise governance
mechanism is not the premise of improving the GI of
Their
configuration system under the synergy of various elements of

agriculture-related enterprises. GI governance is a
internal and external governance mechanisms, which cannot be
limited to optimizing these single elements but expanded to the
overall perspective of focusing on the synergistic matchings of
internal and external governance elements and specifying the
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“combination” of optimizing the internal and external
governance mechanisms. Second, while increasing their GI
investments, agriculture-related enterprises could optimize the
matching effect of their internal supervision and incentives and
improve the efficiency of resource allocation. Agriculture-related
enterprises can choose appropriate GI paths and targeted
measures according to the development levels and their
own innovative abilities and give full play to the incentive
effects of the IGS on improving these abilities. Third, local
governments should adopt measures to local conditions;
formulate improvement policies for innovative governance
in line with local agricultural development, environmental
governance, and characteristics of agriculture-related
the of

governance between governments and enterprises; and

enterprises; increase efficiency synergistic
promote the green and high-quality development of these

agriculture-related enterprises.
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