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Abstract 
The growth of regional economy is far from the realization of the basic policy of openness. 
Promoting innovation in expanding openness requires making full use of the 
environment and achievements of world scientific and technological progress, and 
allowing regions to further broaden the horizons of R&D resource allocation 
mechanisms, concepts and means.Therefore, using the panel data of the Yangtze River 
Delta, Beijing-Tianjin-Hebei and Pearl River Delta regions from 2011 to 2020 as samples, 
and based on the DEA model and the Tobit model, we study the impact of openness on 
their R&D resource allocation. The research shows that the degree of openness has a 
positive effect on the allocation efficiency of R&D resources in these three regions, and 
is also positively or negatively affected by other factors. 

Keywords 
Openness; R&D Efficiency; DEA Tobit Model. 

1. Introduction 

For openness, the effective allocation of R&D resources plays a decisive role. In the past few 
years, China's science and technology have been continuously improved, but it is inevitable that 
there will still be some waste of resources, which means that China's R&D resources have lost 
their effective use. Therefore, the improvement of R&D resource allocation efficiency has 
become a major problem that China's industry must solve. In the strategy of openness, we 
would introduce foreign scientific R&D technologies and facilities to promote the efficiency of 
domestic innovation and technology resource allocation. 
The level of economic openness of a country or region represents its degree of openness. 
Therefore, internationally, the evaluation and measurement index of the degree of openness 
world generally adopts the degree of dependence on foreign trade.Openness enables the flow 
and optimization of factors among the production sectors of material and knowledge products, 
which will further promote economic growth (Grossman and Helpman, 1991). The higher the 
level of a country's openness, the stronger its ability to absorb the technological progress of 
advanced countries (Barro and Sala-I-Martin, 1995).For different types of products, the 
participation of capital-intensive and technical trade products in international trade has a 
greater impact on the industrial structure, and can continuously optimize the industrial 
structure (Chen et al, 2003). And in the efficiency of R&D resource allocation, Xiao et.al.(2009) 
conduct an empirical analysis using the intensity of international trade and the support of local 
governments for scientific and technological activities as influencing factors, and the result is 
considered to be a positive impact. Dong et.al.(2012) study the R&D efficiency of high-tech 
industries in the Yangtze River Delta from 2006 to 2009, and conclude that there is an 
imbalance in the development of innovation efficiency in both regions and industries. 
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By studying the degree of openness, it analyzes the macro-control of the market and resource 
allocation in the three regions of the Yangtze River Delta, Beijing-Tianjin-Hebei and Pearl River 
Delta to promote economic development. Scholars are more inclined to study some models of 
technological innovation and technology commercialization, and many people also have some 
understanding of the innovation process of some high-tech technologies such as chips. Both the 
neoclassical economic growth theory and the endogenous economic growth theory consider 
technological progress to be the main source of economic growth. In addition, Adam-Smith 
(1776) argued that the division of labor helps to improve production efficiency and increase 
the level of openness and international trade. Increasing the degree of openness will be more 
conducive to the further improvement of regional scientific and technological research and 
development.The paper compares the opening-up and R&D resource allocation efficiency of the 
Yangtze River Delta, Beijing-Tianjin-Hebei and Pearl River Delta. 

2. Materials and Methods 

2.1. Lecture Review 
For the calculation of the degree of openness, the foreign trade ratio index can be optimized on 
the basis of the CGE equilibrium model, and a new index of the degree of openness can be 
obtained (P.J.Lloyd, 2002). Li et.al. (2019) empirically analyze the impact of Jilin Province’s 
openness on economic growth, selecting import and export trade dependence, import 
dependence, export dependence, foreign direct investment dependence, international tourism 
dependence and labor cooperation dependence, and using the VAR model, the empirical 
analysis of Jilin Province shows that the province's GDP and total export trade show a 
continuous upward trend. In the research on the degree of opening up in china, Lai et.al. (2016) 
empirically analyse the highest degree of openness in the eastern region and almost the same 
degree of openness in the central and western regions. Liu et.al.(2018) comprehensively apply 
the VAR model and other methods to confirm the impact of trade and investment liberalization 
on the optimization of industrial structure, which shows that it is necessary to improve my 
country's core competitiveness by improving the efficiency of R&D resource allocation. 
In the calculation of R&D resource allocation efficiency, the DEA model is mostly used for the 
evaluation of industrial innovation efficiency. Zhuang et.al.(2014) select the number of 
scientific and technological personnel and engineers and R&D expenditures as input indicators, 
and the number of SCI papers, patent applications and new product sales revenue as output 
indicators, and use DEA to analyse the period 1995-2011 in China. The results show that China's 
R&D resource allocation efficiency is relatively low, showing a trend of first increasing and then 
decreasing. Lin et.al. (2016) find that China's agricultural energy innovations are less efficient, 
with those in the western inland regions being significantly lower than those in the eastern 
coastal regions. Zhang et.al.(2017) use the DEA-Malmquist index model to measure the 
allocation efficiency of R&D resources in various provinces and cities in China, and find that the 
overall trend of the results is upward. From the overall level of the three regions in the east and 
west, the efficiency of the allocation of R&D resources in East and West decreases in descending 
order, but the difference between the R&D resource efficiency of these three regions is also 
gradually decreasing. 

2.2. Indicator System. 
The Yangtze River delta uses the data indicators of Zhejiang Province, Jiangsu Province, Anhui 
Province and Shanghai. Beijing, Tianjin and Hebei use the data of Beijing, Tianjin and Hebei 
Province. The Pearl River delta uses the data of Guangdong Province to summarize. 
Table 1 shows the selection of each indicator. Among them, for the calculation of the efficiency 
of R&D resource allocation and full-time equivalent of R&D personnel is selected to clarify the 
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investment capacity of scientific research manpower; the R&D expenditure investment, the 
actual expenditure of internal scientific research activities; the number of domestic patent 
authorized, representing the output of R&D activities capability; technical market turnover, 
indicating the size of the R&D activity market turnover. In addition, X1 is used to represent 
trade dependence. X2 reflects the economic development level of each region. X3 reflects the 
government's intervention in technological and economic activities. X4 reflects the cultivation 
and support of talents. X5 and X6 reflect the level of transportation infrastructure and the level 
of greenery in the park. X7 describes the basic social medical insurance. 
 

Table 1. Indicator system for Tobit model. 
Subsystem Indicator & Indicator type Description Reference 
Openness Ratio of total import and export to 

GDP[X1] 
Dependence on foreign trade Li et al (2011) 

R&D Patent application 
authorization[Y] 

Advanced level of technology Hang et al (2012); 
Zhuang et al (2014) 

Turnover of technology market Endogenous power of 
economic development 

Chen et al (2019) 

R&D personnel equivalent time manpower invested in 
technology 

Xiao et al (2009);Hang 
et al (2012);Wei et al 

(2017) 
R&D funding spending on technology Hang et al 

(2012);Wang et al 
(2014);Wei et al 

(2017) 
Tobit Logarithm of GDP[X2] Regional economic 

development level 
Lin et al (2019) 

Logarithm of Local financial 
science and technology 

expenditure [X3] 

Government intervention in 
scientific and technological 

economic activities 

Gui et al (2022) 

Logarithm of the number of 
graduates (graduates) in ordinary 

colleges and Universities[X4] 

Talent support Lin et al (2019) 

Logarithm of Urban Road area per 
capita[X5] 

Transportation 
infrastructure level 

Lin et al (2019) 

Logarithm of park green area per 
capita[X6] 

Degree of environmental 
greening 

Lin et al (2019) 

2.3. Efficiency Evaluation of R&D Resource Allocation based on DEA 
DEA methods have many advantages (Wang and Huang, 2007), such as data envelopment 
analysis methods can even be used in the absence of prior information about variable 
preferences. DEA addresses this problem by automatically generating endogenous weights 
representing relative value systems for each decision unit (Allenet, 1997). This data-oriented 
weighting method is considered to be fair and efficient, and it is beneficial to construct 
composite indicators in the absence of consensus on weight selection (Cherchye, 2007). 
Before calculating the Tobit regression analysis, the efficiency of regional R&D resource 
allocation is measured. The CCR model is a model with stable continuous returns, it is the most 
widely used among all basic models, and can be used to judge total technical efficiency, scale 
efficiency, scale returns and other conditions of decision-making unit DMU. Regardless of 
whether it is an input-oriented model or an output-oriented model, the evaluation results are 
the same for the CCR model. Therefore, the input-oriented CCR model is adopted, and the patent 
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application authorization volume and technology market turnover are calculated as output 
indicators. The full-time equivalent of R&D personnel and funds are used as input indicators. 
Define 𝛼 = [𝑎 , 𝑎 , … 𝑎 ] and 𝛽 = [𝑏 , 𝑏 , … 𝑏 ]  to represent the input and output vectors 
of the evaluation object i respectively; 𝑢 = [𝑢 , 𝑢 , … 𝑢 ]  and 𝑣 = [𝑣 , 𝑣 , … 𝑣 ]  are defined 
to represent the weight vectors of input and output respectively. 
Define the efficiency index of evaluation object i as: 
 

ℎ =
∗

∗
                                                                          (1) 

 
The mathematical model of the efficiency of the evaluation object 𝑖  is as follows: 
 

max
∗

∗
                                                                         (2) 

 

s. t.
∗

∗
≤ 1|𝑢 > 0, 𝑣 > 0                                                         (3) 

 
If the DMU value is valid in the first DMU of efficiency, the efficiency value is 1; Otherwise, it is 
relatively invalid. It should be noted that the efficiency value is between 0-1. Dea-ccr model is 
suitable for evaluating system efficiency when various industries and multiple industries have 
multiple input and output indicators. This makes DEA can eliminate subjective factors, so it has 
the advantages of objectivity, effectiveness and high accuracy. 

2.4. Tobit Regression Model 
The Tobit model is used to empirically analyze the degree of openness and allocation efficiency 
of R&D resources in the Yangtze River Delta, Beijing-Tianjin-Hebei and Pearl River Delta. This 
is because the calculation result of the DEA model makes the industrial R&D resource allocation 
efficiency in the interval [0, 1], and the dependent variable is a continuous variable, so the set 
model is as follows: 
 

𝑦 = 𝛼 + 𝛽 𝑥 + 𝛽 𝑥 + 𝛽 𝑥 + 𝛽 𝑥 + 𝛽 𝑥 + 𝛽 𝑥 + 𝜀                              (4) 
 
The higher the degree of openness of each region is conducive to promoting the holding and 
development of R&D activities, thereby improving the efficiency of innovation. Assuming that 
the degree of openness is a positive indicator, X2 is mostly used to measure the development of 
the national economy, which also has a certain impact on the development of R&D activities. As 
an important macroeconomic institution, X3 affects the distribution of R&D financial 
investment in the region. The greater the government's investment in scientific and 
technological economic activities in the region, the more conducive to improving R&D efficiency. 
X4 indicates that the more the number of graduates in a region, the more conducive it is to 
provide local talent support; X5 indicates that the higher the level of transportation 
infrastructure in a region, the more conducive to reducing local transportation costs and 
increasing the flow of factors between regions, which is conducive to the absorption of 
advanced technology. R&D activities are usually carried out in areas with good environmental 
conditions. Therefore, the per capita park greening area X6 is used as an indicator to illustrate 
the advantages and disadvantages of the regional natural environment. 
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3. Results and Discussion 

3.1. Calculation Results of Openness. 
Table 2 and Fig.1 shows that the Pearl River Delta is different from the Yangtze River Delta and 
the Beijing-Tianjin-Hebei with the highest degree of openness. The main reason is the 
geographical advantage. It is coastal and adjacent to Hong Kong and Macau, while the other two 
regions have similar degrees of openness. However, the openness of these three regions 
showed a decreasing trend from 2011 to 2020, and the Beijing-Tianjin-Hebei region had the 
lowest openness by 2020. The main reason is that from 2011 to 2020, when my country's 
economy and technology developed rapidly, the country was engaged in infrastructure 
construction, consumption was driven by real estate, the regional GDP was constantly rising, 
and the proportion of trade was relatively small. Trade remains an important part of the 
economy.  
 

Table 2. Openness of Yangtze River Delta, Beijing Tianjin Hebei and Pearl River Delta from 
2011 to 2020 

Year Yangtze River Delta Beijing-Tianjin-Hebei Pearl River Delta 
2011 0.73  0.76  1.12  
2012 0.66  0.71  1.09  
2013 0.61  0.69  1.08  
2014 0.58  0.64  0.97  
2015 0.52  0.49  0.85  
2016 0.49  0.43  0.77  
2017 0.50  0.45  0.74  
2018 0.50  0.49  0.72  
2019 0.48  0.47  0.66  
2020 0.48  0.40  0.64  

 

 
Fig.1 Comparison of average openness of three regions from 2011 to 2020 

3.2. R&D Resource Allocation Efficiency Results. 
Table 3 shows the specific values of R&D resource allocation efficiency for the Yangtze River 
Delta, Beijing-Tianjin-Hebei and Pearl River Delta. As can be seen from Figure 2, with the 
Yangtze River Delta as the main research point, its R&D resource allocation efficiency was 
better than the other two regions from 2011 to 2015, but it was surpassed by the Pearl River 
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Delta after that, and was also surpassed by Beijing and Tianjin in 2018. Hebei area exceeded. 
The industrial and economic structure of the Yangtze River Delta is more traditional than that 
of the Beijing-Tianjin-Hebei and Pearl River Delta regions, and the technology is developing 
rapidly. More new concepts, new products, and new platforms are emerging one after another. 
Although the regional information gap has been greatly reduced, it has no sense of innovation. , 
On the other hand, the industry in the Pearl River Delta has a wider coverage than the Yangtze 
River Delta, and has higher regional synergy. As for the Beijing-Tianjin-Hebei region, there was 
an uneven allocation of innovation resources in the past, but in recent years, relevant policies 
have been introduced to activate the vitality of innovation in the region. 
 
Table 3. 2011-2020 R&D resource allocation efficiency in Yangtze River Delta, Beijing Tianjin 

Hebei and Pearl River Delta 
Year Yangtze River Delta Beijing-Tianjin-Hebei Pearl River Delta 
2011 0.89 0.60 0.66 
2012 0.84 0.60 0.56 
2013 0.81 0.61 0.67 
2014 0.80 0.63 0.66 
2015 0.78 0.68 0.78 
2016 0.79 0.72 0.88 
2017 0.78 0.78 1.00 
2018 0.86 0.93 1.00 
2019 0.81 0.93 1.00 
2020 0.85 0.96 1.00 

 

 
Fig.2 Comparison of R&D resource allocation efficiency in Yangtze River Delta, Beijing Tianjin 

Hebei and Pearl River Delta from 2011 to 2020 

3.3. Tobit Regression Model 
3.3.1. Yangtze River Delta 
After Hausaman's test, Prob>chi2 = 0.000 was obtained, so a Tobit random effects model was 
established for regression analysis (as shown in Table 4). Based on the regression results of the 
Tobit model, the following conclusions are drawn: the degree of openness in the Yangtze River 
Delta region is significantly and positively correlated with the efficiency of R&D resource 
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allocation, with the coefficient of both reaching 1.115, indicating that increasing the degree of 
openness is conducive to R&D efficiency. Carrying out activities is conducive to the efficiency of 
R&D resource allocation. As a core variable, it can effectively reflect the importance the region 
attaches to R&D investment and allocation efficiency, thus improving the productivity of the 
industry. Secondly, there is a significant positive correlation between the level of economic 
development and R&D resource allocation efficiency in the Yangtze River Delta region, 
indicating that the level of economic development in the region can fairly improve the efficiency 
of R&D resource allocation. Thirdly, there is a significant negative correlation between local 
fiscal expenditure on science and technology and R&D resource allocation efficiency in the 
Yangtze River Delta. Fourthly, there is a significant negative correlation between the number of 
ordinary higher education graduates (graduates) and R&D resource allocation efficiency in the 
Yangtze River Delta region, indicating that in the past 10 years, the number of higher education 
graduates has been increasing, but fewer and fewer people have devoted themselves to 
scientific and technological R&D experiments. Fifth, the per capita urban road area in the 
Yangtze River Delta region is positively correlated with R&D resource allocation efficiency, but 
the relationship is not significant, indicating that there is no linear and non-linear relationship 
between the two, reflecting that the higher the level of transport infrastructure in the Yangtze 
River Delta, the more beneficial to the local area. Reducing transport costs, increasing inter-
regional factor flows and improving the allocation efficiency of R&D resources in the Yangtze 
River Delta. Sixthly, the per capita parkland area in the Yangtze River Delta is significantly and 
positively correlated with the efficiency of R&D resource allocation, which is conducive to the 
development of R&D activities and the improvement of resource allocation efficiency. 
 

Table 4. The tobit model of the Yangtze River Delta. 
Explanatory variable Coef. Std. Err. t P>|t| 

X1 1.099*** 0.183 5.99 0.000 
X2 0.236** 0.104 2.27 0.030 
X3 -0.332*** 0.079 -4.18 0.000 
X4 -0.979*** 0.232 -4.22 0.000 
X5 0.308 0.269 1.15 0.259 
X6 2.159*** 0.607 3.56 0.001 

cons -3.327*** 0.706 -4.71 0.000 

Note: * * *, * * , and * respectively indicate that the regression coefficient is significant at the 
level of 1%, 5%, and 10%. 
3.3.2. Beijing-Tianjin-Hebei and Pearl River Delta. 
According to the regression results of the model in Table 5, the following conclusions are drawn: 
Firstly, the degree of openness is significantly and negatively correlated with the R&D resource 
allocation efficiency in Beijing-Tianjin-Hebei and the Pearl River Delta, indicating that the 
decline in the degree of openness has had little impact on the resource allocation efficiency in 
the last 10 years. On the contrary, the R&D resource allocation efficiency in these two regions 
has increased. Secondly, the level of economic development of these two regions is significantly 
and positively correlated with the efficiency of R&D resource allocation. Their coefficient is 
1.538, indicating that the economic development of these two regions has a positive 
contribution to R&D activities. Third, local fiscal expenditure on science and technology is 
negatively related to the efficiency of R&D resource allocation in Beijing-Tianjin-Hebei and 
Pearl River Delta, and the relationship is not significant, indicating that there is no linear and 
non-linear relationship between local fiscal expenditure on science and technology. The 
coefficient between them is -0.046, indicating that government spending on technology is 
wasteful but has little impact. Fourth, the number of graduates (graduating) from general 
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higher education institutions is significantly and positively correlated with the efficiency of 
R&D resource allocation in Beijing-Tianjin-Hebei and the Pearl River Delta, indicating that the 
number of students participating in science and technology activities in these two regions has 
increased in the last 10 years. and thus improve the efficiency of R&D resource allocation. Fifth, 
the urban road area per capita is negatively correlated with the efficiency of R&D resource 
allocation in the two regions, but the relationship is not significant, reflecting the inefficient 
allocation and use of R&D resources in the transportation infrastructure in the Beijing-Tianjin-
Hebei and Pearl River Delta regions. Sixth, the area of parkland per capita in Beijing-Tianjin-
Hebei and the Pearl River Delta region is negatively correlated with the efficiency of R&D 
resource allocation, but the relationship is not significant, indicating that a good environment 
has little impact on the efficiency of R&D resource allocation. However, the protection of the 
ecological environment should not be neglected when conducting R&D activities. 
 

Table 5. Tobit model of Beijing-Tianjin-Hebei and Pearl River Delta. 
Explanatory variable Coef. Std. Err. t P>|t| 

X1 -0.853*** 0.118 -7.63 0.000 
X2 1.538*** 0.298 5.16 0.000 
X3 -0.046 0.080 -0.58 0.565 
X4 -2.223*** 0.393 -5.65 0.000 
X5 -0.653 0.122 -5.37 0.185 
X6 0.398 0.293 1.36 0.345 

cons -6.245*** 1.686 -3.70 0.000 

Note: * * *, * *, and * respectively indicate that the regression coefficient is significant at the level 
of 1%, 5%, and 10%. 

3.4. Study Limitations 
The paper mainly discusses the impact of the openness of the Yangtze River Delta, Beijing-
Tianjin-Hebei and Pearl River Delta on the efficiency of R&D resource allocation, which has 
some limitations. For instance, in terms of data, for the convenience of calculation, the data of 
the Pearl River Delta region is selected as an overview of the data of Guangdong Province, which 
is convenient for comparison and calculation with the other two regions. In addition, in the 
measurement of openness to the outside world, the multi-index principal component analysis 
method (Chen et al, 2017; Huang et al, 2017) can be used for calculation, and I will further 
explore these issues in future research. 

4. Conclusions and Policy Implications 

According to the calculation results of trade dependence, it can be seen that the Pearl River 
Delta has the highest degree of openness from 2011 to 2020, followed by the Yangtze River 
Delta and Beijing-Tianjin-Hebei. The efficiency of R&D resource allocation is calculated by using 
the full-time equivalent of R&D personnel and expenses as input indicators, and the output 
indicators composed of domestic patent application authorization and technology market 
turnover. Prior to 2015, the Yangtze River Delta had the highest R&D resource allocation 
efficiency, but as of 2020, the Pearl River Delta has the highest R&D resource allocation 
efficiency, followed by Beijing-Tianjin-Hebei, and finally the Yangtze River Delta. The efficiency 
of R&D resource allocation in the Yangtze River Delta from 2011 to 2020 is on a downward 
trend. On the basis of these two, the GDP, local financial science and technology expenditure, 
the number of graduates (graduates) of ordinary colleges and universities, the per capita urban 
road area and the per capital park green space area are introduced as explanatory variables, 
and the Tobit model is built and analyzed. Calculate the impact of the opening degree of the 
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Yangtze River Delta, Beijing-Tianjin-Hebei and Pearl River Delta regions on the allocation 
efficiency of R&D resources in my country from 2011 to 2020. The efficiency of R&D resource 
allocation in the Beijing-Tianjin-Hebei region and the Pearl River Delta is greatly inhibited; at 
the same time, the efficiency of R&D resource allocation is also affected by other factors. The 
economic development level of the three regions has a significant positive impact, while the 
local financial science and technology expenditure has a significant impact on the allocation of 
R&D resources. Negative impact, higher talents have a negative correlation with R&D in the 
Yangtze River Delta, but a positive correlation with the Beijing-Tianjin-Hebei and Pearl River 
Delta. The opposite is true for urban transportation facilities. Urban transportation facilities 
and environmental protection have a positive correlation with R&D in the Yangtze River Delta, 
but a negative correlation in the Beijing-Tianjin-Hebei and Pearl River Delta regions. Based on 
the above empirical analysis results, the following recommendations are put forward. 
Increase the level of openness, especially in the Yangtze River Delta and Beijing-Tianjin-Hebei 
regions where R&D resources are limited. At this time, the introduction of external technology 
for upgrading and re-innovation is a measure of scientific and technological innovation. We 
need to use foreign technology to carry out incremental innovation, give full play to the 
incremental and cumulative effect of small innovations, make small innovations have a chain 
reaction, and then trigger big innovations. At the same time, regions with low efficiency of R&D 
resource allocation, such as Hebei in the Beijing-Tianjin-Hebei region and Anhui in the Yangtze 
River Delta, should also take advantage of the advantages of other regions in the region, such 
as Beijing and Shanghai, and make full use of various methods and methods to cooperate with 
other regions along the route, such as the eastern region. A long-term strategic partnership has 
been established along the coast. 
Increase financial investment in science and technology, optimize investment structure and 
cultivate high-level innovative talents. The basis for the smooth progress of R&D activities is 
the need for a large amount of funds for R&D. This requires the government's financial 
investment in R&D, increasing investment in financial technology, increasing the budget for 
R&D, and establishing and improving various systems. . At the same time, tax policies can also 
be adjusted to improve tax incentives, such as equipment introduced by some emerging 
industries, which can reduce import duties and value-added tax. Tax incentives are used to 
reduce the risk of capital uncertainty in the process of technological innovation of enterprises, 
so as to improve the allocation efficiency of R&D resources. 
The effective allocation of R&D resources is inseparable from the support of high-level talents. 
Promoting the formation of more openness requires a more competitive management system 
mechanism, improving the talent service system, and giving full play to the initiative and 
creativity of all types of talents. In addition, the government should encourage universities or 
research institutions to discuss and communicate with each other, and encourage foreign 
companies to establish more research and development institutions in my country to absorb 
the essence of science and technology in the process of joint research. 
Pay attention to regional economy and coordinated development. Regardless of the level of 
regional economic development, the level of openness, or the efficiency of R&D resource 
allocation, there are certain regional differences. Places with better economic development can 
attract more talents and foreign capital, which plays a leading role in industrial production, 
which also improves the allocation efficiency of R&D resources, balances economic 
development, and promotes coordinated economic development. Specific measures such as 
preferential policy guidance, talent introduction and increased government investment in 
scientific research have driven economic development in backward regions and improved the 
efficiency of industrial R&D resource allocation. 
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