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Abstract

Green technological innovation has the dual benefit of promoting economic development and limiting 
environmental pollution and is critical to sustainable development in developing countries. This study 
assessed the green innovation effects of ecological civilization pilot policies by using the difference-in-
differences approach, mediating effects model, and causal forest algorithm. The results showed that: 
(1) The ecological civilization pilot policy increased the level of green technology innovation in the 
pilot area by 27.9 %. (2) Urbanization partially mediated the impact process of ecological civilization 
pilot policies on green technology innovation, and the green innovation effect transmitted through 
urbanization was about 28%. (3) When energy structure and financial support were taken as the 
conditions, the green innovation effect of the ecological civilization pilot policy respectively showed an 
S-shaped curve and an inverted U-shaped curve. The above results can provide a new scientific basis for 
promoting green development in developing countries.
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Introduction

How to achieve a balance between economic 
development and ecological protection has long been 
a hotly debated topic in academia [1, 2]. At present, 
one of the more popular views is achieving energy 
saving and emission reduction through technological 
progress [3, 4]. However, do all technological advances 
contribute to green development? At this point, 
the theory of externalities can be introduced into 

the discussion. From the perspective of externality 
theory, traditional technological advances sometimes 
generate negative externalities; that is, technological 
advances aimed at expanding the scale of production 
and economic growth may increase in energy demand 
and pollute the environment [4]. In contrast, there are 
positive externalities associated with green technology 
innovation. As the most critical component of green 
innovation, green technological innovation has a double 
benefit: it promotes the modernization of the economy 
while limiting environmental pollution [5]. Sustainable 
green technology is essential for effectively and 
economically controlling pollutant emissions [6], and 
only by promoting environmentally sound technological 
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innovations can we ensure that the SDGs are realized 
as soon as possible [7]. On 13 November 2021, nearly 
200 countries reached an agreement at the 26th UN 
Climate Change Conference of the Parties (COP26), and 
one of the main initiatives was to fund green projects 
in less developed economies [8]. At the same time, 
Sustainable Development Goals (SDGs) and Increasing 
environmental issues are forcing countries to explore 
green innovation [9]. It is important to note that, despite 
the many benefits of green technological innovation, the 
road to green transformation of technological innovation 
in developing countries still needs to be improved at 
present [10], which makes it relevant to study green 
technological innovation in China.

Ecological civilization emphasizes the ecological 
view of “respecting nature, conforming to nature, and 
protecting nature,” which considers the trade-off between 
economic development and environmental protection 
[11]. In order to promote the development of ecological 
civilization, the Chinese government established five 
provinces, namely Jiangxi, Fujian, Guizhou, Yunnan, 
and Qinghai, as provincial ecological civilization pilot 
zones in 2014 [12], which also provided a quasi-natural 
experimental environment for this study. The concept 
of ecological civilization has provided a basis of moral 
legitimacy for the actions of pilot ecological civilization 
policies to promote green technological innovation [13]. 

At the same time, according to the Porter Hypothesis, 
appropriate environmental regulation can induce firms 
to engage in more innovative activities and increase 
their productivity, thus offsetting the costs arising from 
environmental protection. Therefore, environmentally 
sound policies such as ecological civilization pilots 
can also promote green technological innovation at 
a theoretical level [14, 15]. Recently, a preliminary 
exploration of the relationship between ecological 
civilization pilot policies and green technological 
innovation was conducted in a study by Bai et al. [14], and 
their results provide a new empirical basis for the Porter 
hypothesis. The study by Hu et al. [16] likewise came to 
a similar conclusion. However, although it has become 
an academic consensus that ecological civilization pilot 
policies can promote green technological innovation, the 
transmission mechanisms still need to be clarified.

Urbanization is an essential basis for realizing 
green technological innovations. The theory of 
resource agglomeration emphasizes the concentration 
of factors such as labor, capital, and land in a specific 
geographical area, all critical resources needed to 
achieve technological innovation. Within the resource 
agglomeration theory framework, urbanization promotes 
the accumulation of factors such as labor, capital, and 
land, which in turn brings about positive technological 
spillover and diffusion effects [17], which is conducive 
to the formation of green technological innovation 
agglomerations. Due to the differences in economic 
development between different regions in China, 
urbanization and innovation capacity are also regionally 
heterogeneous, which has resulted in the benign 

interaction between urbanization and technological 
innovation not being fully unleashed [17]. The first 
question arises: Can ecological civilization pilot policies 
promote green technological innovation by promoting 
urbanization?

As machine learning algorithms have become 
increasingly popular in academic research, their black-
box properties have begun to be criticized. At the 
same time, most machine learning algorithms aim 
at prediction, whereas scholars working on policy 
evaluation are more concerned with causation [18]. 
Because of this, causal machine learning is beginning 
to take off. In labor economics, Cockx et al. [19] used 
the causal forest algorithm to estimate the policy 
effects of labor training programs in Belgium and their 
heterogeneity. In the area of health policy, Kreif et al. 
[20] provided an in-depth assessment of the treatment 
effects of health insurance expansions in Indonesia by 
using the causal forest algorithm. Although simple 
heterogeneity analyses of the green innovation effects 
of ecological civilization pilot policies have been 
conducted, this grouped regression requires prior 
assumptions. It cannot directly deal with continuous 
variables. In addition, results based on grouped 
regressions can only be described as heterogeneous 
impacts, not heterogeneous treatment effects. Then, the 
second question arises: What kind of heterogeneous 
treatment effect does the green innovation effect of the 
ecological civilization pilot policies present?

Scientific answers to the above questions can 
help formulate differentiated environmental policies 
and balance economic development and ecological 
protection. Compared with previous literature, the 
marginal contribution of this study is mainly reflected 
in the following two aspects: (1) At the level of 
analytical methods, this study introduces the causal 
forest algorithm to discuss the heterogeneous treatment 
effect of the ecological civilization pilot policy on green 
technology innovation. The traditional linear regression 
model relies on interaction term processing for the 
heterogeneity analysis of continuous variables. However, 
this method has variable selection and model form 
limitations, while the causal forest algorithm overcomes 
these limitations with better estimation effects. (2) At the 
level of influence mechanism, previous literature mainly 
discusses based on technical and economic perspectives 
such as industrial upgrading and R&D investment. 
At the same time, this study provides a new way of 
analyzing the impact of ecological civilization pilot 
policy on green technological innovation by introducing 
the urbanization variable.

Materials and Methods

Policy Background

The basis for the legitimacy of China’s ecological 
civilization pilot policies was first derived from the 
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political report to the 18th National Congress of the 
Communist Party of China held in 2012. The report 
emphasizes that promoting ecological progress is vital to 
the people’s well-being and China’s future, a necessary 
condition for the lasting and sustainable development of 
the Chinese nation and global ecological security [21]. 
Guided by the concept of ecological civilization, the 
Chinese government officially established Fujian as the 
first ecological civilization pilot province in March 2014. 
Further, in the same year, it established Jiangxi, Guizhou, 
Yunnan, and Qinghai as ecological civilization pilot 
provinces to explore a typical paradigm of ecological 
civilization construction in line with China’s national 
conditions [22]. As comprehensive experimental 
platforms for ecological civilization institutional reform, 
ecological civilization pilot provinces are playing a 
leading role in optimizing the spatial development pattern 
of the national territory, adjusting the industrial structure, 
and implementing low-carbon production patterns [23].

Variables

Firstly, the dependent variable in this study is 
green technology innovation (GTI). In earlier studies, 
patent data were widely used to measure technological 
innovation [24, 25]. In recent years, green patent data 
has become a favorite proxy variable at the beginning 
of green technological innovation research due to its 
focus on technological output and ease of data access [6, 
26]. Meanwhile, considering that the number of green 
patent applications can only represent the active degree 
of green technological innovation in each province 
and cannot directly reflect the technological output, 
this study chose to use the number of green patents 
granted in each province to measure its level of green 
technological innovation.

Secondly, the policy variable in this study is a 
dummy variable for the ecological civilization pilot 
policies. The cross-multiplier term of the dummy 
variable is the core explanatory variable of this study 
when the sample region is Jiangxi, Fujian, Guizhou, 
Yunnan, and Qinghai, and the sample time is in 2014 
and beyond.

Thirdly, the mediating variable in this study is 
urbanization (UR), which is measured by using the 
proportion of the urban population to the total population 
in each province.

Fourth, based on combing the previous literature, 
this study also controlled some of the observable 
factors that may affect green technology innovation. 
Specifically, the control variables include (1) Energy 
structure (ES), measured as the percentage of coal 
consumption in total energy consumption. Nowadays, 
the world’s primary energy consumption is still 
dominated by fossil energy, and a higher proportion 
of coal consumption in a province means a higher 
possibility of fossil energy insecurity, which in turn 
forces green technology innovation [27]. (2) Industrial 
structure (IS), measured by the proportion of the 

added value of the tertiary industry to GDP. A green 
industrial structure can promote high-quality economic 
development and facilitate the greening of technological 
innovation [28]. (3) Foreign direct investment (FDI), 
measured as the proportion of foreign direct investment 
to GDP. Foreign direct investment is an important 
channel for technology diffusion, which can promote 
the inflow country’s technological level and innovation 
capacity [29]. (4) R&D investment (RD), measured 
as the proportion of internal expenditure on R&D to 
GDP. The purpose of R&D investment is to innovate 
and create knowledge, which is a typical public good 
and, therefore, also likely to have positive externalities 
[30]. Such positive externalities can promote knowledge 
sharing and technological spillovers, promoting green 
technological innovation. (5) financial support (FS), 
measured by the proportion of financial environmental 
protection expenditure to GDP. Innovative activities of 
enterprises usually require a large amount of financial 
and policy support, and the structure of financial 
expenditure directly affects the funds required for 
enterprise development [4]. It can reflect the strength of 
policy support.

This study used a box plot to present the data 
distribution for each variable, as shown in Fig. 1.

Data Sources

Considering the availability and timeliness of the 
data, this study took 30 provinces in China (excluding 
Tibet, Taiwan, Hong Kong, and Macao) as the research 
sample, and the period of the data is 2011-2020.  
The dependent variable, green patent data, was obtained 
from the CNRDS database and logarithmically 
processed; the policy variable was a dummy variable 
constructed in the form of cross-multipliers; the 
mediating and control variables were mainly obtained 
from China Statistical Yearbook and China Energy 
Statistical Yearbook.

Methods

Drawing on Card and Kruger [31], this study 
regarded the establishment of China’s 2014 ecological 
civilization pilot region as a quasi-natural experiment, 
and used difference-in-differences to assess the green 
innovation effects of the policy, with the model set up 
as follows:

  (1)

GTIit denotes the level of green technology 
innovation in province i in year t; DIDit is a policy 
variable for the ecological civilization pilot; Xit is a set of 
control variables; μi is a province fixed effect; λt is a time 
fixed effect; εit is a random error term.

As the impact of ecological civilization pilot  
policies on green technology innovation will inevitably 
be interfered with by some unobservable factors  
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in the actual study, the estimation results obtained at 
this time may be:

   (2)

w denotes all control variables with fixed effects; 
γ is the effect due to unobservables, and the estimates 
are unbiased only when γ–0. For this reason, this study 
chose to draw on the methodology of Zhou et al [32] to 
construct a spurious ecological civilization pilot policy 
variable in place of the real ecological civilization pilot 
policy variable. Since the actual policy effect of this 
spurious policy variable β–0, if the resulting, then it can 
be inverted to γ–0, that is, the estimates are unbiased.

Secondly, based on the propensity score proposed by 
Rosenbaum and Rubin [33], this study matched the data 
with the propensity score and used the matched data 

again to construct the difference-in-differences model to 
address the selection bias of the ecological civilization 
pilot policies. Based on binary Logit regression, the 
potential probability (propensity score) of a province 
being selected as an ecological civilization pilot region 
is:

         (3)

T–1 represents that the sample belongs to the 
ecological civilization pilot region, Zi has the same 
meaning as Equation (1); Xi is the parameter vector; Pi is 
the probability value derived through Logit regression.

Thirdly, in order to verify whether urbanization 
played a mediating role in the process of the impact of 
ecological civilization pilot policies on green technology 
innovation, this study constructed the following 
regression model, drawing on the method proposed by 
Baron and Kenny [34]:

   (4)

    (5)

URit is the urbanization level, and the meaning of 
the rest of the variables is the same as Equation (1). 
Under the premise of proving that the pilot policy has 
a significant effect on green technology innovation, it 
is verified in turn whether the pilot policy of ecological 
civilization has a significant effect on urbanization and 
urbanization on green technology innovation, and if 
both are significant, then it means that urbanization 
played a mediating role in the main effect.

Finally, in order to discuss the heterogeneous 
treatment effect of the ecological civilization pilot 
policies, this study chose to draw on Athey and Wager 
[35] and Hu et al. [36] to construct the following causal 
forest model:

   (6)

ai(x) is the kernel formed by the machine learning 
drive; m(Zi) is the predicted value of green technological 
innovation with the given control variables; e(Zi) is the 
propensity score; –i denotes the out-of-bag estimation, 
that is, GTIi is not used in the calculation of the m̂ (–i)(Zi); 
and the rest of the variables are of the same meaning as 
Equation (1).

Result

Pre-Modeling Verification

To ensure the validity of the results, this study 
tested for multicollinearity and parallel trends before 

Fig. 1. Box plots of key variables.
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constructing the difference-in-differences model. From 
Table 1, the Max VIF of the independent variables is 
3.67 (<10), and the Mean VIF is 2.42 (<5), so it can be 
assumed that the potential problem of multicollinearity 
between the independent variables is weak.

Fig. 2 demonstrates the green technology innovation 
level of the treated group and the control group over 
time, where the red line represents the control group, the 
blue line represents the treated group, and the vertical 
dotted line represents the policy implementation year. 
From Fig. 2, before the implementation of the policy, 
the development trend of green technological innovation 
in the treated group and the control group remained 
consistent, satisfying the premise of the parallel trend 
test. Meanwhile, after the implementation of the policy, 
the green technology innovation level of the treatment 
group increased at a significantly higher rate than that of 

the control group, which laid the foundation for further 
analyses.

Benchmark Model Regression Results

Table 2 shows the results of the benchmark regression 
on the impact of ecological civilization pilot policies 
on green technology innovation. Columns (1) and (2) 
show the estimation results before and after adding 
control variables. Column (1) shows that the ecological 
civilization pilot policies positively affected green 
technology innovation at the 1% significance level with 
a regression coefficient of 0.355. Column (2) shows that 
the regression coefficient of the ecological civilization 
pilot policies decreases from 0.355 to 0.279 after the 
inclusion of control variables, but still exerts a positive 
influence at the 5% significance level. In other words, 
after controlling for two-way fixed effects and control 
variables, the ecological civilization pilot policies led to 
a 27.9% increase in green technology innovation in the 
pilot regions.

Robustness Test

(1) Placebo test. A potential problem with the findings 
of this study is that the increase in the level of green 
technology innovation may result from the influence of 
unobservable factors. For this reason, this study referred 
to Li et al. [37], randomly selected several samples as  
a dummy treatment group for a placebo test and 
regressed them again with the cross-multiplier term 
of the time dummy variable as the core explanatory 
variable. Fig. 3 reports the probability density 
distribution of the estimated coefficients of the cross-
multiplication term based on 500 random samples, 

Variables VIF

DID 1.08

UR 3.51

IS 3.67

ES 1.99

RD 3.75

FDI 1.54

FS 1.43

Mean VIF 2.42

Max VIF 3.67

Table 1. VIF test.

Fig. 2. Parallel trend test.
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from which the spurious estimated coefficients are 
centrally distributed around 0, suggesting that the green 
innovation benefits of the civilization pilot policies 
are less affected by unobservable factors and that the 
baseline conclusions are highly robust. 

(2) PSM-DID. As the ecological civilization pilot 
policies are essentially a non-randomized experiment, 
there may also be selection bias, and a common solution 
to this problem is propensity score matching. With 
propensity score matching, the observables can be as 
close as possible to a randomized experiment. Therefore, 
a simple and efficient 1 to 1 nearest-neighbor matching 
was used to process the raw data. As shown in Fig. 4, the 
bias of the control variables improved considerably after 
matching, demonstrating the validity and necessity of 
using PSM-DID. Column (1) of Table 3 shows that after 

controlling for the sample selection problem, ecological 
civilization pilot policies still positively impacted green 
technology innovation, proving the robustness of the 
benchmark findings.

(3) Replace the dependent variable. Although the 
number of patent applications cannot represent the 
actual results of technological innovation, it can reflect 
the development trend of green technological innovation 
in each province to a certain extent. Therefore, this 
study chose to construct a regression model with the 
number of patent applications as the dependent variable 
to verify the conclusions’ robustness further. Column 
(2) of Table 3 shows that after replacing the dependent 
variable, the ecological civilization pilot policies still 
had a positive impact at the 1% significance level.

(4) Control other policy. The Chinese government’s 
Guiding Opinions on Promoting the Development of 
the Yangtze River Economic Belt by Relying on the 
Golden Waterways, released in 2014, signaled the 
official elevation of the Yangtze River Economic Belt 
as a major national development strategy [38]. In the 
study sample, Jiangxi, Guizhou, and Yunnan belong to 
the ecological civilization pilot region and the Yangtze 
River Economic Belt provinces. At this point, judging 
whether the Yangtze River Economic Belt development 
strategy has confounded the green innovation benefits 
of the ecological civilization pilot policies is difficult. 
Therefore, this study constructed a dummy variable for 
the development strategy of the Yangtze River Economic 
Belt and included it in the model for further testing. 
Column (3) of Table 3 shows that after controlling for 
the policy impact of the Yangtze River Economic Belt, 
the impact of the ecological civilization pilot policies on 
green technology innovation was significantly positive 
at the 1% level, and the robustness of the baseline 
conclusions was again verified.

Fig. 3. Placebo test.

(1)
GTI

(2)
GTI

DID 0.355*** 
(0.107)

0.279** 
(0.101)

Control Variable × √

Province effect √ √

Year effect √ √

R2 0.911 0.922

N 300 300

Year effect 300 √

R2 0.911 0.922

N 300 300

Note: Standard errors in parentheses are clustered at the 
province level. *** p<0.01, ** p<0.05, *p<0.1.

Table 2. Benchmark regression analysis.
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Mediation Analysis

Table 4 reports the regression results with 
urbanization as the mediating variable. As seen in 
columns (1) and (2), the ecological civilization pilot 
policies can significantly promote urbanization, while 
urbanization also significantly positively impacts green 
technology innovation. According to the test method of 
Wen and Ye [39], it can be calculated that urbanization 
played a partial mediating role in the process of the 
impact of ecological civilization pilot policies on 
green technology innovation, and the mediating effect 
accounted for about 28%.

Heterogeneity Analysis: New Evidence 
from Causal Forest Algorithm

In further analysis, the causal forest model in 
generalized random forest [40] was used in this study 
to identify the impact of ecological civilization pilot 
policies on green technological innovation and its 

heterogeneous treatment effect, with default values for 
all relevant parameters. As can be seen from Table 5, 
as the number of trees used to construct the model 
continues to increase, the standard error gradually 
settled around 0.067 and the average treatment effect 
fluctuated less. Although the results obtained from the 
causal forest model are slightly lower than the difference-
in-differences, they are all significantly positive at the 
1% level, which again validates the robustness of the 
benchmark findings.

Fig. 5 demonstrates the distribution of the estimated 
treatment effect of the ecological civilization pilot 
policies on green technology innovation. From Fig. 5, 
although the treatment effects of the sample are relatively 
concentrated on the left side, the overall range of values 
is extensive, suggesting that the treatment effects of the 
ecological civilization pilot policies varied considerably 
in different regions. Therefore, this study will address 
the heterogeneous treatment effect of the ecological 
civilization pilot policies for further analysis.

(1)
GTI

(2)
GTI_Robust

(3)
GTI

DID 0.161*
(0.093)

0.327***
(0.098)

0.317***
(0.107)

YREB × × √

Control Variable √ √ √

Province effect √ √ √

Year effect √ √ √

R2 0.938 0.931 0.924

N 217 300 300

Note: Standard errors in parentheses are clustered at the province level. *** p<0.01, ** p<0.05, * p<0.1.

Table 3. Robustness test.

Fig. 4. Change in the bias of control variables.
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In analyzing the heterogeneous treatment effect, 
due to space constraints, most studies chose to filter 
the “conditions” by the importance of the variables. 

Fig. 6 gives the order of importance of the variables in 
the causal forest model constructed in this study, from 
which energy structure and financial support are found 
to be the two most important variables.

Fig. 7 illustrates the change in treatment effects of the 
ecological civilization pilot policies when conditioned on 
energy structure. As the proportion of coal consumption 
in the energy consumption structure increases, the 
treatment effect of the ecological civilization pilot 
policies shows an S-shaped relationship. On the other 
hand, Fig. 8 shows the fitted curves for the heterogeneity 
of the conditional treatment effects when conditional on 
financial support. The green innovation effects of the 
ecological civilization pilot policies show an inverted 
U-shaped curve trend with the increasing proportion of 
local financial environmental protection expenditures to 
GDP. For presentation purposes, this study excluded a 
small number of extreme values when plotting the fitted 
curves conditional on financial support, and the sample 
loss rate was 2%, which is within a manageable range.

Discussion

Firstly, this study calculated a specific value of 
27.9% for the green innovation benefits of the ecological 
civilization pilot policies; this result is higher than 
the 20.2% derived by Hu et al. [16]. The main reason 
for this phenomenon may be the difference in the 
choice of proxy variables. Specifically, this study 
used green patent grants as a proxy variable for green 
technology innovation, whereas the study by Hu et al. 
[16] used green patent applications. At the same time, 
the results from the baseline regression also imply that 

(1)
UR

(2)
GTI

DID 0.018*
(0.009)

0.218**
(0.099)

UR
3.387**

(1.271)

Control Variable √ √

Province effect √ √

Year effect √ √

R2 0.902 0.928

N 300 300

Note: Standard errors in parentheses are clustered at the 
province level. *** p<0.01, ** p<0.05, * p<0.1.

(1)
GTI

(2)
GTI

(3)
GTI

ATE 0.285***
(0.067)

0.289***
(0.069)

0.256***
(0.067)

Tree numbers 500 1000 2000

N 300 300 300

Note: *** p<0.01, ** p<0.05, * p<0.1.

Table 4. Mediation analysis.

Table 5. Casual forests analysis.

Fig. 5. Distribution of treatment effects.
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the ecological civilization pilot policies can play an all-
rounded role in promoting sustainable development and 
that the policies can not only significantly reduce carbon 
dioxide emissions [12] and promote ecological efficiency 
[41], but also bring about considerable benefits of green 
innovation.

Secondly, urbanization played a positive mediating 
role in the impact of ecological civilization pilot 
policies on green technology innovation, possibly 
for two reasons. On the one hand, cities are essential 
for constructing ecological civilization. Promoting 
ecological city construction based on green development 
is one of the objectives of the ecological civilization pilot 
policies. On the other hand, urbanization also provides 
a broader market for green technologies. For instance, 
while urbanization leads to higher per capita energy 
consumption [42], the energy consumption structure 
of highly urbanized areas is generally more advanced 
than that of low urbanized areas [43]. In China, rapid 
urbanization is driving the application and development 
of renewable energy technologies [44].

Finally, the different trends in treatment effects 
conditional on energy structure and financial support 
also reflect some real problems. Even though more 
than half of the current installed coal power capacity 
is in China, the country has embarked on an ambitious 
coal phase-out program [45]. Therefore, the higher the 
regional share of coal consumption, the stronger the 
policy regulation will be. Moreover, to alleviate the 
energy pressure, the market will spontaneously drive the 
vigorous development of renewable energy technology 
innovation activities, which in turn will promote the 

improvement of green technology innovation. However, 
when the proportion of coal consumption reaches a 
certain peak, the market’s ability to drive innovation 
is weaker than the resistance of the coal industry’s 
interest groups, as in the case of Poland. Poland’s energy 
transition has not been smooth as a significant coal 
energy producer in the European Union. The political 
economy of Poland, where most coal companies have 
state-owned attributes, their trade unions are highly 
involved in political decision-making, and where tax 
revenues and employment generated by the coal industry 
influence election outcomes, is hindering Poland’s coal 
transition [46]. The inverted U-shaped fitted curve 
plotted conditional on financial support is also worthy of 
discussion. To a certain extent, the expenditure structure 
of government finance can represent the distribution 
structure of government attention, and the proportion 
of local governments’ financial expenditure on 
environmental protection to GDP essentially reflects the 
degree of local governments’ attention to environmental 
issues. Empirical studies have shown a tipping point in 
the government’s environmental attention. When the 
attention is overly focused, the resulting accountability 
pressure will cause local governments to avoid 
responsibility, leading to a decline in the strength of 
environmental regulation [47]. According to the Porter 
Hypothesis, a decline in environmental regulation is 
not conducive to promoting technological innovation 
activities or adopting innovative technologies by firms 
[15, 48], and ultimately curtails green technological 
innovation.

Fig. 6. Importance of variables.
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Fig. 7. Changes in the treatment effect of ECP conditioned by energy structure.

Fig. 8. Changes in the treatment effect of ECP conditioned by financial support.
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Conclusions

This study systematically examined the green 
innovation effects of ecological civilization pilot 
policies by using 30 provinces in China from 2011 to 
2020 as research samples, and using the differences in 
differences model, the mediated effects model, and the 
causal forest algorithm. The following are the results 
of the analyses. Firstly, after controlling for two-
way fixed effects and control variables, the ecological 
civilization pilot policy increased the level of green 
technological innovation in the pilot region by 27.9%. 
At the same time, the green innovation benefits of the 
ecological civilization pilot policies passed a series of 
robustness tests such as the placebo test, PSM-DID, 
replacing the dependent variable, and controlling other 
policies. Secondly, urbanization partially mediated 
the impact of ecological civilization pilot policies on 
green technological innovation, with approximately  
28% of the benefits of green innovation transmitted via 
urbanization. Finally, conditional on energy structure 
and financial support, the green innovation effect  
of the ecological civilization pilot policies shows an 
S-shaped curve and an inverted U-shaped curve.

Based on the above conclusions, the following  
policy implications are proposed. Firstly, it should 
consolidate and expand the green innovation effect  
of the existing ecological civilization pilot policies and, 
at the same time, actively summarize and publicize 
the typical cases and development models of the pilot 
provinces to accelerate the formation of replicable and 
generalizable reform experiences. Secondly, it should 
further develop the positive impact of urbanization 
on industrial agglomeration and green innovation 
and actively promote the green and intelligent 
transformation of urbanization. Thirdly, differentiated 
supporting policies should be formulated according 
to local conditions, and a path of cooperation and  
win-win situation should be actively explored during  
the evolutionary game between the government, society, 
and interest groups. In addition, the financial expenditure 
structure of local governments should be maintained  
and rationalized, and the ecological civilization 
governance effect of financial environmental protection 
expenditure should be actively promoted towards 
maximization.

The study also has some limitations. For instance, 
are there other undiscovered transmission mechanisms 
between ecological civilization pilot policies and 
green technology innovation? When analyzed by using 
firm data, do ecological civilization pilot policies still 
promote green technology innovation in firms? How 
do conditions other than energy structure and financial 
support affect the treatment effects of the ecological 
civilization pilot policies? These limitations provide 
ideas and directions for future research.
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