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This research tests the economic convergence hypothesis of 31 inland Chinese provinces over the
period from 1952 to 2017. Regression and descriptive analysis methods are adopted to study the
economic convergence among these Chinese provinces in terms of GDP growth and per-capita
GDP growth. The research results show that GDP growth does not exhibit a tendency of
convergence, rejecting the absolute convergence hypothesis among the Chinese provinces. But
per-capita GDP growth does suggest convergence, especially after China’s economic reform from
1978 to 2017, supporting the relative convergence hypothesis among the Chinese provinces.
Practical and policy implications are provided based on the research results.
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INTRODUCTION AND RESEARCH BACKGROUND
The idea of economic convergence

As directly implied by the assumption of diminishing
returns, the classical Solow growth model states that
regions or countries that are the same or similar in all of
the controlling parameters, such as population growth
rates, savings rates, and technical progress rates,
should ultimately converge to similar levels of per
capita income (Mankiw et al., 1992; Solow, 1956;Sala-i-
Martin, 1996). As capital per (efficient) unit of labor
must reach to a steady level common to all regions or
countries, the general economic convergence will
happen irrespective of the initial level of each region, as
measured by their starting values of per capita income.

The above economic convergence hypothesis
sounds trivial on one hand. Since we assume similar
long-run parameters for all regions, naturally expect
long-run growth convergence among all regions will be
expected. On the other hand, actually the hypothesis is
also far from being obvious, since we only assume the

same exogenous parameters of economic growth
across regions, their initial levels of per capita income
(or equivalently, per capita capital stock) are not
controlled for. The key point of the economic
convergence claim is that, given or assuming similar
parameters governing the evolution of the economy for
different regions, their different historical conditions or
initial states do not matter for where they will arrive in
the long-run.

The basic idea of economic convergence can be well
explained graphically as shown in Figure 1, which plots
the logarithm of per capita income against time, so that
a constant growth rate (in the long-run steady state) will
appear as a straight line SyS;, where income per
(efficient) unit of labor stays precisely at the steady
level generated by the steady level of per capita capital,
as implied by the Solow growth model. The time path
LoL,represents a region or country that starts below the
line corresponding to the steady-state per capita level.
According to the Solow growth model, this region would
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Figure 1. Economic convergence among regions over time.

Initially grow at a rate higher than that corresponding to
the steady-state level. Over time, its growth rate will
gradually decelerate to the (lower) steady-state level, or
its time path of (log) per capita income will move up
asymptotically to the steady SyS; line as shown.
Similarly, a region or country that starts above the line
corresponding to the steady state per capita level will
follow a growth pattern like UgU,, it would initially
experience a lower growth rate but eventually its time
path of (log) per capita income will flatten out to the
steadyS,S; line from above. That is, no matter where a
region or country started, in the long-run its per capita
income will converge to the same steady-state level.
From the above explanations, it is quite clear that
economic convergence can be indicated by a (strong)
negative relationship between the initial level of per
capita income and the subsequent growth rates of per
capita income. Largely based on this easily-
implementable idea, many studies have been
conducted using various statistical analysis methods
and data from different regions or countries to validate
or reject the classical growth convergence over time.
The economic convergence assertion is important
and interesting in both economic theory and practice,
which has attracted a great amount of researches to
show whether or not there is economic convergence

across regions or countries using real data and various
statistical methods, especially for developed economies
such as the US and European Union (EU) countries
where higher quality data are more available over a
longer time period. In this regard, it is worth to mention
the special contribution made by the ongoing Maddison
Project (Maddison 1982, 1991, 2007, see also
http://http://www.ggdc.net/maddison/) that compiles
data on a larger group of countries over a much longer
time period back to the mid-19" century and even
earlier.

China’s economic convergence

Just as for other regions or countries in other parts of
the world, it is of theoretical and practical interests to
investigate the economic convergence among (inland)
Chinese provinces regarding certain macroeconomic
indicators. Since China started to reform its socialist
planned economy to a market-oriented one in late 1978,
China has achieved widely-known economic success in
the past 40 years, with an average annual growth rate
about 8-9%, much higher than the growth rates in
developed economies and many other countries. But it
has also been noticed in the literature that the income



inequality in the Chinese provinces has been increased
with possible growth divergence across provinces since
1978 (Cheong and Wu, 2013, 2014; Ho and Li, 2010;
Knight, 2014; Lau, 2010; Lyhagen and Rickne, 2014).
For example, Ho and Li (2010) investigate the
stochastic properties of output per capita across the
Chinese provinces for the after-reform period from 1984
to 2003, and observe clear evidence of output
divergence across the provinces. Similar evidence is
also obtained by Lyhagen and Rickne (2014) for half of
Chinese cities using nonlinear trend functions in the
vector error correction model (VECM) over a much
longer period between 1952 and 2007.

However, there are also many papers in the literature
to obtain the evidence of convergence of per capita
income (output) across the Chinese provinces
(Herrerias and Monfort, 2015; Herrerias and Ordéfiez,
2012; Herrerias et al., 2011; Sakamoto and Islam,
2008). For instance, Herrerias et al. (2011) find the
evidence of convergence for the per capita GDP across
28 Chinese provinces for the period from 1952 to 2005.
Using the panel unit-root method of Phillips and Sul
(2007), Herrerias and Ordofiez (2012) investigate the
stochastic properties of club convergence in terms of
per capita income, labor productivity, and capital
intensity for the period from 1952 to 2008. They find a
statistically significant club convergence in the Chinese
regions over the period under concern. Herrerias and
Monfort (2015) also investigate the stochastic
properties of convergence across 28 Chinese provinces
for the period 1952 from 2008 using the test technique
of Phillips and Sul (2007). They observe a significant
degree of convergence in capital intensity, labor
productivity and total factor productivity (TFP) in the
Chinese provinces.

Research objective

Studies are needed to provide more evidence
supporting or against economic  convergence
hypothesis among Chinese provinces. This paper is
just to empirically test the economic convergence
prediction of the classical Solow growth model in the
context of 31 Chinese provinces using more recent
data covering a longer period from 1952 to 2017.
Having increasingly more international influence, China
is very big in terms of land area, population, and
economic scale, with 31 inland provinces. Hong Kong,
Macao, and Taiwan are the other three special regions
of China, which are quite different from the 31 inland
provinces historically, economically, and politically, and
hence will not be included as in many similar studies.
Each of the 31 Chinese provinces is still quite big in
land area and population compared to, for example,
many EU countries. Thus it is theoretically and
methodologically meaningful to study the economic
convergence among these Chinese provinces
regarding some popular and important economic
indicators, which is useful for different provinces to
consider different development strategies for future
growth. This kind of study is also of a special

methodological advantage with no sample selection
bias since all inland Chinese provinces are included.

LITERATURE REVIEW

Economic convergence within a group of regions or
countries can be generally defined as a decline in the
degree of income disparity within the group over time
(Simionescu, 2015). Bernard and Durlauf (1995) and
Durlauf (1996) distinguish between the two definitions
of convergence as output convergence; two regions or
countries converge if the logarithm of output per capita
for both is the same in the long run, and catching-up
convergence; two regions or countries converge
between two time points if the difference in the
logarithm of output per capita at the earlier time point
diminishes in value at the later time point. It is clear that
output convergence implies catching-up convergence,
but not necessarily vice versa, and that the two
definitions can both be generalized to the multivariate
cases.

In the economics literature, there is also another pair
of widely used concepts: beta-convergence, implying
that the poor regions or countries tend to grow faster
than rich economies, and sigma-convergence, implying
a decrease in income variation between poor and rich
economies. It is easy to see that beta-convergence
corresponds to output convergence while sigma-
convergence matches with catching-up convergence. In
both cases, there is a further division between absolute
convergence, which implies the same steady-state
income or output, and relative convergence, implying
that the economies increase at the same rate in steady
state.

The empirical methods for examining economic
convergence are oriented on a number of different
directions, such as the simple correlation and
regression methods (Barro, 1991; Baumol, 1986, De
Long, 1988; Parente and Prescott, 1993), cross-section
augmented Solow regression models (Barro and Sala-i-
Martin 1992; Mankiw et al., 1992), the chronological
series tests of unit root and co-integration (Evans,1996,
1998; Evans and Karras, 1996a, 1996b; Kutan and
Yigit, 2005; Guetat and Serranito, 2007; Siklos, 2010;
Lopez and Papell, 2012), and the non-linear time-
varying latent factor framework of club convergence
(Borsi and Metiu, 2015; Phillips and Sul, 2007; von
Lyncker and Thoennessen, 2017).

In terms of practical or empirical applications, there
are a great amount of studies in economic convergence,
covering different regions or countries in the world over
different periods of time. Especially, there have been
many studies for regional economic convergence in
Europe, largely due to the availability and quality of
economic data across European Union (UE) countries
over time. For example, Borsi and Metiu (2015)
investigate per capita real income convergence
between 1970 and 2010 in EU within a non-linear latent
factor framework. Quah (1996) shows that in income
repartition dynamics, one should take spatial locations
and spill overs into account. Sala-i-Martin (1996)
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Table 1a. Test of absolute convergence from 1952 to 2017.

In(GDP2017/GDP1952) = a + b*In(GDP1952)

Parameter Estimate Standard error t-value p-value
Intercept (a) 7.4489 0.2534 29.3958 0.0000
Slope (b) -0.0969 0.0882 -1.0986 0.2813
R-Square 0.0414

assesses beta and sigma-convergence in terms of real
GDP per capita in 90 regions of eight countries from
Europe. Crespo et al. (2008) measure the beta-
convergence in GDP per capita for EU-15 during the
period from 1960 to 1998, showing a faster
convergence especially for the relatively poorer
economies. Cunado and Perez de Garcia (2006) test
the real convergence in five countries from East and
Central Europe, rejecting the hypothesis of convergence
over the period from 1950 to 2003. Cavenaile and
Dubois (2011) find conditional beta-convergence for
real GDP per capita for the EU-27 countries over the
period from 1990 to 2007, with the convergence rates
of new members being quite different from the EU-15
countries. Kutan and Yigit (2005) find significant real
convergence for the new members of EU over the
period from 1993 to 2003. After studying the real GDP
and monetary aggregate convergence in CEEC, Brada
et al. (2005) conclude that there are limited advantages
offered by EMU accession. Kutan and Yigit (2007)
show that the economic integration is useful for new
member countries only on the long run, while for the
founding countries the benefits are immediate. Diaz del
Hoyo et al. (2017) show that certain EU countries
began to face a “non-convergence trap” long before the
euro years by taking a “long view” and reviewing the
evidence since the 1960s.

There are also many studies about economic
convergence among cities, states or provinces within a
big economy like the US (Gerolimetto and Magrini,
2017; O’hUallachain, 2008; Phillips and Sul, 2007
Wang, 2008) and China. A brief literature review about
economic convergence among Chinese provinces has
already been intentionally conducted in the Introduction
with a number of relevant references provided, and
hence will not be repeated here again.

METHODOLOGY

When testing the economic convergence hypothesis, the issue of
time horizons must be considered. It would be ideal if we could
go back one or two centuries in history, but the systematic
collection of data for many countries, especially for developing
economies, over a so long time period is difficult. In reality,
generally we have two choices, the first one is to cover a large
number of regions or countries but just over a relatively short
period of time, which now is not a problem with the availability of
economic data across many regions and countries during the
past few decades, as provided by global and regional
organizations like the United Nations, World Bank, IMF, OECD,
and APEC. The second choice is to cover a relatively small
number of countries, largely the more advanced economies like
the US and EU countries, but over a long period of time. In

this regard, the Maddison Project led by Prof. Angus Maddison
has made an important contribution, which has compiled data on
a number of countries back to the mid-19" century and even
earlier (Maddison 1982, 1991, 2007; Maddison Project webpage
athttp://www.ggdc.net/maddison/).It should be noticed that,
although the Maddison Project can provide data over the past few
decades for many regions and countries, there are only a small
number of countries with data stretching back into the nineteenth
century.

For example, when William Baumol published one of the
earliest studies of long-run economic convergence in 1986, there
were onlyl6 countries in Maddison’s database for which per-
capita income data were available back to as early as 1870.
These countries were, in ascending order of 1870 per capita
income, Japan, Finland, Sweden, Norway, Germany, Italy,
Austria, France, Canada, Denmark, the United States, the
Netherlands, Switzerland, Belgium, the United Kingdom, and
Australia, all among the richest countries in the world today.
Baumol (1986) plots the 1870 per capita income for these 16
countries on the horizontal axis and their growth rates of per
capita income from 1870 to 1979 as measured by the difference
in the logs of per capita income over the period on the vertical
axis. A strong negative correlation between the 1870 per capita
income and the growth rate of that income over the period was
observed, which was formally implied by a simple regression (of
growth rate on the log of the starting income level) estimated for
the 16 countries as follows (Baumol, 1986):

Growth Rate (1870-1979) = 5.25 — 0.75In(GDPper Work-Hourin
1870), R>=0.88 (1)

Hence, the convergence of these 16 countries to one another,
starting from very different levels of per capita income in 1870, is
undoubtedly verified. It seems that Baumol’s finding quite strongly
supports the unconditional convergence hypothesis, but
unfortunately it is subject to possible statistical bias in the sense
that the 16 countries studied are not selected randomly but just
because they are the first group to have historical records in
Maddison’s database. Actually, when De Long (1988) adds seven
other countries, all with initial per capita income similar to some
countries cover in Baumol’ (1986) study, the slope coefficient of
the regression of Equation 1lis still negative, but the goodness-of-
fit is very bad as indicated by the very large residual disturbance
terms.

RESULTS AND DISCUSSION
Absolute convergence test

In our study, the same model (1) was used but for all 31
mainland provinces in China, hence the possible
sample selection bias issue is eliminated. It was first
examines whether GDP (or total income) has any
convergence tendency for the 31 Chinese provinces
from 1952 to 2017, with data from China Data Online
(https://www.china-data-online.com/). Table la shows
the modelling results, where for each province in the



Table 1b. Test of absolute convergence from 1978 to 2017.

In(GDP2017/GDP1978) = a + b*In(GDP1978)

Parameter Estimate Standard error t-value p-value
Intercept (a) 5.5939 0.3669 15.2446 0.0000
Slope (b) -0.0351 0.0813 -0.4315 0.6693
R-Square 0.0064

Table 2a.Test of relative convergence from 1952 to 2017.

INn[(GDP per capita 2017)/(GDP per capita 1952)] = a + b*In(GDP per capita 1952)

Parameter Estimate Standard Error t-value p-value
Intercept (a) 8.8860 0.6715 13.2339 0.0000

Slope (b) -0.5693 0.1402 -4.0598 0.0004

R-Square 0.3705

Table 2b. Test of relative convergence from 1978 to 2017.

In[(GDP per capita 2017)/(GDP per capita 1978)] = a + b*In(GDP per capita 1978)

Parameter Estimate Standard error t-value p-value
Intercept (a) 8.1393 0.6030 13.4973 0.0000
Slope (b) -0.5283 0.1014 -5.2122 0.0000
R-Square 0.4837

regression, the dependent variable of average GDP
growth rate from 1952 to 2017 is formally taken as the
difference between the logs of GDP in 2017 and 1952,
and the dependent variable of starting GDP level is also
taken as the log of GDP in 1952 to be comparable. As
can be expected, such kind of absolute convergence
among Chinese provinces cannot be sugported as the
regression has a poor goodness-of-fit (R° = 0.0414 and
p-value = 0.2813 for the slope’s significance test).

It was also checked whether after the 1978 reform,
absolute convergence among Chinese provinces can
be observed. Table 1b shows the modelling results.
The regression output again rejects the convergence
hypothesis since the regression has an even poorer
goodness-of-fit (R2 = 0.0064 and p-value = 0.6693 for
the slope’s significance test).

Relative convergence test

Then the relative convergence hypothesis was tested
using GDP per capita data for the 31 Chinese
provinces from 1952 to 2017. Table 2a shows the
modelling results. The regression outcome confirms the
hypothesis with a satisfactory goodness-of-fit (R* =
0.3705) and a highly significant slope estimate (p-value
= 0.0004).

If the relative convergence hypothesis starting from
China’s economic reform in 1978 is tested, the
conclusion is stronger as the regression has more
satisfactory goodness-of-fit (RZ: 0.4837) with a very

significant slope estimate (p-value = 0.0000) as reported
in Table 2b. This seems to imply that after 1978, there
is a stronger tendency than before for Chinese
provinces to converge in terms of per capita income.

Another approach

Economic convergence can also be examined without
using a modelling approach, but just using appropriate
descriptive analysis. For example, Parente and
Prescott (1993) study 102 countries from 1960 to 1985.
In this study, each country’s per capita real GDP is
expressed as a fraction of U.S. per capita GDP for the
same year. Then the standard deviation of these values
is calculated separately for each vyear. If the
convergence hypothesis holds, these countries should
move closer to each other in per capita income levels,
and we expect the standard deviation of their relative
incomes to fall over time. In Parente and Prescott(1993)
study, however, it actually increased by 18.5% over the
26-year period, and the increase was fairly uniform
from year to year. Hence the convergence hypothesis
could be rejected.

Similar idea in China’s context was used. We first
check the absolute convergence issue using the GDP
data for China’s 31 provinces from 1952 to 2017. It is
observed that the average GDP level among the 31
Chinese provinces increased substantially over the
period, the average variation or standard deviation of
the 31 provinces’ GDP also increased substantially
over the period, but the relative variation in GDP, as
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Figure 2. Relative variation of 31 Chinese provinces’ GDP.
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Figure 3. Relative variation of 31 Chinese provinces’ per capita GDP.

measured by the ratio of standard deviation over
average, only exhibited a slowly increasing trend, as
shown in Figure 2. This implies some kind of stability or
convergence among the 31 provinces’ total income
(GDP) levels.

When we do the same using the per capita GDP data
for China’s 31 provinces from 1952 to 2017, another
picture was find (Figure 3) showing the relative
convergence. It is observed that, as in the above GDP
case, the average per capita income (GDP) level
among the 31 Chinese provinces increased
substantially over the period, and the average variation
or standard deviation of the 31 provinces’ per capita
GDP also increased substantially over the period, but
the relative variation in per capita GDP, as measured
by the ratio of standard deviation over average,
exhibited a somewhat clear decreasing trend,
especially after 1978 when China started its economic
reform. This implies again a kind of stability or
convergence among the 31 provinces’ per capita
income (GDP) levels.

For each year from 1952 to 2017, when we consider
the ratio of each province’s GDP over the GDP of
Beijing, and the ratio of each province’s per capita GDP
over the per capita GDP of Beijing (Figures 4 and 5),
we find quite similar results as above, which further

confirms certain kind of economic convergence among
China’s 31 provinces in the past several decades.

Conclusion

This research empirically tests the economic
convergence prediction of the classical Solow growth
model in the context of 31 Chinese provinces. Simple
regression and descriptive analysis methods are
adopted to study the economic convergence among
these Chinese provinces in terms of GDP growth and
per-capita GDP growth. Our regression results show
that, GDP growth does not exhibit a strong tendency of
convergence, rejecting the absolute convergence
hypothesis among the Chinese provinces, for the whole
time period from 1952 to 2017 and the reform period
from 1978 to 2017 as well. However, per-capita GDP
growth does suggest convergence, especially after
China’s economic reform from 1978 to 2017, supporting
the relative convergence hypothesis among the
Chinese provinces.

Descriptive analysis further confirms the results. In
terms of standard deviations over average and also
relative to Beijing’s, GDP growth does not exhibit
convergence, while per-capita GDP growth does
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Figure 4. Variation of 31 Chinese provinces’ GDP over Beijing’s.
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Figure 5. Variation of 31 Chinese provinces’ per capita GDP over Beijing's.

suggest convergence, especially after China’s
economic reform, again rejecting the absolute
convergence hypothesis and supporting the relative
convergence hypothesis among the Chinese provinces.

Our research results have meaningful implications.
Rejection of the absolute convergence hypothesis
shows that, due to differences in, e.g., resources,
technologies and initial conditions, GDP growth in
different Chinese provinces still quite differs. Less
developed provinces should work harder to catch up
with the more developed provinces, which may help
achieve regional economic balance in the long run.
Supporting of the relative convergence hypothesis
suggests that, although differs a lot in GDP growth or
economic scale, different Chinese provinces tend to
converge in per-capita GDP growth or average income,
especially after China’s economic reform since 1978.
This is an encouraging trend, which shows the great
economic success in China, not only in GDP growth or

efficiency, but more importantly in average income
growth of equality.

It may be argued that our research results are not
robust and may change by taking different approaches,
which however should be the case. From the brief
review in this paper’s Introduction part, different studies
do get different results about economic convergence
among Chinese provinces. If much more studies can
provide similar results, then the results will reasonably
become more reliable. Our study is just to provide
further evidence in this regard, hopefully contributing to
the accumulation of the relevant knowledge. In the
future, more studies about economic convergence
among Chinese provinces should be conducted using
different methods and economic indicators (including,
for example, consumer price index, total capital
investment, and consumption-income ratio) over
different and possibly longer time periods, so as to get
more comprehensive and possibly more consistent and
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reliable results.
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