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Abstract – Innovation is an inexhaustible driving force for national development, and patents are a favorable tool 

for a nation to obtain and maintain competitiveness. In order to make patents a strong competitive advantage, it is 

necessary to actively promote the development of scientific and technological innovation activities. Based on the 

statistical analysis of the longitudinal data onto nine cities in Zhejiang Province in each decade, we explore the main 

factors affecting the number of patent applications. Through correlation analysis and stepwise regression, variables 

are screened to establish a linear regression model, and the random effect is added to the regression coefficient. The 

regression results show that there are obvious differences in patent levels among cities. The relative size of the 

influence factors on the number of patent applications are local fiscal expenditure > main business income of 

industrial enterprises above scale > foreign investment > total import and export goods. 

Keywords – Longitudinal Data, Technological Innovation, Stepwise Regression, Random Effects. 

I. INTRODUCTION 

Economic development depends on the protection of national technological capacity, and the key to 

technological development lies in independent innovation. Almost all countries compete fiercely in the field of 

technological innovation and have proposed ambitious plans [1]. According to the latest Global Innovation 

Index released by the World Intellectual Property Organization, China’s global ranking has risen from 35th in 

2013 to 12th in 2021, ranking first among middle-income economies and becoming one of the world’s fastest-

growing countries. The main indicator for evaluating technological innovation is the number of patent 

applications [2]. The increasing number of patent applications in China is a manifestation of the remarkable 

growth of national innovation capability. Under the new situation, China’s economic development is facing a 

transition period, and it is urgent to accelerate the construction of innovative economy [3]. 

Based on it, we explore the direction and degree of different factors affecting the number of patent 

applications through the random effect model, in order to put forward suggestions for the development of 

China’s patent. 

II. RELATED WORK 

Back in 2012, Zhang and Hu analyzed the four-year patent application data of various cities in Anhui 

Province by panel model. The study found that R&D funding and personnel input had a significant positive 

effect on regional patent output. The level of economic development, knowledge trading and government 

attention also have great impacts on regional patent output [4]. 

In 2013, Wang selected six main factors, and used the method of correlation analysis and regression model to 

conduct research. It was found that the actual use of foreign direct investment, regional GDP and the number of 
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scientific and technological personnel were important factors affecting the number of patent applications in 

Jiangxi [5]. Zhao and Li using linear regression model, the study found that the input and output of science and 

technology greatly affects the number of patent applications in Inner Mongolia, and the increase of patent 

applications can be promoted by increasing the input of science and technology output [6]. 

In 2015, based on the least square principle, An established a model to analyze the relationship between 

inventions, applications for international standard classification of utility model patents, expenditure on research 

and experimental development, the amount of research and development personnel and the data of book 

publishing from 1995 to 2013, and found out possible problems in the real society [7]. 

In 2018, Andrea’s group look at the urban innovation impact of Smart City policies Propensity Score 

Matching estimates suggest that cities engaging in Smart City policies also tend to patent more intensively [8]. 

In 2020, Chen analyzed the patent applications of Shenyang, Shenzhen and Suzhou in the eight years from 

2010 to 2018, explores the characteristics of technological innovation and new technology development in these 

three cities, constructs an endogenous growth regression model based on the patent application data of the three 

cities, and finds out the factors affecting the number of patent applications for different cities [9]. 

III. EMPIRICAL ANALYSIS 

A. Data Sources 

The original data came from China Statistical Yearbook and Zhejiang Statistical Yearbook from 2008 to 

2018. In order to study the main factors affecting the number of patent applications, the scientific and 

technological innovation capacity of different cities was explored. We collected data from nine cities of zhejiang 

province for five years (respectively, jinhua, hangzhou, huzhou, jiaxing, ningbo, shaoxing, taizhou, wenzhou, 

zhoushan), including urban per capital disposable income, per capital GDP, total population at the end of the 

year, total import and export goods, technology innovation, etc. 

B. Analysis on the Trend of Patent License Number in Each City 

We draw a line chart of the number of patent applications in all cities of Zhejiang Province from 2010 to 

2018. 

 

Fig. 1. The trend of patent applications. 

It can be seen from Figure 1 that except Zhoushan, the number of patent applications in other cities presents 

an obvious fluctuating rising trend, and the increasing range of each city has a relatively obvious difference. 
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Time has a great influence on the number of patents granted and its fluctuation. Therefore, the ordinary linear 

regression model will fail, and the random effect needs to be introduced. 

C. Model Construction 

First of all, we first establish a linear regression equation for the number of patent applications with respect to 

all possible influencing factors without distinguishing between time and city. Then, through the stepwise 

regression method, to find out the significant regression coefficient of the variable. Meanwhile, in order to avoid 

collinearity, only one of the variables with a correlation coefficient greater than 0.9 is retained. Finally, we 

select the local fiscal expenditure (LGPBE), industrial enterprises above designated size main business income 

(RPBIE), total import and export goods (TVIEG) and foreign actual investment (FDI) of these four variables. 

We fit a linear model to each city and check how the estimated regression coefficients vary from citys based on 

a 95% confidence interval of each estimate. For individual i (i = 1, 2,...,n), we fit following model: 

i 1i i 2i i 3i i 4i iTNPA = β * LGPBE +β * RPBIE +β *TVIEG +β * FDI  

 

Fig. 2. Confidence interval diagram. 

And from Figure 2 above, we can see that some confidence intervals of the slope of local fiscal expenditure 

(LGPBE), total imports and exports of goods (TVIEG) do not overlap (i.e., these parameters may vary from city 

to city), indicating that the corresponding parameters may require random effects. 

We add random effect to the regression coefficient of local fiscal expenditure (LGPBE) and total imports and 

exports of goods (TVIEG) respectively. By comparing the two models with random effect added by AIC 

criterion, we found that the model had smaller AIC when random effect was added to the regression coefficient 

of LGPBE, as shown in Table 1. 

Table 1. The table of parameter estimation. 

Variable Value Std. Error DF t-value p-value 

LGPBE 0.8490 0.1084 78 7.828 0.0000 

RPBIE 0.7642 0.1234 78 6.191 0.0000 

TVIEG -0.1972 0.1053 78 -1.873 0.0648 

FDI -0.4233 0.1036 78 -4.085 0.0001 

Therefore, the model after adding random effect to the regression coefficient of LGPBE is selected as the 

optimal model constructed by us, and its regression formula is as follows: 
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i i i i iTNPA = 0.849* LGPBE +0.764* RPBIE -0.197*TVIEG -0.423* FDI  

It can be seen that the influence of local fiscal expenditure (LGPBE), main business income of industrial 

enterprises above scale (RPBIE), total amount of import and export goods (TVIEG) and actual foreign 

investment (FDI) on the number of patent applications (TNPA) is as follows: LGPBE > RPBIE > FDI > 

TVIEG. Local financial expenditure (LGPBE) and the increase of main business income of industrial enterprises 

above designated size (RPBIE) has a promoting effect on the increase of patent applications. The reason is that 

scientific research investment is an important force to promote a country’s economy and a key factor in the 

successful transformation of patent achievements [10]. And the increase in total amounts of import and export 

goods (TVIEG) and the actual foreign investment (FDI) has a restraining effect on the increase in the number of 

patent applications. The reason may be that the import of goods and foreign investment are not conducive to 

independent research and development of technology, reflecting a kind of dependence on other countries’ 

technology. 

Table 2. The coefficient of local fiscal expenditure (LGBPE). 

City Zhoushan Taizhou Huzhou Jinhua Jiaxing Wenzhou Shaoxing Ningbo 

LGPBE -0.0056 0.029 -0.1898 -0.0286 0.0096 0.1863 0.2434 -0.2536 

As shown in the Table 2 above, under the effect of random effect, we can see that the coefficient of local 

fiscal expenditure (LGBPE) varies greatly in each city. The improvement of local financial support in Wenzhou 

and Shaoxing can more effectively promote the increase in the number of patent applications compared with 

other cities, while the improvement of local financial support in Huzhou and Ningbo has a relatively small effect 

on the increase in the number of patent applications. 

IV. CONCLUSION 

Among the factors affecting the number of patent applications, the influence of local fiscal expenditure 

(LGPBE), main business income of industrial enterprises above scale (RPBIE), total amount of import and 

export goods (TVIEG) and actual foreign investment (FDI) on the number of patent applications are important. 

Therefore, for Zhejiang Province, government should increase local fiscal expenditure, try to improve the scale 

of industrial enterprises above the main business income, reduce the dependence on imported goods and foreign 

investment in order to promote technological innovation. 
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