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Abstract: To relax the increasingly tight resource and environmental constraints on development,
China needs to follow a pattern of growth that comprehensively encompasses economic growth,
environmental protection, and resource conservation, namely, green economic growth. The key to
achieving green economic growth is to improve green total factor productivity, of which technological
innovation and institutional innovation are the primary driving forces. Based on the panel data
of 266 cities in China from 2004 to 2018, this paper first uses the Directional Distance Function
and Global Malmquist–Luenberger productivity index to measure the urban green total factor
productivity to represent urban green economic growth; then, the impact of technological innovation
and institutional innovation on urban green economic growth is studied by using the panel Granger
causality test and SYS-GMM dynamic panel model. The results are described as follows: China’s
urban green total factor productivity shows an increasing trend from 2004 to 2018, and the average
growth rate of green total factor productivity is 3.27%, which is far lower than the average GDP
growth rate of 9.14%; both technological innovation and institutional innovation can significantly
promote the growth of the urban green economy, but institutional innovation has a greater role in
promoting the growth of the urban green economy than technological innovation. In addition, the
relationship between institutional innovation and urban green economic growth is more stable.

Keywords: technological innovation; institutional innovation; urban green economic growth; green
total factor productivity

1. Introduction

Since China opened its economy, its economic development has been remarkable.
China’s economy has maintained a medium to high growth rate, and in 2010, China
overtook Japan as the world’s second-largest economy. At the same time, environmental
pollution has affected more than 180 prefecture-level and above cities in China, seriously
threatening people’s daily life and bringing great challenges to economic growth [1]. The
terrible environmental costs of rapid growth have led us to think about the resource
and environmental constraints on economic growth. China’s economic development
needs to follow a pattern of growth that comprehensively encompasses economic growth,
environmental protection and resource conservation, namely, green economic growth.
However, the structural contradictions of China’s economy are prominent and the ability
for sustainable development is weak [2]. The obstacles to realising green economic growth
are mainly two. (1) First, the growth of the green economy faces some technical obstacles.
The proportion of green technology patents in China is not high [3]. By the end of 2017, the
number of green patents in China was 136,124, accounting for only 6.5% of the total number
of patents in China. Additionally, Beijing was the city with the largest number of green
patents at 10,829, accounting for only 2.4% of the total number of patents in Beijing. Another
technical hurdle relates to the difficulties in the process of acquiring globally advanced
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core green technologies [4]. To avoid the threat of local Chinese enterprises to their vested
interests, some multinational companies that have mastered green core technology refuse
to share these technologies with Chinese enterprises and have even set impediments to the
independent green technology innovation of Chinese firms through their market power.
(2) Certain institutional obstacles are the second main set of difficulties faced by the growth
of the green economy. First, the endogenous governance system characterised by fiscal
decentralisation will lead to the effect of a ‘race to the bottom line’ [5]. To win in promotion
competition, local governments, under the system of fiscal decentralisation, may use their
dominant economic position to compete maliciously with other regions, thus forming a
development model centred on short-term interests. Second, environmental regulation
policies do not always have the expected effect [6]. In some cases, with the intensification
of environmental regulations, the costs of pollution control for enterprises also rise rapidly,
which leads to a lack of sufficient funds for R&D and innovation. In contrast, the regulation
inhibits the green technology innovation of enterprises and reduces the environmental
benefits in the production process of enterprises. Third, the market-pricing system of
environmental resource prices is relatively lacking [7]. China prefers to use non-market-
oriented means to price environmental resources. This kind of price signalling will lead to
the sluggishness of the micro-entities of enterprises, resulting in a lack of motivation for
enterprises to change their mode of operation or improve their technology, and resulting
in low efficiency of energy and resource utilisation. Finally, China’s policies for inviting
outside investment and foreign trade are not perfect [8]. In the early stage of opening-up,
based on international economic circulation, the opening-up policy provided important
support for China’s economy, but it did not form an effective incentive for the improvement
of resource efficiency or environmental performance.

Therefore, to solve the technical and institutional barriers in the process of urban
economic green growth, we must adhere to innovation to trigger a comprehensive change
in technologies and institutions, effectively reduce the negative impact of economic and
social activities on the ecological environment, and greatly improve the speed and quality
of economic growth. Based on the above analysis, the objective of this paper is to measure
the green economic growth level of 266 cities in China from 2004 to 2018 and to examine the
driving effects of technological innovation and institutional innovation on green economic
growth. Three following detailed questions need to be solved. The first one is what is
the trend of green economic growth in Chinese cities during 2004–2018. The second is
what roles do technological innovation and institutional innovation play in urban green
economic growth. The last is how should the government make decisions to give full
play of technological innovation and institutional innovation in promoting urban green
economic growth this research will attempt to provide scientific references.

The rest of this paper is structured as follows: Section 2 will present a literature review.
Section 3 will systematically introduce the theoretical model. Section 4 will present the
methodology and data used in this paper. The driving effect of technological innovation
and institutional innovation on green economic growth will be discussed in Section 5.
Section 6 will conclude this study and present policy recommendations.

2. Literature Review
2.1. Measurement of Green Economic Growth

Different from the traditional extensive economic growth, which only considers the
input of tangible factors such as labour, capital and economic output, the green economic
growth should take into account the input of resource factors and unexpected outputs
such as environmental pollution and pursue the maximisation of economic and environ-
mental benefits [9]. The Organization for Economic Co-operation and Development put
forward a "Green Growth Strategy" and established a comprehensive green economic
growth assessment framework covering the economy, the environment and the society [10].
Li et al. (2010) created the first green economic growth evaluation index system including
three first-class indicators: the greening level of economic growth, the carrying potential of
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resources and the environment, and support from government policies in China [11]. In
contrast to establishing a complete green economic growth index system, more scholars use
the perspective of total factor productivity (TFP) to measure green economic growth [12,13].
TFP has long been regarded as an important component of the transformation of economic
development from extensive to intensive development, but if we only consider labour,
capital and economic output when calculating TFP, we undoubtedly ignore the cost of
resources and damage caused to the environment by economic growth, which is biased.
Therefore, when measuring green economic growth, we need to take into account the input
of resource factors and unexpected outputs correctly; that is, the growth of green total
factor productivity (GTFP) is a more accurate way to measure green economic growth [14].
The stochastic frontier production function method, traditional radial and angular DEA
models and non-radial and non-angular SBM models are commonly used methods to
measure green total factor productivity, but they all have some defects. The stochastic
frontier production function method must set a specific form of the production function,
which is generally suitable for the production mode of multiple inputs and a single output,
so it is weak in the analysis of multiple outputs; traditional radial and angular DEA models
cannot effectively deal with unexpected outputs, while non-angular SBM models can solve
the problem of unexpected outputs, but the goal of non-angular SBM models is to maximise
the inefficiency of input and output, which is contrary to the goal of the maximise the effi-
ciency of input and output [15–17]. Chung et al. (1997) proposed the Directional Distance
Function (DDF), which can increase the expected output and reduce the unexpected output
within the boundaries of a production possibility set [18]. Table 1 illustrates a list of recent
works, where DDF was used to calculate green total factor productivity [9,19–27]. Indeed,
DDF provides the possibility of measuring green total factor productivity scientifically and
reasonably, which has become one of the main methods of green total factor productivity.
From Table 1, we can see that most of the literature on green economic growth focuses on
the national, provincial, or industry level, which is too macro to capture more micro-level
information, and there are relatively a few studies measuring the green economic growth
of all prefecture-level cities in China. So, based on the DDF model for measuring the green
total factor productivity of 266 Chinese cities of prefecture-level or above from 2004 to 2018,
this paper expands the measurement of green economic growth from the national level,
provincial level or industrial level to the city level.

Table 1. Summary of total factor productivity methods with DDF.

Study Index Research Objects

Chen & Gollery (2014) Green total factor productivity 38 industries in China from 1980 to 2010
Pang et al. (2015) Total factor efficiency 87 countries in the world from 2004 to 2010

Manello (2017) Efficiency score and total factor productivity
growth indexes considering pollution

Firms located in Italy and Germany, operating in
the chemical sector

Du et al. (2017) Environmental productivity performance

Environmental productivity of China’s economic
zones and provincial regions from 1999 to 2012;

Automobile manufacturers’ environmental
performance from 2005 to 2012.

Xian et al. (2018) Production and environmental technologies and
endogenous efficiency

China’s power
industry from 2006–2015

Xia & Xu (2020) Green total factor productivity Provinces in China from 1997 to 2015.
Liu & Li (2019) Green total factor productivity 17 provinces and the countries from 2003 to 2016

Wang et al. (2019) Green productivity growth OECD industrial sectors

Gao et al. (2020) Total factor productivity considering
carbon emissions Provinces in China from 2000 to 2017

Lan et al. (2020) Total factor productivity 36 Chinese cities from 2006 to 2015
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2.2. Driving Factors of Green Economic Growth

The World Bank (2012) proposed a framework for the analysis of green economic
growth that includes capital, labour, environment and policy to explain the factors that
drive green economic growth [28]. A consensus has developed that economic growth in any
period cannot be achieved without the inputs of labour, capital, land and other factors and
an increase in factor investment promotes continued economic growth only when it can
also bring progress in technology [29]. Technological innovation is not only an important
driving force of traditional total factor productivity but also the key to promoting green total
factor productivity [30,31]. First, technological innovation can increase marginal products
and improve resource utilisation in the production process [32,33]. Second, technological
innovation can directly improve the ability of pollution treatment and pollution control
to minimise the damage caused by pollutants to the environmental system [34,35]. Third,
by embracing green technology, cultivating green industry and promoting green energy
development, technological innovation can boost urban green economic growth in all
directions [36].

While affirming the contribution of technological innovation to green economic
growth, the important role of institutional innovation in economic growth cannot be ig-
nored. The new institutional economists, represented by North, proposed that any process
of economic growth is carried out against the background of institutional innovation [37].
Therefore, urban green economic growth is no exception. In the process of institutional
innovation promoting urban green economic growth, the opening-up system and environ-
mental regulation system are the most representative, which are also research hot spots
of many scholars. First, the innovation of the opening-up system not only increases the
domestic capital stock but also leads to the steady implementation of advanced cleaner
production technologies and environmental protections of foreign enterprises [38,39]. The
innovation of the environmental regulation system can directly affect the growth of the
green economy through legal means, which is one of the institutions most closely related
to green economic growth. By internalising the externality cost of pollution, environmental
regulations can control the pollution emission level of enterprises. In the short run, this
would undoubtedly increase the cost of enterprises and reduce production efficiency. In the
long run, however, strict environmental regulations would force technological innovation,
promote production efficiency, compensate for the economic loss of pollution controls and
then promote green economic growth [40–43].

2.3. Influencing Factors of Urban Green Economic Growth

As a symbol of human civilisation and social progress, a city is a high gathering
place of population, manufacturers, resources, culture, information and other elements
in a limited geographical space. The realisation of green economic growth in cities is of
great significance to enhance economic vitality and gain ecological wealth [27]. Most of
the literature has studied the influencing factors of urban green economic growth. Song
et al. (2019) calculated China’s green GDP and studied the impact of economic openness on
green economic growth. The results showed that economic openness and green economic
growth had a non-linear negative U-shaped relation [44]. Lin & Zhu (2019) confirmed the
effect of fiscal spending on green economic growth [45]; Sohag et al. (2019) analysed the
impact of cleaner energy, technological and militarisation on green economic growth in
Turkey. The results showed that technological innovation could foster green economic
growth [46]. Cheng et al. (2021) analysed the effect of the Resource-based Cities Plan on
green economic efficiency. The results showed that the plan could significantly promote
green economic growth in resource-based cities [47]. To sum up, many factors can affect
China’s green economic growth: economic factors, environmental factors, technical factors,
institutional factors and so on [16,34]. The existing literature has the following principal
deficiencies. First, with the continuous highlighting of global resource and environmental
problems, many scholars regard innovation as an important means to solve the constraints
of resources and the environment. However, due to the complexity of green development,
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there is not yet a relatively unified theoretical model, especially for the growth of the
urban green economy. This will lead to the lack of theoretical support and significance for
the econometric model. Second, most of the literature has focused solely on the impact
of technological progress or institutional innovation on green economic growth [48,49],
while few studies have focused on the comprehensive impact of technological progress
and institutional innovation on green economic growth. However, we must note that
technological innovation and institutional innovation do not work independently, ignoring
the interaction between the two will lead to inaccurate research conclusions and no practical
significance [50]. Third, although most of the literature on the institutional innovation of
green economic growth focuses on the opening-up system and environmental regulation,
the realisation of urban green economic growth requires the role of the entire institutional
system, not just the opening-up system and environmental regulation. Fourth, most
literature starts from a single factor on the influencing factors of urban green economic
growth, but the urban green economic growth must be affected by multiple factors.

Therefore, this study, based on 266 cities above the prefecture-level in China, analyses
the mechanism of technological innovation and institutional innovation that promote and
contribute to green economic growth. Its marginal contribution lies in the following. First,
the endogenous growth model is applied to demonstrate the mechanism and conditions of
urban green economic growth. Second, this paper combines technological progress, institu-
tional innovation and urban green economic growth into a unified research framework to
discuss the main driving force of urban green economic growth. Third, multidimensional
analysis is used to quantise institutional innovation. This paper measures institutional
innovation from more dimensions: the fiscal decentralisation system, the environmental
regulation system, the resource pricing system and the opening-up system. Fourth, this
paper systematically analyses the influencing factors of urban green economic growth.

3. Theoretical Model and Analysis

Aghion & Howitt (1998) [51] introduced environmental pollution and non-renewable
resources into the Schumpeter model and posited that the key to sustainable development
was to maintain a continuous innovation flow, which was consistent with the historical ex-
perience of many industrialised countries and had been confirmed and supported by many
scholars [35,52]. Urban green economic growth is an important part of sustainable develop-
ment. Therefore, this paper argues that Schumpeter’s idea of achieving economic growth
through “Creative Destruction” has important theoretical reference value for China’s ur-
ban green economic growth. By systematically bringing the constraints of environmental
pollution and non-renewable resources into Schumpeter’s endogenous growth model and
introducing it into the analysis of urban green economic growth, this paper constructs
a theoretical model of innovation-driven urban green economic growth, analysing the
possibility and necessary conditions of innovation-driven green economic growth based
on this model.

First, we take environmental pollution and non-renewable resource constraints into
the simplified model based on the Schumpeter product vertical innovation framework
established by Aghion & Howitt and set the final production function as follows:

Y = KαB1−αLβRvz (1)

In Equation (1), K is the material capital used to produce intermediate goods i; B is the
intellectual capital used to produce intermediate products i; L is the quantity of labour
supply; R is the stock of non-renewable resource and S is the non-renewable resource
extraction flow, that is

.
S = −R and the newly exploited resources can be used as production

inputs; z is the pollution intensity and environmental pollution P is an increasing function
of output level and pollution intensity z, that is P(Y,z). Besides, Bmax denotes the frontier of
production technology, in the long run, there is a strict proportional relationship between
production technology frontier and average technical parameters: Bmax = (1 + σ)B, that is
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.
B = σηnB, σ represents the rate of innovation flow promoting the technological frontier of
the economy, ση represents the productivity of the intellectual capital and L + n = 1 is the
condition of labour clearance.

Second, considering an economic system in which the population is composed
of continuous individuals with infinite life and setting the lifetime utility function of
an individual:

W =
∫ ∞

0
e−ρtu(c(t), E(t))dt (2)

In Equation (2), ρ is the discount rate, e−ρt is the discount factor; c(t) is the time
trajectory of consumption per person; u(c(t)) is the lifetime utility function of an individual
and ε is marginal utility elasticity; E(t) is the time trajectory of environmental quality and
it is assumed that environmental quality E has an upper limit value, the upper limit
of environmental quality can be reached only when production activities are stopped
indefinitely, that is

.
E = −P(Y, z)− θE, θ indicating the maximum possible regeneration

speed of the environment. When environmental quality is introduced into the theoretical
framework of endogenous growth, people’s welfare depends not only on the current
material consumption flow but also on the quality of the environment, so u(c(t), E(t)) is
the instantaneous time function.

Based on the above analysis, the optimal growth problem has been transformed into
the growth rate of consumption and innovation at any time. Under the constraints of
labour market clearing, the maximisation of production and innovation can be expressed
by establishing a Hamilton function:

H = U(c, E) + λ1
.
K + λ2

.
B + λ3

.
E + λ4

.
R (3)

By calculating the first derivative of the control variables c, n, z and R and combining
the laws of

.
K,

.
B,

.
S and

.
E, we can obtain the following constraints from the equilibrium

growth rate of each variable in the steady-state:
ε− 1 > 0

ησ− ρ > 0

(ε− 1)(ησ− ρ) < θ
[
ε(1 + ω) + ω+ε

(1−α)γ

]
ησ− ρ < εησ

(4)

According to Equation (4), when the following conditions are met, innovation can
drive urban green economic growth:

First, ε − 1 > 0 This is a necessary condition for the continuous improvement of
environmental quality, which means rational consumers will not damage environmental
quality below the threshold of an environmental disaster.

Second, σ − ρ > 0. This condition means that if the productivity of innovation is
greater than the discount rate of time, the promotion effect of innovation on green growth
can be fully exerted, and then the green economic growth of cities can be realised along the
optimal growth path.

Third, ησ − ρ < εησ. This condition means that the consumption rate of non-
renewable resources is negative, which is conducive to the conservation and protection
of resources.

Fourth, (ε− 1)(ησ− ρ) < θ
[
ε(1 + ω) + ω+ε

(1−α)γ

]
. This condition means that when

the self-purification capacity or regeneration speed of environmental systems to envi-
ronmental pollutants is large enough, the excessive growth of pollution relative to envi-
ronmental regeneration capacity can be avoided. (ω represents the social preference for
environmental quality).

In summary, although there are resource and environmental constraints, under the
condition of steady equilibrium, sustainable economic growth, resource conservation, and
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environmental quality improvement can be achieved at the same time; that is, innovation
can drive China’s urban green economic growth.

4. Methodology and Data
4.1. Method
4.1.1. DDF-GML Model

The Directional Distance Function is a general expression of the radial DEA model. In
the Direction Distance Function model, the direction of DMU forward projection can be
customised by researchers. In Euclidean space, the direction of projection is determined by
the direction vector, which is composed of the input direction vector and output direction
vector, which is the main feature of the direction vector model. If there is unexpected output,
it can be distinguished in the Direction Distance Function model. Green economic growth
takes resources and environmental factors into consideration. Under the consumption of
capital, labour, energy and urban economic activities will bring the expected output and
unexpected output. Expected output refers to the growth of gross economic output value,
while unexpected output refers to the emission of environmental pollutants. Therefore, the
Direction Distance Function can be used to calculate the green economic efficiency (GEE)
of cities, which is a static efficiency. Green economic growth is a long-term and continuous
process. Pastor & Lovell (2005) proposed that the Global Malmquist index can expand the
level of green economic growth from static analysis to dynamic analysis and divide the
change in green economic growth into the change in technical efficiency (GMLEC) and
technology change (GMLTC). Therefore, this paper uses the Direction Distance Function
model including unexpected output to calculate green economic efficiency and combines it
with the Global Malmquist index to measure the green total factor productivity of cities [53].

4.1.2. Granger Causality Test

Granger and Newbold (1974) proposed the Granger causality test to determine
whether the causality between variables in the economic system is from X to Y or from Y
to X or bidirectional causality. It was first applied to time series. Hartwig (2010) extended
the Granger causality test to panel data on this basis, and the specific model is defined as
follows [54,55]:

Yit = γ + ∑p
m=1 αmYi, t−m + ∑p

m=1 βmXi, t−m + ui + εit (5)

Referring to Formula (5), the panel Granger causality model of technological innova-
tion and urban green economic growth in China is established as follows:

Yit = γ + ∑p1
m=1 αmYi, t−m + ∑p2

m=1 βmTi, t−m + εit (6)

In Equation (6), Yit represents the green total factor productivity of cities in China
from 2004 to 2018. T is the technological innovation index, m is the lag phase, and p1 and
p2 are the maximum lag phases of green total factor productivity and the technological
innovation index, respectively.

In addition, this paper also uses the panel Granger causality test to explore the
relationship between urban green economic growth and institutional innovation in China.
The specific model is defined as follows:

Yit = γ + ∑p1
m=1 αmYi, t−m + ∑p2

m=1 βmSi, t−m + εit (7)

Yit = γ + ∑p1
m=1 αmYi, t−m + ∑p2

m=1 βmFD/ER/RP/OSi, t−m + εit (8)

In Equation (7), S is the index of institutional innovation. In Equation (8), FD, ER,
RP and OS represent the fiscal decentralisation system, environmental regulation system,
resource pricing system, and opening-up system, respectively. The meanings of the other
variables are the same as those in Equation (6).
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4.1.3. Dynamic GMM Model

Panel data is used to analyse individual dynamic behaviour through modelling. Based
on the static panel model, if the lag term of the explained variable is regarded as a random
explanatory variable, it becomes a dynamic panel model. In the dynamic panel model, the
explanatory variables are easily related to the random disturbance term, which leads to
the endogeneity problem of the model. At this time, if the traditional estimation method
is used, bias and inconsistency of the parameter estimation will occur. Arellano & Bond
(1991) proposed the DIF-GMM estimation, and Arellano & Bover (1995) and Blundell &
Bond (1998) proposed the SYS-GMM, which solved the above problems well. Furthermore,
Monte Carlo simulation experiments and studies by most scholars show that DIF-GMM is
more easily affected by weak instrumental variables, while SYS-GMM can better control
the endogeneity of the model by increasing the number of instrumental variables [56–58].
Based on the above analysis, this paper uses SYS-GMM to estimate the following models.

Yit = α0 + ωYit−1 + α1Tit + α2Sit + µit + εit (9)

Yit = δ0 + γYit−1 + δ1Tit + δ2FDit + δ3ERit + δ4ERit × Tit
+δ5RPit + δ6OSit + µit + εit

(10)

In Equations (9) and (10), i represents the city, t represents the year, and Y, T, S, FD, ER,
RP and OS represent the urban green total factor productivity, technological innovation,
institutional innovation, fiscal decentralisation system, environmental regulation, resource
pricing system and opening-up system, respectively. Equation (9) is a basic GMM dynamic
panel model, which is used to analyse the relationship between technological innovation,
institutional innovation and urban green economic growth. Equations (10) further examine
the relationship between technological innovation, different types of institutional inno-
vation and urban green economic growth, add the interaction between environmental
regulation and technological innovation to test whether environmental regulation can
influence urban green economic growth by promoting domestic technological innovation
and add the interaction between the opening-up system and technological innovation to
test whether the opening-up system can affect urban green economic growth by promoting
domestic technological innovation.

4.2. Data
4.2.1. Dependent Variable

Green total factor productivity (Y) is the only explained variable. This paper takes
2004 as the starting period of the study and measures and analyses the green total factor
productivity of 266 prefecture-level and above cities in China from 2004 to 2018 to charac-
terise the level of urban green economic growth based on the DDF-GML model. Among
them, the input factor and output factor are two major indicators to measure urban green
factor productivity.

1. Input factor index

Labour (L) is represented by the number of employees in each city at the end of the
period. Capital (K) is represented by the capital stock in each year estimated for each city,
and energy (E) is represented by electricity consumption within the entire city.

2. Output factor index

The expected output is GDP (G), and the unexpected output includes industrial
wastewater emissions (W), sulphur dioxide emissions (S) and industrial smoke and dust
emissions (D). In addition, the variables related to price are adjusted based on 2004.

Y represents the green total factor productivity. It should be noted that since GTFP
measures the growth rate of green total factor productivity, it is necessary to adjust the
measured GTFP and its decomposition index to obtain the actual value of GTFP. Referring
to the adjustment method of Chen et al. (2016), the actual GTFP is obtained by multiplying
the GML index. It is assumed that the GTFP with 2004 as the base period is 1, and the
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actual GTFP in 2005 is the base period value of 2004 multiplied by the GML index of 2005
so that the actual GTFP of each year can be derived [59].

Figure 1 reports China’s urban green total factor productivity and its decomposition
index. Green total factor productivity is a dynamic reflection of urban green economic
growth. In the whole research period, the average green total factor productivity of
cities is 1.0327, which shows that the actual total factor productivity growth of Chinese
cities is 3.27% under the constraints of resources and environment, which is far lower
than the actual average GDP growth rate of 9.14%. This also indicates that, to a certain
extent, there is a phenomenon of economic growth at the expense of resources and the
environment in China’s urban economic growth. In different time periods, 2004–2008,
2009–2013 and 2014–2018, the green total factor productivity was 0.9917, 1.0356 and 1.0327,
respectively. This means that from 2004 to 2008, China’s cities have not yet achieved green
economic growth; since 2009, China’s economic development model has changed from
extensive to intensive. By gradually implementing the concept of green development
into practice, green TFP has changed from negative to positive. Furthermore, from the
decomposition index of green total factor productivity, we can see that the decline of green
total factor productivity mainly comes from the decline of green technology progress,
and the improvement of green total factor productivity mainly comes from the rise of
green technology efficiency. The reason for this may be that China’s economy has not
yet achieved the transformation of new and old kinetic energy, so, to a certain extent, it
lacks the endogenous technology power of energy conservation and emission reduction,
which leads to some backsliding of green technology progress. However, at the same
time, the pace of institutional innovation in China is gradually accelerating, which greatly
improves organisational efficiency and management ability, bringing about the continuous
improvement of green technical efficiency. Thus, China’s economy has ushered in an overall
improvement of green total factor productivity. Therefore, in the face of increasingly tight
resource and environmental constraints, China should not only improve the contribution
of green technology efficiency through institutional innovation but also give full play
to the driving role of technological progress in the green economic transformation to
comprehensively enhance the driving force of urban green economic growth.

Figure 1. China’s urban green total factor productivity and its decomposition index.
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4.2.2. Explanatory Variable

1. Technological innovation (T)

Most of the existing methods for evaluating technological innovation focus on the
selection of macroeconomic indicators related to innovation input and output, and the
innovation index is synthesised by either weighing or principal component analysis [60].
However, innovation output is the result of the innovator’s input of factors into production;
repeated calculations may be a problem when using these two indexes at the same time,
resulting in a gap between results and reality. While the number of patents only evaluates
the ability of innovation subjects from a single output perspective and based on the open-
ness, objectivity and timeliness of the number of patents, it has become the first indicator
of choice for many scholars to measure the level of technological innovation [32–34]. Based
on the above analysis, this paper constructs the technological innovation index from the
micro perspective and uses the number of green patents granted by each city to represent
the technological innovation level of cities.

2. Institutional innovation (S)

For the selection index of institutional innovation (S), this paper measures the level of
institutional innovation from four aspects: fiscal decentralisation system, environmental
regulation, resource pricing system and opening-up system by combining with the insti-
tutional obstacles in the process of urban economic green growth. Specifically, regarding
the fiscal decentralisation system, most of the existing literature uses fiscal revenue de-
centralisation, fiscal expenditure decentralisation and fiscal share rate to measure fiscal
decentralisation. This paper uses expenditure indicators to measure the fiscal decentralisa-
tion of each city. Considering the differences in the urban financial management system and
to better avoid the impact of population size and central transfer payments on local govern-
ments, the calculation of urban fiscal decentralisation is defined as FD = fdc/(fdc + fdp + fdf ),
where fdc, fdp and fdf represent the per capita fiscal expenditures at the urban, provincial
and central levels, respectively [5]. As far as environmental regulation is concerned, based
on the research of Zhao et al. (2014), this paper selects the environmental regulation inten-
sity index to characterise environmental regulation [61]. In terms of the resource pricing
system, referring to Jia et al. (2014), this paper uses the ratio of government expenditure to
fiscal expenditure at the urban level to express the degree of local government intervention
in the economy to measure the impact of government intervention on resource allocation
and reversely characterises the role of the market in resource pricing [62]. The opening-up
system is measured by the proportion of foreign direct investment in GDP in that year.
Furthermore, based on fully considering the three attributes of contrast, dispersion and
correlation of data, the improved CRITIC method is used to synthesise the above four
indicators into the institutional innovation index [63]. (Specific calculation steps can be
referred to Appendix A).

L, K, E, G, W, S, T, fdc, government expenditure and foreign direct investment were
obtained from the China City Statistical Yearbook (2005–2019); fdp and fdc were obtained
from the China City Annual Statistical Report (2005–2019) and the number of green patents
was obtained from the National Bureau of Statistics. Furthermore, this paper contains a
total of 7 main variables and the descriptive statistical analysis is shown in Table 2.

Table 2. Descriptive Statistical Analysis of the Main Variables.

Variable Y T S FD ER RP OS

Mean Value 1.009 59.32 0.355 0.389 0.443 2.614 0.022
Maximum Value 2.241 430 0.802 0.967 5.926 18.02 0.238
Minimum Value 0.481 1 0.085 0.052 0.005 0.649 0.0004

Standard Deviation 0.093 74.167 0.065 0.118 0.477 1.541 0.024
Observations 3990 3990 3990 3990 3990 3990 3990
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5. Empirical Results and Discussion
5.1. Analysis of Single Driving Factor

Technological innovation has become an important force driving economic growth
worldwide. At present, the large-scale dividend released by the technological revolution
and the great strategic transformation from extensive development to green development
in China in the current era forms a historical intersection, which is both an opportunity
and a challenge for China’s cities to transform the model of economic growth and reshape
the competitiveness of urban green development. In 2012, the report of the 18th National
Congress of the Communist Party of China clearly put forward an innovation-driven devel-
opment strategy, in particular pointing out the significance of scientific and technological
innovation for economic and social development. Relying on technological innovation
to drive urban green economic growth is the essence of the high-quality development of
Chinese cities in the new era.

Based on the above analysis, this paper first uses the panel Granger causality model to
test the relationship between technological innovation and urban green economic growth.
Initially, Fisher’s test was used for the unit root test and the specific results are shown in
Table 3.

Table 3. Unit root test of T and Y.

Variable P Z L* Pm Unit Root Result

Y 1826.0479 *** −27.2645 *** −29.4584 *** 39.6716 *** No Stationary
T 1805.4537 *** −27.7658 *** −29.6263 *** 39.0397 *** No Stationary

Note: *** indicates the significance level of 1%; P, Z, L* and Pm indicate the Fisher unit root test statistics obtained after the in-
verse chi-squared transformation, inverse normal transformation, inverse logit transformation, and modified inverse chi-squared
transformation, respectively.

Table 3 shows that Y and T are stationary sequences, and Granger causality analysis
can be directly performed. The specific results are shown in Table 4.

Table 4. Granger causality test results of T and Y.

H0 Lag Period 1 Lag Period 2 Lag Period 3

T is not the Granger cause of Y
w 2.8215 5.6325 5.5749
z 0.2468 29.6221 17.1447
p 0.1327 0.0000 0.0000

The Granger causality test shows that the coefficient is not significant in the short
run, indicating that technological innovation is not the short-term Granger cause of urban
green economic growth. In the long run, the coefficient is not zero, which indicates that
when the fluctuation of technological innovation deviates from the long-term equilibrium,
the system can pull technological innovation from the non-equilibrium state back to the
equilibrium state; that is, there is a long-term stable equilibrium relationship between
technological innovation and urban green economic growth, and technological innovation
is the long-term Granger cause of urban green economic growth. This conclusion shows
that the driving effect of technology innovation on green economic growth is not significant
in the short term, owing to the low investment in independent R&D, the low efficiency
of technology transformation and the obstacles in the introduction of technology. How-
ever, in the long run, as technology innovation ability has been significantly improved,
technological innovation is an important driving force of urban green economic growth
in China.

In modern economic growth theory, institutional factors are an important means
of influencing economic growth. The government can promote the quality of economic
growth through reasonable institutional arrangements. In the face of institutional obstacles
in the process of urban green economic growth, the only way to solve them is to strengthen
institutional innovation. According to the nature of green economic growth, we propose a
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series of innovative institutional supplies that can fundamentally coordinate the interests
of different subjects in green economic growth and thus establish effective constraints on
and incentives for economic activities. Therefore, reasonable and effective institutional
innovation is the only way to achieve urban green economic growth.

Similar to Section 5.1, this paper uses the panel Granger causality model to test the
relationship between institutional innovation and urban green economic growth. Similarly,
Fisher’s test is used to test institutional innovation and urban green economic growth. The
specific results are shown in Table 5.

Table 5. Unit root test of S/FD/ER/RP/OS and Y.

Variable P Z L* Pm Unit Root Result

Y 1826.0479 *** −27.2645 *** −29.4584 *** 39.6716 *** No Stationary
S 1753.5605 *** −27.5102 *** −28.7141 *** 37.4493 *** No Stationary

FD 2055.8122 *** −32.2670 *** −34.2978 *** 46.7155 *** No Stationary
ER 1537.1926 *** −23.0821 *** −23.9355 *** 30.2901 *** No Stationary
RP 1499.2556 *** −21.8043 *** −23.0876 *** 29.4691 *** No Stationary
OS 1832.8138 *** −28.678 *** −30.2864 *** 39.8970 *** No Stationary

Note: *** indicates the significance level of 1%; P, Z, L* and Pm indicate the Fisher unit root test statistics obtained after the in-
verse chi-squared transformation, inverse normal transformation, inverse logit transformation, and modified inverse chi-squared
transformation, respectively.

Table 5 shows that Y and S/FD/ER/RP/OS are stationary sequences, and Granger
causality analysis can be directly performed. The specific results are shown in Table 6.

Table 6. Granger causality test results of S/FD/ER/RP/OS and Y.

H0 Lag Period 1 Lag Period 2 Lag Period 3

S is not the Granger cause of Y
w 2.0582 3.4272 12.5828
Z 12.2040 11.6384 63.8057
P 0.0000 0.0000 0.0000

FD is not the Granger cause of Y
w 4.0950 3.4524 11.3493
Z 0.2221 3.3981 10.3554
P 0.8243 0.0007 0.0000

ER is not the Granger cause of Y
w 4.9399 3.8932 1.6737
Z −0.1078 5.3043 3.5604
P 0.9142 0.0000 0.0004

RP is not the Granger cause of Y
w 2.0198 4.3470 5.1362
Z 6.2964 7.2671 14.2232
P 0.0000 0.0000 0.0000

OS is not the Granger cause of Y
w 4.2090 1.4582 9.5896
Z 6.6700 1.8632 7.4855
P 0.0000 0.0624 0.0000

The Granger causality test shows that, whether it is short-term or long-term when the
fluctuation of institutional innovation deviates from the equilibrium, the system has the rele-
vant mechanism to automatically correct the degree of deviation, which can pull the institu-
tional innovation from the nonequilibrium state back to the equilibrium state; that is, there
is a stable equilibrium relationship between institutional innovation and green economic
growth. At present, China’s urban green economic growth still has much room for im-
provement, so it is necessary to further constrain and incentivise institutional innovation.

Next, this paper further analyses the impact of different types of institutional innova-
tion on green economic growth. First, the innovation of fiscal decentralisation systems is
not the short-term Granger cause of urban green economic growth but rather the long-term
Granger cause of urban green economic growth. This conclusion shows that the driving
effect of China’s fiscal decentralisation system on green economic growth is not significant
in the short term, which may be because other supervision systems compatible with the
fiscal decentralisation system are not perfect in the short term, and local governments can
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reduce tax rates or environmental regulatory standards to attract factor inflow and cause
environmental pollution. However, in the long run, with the gradual improvement of the
system, the fiscal decentralisation system enables local governments to use fiscal funds
more flexibly to promote urban green economic growth. Second, the innovation of the envi-
ronmental regulation is not the short-term Granger cause of urban green economic growth
but the long-term Granger cause of urban green economic growth. This conclusion shows
that the driving effect of China’s environmental regulation system on green economic
growth is not significant in the short term, which preliminarily confirms the rationality
of the Porter hypothesis. That is, in the short run, due to the adoption of more stringent
environmental regulation, the costs of energy conservation and emission reduction may
increase, indicating that the causal relationship between environmental regulation and
green economic growth is not significant or even has a negative impact. However, in
the long run, with the improvement of technological innovation ability, environmental
regulation can produce an “Innovation Compensation” effect, which is conducive to the
promotion of urban green total factor productivity. Third, there is always a stable equi-
librium relationship between the innovation of the resource pricing system and green
economic growth. This conclusion shows that allowing the market to play a decisive role
in resource allocation can effectively improve resource utilisation efficiency and promote
urban green economic growth. Finally, regarding the opening-up system, the innovation of
the opening-up system is not the Granger cause of green economic growth in the medium
term, but rather the short-term and long-term Granger cause of urban green economic
growth. This may be because, in the early stage of opening-up, the large-scale entry of
foreign capital led to the continuous expansion of the total social demand, which effectively
promoted economic development. To a certain extent, the economic benefits “covered”
the environmental costs, which had a positive role in promoting green economic growth;
however, with the continuous acceleration of industrialisation, the resource and environ-
mental constraints are increasingly tight, and economic growth is slowing down, so the
causal relationship between the opening-up system and the green economic growth is not
very significant. In the long run, the quality of the level of opening-up and the quality of
local economic development are gradually improved, suggesting another coordination
relationship between the opening-up system and urban green economic growth.

5.2. Analysis of Multiple Driving Factors

In the first two sections, this paper conducts an empirical test on the correlation and
causality between technological innovation and institutional innovation and urban green
economic growth, but the correlation analysis and causality analysis are only on a single
dynamic factor without considering other factors; thus, the results may be one-sided.
To explore the driving effects of various factors more comprehensively on urban green
economic growth in China to provide a reasonable empirical basis for related innovation
policy measures and to promote technological progress, this paper puts technological
innovation, institutional innovation and urban green economic growth into a unified
research framework and empirically studies the dynamic relationship between them.

Before the SYS-GMM estimation, we should first use the VIF to test whether there
are multiple collinearity problems among the explanatory variables. The results of the
VIF tests show that the largest variance expansion factor is far less than 10, so there is
no multiple collinearity problem among the explanatory variables. Table 7 reports the
estimation results of the SYS-GMM.
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Table 7. The Estimation Results of SYS-GMM.

Equations (3)–(10) Equations (3)–(11)

Y(−1)
0.249 *** 0.241 ***

(2.92) (2.73)

S
0.308 ***

(5.30)

T
0.221 *** 0.196 **

(4.23) (2.02)

FD
0.0981 ***

(2.99)

ER
0.021 **
(1.98)

RP
0.123 ***

(3.87)

OS
0.029
(1.05)

OS × T
0.016 ***

(3.14)

ER × T
0.293 *
(1.69)

Sargan Test 0.355 0.577

AR(1)
−2.847 −3.026
0.000 0.002

AR(2)
1.049 0.981
0.293 0.327

Wald-test-P 0.000 0.000

Note: 1© ***, **, and * indicate significance levels of 1%, 5% and 10%, respectively; the data in brackets are Z-statistic values, and 2© The
Sargan test column lists the test value and p-value of over-recognition. AR(1) and AR(2) represent the Arellano-Bond autocorrelation test
results of first-order and second-order residual sequences, respectively.

First, the p-values of the Sargan test results estimated by GMM are all greater than
0.05, meaning that the original hypothesis of “All instrumental variables are valid” can be
accepted at the significance level of 5%. The results of the Arellano–Bond autocorrelation
show that AR(1) < 0.05 and AR(2) > 0.05, which indicates that the residuals only have
first-order sequence correlation but no second-order sequence correlation; that is, the
original hypothesis of “No autocorrelation of disturbance term” can be accepted. The
Wald test shows that the overall model is highly significant, meaning that the estimation of
SYS-GMM is valid.

Second, from the estimation results of each variable coefficient, the first-order lag
term of GTFP has a significant positive effect on the current value, which shows that the
change in GTFP is a dynamic process; that is, green economic growth is a continuous
cycle accumulation process. Both institutional innovation and technological innovation
can significantly promote urban green economic growth, and of the two, institutional
innovation has a stronger positive impact on urban green economic growth. Furthermore,
the coefficient sign of the fiscal decentralisation system is significantly positive. In the
11th Five-Year Plan, the energy conservation and emission reduction targets are linked
with the performance evaluation of government officials for the first time, which gradually
breaks the “ONLY GDP” of official evaluations. This has had an important impact on
the transformation of China’s economic development model. After the 18th National
Congress of the Communist Party of China, the Party Central Committee takes green as
the background of economic development, and the fiscal decentralisation system with
Chinese characteristics further enables local government to have greater financial and
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administrative freedom, which has a significant positive effect on promoting urban green
economic growth. The coefficient sign of environmental regulation systems is significantly
positive, indicating that environmental regulation can promote the growth of the urban
green economy, and the interaction coefficient of environmental regulation systems and
technological innovation is also significantly positive, which further verifies that the effect
of environmental regulation on green total factor productivity in China has crossed the
“Porter Inflection Point”; that is, environmental regulations play a stable and significantly
positive role in green economic growth. The coefficient sign of the resource pricing system
is also significantly positive, which shows that letting the market play a decisive role in
resource allocation can significantly improve resource utilisation efficiency and promote
urban green economic growth. The coefficient sign of the opening-up system is positive,
but not significant, while the coefficient of the interaction between opening-up and tech-
nological innovation is significantly positive, which indicates that the opening-up system
at present can indirectly promote urban green economic growth through the technology
spillover effect, but the direct positive impact of opening-up on green economic growth is
not significant.

5.3. Discussion

From the above empirical analysis, we can draw the following conclusions: both
technological innovation and institutional innovation can significantly promote the growth
of the urban green economy, but institutional innovation has a greater role in promoting
the growth of the urban green economy than technological innovation. The relationship
between institutional innovation and urban green economic growth is more stable. Most
previous studies overemphasise the important role of technological innovation in green
economic growth, which is a little one-sided [35,49]. It is hoped that this paper can
arouse the government’s attention to institutional innovation. Further, the reasons why
institutional innovation can contribute more to green economic growth are as follows:

First, institutional innovation can reduce transaction costs and improve the efficiency
of resource allocation. When the transaction cost is greater than zero, different institutions
will affect the efficiency of resource allocation, that is, continuous institutional innovation
can make professional and cooperative large-scale production possible, to make more
efficient use of various production factors, especially non-renewable resource factors.

Second, institutional innovation can stimulate green technology innovation. The
modern patent system is considered to be an important reason for the emergence of the
British Industrial Revolution. Clear property rights and efficient protection of property
rights are the institutional guarantees for innovators to obtain innovative profits. With this
guarantee, profit is not only the result of green technology innovation but also the driving
force of green technology innovation.

Third, institutional innovation can restrict the behaviour of enterprises and the public.
The implementation of the institutions depends on the national coercive force, which can
restrict the non-green behaviour of enterprises and the public, to ensure that the green
economic growth is more sustainable fundamentally.

6. Conclusions and Implications
6.1. Conclusions

Green economic growth is an economic growth mode with the goal of efficiency,
harmony and sustainability under the constraints of ecological environment capacity and
resource carrying capacity, which is the essence of China’s high-quality development.
As a quality contribution to green economic growth, the key is to improve green total
factor productivity, of which technological innovation and institutional innovation are the
primary driving forces. Therefore, based on the panel data of 266 cities in China from 2004
to 2018, this paper first uses the Directional Distance Function and GML productivity index
to measure the urban green total factor productivity considering the energy input and
unexpected output to represent urban green economic growth and then studies the impact
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of technological innovation and institutional innovation on urban green economic growth
using the panel Granger causality test and the SYS-GMM dynamic panel model. The main
conclusions are as follows.

First, China’s urban green total factor productivity shows an increasing trend from
2004 to 2018, and the average green total factor productivity of cities is 1.0327, which
shows that the actual total factor productivity growth of Chinese cities is 3.27% under the
constraints of resources and environment, which is far lower than the actual average GDP
growth rate of 9.14%. Furthermore, from the decomposition index of green total factor
productivity, the decline of green total factor productivity mainly comes from the decline of
green technology progress, and the improvement of green total factor productivity mainly
comes from the rise of green technology efficiency.

Second, both technological innovation and institutional innovation can significantly
promote the growth of the urban green economy, but institutional innovation has a greater
role in promoting the growth of the urban green economy than technological innovation.
In addition, the relationship between institutional innovation and green economic growth
is more stable. Furthermore, the innovation of fiscal decentralisation system can promote
urban green economic growth. The effect of the innovation of environmental regulation on
green economic growth has crossed the “Porter Inflection Point”. The innovation of the
resource pricing system has initially highlighted the decisive role of the market in resource
allocation. Although the innovation of opening-up system can promote green technology
innovation, it has not yet played a role in promoting green economic growth.

6.2. Implications

To summarise, this study shows both the temporal trend analysis in terms of green
total factor productivity and driving effect analysis in terms of technological innovation
and institutional innovation. From these analyses, implications are obtained.

In the process of promoting urban green economic growth, we should promote in-
stitutional innovation and improve the top-level design. First, we should improve the
protocols for official promotions using the green evaluation system. The establishment
of an evaluation system based on green total factor productivity can form a significant
positive incentive for the behaviour of officials at all levels. The second is to formulate
appropriate environmental regulation intensity. The government should appropriately
increase the intensity of regulation within a reasonable range to play a positive role in
promoting technological innovation and green transformation. Third, we should deepen
the market-oriented pricing system. The government should further relax the price controls
of coal, electricity, oil, gas and other resource products, gradually establish a resource price
formation mechanism that fully reflects the degree of resource scarcity and the relation-
ship between market supply and demand so that factor prices can truly play the role of
market “baton”. Fourth, we should comprehensively deepen the opening-up system. The
government should actively improve the investment environment and relax market access
standards for investment. At the same time, the government should improve the ability of
enterprises to digest, absorb and utilise imported advanced technologies and give full play
to the “technology spillover” effect, demonstration effect and competition effect.

In addition, as to technological innovation, we should also strengthen technological
innovation and lay a solid foundation for green transformation. First, we should increase
investment in scientific and technological innovation. The government should increase the
contributions of public finance and subsidies for scientific and technological achievements,
in particular, providing financial subsidies and policy support to enterprises that participate
in green technology innovation activities to lessen the pressure and difficulties faced by
enterprises in green technology innovation. Second, it is necessary to clarify the main
position of enterprise innovation. Given the role of market mechanisms, more enterprises
with core green technologies can truly participate in green technology innovation and
solve the current dilemma of disjointed scientific research. Third, we should promote
the diffusion and transformation of technological innovation achievements. Through
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industry-university-research arrangements, we can make effective docking relationships
between various subjects so that scientific research can directly contribute to the green
transformation of industry. Green transformation should also be closely coordinated
with scientific research to promote the development of collaborations between higher
education institutions, scientific research institutes and enterprises to advance innovation.
We will carry out all-round cooperation in resource sharing and other aspects to effectively
accelerate the application and the diffusion of green technological innovation achievements.

Although this study gives suggestions based on its analysis, it has limitations that in-
spire further research. Institutional innovation, the key variable in this study, is constructed
based on four aspects: fiscal decentralisation system, environmental regulation, resource
pricing system and opening-up system. The institutional innovation index constructed
by this method is widely supported and used in the existing literature but still needs
improvement. First, institutional innovation is reflected in all aspects of economic and
social activities, but due to the availability of data at the city level, it can only be roughly
reflected through the above four aspects. Second, the institutional innovation index de-
pends heavily on official data, which, because government officials tend to present better
numbers to further their political careers, may not reflect the real situation of institutional
innovation in China. Future research based on more accurately designed data may reveal
more interesting results.
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Appendix A

The calculation steps of the environmental regulation intensity index are as follows:
(1) Define the relative level of the city’s pollutant i emissions.

pxij =
pij

Pij
(A1)

where pij is the emission per unit GDP of pollutant i of city j, Pij is the emission per unit
GDP of the whole; the larger the value of pxij, the higher the emission level of pollutant i
of city j.

(2) Overall average.

pxj =
1
n
(

px1j + px2j + · · · pxnj
)

(A2)

where pxj is the relative level of all pollutants in city j.
(3) Reverse processing to calculate the intensity index of environmental regulation.

ER =
1

pxj
(A3)
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pxj is a negative index. The larger the value of pxj, the lower the intensity of urban environ-
mental regulation. Therefore, the ER intensity index can be obtained by reverse processing.

The specific steps of the improved CRITIC method are as follows:
(1) Standardize data.
For positive indicators:

X′irj =
[
Xirj −min

(
Xirj

)]
/
[
max

(
Xirj

)
−min

(
Xirj

)]
(A4)

For negative indicators:

X′irj =
[
max

(
Xirj

)
− Xirj

]
/
[
max

(
Xirj

)
−min

(
Xirj

)]
(A5)

Xirj is the original data of the j-th index in the t-th year of city i, and then the standardized
data are shifted one unit to the right.

(2) Calculate the standard deviation σj, correlation coefficient rjh and entropy ej.
(3) Calculate the weight of each index.

λj =

(
σj + ej

)
∑n

h=1

(
1−

∣∣∣rjh

∣∣∣)
∑n

j=1
(
σj + ej

)
∑n

h=1

(
1−

∣∣∣rjh

∣∣∣) (A6)

(4) Calculate the comprehensive index of institutional innovation.

S = ∑n
j=1 λjX′irj (A7)
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