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Abstract: A lot of studies on technological progress ignore energy consumption in economic growth, so
technological progress 1s overrated. Based on Tinbergen’s improved Cobb-Douglas preduction fimetion and
Solow Economic Growth Model, this study uses China’s 1991-2011 tume series data to estimate the contribution
rate of technological progress to economic growth and compare with the rate when energy consumption is
taken into account. The results show that contribution rate of energy consumption to economic growth has
an upward trend, so it must take energy consumption mnto account in order to reflect the real contribution rate
of technological progress to economic growth the upward trend on contribution rate of technological progress
to economic growth changes gently after accounting for energy consumption. The above findings illustrate
China’s recent economic growth relies more on energy consumption and it’s urgent for Chinese economy to
transform from “extensive growth™ to “mtensive development”.
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INTRODUCTION

In recent years it remains a problem that what 1s the
source of sustained and rapid economic growth in China?
Some studies showed that technological progress played
an mmportant role in economic growth (George and
Drakopoulos, 2009). While in Solow Economic Growth
Model (Solow, 1956), Solow considered the unexplainable
parts of economic growth, except for labor and capital
mput, as the contribution of technological progress to
economic growth. Thus, how to accurately measure and
evaluate the contribution of technological progress to
economic growth becomes very necessary.

Many scholars used different models to estimate
contribution rate of economic growth, such as Solow
Model, Romer model and Lucas model. Ti (2012) used
Solow Model to estimate the total factor productivity from
1978 to 2010 in China and found that the contribution rate
of technological progress to economic growth 1s lower
than the rate of capital but higher than the rate of labor.
(Wang and Xiang, 2005), respectively used expanding
Solow Model and endogenous model to calculate the
contribution rate of technology progress and found that
there is just a slight difference when using two methods
to calculate the rate. Wan et al. (2012) made use of

Cobb-Douglas production function and Solow Model to
study the contribution of technological progress to the
economic growth with provincial or regional data. In order
to overcome the disadvantages of Romer and Lucas
model. Yang and Wang (2004) built a R and D and human
capital endogenous model to explain the technological
progress and human capital promote the economic growth
jointly.

But more scholars pointed out that the general
contribution rate of technological progress should be
further refined. For example Mao et af. (2011 )had isolated
human capital factor from the general contribution rate of
technological progress in Solow Model and found that
the trend of this narrow contribution rate was similar with
total factor productivity. Liu and Li (2013) estunate the
role of the IT-derived human capital played in economic
growth with data from China based on Lucas’ Economic
Growth Model Cormrection and found that the years
2004 to 2009 witness growth attributed mainly by physical
capital and labor capital without technological advance,
while the role played by IT -derived human capital, as well
as orgamizational capital and social capital 1
comparatively less.

In fact, China’s economic maintains an extensive
growth in recent years. And China’s economic growth will

Corresponding Author: Hu Junyan, School of Economics and Commerce, South China University of Technology, Guangzhou,

Guangdong, China

2346



J. Applied Sci., 13 (12): 2346-2350, 2013

depend on energy consumption for a long time. Many
scholars also found there exist long term cointegration
between energy consumption and economy growth
(Warr and Ayres, 2010; Tang ef af., 2012; Yuet al., 2012).
Therefore it will overestimate the contribution rate of
technological progress to economic growth if not
stripping energy consumption. Thus it is necessary to
strip energy consumption factor when enalyzing the
contribution rate. Based on these, this study uses the
(Tinbergen, 1942) improved Cobb-Douglas preduction
function and Solow Model to re-estimate the main
contribution factors to economic growth with the data
from 1991 to 2011 in China and further discusses changes
on the contribution rate of technological progress to
economic growth after considering energy consumption
factor. The goal is to accurately measure the contribution
rate of technological progress and to put forward some
suggestions for the development of China’s economic
growth.

MODEL CONSTRUCTION AND DATA SOURCES

Model construction: Since this paper mainly studies how
extract of energy consumption affects contribution rate of
technological progress to economic growth, without
considering other motives of technological progress and
the internal mechanisms of economic growth. So, this
study assumes that technological progress i1s an
exogenous variable of economic growth and ignores the
endogenous effect. Therefore, based on Solow model,
this paper considers energy consumption variable,
estimates the contribution rate of technological progress
to economic growth under considering and without
considering energy consumption and then analyzes the
effect of energy consumption on contribution rate of
technological progress to economic growth. Specific
model is as follows.

Considering it 1s based on tune series data to
calculate the contribution rate of techmological progress,
the model construction 1s based on Solow Model and the
improved Cobb-Douglas production function which
introduces time variable by Tinbergen (1942). The
function expression is as follows:

Y=AKSLS =Ae KL (1)

Y for economic growth, A for technological
progress, A, for initial technological progress, A" for
comprehensive technological progress, K for capital
mput, L for labor mput, subseript t for period (t = 0,1,...,n),
1 for coefficient of technological progress, ¢ and P are the
marginal output elasticity coefficients of capital and labor
inputs respectively. Equation 1 takes natural logarithm of
both sides, then gets:

In(Y )= In(A, Hhtteln(K+BInl, ) +e (2)

g for the error term of Eq 2. Assuming the same
economies of scale, that 15 g+p= 1. Transpose and merge
the variables, then gets:

In(Y/L) = In(Agrrt+aln(K /L) +e (3)

By regression analysis, we get the elasticity
coefficient (t, B) of capital and labor input. Supposing v,
k and 1 respectively represent the growth rates of
economic output, capital and labor input, the growth rate
of technological progress (represented by total factor
productivity, TFP) and contribution rate of technological
progress () are as follows:

FP = y-ck-pl 4
a=TE (5)
¥y

In order to further consider the regulation effect of
energy consumption on the technological progress
contribution rate, we add the energy consumption
variable E in Eq. 1. The elastic coefficient of E is v and
growth rate of E is e. Assuming the same economies of
scale, that 1s a+p+y = 1. Finally we get a production
function, the growth rate and contribution rate (o) of
technological progress considering effect of energy
consumption. They are as follows:

In(Y /L= n(A Hrtteln(K/LoryIn(E/L)+o - (6)

TFP’ = y-ak-Pl-ye (7
L (8)
¥y

Growth rates of each variable are obtamned through
the geometric average method. And the equation 1s as
follows:

x=(-1)*100% (x=y.k1le) (9

The equation calculating the contribution rate of

other factors to economic growth 1s as follows:

Q.=ixty (x=kLei=ap, v (10)

Data sources: Data is derived from “China Statistical
Yearbook™ (1992-2012). Economic growth (Y) 1s measured
by GDP. In order to eliminate the effect of price changes,
we calculate the real GDP based on GDP in 1991 as the
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Table 1: Descriptive statistics of variable indicators

Variable Indicator (Unit) Minimum Maximum Mean Standard deviation
Y GDP (100 million yuan) 21781.5 159369.0 71124.4 41597.5

K Total fixed capital investrment (100 million yuan) 5594.5 13857.1 10358.9 2003.1

L No. of emplovees (10.000 people) 63491.0 T6120.0 71895.1 3583.2

E Total energy consumption (million tons of standard coal) 103783.0 348002.0 191883.1 79305.4
base period price and the GDP index of each year. Capital =~ Table 2: Regression results of solow model

: : : . : Equation 3: Without Equation é:
mput (K) 18 represented by the total social fixed capital Variable considering E Considering E

mvestment and the data of each year 15 adjusted by the
total investment in 1991 as the base period price
accordingly. Labor input (L) 1s represented by the number
of employees at the end of each year. Energy
consumption (E) is represented by the total amount of
energy consumption in each year which is calculated
through coal consumption calculation method.
Descriptive statistics of wvariable indicators are shown
in Table 1.

ESTIMATION OF TECHNOLOGICAL PROGRESS
CONTRIBUTION RATE

Empirical analysis and test of model: According to
equation 3-6, we carry on least squares regressions (OLS)
under considermng and without considering energy
consumption respectively. The regression results are
shown in Table 2. In these two regression results, the
original DW values were 0.234 and 0.743, less than the dL
value under 5% level of significance. In order to further
elimmate the autocorrelation of each variable, we use
Cochrane-Orcutt  iterative method and obtain two
acceptable DW values (DWe(dU, 4-dU0)). So there is not
autocorrelation. From the results of R’, two R are higher
than 0.9 which means the fitting degree of model 1s high
and has passed F-test. The regression effect is nice.
Meanwhile, the constant terms and coefficients of the
explanatory variables in equation 3-6 all pass T-test.
From the contrast between coefficients of variables,
we find that if without considering energy consumption,
an increase of 1% in capital input leads to 0.259%
economic growth and an increase of 1% m labor input
leads to 0.741% economic growth. When considering
energy consumption, an increase of 1% in capital input
leads to 0.190% economic growth which means a decrease
of 0.069% compared with the growth without considering
energy consumption. And an increase of 1% in labor
input leads to 0.586% economic growth which means a
decrease of 0.1535% compared with the growth without
considering energy consumption. Besides, 1% growth of
energy consumption causes 0.224% economic growth.
Thus, energy consumption has an important role in
promoting China’s economic growth and also weakens
the influence of capital and labor inputs to economic

growth.

t 0.089(0.005)" 0.071(0.006)*

In(KYL) 0.259(0.072)* 0.100(0.088)*
In(E/LE) -~ 0.224(0.091)*
Intercept -0.611(0.142)* -0.709(0.182)*
R? 0.0419 0.9909

F 137.80% 565.21%

DW 1.623 1.742

*Indicates significant at the 5% level, values in parentheses represent the
standard deviation

Estimation the contribution rates to economic growth:
According to the regressions, we get coefficients of
variables. Then using equation 4-5 and 7-10, we estimate
the growth rate and contribution rate to economic growth
of each vanable over years. The estimated results are
shown in Table 3. From above Table 3:

¢ The contribution rate of capital input to economic
growth 13 high but presents a downward trend which
indicates that during the process of rapid economic
development in China, capital has played a prominent
role, especially in the 1990s and that also reflects the
long-term situation that China dependent on capital
to develop has been improved

»  The contribution rate of labor mput to economic
growth is lowest and its trend is relatively stable.
This result reflects that the mstitutional barriers and
structural imbalances in education are the main
reason for the relatively low contribution rate of
labor input. Tt also reflects that the promotion of
labor-mtensive ndustries to China’s economic
growth is always limited. Therefore it is necessary to
push labor-intensive mdustries to transfer to
technology-intensive industries

* The contribution rate of technological progress
shows an increasing trend, indicating that China’s
economy begins to gradually get r1d of dependence
on foreign capital and the positive effect of
technological progress on economic development
gradually increases. But the contribution rate of
technological progress to economic growth 1s over
50% which is inconsistent with conclusions of
some scholars’ studies, for example, Wang and
Zhang (2010) found that the rate was 30.8%. Such
a difference i1s mainly due to the measure
method. The contribution rate of technological
progress 1s calculated through Solow model, in which
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Table 3: Estimated results of contribution rates to economic growth

Equation 1: Without considering E

Equation 2: Considering E

Year Capital Labor Technological progress Capital Labor Technological progress Energy consumption
1992 27.79 5.25 66.96 20.39 415 67.30 816
1993 3822 5.26 56.53 28.04 4.16 58.72 9.08
1994 32.44 533 62.23 23.80 421 62.63 936
1995 2837 5.50 66,12 20.82 435 64.48 1036
1996 25.32 6.17 68.51 1858 4.88 66.76 9.78
1997 22.50 6.68 70.82 1651 5.28 69.56 8.65
1998 20.08 7.12 72.80 14.73 5.63 71.80 7.84
1999 18.10 741 74.49 13.28 5.86 72.87 7.98
2000 16.75 7.51 7574 12.29 5.94 73.66 811
2001 15.47 7.62 76.91 11.35 6.02 74.44 819
2002 14.23 7.44 7833 1044 5.88 74.96 872
2003 13.52 7.21 79.27 9.92 5.70 73.68 10.70
2004 13.58 7.06 79.36 9.97 5.58 71.93 12.52
2005 12.79 6.77 8044 939 5.35 72.09 13.17
2006 12.00 6.43 81.57 8.80 5.09 72.64 1347
2007 11.60 6.10 8230 851 4.82 73.21 13.46
2008 12.25 5.90 81.85 8.98 4.67 73.12 13.22
2009 11.29 575 82,96 8.28 4.55 73.97 13.20
2010 11.16 5.59 8325 819 442 74.21 13.18
2011 11.48 549 83.03 842 4.34 73.89 13.35
Mean 18.45 6.38 7517 13.53 5.04 70.80 10.63

technological progress measured by TFP represents
many factors, including technology, knowledge and
so on but except for capital and labor mput. So it
cannot exclude the non-technological progress
factors effectively, so that the result magnifies the
effect of technological progress on promoting
economic growth which proves the necessity to

extract other key factors, such as energy
consumption, to do further analysis
¢ Although, the contribution rate of energy

consumption 18 only 10.63% m average but its trend
is increasing year by year and it reached 13.35% in
2011 which exceeded the rate of capital and labor
input. Besides, the extract of energy consumption has
decreased the contribution rates of capital, labor and
technological progress. What’s more, after stripping
energy consumption, the contribution rate of
technological progress shows a gently upward trend.
It means that energy consumption plays a role in
China’s economic growth in nearly two decades.
Previously, many scholars did not effectively remove
these key factors when estimating contribution rate of
technological progress to economic growth, so they
had overvalued the rate. And, the result also reflects
the fact that China’s economic growth has depended
on energy consumption excessively in recent years.
Relevant data show that GPD of secondary sector
(including industry  and construction) was about
23.5 tnllion Yuen in 2012, accounting for 45.3% in the
national economy which shows that labor-intensive
industries with high energy consumption is still the
support of China’s rapid economic growth. However,
such a long-term highly dependence makes mdustrial

decision radical, weakens the intrinsic motivation of
technological innovation and reduces investment in
mnovation and thus directly or indirectly constrains
the contribution effect of technological progress to
economic growth

CONCLUSION AND POLICY IMPLICATIONS

Based on Solow Model, this study estimates the
contribution rate of each factor to economic growth from
1991 to 2011 in China, with considering energy
consumption factor. The results show that contribution
rate of capital presents a downward trend while
coentribution rate of labor is lowest but has a stable trend
which means that the dependence of economics on capital
and labor is weakened a lot. And contribution rate of
energy consumption 1s still mising, stripping energy
consumption can reflect the contribution rate of
technological progress to economic growth effectively
and makes the upward trend on contribution rate of
technological progress to economic growth change
gently.

Hence, it 13 necessary to promote transformation from
labor-intensive and energy consumption-based industry
to technology-intensive industry and technological
progress plays a key role in it. So for one thing, the
government should adjust science and technology policy
and research system and support the innovative
enterprise and lgh-tech mdustty more strongly. At the
same time, the government purchase system should lead
the direction of consumption, make independent
innovative products and low-energy consumption
products become the real leaders in the domestic market,
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raise awareness of independent innovation and energy
conservation and improve the overall independent
mnovation capability and comprehensive technological
level. For another thing it is a good way to achieve the
goal of saving energy consumption by technological
progress and adjusting industrial structure. For example,
government should give some policy priorities to
mnovative techniques and processes which are helpful to
energy exploitation and utilization, such as, encouraging
enterprises to do ndependent R and D, apply energy
saving technologies and improve energy -efficiency
through technological mnovation. Besides, government
should use macroeconomic control to increase the
proportion of energy-saving and high-tech industries,
promote the adjustment and upgrading of inherent
industrial structure and consider energy efficiency as an
unportant technical ndicator, in order to effectively
promote China’s economic transformation from the
“extensive growth” to “intensive growth™.

This study just extracts energy consumption and in
fact there are many other factors influencing China’s
economic growth in addition to capital, labor and energy
consumption. Thus, we should further refine to get the
more accurate contribution rate of technological progress
to economic growth. In addition, to discuss the
relationship among energy consumption, technological
progress and economic growth 1s helpful to clanify the key
factors of the future economic growth, therefore, the
empirical econometric method 1s worthy of further study
in the future.
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