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Technology finance is an important means to support technological innovation,

the development level of which is one of the key points of innovation driven

strategy in the new era. Based on the correlation-variation coefficient method,

we screen the indicators of various provinces in China. An empirical research on

technology finance by using the coupling coordinated development evaluation

with data of 30 provinces from 2011 to 2020 are carried out. The forecast

intervals for next 5 years are predicted with KGM (1, n) grey model. Then we use

NSGA-III method to determine the trend of coupling coordinated development

of each region in the forecast intervals. The research shows that the indicators

of technology finance are industry-oriented, the level of integration of

technology and finance across the country is different, to be specific, the

East is on the high side, the central part is steady with some opportunities,

the West has room for improvement and the Northeast has obvious

weaknesses, and the driving force of the coupling coordinated development

of technology and finance is limited in sustainability, etc. We propose to

strengthen the top-level design and supervision of technology finance,

implement accurate measures according to local conditions, and adopt the

regional linkage and mutual assistance development mode to help regional

efficient and coordinated development.
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1 Introduction

The effective combination of technology innovation and

financial services is a key means to promote the high-quality

development of the world economy. Technology finance is an

important measure to promote independent innovation and

accelerate industrial transformation and upgrading. Schumpeter

(Schumpeter, 1991) expounded the theory of credit creation in his

German work theory of economic development, and elaborated

the concept of technology finance for the first time.

Scholars at home and abroad have been exploring the

development path of technology and finance, and finance is an

important factor in improving knowledge productivity (Ang,

2010). A good financial system can improve the success rate of

innovation and accelerate economic growth (King and Levine,

1993; Foster et al., 2008). Financial support plays an important role

in promoting scientific and technological innovation (Alexandra

and Liu, 2014). Financial innovation is conducive to the transfer

and dispersion of risks (Beck et al., 2013), but the intensity or

efficiency of the effect is divided into regions, stages and enterprises

(Zhang et al., 2019a; Zhang et al., 2019b). Kelly and Kim (2018)

found that venture capital can effectively increase the R&D

expenditure and talent introduction expenditure of the invested

enterprises, and the larger the investment scale and the earlier the

opportunity, the more it can affect the impact of venture capital on

the innovation performance of high-tech industries.

Policy guidance has a profound impact on the integration of

technology and finance, Luo et al. (2021) found that government

investment can help improve the R&D investment willingness of

high-tech industries. Guellec and Potterie (2003) pointed out that

financial incentives have a short-term positive impact on corporate

R&D, but a negative impact will occur due to the long-term high

tax relief. Clausen (Clausen, 2009) found that policy effects are

heterogeneous, with government subsidies having stronger

stimulatory effects in areas with large social return rate gaps.

Soderblom et al. pointed out that government investment in

technology will send a positive signal to other investment

entities in technology finance, shortening the time for other

investment entities to identify “good projects” or “good

enterprises” (Soderblom et al., 2015).

The analysis of the development environment and influencing

factors of technology and finance has always been the focus of

research, such as R&D expenditure (Alexandra and Liu, 2014),

marketization level (Chowdhury and Maung, 2012), public service

level (Lawton et al., 2013), urbanization level (Sahin, 2000),

business environment (Giannetti, 2012), number of technology

talents (Schertler, 2007), informatization level (Consoli, 2005),

policy and financial loans (Geddes and Schmidt, 2020),

entrepreneurship (Audretsch and Fritsch, 2003), etc. Hsu et al.

found that the resource allocation efficiency of technology capital

market is greatly affected by the development level of regional

capital market. Under the same investment scale, regions with

developed technology capital markets can achieve higher

innovation performance (Hsu et al., 2014). Bertoni and

Tykvová. (2015) discovered that the global value chain

promoted the influence of independent venture capital investors

on invention and innovation.

Some scholars have also explored the two-way interactive

relationship between technology innovation and financial

development. For example, the government-market-regional

synergy coefficient and coupling coordination degree interaction

strength or validity measurement show that regional technology

finance has a significant threshold effect on technological

innovation (Zheng and Zhang, 2018; Cheng et al., 2020; Zhang

and Gu, 2020);Wang et al. analyzed the differences in the coupling

efficiency of technology and finance in various provinces from the

perspective of space, and verified the influence of government

entities and institutional environment on the coupling efficiency of

the two (Wang and Yang, 2018); Wang et al. (2012) used the

synergetic theory to build a system synergy model, and analyzed

the relationship between technological innovation and technology

finance; Zhu and Yu (2021) constructed the VIF-variation

coefficient method to screen the indicators; Liu and Jun-lin

(2021) used entropy method, linear weighted sum method, and

coupling degree coordination model to conduct empirical research

on the degree of coupling between technological innovation and

financial development in China, and Zhou and Chaocai (2020)

found that technology finance, economic transformation and

technological innovation have non-synergistic development.

With the popularization of digital drive and the development

of mobile Internet technology ecology, regional finance and

technological innovation are gradually changing. In order to

further measure the role of technology finance on regional

social economy, it is necessary to screen indicator data and

evaluation dimensions more scientifically and clearly. The

measurement indicators of the operation performance of the

technological system of financial support factors include the

amount of technological loans, the amount of venture capital

investment, the amount of financing in the capital market of

technological enterprises, the number of university projects and

other financial support indicators, as well as the number of

technological papers, the output value of high-tech products

introduced, the sales income of new products, the turnover of

the technology market, the turnover of technology trading

contracts, the import and export volume of high-tech products

and their proportions and other technological indicators

(Kumbhakar et al., 2014; Badunenko and Kumbhakar, 2017; Li

et al., 2019). As for themeasurement of the efficiency of technology

finance, there is still a wide controversy on the selection of

indicators, and there are also common calibre mismatches or

double counting problems in the actual use process.

The main contributions of this study are twofold. First of all, we

use the coupling coordination degree to evaluate the development

level of technology and finance. Different from the independent

evaluation of technology and finance in the past, previous research

focused on the support of finance to technology [(Wang et al., 2012;
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Zhu and Yu, 2021)], or the promotion of technology to financial

development (Consoli, 2005; Schertler, 2007; Cheng et al., 2020;

Zhang and Gu, 2020). We innovatively considered the interaction

between technology and finance, and focused on the synergistic

development between the two systems (Audretsch and Fritsch, 2003;

Chowdhury and Maung, 2012), which is more systematic. Secondly,

we integrate the KGM and NSGA-III algorithms, and use the KGM

for short-term sequence data prediction to form a fusion space of

technology and finance, then we use the NSGA-III method to solve

the maximum coupling coordination degree of each region in the

fusion space as themost feasible solution. In general, the study grasps

the development status of national technological innovation and

financial support dynamically from the perspective of time and space.

This paper is organized as follows: It addresses an analysis of

related works on the mutual development on technology and

finance in Section 1. Section 2 describes the integration

approaches of evaluation model, adaptation relationship,

KGM and NSGA in detail. Construction of evaluation index

system are presented in Section 3. Empirical experiment and

application of coupling coordination development evaluation

model with KGM-NSGAIII among 30 provinces is completed

in Section 4. In Section 5, conclusions and suggestions are

pointed out.

2 Research methodology

2.1 Coupling coordinated development
evaluation model

Ebert and Welsch believed that the integration method of

multiple indicators in the comprehensive evaluation is related to

the scale of the indicator data after standardization. In this study,

the calculation is carried out by the method of linear function

data standardization. The formula is shown in (Eq. 1):

Sk � ∑n
j�1
λjxij, ∑n

j�1
λj � 1, λj ≥ 0 (1)

Where Sk represents th1e comprehensive development

evaluation index of each subsystem, λj represents the weight

of j index in the subsystem, and xij represents the value of j

index data in area i after standardization processing.

Coupling degree is a measure of the degree of association

between systems, which can reflect the degree of mutual influence

and interaction between systems. However, coupling degree can

only accurately judge the degree of mutual influence between

systems in the time dimension. Therefore, the author (Xie and

Hu, 2021) builds a coordinated development degree model to

avoid errors in the evaluation results caused by using coupling

degree to judge the quality of the results, so as to scientifically

evaluate the coordinated development degree of each subsystem,

as shown in Eq. 2:

C �
∏m
k�1

Sk

1
m ∑m

k�1
Sk[ ]m

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎬⎪⎪⎪⎪⎭

2

k � 1, 2, ..., m (2)

D � ∑m
k�1

WkSk (3)

Z � �����
C ·D√

(4)

Where C refers to the coupling degree of the subsystem, whose

value range is [0, 1], and the larger the value, the higher the

coupling degree; Wk refers to the undetermined weight

coefficient of each subsystem, and the sum of each coefficient

is 1; D refers to the comprehensive development index of the

subsystem; Z refers to the coupling coordinated development

indicator, which reflects the overall coordination degree of

dynamic development among the subsystems. In general, Z �
1 represents absolute coordinated development, and Z � 0

represents completely uncoordinated development. The

interval allocation of the intermediate value can be divided

into 4 intervals or 5 intervals, which should be set according

to the overall development pattern of region. In this study, we

divide six intervals according to Gaussian distribution, and set (0,

0.1) as uncoordinated development, [0.1, 0.3) as low-coordinated

development, [0.3, 0.6) as moderately coordinated development,

[0.6, 0.8) as highly coordinated development, [0.8, 0.9) as

extremely coordinated development, [0.9, 1) as fully

coordinated development (Browne, 2001).

2.2 The adaptation relationship between
underlying indicators and subsystems

Comprehensive, coordinated and sustainable development of

the region is the premise for the stable, healthy and efficient

operation of the national economy, while the coordinated

development of the region is a complex systematic project.

Each subsystem of the evaluation index system for the deep

integration of technology and finance covers multiple underlying

indicators. The typical sequence decomposition is a form of clear

attribution of indicators: each indicator only belongs to a certain

subsystem and there are one or more indicators under a

subsystem; what’s more, the connection relationship between

subsystems and indicators does not intersect.

In the research of deep integration of technology finance, the

indicator system is a panel data that includes time, indicators and

regions. Doing principal component analysis by year will lead to

completely different principal hyperplanes for the indicator

values of different years (Deng, 1982), thus it is impossible to

guarantee the uniformity, integrity and comparability of the

analysis of the system.

In this study, we use the global principal component analysis

model for index adaptation, that is, time series is added to the
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traditional principal component analysis method. For example,

the same index data of different years and places are put together

in time order to form time series stereo data, so as to make up for

the lack of comparison of the evaluation results when the

principal component analysis is performed on each annual

data table. Finally, according to the analysis result of the

global principal component, that is, the maximum load

coefficient is used to determine the matching relationship

between the underlying index and the subsystem. In order to

clearly divide the attribution relationship between the indicators

and the system, the complete division method can be adopted

(that is, the indicators between subsystems or principal

components do not intersect).

2.3 KGM

The Grey System Theory (GST) pioneered by Deng (Xin and

Liu, 2018) in 1982 is based on the idea of “Grey-Box,” which is

efficient to deal with uncertain problems with very little

information and small samples. Xin and Liu (2018) general

nonlinear multivariate grey model based on the kernel

method (Smola and Scholkopf, 2004). The nonlinear form of

the GM (1, n) model can be written as

X 0( )
1 t( ) + aZ 1( )

1 t( ) � ϕ t( ) + μ (5)

Where ϕ(t) is a nonlinear function of the input series

(X(0)
2 , ..., X(0)

n ), and μ is a bias. Input series can be mapped

into a higher dimensional feature space (Vom Fachbereich

Informatik Scholkopf, 2008). α is grey range weight. Z(1)
1 (t) is

grey reference value.

The ϕ(t) can be reconstructed in a linear form:

ϕ t( ) � ωφ χ t( )( ) (6)

Where χ(t) � [X(1)
2 (t), ..., X(1)

n (t)], and ω is a weight vector. φ is

a kernel function, in which most commonly kernel is Gaussian

Kernel (Zhang and Hui, 2008).

2.4 NSGA-III

EVOLUTIONARY multi-objective optimization (EMO)

methodologies have amply shown their niche in finding a set

of well-converged and well-diversified non-dominated solutions

in different two- and three-objective optimization problems since

the beginning of the 1990s. MOEA/D (Knowles and Corne, 2007)

uses a predefined set of weight vectors to maintain a diverse set of

trade-off solutions. For each weight vector, the resulting problem

is called a sub-problem.

NSGA-III uses a predefined set of reference points to ensure

diversity in obtained solutions. The maintenance of diversity

among population members in NSGA-III is aided by supplying

and adaptively updating a number of well-spread reference

points. A set of predefined search directions spanning the

entire Pareto-optimal front can be specified beforehand and

multiple searches can be performed along each direction.

Instead of multiple search directions, multiple predefined

reference points can be specified for this purpose. Thereafter,

points corresponding to each reference point can be emphasized

to find a set of widely distributed sets of Pareto-optimal points.

The NSGA-III approach with a supply of a set of reference

points has a similar implicit principle to the hypergrid-based

archiving techniques, such as adaptive grid algorithm (Deb et al.,

2632), ε-MOEA (Martinez-Iranzo et al., 2009) and ev-MOGA

(Deb and Jain, 2014).

The pseudocode of NSGA-III (Abdallah et al., 2022) is as

follows:

Input: structured reference points ZR or supplied aspiration

points Za, parent population Pt, The population size is N

Output: Pt+1
1. Rt =∅, i=1

2. Qt =Recombination+Mutation(Pt)

3. Lt � Pt ∪ Qt

4. (F1, F2,/) =Non-dominated-sort(Lt)

5. repeat

6. Rt � Rt ∪ Fi and i � i + 1

7. until |Rt|≥N
8. Last front to be included: Fl � Fi

9. If |Rt| � N then

10. Pt+1 � Rt, break

11. else

12. Pt+1 � ∪l−1
j�1Fj

13. Points to be chosen from Fl: K � N − |Pt+1|
14. Normalize objectives and create reference set Zr:

• Normalize (fn; Rt, Zr, ZR, Za)

15. Associate each member R of Rt, with a reference point:

• [π(R), d(R)] Associate(Rt, Zr)

• Compute niche count of reference point

j ∈ Zr: ρj � ∑R∈Rt/Fl
((π(R) � j)?1: 0)

16. Choose K members one at a time from Fl to construct

• pt+1: Niching(K, ρj, π, Z
r, Fl, Pt+1)

17. end if

2.5 Analysis flow

The development of technology and finance involves

multiple dimensions of the socio-economic system. The

normative exploration of socio-economic issues requires the

establishment of an indicator system and the use of

reasonable models to measure or predict. The study extracts

concise and effective indicators from the rich indicators, and

predicts and optimizes the trend and goal of the coupling

coordinated development of technology and finance through

the model. The specific process is shown in Figure 1.
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2.5.1 Indicator audition
Wemainly consider comprehensive requirements. The index

system should reflect the main features and conditions of the

evaluation system from different perspectives. The evaluation of

deep integration of technology and finance should cover major

fields such as economy, finance, science and technology, as well

as main dynamic change features of development level and

coordination. The selection of indicators should emphasize

representativeness and typicality, and avoid indicators with

similar or repeated meanings. Focus on high-frequency

indicators of classic views of international authorities.

2.5.2 Data collection
The availability of data, the reliability of data or the stability of

data quality should be considered in the indicator design. The

statistical data under the existing statistical system should be used

as much as possible, and the National Statistical Yearbook and the

website of the National Bureau of Statistics should be selected as the

main source of data. The indicators with clear concept, strong

representativeness, high reliability and high availability are preferred.

2.5.3 Indicator screening
Using indicators with low correlation, large difference and

high contribution as analysis indicators can make the evaluation

and prediction results more accurate and effective. In the study,

the correlation-variation coefficient method, principal

component analysis and other methods are used to screen the

indicators.

2.5.4 Model calculation
Traditional evaluation methods pay more attention to the

value of the final result. In this study, the coupling coordinated

development degree is used to evaluate the development and

coordination of S&T and finance, which can not only evaluate the

level of development, but also evaluate the structure of

development to increase the analysis dimension of technology

finance.

2.5.5 Prediction optimization
Since the integrated development of technology and finance is a

new kind of thing, the effective data obtained in this study can hardly

meet the basic requirements of linear prediction (generally more

than 30 years). Therefore, we use the grey prediction method to

solve the problem of prediction accuracy of low sample. The grey

prediction of short-term sequence data is difficult to convince

people, so the study uses the prediction data as the optimization

boundary to solve the NSGA-III objective, predicts the coupling

coordinated development of technology and finance in various

regions in the next 5 years, and enhances the reliability and time

span of the prediction results.

The development and coordination of technology and

finance both involve the implicit interaction of multiple

subjects, which has the complexity of social and economic

issues, just like constructing an invisible interactive

development network in the social and economic system

(Abdallah et al., 2020; Abdallah et al., 2022). The development

of technology will provide more technical support and capital

operation space for finance, while finance will provide more

capital for technology, especially to meet the demand of human

resources, so that mankind can play its endless wisdom,

technological achievements can be rapidly grown and

transformed, and they can be turned into carriers of capital

appreciation.

3 Construction of evaluation index
system

Based on the principle of coupling coordination and the

connotation of the development of technology finance, the study

FIGURE 1
Analysis flow of optimization for coupling coordinated development of technology and finance.
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constructs the correlation-variation coefficient method to screen

the indicators for the problems of redundant indicators and

unrepresentative indicators.

3.1 Selection of indicators

3.1.1 Primary selection of indicators
We take “technology finance” and “indicators” as the

retrieval “themes” in the Chinese CNKI, EBSCO, Science

Direct, Springer and other databases, and select 113 journal

papers according to the pertinence, authority, timeliness,

normativeness and directness of the literature. Considering

the limitations of different indicator systems in terms of

geographical coverage, time span, research field and data

source, and based on the statistical analysis of the evaluation

indicator system of the deep integration of technology finance,

the following 32 indicators are selected:

Full-time Equivalent of R&D Personnel of Industrial

Enterprises above Designated Size (F1), R&D Expenditure of

Industrial Enterprises above Designated Size (F2), Number of

Scientific Research and Technology Development Institutions

(F3), Number of Patent Applications for Inventions (F4), Main

Business Income of High-tech Enterprises (F5), Sales Profit of

High-tech Industry (F6), Proportion of Total Industrial Output

Value of High-tech Industry in Total Industrial Output Value

(F7), Output Value of New Product (F8), Value of Contracts

Traded in the Technology Market (F9), Number of Patents

Granted (F10), Government Technology Appropriation (F11),

Total Loans of Financial Institutions (F12), Premium Income

of Insurance Companies (F13), Total Stock Market Value (F14),

The Investment Intensity of Venture Capital (F15), Number of

New Product Development Projects (F16), Export Volume of

High-tech Products (F17), Number of Colleges and Universities

(F18), Proportion of Output Value of Tertiary Industry in GDP

(F19), General Budget Revenue of Local Finance (F20), Number of

Technology Incubation Enterprises (F21), Venture Capital

Amount (F22), Employees of Technology Incubation

Enterprises (F23), Urbanization Rate (F24), Number of

Technology Enterprises (F25), Number of Undergraduates

(F26), Number of Retrievals of the Three Major Scientific

Papers (F27), GDP per capita (F28), Expenditure of R&D

Institutions of Industrial Enterprises above Designated Size

(F29), Number of R&D Personnel of Industrial Enterprises

above Designated Size (F30), Total Import and Export Volume

of Foreign-invested Enterprises (F31) and Amount of Foreign

Technology Introduction Contract (F32).

3.1.2 Data source and preprocessing
The study selects 30 provinces in China (except Hong Kong,

Macao and Taiwan) as the research objects. The data mainly

come from the 2011–2020 China Statistical Yearbook, China

Science and Technology Statistical Yearbook, China Statistical

Yearbook on High Technology Industry, China Financial

Yearbook, China Venture Capital Development Report, CEI

database, and Statistical Yearbooks and Statistical Bulletins of

provincial and municipal statistical bureaus. Among them, a

small number of missing data are processed by interpolation.

According to the China Statistical Yearbook, China is divided

into four regions: the eastern region (Beijing, Tianjin, Hebei,

Shanghai, Jiangsu, Zhejiang, Shandong, Guangdong, Fujian and

Hainan), the northeast region (Heilongjiang, Jilin and Liaoning),

the central region (Shanxi, Anhui, Jiangxi, Henan, Hubei and

Hunan) and the western region (Neimenggu, Guangxi,

Chongqing, Sichuan, Guizhou, Yunnan, Xizang (Tibet),

Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang).

Since different indicator data have differences in dimension

and order of magnitude, the range method is used to standardize

the data and the range of values is [0, 1]. In the study, the total

variance, component matrix and eigenvalue are obtained by

dimension reduction method, and then the indicator weight

and normalization are calculated.

3.2 Indicator selection steps based on the
correlation-variation coefficient method

3.2.1 First screening: Based on the correlation
coefficient method

Panel data of 30 provinces in China from 2011 to 2020 are

selected. Based on the correlation-variation coefficient method,

the correlation coefficient matrix and the coefficient of variation

are calculated based on the standardised panel data to complete

the screening of indicators.

The initial screening of indicators based on the correlation

coefficient method is carried out to remove indicators with

multiple co-linearities and eliminate the redundancy of

information between indicators in order to improve the

scientific and rational nature of the evaluation results. The

coefficient of determination is the average of the coefficients

of determination of each indicator and the remaining indicators.

The larger the value of the coefficient of determination, the more

important the indicator is in the evaluation system, so the

indicator is retained as a reference indicator. Comparing the

correlation coefficients of the remaining indicators with the

reference indicator, the larger the value the more it is to be

excluded, vice versa, it is retained. After calculation, the results of

the complex correlation coefficient of each indicator are obtained

as shown in Figure 2.

As can be seen from Figure 2, the coefficient of determination

of F4 is large, followed by F6, therefore, Indicator 4 and Indicator

6, i.e., the number of invention patent applications and sales

profit of high-tech industry, occupy an important position in the

evaluation system and should be retained, and using Indicator

4 and Indicator 6 as reference indicators, compare the size of the

remaining indicators with their correlation coefficients
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respectively. Conversely, they should be retained. Finally, using

the number of invention patent applications and the sales profit

of high-tech industries as control variables, the partial correlation

coefficients are calculated.

The partial correlation coefficients of F4 & F6 and F1, F2, F21 and

F23 are 0.627, 1, 0.646 and 0.626 respectively, which exceed the cut-

off line of 0.5 and cover too many overlapping multiples and should

be eliminated. The elimination of the number of Full-time

Equivalent of R&D Personnel of Industrial Enterprises above

Designated Size (F1), R&D Expenditure of Industrial Enterprises

above Designated Size (F2), Number of Technology Incubation

Enterprises (F21), and Employees of Technology Incubation

Enterprises (F23) not only ensure the comprehensiveness of the

indicators, but also avoid the redundancy of the indicators.

3.2.2 Second screening: Based on the coefficient
of variation method

Based on the coefficient of variation method for re-sorting, the

degree of dispersion of information is judged, unrepresentative

indicators are deleted and those with a high impact on the

evaluation results are screened out. The criteria for screening

indicators based on the coefficient of variation are as follows:

when the coefficient of variation of an indicator is less than the

average value of the coefficients of variation of all indicators, it should

be deleted in order to screen out more representative indicators.

The coefficient of variation (ratio of standard deviation to

mean) for each indicator is calculated from the data table and the

mean of the coefficient of variation for all indicators is found to

be 1.36. Thirteen indicators that are less than the mean are

removed: F4 (1.33), F7 (0.89), F11 (1.31), F12 (1.00), F13 (0.86), F15
(0.82), F18 (0.51), F19 (0.95), F20 (0.88), F24 (0.77), F26 (0.57), F27
(1.08), F28 (0.90).

3.3 Analysis of inter-level adaptation
relationships

Through the global principal component analysis of the panel

data of 30 provinces from 2011 to 2020, the analysis finds that:

KMO = 0.911, with a companion probability value of 0.000, passing

the Bartlett’s spherical test at a significance level of 0.05; extracting

factors with characteristic roots greater than 1, the cumulative

contribution of variance when extracting two principal factors

reached 86.653%, which reflect the overall situation.

According to the criteria for the division of the aptitude

relationship between the layers (Fiss, 2011; Greckhamer, 2016),

the threshold value of the loading coefficient is taken asM = 85%,

and according to the meaning of the selected underlying

indicators, the two main components are classified as science

and technology innovation and financial support subsystems,

and the aptitude relationship is improved and optimized by

combining with the expert method, so as to finally obtain an

evaluation index system for the coordinated development of

science and technology finance, with the specific aptitude

relationship and weights shown in Table 1.

4 Empirical analysis

4.1 Analysis of coupling coordinated
development based on time-series
evolution

According to the principal component dimensionality

reduction analysis, the weights of the two subsystems of

Technology Innovation and Financial Support are obtained

FIGURE 2
The determination coefficient of 32 indicators for Technology and Finance.
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after standardizing the variance contribution of the principal

components asW1 = 0.8649 andW2 = 0.1351 respectively, which

in turn leads to the results of the coupling coordinated

development index of technology innovation and financial

support systems in 30 provinces across China, as shown in

Table 2.

4.1.1 Technology and innovation are insufficient
in development, adequate in coordination

The level of development of our country in terms of Financial

Support, Technology Innovation needs to be perceived in

general, and the average level of development of all provinces

in each year is shown in Figure 3.

Since 2011, the evolution of the level of Technology Innovation

and the level of Financial Support has remained highly consistent

across the country, both at a low level, but the coupling coordinated

degree is at an intermediate level, which shows that there may be an

imbalance in the development of technology and finance in some

regions of the country. The level of Technology Innovation remains

at a slightly higher level compared to the other. However, both are at

a low level. The national composite index of technology and

financial development shows a steady growth trend, however the

range of growth is very narrow. The coupling coordination between

technology and financemaintains a high level compared to the other

indices, but the evolutionary trend is not smooth and there are

fluctuations, with little change in the initial and final values. It is

evident that the development of the integration of technology and

finance has been historically explored and may be closely related to

the policy push for financial support and business development of

technology innovation, however there is some potential for recurring

fluctuations in the policy push.

4.1.2 Insufficient coupling coordination, space
for integration to be expanded

The level of development of technology innovation and

financial support in China is at a low level and needs to be

analyzed by region to uncover the differences among provinces

from 2011 to 2020, as shown in Figure 4.

Between 2011 and 2020, the distribution of the coupling

coordinated development index covers the stages of

dysfunctional development, low coordinated development,

moderate coordinated development, high coordinated

development, extremely coordinated development and fully

coordinated development. The average value of the coupling

coordinated development index of technology and finance in

China is low, with only a small number of regions in extremely

coordinated or fully coordinated development and most below

highly coordinated development. Some regions are at the stage of

dysfunctional development, the integration of technology and

financial development is still far from taking off, the existence of

regional culture, economic base, industrial distribution has a

close relationship. For the regions with high coupled coordinated

development index of technology and finance, the minimum and

maximum values also have a large difference, which shows that

the integration space and the level of coupled coordination have a

certain correlation, especially in Guangdong, Jiangsu and

Zhejiang.

4.1.3 Clear regional differences, with the eastern
part dominating and the central part rising
steadily

The comparative analysis between regions is carried out by

East, West, Central and North-East, and the color temperature

TABLE 1 Adaptation relationships and weights of subsystems and underlying indicators.

Systems Indicators Weighting

Technology innovation (TI) Number of Scientific Research and Technology Development Institutions F3 0.071

Number of Patent Applications for Inventions F4 0.094

Main Business Income of High-tech Enterprises F5 0.091

Sales Profit of High-tech Industry F6 0.09

Output Value of New Product F8 0.072

Number of Patents Granted F10 0.079

Number of New Product Development Projects F16 0.07

Export Volume of High-tech Products F17 0.08

Number of Technology Enterprises F25 0.084

Expenditure of R&D Institutions of Industrial Enterprises above Designated Size F29 0.073

Number of R&D Personnel of Industrial Enterprises above Designated Size F30 0.085

Total Import and Export Volume of Foreign-invested Enterprises F31 0.112

Financial support (FS) Value of Contracts Traded in the Technology Market F9 0.187

Total Stock Market Value F14 0.23

Venture Capital Amount F22 0.278

Amount of Foreign Technology Introduction Contract F32 0.305
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matrix makes it possible to visualize the level of regional

development, as shown in Figure 5.

There is significant regional differentiation in the coupling

coordinated development of Technology Innovation and

Financial Support in China. It can be seen through colorbar

that the degree of coupling coordinated development in the

eastern region is better than the national average, while the

development in the northeast, central and western regions all

lag behind the national average, but basically show a steady

upward trend. Guangdong and Jiangsu in the eastern region are

in an obvious upward trend in the coupling coordinated

development of technology and finance, and are in the

dominant eastern region, followed by Zhejiang and Shandong.

Hainan Province lacks the support of technology resources and

policies, and its high-tech industry lags behind, so its coupling

coordinated development is slow and at the bottom of the eastern

region, with a significant gap with other regions.

The western region is led by Chongqing, Sichuan and

Shaanxi. Geographically, these regions are closer to the

Central Plains and have a more convenient transportation

location. The uneven resources, geographical location and

policies of the western region, the more homogeneous

industrial structure and the scarcity of human resources in

technology directly affect the level of coordinated

development of technology and finance. With the in-depth

promotion of the Western Development Strategy, especially

the poverty alleviation policy, the national security strategy

and the Belt and Road Strategy, science, technology and

finance in the west will face significant opportunities.

The coordination of technology and finance coupling in the

Northeast is all at a low level. The Northeast is a historical heavy

industrial base in China and has a northern geographic location

and more arid climatic characteristics, and the activity of

technology and finance requires the flow of talent, and

TABLE 2 Coupling coordinated development index.

District Provinces 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

East Beijing 0.119 0.134 0.143 0.148 0.138 0.134 0.122 0.141 0.143 0.158

Tianjin 0.154 0.154 0.178 0.184 0.186 0.186 0.173 0.170 0.165 0.177

Hebei 0.090 0.095 0.101 0.105 0.119 0.122 0.133 0.141 0.146 0.171

Shanxi 0.054 0.064 0.079 0.065 0.074 0.078 0.081 0.094 0.096 0.104

Neimenggu 0.013 0.019 0.014 0.054 0.055 0.058 0.055 0.058 0.058 0.065

Liaoning 0.125 0.136 0.141 0.141 0.141 0.135 0.134 0.148 0.149 0.154

Jilin 0.073 0.087 0.085 0.107 0.094 0.101 0.104 0.095 0.102 0.100

Heilongjiang 0.067 0.074 0.075 0.082 0.084 0.083 0.077 0.051 0.074 0.085

Shanghai 0.242 0.227 0.229 0.228 0.231 0.219 0.224 0.242 0.240 0.253

Jiangsu 0.381 0.406 0.426 0.382 0.446 0.423 0.453 0.474 0.488 0.531

Northeast Zhejiang 0.173 0.255 0.287 0.232 0.279 0.291 0.319 0.346 0.366 0.407

Anhui 0.119 0.140 0.137 0.142 0.174 0.175 0.183 0.186 0.210 0.232

Fujian 0.118 0.126 0.172 0.168 0.177 0.197 0.195 0.200 0.192 0.232

Central Jiangxi 0.084 0.096 0.091 0.085 0.125 0.111 0.119 0.117 0.121 0.148

Shandong 0.236 0.243 0.267 0.216 0.239 0.245 0.258 0.257 0.266 0.296

Henan 0.112 0.134 0.103 0.111 0.134 0.148 0.159 0.156 0.173 0.194

Hubei 0.127 0.113 0.140 0.143 0.148 0.153 0.162 0.185 0.201 0.215

Hunan 0.098 0.117 0.130 0.112 0.134 0.148 0.160 0.172 0.181 0.202

Guangdong 0.226 0.188 0.431 0.424 0.486 0.526 0.536 0.578 0.599 0.656

West Guangxi 0.071 0.077 0.074 0.058 0.077 0.082 0.079 0.103 0.099 0.103

Hainan 0.040 0.024 0.022 0.048 0.047 0.040 0.037 0.053 0.055 0.055

Chongqing 0.057 0.098 0.083 0.102 0.154 0.157 0.140 0.156 0.164 0.204

Sichuan 0.142 0.152 0.169 0.164 0.184 0.180 0.197 0.216 0.223 0.246

Guizhou 0.056 0.035 0.058 0.066 0.073 0.077 0.087 0.100 0.096 0.095

Yunnan 0.049 0.023 0.058 0.061 0.064 0.067 0.076 0.080 0.087 0.108

Shaanxi 0.096 0.103 0.115 0.120 0.132 0.134 0.141 0.145 0.155 0.162

Gansu 0.035 0.041 0.049 0.052 0.053 0.056 0.055 0.062 0.067 0.070

Qinghai 0.005 0.008 0.012 0.009 0.016 0.019 0.022 0.034 0.029 0.031

Ningxia 0.024 0.003 0.016 0.029 0.029 0.035 0.041 0.043 0.043 0.053

Xinjiang 0.024 0.013 0.028 0.032 0.038 0.039 0.037 0.048 0.041 0.054
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transportation and climatic conditions have traditionally been

important influencing factors for the flow of talent. The coupling

of technology and finance is mostly focused on emerging

technologies, green economy, energy saving and emission

reduction industries, etc. The Northeast, which is supported

by equipment manufacturing and metal smelting as traditional

industries, is tied to the historical path in the integration of

technology and finance. In contrast, the Liaoning region, with its

good port and coastline economic zone, has a higher degree of

technology and finance development.

The development of technology and finance in the central

region is a relatively balanced region, both at an intermediate

FIGURE 3
Summary on Average Evaluation value of Technology, Finance and Coordination and Development.

FIGURE 4
Regional scope of coupling coordination.
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level and steadily improving. Hubei has certain advantages of

coupling coordinated of technology and finance, and its

advantages of being a transportation hub and a technology

talent are extremely obvious. Shanxi, on the other hand,

continues to be out of balance, with Financial Support

development relatively lagging behind Technology

Innovation, both developing slowly, and a more serious

reliance on resource-based and energy-consuming

industrial development paths.

4.2 KGM-NSGAIII-based prediction and
optimisation of coupled technology and
finance coordination

The development trend of Technology Innovation and

Financial Support in China is an important guide for

technology finance policy. This paper has applied the KGM

(1, n) grey prediction model to dynamically simulate the data

from 2021 to 2025 based on the bi-system statistics of

Technology Innovation and Financial Support in each

province from 2011 to 2020, and tested the accuracy of the

model, and the small error probability p-value and the

posteriori difference ratio values are within a reasonable

range. And this paper uses the predicted data on the

evolution of the technology and financial systems as the

optimisation boundary to calculate the optimal state of

science and technology finance for each region during

2021–2025, making a scientific framework for policy

reference. The maximum minimum and average values of

financial support and science and technology innovation

predicted by KGM for each region are shown in Figure 6.

In Figure 6, the vertical interval line segments indicate the

predicted maximum and minimum values for Technology

Innovation and the horizontal interval line segments indicate

the predicted maximum and minimum values for Financial

Support. The circles indicate the mean of the forecasts.

Figure 6 shows that the prediction space for the coupling

coordinated development of technology and finance is mostly

at the “short” level. Beijing, Shanghai and Guangdong have a

“narrow and high” prediction space for coupling coordination

and development degree. Jiangsu, Zhejiang and Shandong

have large prediction intervals, especially in Zhejiang,

where the prediction interval for science and technology

finance varies greatly and there is much room for

optimization.

FIGURE 5
Regional coupling coordination. (A) East District, (B) West District, (C) Northeast District, (D) Central District.

Frontiers in Environmental Science frontiersin.org11

Yang et al. 10.3389/fenvs.2022.1067772

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1067772


FIGURE 6
Prediction of KGM range for technology and finance by regions.

FIGURE 7
Optimization prediction for technology and finance. Note: F, Financial Support; T, Technology Innovation; Z, coupling coordinated
Development; I, Interval.
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Targets are set as follows.

maxf1 � Z S1, S2[ ]( )
minf2 � ∑ dist S1, S2[ ], G S1( ), G S2( )[ ]( ){ (7)

where maxf1 is the maximization of coupling coordination; min

f2 is the minimization of prediction bias. S1, S2 are the

subsystems of STF and G (S1), G (S2) are the set of KGM

predictions. dist denotes the Euclidean distance.

The prediction of the optimal coupling development of

technology and finance for each region can be obtained by

calculation. Financial Support, Technology Innovation, Z

(Coupling Coordinated Development Index), Prediction Interval

are presented in parallel coordinates as shown in Figure 7.

In this paper, 30 regions are classified and analyzed according

to the width of the indicators F and T, the height of the Z value

and the size of the I value.

(1) Robust and high growth type: This category has a narrow

range of values for F and T and is at a higher position,

showing high growth in technology and finance, and has a

higher Z value and a lower I value, showing the robustness

and synergy of technology and finance. For example,

Guangdong, Jiangsu and Zhejiang, the three regions are

predicted to enter a period of deep integration of

technology and finance and occupy the high ground of

development.

(2) Broad multi-possibility type: This type has a wide range of F

or T values, reflecting the broad prospects for the

development of technology and finance, while the Z value

and I value have a certain linear relationship, mainly a

positive proportional relationship, reflecting the existence

of multiple possibilities for the coupling coordinated

development of technology and finance, with a high Z

value, the I value is also high, indicating that the

possibility of achieving a high Z value is reduced. This

category includes most regions, such as Beijing, Tianjin,

Shanghai, Zhejiang, Fujian, Shandong, Liaoning, Jilin,

Heilongjiang, Anhui, Hubei, Hunan, Inner Mongolia,

Guangxi, Henan, Guizhou, Yunnan, Chongqing, Sichuan

and Shaanxi. Most of these regions have already carried

out technology and finance pilot work under the impetus of

national policies, with varying degrees of success and a

preference for future possibilities.

(3) Leapfrogging High Expectation Type: This type of F, T, Z

and I values are in the medium-high region, showing that

technology and finance may develop in leaps and bounds

and are worthy of expectation. Examples include Hainan,

Shanxi, Gansu, Qinghai, Hebei, Xinjiang and Jiangxi. This

type of region can be based on the regional economic

development trend turning stable and improving, the

driving force of the integration development policy of

technology and finance (location, technology,

transportation, resources, etc.) can play a huge role in

promoting the leapfrog development of the region in the

field of technology and finance.

The forecast results show that although the development

trend of the coupling coordinated development of Technology

Innovation and Financial Support in China has improved in the

next few years, the trend of coupled and coordinated evolution

and growth is relatively slow, the imbalance of development

between regions still exists, and it still takes a long time for

provinces to reach the state of deep integration and synergistic

development of the two systems of Technology Innovation and

Financial Support. Therefore, in the future development, it is

necessary for each province to focus on its own shortcomings and

weaknesses, break through itself, and at the same time strengthen

intra-regional and inter-regional linkage and mutual cooperation

to achieve the coordinated and sustainable development of both

Technology Innovation and Financial Support nationwide.

5 Conclusion and suggestions

5.1 Conclusion

(1) The industrial connotation of the technology financial

indicators is outstanding. The number of new product

development projects, the export value of high-tech

products, the main business income of high-tech

enterprises, the number of high-tech enterprises, the sales

profit of high-tech industries, the output value of new

products, the number of personnel in R&D institutions of

industrial enterprises above a certain size, the contract value

of technology market transactions, the total import and

export value of foreign-invested enterprises and the

contract value of foreign technology introduction are all

indicators related to the transformation of technological

achievements, reflecting that the deep integration of

technology and finance ultimately comes down to

products, sectors, industries and other specific businesses.

At the same time, the relationship between the role of the

capital market has been reduced with the improvement of

the financial market, and the closely related indicators are

now only the total value of the market value of stocks and the

amount of venture capital investment. The capital market is a

category of accumulative indicators, and when the total

amount reaches a certain scale, its radiation spillover

effect is significant.

(2) There are differences in the levels of integration of

technology and finance across the country. The

comprehensive capacity of Technology Innovation and

Financial Support in the east is far superior to that of the

central, western and northeastern regions, and its

Technology Innovation and Financial Support have great

room for synergistic development, but there is also the
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possibility of a leapfrog breakthrough in coupling

coordinated development in the western and central

regions. In terms of coupling degree, the coupling degree

of Technology Innovation and Financial Support in China

shows a fluctuating upward trend, especially in the central

region where there is a clear trend of coupling coordinated

development driven by the central region. The western

region can promote the rapid development of technology

and finance under certain driving forces (mostly policies).

The industrial structure and location of the northeast has a

strong shortcoming effect on the development of science and

technology and finance.

(3) The coupling coordinated development drive of

technology and finance is limited. Through assessment,

prediction and optimization, it is found that the regions

with piloted technology finance have certain advantages

in coupling coordination, but the overall level is still at a

medium level and maintains a more consistent trend,

indicating that the sustainability of policy drivers for

science and technology finance is not strong. At the

same time, some of the regions with weak development

in science and technology finance can be rapidly enhanced

by a shift in some of the drivers, such as policy support

and capital flows. The good performance of technology

finance in Guangdong and Jiangsu shows that the

integration of technology and finance still requires

long-term autonomous development of the market in

order to promote the high-quality development of

science and technology finance.

5.2 Recommendations

Based on the findings of the above study, the following

countermeasures are recommended.

(1) There is regional heterogeneity in the impact of technology

finance on high-quality economic development and financial

stability, and the formulation of development policies and

regulatory policies related to technology finance should

reflect differentiation. Design an institutional framework

that matches the development of technology finance, and

adhere to the complementarity of government guidance and

market operation to provide institutional safeguards for the

development of technology finance.

(2) In order to realize the deep integration of Technology

Innovation and Financial Support, we should vigorously

implement the innovation-driven development strategy,

improve the top-level design of the integration system

such as preferential support policies, the government and

enterprises should increase funding for scientific research,

attach importance to the introduction of technology-based

and technical high-end talents, build a good platform, and

better promote the transformation of scientific and

technological achievements through market mechanisms,

so as to enhance the ability of technology innovation and

implement the coordinated development of technological

innovation and financial support.

(3) The level of coupling coordinated development varies

significantly from region to region in China, and the

shortcomings and weaknesses of the uncoordinated

Technology Innovation and Financial Support system

should be tapped according to their resources, policies,

geographical location and transportation, etc., and precise

policies should be formulated according to local conditions,

so as to formulate differentiated policies on Technology

Innovation and Financial Support in line with the

development of each region and optimize the institutional

mechanism for deep integration.

(4) For regions with a high degree of coordinated development,

it should give play to the radiation-driven effect on

neighboring provinces, adopt a regional linkage and

mutual assistance development model, break down

regional barriers, and realize the free flow of financial,

talent and technological resources. For provinces at the

stage of dysfunctional development, the government

should implement one policy for each region according to

the actual development needs, and increase policy tilt and

capital investment in a targeted manner to promote the

efficient development of Technology Innovation and

Financial Support systems and narrow the differences

with developed regions.
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