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Abstract: This study examines the multifactor linkage effects behind the differences in the sustainable
development of green innovation of local enterprises in the spatio-temporal dimension so as to
provide an important reference for the practice of sustainable development of green innovation of
local enterprises. An analytical framework for the sustainable development of green innovation of
local enterprises is established, and the dynamic QCA method is applied to analyse the provincial-
level panel data of China from 2012 to 2021 to explore the linkage effect of each factor on the time
axis, and to explore the differences of multifactors on the time axis. The study found that different
factors may have different influence effects in different contexts. Firstly, while market demand is
an important influencing factor, its role relative to economic drivers and social environment factors
may be relatively limited in some contexts. Second, high levels of foreign investment and demand
for innovation in the service sector have a significant impact on green innovation in local firms.
At the same time, with the growing consumer preference for green products, green preferences in
market demand have also begun to become an important factor influencing firms’ green innovation.
Meanwhile, in the spatial dimension, the provincial coverage has obvious regional differences. This
requires local governments to fully consider the actual situation of the region when formulating
relevant policies, and promote green innovation according to local conditions. This experiment is
the first attempt to use the joint application of dynamic QCA and MATLAB for the study of green
innovation in local enterprises, exploring the consistency in the longitudinal time dimension.

Keywords: factors; dynamic QCA; regional differences; time dimension; MATLAB

1. Introduction

China is a vast country with a large population, and its economic and technological
development shows obvious geographical differences [1,2]. Domestic and foreign scholars
generally divide China into three major regions, namely, the eastern region, the central
region and the western region, for the purpose of research, as shown in Figure 1. As an
important engine of China’s economic development, the eastern region has always led in
terms of GDP per capita and government expenditure on social security [3]. Universities,
research institutions and enterprises in the eastern region possess a large number of patents
and scientific and technological achievements [4]. Scientific research institutions have also
actively introduced advanced foreign technologies and, through digestion, absorption and
re-innovation, have continued to promote the development of scientific and technological
innovation [5]. The central region is at the middle level of China in terms of economic
output and government expenditure on social security. The central region has a better
industrial base, but agriculture is still its dominant industry. In recent years, the central
region has been actively promoting the strategies of industrialisation, urbanisation and
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agricultural modernisation, and accelerating the pace of upgrading and transforming the
industrial structure [6]. Although the western region is lagging behind economically, its
government expenditure on social security is growing rapidly. This is mainly due to the
fact that the western region is endowed with abundant resources and relatively low labour
costs. The imperfect industrial system in the western region has led to its weak scientific
and technological innovation capacity. As the government has increased its support for the
western region, enterprises in the western region have begun to pay attention to scientific
and technological innovation, constantly improving their technological level and beginning
to transform [7].

I The eastern part
W The middle part
M The west part
Unlabeled

Figure 1. Three major regional divisions in China: eastern, central and western regions.

In recent years, the synergistic relationship between corporate green innovation and
per capita output has also been widely studied. Many scholars have gradually reached a
consensus on the view that corporate green innovation improves resource use efficiency, re-
duces production costs and increases per capita output. Sustainable development depends
to a certain extent on the ability to produce green technologies [8]. Castellani et al. argue
that green technologies make a positive contribution to per capita income [9]. In terms of
local government funding for technological innovation, local government environmental
policies have a significant impact on green innovation in regional firms, and local govern-
ment R&D investment positively moderates this association [10]. Lv et al. investigated the
innovation efficiency of firms’ green innovations in 30 provinces in China from 2003 to 2017,
and statistically found that the environmental regime plays a positive moderating role
between the financial structure and firms’ green innovations [11]. By comparing the per
capita output aspects of the regions, it was found that cities that overshoot their economic
growth targets can have a significant dampening effect on green technological innovation
in the regional service sector [12]. A study of social security expenditures by regional
governments found that the introduction of FDI can have a positive impact on regional
green technology specialisation and per capita income [13]. Regarding the new upgrading
of green innovation in enterprises, some scholars have unfolded their research from the
perspective of enterprises. Boajye et al. found that green innovation increases the cost
of environmental governance, reduces investment in productive activities and negatively
affects the performance of enterprises [14]. It is very interesting to note that the findings
of Zhang et al. are completely opposite to those of Boajye et al. This may be due to the
large development gap between the east and west of China [15]. Other scholars have
taken a social perspective. Romer and Lucas, in their theory of endogenous economic
growth, argue that technological progress restructures industries and contributes to social
development [16,17].
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The above studies have revealed the specific impact of per capita output value and
government social security expenditure on enterprises’ green technological innovation,
respectively. However, they have not explored all three under the same theoretical frame-
work. In addition, politics, business and social culture are all permeated with the influence
of the social environment atmosphere, so the interaction between the three is inextricably
linked to the influence of social environment factors [18-20]. The social and environmental
climate for enterprises can improve the sense of social responsibility and credibility of
enterprises. By publicising the green production, environmental protection measures and
sustainable development business philosophy of enterprises, it will guide the transforma-
tion of pollution-intensive enterprises into cleaner ones and achieve a major transformation
from the secondary to the tertiary sector [21]. For consumers, the promotion of green con-
cepts in the social environment can enhance their environmental awareness and increase
their knowledge of and demand for green consumption. By publicising environmental pro-
tection concepts and promoting green products and services, it guides consumers to change
their consumer attitudes and behaviours and promotes green technological innovation by
enterprises [22].

The qualitative comparative analysis (QCA) method can effectively qualitatively
analyse the impact and influence of different factors on experiments. Therefore, this study
incorporates economic factors such as per capita output, social environment factors such
as government social security and market demand into the same framework. Drawing
on the theory of synergy and complex systems, a composite-factor single-output analysis
model is constructed. Panel data of 30 provinces (cities) provided by the National Bureau of
Statistics (NBS) for the period 2012-2021 are utilised. The dynamic qualitative comparative
analysis (QCA) method is adopted. Taking time as the vertical axis, the causal mechanism
affecting the differences in green innovation and high-quality development of regional
enterprises is revealed to explore in depth the differences in group preferences among
different regions and to overcome the shortcomings of linear regression and fuzzy set
qualitative comparative analysis in dealing with local practice contexts and factor linkage
effects on the time vertical axis. This study aims to answer the following questions: Is
there a single factor that is necessary for the sustainability of square businesses in the time
dimension? Do these factors change over time and exhibit temporal effects? In addition, in
the spatial dimension, does the coverage of the regional enterprise grouping model show
regional differences?

2. Research Methodology and Data Construction, Framework and Data Construction
2.1. Theoretical Framework Construction

The influence of enterprises on green technology innovation is reflected in three
core dimensions: the economic, social and market demand dimensions, as shown in
Figure 2. At the level of economic drivers, these cover the high per capita gross regional
product, the growing demand for green technology innovation in the regional service sector
and the increase in the number of enterprises with foreign investment, which, together,
drive the transition to green innovation [23]. An experiment carried out by Peng et al.
found that higher per capita output has a positive impact on green technology innovation
upgrading. With the increase in residents’ income, the individual’s requirements for
quality of life will be increased accordingly, especially for the quality of the environment.
Residents will pay more attention to environmental issues and participate more actively
in environmental protection activities, thus promoting green innovation upgrading [24].
The increase in the disposable income of the population has driven the growth of social
demand for green products, and enterprises need to respond to this change through green
innovation. The service industry, as an important engine of economic growth, also needs to
optimise and upgrade its industrial structure through green innovation, and enterprises
with foreign investment, seeing the huge potential and business opportunities in the green
market, will increase their investment efforts to jointly promote the process of sustainable
development [25].
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Figure 2. Theoretical framework.

The social environment and market demand have a profound impact on enterprises’
green technology innovation. Economic development has led to increased government
spending on social protection, highlighting the importance of the environment and sustain-
ability. This policy direction has given strong impetus to green technological innovation by
enterprises. At the same time, the ageing trend has increased the demand for quality of
life, stimulating the market’s desire for green and innovative products. Enterprises have
responded positively by promoting green technological innovation to achieve sustainable
development [26]. With the continuous promotion of urban greening construction, the
living environment of residents has been significantly improved, and, at the same time,
it also provides a broad application space for green technological innovation. With the
growing demand for green innovation from tourists, the tourism industry is ushering in
an opportunity for green transformation and upgrading. These positive factors together
inspire enterprises to increase investment in green technology innovation, enhance the
green quality of products and services and further promote the realisation of sustainable
development [27].

2.2. Dynamic Qualitative Comparative Analysis Data Construction

Economic drivers mainly include three secondary conditions: gross regional product
per capita, regional enterprises” demand for green innovation and the number of enterprises
with foreign investment. The three factors of GDP per capita, regional service industry’s
demand for green innovation and the number of enterprises with foreign investment
are particularly important when exploring in depth the impact of economic drivers on
enterprises’ green innovation [28]. As a key indicator to quantify the level of regional
economic development, the increase in GDP per capita not only reflects the enhancement
of the overall economic strength, but also provides the necessary material guarantee and
market demand for green innovation activities [29]. A higher GDP per capita in a region
often means that the residents of the region more strongly pursue a high quality of life,
which drives the growth of demand for green innovative technologies and products [30].
The per capita gross regional product in this paper adopts the public data of the National
Bureau of Statistics 2012-2021 [31]. At the same time, the prosperity and development of
the service sector and the number of enterprises with foreign investment play an important
role in driving the demand for green innovation [32,33]. The growth level of its indicators
not only brings in the input of capital and technology, but also injects new vitality into the
regional economy. Regarding the regional service industry’s demand for green innovation,
this paper refers to the research of statisticians. The scholar believes that, in the process of
green innovation development of regional enterprises, the regional tertiary industry growth
indicator is an important support for the sustainable development of local enterprises [34].
Data on the number of enterprises with foreign investment come from the provincial panel
data published in the China Statistical Yearbook 2013-2022 [31].

When analysing the social and market environments in depth, factors such as the
percentage of government social security expenditure, the level of ageing population, the
demand for green innovations from tourists and the greening rate of the city are of particular
importance [35]. The proportion of government social security expenditure not only reflects
the government’s emphasis on people’s well-being, but also the cornerstone of social equity
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and stability [36]. An increase in this indicator will help build a more harmonious social
environment and provide a stable social foundation for economic development. The level of
the ageing population, on the other hand, reveals the trend of change in the social structure,
with far-reaching impacts on the labour market, consumption patterns and many other
aspects [37]. Actively responding to ageing is both a social challenge and a development
opportunity. Demand for green innovation from the ageing population is based on the
number of people aged 65 and above (Population Sampling Survey) (persons)/Population
(Population Sampling Survey) as a reference indicator (source of data: Statistical Yearbook
and National Bureau of Statistics) [31].

In addition, tourists” demand for green innovations and the greening rate of cities are
directly related to the market environment [38]. With the popularisation of the concept
of green consumption, tourists” demand for green and innovative products and services
is growing, which provides a broad space for the development of green industry [39].
And the urban greening rate, as an important indicator of urban ecological environment,
not only affects the quality of life of residents, but also directly relates to the sustainable
development of the city [40]. The above refers to the measurement method of Ma Liang,
and the data are from the China Statistical Yearbook.

2.3. Construct Green Technology Innovation Index Prediction Model

Construct the loop cell structure in the green technology innovation index (LSTM
memory network), which consists of three “gates” and one “cell state”.

Forgetting gate: decides whether the cell state of the previous moment needs to
be “forgotten”.

Input gate*: determines whether the current input information is added to the cell state.

Output gate: decides what the output of the current moment is.

Inside the recurrent cell of the LSTM network that builds the green technology innova-
tion index, the interior consists of four layers of interconnected hierarchies. Among them,
forgetting gates (ft), input gates (it) and output gates (ot) are dedicated to controlling the
information flow [41].

Establish a time prediction model for green technology innovation in China using
panel data of 30 provinces (cities) from 2012 to 2021 on the platform of the National Bureau
of Statistics of China. Take the green technology innovation data as a sample and establish
an LSTM neural network. By making the input X the year serial number, it can output the
predicted green technology innovation value of China Y. Firstly, establish the database X, Y:

X'=[2012, 2013, 2014, 2015, 2016, ...... 2021]
Y =[0.943, 0.906, 0.866, 0.870, 0.840, ...... 0.993]

3. Data Analysis and Empirical Results
3.1. Measurement Method of Green Innovation of Regional Enterprises
The entropy method measures the weight of each indicator layer in the composite system.
If there are p provinces (cities), m indicators and y years, X« ¢ is the value of the Bth indicator
of the ath province in the 6th year (@« =1,2,3...p;$=1,2,3...m,0=1,2,3...y). The
formulae are as follows:
1.  Indicator standardisation: Different indicators have different scales and units and
therefore need to be standardised. If the indicator is positive,

_ (Xapeo —min(Xgpgo))
Yopo = oB® me / (max(X o gg) — min(Xapo)) @
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If the indicator is negative,

Yopo = (M (Xase) _X“BB)/(max(X(xﬁe) “min(Xapo)) O

where min represents the minimum value and max represents the maximum value.
2. Calculation of characteristic proportions or contributions Zyge:

Yapo

__aBO v —1,2,3...... pe=1273..... y 3)
YY) Yape

Zypgo=

3. Calculation of entropy Eg:

p y
Eg_K Z In(Z , K= —
g “;9; spoln(Zapo) In(yp)

4. Calculate the information utility value of the 3th indicator:

Gg=1-Eg ®)

Determine the weights of evaluation indicators Wg:
=P B=1,23.... m (6)

3.2. Constructing a Comprehensive Green Innovation Indicator System for Regional Enterprises

This paper is based on the panel data of Chinese provinces. Comprehensive green tech-
nology indicators are constructed from five dimensions: patent authorisation, technology
market share, government green technology innovation investment, urban unemployment
rate and energy utilisation rate, with reference to the study of Kuang Yunming et al. [21].
The data come from the National Bureau of Statistics [31], as shown in Table 1.

Table 1. Comprehensive evaluation index system of green innovation index for regional enterprises.

Objective Level

Criteria Level Indicator Layer Weights Properties

Comprehensive Green
Technology Indicators for
Regional Enterprises

Patent Applications and Authorisations(item)/

Patent Grants Year-End Resident Population (10,000) 0.3331 Forward
Percentage of Technology Technology Market Turnover (CNY billion)/
Market Transactions GDP (CNY billion) 0.3205 Forward
Government Investment in Science Share of Science and Technology Expenditure
and Technology Innovation in Fiscal Expenditure 0.2303 Forward
Urban Unemployment Rate Urban Registered Unemployment Rate 0.0716 Forward
Energy Utilisation Rate Electricity Consumption Per Unit of GDP 0.0443 Negative

The green technology innovation development level of each region in China from 2012
to 2021, measured by this paper based on the entropy value method and the comprehensive
green technology innovation index, is shown in Figure 3. The green technology innovation
index in eastern China is leading; the central and western regions are gradually developing,
but the gap between these and the green technology innovation index in the east is showing
a widening trend. Overall, the green technology innovation index is steadily increasing.
However, the western region needs more attention and investment to narrow the gap
between them and the east and centre and promote the balanced development of green
technology innovation in the country.
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Figure 3. Green innovation index for regional enterprises.

3.3. Calibration

In this paper, based on Boolean algebra theory and previous studies, the data are
calibrated precisely to ensure the consistency and coverage of the analysis [42-44]. The
direct calibration method is used, and the 95% quartile, 50% quartile and 5% quartile are
set as calibration anchor points [45-47], and the specific results are shown in Table 2.

Table 2. Calibration of variables.

Variable Name AfI;illlilge d Intersections Sr(:]:; .{?;f:g

Result variables Green innovation of local enterprises (Y) 0.469 0.139 0.068

Per capita gross regional product (A) 116,664 50,242 28,622
Percentage of government expenditure on social security (B) 45.215 40.4 33.88
Conditional Urban Green Coverage Rate (C) 0.194 0.134 0.084
on .1];(l)na Level of ageing population (D) 0.159 0.108 0.072
variables Tourist demand for green innovation (E) 5.511 0.995 0.01
Number of enterprises with foreign investment (F) 79,639.850 6698 737.8

Demand for innovation by regional service industries (G) 37,660.94 9850.3 1542.95

3.4. Necessity Analysis of Individual Conditions

According to the set theory of Boolean algebra and QCA design principles and appli-
cations, it is known that the smaller the adjustment distance of QCA panel data, the higher
the consistency and accuracy [48]. However, the adjustment distance is not clearly defined
in statistics. QCA experimental analysis needs to consider the data size and data inclusion;
therefore, the median value of the adjustment distance used in this experiment is 0.3. As
shown in Table 3, the seven indicators of per capita GDP (A), the proportion of government
social security expenditures (B), the percentage of urban green coverage (C), the level of
the ageing population (D), the demand of tourists for green innovations (E), the number of
enterprises with foreign investment (F) and regional enterprises” demand for innovation
(G) have an adjusted distance to green innovation that is greater than 0.3, and the coverage
of less than 0.5 requires researchers to further explore the necessity [49].

By analysing the inter-group consistency and coverage of the corresponding variables
(as shown in Tables 3 and 4), the following findings are obtained: Firstly, in the process of
analysing the necessary conditions, we do not find that any single factor can constitute the
necessary conditions for green innovation of local enterprises alone. This means that green
innovation of local enterprises is a complex process that requires multiple factors to work
together to achieve it. Secondly, in the inter-group data with an adjusted distance greater
than 0.3, we observe that, in cases a, b and ¢, the level of consistency across years does not
reach 0.9 [50]. Therefore, the necessary relationship is not satisfied. Meanwhile, by plotting
the scatterplot of coverage and consistency, we find that the coverage is mainly concentrated
on the right y-axis, which passes the test of the non-essential condition. However, the
consistency does not pass the test of the non-essential condition. This further suggests
that these factors may play a role in the green innovation process. However, they are not
decisive and have their own research value.
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Table 3. Analysis of the necessary conditions.
High Level of Local Business Green Innovation (Y) Low Level of Local Business Green Innovation (~Y)
Variant Aggregate Aggregate Inter-Group  Intra-Group Aggregate Aggregate Inter-Group  Intra-Group
Consistency Coverage Consistency  Consistency  Consistency Coverage Consistency  Consistency
A 0.85 0.84 0.10 0.24 0.47 0.56 0.52 0.52
~A 0.56 0.46 0.18 0.45 0.87 0.88 0.11 0.21
B 0.75 0.69 0.06 0.38 0.58 0.65 0.28 0.47
~B 0.62 0.55 0.18 0.40 0.73 0.78 0.09 0.40
C 0.65 0.61 0.20 0.42 0.63 0.72 0.29 0.39
~C 0.71 0.61 0.25 0.35 0.86 0.70 0.15 0.39
D 0.77 0.71 0.20 0.30 0.54 0.61 0.36 0.49
~D 0.85 0.51 0.37 0.41 0.75 0.80 0.19 0.32
E 0.61 0.66 0.50 0.41 0.51 0.67 0.45 0.56
~E 0.69 0.54 0.29 0.32 0.74 0.70 0.19 0.34
F 0.77 0.79 0.06 0.37 0.88 0.61 0.15 0.60
~F 0.62 0.49 0.04 0.43 0.83 0.81 0.08 0.30
G 0.78 0.75 0.07 0.40 0.50 0.60 0.27 0.55
~G 0.85 0.49 0.20 0.47 0.79 0.81 0.07 0.35
average 0.7 0.6 0.2 0.4 0.7 0.7 0.2 0.4
Table 4. Data between groups with adjusted distances greater than 0.3.
Situation ~ Causal Combination 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
ituations
a Aand Y Inter-group consistency 068 0.68 066 063 059 058 054 050 047 041
~A an Inter-group coverage 026 032 034 037 039 049 063 070 075 091
b Fand Y Inter-group consistency 0.62 061 064 064 063 063 065 061 059 0.57
~ I an Inter-group coverage 031 037 038 041 044 050 059 062 0.67 0.74
c Gand Y Inter-group consistency 072 073 071 068 061 054 050 050 048 044
~Gan Inter-group coverage 031 038 040 043 046 053 062 064 066 0.74

3.5. Configuration Analysis Results

In this paper, the truth table is constructed. The consistency threshold is set to 0.8,
and the frequency threshold is set to 1. Also, the PRI threshold is determined to be 0.60.
Table 5 shows that the consistency of grouping 1, grouping 2 and grouping 3 is 0.828, 0.827
and 0.845, respectively. The overall consistency is greater than 0.75, and the adjustment
distance between intra-group and inter-group values for individual grouping is less than
0.3. It shows that the aggregated consistency has a better explanatory strength. These three
groupings can be regarded as sufficient conditions affecting the generation of sustainable
green innovation in local enterprises. From the study of group state 1, we observe the
influence of different factors on the green innovation of enterprises. Cohort 1 shows that
economic drivers such as the number of firms with foreign investment and the demand
for innovation in the regional service sector, as well as socio-environmental factors such
as a high level of government social security expenditure and the level of ageing, are the
main drivers of green innovation in firms, while market demand has a limited impact.
Configuration 2 further emphasises the importance of high levels of foreign investment
and service sector innovation demand. At the same time, market demand stemming from
tourists” preference for green begins to emerge. In configuration 3, economic, social and
market demand factors show a more balanced state. The economic drivers are GDP per
capita, a high level of foreign investment and a high level of regional demand for innovation
in the service sector. The social environment factor is dominated by the high level of the
government social security expenditure share. Market demand is dominated by the urban
greening coverage rate.

These findings suggest that, in the context of China’s geographical resource differ-
ences, localities should combine their own characteristics to achieve factor linkages in order
to promote local firms’ green innovation. It is worth noting that the multidimensional
linkage model is demonstrated in grouping 3, although the study shows that the green
innovation of local enterprises is influenced by multiple factors such as economic drive,
social environment and market demand. However, this multidimensional linkage model
still needs further in-depth exploration. The key lies in how enterprises balance supply
and demand to achieve multidimensional power. Only by comprehensively considering
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economic, social and market demands can enterprises formulate a more reasonable and ef-
fective green innovation strategy. This is not only the key to enhancing the competitiveness
of enterprises, but also the way to realise the sustainable development of green innova-
tion. Therefore, future research should pay more attention to the balance and synergy
of enterprises under the effect of multidimensional factors so as to promote the in-depth
development of green innovation.

Table 5. Configuration truth table.

Conditional Variables Parameterisation1  Parameterisation2  Parameterisation 3
Gross regional product per capita (A) ® ® .
Percentage of government expenditure on social security (B) . . .
Urban Green Coverage Rate (C) ® ® °
Level of ageing population (D) ° .
Tourist demand for green innovation (E) . ®
Number of enterprises with foreign investment (F) . ° °
Demand for innovation by regional service industries (G) . ° °
Consistency 0.838 0.827 0.845
Original coverage 0.402 0.411 0.366
Unique coverage 0.019 0.08 0.095
Inter-group consistency adjusted distance 0.011 0.012 0.012
Intra-group consistency-adjusted distance 0.026 0.029 0.024
Overall PRI 0.611
Overall consistency 0.827
Overall coverage 0.402

Note: ® and ® indicate presence and absence of core; blank indicates that presence and absence are also possible.

Finally, a stability check is carried out, and, after setting a consistency threshold of 0.8
and a PRI threshold of 0.60, the consistency of the experimental thresholds is increased by
0.05, respectively. The consistency of the experimental grouping of states with the results
of the original study is found to be consistent in the robustness check so the experiment
confirms that the analyses used demonstrate stability and reliability.

3.6. Between- and Within-Group Results

It is found that the adjusted distance of inter-group consistency for all three groupings
is not greater than 0.3, indicating that there is no significant time effect. Further examination
of its temporal changes reveals that the consistency levels of the three groupings show
a decline from 2012 t02016. However, they collectively show a period of rapid growth
in 2016-2021. As shown in Figure 4, among them, group state 3 has the fastest growth
rate for inter-group consistency, growing from 0.84 to 1.00. The reason for this is that our
government intervention plays a crucial role. Checking government websites and local
service platforms finds that 60% more documents were released in 2016 to promote green
development compared to in 2015. Meanwhile, the government sends out strong inter-
vention signals. In terms of policy intervention, the Chinese government has introduced
a series of policies to encourage green innovation and sustainable development, such as
providing financial subsidies, tax incentives and loan facilitation, in order to incentivise
enterprises to increase their research and development in green technologies. Regulatory
constraints: the government has strengthened the formulation and enforcement of envi-
ronmental protection regulations, imposing strict limits on pollution emissions and energy
consumption. Government in green procurement: as one of the largest consumers, the
government has given priority to green products and services to encourage enterprises to
actively develop green products and enhance their green innovation capability [51].



Systems 2024, 12,232

10 of 14

#— Configuration 1
1.004 @ Configuration 2 s -
0.98 o & Configuration 3 / =
5 .96
X . a
ool &
g o
S 0.92 A * .
=]
g A & u
0.90 4
] ®
£ 0.88 \ 2 &
=] & n &
& 086 \
0.84 4
82 =

T T T T T
2012 2014 2016 2018 2020 2022

years
Figure 4. Configuration consistency analysis.

The range of intra- and inter-group consistency adjustment distances is almost the
same, and the intra-group consistency adjustment distance is not greater than 0.3. The
variability in the distribution of the geographic coverage of the grouping models is revealed
in Table 6. The explained cases of group states 2 and 3 are mainly concentrated in the central
region, and may stem from the unique resource conditions and policy environment in these
regions. However, histogram 1 shows stronger explanatory power in East, Central and
West China, with a coverage of more than 0.5, indicating its universality. This shows that
firms in different regions may be affected by different factors when facing green innovation
and sustainability challenges. Such geographical differences may stem from the diversity
of regional levels of economic development, market demand, resource distribution and
policy orientations. For policymakers and entrepreneurs, an in-depth understanding of the
geographical characteristics of the model can help develop more targeted strategies and
measures to promote the green transformation and sustainable development of enterprises.

Table 6. Geographical coverage.

Eastern China Central China Western China
Configuration 1 0.56 0.62 0.55
Configuration 2 0.38 0.46 0.38
Configuration 3 0.39 0.46 0.38

3.7. Consistent Prediction of Sustainable Development of Green Innovation of Local Enterprises

Using MATLAB 9.12, the article constructs a consistency prediction model for the
sustainable development of green innovation in local enterprises, as shown in Figure 5.
The root-mean-square error (RMSE) of the model is 0.9, a value that indicates that the
predictive accuracy of the model can be applied to consistency prediction. The RMSE is a
commonly used metric for assessing the predictive ability of a model which measures the
magnitude of the model’s error by calculating the mean of the squared difference between
the predicted value and the actual value. A lower RMSE value means that the model has
a higher prediction accuracy. From the trend of the model’s prediction graph, it can be
observed that the overall trend of the consistency index of the sustainable development
of green innovation of local enterprises shows a gradual decrease followed by a rapid
growth trend. According to the prediction trend, China’s progress in green technological
innovation is gradually accelerating, and the consistency index of enterprises’ sustainable
development of green innovation will be maintained at around 0.90.
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Figure 5. Coherent projections for the sustainable development of innovation.

4. Results

This paper applies the dynamic QCA research method. Using the data cases of
30 provincial governments in China, it explores the influence effects of both supply and
demand influencing factors on the sustainable development of green innovation of lo-
cal enterprises. The core influencing factors affecting the sustainable development of
local enterprises” green innovation and the interaction between them during 2012-2021
are revealed.

These findings suggest that the influencing factors of local enterprises’ sustainable
development of green innovation are complex and diverse, and that different factors may
have different influencing effects in different contexts. Firstly, although market demand is
an important influencing factor, its role relative to economic drivers and social environment
factors may be relatively limited in some cases. This suggests that, when promoting green
innovation in local enterprises, we cannot rely solely on the pull of market demand, but
also need to take into account various factors such as economic and social environment
factors. Second, high levels of foreign investment and demand for innovation in the
service sector have a significant impact on green innovation in local enterprises. This
suggests that attracting foreign investment and promoting innovation in the service sector
are important ways to enhance the green innovation capacity of local enterprises. At
the same time, with the increasing preference of consumers for green products, green
preferences in market demand have also begun to become an important factor influencing
enterprises’ green innovation. In addition, the resource differences and characteristics of
different regions make it necessary for local enterprises to combine their own realities in
the process of green innovation and realise the linkage and complementarity of factors.
This requires local governments to take into full consideration the actual situation of the
region when formulating relevant policies and promote green innovation according to local
conditions. In the spatial dimension, the sustainable development of green innovation
of local enterprises shows regional differences. This may be due to the differences in the
level of economic development, industrial structure, policy environment and other factors
in different regions. Therefore, when promoting green innovation, differentiated policy
measures need to be formulated for the characteristics of different regions. Finally, by
constructing a consistency prediction model, the study finds that China’s progress in green
technology innovation is gradually accelerating, and the consistency index of enterprises’
sustainable development of green innovation will be maintained at a high level. This
indicates that China’s green innovation activities will become more active and stable in the
future, providing strong support for sustainable development.

5. Discussion

In this study, the process of in-depth analysis of enterprises’ green innovation is limited
by the timeliness of and quality differences in the secondary public data, which leads to
the absence of information on some key variables and details, as well as the uncertainty of
data quality and reliability. At the same time, although macro-level analyses can reveal the
overall trend, they ignore the individual differences among enterprises and the process of
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dynamic change. Therefore, future research needs to explore a wider range of data sources,
combined with micro-level analyses, in order to gain a more comprehensive understanding
of the actual situation and influencing factors of green innovation in enterprises so as to
provide more accurate and specific guidance for enterprise practice and policy formulation.
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