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Quantile Regression Analysis on Convergence of China’s Regional

Economic Growth
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School of Economics, Ocean University of China, Qingdao 266100, China

Abstract Using quantile regression method, this paper made an empirical analysis on convergence of China’s regional economic growth since

the reform and opening-up. It firstly introduced principle of quantile regression method and related theories of convergence of economic growth.

Through discussing interprovincial variation coefficient of GDP per capita, it carried out o convergence analysis on economic growth and divided

3 decades since the reform and opening-up into 3 stages. Then, it made a comparative analysis of absolute 3 convergence on 3 stages using

least-squares estimation and quantile regression method, and also stressed the advantage of quantile regression method. On this basis, it made

an in-depth study on conditional 8 convergence at 3 stages. Empirical results indicate that there is absolute and conditional convergence at the

first stage, no convergence at the second stage, and weak convergence at the third stage. Finally, it discussed weak points in this study and

came up with recommendations for future studies.
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1 Introduction

Since the introduction of neoclassical economic growth model ( So-
low, 1956), a lot of economists studied characteristics of conver-
gence of economic growth on the basis of this model. Compared
with theoretical studies on convergence, empirical studies started
from the middle and later period of the 1980s, but the develop-
ment momentum is considerable. In foreign countries, Baumol
firstly made empirical study on convergence in 1986. He made a
regression using Maddicon method and reached the conclusion:
there is a high correlation between the growth rate and initial out-
put level. At early stage, countries with higher productivity have
slower economic growth rate. In other words, backward countries
get convergent to advanced countries and the convergence speed is
gradually accelerating. From then on, more and more economists
started studying convergence of economic growth. For example, in
the classical book, Economic Growth, Barro, R&Xavier Sala-i-
Matin took neoclassical economic growth model as basic frame-
work, divided convergence into ¢ convergence, absolute B con-
vergence and conditional B convergence. Their studies play a great
role in development of empircal studies of convergence, no matter
in expansion of connotation and extension of convergence concept.
Besides, some scholars put forward " club convergence" concept,
economic regions with the same human capital and market opening
degree have certain growth convergence trend. In China, the stud-
ies on convergence started from the middle and later period of the
1990s. Most scholars made empirical analysis on related theories
of neoclassical economic growth model. For example, Wei Houkai
(1997) reached the conclusion that GDP per capita of provinces
in China was convergent at an annual speed of 2% in 1978 —
1995. Xu Xianxiang et al. (2004) studies convergence of 216 cit-

Received : March 20, 2014 Accepted: May 26, 2014
# Corresponding author. E-mail: hkhdjy@ 163. com

ies above prefecture level in 1989 - 1999, and proved that there
was ¢ convergence and absolute 3 convergence, and there was ne-
oclassical convergence mechanism and new growth convergence
mechanism, etc. From the above introduction, we can see that
most scholars use general linear regression analysis method. Such
method can only analyze the average level of study object influ-
enced by other factors, and it is difficult to solve the problem of
degree of different levels of study objects influenced by various
factors.

In this study, quantile regression method is firstly used to an-
alyze convergence of China’s economic growth. The quantile re-
gression method can select different quantile and can fully describe
panorama of the study object, rather than the average value analy-
sis. Besides, parameter estimation in different quantile is also dif-
ferent, indicating that the same influence factor has different func-
tion to the study object at different level. Especially, the distribu-
tion in study object takes on heterogeneity, such as asymmetric,
fat-tailed distribution and truncation, such method generally pro-

vides more detailed information and has prominent advantages.

2 Introduction to quantile regression method

Quantile regression is a type of regression analysis used in statis-
tics and econometrics. Whereas the method of least squares results
in estimates that approximate the conditional mean of the response
variable given certain values of the predictor variables, quantile
regression aims at estimating either the conditional median or other
quantiles of the response variable. The median regression is a spe-
cial case of quantile regression. It uses symmetric weight to solve
the problem of minimal residual error, while other conditional
quantile regression methods use asymmetric weight to solve the
problem of minimal residual error.

General linear regression model can be set as follows

p. (1) =t(7-i(t<0)), 7e (0, 1)
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On the precondition of Gauss — Markov assumption, it can be
expressed as follows:

E(ylx) =a, +a,x, + ,2x, + a,x,where u is the random per-
turbation tem, and a,, a,, a,, -+, a, is coefficient of variable to
be estimated. This is the expression of mean value regression OLS
model , similar to mean value regression model and the quantile re-
gression model can be defined as follows:

Q,(7lx) =a, +a,x, +ax, + -+ +a,x, +Q, (1)

For quantile regression model, it is feasible to adopt linear
programming (LP) to estimate the weighted least absolute devia-
tion, so as to obtain regression coefficient of explanatory variable.
It can be expressed as follows:

minkp (y - a, —a,x, —a,x, =+ —a,x,)

Through calculation, we get O),(Tlx) =a, + 4,5, +ay%, + -
+a,x,
where, log(y; 11y, o) =By +B:In(y; o) +B,In(1/GDP) +B;In(n
+g+9) +B,An(h) +&, ;-

From estimation method of parameters, the principle of gen-
eral linear regression model is to make the square sum of differ-
ence between explanatory variable y and fitted value (residual er-
ror) being the least. The quantile regression is just an expression
making absolute value of this residual error become the least. This
expression is not differential. Thus, traditional derivation method
is not suitable, we have to adopt linear programming or simplex al-
gorithm. This is also one of the largest differences from general
linear regression. With constant breakthrough in computer tech-
nology, the above algorithm can be realized with the aid of suit-
able software. In this study, qreg command of STATAI10. 0 is used

to process data.

3 Model and data description
3.1 Principle of convergence of economic growth Conver-
gence of economic growth refers to negative correlation between
static indicators (output per capita and income per capita) and the
growth rate of countries or regions of different economic entities in
an effective scope in closed economic condition. In other words,
backward economic entity has higher growth rate than developed
economic entity. As a result, the difference in static indicators of
economic entities at initial stage gradually disappears. In 1992,
Barro and Sala-i-Martin introduced a model for determining con-
vergence of per capita income ;
(1/T)logy, +/y; y =a-[(1 —e’BT)/T]log(yi,o +Hi o, 1)
(1)
where y, , denotes final per capita income, y, , denotes base per
capita income, disturbance term y, , , means average original er-
ror term, B is the coefficient of speed from convergence of control
income to equilibrium status; constant @ = g[ (1 = E#")/T] log
(¥"), in which g refers to technological growth rate and y* refers
to per capita income at equilibrium level. If estimation result of
parameter 3 is positive, the income is convergent, otherwise it is
dispersed. This mode reflects that countries at the same technolog-

ical level are convergent to the same equilibrium status. There-

fore, we should pay attention to whether there is negative correla-
tion between initial income level and the income growth rate.

Linear expression of Equation 1 introduced by Baumol
(1986) and Barro (1997) is as follows:

(/1) log(y, 1/y. o) =a+blogy, o+ o (2)
where negative correlation coefficient b = — [ (1 — e )/T].
Generally, using this expression, we can calculate convergence
rate, and T refers to interval span of samples. The half-life period
is calculated according to the formula In(0.5) /8.

Based on the above theoretical models (1) and (2), we

adopt the following calculation equation;

Y,
ln(?) =B, +B,InY; +¢&, (3)

0
Mankiw, Romer and Weil (1992) (their method is the well-

known MRW analysis framework ) realized the limitation of neo-
classical theories. They mainly corrected the assumption that all
countries have the same consumption preference and technology,
and re-interpreted the neoclassical economic growth theory. In em-
pirical analysis, they took C-d production function Y = K*H?
(AL)'™*"® as a tool. Through estimating approximate stable sta-
tus, they built MRW model and obtained the convergence rate of a
country getting towards stable status, i. e. the convergence rate A
=(n + g +8) (1 — a-B). Through introduction of human
capital, this model set up an expanded econometric model using
material capital investment, human capital investment and popula-
tion growth rate, and proved effectiveness of neoclassical growth
model. They believed that human capital slows down decreasing
speed of marginal benefit of material capital. Despite the conver-
gence rate is slower than predicted by traditional Solow model, it
proved the existence of convergence. It should be noted that what
the MRW model implies is only the conditional convergence, rath-
er than absolute convergence. All countries have the trend of self
equilibrium status in long-term development, rather than conver-
gence towards the same equilibrium status. In this study, we se-
lected two types of equation of this model. The first equation;

log(y, +/¥:0) =Bs +BiIn(y, o) +B,In(I/GDP) +B;In(n +
g+9d) +& o1 (4)

The second equation is expanded from the first equation plus
human capital (h) :

log(y: +/y:.0) =Bo +BiIn(y, o) +B,In(I/GDP) +B;In(n +
g+9) +B,n(h) +¢, 4 4 (5)
where y, ; denotes final GDP per capita; y, , denotes base GDP
per capita; I/GDP refers to the average investment rate from base
period to final period; n stands for average growth rate of employ-
ees; g +0 denotes average technological growth rate and deprecia-
tion rate; in MRW model, it assumes reasonable value of g +§ is
0.05 or 0. 1; h stands for human capital.
3.2 Data description On the basis of theoretical model, we
made quantile regression for annual data of related indicators of
China’s 29 provinces (except Tibet, Hainan and Chongging) in
1978 —2007. Sample data were collected from China Compendium
of Statistics 1949 — 2004 and China Statistical Yearbook 2006 —
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2008. denotes actual per capita GDP of provinces in the ¢-th year,
corrected on the basis of chain price index in the same year;
1/GDP refers to average investment rate of provinces in the sam-
pling period, the original data were calculated by simple arithmet-
ical average method; we took number of students of provinces in
sampling base period as substitution variable of human capital , ex-
pressed with h; n stands for average growth rate of employees in
provinces in sampling period, calculated by logarithm difference
method; technological growth rate and depreciation rate are ex-
pressed with g + ; east stands for dummy variable of eastern areas.
For provinces in eastern areas (including Beijing, Tianjin, He-
bei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
Guangdong, Guangxi, and Hainan) , east takes 1; for provinces

in other areas, it takes 0.

4  Quantile regression analysis on convergence of
China’s regional economic growth

According to assumptions of convergence theory, from the perspec-
tive of B convergence (conditional convergence) , we made an in-
depth analysis on convergence of China’s regional economic growth
using quantile regression method. Based on theoretical models
(4) and (5), we studies 3 stages of economic growth in all prov-
inces since the reform and opening-up.

(1) The first stage (1978 —1991) ; At the first stage, we es-
tablished Equation 1 according to MRW model. We adjusted this
model, used dummy variables to replace insignificant variables,
because eastern areas include state policies, marketization, and
opening degree. Then we established the Equation 2, as listed in
Table 1.

Table 1 Quantile regression results of conditional convergence for China’s economic growth in 1978 —1991

Variables Quantile Equation 1 Equation 2
Constant 0.1 -0.1890 ( -0.39) 2.9029 (9.32°"")
0.25 2.1301 (0.75) 3.0932 (7.16""")
0.5 2.2856 (0.93) 3.7570 (8.06"" ")
0.75 0.7617 (0.17) 3.9649 (5.53"" ")
0.9 -1.1393 ( -0.48) 5.3440 (21.7°"")
x, (Inyt,) 0.1 -0.4113 ( -11.01""") -0.2813 (-4.88""")
0.25 -0.3137 (-2.197") -0.3085 ( —-4.48""")
0.5 -0.3458 ( -2.47"") -0.3807 (-5.10""")
0.75 -0.2393 ( -1.03) -0.3988 (-3.41""")
0.9 -0.5884 ( -3.53""") -0.5884 (—-14.38""")
x, (In(1/GDP)) 0.1 0.1023 (6.09°" ") -0.1100 ( -1.84")
0.25 -0.1218 (-3.15""") -0.1040 ( -2.35"")
0.5 —-0.0780291 ( -1.46) -0.0421 ( -0.91)
0.75 -0.0339676 ( -0.35) 0.0414 (0.54)
0.9 0.121177 (1.62) 0.1317 (2.87")
%3 (In(h) ) 0.1 0.0082 (0.38)
0.25 0.0378 (0.59)
0.5 0.0886 (1.08)
0.75 0.0051 (0.03)
0.9 0.1699 (1.6)
2 (In(n+g+9)) 0.1 -2.0164 (-6.1""")
0.25 -0.4831 ( -0.32)
0.5 -0.5471 ( -0.39)
0.75 -1.1217 ( -0.45)
0.9 -3.1899 ( -2.02 )
east 0.1 0.1028 (0.84)
0.25 0.1320 (1.25)
0.5 0.1788 (1.63)
0.75 0.3504 (1.79 =)
0.9 0.4180(4.95""")

Through analysis on Equation 1 and Equation 2 in Table 1,
we also obtained that there is a negative correlation between base
GDP per capita and economic growth at this stage. In the Equation
1, when the investment rate in original theoretical model is in the
decile and ninth-decile, the influence on economic growth takes
on significant positive correlation. In other words, at this stage,
increasing investment in low-income areas and high-income areas,
economic growth rate will be higher. However, the human capital

fails to pass the test in Equation 1, indicating that it has little con-

tribution to convergence of economic growth at this stage. For fac-
tors like technological progress, B coefficient in high-income areas
is —3.1899, while it is —2.0164 in low-income areas, showing
that the influence of technological progress on convergence of eco-
nomic growth in high-income areas is more significant than that in
low-income areas. In Equation 2, the dummy variable takes place
of human capital and technological progress factors. The east vari-
able passes the significance level test in high-income areas, indi-

cating that there is club convergence in high-income areas. Be-
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sides, the coefficient of per capita GDP in Equation 2 is more sig-
nificant than Equation 1. With the increase in income level, B
drops from -0.2813571 to —0.5884487, indicating that high-in-
come areas have higher convergence rate, which is favorable for
narrowing the gap between rich and poor, also indicating that there
is conditional convergence of economic growth at this stage.

(2) The second stage (1992 —2003) : At the second stage,

according to theoretical model of convergence of economic growth,

we have attempted to substitute all variables to the regression
equation (1). Although the goodness of fit is high, per capita
GDP, as major factor in the study on convergence of economic
growth is not significant. To improve representativeness of the
model, we made regression analysis through separately introducing
variables. Through adjusting numbers of variables and introducing
different variables, we selected Equation 2, Equation 3 and Equa-
tion 4. Detailed results are listed in Table 2.

Table 2 Quantile regression results of conditional convergence for China’s economic growth in 1992 —2003

Variables Quantile Equation 1 Equation 2 Equation 3 Equation 4
Constant 0.1 1.6810(2.9""") 0.213 5(0.68) 0.5313(1.97 =) 0.241 0(0.61)
0.25 0.433 9(0.26) -0.286 6( —-0.33) 0.629 0(1.47) 0.014 8(0.02)
0.5 0.346 8(0.37) -0.1302( -0.16) 0.389 4(0.51) -0.3697( -0.52)
0.75 0.918 2(0.94) -1.0039( -1.67) 0.2833(0.27) 0.112 0(0.12)
0.9 0.5391(0.43) -0.997 1( -2.38"") -0.6941(-2.32"") -0.316 0( -0.69)
In(y,) 0.1 -0.0607( -0.72) 0.0994(2.72" ") 0.091 5(2.64""") 0.1283(2.63"")
0.25 0.101 9(0.55) 0.201 7(2.17"") 0.079 6(1.30) 0.1723(2.04 =)
0.5 0.109 3( -0.46) 0.187 5(2.06" ") 0.1356(1.32) 0.204 6(2.31"")
0.75 0.052 7(0.46) 0.297 8(4.11°"") 0.1552(1.09) 0.207 4(1.81 =)
0.9 0.103 6( 0.69) 0.281 5(5.117"") 0.2894(6.92°"") 0.2990(5.6""")
In(i/GDP) 0.1 0.3424(3.00"" ") -0.3614(-3.5""")
0.25 -0.153 5( -0.35) -0.170 1( -0.68)
0.5 -0.1147( -0.46) -0.2350( -1.02)
0.75 -0.344 5( -1.61) -0.3446(-2.23"")
0.9 -0.3590( -1.76 %) -0.5526(-7.11""")
In(h) 0.1 0.116 8(4.9""") 0.069 3(4.12°"")
0.25 0.098 5(1.06) 0.095 6(1.92 =)
0.5 0.000 5(0.01) 0.051 4(0.83)
0.75 -0.023 6( -0.42) 0.072 9(1.30)
0.9 -0.0224( -0.28) 0.124 4(6.47"")
In(n+g+9) 0.1 -0.0810( -1.28) -0.060 7( -0.82)
0.25 0.046 9(0.58) -0.0325(-0.41)
0.5 -0.0755(-0.82) -0.1235(-1.14)
0.75 0.046 9(0.36) 0.0253(0.19)
0.9 0.050 3(0.5) 0.1258(2.65" ")
east 0.1 0.184 3(1.61)
0.25 -0.017 8( -0.15)
0.5 0.1533 372(1.39)
0.75 0.237 995 8(2.17 **)
0.9 0.281 080 7( 2.67"")

In Equation 2, apart from major factor per capita GDP, we
also introduced the investment rate. Through analysis on Equation
2, we studied the influence of per capita GDP on convergence of
economic growth. Coefficient value of B increased from decile
0.099 4 to ninth decile 0.281 5, indicating that there is no condi-
tional B convergence at this stage, and the dispersion speed in
high-income areas is higher than that in low-income areas. In
Equation 3, we introduced the human capital ; the coefficient val-
ue of per capita GDP is increasing and the coefficient of human
capital increases from 0.069 3 in low-income areas to 0. 124 4 in
high-income areas, indicating that the contribution of human cap-

ital to economic growth in high-income areas is higher at this

stage. In Equation 4, we introduced the technological progress
factor. Through analysis, we found that the coefficient value of per
capita GDP is also increasing, and there is a significant positive
correlation between technological progress and economic growth in
high-income areas, indicating that increasing technological invest-
ment in high-income areas will promote rapid economic develop-
ment. However, in backward areas, increasing technological in-
vestment will waste fund and not promote economic growth. Gen-
erally speaking, there is positive correlation between per capita
GDP and economic growth at this stage. From low-income areas to
high-income areas, the economic growth rate is increasing. In oth-

er words, the gap between rich and poor is gradually widening.
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(3) The third stage (2004 —2007): At the third stage,

based on the above model (5), we made quantile regression anal-

ysis on convergence of China’s economic growth. The results are

listed in Table 3.

Table 3 Quantile regression results of conditional convergence for China’s economic growth in 2004 —2007

. Quantile

Variables
0.1 0.25 0.5 0.75

Iny, -0.1154( -7.66) """ -0.0542( -0.79) -0.057 1( -0.73) -0.082 6( -0.65) -0.1377( -3.07) """
In(i/GDP) 0.2193(4.8)""" 0.283 5(1.45) 0.206 7(1.01) 0.3952(1.3) 0.512 1(8.37) """
In(h) 0.005 6(0.6) 0.017 1(0.56) 0.033 3(0.78) 0.024 0(0.58) 0.0599(4.07) """
In(n+g+9) -0.1551(-1.89) " 0.049 1(0.23) -0.010 7( -0.03) 0.088 9(0.16) 0.5127(2.33)""
Constant 1.177 628(6.27) " " * 1.238 6(1.48) 1.037 5(1.10) 1.774 6(1.56) 3.526 1(9.67) """

In models at the third stage, only the decile and ninth decile
have higher significance level and have good fitting to models.
Therefore, we carried out analysis mainly on high-income areas
and low-income areas at this stage. From the coefficient value of
per capita GDP, it is known that there is conditional 8 conver-
gence in both low-income and high-income areas, and the conver-
gence rate of high-income areas is slightly higher than that of low-
income areas; the investment rate indicates that the effect of in-
vestment on economic growth is positive in areas with different in-
come level, in other words, increasing investment in all areas has
positive effect on economy. However, the coefficient value of in-
vestment rate in high-income areas is 0. 512 1, much higher than
that in low-income areas, showing that economic effect brought by
investment in high-income areas is much higher than in low-
income areas. From coefficient value of human capital, increasing
human capital in high-income areas also can promote economy,
and the effect is higher than that on low-income areas. From the
perspective of technological progress, increasing technological in-
vestment in high-income areas can promote economic growth, but
increasing technological investment in low-income areas exerts lit-

tle effect on economic growth.

S Conclusions and further discussions

This study made analysis on convergence of China’s economic
growth using quantile regression method. Through analysis on vari-
ation coefficient of provinces in China, we divided convergence of
China’s economic growth into 3 stages. Through study on the first
stage (1978 —1991), it has convergence, absolute 8 convergence
and conditional B convergence, indicating that the gap between
rich and poor is firstly narrowed, then widened and finally nar-
rowed, which is basically consistent with conclusions of most do-
mestic scholars. The difference is that we reached richer informa-
tion and conclusion using quantile regression and comparison with
OLS estimation; the control over the gap between rich and poor in

low-income areas is excellent; the dispersion speed in middle in-
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come areas is gradually quickening, and the gap between rich and
poor is gradually widening; in high-income areas, the convergence
rate at the first stage is highest; at the second stage, the disper-
sion speed is the highest, and it exerts greatest influence on the
overall gap between rich and poor; at the third stage, this situa-
tion is preliminarily controlled and there appears absolute B con-
vergence of economic growth. From the perspective of factors in-
fluencing convergence of economic growth, the influence degree of
investment rate, human capital, and technological progress on e-
conomic growth rate is higher in areas with higher economic growth
rate than that with lower economic growth rate at all three stages,
so these three factors can bring more economic effect. Although we
applied advanced quantile regression method to study convergence
of China’s economic growth and reached rich information and con-
clusion, our study is preliminary, and there will be weak points.
For example, in data processing, we did not consider extracting
more information through analysis of panel data, and making in-
depth studies. In conditional convergence, we did not consider in-
creasing more control variables. These questions need further

studies in the future.
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