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Abstract. This article uses the entropy method to construct a comprehensive 

evaluation index for the vulnerability of the provincial-level technology finance 

coupling system in China from 2008 to 2021. On this basis, the fixed effects 

model and spatial Durbin model were used to empirically analyze the local ef-

fects and spatial spillover effects of different local government competition on 

the vulnerability of technology finance coupling.  
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1 Introduction 

As China's economy enters a new stage of development, the shortcomings of the tra-

ditional economic model are gradually revealed. In order to promote sustainable and 

high-quality economic development, how to realize a more effective allocation of 

science and technology and finance has become a topic of concern for the academic 

community. The Party also emphasized in the report of the Twentieth National Con-

gress that China's scientific and technological innovation capacity is still not strong, 

and it is necessary to strengthen the construction of financial and scientific and tech-

nological innovation system. The mutual integration and coordination of science and 

technology and finance play a key role in promoting the development of the real 

economy. 

Chinese-style decentralization promotes both competition for economic growth and 

competition for technological innovation(Wu Yanbing,2017)[1]. To a certain extent, 

this institutional arrangement balances the autonomy of local governments with the 

authority of the central government, providing strong support for China's sustained 

economic development(Bian Yuanchao,2017)[2]. 

It is important to clarify the relationship between local government competition 

patterns and the vulnerability of science and technology-finance coupling in order to 

improve China's fiscal system, guide local governments to healthy competition, and 

promote the healthy development of the science and technology-finance coupling 

system. Based on this, this paper uses 30 provinces (excluding Tibet) to study the 
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impact of local government competitive behavior on the vulnerability of S&T-finance 
coupling. 

2 Theoretical and Mechanistic Studies 

The impact of growth-oriented local government competition on the vulnerability of 
the science and technology-finance coupling system is quite controversial in the aca-
demic community. Positive views believe that the vulnerability of the coupled science 
and technology-finance system is essentially caused by the influence of internal and 
external factors, which makes it impossible to form a reasonable allocation of market 
factors and resources, such as financial factors, human resources, and technological 
factors (Shen Lanling, 2020)[3]. The vulnerability of the integrated system is essen-
tially caused by the influence of internal and external factors that prevent the rational 
allocation of market factors and resources such as financial factors(Shi Xianyun, 
2022)[4], talent factors(LIU Mengfei)[5] and technology factors (SHEN Lanling)[6]. 
However, in the context of promoting the construction of "service-oriented govern-
ment", the central government has strengthened the assessment of public expenditure 
indicators, prompting local governments to compete to increase financial investment in 
and support for public utilities . The improvement of infrastructure measures and the 
improvement of the welfare level of the population have provided sufficient conditions 
for the mobility of factors, including human resources, technology and capital, and the 
efficiency of factor utilization, thus improving the nature of vulnerability(WANG 
Wenxiang)[7]. 

The reverse point of view excessive attention to GDP growth as the representative of 
the performance appraisal will make the local government in the economic develop-
ment strategy to choose "tend to inferior competition"(Tian Hongyu)[8], mainly man-
ifested in the selective neglect of the investment cycle is long, slow, high-risk with a 
high "cost effect" of the Innovative investment, but more limited resources into the 
short investment cycle, quick results, low risk of productive investment. Emphasis on 
short-term economic benefits, neglect of people's livelihoods and lack of support for 
scientific and technological innovation have led to higher vulnerability of the coupled 
scientific and technological-financial system. 

In a competitive political environment, innovation has become the key for local 
governments to compete for advantagest(HOU Linqi)[9]. Under this competitive 
model, financial investment in science and technology becomes one of the key indi-
cators for the promotion of local government officials. As the central government's 
political pressure on S&T innovation increases, local governments are forced to in-
crease their support and investment in S&T innovation in response to the central gov-
ernment's call. In order to attract high-quality talents and high-quality S&T innovation 
resources, local governments are forced to compete in the innovation field by climbing 
and imitating the scale(Xiao Ye)[10]. 

Local governments respond to the political pressure from the central government 
and promote the introduction and development of STI resources by increasing S&T 
financial investment, improving S&T support policies and environments, and engaging 
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in yardstick competition. This strategy aims to make local governments stand out in 
political competition while providing better development opportunities for S&T in-
novation in the region, thus promoting economic and social progress and development 
and reducing the vulnerability of the coupled S&T-finance system(Hu Liansheng, 
2023)[11]. 

3 Model Setting and Variable Selection 

3.1 Fixed Effects Model 

In order to verify the impact of local government competition mode on the vulnerability 
of science and technology-finance coupling, this paper takes the vulnerability of sci-
ence and technology-finance coupling as the explanatory variables, and the two modes 
of government competition as the core explanatory variables to conduct empirical 
analysis, and constructs the fixed-effects model shown in equation (1): 

cttcctictct XGOVVulner   21  

Where.c represents the province and region, andt represents the year,
ctVulner is the 

vulnerability index of science and technology financial coupling in province c in year t;

ictGOV is the local government competition model (
ctGOV1

represents the local govern-

ment competition model around growth,
ctGOV2
represents the local government com-

petition model around innovation) whose estimated coefficients are
1 ;

ctX is the control 

variable whose estimated coefficients are 2 ;
c is the individual fixed effect;

t is the 

time fixed effect; is the constant term, and ct  is the random error term. 

3.2 Spatial Durbin Model 

Considering that the vulnerability of the science and technology-finance coupling 
system has obvious spatio-temporal aggregation characteristics, i.e., the existence of 
spatio-temporal effects, based on the "spatial-associative" perspective, the ordinary 
fixed-effects model is extended, and the SDM model is obtained: 
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whereW is the spatial weight matrix,  is the spatial auto correlation coefficient, 

and 1 and 2  represent the spatial correlation coefficients of the core explanatory and 

control variables, respectively. 



Vulnerability Evaluation Indicator System for Coupled Science and Technology Finance 
Systems 

general level dimension  state  indicator layer Selection of indica-
tors 

Vulnerability of 
coupled sys-
tems of science 
and technology 
finance 

Internal modu-
lar vulnerabil-
ity 

Science and 
technology 
subsystem 

R&D human capital (-) Full-time equivalents 
of research and de-
velopment personnel 

Capital investment in 
R&D (-) 

R&D expendi-
ture/GDP 

Innovation output (-) Patent applications 
Financial 
subsystems 

Financial services 
capacity (-) 

Number of financial 
employees 

Level of financial 
services (-) 

Insurance depth 

Level of financial 
development (-) 

Loan growth rate 

Efficiency of allocation 
of funds (-) 

Loan balanc-
es/deposit balances of 
financial institutions 

-

tion operations/GDP 
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3.3 Variable Selection 

3.3.1 Selection of Explained Variables 
Coupled Science and Technology-Finance System Vulnerability (Vnlner ). Coupled 

science and technology-finance system vulnerability includes various types of factors 
inside and outside the system. This paper draws on Wang Renxiang et al. and Wang 
Yan et al. and Wang Yan et al.'s urban vulnerability evaluation index system(WANG 
Renxiang)[12](Wang Yan)[13], refer to the research on the mechanism of combining 
science and technology with finance, select six state layers of science and technology 
subsystems, financial subsystems, economic factors, social factors, internal benefits 
and external benefits, and follow the principles of science and feasibility to construct a 
vulnerability evaluation index system of science and technology-finance coupling 
system at the provincial level are shown in Table 1. 

Table 1. Vulnerability evaluation index system of science and technology financial coupling 
system 

Vulnerability 
of the external 
environment 

economic 
factor 

Level of economic 
development (-) 
Industrial structure (-) 

GDP per capita 

Tertiary value add
ed/GDP 

Level of education (-) Education expendi-
ture/fiscal expendi-
ture 

social factor Level of information 
development (-) 

Total value of postal 
and telecommunica-

Level of urbanization 
(-) 
Level of scientific 
innovation (-) 

Regional urbanization 
rate 
Science and technol-
ogy expendi-
tures/fiscal expendi-
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Vulnerability 
combined 
benefits 

to Internal 
benefits 

Financial innovati
benefits (-) 
STI benefits (-) 

tures 
on Financial sector value

added/GDP 
Technology market
turnover/GDP 

External 
benefits 

Construction of 
scriptive statisti
facilities for ba
regression variables (
Sustainability (+) 

e-
cs 

sic 
-) 

Length of
long-distance fiber
optic cable lines 

Energy consump-
tion/GDP 

3.3.2 Core Explanatory Variables 
Local government competition model (GOV ). According to the research content, 

this paper divides the local government competition model into the "competition 
around growth" model

1GOV and the "competition around innovation" model
2GOV , and 

constructs the local government competition indexes from the perspectives of eco-
nomic competition and innovation competition.  

In the selection of indicators, reference is made to Tian Hongyu,Zhu 
Zhiyong(2019)[8] and Fang Run(2022)[14], we consider the economic development 
level and population size of each prefecture-level city, and construct local government 
competition indicators for growth and local government competition indicators for 
innovation according to the Tel Business Index. 

1 /

Provincial per capita FDI /National per capita FDI
GOV

Provincial per capita GDP National per capita GDP
  

2 /

 Provincial per capita R & D/National per capita R & D
GOV

Provincial per capita GDP National per capita GDP
  

3.3.3 Control Variables 
Control variables This paper sets the following control variables: regional openness 

level (OPEN): measured by the proportion of total imports and exports of each region 
to GDP; regional labor quality (EDU): measured by the average number of years of 
schooling in each region; informatization level (Infor): proxied by the per capita 
amount of service mail and electricity; and the marketization level (Market) with 
reference to (Wu Yungliang et al., 2021)[15] : adopted (Fan et al., 2019)[16] The 
overall score of the marketization index published in the Report on China's Market-
ization Index by Provinces is used. 

3.4 Data Sources and Processing 

This paper is based on the panel data of 30 provinces in the mainland of China (part of 
the data of Tibet is missing) from 2008 to 2021 for empirical test, the financial structure 
data are from Wind Information, other data are from China Financial Yearbook, China 
Science and Technology Statistics Yearbook, CEEC and EPS Global Statistics Data-



 

variable 

variables 

 (0.000963)  

  (0.00945) 

 (0.00742) (0.00699) 
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base, the descriptive statistics of the main variables are shown in Table 2. The de-
scriptive statistics of the main variables are shown in Table 2. 

Table 2. Descriptive statistics of regression variables 

Descriptive statistics of regression variables 

typology variant 
observed 
quantity 

average 
value 

(statistics) stand-
ard deviation 

minimum 
value 

maximum
values 

explanatory 
Vulner 420 .5207075 .1133201 .2485735 .8947503 

Core ex- GOV1 420 1.723519 1.716808 .006318 14.60391 
planatory 

GOV2 420 .511552 .3041382 .1728891 1.79309 

EDU 420 9.068841 .9686151 6.763946 12.782 
control Infor 420 .0640447 .0500663 .014348 .2896414 
variable OPEN 420 .2774519 .3176064 .0075724 1.697647 

Market 420 7.82574 1.889485 3.359 12.39 

4 Analysis of Empirical Results 

4.1 Fixed Effects Model 

The model was modeled using time-individual double fixed-effects regression by the 
Hausman test, and the regression results are shown in Table 3. 

Table 3. Fixed effects model regression results 

 
VARIABLES 

(1) 
Vulner 

(2) 
Vulner 

GOV1 -0.00412***  

GOV2  -0.0786*** 

EDU -0.0135* -0.0150** 

Infor 
 

-0.125* 
(0.0650) 

-0.131** 
(0.0611) 

OPEN 
 

0.0163 
(0.0134) 

0.0460*** 
(0.0122) 

Market 
 

-0.0165*** 
(0.00248) 

-0.0154*** 
(0.00232) 

constant term (math.) 0.829*** 0.856*** 
 (0.0653) (0.0616) 
observed quantity 420 420 
R-squared 0.823 0.844 
fixed time YES YES 
Individual fixation YES YES 
Number of id 30 30 

Note: ***, **, and * indicate significant at the 1%, 5%, and 10% statistical levels, respectively; 
p-values are in parentheses. Same as below. 
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4.2 Spatial Durbin Model 

4.2.1 Spatial Correlation Test 
In this paper, we adopt Moran's I index to test the spatial correlation of the vulner-

ability of China's science and technology-finance coupling system. Define the neighbor 

space weight matrixW  , ijW  The construction principles are as follows: 





0

1
ijW  

where the subscripts i,j represent different provinces, and the coefficient is 1 when 
the provinces are geographically neighboring and 0 when they are not. 

Moran's I index and the results of its statistical tests are shown in Table 4. 

Table 4. Moran's I index 

particular year Moran's I p-value* particular year Moran's I p-value* 
2008 0.213 0.008 2015 0.324 0.000 
2009 0.245 0.004 2016 0.339 0.000 
2010 0.230 0.006 2017 0.378 0.000 
2011 0.283 0.001 2018 0.406 0.000 
2012 0.281 0.002 2019 0.399 0.000 
2013 0.280 0.002 2020 0.409 0.000 
2014 0.312 0.001 2021 0.415 0.000 

Further looking at the spatial heterogeneity of the coupled vulnerability, this paper 
plots the scatterplot of Moran's I for 2008, 2012, 2016 and 2021 respectively in Fig. 1.  

 

Fig. 1. Moran's I scatter plot 
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4.2.2 Spatial Measurement Empirical Results 
After the Hausman test to select the fixed effect model, after the LR test to select the 

time and individual double fixed model, after the LM test SDM model can not be 
degraded into the SAR and SEM model, and finally select the time individual double 
fixed spatial Durbin model, empirical results are shown in Tables 5 and 6. 

Table 5. Results of the Spatial Durbin Model for GOV1 

 
VARIABLES 

(1) 
Main 

(2) 
Wx 

(3) 
Spatial 

(4) 
Variance L

(5) 
R_Direct 

(6) 
LR_Indirect

(7) 
 LR_Total

GOV1 
 

-0.004*** 
(0.00) 

-0.000 
(0.95) 

 
 

 -
 

0.004*** 
(0.00) 

-0.001 
(0.40) 

-0.005***
(0.01) 

 (0.32) (0.18)   (0.21) (0.17) (0.12) 
Infor 
 

-0.334*** 
(0.00) 

0.617*** 
(0.00) 

 
 

 -
 

0.294*** 
(0.00) 

0.670*** 
(0.00) 

0.376*** 
(0.00) 

OPEN 
 

0.036*** 
(0.00) 

-0.038* 
(0.08) 

 
 

 
 

0.034*** 
(0.00) 

-0.035 
(0.19) 

-0.000 
(0.99) 

Market 
 

-0.014*** 
(0.00) 

-0.013*** 
(0.00) 

 
 

 -
 

0.015*** 
(0.00) 

-0.020*** 
(0.00) 

-0.035***
(0.00) 

rho 
 

 
 

 
 

0.249*** 
(0.00) 

 
 

 
 

 
 

 
 

sigma2_e 
 

 
 

 
 

 
 

0.000*** 
(0.00) 

 
 

 
 

 
 

observed 
quantity 

420 420 420 420 420 420 420 

R-squared 0.590 0.590 0.590 0.590 0.590 0.590 0.590 
Number of id 30 30 30 30 30 30 30 

Table 6. Results of the Spatial Durbin Model for GOV2 

 
VARIABLES 

(1) 
Main 

(2) 
Wx 

(3) 
Spatial 

(4) 
Variance 

(5) 
LR_Direct 

(6) 
LR_Indirect

(7) 
 LR_Total 

GOV2 
 

-0.061*** 
(0.00) 

-0.049*** 
(0.00) 

 
 

 -
 

0.063*** 
(0.00) 

-0.068*** 
(0.00) 

-0.131***
(0.00) 

EDU 
 

-0.009 
(0.16) 

-0.026* 
(0.06) 

 
 

 
 

-0.010* 
(0.10) 

-0.032* 
(0.06) 

-0.042** 
(0.03) 

Infor 
 

-0.318*** 
(0.00) 

0.443*** 
(0.00) 

 
 

 -
 

0.295*** 
(0.00) 

0.449*** 
(0.00) 

0.153 
(0.16) 

OPEN 
 

0.062*** 
(0.00) 

-0.061*** 
(0.00) 

 
 

 
 

0.059*** 
(0.00) 

-0.057*** 
(0.01) 

0.003 
(0.91) 

Market 
 

-0.013*** 
(0.00) 

-0.008** 
(0.04) 

 
 

 -
 

0.013*** 
(0.00) 

-0.012*** 
(0.00) 

-0.026***
(0.00) 

rho 
 

 
 

 
 

0.171*** 
(0.01) 

 
 

 
 

 
 

 
 

sigma2_e 
 

 
 

 
 

 
 

0.000*** 
(0.00) 

 
 

 
 

 
 

Observations 420 420 420 420 420 420 420 
R-squared 0.538 0.538 0.538 0.538 0.538 0.538 0.538 
Number of id 30 30 30 30 30 30 30 
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5 Conclusions 

1. Competition among local governments, whether around growth or innovation, can 
significantly reduce the vulnerability of the coupled S&T-finance system, i.e., it is 
more beneficial to the healthy development of the financial and S&T systems for the 
central government to set up competitive benchmarks for local governments than to 
leave them unchecked. At the same time, competition around growth is much less 
effective in reducing vulnerability than competition around innovation. 

2. From the point of view of spatial correlation, the vulnerability of the science and 
technology-finance coupling system has a strong positive spatial spillover effect, 
and is particularly prone to the phenomenon of low-low and high-high aggregation 
in neighboring regions, which is very significant in the eastern and western regions, 
and this interregional polarization is becoming more and more obvious over time, 
with the gap becoming wider and wider. 

3. In terms of spatial effects, the model of competition around growth has only local 
effects, and its spatial spillover effects are not obvious. The model of competition 
around innovation not only has a strong local effect, but also has a strong negative 
spatial spillover effect, that is, the model of competition around innovation can not 
only lead to the reduction of the vulnerability of the local coupled system, but also 
lead to the reduction of the vulnerability of the neighboring provinces, which indi-
rectly proves that the coupled vulnerability in front of the spatial agglomeration of 
the characteristics of the coupled vulnerability. 
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