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Abstract. There is a certain promotion effect of government R&D subsidies on 
enterprises' innovation, and this promotion effect will have certain spillover ef-
fects on other regional economies through various channels. Based on the panel 
data of entrepreneurial small and medium-sized enterprises (SMEs) in 28 prov-
inces from 2009 to 2019 and the dynamic spatial panel Durbin model, this paper 
investigates the spillover relationship between R&D innovation and R&D subsi-
dies of entrepreneurial SMEs on regional economic growth. The results show that 
government R&D subsidies have a more significant positive spatial correlation 
on regional economic development, and R&D innovation of enterprises has a 
negative spatial correlation on regional economic development in general. 

Keywords: R&D subsidies; regional economy; spatial Durbin model (SDM); 
spillover effects 

1 Introduction 

Today the world is in the era of scientific and technological innovation, and mastering 
core technologies has become an indispensable and essential factor in building national 
and regional core competitiveness. As a necessary means to master the core technology, 
innovation has become the central competitiveness for the development of Chinese en-
terprises, especially for SMEs. The Chinese government's R&D investment intensity 
for enterprises has exceeded 2% since 2014, of which the investment in research and 
experimental development has maintained rapid growth. [1] In recent years, the growth 
rate of SMEs in science and technology innovation has increased, which highlights the 
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importance of the government to guarantee the smooth implementation of their R&D 
activities. [2] Currently, The Chinese Government's financial support policies for SME 
innovation mainly include direct government subsidies and tax incentives. [3] However, 
for the development of SMEs in different regions, the government's financial subsidies 
have different impacts on the local economy. Since the reform and opening up, China has 
indeed created the Chinese miracle in many aspects and achieved rapid economic de-
velopment. However, due to long-term stimulating investment and cheap labor force, 
some problems have gradually emerged, such as low productivity, serious environmen-
tal pollution and uneven regional economic development. [4] Therefore, from the per-
spective of spatial spillover, this paper discusses the internal laws and dynamic mech-
anisms of government R&D subsidies and enterprise innovation as well as regional 
economic development, providing valuable references for regional economic and inno-
vative development. 

2 Literature Review 

The impact of government R&D subsidies on SMEs' innovation is now mainly disputed 
by academics in two ways, one is that their R&D subsidies can promote firms' R&D 
innovation and the other that R&D subsidies have a crowding-out effect on firms' in-
novation. In terms of studying which subsidy policy the government adopts, Qilin, M 
et al.[4] measured the innovation intensity of firms by the proportion of new product 
sales to the total sales of firms, and then assessed the micro effects of government sub-
sidies on firms' new product innovation. Chen, D analyzed and compared the incentive 
effects of tax incentives and government subsidies on firms' R&D activities from the 
perspective of firms' R&D activities. [5] According to the signaling theory, when the 
incentive effect is lower than the negative signal of R&D risk, the R&D subsidy will 
have a crowding-out effect on R&D innovation. [6] In the empirical research, some 
scholars found that government R&D subsidies also have spatial spillover effects on 
enterprise innovation, mainly in the area of the regional economy and regional R&D. 
In studying the impact of science and technology innovation on regional economic 
growth and its spatial spillover effect, Shu, L concluded that science and technology 
innovation could effectively boost local economic growth, and there are regional dif-
ferences in its spatial spillover effect. [7] Combining the idea of K correlation in new 
economic geography, Xiongfeng, P et al. explored the spatial spillover effect of tech-
nological innovation among regions in China. They found that the national technolog-
ical innovation spillover is mainly driven by the eastern region, and R&D funding, 
R&D personnel, and knowledge stock all have a positive effect on technological inno-
vation. [8] Moreover, enterprise R&D investment is also spatially dependent. The eco-
nomic distance-weighted average enterprise R&D investment in other regions, govern-
ment R&D subsidies, and enterprise net profits will promote the increase of enterprise 
R&D investment in the region. [9] Lanyun, X found that there is a high spatial correla-
tion between the economic growth of Chinese provinces and that the R&D investment 
of a province can influence the national economic growth directly or indirectly through 
four ways. [10] 
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The second part of this paper mainly summarizes the literature research of relevant 
scholars; The third part mainly describes the data used in this paper in detail; The fourth 
part is also the core part of this paper, mainly through the establishment of empirical 
models for data analysis, to get reliable research conclusions; The fifth part summarizes 
the empirical model on the basis of the fourth part, and gives policy suggestions with 
reference significance.  

3 Data sources and variable selection 

3.1 Data source 

The data in this paper is mainly obtained from the CSMR database and the China Sta-
tistical Yearbook of the National Bureau of Statistics. In view of the fact that enterprises 
in the Growth Enterprise Market in China were officially listed on October 30 in 2009, 
and combined with the market characteristics, it is helpful for potential SMEs to obtain 
financing opportunities. Therefore, this paper selects 979 GEM enterprises in 28 prov-
inces from 2009 to 2019 as the analysis object. Among them, the data on government 
R&D subsidies are obtained by hand screening based on the data remarks information 
of government subsidies in the CSMR database. The ST and ST* enterprises and enter-
prises with too many missing key indicators were also excluded to ensure the rigor of 
the data. For the screening of enterprises' provinces, enterprises in Hong Kong, Macau, 
and Taiwan are excluded due to the difficulty of obtaining data, and enterprises in Qing-
hai, Ningxia, and Tibet are also excluded due to the lack of government R&D subsidy 
data. 

3.2 Variable selection 

The article investigates the association between the spatial spillover effect of govern-
ment R&D subsidies and regional economic growth. Therefore, in studying the spatial 
spillover model, the article takes regional economic growth as the explanatory variable 
and uses the logarithm of the per capita gross product of each province to measure it. 
In the article, government R&D subsidies, corporate R&D expenditures ( kln ), corpo-
rate R&D personnel ( lln ), and corporate patent applications ( applyln ) are used as core 
explanatory variables to measure R&D spillover from the financial and human perspec-
tives, respectively. Among them, the indicators used as measures of corporate R&D 
innovation are corporate R&D expenditure, corporate R&D personnel, and the number 
of corporate patent applications. Table 1 shows the descriptive statistical analysis of the 
selected variables after taking logarithms. 
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Table 1. Descriptive statistics of variables 

variable mean sd min N max 
lnrjGDP 9.900 0.710 7.630 280 11.59 
lnapply 3.300 2.390 0 280 8.080 
lnk 19.02 3.290 0 280 23.88 
lnsub 16.79 3.720 0 280 21.34 
lnl 4.280 3.910 0 280 11.39 

4 Empirical Analysis 

This paper uses a spatial economic model based on panel data to study the spillover 
effects of R&D subsidies and corporate innovation. Firstly, Moran’s I index is used to 
testing the spatial correlation. It can be found from the Table 2 that the Moran’s I of p-
value is significant at 1% level, so we can draw a conclusion that the per capita GDP 
measuring the level of regional economic development has a strong positive correlation. 
Then through LM Test, Wald Test, and LR Test. Finally, the spillover effect was ana-
lyzed using the spatial Durbin model (SDM). Due to space constraints, these tests re-
sults will not be displayed here. The SDM model developed is shown below: 

𝑌𝑖𝑡 = 𝛼 + 𝛽1 𝑙𝑛 𝑠 𝑢𝑏𝑖 + 𝛽2 𝑙𝑛 𝑘𝑖 + 𝛽3 𝑙𝑛 𝑙𝑖 + 𝛽4 𝑙𝑛 𝑎 𝑝𝑝𝑙𝑦𝑖 +
𝜃𝑖 ∑ 𝑊𝑋𝑖𝑡 +

𝑛
𝑖=1 𝜃𝑖 ∑ 𝑊𝑌𝑖 +

𝑛
𝑖=1 𝜀𝑖𝑡   (1) 

In the above equation, i represents the region, t represents the year, Yit is the regional 
economic development level of province i in period t (28×1 order),  is a constant 
term, isubln , ikln , iapplyln , illn  are the explanatory variables R&D subsidy, enter-
prise R&D expenditure, enterprise patent application, enterprise R&D personnel 
(10×28 order), W is the spatial weight matrix (28×28 order), this paper Geoda software 
is used to establish the geographic distance spatial weight matrix, which is based on the 
latitude and longitude of the geographical location of the study provinces,  =

n

i itWX
1

 rep-

resents the spatial lag term of the explanatory variables,  =

n

i itWX
1

 is the spatial lag term 

of the explanatory variables, and it  refers to the spatial random error term.  
As shown from Table 3, the coefficient   is positive, indicating that when the R&D 

subsidies and innovation of enterprises in neighboring regions improve, it has a driving 
effect on the improvement of the efficiency of R&D investment in neighboring regions, 
showing a positive spatial spillover. Since the spatial Durbin model (SDM) contains 
spatial lag variables, the interpretation of parameters becomes complicated. It is impos-
sible to directly infer the influence effects of variables from the model regression coef-
ficients, so this makes it especially necessary to decompose the spatial Durbin model for 
analysis to obtain the direct effect, indirect effect and total effect of R&D subsidies and 
enterprise innovation on regional economic development. 
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Table 2. Moran's index of economic growth (GDP per capita) by city and province 

Year Z p-value* Year Z p-value* 

2010 2.822 0.002 2015 2.010 0.022 

2011 2.722 0.003 2016 2.095 0.018 

2012 2.527 0.006 2017 2.289 0.011 

2013 2.368 0.009 2018 2.251 0.012 

2014 2.154 0.016 2019 2.279 0.011 

Table 3. Spillover effects of R&D subsidies and firm innovation 

VARIABLES Main std 
lnapply 0.136*** 0.00 
lnk -0.042*** 0.01 
lnl 0.086*** 0.00 

lnsub 0.053*** 0.00 
Wlnapply -0.077** 

 

0.04 

Wlnk -0.086** 0.01 
Wlnl -0.035 0.39 
Wlnsub 0.054* 0.08 

ρ 0.129* 0.07 
N 280  

R2 0.573  
Number of City 28  

The spatial Durbin model decomposes the total effect of the interaction between var-
iables mainly through the partial differential equation. The decomposition of the direct 
effect includes the initial effect and the feedback effect, where the initial effect is the 
change in the explanatory variables of a region brought about by the change in the ex-
planatory variables of that region, and the feedback effect is when the change in the 
explanatory variables of a region brings about the change in the explanatory variables of 
neighboring regions, which in turn is fed back to that region through various channels of 
influence, thus leading to the change in the explanatory variables of that region. The 
indirect effect, also known as the spillover effect, is a measure of the effect of changes 
in the explanatory variables in one region on the explanatory variables in all other re-
gions. 

Table 4 is the decomposition result of the spatial Durbin model, from which we can 
find that the four different explanatory variables are significant at the 1% level. The 
coefficient of the direct effect of enterprise patent application is 0.135, indicating that 
each unit increase in enterprise R&D innovation output will lead to 0.135 units of local 
economic growth. While the coefficient of its indirect effect is negative and insignificant, 
which indicates that the increase in innovation output of SMEs in a region will increase 
the economic growth of the region to a certain extent. At the same time, it will have a 
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certain crowding-out effect on the economy of other regions. This is because SMEs with 
higher R&D and innovation capacity usually have a higher ability to attract foreign in-
vestment and scientific and technological talents, thus developing and growing the eco-
nomic development of the region. 

Measure the variable of R&D expenditure of firm innovation input, whether direct 
effect or indirect effect, does not promote the regional economic development level. The 
reason may be that most entrepreneurial enterprises are concentrated in the eastern part of 
China, where the competitive pressure is relatively high. Some enterprises have the phe-
nomenon of Free riding, which is an enterprise increase independent R&D investment, 
other enterprises in the corresponding region will choose to imitate its R&D to increase 
their profits. This phenomenon will affect the R&D investment of the enterprise through the 
feedback mechanism of direct effect, which will have a certain inhibitory effect on the 
economic development of the region. The indirect effect is that the R&D and innovation 
activities of enterprises will lead to the flow of production factors and increase the com-
petitiveness of products, thus negatively affecting the economy of other regions. 

The direct effect of the number of R&D personnel is significantly positive, while the 
indirect effect is negative and insignificant, indicating that the level of R&D personnel 
labor in the region has a certain degree of promoting effect on the economic development 
of the region, while it has a certain degree of hindering effect on the economic develop-
ment of other regions. The reason for this may be that human capital is relatively limited, 
along with the flow of R&D personnel to a certain region other regions will be corre-
spondingly reduced, which will lead to a certain increase in the level of economic devel-
opment of talent inflow areas and a corresponding decrease in the level of economic 
development of talent outflow areas. 

The coefficient of the direct effect of the intensity of government R&D subsidies is 
0.055, indicating that each unit increase in government R&D subsidies to SMEs will 
drive 0.055 units of economic growth in the region. While the coefficient of its indirect 
effect is 0.067, which is slightly larger than the direct effect, indicating that government 
R&D subsidies not only have a catalytic effect on local economic development, but also 
have a more significant spillover effect. 

Table 4. Decomposition of effects based on the spatial Durbin model 

VARIABLES 
(1) 

LR_Direct 
(2) 

LR_Indirect 
(3) 

LR_Total 
lnapply 0.135*** -0.066 0.070 

std (0.00) (0.13) (0.19) 
lnk -0.045*** -0.102*** -0.147*** 
std (0.00) (0.01) (0.00) 
lnl 0.087*** -0.027 0.060 
std (0.00) (0.56) (0.28) 

lnsub 0.055*** 0.067* 0.122*** 
std (0.00) (0.05) (0.00) 
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5 Conclusions and Policy Recommendations 

For the spillover analysis, we first conducted Moran's I test, and the results showed that 
there is spatial autocorrelation between R&D innovation of SMEs and government 
R&D subsidies among provincial regions in China. For model selection, we did the LM 
test, Wald test, and LR test, and finally selected the spatial Durbin model for analysis. 
The spatial weight matrix of distances was established in Geoda software using the 
geographical location latitude and longitude of each province, and the spatial spillover 
analysis was performed using STATA16 software. Through the estimation of the model 
and the analysis of the empirical results, the following conclusions are mainly obtained, 
regarding that government R&D subsidies for SMEs can not only promote the local 
economic development level, but also have a certain promotion effect on the economic 
development of other regions. The economic spillover to the surrounding regions is 
slightly larger than the economic promotion to the region. For the aspect of R&D inno-
vation of SMEs, both the innovation output and R&D capital of enterprises have a sig-
nificant positive spatial correlation to the local economic growth, while both show a 
certain inhibitory effect on the economic development of the surrounding areas. 

Based on the above findings, this paper makes the following recommendations. 
First, to fully promote local economic development, we should give full play to the 

government's leading demonstration role in SME R&D and actively utilize the spatial 
spillover effect that exists in the region. Increase the government's role in supporting 
SMEs, and can use the government's R&D subsidies for SMEs to stimulate local eco-
nomic development. In contrast, it can similarly stimulate the economic growth of other 
surrounding areas. Second, actively build an innovative talent pool and further 
strengthen the training of research talents. Innovation is the first productive force, and 
innovative talents are one of the necessary elements for innovation. Local governments 
need to bring in talents from various fields, pay more attention to and support young 
researchers and improve policies for high talents if they want to vigorously develop in-
novative enterprises and make the economy of the region grow rapidly. Thirdly, since 
there is the phenomenon of Free riding in enterprise R&D innovation, enterprises should 
actively and consciously set up R&D barriers for their own independent R&D. Local 
governments should also increase the supervision and audit of enterprise patent applications 
and licenses. So that to achieve the goal of promoting enterprises to actively conduct inde-
pendent R&D. 
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