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Green technology innovation is an important means to help reduce carbon

emissions. Most of the current researches focus on the evaluation of green

technology innovation and its relationship with economic factors, while

ignoring its relationship with financial factors. In fact, financial development is

an important driving force for further improving the efficiency of technological

innovation, especially in developing countries. China, which has put forward the

“double carbon” strategy (achieve peak carbon dioxide emission and carbon

neutrality) in recent years, has a lot of interaction between green technology

innovation and financial development, which is a good research sample. Based on

the provincial panel data of 30 provinces in China from 2003 to 2020, this paper

follows the research steps: 1) From theperspective of carbonemissions,weuse the

non-radial super-efficiency SBM-ML model to measure the total factor

productivity of green technology innovation. 2) We analyze the temporal and

spatial changes of green technology innovation and financial agglomeration in

each province. 3) We establish a spatial simultaneous model of generalized three-

stage least squares to study the intrinsic relationship between green technology

innovation and financial agglomeration. The results show that: 1) The financial

agglomeration level of each province is basically stable due to the fixedness of the

financial core area, but the development speed of green technology innovation in

the southeast coastal area is significantly higher than that in the inland area. 2) The

interaction between green technology innovation and financial agglomeration has

a nonlinear mechanism of “low-level inhibition and high-level promotion,” that is,

low-level financial agglomeration has an inhibitory effect on green technology

innovation, and as the level of financial agglomeration increases, its impact on

green technology innovation gradually develops positively, and vice versa. 3) The

green technology innovation and financial agglomeration in the surrounding

provinces have positive and significant promoting effects on the green

technology innovation and financial agglomeration in the province, but the

impact of green technology innovation is significantly stronger than that of

financial agglomeration. Finally, suggestions are put forward for further
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reducing carbon emissions, realizing the sustainable economic growth and

approaching goals of “carbon peaking and carbon neutrality.”

KEYWORDS

the goal of “double carbon”, green technology innovation, generalized three-stage
least squares method, spatial simultaneous equations, financial agglomeration

Introduction

China is currently on the road of rapid economic and social

development, and its economic level is rapidly improving year by

year. But a series of environmental problems also follow, the most

important of which is carbon emissions. Since 2006, the annual

carbon emissions of China have surpassed the United States

which ranked the first above the world. In 2014, China surpassed

Russia to become the world’s second largest carbon emitting

economy group, and the carbon dioxide emissions in China were

13.9 billion tons in 2020, accounting for 30% of the global total

carbon emissions. However, it is still far from the peak and put

huge pressure on China to reduce carbon emissions. Not only is

China’s carbon emission problem more prominent, but looking

at the global greenhouse gas emissions, according to data released

by the Netherlands Environmental Assessment Agency in 2020:

Since 2010, the total global greenhouse gas emissions have

increased by an average of 1.4% per year. In 2019, a record

high was reached, with total emissions excluding land use change

reaching 52.4 billion tons of carbon dioxide equivalent, 44 and

59% higher than in 2000 and 1990, respectively, and global per

capita greenhouse gas emissions reached a total of 6.8 tons of

carbon dioxide. If the 5.5 gigatons of carbon dioxide equivalent

emitted by land-use change are included, the global total is as

high as 59.1 gigatons. Therefore, how to implement

comprehensive energy conservation and emission reduction is

a top priority. Even though China is an energy superpower, its

structure of energy is single and the industrial structure is mainly

dominated by “extensive and inefficient” enterprises, which is

basically rely on fossil energy such as coal. However, the main

cause of increasing carbon emissions annually and the growing

air pollution is the direct combustion of fossil energy (Zheng

et al., 2016). Faced with the current situation of global warming

and high green-house gas emissions, General Secretary Xi Jinping

has delivered important speeches many times in influential

international conferences such as the Biodiversity Summit,

and participated in planning and proposing the “30•60”
strategic goals, that is, “China strives to reach a peak in

carbon emissions by 2030 and achieve net zero carbon

emissions by 2060.” However, the key to realize the vision of

carbon neutrality as soon as possible and accelerate the green

transformation of China’s industrial structure is to continue to

innovate green low-carbon, zero-carbon and even negative-

carbon technologies (Shi and Lai, 2013).

The focus of existing literature on green technology research

mainly concentrates on the measurement of green technology

innovation indicators and its direct or indirect impact on

regional carbon emissions and economic development. Many

scholars use patent indicators such as the number of green

technology innovation patents granted or scientific and

technological input indicators such as R&D expenditure to

measure a region’s green technology innovation capability

(Faber and Frenken, 2009; Hall and Helmers, 2013), but Chen

et al. (2021) pointed out that the difference between green

technology innovation for traditional technological innovation,

the goal should be to achieve sustainable economic development,

while green technology innovation is constrained by multiple

systems such as education level, economic level, and even natural

environment. But in China, where the environment is

increasingly severe, environmental impact is a factor that

needs to be paid attention to. That’s why a reasonable

evaluation system should be constructed to describe the

development of green technology. So far, the total factor

productivity of green technology innovation calculated by the

multi-index evaluation system has been gradually used by

scholars. On the basis of the continuous updating and

optimization of the calculation methods of green technology

innovation indicators, many scholars have further considered its

impact on regional development. Ye et al. (2021) et al. studied the

green technology innovation of the Yangtze River Economic Belt

in China. Through empirical analysis, it was shown that the

impact of green technology innovation on the green development

of the Yangtze River Economic Belt is heterogeneous. In

particular, it has played a very important role in promoting

the green development of the lower reaches of the Yangtze River.

Meirun et al. (2021) started from both environmental and

economic aspects, and pointed out the important practical

significance and economic value of green technology

innovation. Du et al. (2019) and Liu et al. (2016) proceeded

from the “dual carbon” strategy and empirically analyzed the

relationship between green technological innovation and carbon

emission efficiency. Various studies have shown that green

technology innovation is of great significance to reducing

carbon emission intensity and promoting green and

sustainable economic development.

Based on the existing research on green technology

innovation, Xie et al. (2021) found that although financial

agglomeration in Chinese cities will promote green total factor

productivity, it has a negative impact on the green total factor

productivity of surrounding cities based on the empirical space

Durbin model. Has inhibitory effect. Before that, Muhsin (2011)

had discovered a complex spatial relationship between financial
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agglomeration and technological progress, and Xie et al. (2021)

were graduate students who extended their research to

sustainable development. Further, Liu D. et al. (2021)

analyzed the rural data of 31 provinces in China, and pointed

out that China’s rural financial development and agricultural

industry agglomeration have a significant role in promoting

agricultural technology innovation and have spatial

correlations. Taking the Guangdong-Hong Kong Greater Bay

Area as an example, Guo and Wang (2018) pointed out that

financial agglomeration also has significant spatial

autocorrelation on technological innovation, but the overall

impact of financial agglomeration on technological innovation

is not significant. From the above literature analysis, it can be

seen that the results of various studies on the relationship

between financial agglomeration and green technology

progress are inconsistent and incomplete. All studies do not

consider financial agglomeration and green technology

innovation as endogenous variables to each other, consider

the interaction between the two, let alone study the spatial

relationship of the interaction (Hirsch-Kreinsen, 2011), but

these kinds of dynamic influence and development change is

exactly what is necessary to further deepen the research. If this

demand can be realized and researched in depth, it will

contribute to the sustainable development of many regions.

The main purpose of this paper is to deeply study the

interaction and spatial influence between China’s provincial

financial agglomeration and green technology innovation as

endogenous variables. In summary, the contributions of this

study are of three points: 1) From the perspective of carbon

emissions, we construct an evaluation system of green technology

innovation and use the non-radial super-efficiency SBM-ML

model to measure the total factor productivity of green

technology innovation; 2) We analyze the temporal and

spatial changes of green technology innovation and financial

agglomeration; 3) We establish a spatial simultaneous model of

generalized three-stage least squares estimation to study the

intrinsic relationship between green technology innovation

and financial agglomeration. By combining green technology

innovation and financial agglomeration, we carry out empirical

analysis on the spatial attributes of the two and their interaction,

study their overall operating mechanism, and analyze the reasons

for the differences in development between regions.

Theoretical mechanisms and
research hypothesis

Interaction between green technology
innovation and financial agglomeration

In the context of China’s continuous increase in carbon

emissions, low-carbon technology has gradually attracted attention

from all walks of life, and its status in green technology has become

more andmore important.Meanwhile, green technology and finance

are important influencing factors to achieve China’s carbon peak and

carbon neutrality goals, and there aremany internalmechanisms and

influencemechanisms between them. Although Liu et al. (2022) have

carried out some research in this field, there are still many problems

to be explored. Therefore, Ye and Cheng (2019) empirically analyzed

its impact on the efficiency of green technology innovation from the

perspective of the financial ecological environment. The results show

that the financial ecological environment and its components can

effectively promote the efficiency of green technology innovation.

Vigorously developing green technology is an inevitable choice to

achieve a “win-win” situation of environmental performance and

economic performance. Through empirical analysis, Li et al. (2020)

clearly pointed out that financial development and environmental

policies in Shandong Province have an important impact on green

technology innovation. Not only that, financial development will

have varying degrees of impact on the development of green

technology due to the continuous strictness of regional

environmental policies, which indicates that the impact of

regional financial development on green technology innovation is

not linear, and will produce a periodic difference depending on the

changes of region, time or surrounding conditions. Further, Wen

et al. (2021) started from the perspective of nonlinear effects and used

the panel thresholdmodel and the spatial Durbinmodel to verify that

the financial agglomeration in the Yangtze River Delta region has a

nonlinear direct influence on technological innovation and an

“inverted U-shaped” spatial spillover effect (Hao et al., 2022). It

can be seen that when financial development reaches different stages

and is dynamically affected by different factors, the impact on

technological innovation will change. At the same time, financial

agglomeration is an inevitable stage in the development of regional

financial undertakings (Kindleberger, 1973). Therefore, this thesis

proposes two hypotheses H1 and H2.

H1: Financial agglomeration has a positive impact on green

technology innovation.

H2: The total effect between green technology innovation

and financial agglomeration is nonlinear.

Spillover effect mechanism of green
technology innovation and financial
agglomeration

Spatial spillover effect refers to the influence effect that a certain

indicator in a region produces or promotes or inhibits the

surrounding areas with geographical and economic significance in

the process of development. Some studies have pointed out that

financial development has a significant positive spillover effect under

the influence of multiple factors (Xie et al., 2020). Wang et al. (2004)

analyzed the spatial simultaneousmodel and concluded that there is a

significant spatial effect between financial agglomeration and green

development. Green development in surrounding areas can promote

local green development, but financial agglomeration in surrounding
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cities is not conducive to improving local financial agglomeration. In

addition, there is an obvious interactive spatial spillover effect

between green development and financial agglomeration in each

city: financial agglomeration in surrounding areas has a significant

positive impact on local green development, and in turn, green

development has an inhibitory effect on financial agglomeration.

Wang H. et al. (2021) took the province as the research unit and

found that the progress of green technology in the surrounding

provinces has a negative impact on the economic development of the

province. Obviously, the research results of many scholars are not

consistent. From the similarity study of Xue et al. (2022) and Zhao

et al. (2021), it can be seen that although the two articles are aimed at

the carbon emission efficiency of digital finance, Xue et al. (2022)

conducted a study on 278 prefecture-level cities in China and pointed

out that the development of digital finance has played a significant

role in promoting carbon emission efficiency in various regions of

China. However, Zhao et al. (2021) took 30 provinces in China as an

example, through research and analysis: the impact of China’s digital

finance on carbon emissions presents an “inverted U-shaped” state.

When the level of digital finance has not reached the threshold, the

development of digital finance will significantly promote carbon

emissions and aggravate regional pollution. In addition, digital

finance has the greatest impact on eastern China, showing spatial

heterogeneity of impact. Comparing the differences in the

conclusions of the two articles, it can be found that even when

faced with the same problem, when there are differences in the

research unit and research scope, the results are often different. Based

on the above analysis and the research ideas of this thesis, the

following hypotheses are proposed:

H3: Financial agglomeration in neighboring provinces has a

positive impact on financial agglomeration and green technology

innovation in the province, but it may not be significant or at a low

level.

H4: The green technology innovation in neighboring

provinces has a significant positive impact on the province’s

financial agglomeration and green technology innovation.

Methodology and data

Main research methods

SBM-ML model
The SBM model proposed by Tone (2004) is one of the main

methods for analyzing static production efficiency. The SBM model

can effectively overcome the slack problem of input and output

variables, so that the efficiency evaluation problem when there are

undesired outputs in the output factors can be obtained. solved. The

Malmquist-Luenberger (ML) index based on the SBM model can

well reflect the green rate and innovation changes (Wang et al., 2019).

Based on the idea of the set average value, the SBM-ML index of the

adjacent reference from t to t+1 is constructed, the SBM-ML index of

the 2-year adjacent reference is as follows (Li and Chen, 2021; Sun

et al., 2021):

This paper takes each province in China as a production

decision-making unit. Assuming that there are N kinds of inputs

X � {x1, x2, L, xN} ∈ RN
+ for green technological innovation in

each province, Q kinds of expected outputs Y �
{y1, y2, L, yN} ∈ RQ+ and L kinds of undesired outputs B �
{b1, b2, L, bN} ∈ RL

+ can be produced. At the same time,

assuming variable returns to scale, the non-radial and non-

angular SBM directional function of province i in year t

including expected output and undesired output is:

Dt
V(xt

i , y
t
i , b

t
i) � p

� min

1 − [ 1
N

∑N
n�1

sxn
xi
n

⎤⎦
1 + [ 1

Q + L
⎛⎝∑Q

q�1

syq
yi
q

+∑l
l�1

sbl
bil
⎞⎠⎤⎥⎥⎦

s.t.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

∑I
i�1
ztiy

t
i,q − syq � yt

i,q, q � 1, 2, L, Q;

∑I
i�1
ztix

t
i,n + sxn � xt

i,n, n � 1, 2, L, N;

∑I
i�1
ztib

t
i,l + sbl � bti,l, l � 1, 2, L, L;

∑I
i�1
zti � 1, zti ≥ 0, syq ≥ 0, s

x
n ≥ 0, sbl ≥ 0,

i � 1, 2, L, I

(1)

Among them, min(g) is the minimum value function, Dt
V

represents the directional distance function under the

condition of variable returns to scale, (xt
i , y

t
i , b

t
i ) represents

the input-output set of province i, and the numerator and

denominator of the objective function p represent the average

distance between input and output from the production

frontier, respectively, namely the inefficiency degree of

input and output. sxn , s
y
q , sbl respectively representing excess

input, insufficient expected output and undesired output, and

zti is a weight vector.

Furthermore, the concept of intertemporal dynamics is

introduced, and the idea of geometric mean is used for

reference, and the SBM-ML index for 2 years adjacent to t

and t+1 is constructed as follows:

(SBM −ML)t+1t � [Dt
V(xt+1, yt+1, ut+1)
Dt

V(xt, yt, ut) ×
Dt+1

V (xt+1, yt+1, ut+1)
Dt+1

V (xt, yt, ut) ]
1 /

2

� Dt+1
V (xt+1, yt+1, ut+1)
Dt

V(xt, yt, ut)
× [ Dt

V(xt+1, yt+1, ut+1)
Dt+1

V (xt+1, yt+1, ut+1) × Dt
V(xt, yt, ut)

Dt+1
V (xt, yt, ut)]

1 /

2

� Ect+1t × Tct+1t

(2)
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The SBM −ML index can be decomposed into Ect+1 and
Tct+1, representing the technical efficiency change index and

the technological progress index, respectively. The former is

used to measure the closeness of the actual production point

to the production frontier, and the latter is used to measure

the outward expansion of the production frontier, taking 1 as

the evaluation standard, when SBM −ML, Ect+1 and Tct+1 are
all greater than 1, it means that total factor productivity is

improved; on the contrary, when SBM −ML, Ect+1 and Tct+1

are less than 1, it means that total factor productivity is

decreased.

Moran′s I
In order to measure whether geographically adjacent

provinces have similar industrial attribute values, analyze the

overall spatial association and spatial difference of the research

objects from the perspective of spatial correlation, and judge

whether there is a spatial relationship and change law, this thesis

uses the Moran′s I to test green technology. The spatial effect

between innovation and financial agglomeration, defined as

follows:

Moran′s I � K∑K
i�1∑K

j�1ωij(xi − �x)(xj − �x)
∑K

i�1(xi − �x)2∑K
i�1∑K

j�1ωij

(i ≠ j) (3)

Where Moran′s I represents the Moran index, xi and xj
represents the observed value of the i and j province

respectively, K represents the number of provinces, x
−

represents the average value of the observed values of each

province, and ωij represents the spatial weight matrix. When

theMoran′s I passes the statistical test, it is judged that there is a
spatial relationship between regions, and its change has obvious

regularity.

Spatial simultaneous model
Considering whether financial agglomeration and

regional green innovation have significant spatial spillover

effects and regional interaction effects, considering only the

impact of financial agglomeration on green innovation and

ignoring the reverse impact of the latter on the former may

cause simultaneous bias. The endogeneity problem, and

ignoring the spatial spillover effect of the two and the

interaction effect between regions may cause the problem

of missing variables, so choosing a single-equation model

may lead to biased or even inconsistent results due to the

endogeneity of variables. Therefore, this thesis constructs a

spatial simultaneous equation model and draws on the

experience of Zhang and Wang (2014) to establish the

following equations:

Aggit � θ0 + θ1∑K
j ≠ i

wijAggjt + θ2∑K
j ≠ i

wijGTFPjt + θ3GTFPit

+ θXit + εit + μi (4)

GTFPit � φ0 + φ1∑K
j ≠ i

wijAggjt + φ2∑K
j ≠ i

wijGTFPjt + φ3GTFPit

+ φXit + ξit + ςi

(5)
In Eqs 3, 4, Aggit and GTFPit represent the financial

agglomeration and the green technology innovation level of i

province in tth year respectively, θ0 and φ0 represent the constant

term, θ1, φ1, θ2 and φ2 are the estimated parameters of the spatial

lag variables, θ3 and φ3 represent the relationship between the

regional financial agglomeration and the green technology

innovation. The endogenous relationship between θ and φ is

the estimated parameter for the control variable, wij is the spatial

weight matrix, which represents the spatial relationship between

different regions, ςi, μi, εit and ξit represent the regional

individual effect and random disturbance factors respectively.

Indicator measure and notation
description

Green technology innovation measurement
system

This thesis selects year-end electricity consumption, capital

stock, fulltime equivalent of R&D personnel and R&D internal

expenditure as input indicators from three aspects of capital

investment, energy investment and scientific research

investment. As the expected output to measure the total factor

productivity of green technology innovation, the total amount of

carbon dioxide emissions, industrial solid waste emissions,

industrial carbon dioxide emissions and industrial chemical

oxygen demand for water are taken as the undesired output.

Besides, the capital stock can be calculated by “Perpetual

inventory system” and the carbon dioxide emissions are

obtained by calculating the relevant energy consumption using

the carbon emission coefficient released by IPCC (Liang et al.,

2019; Liu Y. et al., 2021). The completed measurement system is

shown in Table 1.

Financial agglomeration
Provincial financial agglomeration is the agglomeration of

financial industry and financial capital at the provincial level. At

present, scholars usually use the Herfindahl index, spatial Gini

coefficient, location entropy and other indicators to measure the

level of financial agglomeration. However, the Herfindahl index

does not take into account the differences in the spatial

distribution of financial resources and the size of geographical

regions, the spatial Gini coefficient does not take into account the

differences in the scale of enterprises in various industries, and

the location entropy index also lacks consideration of the

differences in the scale of financial institutions. Therefore,

based on the existing research and the availability of data, this
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thesis selects the ratio of the loan scale of provincial financial

institutions to the local GDP to represent the level of financial

agglomeration.

Aggi,t �
Loani,t
GDPi,t

(6)

Among them, Aggit, Loanit and GDPit are the financial

agglomeration level of the ith province in the tth year, the

loan balance of financial institutions at the end of the year,

and the regional GDP.

Data source and symbol description
The data in this article are mainly from China Statistical

Yearbook, China Urban Statistical Yearbook, China

Environment Yearbook, China Energy Statistical Yearbook,

National Patent Search System, and 2006–2021 Statistical

Yearbooks or Statistical Bulletins of 30 provinces. In order

to alleviate the multicollinearity problem, the non-

proportional indicators selected in this thesis are all

logarithmic in the model. All data information can be

found in Table 2.

TABLE 1 Green technology innovation total factor productivity measurement system.

Research objectives First-Grade indicators Second-Grade indicators

Total factor productivity of green technology innovation Input indicator Annual electricity consumption (twh)

The capital stock (−)

Full-time equivalent of R&D personnel (104 people)

R&D internal expenses (108 CNY)

Expected output indicator Amount of green patents for utility models (pcs)

The number of green invention patents obtained (pcs)

Unexpected output indicator Total carbon dioxide emissions (104 tons)

Industrial solid waste emissions (104 tons)

Industrial SO2 emissions (104 tons)

Chemical oxygen demand in industrial wastewater (104 tons)

TABLE 2 Indicator types and symbol descriptions.

Category Variable Abbr Unit Definition

core variable Financial agglomeration Agg — Year-end balance of deposits and loans of financial institutions/GDP

Green technology innovation GTFP — Total factor productivity of green technology innovation

Control
variable

Openness Out ln(−) Foreign direct investment/GDP

Transport infrastructure Trc ln(M2/per person) Road area per capita

Research investment Inv ln(Person/per year) Full-time equivalent of R&D personnel

Technology Market Status Tcm ln(108 CNY) Technology market transaction volume

Information level Inf 10 thousand CNY/per
person

Postal volume per capita

Marketization level Market ln(−) Marketized Index (Wang et al., 2021b)

Education level Teach ln(year) Years of education per capita

The level of economic
development

Eco ln(CNY/person) GDP per capita

Status quo of industrial
development

Ind ln(108 CNY/per
Industry)

Total assets of industrial enterprises above designated size/Number of industrial
enterprises above designated size

Employment rate Emp % Number of employees at the end of the year/number of permanent residents at the
end of the year

Urbanization level Urban % Urbanization rate

Medical service level Med ln(Beds/103 people) Number of beds in medical institutions per 1,000 people
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Empirical analysis

Stability test

Panel data needs to be tested for stationarity before operation

and modeling. This thesis mainly chooses LLC test, IPS test and

ADF test. Three test methods are used to comprehensively judge

whether the data in this thesis is stable and whether the next

regression can be carried out.

It can be seen the test result from Table 3 that under the three

inspection methods, except for the technical market turnover, all

the other indicators have two or more inspection methods that

TABLE 3 Results of stationarity test.

Inspection method LLC Ips ADF Conclusion

GTFP 10.4613 −5.5252*** −2.2489 Smooth

Agg −8.9817*** −4.4335*** 23.8282*** Smooth

Trc −13.3377 −3.6445*** 7.2535*** Smooth

Ind 1.6353 −2.1929** 4.4461*** Smooth

Emp −18.2426*** 8.1764 2.1416** Smooth

Mde −18.5259*** −0.3561 1.2629* Smooth

Urban −4.4266*** 2.2218 8.9394*** Smooth

Out −22.6079*** −2.1364** −0.7876 Smooth

Teach −2.5381*** −4.8231*** 9.4201*** Smooth

Eco −0.014*** −1.5908* 11.5393*** Smooth

Tcm −7.4224*** −0.0569 −2.2340 Smooth

Inv −6.0729*** −1.3931* −0.1967 Smooth

Inf −1.5954* 0.4898 9.6394*** Smooth

Market −4.7841*** −0.7280 24.9174*** Smooth

*, **, *** stand for significant level of 10%, 5%, and 1% respectively.

FIGURE 1
Trend of technical market turnover.
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are significant at the 10% level. According to the principle of

comparison and selection, all indicators except the technical

market turnover are stable. The technical market turnover is

all significant at the 1% level under the LLC test. Therefore, the

data trend chart is drawn. From Figure 1, it can be seen that the

data of the technical market turnover in each province shows a

regular upward trend. Therefore, it is considered that the overall

trend of technical market turnover is stable, and the conclusions

in Table 3 can be confirmed.

Analysis of the status quo of each province

Based on the stationarity analysis above, it is considered

that the data selected in this thesis are valid data and do not

need differential processing. In order to observe the

development of green technology innovation and financial

agglomeration level in various provinces in China more

intuitively, this thesis uses ArcGIS 10.8 to draw the level

of green technology innovation and financial agglomeration

in 2020 and the average level of green technology innovation

and financial agglomeration 2006 to 2020 in the form of a heat

map, as a basis for the overall analysis of green technology

innovation and financial agglomeration in various provinces.

Development of China’s provincial green
technology innovation level

From the annual average value of total factor productivity of

green technology innovation in Figure 2 the southeast coastal

areas has always been at a relatively high level. Except for Qinghai

Province, the total factor productivity of green technology

innovation in the southwest and northwest regions is at a low

level, and the north and northeast regions have also remained at

medium-low levels. Compared with the total factor productivity

heat map of green technology innovation in 2020, it can be seen

that Jiangxi, Qinghai, Sichuan, Inner Mongolia and other

provinces have improved the level of green technology

innovation index and green technology development started

earlier. However, the level of green technology innovation is

declining year by year. The main reason for this phenomenon is

that the development speed of green technology in these

provinces is lower than the average progress speed of green

technology innovation in China. The development of green

technology in Tianjin, Zhejiang, Anhui, Guangdong, Hainan

and other provinces has always been at the forefront of the

country in terms of starting time and speed of progress, which

can radiate the surrounding areas through high-level green

technology innovation capabilities, and achieve the goal of

common progress in green technology in all provinces in China.

Development of provincial financial
agglomeration in China

It can be seen from Figure 3 that China has formed financial

regions centered on Beijing-Tianjin, Shanghai-Zhejiang, Jilin-

Liaoning, Guangdong-Guangxi-Guizhou, and Qinghai-Gansu,

showing a trend of spreading from the center to the periphery.

Comparing these two figures, we can see that the level of financial

agglomeration in each province has not changed significantly.

Although the level of financial agglomeration in each province

has been continuously improving, because few provinces have

experienced rapid agglomeration or transfer of financial capital,

the level of financial agglomeration in each province has

remained close to the level of the average level, and there are no

outliers.

FIGURE 2
The average level of green technology innovation in each province from 2006 to 2020 (left) and the level of green technology innovation in
2020 by province (right).
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Based on the calculation results of the total factor

productivity level and financial agglomeration level of green

technology innovation in each province, this part draws a

provincial heat map, which can more accurately control the

development and changes of the overall green technology and

financial agglomeration in each province. The interaction and

spatial relationship between innovation and financial

agglomeration pave the way.

Spatial correlation analysis between green
technology innovation and financial
agglomeration

In order to further understand the spatial spillover and

changes of green technology innovation and financial

agglomeration among provinces in China, this thesis takes the

inverse distance spatial weight matrix as an example to calculate

the global Moran index from 2006 to 2020. The results are shown

in Table 4.

From the global Moran index and its p-value over the years, it

can be seen that the global Moran index of green technology

innovation is only positive and significant in 2008, 2010,

2011 and 2020, and the other years are not significant and the

Moran index is negative. Therefore, this thesis It is inferred that

the inter-provincial exchanges of China’s overall green

technology innovation are infrequent and highly random, and

the exchange of green technology and the circulation of green

elements in China lacks standardized and normalized policies. In

contrast, the Moran Index of the National Financial

Agglomeration Global Index failed the significance test only in

2010 and 2020. Through the analysis of the value of the Moran

index, it can be seen that since 2017, the overall Moran index in

China has shown a downward trend, that is, the impact of

financial agglomeration on the surrounding provinces has

gradually weakened.

FIGURE 3
The average level of financial agglomeration in each province from2006 to 2020 (left) and the financial agglomeration level in 2020 by province
(right).

TABLE 4 Moran index of Chinese green technology innovation and
financial agglomeration from 2006 to 2020.

Year GTFP Agg

Mroan’s I p-value Mroan’s I p-value

2006 −0.052 0.290 0.021 0.056

2007 −0.066 0.191 0.029 0.037

2008 0.041 0.008 0.042 0.013

2009 0.000 0.168 0.035 0.024

2010 0.038 0.017 −0.033 0.472

2011 0.029 0.037 0.040 0.017

2012 0.000 0.171 0.034 0.027

2013 −0.004 0.186 0.030 0.036

2014 −0.004 0.186 0.032 0.032

2015 −0.046 0.285 0.037 0.025

2016 −0.054 0.292 0.035 0.028

2017 −0.016 0.306 0.035 0.028

2018 −0.057 0.255 0.024 0.054

2019 −0.034 0.495 0.016 0.083

2020 0.018 0.070 0.003 0.148
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Interaction and spatial relationship
between green technology innovation and
financial agglomeration

On the basis of spatial correlation analysis, a system of spatial

simultaneous equations is constructed. Considering that there

may be a two-way endogenous relationship between green

technology innovation and financial agglomeration, and the

endogenous relationship may be heterogeneous, the square

terms GTF2 and Agg2 of green technology innovation and

financial agglomeration are added to eliminate the random

disturbance of variables and equations. W_Agg and W_GTFP

are the spatial lag terms of financial agglomeration and green

technology innovation in the spatial simultaneous model,

respectively. To eliminate the problem of heteroskedasticity

and dimension as much as possible, the spatial correlation of

the terms was used to estimate the simultaneous equation system

using the generalized spatial three-stage least squares (GS3SLS)

method. The results are shown in Table 5.

Model 1 is the estimation result of the financial equation.

First, we observe the total factor productivity of green technology

innovation and its square term. It can be seen that the two

regression coefficients have different signs and are both

significant at the 5% level, indicating that when the level of

green technology innovation is low, its impact on green

technology innovation is low. The influence of financial

agglomeration is mainly dominated by inhibition. With the

improvement of the level of green technology, it will gradually

have a positive impact on the deepening of financial

agglomeration. Comparing the coefficient of green technology

innovation and its square term under the geographical inverse

distance space weight matrix: −9.9046 and 2.0413, it can be seen

that the primary item of green technology innovation has a much

greater inhibitory effect on financial agglomeration than the

secondary item. It is not difficult to draw the conclusion that

green technology innovation takes a long time to break through

the threshold to promote the development of regional financial

under-takings. In the initial stage of development, green

technology innovation requires a lot of resource investment,

and the initial green technology is often at the expense of its

own profits. With the continuous improvement of the level of

green technology, high-level green technology promotes the

TABLE 5 Regression results of space simultaneous equations.

Weight matrix Model 1 Model 2

Geographic
binary
spatial matrix

Geographic
inverse
distance spatial
matrix

Economic
distance
spatial matrix

Geographic
binary
spatial matrix

Geographic
inverse
distance spatial
matrix

Economic
distance
spatial matrix

GTFP −9.9046** (3.6314)< −3.2701** (1.1473) −4.6178** (1.8514)

GTFP2 2.0413** (0.8142) 0.6567** (0.2523) 0.9764** (0.4166)<
Agg −0.0992 (0.1072) −0.1239* (0.1032) −0.1976* (0.1207)

Agg2 0.0165* (0.0106) 0.0204** (0.0102) 0.0277** (0.0119)

W_GTFP 1.5377*** (0.3873) 0.8417*** (0.2178) 0.7397*** (1.8514) 0.7124*** (0.0522) 0.9634*** (0.0601) 0.6685*** (0.0581)

W_Agg 0.2142* (0.2242) 0.3142* (0.2021) 0.0479* (0.1440) 0.0595* (0.0687) 0.1253* (0.1269) −0.0747* (0.0703)

Out −1.9524 (3.8528) −0.6762 (1.9801) −1.4024 (2.3179) 1.2745 (0.0.8945) 1.0796 (0.8883) 0.6714 (0.9823)

Teach 5.1554*** (1.3456) 3.1271*** (0.6325) 3.5151*** (0.7422) 0.7515*** (0.2708) 0.7838*** (0.2613) 0.7117** (0.2859)

Eco −0.3707* (0.3195) −0.4603*** (0.1672) −0.3352* (0.1828) 0.1738** (0.0798) 0.1857** (0.07662) 0.1168 (0.0849)

Trc 0.1430 (0.1898) 0.0121 (0.0983) 0.0378 (0.1133)

Ind 0.3497*** (0.1126) 0.3665*** (0.0590) 0.3682*** (0.0682)

Emp 0.0238** (0.0121) 0.0203*** (0.0061) 0.0209*** (0.0072)

Med −0.0654 (0.3054) 0.0022 (0.1643) 0.0416 (0.1939)

Urban 0.0679*** (0.0153) 0.0539*** (0.0073) 0.0542*** (0.0086)

Tcm −0.0232 (0.0180) −0.0211 (0.0173) −0.0267 (0.0195)

Inv 0.0077 (0.0322) 0.0177 (0.0310) 0.0422 (0.0353)

Inf 0.00236 (0.0295) −0.0032 (0.0288) 0.0358* (0.0316)

Market −0.1531 (0.1192) −0.0490 (0.1339) −0.0081 (0.1234)

_cons 17.6187*** (4.7330) 10.0148*** (1.7624) 11.0426*** (2.3523) 0.3829 (0.5409) −0.1714 (0.5213) 0.3609 (0.5774)

R-sq −2.5541 0.0705 −0.2807 0.3703 0.4286 0.2958

Number of
observation

450 450 450 450 450 450
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deepening of the process of provincial financial agglomeration by

optimizing the industrial structure, restraining the negative

effects of undesired output, obtaining policy preferences and

so on.

In the financial agglomeration equation, the regression

coefficient of the lag term of green technology innovation is

positively significant at the 1% level, and the lag term of financial

agglomeration is positively significant at the 10% level. In the

financial agglomeration equation, the regression coefficient of the

lag term of green technology innovation is positive and

significant at the 1% level, and the lag term of financial

agglomeration is significant at the 10% level, which indicates

that green technology innovation activities in adjacent areas have

promoted financial agglomeration in the region. The innovation

of technology itself has the property of spatial overflow. The

circulation of factors between adjacent provinces is relatively free,

and the mobility of talents is relatively high. Moreover, the

development direction of technology and the characteristics of

resources between provinces are quite different, so it is easier to

realize the exchange of technology and the flow of resources.

Complement each other’s advantages and promote the

diversified development of green technology in adjacent areas.

The significance level of the spatial lag term of financial

agglomeration is relatively low, indicating that although there

are exchanges of financial institutions and transfers of financial

capital between provinces, the spatial relationship of financial

agglomeration is relatively weak due to the large differences in

policy priorities and business environments.

Model 2 is the estimation result of the green technology

innovation equation. The regression coefficient of the square

term of financial agglomeration is analyzed, which is in the

opposite direction to the regression coefficient of financial

agglomeration and is statistically significant at the 10% level.

The mechanism of action is similar. The industrial structure of

low-developed areas is generally dominated by “low-efficiency,

high-power consumption” industries. The rapid accumulation of

capital in such areas is often based on the further development of

their own industrial structure. Vigorously developing green

technology at this stage does not meet the needs of the

region. As the level of financial agglomeration increases,

educational resources, technological talents, and financial

capital gradually gather, and the industrial structure gradually

tends to be diversified, which helps to reduce R&D costs, broaden

innovative ideas, and play a positive role in green technology

innovation. The above analysis of the interaction between green

technology innovation and financial agglomeration can confirm

hypotheses H1 and H2.

In the green technology innovation equation, the spatial lag term

of green technology innovation is significantly positive at the 1%

significance level, indicating that under different spatial correlations,

green technology innovation in surrounding provinces has a

significant role in promoting the province. Taking the calculation

results under the inverse distance space weight matrix of Model 2 as

an example, for every 1 percentage point increase in the level of green

technology innovation in the surrounding provinces, the total factor

productivity of green technology innovation in the province increases

by 0.96 percentage points. Comparing the global Moran index of

green technology innovation, it is found that the spatial

autocorrelations measured by the two are inconsistent. By

contrast, it can be known that the data structures used to find the

two are different. The global Moran index of the explained variable is

based on cross-sectional data, while the lagged terms for core

variables are generally based on panel data. Besides, the usage of

the two model is different. The global Moran index of the explained

variable is the slope formed by the explained variable as the x-axis

value and the weight vector multiplied by the explanatory variable as

the y-axis value; and the lagged terms for core variables are the spatial

autoregressive coefficient after adding the control variable. In other

words, the global Moran index is the result of one-to-one spatial

autoregression, while the lagged terms for core variables are the result

of many-to-one spatial autoregression. Adding control variables not

only affects the value of the regression coefficients, but sometimes

also the signs of the regression coefficients. Taking the space lag term

of green technology innovation in Model 2 as an example, Model

2 regards financial agglomeration as an endogenous variable, and the

remaining control variables are set as instrumental variables to

comprehensively consider the spatial correlation of green

technology innovation. In the context of the rapid development of

the Internet, a region can quickly obtain innovative elements and

knowledge spillovers from neighboring provinces through the

Internet, and compare its own green technology development to

complement its advantages. The spatial lag term of financial

agglomeration on green technology innovation is significant at the

10% level, which proves that financial agglomeration in spatially

related provinces provides advantageous resources for the

development of green technology in the province, which is

consistent with the previous theoretical analysis. The above

analysis of green technology innovation and the spatial lag term

of financial agglomeration can prove the accuracy of assumptions

H3 and H4. So far, all the hypotheses in this thesis have been

confirmed.

Comparing the regression results of the system of spatial

simultaneous equations under three different spatial weight

matrices, it can be seen that the direction and significance of the

regression coefficients of each variable are basically consistent.

Therefore, it is considered that the spatial simultaneous model

formed by Model 1 and Model 2 is robust, and the estimation

results have good reference value and guiding significance for

studying the development trend and mechanism of green

technology innovation and financial agglomeration.

Conclusions and implications

On the basis of the existing research, this thesis constructs a

green technology innovation measurement system based on
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carbon emissions. On the basis of the system, we study the direct

impact and spatial relationship between green technology

innovation and financial agglomeration. The research found

that: 1) Since 2006, the level of financial agglomeration in

China’s provinces has been relatively stable, forming a typical

multi-core “spillover” pattern, while the regional changes in the

level of green technology innovation have been relatively large. In

2020, the level of green technology innovation in each province

will seriously deviate from the average level. Although some

central and western provinces started early in green technology,

the eastern and southeastern provinces developed rapidly in

green technology, much faster than the national average. 2)

There is a significant nonlinear interaction relationship

between green technology innovation and financial

agglomeration, and the effect change mechanism is similar,

that is, it is inhibited at a low level and promoted at a high

level. 3) In terms of single variable, the overall spatial dependence

of green technology innovation is not significant, while financial

agglomeration shows obvious spatial dependence between

provinces. 4) From a two-way endogenous perspective, the

spatial relationship of financial agglomeration among regions

is significantly positive, but the impact of financial agglomeration

on green technology innovation in other provinces is not

significant. Green technology innovation has a significant role

in promoting the spatial impact of green technology innovation

and financial agglomeration in other provinces.

This thesis has important theoretical guidance and policy

implications by studying the current interaction and spatial

relationship between China’s provincial green technology

innovation and financial agglomeration:

Firstly, strengthen work communication and policy

exchanges in neighboring provinces, and improve the flow

mechanism of green technology and financial capital, so as

not to be “stuck” by policies. From the regression results of

simultaneous equations, it can be seen that exchanges and

cooperation between different regions can achieve a win-win

effect. Therefore, Chinese provinces need to make full use of

the spatial effect of financial activities to promote inter-

regional economic and technological exchanges. In

addition, the inter-provincial green technology

development plan and the financial development plan

should be consistent in direction, form a unified strategic

goal, and be supplemented by a “cooperative” common

development policy. Only by maintaining a consistent

strategy can we successfully absorb the remaining

resources and spillover enterprises from neighboring

provinces, complement each other’s advantages, make up

for the shortcomings of the province, and achieve all-

round and three-dimensional development.

Secondly, increase the support of financial institutions for

green technology innovation, and realize a sustainable

development model of mutual support, mutual benefit and

win-win between financial agglomeration and green

technology innovation. The emphasis and investment of

financial institutions on green technology innovation is a

real market demand and an important factor in mobilizing

R&D enthusiasm, and green technology innovation is the

only way to achieve sustainable development strategies and

“dual carbon” goals. It is an important way for the high-

quality development of Chinese society. Therefore, in order

to improve the coordinated development system of green

technology innovation and financial agglomeration, the

government should provide policy subsidies to encourage

enterprise innovation, and strengthen the connection

between scientific research institutes and financial

institutions, so that both parties can strengthen green

technology innovation and financial capital according to

their own advantages. internal connection.

Thirdly, increase investment in education, extend the

number of years of education, and make the promotion of

education equality and inclusiveness the focus of future

education work. As a populous country, China’s

educational resources are in short supply. In this situation

of scarcity of educational resources, the allocation of

educational resources also has problems such as regional

inequality and urban-rural inequality, which limits China’s

talent training from many aspects (Gao et al., 2016; Peng

et al., 2020). However, the development of education and the

birth of new blood are the foundation for the steady

development of Chinese society and the vitality of society.

Therefore, in addition to paying attention to education

investment, it is necessary to pay more attention to the

quality of education and the cultivation of students’

quality, to extend the years of education, to improve the

fairness of access to educational resources, and to make China

truly achieve “successors.”

Finally, improve the green technology review mechanism

and the fair financial market competition mechanism, so that

the fittest will survive, and no “face project” will be carried

out. In order to pursue the so-called “innovation ability”,

some enterprises falsify the achievements of green technology

development, reuse and declare existing or similar

achievements, ignore the transformation of green

technology achievements, and regard the achievements as

performance figures. The fairness of the market is related to

the stability of the industry and even the society, and

supervision and development should be combined to

make the market operate reasonably within the scope of

the “law.”
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