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Abstract

Based on the national data from 1995 to 2014, we develop an extended C-D produc-
tion function model alongside with the Solow growth rate equation to investigate
contributions of R&D expenditures and patents to China’s GDP respectively. Results
indicate that: 1) both R&D expenditures and patents granted are significantly posi-
tive correlated with GDP and the growing output elasticity to GDP is in leaps and
bounds after 2000 and 2005; 2) comparing to patents granted, R&D expenditures ac-
count for a higher share of contribution to economic growth and the both shares
show a fluctuating downward trend; 3) the output elasticity of labor is significantly
higher than other factors, signaling capital saving technical progress in China. The
elasticity coefficient of scientific-technical progress to GDP is small. Nevertheless, its
influence is gradually increasing and the intensive economic growth transformation
has formed. Some policy implications are distilled after empirical analysis. R&D ap-
plication, transformation and related incentive mechanism should be improved. Be-
sides, the fields of R&D funding should be adjusted to further coordinate the rela-
tionship between the structure of R&D expenditures and the industrial structure.
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1. Introduction

China’s economy has maintained a high growth rate since the reform and opening.
Nevertheless, under impacts of international financial crisis and domestic accumulated
structural contradictions, China’s economic growth rate has begun to decline since

2012, entering into the “new normal” period with economic adjustment. In the situa-
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tion of the “new normal”, the Chinese government is committed to adjust the structural

contradictions of the economy through innovation-driven and supply-side reform to

promote the transformation and upgrading of economic development patterns. It has
become the consensus in China’s top decision-making and the focus of academic re-
searches that technical innovation is an important support to achieve the anticipated

target of the reform. In order to explore the effectiveness and sustainability of R&D

funds and patents, this article studies the contributions of China’s R&D expenditures

and patents to GDP respectively, and proposes some pertinent policy implications
based on the in-depth analysis of empirical findings.

Adam Smith emphasized the effect of the division of labor on the accumulation of
wealth in the “Wealth of Nations”. At that time he had a preliminary understanding on
the role of technical progress. Solow [1] proposed a model of economic growth refer-
ring technical progress, believing that technology, as an independent factor, was ex-
ogenous to economic growth. Romer [2] first put forward the concept of technical
progress endogenesis, implying that developing countries must put more emphasis on
R&D and technical innovation in order to achieve long-term economic growth. G.
Cozzi, P.E. Giordani [3] concluded that in equilibrium, a country with less tolerance to
ambiguity usually has less R&D spending, and in the long run, there will be a lag of
economic growth compared to a country with more tolerance to ambiguity.

Previous researches in China on relationships between R&D expenditures, patents
and GDP can be summarized as the following:

1) Research on the relationship between R&D expenditures and economic growth: by
using four digit industry data in china, Yanbing Wu [4] found that there was a sig-
nificant positive correlation between R&D and productivity. National and provin-
cial production functions were analyzed by Bing Li et al [5], in which, S&T input
was measured by internal expenditures on S&T activities. The study shows that the
contribution of S&T investment to China’s economic growth is high with the high-
est output elasticity of S&T investment going to Beijing on provincial data base.
Based on C-D production function, Yuanyuan Liu and Sunhui [6] found that ex-
penditures on R&D were conducive to economic growth in Xinjiang but with sig-
nificantly less contribution than the national level. Grey correlation analysis by Li-
juan Wang and Shida Liu [7] showed that there was a positive relationship between
R&D expenditures and economic growth in Gansu province.

2) Research on the relationship between patents and economic growth: Bojun Fu ef al.
[8] proved the contribution of technical progress (by patents granted) to economic
growth in Inner Mongolia was significant. Zhaofa Zeng et al. [9] found that patents
had a significant positive impact on China’s economic growth companying with 3
years of lag.

3) The relationship between patents and R&D expenditures: Zhuging Xu [10] believed
that R&D expenditures are an important factor affecting patent output. The enter-
prise input-output mode is reflected by “R&D expenditures-patents-market”. Jihong
Zhang and Yuming Wu [11] mentioned that R&D expenditures accelerate accumu-
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lation of knowledge and technology, and directly lead to the increase of patent out-
put, which promote economic growth effectively by technology spillover effects and
industrial application value. Wen Wang [12] believed that R&D expenditures pro-
mote the creation of new products or upgrading of existing products, improve tech-
nical level and efficiency of production processes, and therefore, promote economic
growth. The existing researches show that: patent is a part of R&D expenditures,
therefore the impact of R&D expenditures on economic growth is greater than that
of patents.

Existing researches on this field show that scholars are inclined to single factor re-
search, investigating either the relationship between R&D input and GDP or patents
and GDP, proving both R&D expenditures and patents are conducive to China’s eco-
nomic growth. Meanwhile, the output of the patent, as a part of R&D expenditures, is
affected by R&D expenditures according to related theoretical analysis. This article at-
tempts to combine the two variables to analyze the relationships between them and
GDP respectively and compare the contribution to GDP of the two, and tries to put
forward pertinent countermeasures.

The reminder of this article proceeds as follows: Section 2 describes the econometric

methodology and reports the empirical results. Section 3 concludes and suggests.

2. Empirical Analysis

A model is used here to calculate the contributions of R&D expenditures and patents to

GDP respectively.

2.1. Methodology and Data

2.1.1. Model Application

Extended C-D production function and Solow growth rate model are used to calculate
the contribution of independent R&D to China’s GDP. Since the article mainly studies
the relationship between GDP and R&D input, and relationship between GDP and pa-
tents respectively, only capital, labor, R&D spending and patents are included in the

production function.
Y = AK“L’R” (1)
Y = AK“LFPZ” (2)
where Yrepresents domestic output; A represents the technical level; K represents cap-
ital stock; L represents the labor input; R represents R&D input; Z represents patents
granted; a, f, ¥ and w represent the output elasticity of capital, labor, R&D input and
patents granted respectively.
Taking logarithm of Equations (1) and (2), and adding random items, we can trans-
form Equations (1) and (2) to:
InNY =InA+aInK+gInL+yInR+ 3)

InY =InA+aInK+gInL+wInZ +u (4)

Solow growth rate equation is used to calculate the contributions of R&D input and
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patents to GDP respectively. Equation (3), taken as an example here, is transformed to:

AY AA AK AL AR

ta—+f—+y— 5
YRR TP R ®
or
y=a+ak+pgl+yr (6)
AY AK AL AR
where y; & /and rrepresent the growth rate of Y KL and R respective-
ly. Equation (6) is divided by y:
1= a_k+ﬁ+;/_r+3 (7)

y oy oy oy
B

ak I .
where E, =— represents the contribution rate of capital to GDP; E =
y
r
represents the contribution rate of labor to GDP; E; = 7 represents the contribution
y

a
rate of R&D input to GDP; — represents the contribution rate of other factors to

GDP.

2.1.2. Data Sources and Interpretation

The time series data of output, labor input, capital input, R&D input and patent input

from 1995 to 2014 are developed and the output elasticity of all factors are estimated.
GDP is used to measure the domestic output and is transformed to 1995 constant

price based on GDP index of each year. Results based on data from “Chinese Statistical

Yearbook 2015, (http://www.stats.gov.cn/tjsj/ndsj/2015/indexch.htm).

Labor input is measured by the difference between the actual labor input and unem-

ployed. Results based on data from Word Bank Data Center,
(http://data.worldbank.org.cn/indicator/SL.TLF.TOTL.IN?view=chart) and
(http://data.worldbank.org.cn/indicator/SL.UEM.TOTL.ZS?view=chart).

Due to the lags on the economic benefits from capital investment, capital stock cal-

culated by the Perpetual Inventory Method (PIM) is used to measure capital input. The
equation is K, =1l +(1-0)K_,, where K, K_, o and |  represent capital
stock at time £ capital stock at time #— 1, depreciation rate at time t and capital invest-
ment at time t in 1995 constant price respectively. The equation involves four variables:
1) The initial capital stock. The earlier the selected base year, the smaller the influence
on each year’s estimated capital stock by estimated error of the base period, therefore,
1978 is selected as the base year and estimated capital stock from 1995-2014 are calcu-
lated based on the above equation. Similar to Haojie Dan [13], Minjie Dong et al [14]
and many others, this article calculates the initial capital stock through the following
equation: Total capital formation in 1978/ (depreciation rate + average growth rate of
the actual fixed capital formation in the last 10 years); 2) Investment data. Following
Minjie Dong et al. (2013) [14], the gross fixed capital formation is used to measure in-

vestment each year; 3) The investment price index. The deflator index in 1995 constant
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price is based on the gross fixed capital formation index from 1978 to 2004 as stated in
Hanjie Dan’s [13] research. As to the price index from 2005 to 2014, we select the fixed
asset investment price index as substitute; 4) The depreciation rate. The same as Haojie
Dan [13], this article assumes a depreciation rate of 10.96%. Results based on data from
“Chinese Statistical Yearbook 20157,
(http://www.stats.gov.cn/tjsj/ndsj/2015/indexch.htm) and “historical data on the ac-
counting of China’s GDP, 1952-2004”,
(http://www.yearbookchina.com/naviBooklist-YGNSC-0.html).

R&D funding includes both capital investment and staff salaries, which can be a bet-
ter reflector of R&D input. Therefore, R&D funding is selected as an index of R&D in-
put and the CPI deflator is used to get actual expenditures on R&D in 1995 constant

price. Results based on data from “Chinese Statistical Yearbook 2015,
(http://www.stats.gov.cn/tjsj/ndsj/2015/indexch.htm).

The number of patents granted is used to measure R&D output here. R&D achieve-
ments, namely patents and scientific papers, are the output of R&D input. When R&D
output of a country is invested as a factor of production, it becomes an indicator of in-
put and represents the level of technological progress of the country. Therefore, as the
input elements of technical level, R&D output is considered into the C-D production
function. Patents can be commericalized directly as results of application researches
and experimental development, implying that using the number of patents granted to
measure R&D output is more objective. Results based on data from “China Statistical
Yearbook on S&T1996-2014”
(http://tongji.cnki.net/kns55/navi/HomePage.aspx?id=N2013010081&name=YBV CX&f
loor=1) and “Chinese Statistical Yearbook 20157,
(http://www.stats.gov.cn/tjsj/ndsj/2015/indexch.htm).

2.2. Empirical Analysis

The elasticity coefficient of each factor discussed above to economic growth is obtained
through regression analysis here, and Solow growth rate equation is used to measure

the contributions to GDP from R&D input and patents respectively.

2.2.1. Calculation and Analysis of Regression Coefficient

Eviews8.0 is used to estimate the output elasticity based on Equations (3) and (4). Re-
sults from the Chow test show that R&D input and patents have inflection points in
2000 and 2005, respectively. Dummy variables D1 and D2 are hence introduced to va-
lidate. D1 equals to 1 if the time is after 2005 and 0 otherwise; D2 equals to 1 if the time
is after 2000 and 0 otherwise. The dummy variable mixture model is established as be-

low:

InY =InA+alnK+gInL+wInZ + DixwInZ + D1+ u (8)
InNY =InA+alnK+gInL+yINR+D2xyINR+D2+ i 9)

The model was modified by the ROBUSTLS. D1 is removed according to the regres-

sion result of Equation (8), which shows that the coefficients of D1 and constant term
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Table 1. Regression results after adding dummy variables.

Independent variables Formula (8) Adjusted Formula (8) Formula (9)
In K 0.601161*** 0.570069*** 0.363792***
InL 1.032734*%** 1.377240*%** 0.815957***
Inz 0.034574*** 0.031097** --

DixInZ -0.009127 0.005554*** --
InR -- -- 0.211259***
D2xInR -- -- 0.041595***
D1 0.179034 -- --
D2 -- -- —0.319688***
C —-7.669028 —11.09699*** —3.404829***
R? 0.999455 0.999439 0.999500

Notes: 1) Dependent variable is GDP. 2) ***, ** and *indicate the significant level at 1%, 5% and 10%, respectively.

are not significant. The regression results are shown in Table 1.

Table 1 shows that the coefficients of all variables are significant, and the R* is more
than 0.99, which shows that the goodness of fit of the model is ok. F statistic is signifi-
cant.

Regression above indicates that all variables have a significant positive correlation
with GDP. The highest elasticity coefficient to GDP goes to labor, indicating that tech-
nical progress has brought about the substitution of labor for capital with the features
of capital-saving. However, the growth rate of employment in China shows a down-
ward trend during the same period, and the dependency ratio of population is on a rise.
In 2011, the working-age population of China reached a peak', and China’s demo-
graphic dividend has faded since then. The previous mechanism of relying on the labor
force to drive GDP is difficult to sustain. To achieve economic sustainability, China
must rely on the improvement of labor quality in the future, which can also alleviate
negative impacts of the demographic dividend reduction.

Both coefficients of R&D input and patents were small. The output elasticity of pa-
tents granted in the period of 1995-2004 was 0.031097, 0.036651 during 2005-2014. The
output elasticity of R&D funding in the period of 1995-1999 was 0.211259, 0.252854
during 2000-2014. The impact of China’s R&D funding and the number of patents
granted on the GDP is showing a growth of leaps and bounds, which is highly relevant
to China’s economic transformation and innovation orientation in the new century.
China is gradually transforming to an intensive growth pattern. In General, the elastic
coefficient of technological progress in China is still small, which can be explained by:
1) The effect of R&D input is unsatisfactory with slow updating of S&D personnel’s
knowledge and few R&D achievements’ 2) R&D funding is dissipated seriously in

1China National Bureau of Statistics. (2013) Statistical bulletin of China’s national economic and social de-
velopment in 2012. http://district.ce.cn/zt/zlk/bg/201302/22/t20130222_24135097_10.shtml

*Deng, D.S., Li, L.L., Shi, H., e a/ (2015) Investigation Report on the Situation of the Third National Tech-
nical Workers.
http://wenku.baidu.com/link?url=EyWPulflL2KSOOQ2CgdqWQCIGi8I3Fs06a4XfLhdpTqkEa_eKICp7WiN
8VFvX4BW_oyVISjITBZeYbGOfsUJEcciGiIDNAcMBCyrCYYmbPyG
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China®, and the resource utilization rate is low; 3) Patent conversion rate is low. Zhiq-
ing Shao believes that the current transformation rate of S&T achievements in China is

only about 10%* 4) Repetitive studies on patents exist.

2.2.2. Calculation and Analysis of Contribution Rate
In order to have a more specific analysis of the impact of R&D input and patents on
GDP, respectively, we use the growth rate equation to calculate the contribution rate,

and the results are shown in Table 2.

Table 2. Contribution rates of the R&D input and patents to GDP from 1996 to 2014.

Contributi Growth rat
Growth rate  Growth rate of ontribution o rate Contribution rate
Year . rate of R&D of patents
of GDP R&D input . of patents granted
input granted
1996 9.925% 7.112% 15.139% —2.849% —-0.893%
1997 9.227% 22.458% 51.419% 16.473% 5.552%
1998 7.853% 9.101% 24.481% 33.137% 13.121%
1999 7.618% 24.944% 69.171% 47.529% 19.401%
2000 8.429% 31.403% 94.200% 5.181% 1.911%
2001 8.298% 15.575% 47.459% 8.454% 3.168%
2002 9.091% 24.506% 68.161% 15.884% 5.434%
2003 10.020% 18.154% 45.812% 37.634% 11.680%
2004 10.076% 22.922% 57.524% 4.397% 1.357%
2005 11.352% 22.404% 49.900% 12.492% 4.033%
2006 12.688% 20.757% 41.366% 25.233% 7.289%
2007 14.195% 17.892% 31.872% 31.261% 8.071%
2008 9.623% 17.479% 45.927% 17.113% 6.518%
2009 9.234% 26.580% 72.787% 41.266% 16.380%
2010 10.632% 17.841% 42.431% 40.006% 13.791%
2011 9.485% 16.694% 44.505% 17.880% 6.909%
2012 7.750% 15.547% 50.722% 30.674% 14.506%
2013 7.684% 12.117% 39.874% 4.610% 2.199%
2014 7.269% 7.712% 26.828% -0.785% -0.396%
1996-1999 8.656% 15.904% 40.052% 23.572% 9.295%
2000-2004 9.183% 22.512% 62.631% 14.310% 4.710%
2005-2009 11.419% 21.023% 48.370% 25.473% 8.458%
2010-2014 8.564% 13.982% 40.872% 18.477% 7.402%
1996-2014 9.497% 17.24% 48.399% 20.294% 7.370%

Notes: The data comes from “China Statistical Yearbook on S&T 1996-2014” and “Chinese Statistical Yearbook
1996-2014”.

*Ye, C. (2014) S&R funding: insufficient investment and waste of funds coexist.
http://epaper.chinanews.com/html/2014-03/13/content_45410.htm

“Shao, Z.Q. (2015) The transformation rate of scientific and technological achievements in China is only 10%.
http://www.aiweibang.com/yuedu/17170473.html
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Figure 1. The contribution trends of R&D input and patents authorized from 1996-2014.

According to Table 2 and Figure 1, we can find:

1) The contribution rate of R&D input to GDP is greater than the contribution rate
of patents granted to GDP, which indicates that patents, as a part of the R&D process,
have a smaller contribution to GDP. From the tendency, the contribution rates of the
two to GDP do not show a steady upward trend but with a significant fluctuation cha-
racteristic, and there is a downward trend. It is probably because that the growth of the
latest S&T revolution is gradually weakening and the next has not formed yet.

2) The contribution rate of R&D input to GDP presents a fluctuating downward
trend. Three possible explanations are as follows.

First, the growth of R&D funding is slowing down, which may directly cause the de-
cline in the contribution rate of R&D input to GDP. According to data above, the con-
tribution rate is in line with a similar fluctuation as the growth rate of R&D funds.

Second, in the early stage, the output forms of R&D input are mainly manifested as
introduction and imitation of foreign advanced technology, showing a significant effect
of late-development advantage. Xibao Guo [15] believed that the rapid development of
China’s S&T was mainly due to the introduction and imitation of technology, and the
late-development advantage had a diminishing character. Therefore, although the ab-
solute amount of R&D funds is increasing, the contribution rate of R&D input to GDP
may reduce due to the weakening of the late-development advantage and the increased
cost caused by increasing proportion of integrated innovation and independent innova-
tion.

Third, with the diminishment of introduction and direct borrowing of foreign tech-
nology, the independent innovation technology does not have obvious and sustained
growth. Fundamental research is the source of technological innovation on R&D fund-
ing [16]. However, according to data from 1995 to 2014, the proportion of fundamental
research had changed a little with the overall average proportion 5.1% and the propor-
tion 4.71% in 2014°. China’s fundamental R&D input is seriously insufficient.

3) The contribution rate of patents granted to GDP is also small with a trend similar

Data sources: “China Statistical Yearbook on S&T 1996-2014” and “Chinese Statistical Yearbook 2015”.
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to R&D input to GDP but has a lag period. The main reasons are stated as follows.

First, the mechanism of transforming technology into real productivity is imperfect.
Some patents, especially for those from research institutes and universities, have not
been applied. Thus, they do not contribute to GDP growth.

Second, patents from R&D input have hysteresis quality. Compared to R&D input,
the contribution rate of patents granted to GDP generally lags a few periods. This result
is consistent with the researches of Ye Tao, Long Xu [17] and many others, namely that
R&D input is beneficial to increasing the number of patents, but there is a certain lag

period.

3. Corresponding Policy Implications

The empirical analysis shows that both R&D input and patents have a positive effect on

China’s GDP, but it also shows a decreasing trend, indicating that the late-development

advantage is weakening and the output of independent innovation and its application

are insufficient. If this trend cannot be fundamentally reversed, the risk of “the Middle

Income Trap” will be increased in China.

Based on the analysis of the empirical results and reasons explained above, four poli-
cy implications are distilled:

1) To improve the application transformation mechanism of R&D output, suggestions
here include the following: we should improve the communication mechanism of
combining production, learning and researching, focusing on the docking mechan-
ism of learning and researching to production, improve the technical property
rights exchange market, strengthen the Government guidance and platform con-
struction, and improve the “Trinity” Function Mechanism of Government Promot-
ing the Guidance, the Service and the Supervision of Application of R&D Achieve-
ments.

2) Incentive mechanism should be improved to enhance the efficiency of R&D input
and patents. The government should strengthen incentives to enterprises’ R&D, es-
pecially the medium-small-sized enterprises of S&T, and offset the externalities of
technological innovation through tax breaks, financial subsidy, loan guarantee, ex
post subsidy and other means [18]. R&D departments should stimulate the S&T in-
novation vitality of research talents through merit pay, career advancement, income
from patent property rights and so on.

3) Reform on the field of R&D funding is necessary. Through government guidance
and market mechanism, R&D funds should be invested into fundamental researches
and independent innovations to increase technical innovation abilities and to
prompt R&D capital flowing to high-tech enterprises and technology-based SMEs,
while curbing R&D funds flowing to the existing fields of technology imitating,
borrowing and simple integrating.

4) Relationship between R&D input structure and China’s Industrial Structure should
be coordinated. The structure of R&D funds should be consistent with the develop-

ment direction of industrial structure, focusing on fields as dominate industries,
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strategic industries and emerging technical industries.
By exploratory research we have successfully concluded some important results.
However, data of patent conversion rate are not available due to a large time span, and

more researches are needed to take this factor into consideration.
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