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ABSTRACT 

This paper will build up a model about the dynamic relationship between scientific innovation and economic growth in 
Beijing, with VAR model (Vector Autoregressive Model), and choose the quantity of patent applications, sum of busi-
ness transactions in the market of technologies and the foreign direct investment as its indicators of science and tech-
nology output, GDP as its indicator of economic growth, which finally uses variance decomposition analysis. The re-
search shows that there is a long-term equilibrium relationship between scientific innovation and economic growth, and 
both have interactivity which means that scientific innovation promotes economic growth and economic growth boosts 
the scientific innovation. 
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1. Introduction 

Since China’s reform and opening-up, the wealth of so-
ciety has been increasing rapidly and the industrial 
structure has been more rational. The comprehensive 
national strength comes to the forefront of the world. One of 
the reasons why China can make such great achieve-
ments is the scientific progress and innovation. Beijing, 
as China’s political, cultural and international exchange 
center, reflects its importance. The economic develop-
ment theory also shows that scientific innovation is the 
source of economic growth. Today, the fierce interna-
tional competition sets a higher request to the Beijing’s 
economic development. Beijing need more fully integrate 
and use the scientific innovation resources. In the process 
of building up the well-off society and innovative coun-
try, the demand for scientific innovation is increasing and 
then Beijing’s scientific development connotation will be 
further enriched. In this context, to study the inner link of 
scientific innovation and economic growth and its dy-
namic equilibrium relationship has a significant reference 
for Beijing to make a scientific development plan. 

The research on the relationship between science & 
technology and economic growth has a long history at 
home and abroad. The New Growth Theory represented 
by Romer, Robert Lucas, Gary Beeker and Xiaokai Yang 
[1-3], believe that the advance in science and technology 
is the most important motive to enhance the economic 
growth and social development. In the study of develop-
ment economics, people recognized the great role that 

technology spillover plays to promote the economic de-
velopment in the developing countries. Caves studied the 
effects of FDI technology spillover in Canada and Aus-
tralia, which found out that the technology spillover 
brought by the foreign investment by both countries has a 
long-term equilibrium relationship with economic de-
velopment [4]. In 1993, when Bloom storm studied on 
the effect of foreign investment in to the manufacturing 
capability of enterprises in Mexico, he found that the 
manufacturing capability of these enterprises was com-
patible with that of foreign companies [5]. Along with 
the development of times, the influence of scientific pro-
gress on economic growth is becoming more and more 
obvious, and the study on the relationship of these two is 
becoming deeper. Based on the theory of physics field, 
Xianwei Yang and Li Yan built up Tran slog Production 
Function Model to reflect scientific progress, so as to 
study the interactive relationship between scientific in-
vestment and economic growth [6]. Based on DEA (Data 
envelopment analysis) theory, Zhi Xu and Ping Shi built 
up a evaluating indicator system on China’s scientific 
input and output, and the result of study shows that the 
output of China’s investment in scientific lowly contrib-
utes to the economic growth, and there is no distinct cor-
relation between the efficiency of scientific investment 
and the rate economic growth [7]. Zhijian Zhao built up 
the econometrics model by studying the dependence re-
lations of scientific investment and economic growth in 
China, and then figured out the pulling effect of scientific 
investment to economic growth [8]. 
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Based on the research above, this paper constructs in-
terpretation model of scientific innovation and economic 
growth as Figure 1. 

In this model, it show that foreign direct investment, 
quantity of patent application and sum of business trans-
action in the market of technologies as the indicators of 
scientific innovation will well represent its scientific in-
novation capability. Meanwhile, scientific innovation and 
economic growth have interactivity, which means scien-
tific innovation promotes economic growth, and eco-
nomic growth boosts scientific innovation. With the con-
tinuous improvement of contribution rate of scientific 
innovation to economic growth, the government will 
place great importance on the scientific investment to 
strength the scientific innovation, and then the economic 
can grow at a faster pace, which will have a virtuous cir-
cle between scientific innovation and economic growth. 

Based on this model, this paper represents empirical 
research on the above indicators of scientific innovation 
and economic growth by using the relevant data from 
1991 to 2010 in Beijing with VAR model, and then tests 
the interactive relationship among the variables. Mean- 

while, the influence of variables will be also analyzed by 
using a few methods in VAR such as impulse response 
function and variance decomposition. 

2. Scientific Innovation and Economic 
Growth in Beijing 

During 2006-2010, the GDP in Beijing increased by an 
average annual growth of 14.4%, from 811.78 billion 
RMB in 2006 to 1377.79 billion RMB in 2010 (Figure 
2), which indicates its great economic growth. In the last 
three years, the growth of GDP flattens out gradually 
after a steep fall. 

In 2010, there are 260,000 research and development 
personnel with an increase of 2.8% over the previous 
year. Meanwhile, the quantity of patent applications and 
authorizations which has issued in Beijing reached up to 
57,000 and 34,000 respectively, with an increase of 
14.1% and 46.2%, in which there are 33,000 invention 
patent applications and 11,000 invention patent authori-
zations. And in the year of 2010, there are 50,847 tech-
nical contracts which have been signed, increasing by  

 

 

Figure 1. Interpretation model of scientific innovation and economic growth. 
 

 

Figure 2. Statistical graph of GDP and annual growth in Beijing. 
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1.8%. The sum of business transaction in the market of 
technologies was 50.56 billion RMB, increasing by 
11.6%. All of information shows the high level of inno- 
vation, management, protection and application of Bei-
jing in the era of patent. 

3. VAR Model Constructing and Indicators’ 
Data Processing 

VAR model was put forward by Sims in 1980 [9], which 
does not need to be in the strict accordance with any 
economic theory. In each equation of this model, en-
dogenous variables regress all the lagged values of them, 
so as to estimate their dynamic relationship. VAR model 
has many merits, for instance, it does not impose any 
restraints on the parameters, and does not include any 
current variables in the explanatory variables, for which 
VAR model is welcomed by the scholars who study the 
dynamic time series data. 

In this paper, VAR model has been established as follows: 
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lnPGDP: the economic growth index; 
lnPA: the quantum index of patent applications; 
lnPFDI: the foreign direct investment index; 
lnPJSJY: index of the sum of business transaction in 

the market of technologies. 
r = 1, 2, 3,  ; u is the stochastic error, which is 

called as pulse value in VAR. 
The data from 1991 to 2010 comes from the statistical 

yearbook in Beijing (the data from 1991 to 2010 are in 
Appendix 1). The value of P is the price index in the current 
year which is calculated based on the fixed price in 1978. 
Then the paper revises the price indexes in the initial data. 
Meanwhile, the data in the year of 1991 is selected as the 
standard for data normalization, and then four groups of 
data from 1991 to 2010 including lnPGDP, lnPA, 
lnPFDI and lnPJSJY can be obtained by processing the 
standardized data with the method of logarithm. 

4. Empirical Analysis 

4.1. Stationary Test 

The economic growth index, the quantum index of patent 

applications, index of the sum of business transaction in 
the market of technologies, and the foreign direct in-
vestment index are all time series data, which significantly 
change with time. So it is necessary to test whether the 
variables are stationary before establishing the model. 
The paper carries out the stationary test for lnPGDP, 
lnPA, lnPFDI and lnPJSJY, as well as their first-order 
differential variable DlnPGDP, DlnPA, DlnPFDI and 
DlnPJSJY with the test method of ADF by Dickey- 
Fuller. And the result shows that the time series lnPGDP, 
lnPA, lnPFDI and lnPJSJY are non-stationary, but their 
differential variables DlnPGDP, DlnPA, DlnPFDI and 
DlnPJSJY are stationary series, when the level of sig- 
nificance is under 10%. 

4.2. Co-Integration Test 

The unit root test result of each series tells us that 
lnPGDP, lnPA, lnPFDI and lnPJSJY are all first-order 
integrated series, and there may be a kind of co-integra-
tion relationship among them. The paper uses Johansen 
Test theory to judge whether the co-integration relation- 
ship exists or not. If the co-integration relationship exists, 
the VAR model should be established to reflect the 
short-term and long-term relationship among the vari- 
ables, and the lag order should be consistent with that of 
co-integration test. Unconstraint VAR model is built up 
to get the optimal lag order of co-integration relationship, 
and when selecting the second-order lag based on the 
comprehensive comparison among the statistics includ- 
ing FPE, SC, AIC, HQ, etc., the effect of model is the 
best. When Johansen co-integration test is conducted at 
this time, the result indicates 3 co-integrating vectors at 
the 0.05 level. Test of co-integration test as Table 1. 

According to the calculation, the co-integration rela- 
tionship among the three variables is as follows: 

 


 

Based on the co-integration relationship, there is a 
long-term equilibrium relationship from 1991 to 2010 in 
Beijing among the economic growth index, the quantum 
index of patent application, the index of sum of business 
transaction in the market of technologies and foreign 
direct investment index. Moreover, the coefficient of 
 

Table 1. Result of co-integration test. 

Hypothesized Trace 0.05   

No. of CE(s) Statistic Critical value P value Conclusion

r = 0 92.86075 47.85613 0 Three 

r = 1 39.64205 29.79707 0.0027 Co-integration

r = 2 15.86995 15.49471 0.0439 Relationship

r = 3 2.49484 3.841466 0.1142  
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the indexes are all positive values, thus in the long run, 
the economic growth is in positive correlation with three 
variables. According to the co-integration equation, the 
value of patent application index achieves the maximum 
of 0.582411, followed by the business transaction in the 
market of technologies and foreign direct investment. 
58.2% of the patent output has influenced the economic 
growth index, which reflects that patent plays an impor-
tant role in promoting the economic growth. 

4.3. Regression Analysis 

The second order VAR model is established as follows 
by using the Eviews software to analyze the data (Table 
2). 

VAR model of economic growth index as follows: 
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From the short-time variation of economic growth, in 
addition to the influence on themselves, the influence 
rate of patent output, transaction in the market of tech-
nologies and foreign direct investment on the current 
economic growth is 8.25%, 4.47% and 0.735%, which 
shows the influence is not remarkable. That means the 
economic growth significantly relies on the long-term 
equilibrium relationship. But the influence coefficient of 
economic growth to other variables, indicating that eco-
nomic growth has a greater demand for scientific innova-
tion, and this kind of demand encourages the patent out-
put, foreign direct investment and technologies transac-
tion. All these information validates the interactivity in 
the above interpretation model. 
 

Table 2. Vector autoregression estimates. 

 lnPGDP lnPA lnPFDI lnPJSJY 

lnPGDP(–1) 0.611023 1.605591 –2.659422 –1.568387

lnPGDP(–2) 0.469650 –1.332003 4.535250 1.223080

lnPA(–1) 0.082545 0.956480 –2.13074 0.792172

lnPA(–2) –0.005273 –0.073524 1.287307 0.569960

lnPFDI(–1) 0.007354 0.295964 –0.408232 0.247004

lnPFDI(–2) –0.060969 0.180135 0.244498 –0.033272

lnPJSJY(–1) –0.044783 –0.223048 0.111550 0.213767

lnPJSJY(–2) –0.05527 –0.134387 0.142933 –0.186842

U 0.138769 –1.696531 0.372135 –1.298239

R-squared 0.998768 0.998055 0.973780 0.990532

Adj. R-squared 0.997126 0.995462 0.938821 0.977908

AR test method is generally used for VAR model testing, 
which means that the model is stationary when all the 
reciprocals of root model in VAR model is less than 1. 
Otherwise, the model is non-stationary and the result is 
invalid. The location mapping of each characteristic root 
has been made (Figure 3), and it can be seen that all the 
characteristic roots are within the unit circle, which 
shows that the model in this paper is stationary and the 
result is valid. 

4.4. Variance Decomposition Analysis 

The result of variance decomposition analysis indicates 
that the amount of information each variable contributes to 
the other variables in the VAR model, and determines how 
much of the forecast error variance of each of variables 
can be explained by exogenous shocks to the other variables. 

From Figure 4, in the short-term, it can be seen that 
the impacts of the patent output and foreign direct invest-
ment on the variation in economic growth both show a 
positive correlation, and the contribution rates of the in-
fluence are around 5% and 10% respectively. The impact 
of transaction in the technology market on the variation 
in economic growth is not notable. The economic growth 
has a growing impact on the variation in patent output, 
reaching up to 60% in the sixth period, and the economic 
growth also has a growing impact on the variations in the 
foreign direct investment and transactions in the tech-
nology market. The influence rate of patent output on the 
transaction in the technology market maintains a level of 
5% approximately, and the influence of patent output on 
the foreign direct investment is more significant, reach-
ing up to 70% during the first two periods, and then de-
creases a little. The effect of foreign direct investment on 
transaction in the technology market is the most signifi-
cant at first, which is up to 78%, and then decreases 
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Figure 3. AR test chart. 
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Figure 4. Variance decomposition analysis. 
 
with period. The impact of foreign direct investment on 
patent output is not remarkable at first, and stabilizes at 
around 20% from the fourth period, while the impacts of 
transaction in the technology market on patent output and 
foreign direct investment are not so remarkable with less 
than 5% influence rate. The analysis can be concluded 
that the contribution rates of economic growth in the 
current period on the quantum index of patent applica-
tions, the foreign direct investment index and index of 
transaction in the technologies market are higher, while 
the contribution rates of quantum index of patent appli-
cations, the foreign direct investment index and index of 
transaction in the technologies market on the economic 
growth is lower and even unremarkable. This result is 
consistent with that of VAR estimates. 

5. Conclusion 

From the above tests and analysis, we can include the 

VAR estimates can be well consistent with the interpre-
tation model. As the important indicator of innovation 
efforts, the patent plays a vital role in the economic 
growth in Beijing. On the one hand, the patent as the 
index for the technological development, innovated and 
improved the technologies, leading to the increase of 
productivity and the economic growth, on the other hand, 
the patent system protects the benefits of the inventors 
and the social interest, which can effectively encourage 
the innovation, and promote the economic growth. Be-
sides, the foreign direct investment index and index of 
transaction in the technologies market as the other two 
indicators of scientific innovation still need a long period 
to promote the economic growth. Anyway, there is a 
long-term equilibrium relationship between scientific 
innovation and economic growth in Beijing. Scientific 
innovation represented by patent output, foreign direct 
investment and technologies transaction promotes the 
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economic growth, and the economic growth increases the 
demand for science and technology, and boosts the sci-
entific innovation, which will have a virtuous circle be-
tween scientific innovation and economic growth in Bei-
jing. 
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Appendix: The Date from 1991 to 2010 in Beijing 

Year 
GDP 

(unit: billion yuan) 
Price in the Current Year 

(1978 = 100) 
Quantity of Patent 

Applications 
Foreign Direct Investment 

(unit: million dollars) 
Transactions in the Market of 

Technology (unit: billion yuan)

1991 59.89 259.4 4624 244.95 0.91 

1992 70.91 285.1 6316 349.85 1.44 

1993 88.62 339.3 6972 664.94 1.76 

1994 114.53 423.8 6852 1371.57 2.04 

1995 150.77 497.1 6362 1079.99 2.23 

1996 178.92 554.8 6595 1552.9 2.54 

1997 207.56 584.8 6313 1592.86 2.78 

1998 237.6 598.2 6321 2186 3.76 

1999 267.76 601.8 7723 1975.25 4.10 

2000 316.1 622.9 10,344 1683.68 5.63 

2001 371.05 642.2 12,174 1768.18 9.30 

2002 433.04 630.6 13,842 1792.57 9.72 

2003 502.38 631.9 17,003 2146.75 11.39 

2004 606.03 638.2 18,402 3083.54 14.34 

2005 688.63 647.8 22,572 3526.38 18.06 

2006 811.78 653.6 26,555 4551.91 31.97 

2007 984.68 669.3 31,680 5065.72 35.35 

2008 1111.5 703.4 43,508 6081.72 37.50 

2009 1215.3 692.9 50,236 6120.94 45.29 

2010 1377.79 709.4 57,296 6363.58 50.56 
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