Abstract

China’s accelerated growth rate during the reform period 1978-97 has reinforced concerns
about how to cope with continued expansion while also maintaining balanced regional
growth. We examine both the tendency and the speed towards income convergence in
among China’s provinces during the two periods: the pre-reform period 1953-1977 and
the reform period 1978-1997. The Solow growth model is used to provide the main
theoretical framework. The empirical method accounts for heterogeneity in both initial
technology and the rate of technological progress. Estimation problems including weak
instruments and finite sample bias are addressed by the System GMM Estimator and a
coefficient bound provided by the OLS and within group estimator, respectively. Although
we find evidence of conditional convergence for both the periods, relative to the estimated
convergence speed for other regions and countries, China’s provincial convergence speeds
are surprisingly low: 0.414% for the pre-reform period and 2.23% for the reform period.
This means that along the course of the remarkable economic growth of China during the
reform period 1978-97 the provincial income convergence process has been disappointing.
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As China’s economic miracle continues to leave millions behind, more and
more Chinese are expressing anger over the economic disparities between the
flourishing provinces of China’s coastal plain and the impoverished inland,
where 70 million to 80 million people cannot feed or clothe themselves and
hundreds of millions of others are only spectators to China’s economic trans-
formation.?

The New York Times, 27 December 1995, p. 1.

1 Introduction

China’s accelerated growth rate during the reform period 1978-97 has reinforced concerns
about how to cope with continued growth whilst maintaining balanced regional income
inequality. In September 1995 the Chinese government endorsed the view that regional
inequalities have widened stating that “since the adoption of reforms and open door
policies, we have encouraged some regions to develop faster and get richer, and advocated
that the richer should act as a model for and help the poor. But for some reasons, regional
economic inequalities have widened.”*

In this paper we investigate both the tendency and the speed towards income conver-
gence across the provinces of China during both the pre-reform period 1953-1977 and the
reform period 1978-1997. The Chinese case is interesting for several reasons. First, China
is the most populous country in the world and displays vast geographical disparities in the
resource base, living standards and other determinants of income growth. Subsequently,
these disparities place the issue of income convergence into sharp relief. Second, China
has been subject to two contrasting policy regimes since the establishment of the P. R.
China in 1949. Before the reforms of 1978 China was a closed economy under central-
ized planning. In 1978 China adopted economic reforms and the open-door policy, and
as a result has experienced spectacular growth rates, enabling per capita incomes to al-
most quadruple during the last twenty years. In this context and faced with two distinct
regimes characterised by a very different mix of market and non-market forces, we are
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provided with a valuable opportunity to determine the impact of changes in market forces
upon convergence speed. Finally, historical experience suggests that few countries have
succeeded in maintaining political stability under conditions of severe income disparity.
China’s own history is full of uprisings, rebellions and revolutions sparked by economic
injustice. As such the extent of regional income inequality is of considerable interest as it
bears directly on the sustainability of economic reform and open-door policy.

Nonetheless, the question of whether against a backdrop of the removal of state con-
trols of prices, and capital and labour allocations, inter-provincial income disparities have
narrowed has been relatively neglected.

There have been three main studies on China’s provincial income convergence: Jian,
Sachs and Warner (1995), Chen and Fleisher (1996), and Raiser (1998). All studies have
utilised the Solow growth model to examine income convergence. The study by Jian,
Sachs and Warner (1996), using the cross-sectional approach, examines the convergence
of GDP per capita across China’s provinces® over the period 1952-1993, finding that real
income convergence has been a relatively recent phenomenon, emerging strongly only since
the reform period began in 1978. Chen and Fleisher (1996) also use the cross-sectional
method finding evidence of both unconditional and conditional convergence of per capita
income from 1978 to 1993. An estimated unconditional convergence speed of 0.9% per year
implies that it would take 77.3 years to eliminate half of the gap in 1978. The conditional
convergence speed (conditional on physical investment share, employment growth, human-
capital investment, foreign direct investment and coastal location) is estimated to be
5.7% per year. This is considerably higher than the figure of 2% per year which is a
relatively robust result from a number of cross-region studies (see, for example, Sala-i-
Martin (1996), and Mankiw, Romer and Weil (1992) - hereafter MRW). A recent study by
Raiser (1998) tests both unconditional and conditional convergence using both the cross-
sectional and static panel data model during the reform period 1978-1992. He confirms
previous findings that speed of the convergence falls over the course of economic reforms,
with estimated convergence rates ranging from 0.8% to 4.2% per year for various sub-
periods. Overall, previous studies suggest that there is no obvious convergence during
the pre-reform period, with some consensus regarding conditional convergence during
the reform period. However, there remains considerable uncertainty as to the speed of
convergence.

The present study represents a significant contribution in a number of important
aspects. First, there are two principal sources of bias in previous cross-sectional studies:
unobserved province-specific heterogeneity in initial technology levels and endogenous
explanatory variables. In particular, previous cross-sectional studies have assumed a
homogeneous aggregate production functions across provinces and in doing so ignore the
problem of heterogeneity in initial technology levels. This has considerable implications
with regards the estimation of unbiased convergence rates. The problem of potential

Qnly fifteen provinces in their study have GDP data for the pre-reform period 1952-77.



endogeneity of right-hand-side variables such as the investment rate is also neglected. By
utilising both cross-sectional and time series variability, the panel data approach is seen
as a promising alternative. In this study we use a first differenced system generalised
method of moments estimator system (GMM) which allows us to eliminate unobserved
country-specific initial technology effects and correct for endogeneity.

Finally, this study uses a more recent and extensive data source, namely the recently-
released Hsueh-Li (1999) National Income data set, spanning 45 years from 1952 to 1995.
Until 1993 National Income® (NI) had been the single most important economic indicator
in the national and provincial accounts in China, and had occupied a position analogous
to that of GDP in market economies. Data on NI are available in complete time series
both at the national and provincial levels throughout the period 1952-1992. However,
GDP data for more than half of China’s provinces is only available after 1978, resulting in
difficulties when comparing performance between the pre-reform and the reform period.

This paper is organized as follows. In Section 2 we examine the characteristics of the
Chinese statistical reporting system, pre and post reform, and highlight the nature of
the data used in this study. In Section 3 we motivate the ensuing analysis by presenting
a brief graphical overview of the relative growth paths of China’s provinces over the
period 1952 to 1995. In Section 4 we present the Solow neoclassical growth model with a
focus on its dynamics. Section 5 reviews the existing cross-sectional literature of testing
income convergence. Section 6 introduces the panel data framework and System-GMM
estimator employed in this paper. Section 7 contains the empirical results of using both
the cross-sectional method based on OLS regressions and the panel data method. Section
8 concludes.

2 The Chinese Statistical Reporting System: Pre
and Post Reform

Since the adoption of the comprehensive reform policy in 1978, China’s statistical system
has followed the reform wave. Starting from 1985, the state statistical bureau (SSB) has
received financial aid from both the World Bank and the Asian Development Bank for
further developing the national income accounts system, particularly for the estimation
of GDP and its components in the system of national accounts (SNA) and to make up
the deficiency of material product balances (MPS). SNA was completely implemented for
the entire economy in 1992.

The Chinese statistical reporting system is organized within a hierarchical framework,
from the top level, SSB, down to the provincial and county level. This organizational

®National Income (NI) is Net Material Product, which excludes depreciation of capital and the value
added of the service sector. It includes value added of five “materials production”: agriculture, industry,
construction, transport, communication and commerce. NI differs from national income in the market
economy in the coverage of the service sector.



structure forms a reporting system for the grass-roots units to submit statistical data to
the statistical authorities. During the pre-reform period of 1952-77, the Chinese statistical
system adopted the system of MPS. The making of MPS is tailored to meet the needs of
the central planning economy. The main aggregate indicators are the value of total output
and national income. National income is calculated as value-added and comparable with
GDP in the SNA adopted by the market-economy countries. The main difference between
GDP and National income accounts is that the latter do not account for the value-added
of the service sector.

There are three principal shortcomings with the SNA. First, there is no provincial
GDP data for about half of China’s provinces during the pre-reform period. As a result,
previous studies on China’s regional economy have used national income data. Second,
there are no provincial GDP deflators and the provincial retail price index is used to deflate
NI for each province. Finally, there is no national and provincial investment deflators until
1991. With the support from SSB, Hsueh and Li (1999) have published the most complete
set of Chinese national and provincial income accounts. The Hsueh-Li data set provides
information for the service sector omitted in the material product balances and thus is
directly comparable with those of other developed economies. Furthermore, provincial
level GDP, GDP deflators, total investment, and investment deflators for both the reform
and pre-reform periods, is also available. In this study we use provincial GDP data from
the Hsuech-Li national income data set, covering the period 1952-95. Provincial GDP
data and investment data for 1996 and 1997 is drawn from China Statistics Yearbook
1997.

Our data covers a 45 year period (1953-1997) and includes 28 provinces in China
(see Table 1). The two exclusions are Hainan, a newly established province and Tibet,
which does not have data until 1987. Nominal provincial GDP data is deflated using
provincial GDP deflators. Real investment/GDP ratio is defined as the total investment
within one year at 1995 constant price.” Because of the difficulty in obtaining data on
capital depreciation (6), we assume that 6 does not vary across provinces. This present
paper maintains the assumption of Raiser (1998) that g + ¢ is equal to 0.07 and constant
across China’s provinces. Following Islam (1995), we use five-year time intervals for two
periods: 1953-1978 and 1978-1997. By adopting this approach are results are less likely
to be influenced by business cycle fluctuations.®

3 A Graphical Overview

Before we examine graphical evidence on differences between province level growth pro-
files, we say a few words regarding the choice of the Solow model as a framework for
analysing convergence. Bernard and Durlauf (1996) highlight the very real differences

"The deflators of both GDP and investment take the prices of 1995 as 100.
8For 1952-1978 there are five sub-periods: 1953-57, 1958-62, 1963-67, 1968-72, and 1973-77. For
1978-1997 there are four: 1978-82, 1983-87, 1988-92, and 1993-97.



in the cross-section and time series approaches to testing for convergence. However, the
critical point is that these tests are appropriate under very different circumstances. For
example, whereas standard cross-section tests assumes that economies are far from a
steady state, the time series tests focus on the limiting value of the difference between per
capita output, and in this respect the emphasis is placed upon the equivalence of these
limiting values. Subsequently, although the sin qua non of the cross-sectional approach
is that initial conditions matter, the time-series approach focuses upon limiting distri-
butions and thereby presupposes that initial conditions have no statistically significant
effect on output differences. In this respect the time series approach, which in testing
for convergence requires that economies are close to their steady state’ is perhaps not
such an appropriate framework to examine the China’s provincial growth profiles which
we believe reflect both initial conditions and the dynamics of a transition process.

In the closed economy Solow model the principal mechanisms behind any tendency
towards convergence are factor mobility and technology flows. In this context and un-
der ceteris paribus conditions we might expect a greater tendency towards convergence
across regions given the existence of a common central government, institutions and a
single currency. During the pre-reform period, the Chinese government had bothstrategic
and ideological reasons for promoting the development of local autarchic economies and
developing duplicate sets of industries in each province.

In addition, one of the distinguishing characteristics of China’s provincial economy is
autarchic, relatively closed local economies. In this particular respect the Solow growth
model represents a suitable framework for testing convergence. Finally, we also empha-
sise that the objective of this paper is not to evaluate the respective merits of alternate
frameworks with which to examine convergence, but more simply to examine the impli-
cations of using a cross-sectional compared to a panel data approach for the analysis of
convergence within the confines of the Solow growth model. In this respect our approach
is similar to Nerlove (1999).

The study of provincial convergence in China is of particular interest given the op-
portunity afforded to determine the extent to which changes in government determined
factor mobility have affected convergence.'® During the pre-reform period China was a
centrally-planned economy and internal migration of labor was controlled by the gov-
ernment.!! However, in the reform period it has become possible to have unregistered
migration, although the constraints upon unregistered migration across provinces are still
powerful.!? Similarly, there is no significant evidence for inter-provincial capital mobility.

9This follows since observed sample moments are used to approximate the limiting moments.

0 Obviously without a valid counterfactual we cannot isolate the direct effect of a set of policy reforms
such as the removal of restrictions on labour mobility.

' The principal instrument for such control lies in the 1958 Regulation on the Registration of House-
holds, which requires every household to register its place of residence, and to gain permission for any
changes in residence. Until the early 1980s, migration without permission was extremely difficult.

12The main reason is that illegal migrants lack access to schooling for children, state-run health care
and other services.



For the pre-reform period, state-sector investment (accounting for almost all investment
across provinces) was centrally allocated. In contrast, during the reform period, a number
of studies have argued that capital mobility in China as a whole has declined (see, for
example, World Bank Country Study (1994)). Young (2000) notes that the process of
decentralization resulted in the fragmentation of the domestic market and interregional
barriers to trade.

Below we provide a graphical analysis of the provincial growth process during the
pre-reform (1952-77) and reform periods (1978-97). Our intention is to present some
sense as to the general trend toward income convergence!'® or divergence among China’s
28 provinces. We first categorise provinces on the basis of coastal (9 provinces) and
the interior provinces (19 provinces). One reason for adopting this classification is that
there is a significant growth difference between the coastal provinces and the interior
provinces, in part attributable to regional policy during the reform period which has
emphasized the development of the coastal region. In Table 1 we list all the provinces
and indicate location in terms of the coastal/interior classification. Figure 1 shows that
the income gap in terms of log GDP per capita between coastal and interior provinces
increases slightly after 1978. A problem with this classification of provinces is that there
exists considerable heterogeneity within both the coastal and interior provinces. For
example, not all coastal provinces outperform the interior provinces in terms of the long-
run growth performance. In fact only the five fastest growing provinces (Guangdong,
Fujian, Jiangsu, Shandong and Zhejiang), have outstanding growth performance relative
to the interior provinces. In addition the annual average growth rates of three coastal
provinces (Tianjiang, Liaoning and Shanghai) are less than the national average (see
Table 2). Figure 2 shows that the average per capita income of the five fastest growing
coastal provinces!'* is rapidly approaching that of Shanghai. In contrast, two provinces,
Heilongjiang, the heavy industrial base in North-east of China, and Qinghai, an inland
province in North-west of China, have been obviously falling behind. Figure 3 compares
the remaining coastal provinces (Hebei, Liaoning, Tianjing and Shanghai itself) with the
interior provinces excluding Heilongjiang and Qinghai.

We also divide 9 coastal provinces into the richest (Shanghai), the average group and
the poorest (Hebei). Figure 4 demonstrates that the income gap between the richest
coastal province (Shanghai) and the poorest coastal (Hebei) is relatively constant. Sim-
ilarly, we divide 19 interior provinces into the richest (Beijing), the average group and
the poorest (Guizhou). Figure 5 shows that the income gap between the richest interior
province (Beijing) and the poorest (Guizhou) has increased slightly since 1980s.

Based upon the graphical evidence presented above there is little evidence of overall
income convergence among all provinces during both the pre-reform and reform period.
Furthermore, as all graphs show the income levels using logarithmic scales, the slopes

13 This analysis considers convergence as the reduction of inter-province income differences over time.
14 These provinces have grown at more than 10% each year since 1978. These provinces have also been
referred to as the ’five dragons’.



represent per capita growth rates. Therefore, since the growth rates of all provinces appear
to be moderately steady since 1978, this implies that the significant initial differences
between provincial growth rates is maintained.

4 Solow Neoclassical Growth Framework

Despite its age the Solow growth model continues to provide the theoretical basis for a
large number of the cross-sectional studies of income convergence (see, for example, Barro
and Sala-i-Martin (1991), and MRW). More recently, studies by Islam (1995), CEL (1996),
Lee Pesaran and Smith (1997, LPS), and Nerlove (1998), have utilised both cross-section
and time series observations to test income convergence and estimate the convergence
rate. Since the estimated convergence speed has important policy implications, one of
the critical issues is how to consistently estimate this parameter. To facilitate comparison
between cross-sectional and the panel data studies, we provide a brief overview of the
Solow growth model.

Using standard notation we assume a Cobb-Douglas production function with out-
put (Y) and three inputs, capital (K), labour (L) and labour augmenting technological
progress (A)."> Assuming constant returns to scale we write

Y(t) = K(t)*(A[#) L), (1)

where 0 < a < 1. Labor force and technology grow at the following constant and
exogenous rates

L(t) = L(0)e™, (2)
A(t) = A(0)e”, (3)

where n is the growth rate of the labor force and g is the rate of technological progress.
L(0) is the initial state of the labor force and A(0) is the initial state of technology. If we

denote y(t) = %% as output per effective unit of labor, and k(t) = ﬁ% as capital

per effective unit of labor then §(t) = f(k(t)) = k(¢)*. The evolution of capital is given
by

~

k(t) sk®(t) — k(t)(n+ g + 6), (4)

where s is the savings rate and ¢ is the depreciation rate of capital. Capital is subject

to diminishing marginal returns such that %(:((t% > () and %;((’:r)(?) < 0. The steady state

capital stock, %*, can be determined by setting equation (4) equal to zero

1

15The exposition of the Solow model is mainly based on MRW and Islam (1995).




By substituting (5) into the production function (¢) = k(t)®, the steady state output
per effective unit of labor can be derived, which in logarithmic form may be written

Ing* — (%) lns— In(n + g+ 6)]. (6)

Following Islam (1995), approximating around the steady state, the rate of convergence,
A, denoting the rate at which output per effective unit of labor approaches its steady state
value, is given by

dlny(t . .
I _ () - (o) )
where A = (1 — «)(n + g + 6). The solution to the differential equation (7) is
Ingy(tz) = (1= ¢)Ing* + (1= ¢) Iny(t), (8)

where ¢ = e *", and 7 = (t, — t;). This equation represents a partial adjustment process
where the optimal or target value of the dependent variable is determined by the explana-
tory variables of the current period. In the present case, y* is determined by s and n,
which are assumed to be constant for the entire intervening time period between t; and
to and hence represent the values for the current year as well.

In operationalising this model we need to work with output per capita. In order to
reformulate equation (8) we express output per effective unit of labor as

ng(t) = In <%> ~In <%) :

Y (t)

Iny(t) =1n <m> —In A(0) — gt. 9)

Substituting the expression for In g(¢) into equation (8) and subtracting Iny (¢;) from both

or

sides, provides us with an expression of per capita output growth over the period t5 — t;
Iny(ts) —lny(t;)) = —(1—¢)Iny(t) (10)
+(1 = ¢)InA(0) + g(t2 — ¢t1)
o
H1= O = tnls) — (1= 0)

— —

«

In(n + g+ 9),

where y(t) = % stands for per capita output, and the parenthetical term z denotes the
log of the steady-state per capita output. The Solow model in equation (10) focuses upon

the transitional growth dynamics of one economy to its steady state income path. Letting

B = —(1 — {) denote the parameter on income at ¢, the speed of convergence is then
given by
1 1
NERICER)
T

Below we examine identification conditions for both the OLS cross-sectional and panel
data approach. In this discussion a key issue will be the interpretation and measurement

of A(0).



5 An Overview of Cross-sectional Studies

Much of the literature on cross-sectional convergence focussed upon testing two impor-
tant concepts:  unconditional and 3 conditional convergence. Within the Solow growth
framework, 3 unconditional convergence implies that the rate of savings, population
growth, technological progress, and depreciation (s, n, g, and 8, respectively) and ini-
tial technology, A(0), are equal across countries; in the context of a cross-sectional study
all these terms become constant. To see this we first write equation (10) as

ity = @+ BYi1 + wi, (11)

where ¢ = 1, ..., N denotes the region index, ¢;,, = Iny; (t2) —Iny; (t;) denotes the growth
rate of real per capita GDP for region i over the time period ¢, — ¢, and ¥, ; is the initial
level of real per capita GDP at t;. # < 0 in (11) implies 3 convergence, in that growth
depends (negatively) only on the initial level of per capita income.

Of particular interest is the intercept term a. Within the context of an unconditional
model of convergence, and based upon (10), a is given by

a = (1=¢)InA(0)+g(ta — Ct) (12)

+(1—g)1f‘aln(s)—(1—g)1fa1n(n+g+5).

Here a is additive in the effect of savings, population growth, initial technology, A(0),
and the exogenous rate of technological change, ¢(.). Different initial conditions affect
the speed of convergence to the common steady state. As both MRW and Islam (1995)
note, if we write In A(0) = w + ¢;, namely as additive in a constant and an unobserved
region specific term, then u; in (11) will have an error components representation given
by u; = €+¢;, where € is a random disturbance term. For any given region the unobserved
region specific effect ¢; is likely to be correlated with savings and population.

Earlier cross-sectional studies (e.g. Baumol 1986) found that § unconditional con-
vergence has taken place only among relatively homogeneous groups of countries such
as members of the OECD, but not among a broader number including developing coun-
tries. Studies by Barro and Sala-i-Martin (1991, 1992, 1995) and Sala-i-Martin (1996)
have examined the tendency of regions within a country to exhibit income convergence.
For example, Sala-i-Martin (1996) argues that  convergence occurs within a number of
countries including US states, Japanese and European countries. Furthermore, the speeds
at which the regions of different countries converge over different time periods are sur-
prisingly similar (about 2%), which implies that 50% percent of this difference vanishes
only after 115 years.

The concept of § conditional convergence represents an extension to the unconditional
model, and by controlling for differences in population growth rates, and the savings rate,
removes the necessity to assume identical steady state levels of income for all countries.
We now rewrite (11) as

Giger = @+ Byin + 0% +u,, (13)
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where x; is a vector including In(s;) and In(n; + g + 6), and 0 is the associated vector of
coefficients. As a result the intercept a may now be written as a = (1 —¢) In A(0) + g(t2 —
(t1). However, given that parameter identification is based solely upon cross-sectional
information, it is still necessary to enforce homogeneity of both In A(0) and g. In this
respect a finding of conditional convergence implies that the economies converge to the
same underlying steady-state path.

MRW concluded that there is strong evidence for 3 conditional convergence among
a broad number of countries over the period 1960-1985, once saving, population growth
and human capital accumulation are controlled for. Estimates of the average speed of
convergence range from 0.6 to 2 percent per annum.'® However, Islam (1995) and CEL
(1996) question the validity of this finding, stating that problems with the cross-sectional
approach, and in particular the bias generated by the correlation of omitted country
specific technology effects and the steady state technology growth rate, g, cause the speed
of convergence parameter to be biased downwards. The essence of their argument is
that studies such as Barro (1991) and MRW are based on the assumption that the initial
state of technology, A(0), and g are homogeneous across countries. As such, the estimated
speed of convergence gives the average speed at which a country converges to the common
steady state income path. If the homogeneity assumption of A(0) and/or g is not valid,
convergence estimates will be biased (see, for example, LPS). Further, there may be
additional problems due to endogeneity of control variables. For example, Cho (1996),
finds endogeneity of both the investment rate and the population growth rate in the
Summers-Heston data set.

The panel data approach initiated by Islam (1995) and CEL (1996) has potential ad-
vantages over the cross-sectional method in overcoming these two problems. However,
whether the potential advantages can be realized largely depends on the panel data es-
timators used, and in the case of an endogeneity correction, the availability of feasible
instruments. We examine these issues below.

6 Empirical Method of Panel Data

6.1 Panel Data Framework

If we collect terms involving the log of the first period GDP on the right-hand side of
equation (10), we may write an autoregressive form of the growth model as

Iny(tz) = (lny(t) (14)
+(1 — C) lnA(O) + g(tg — Ctl)

+(1 = Qr=—1n(s) — (1 - )=

1 .
— n(n+g+0)

16This finding implies that it takes between 35 and 115 years to close half the gap between initial
income and the common steady state income.
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(14) represents a general dynamic framework within which to examine income conver-
gence. Using obvious notation we may, adding a disturbance term, write this equation
as

Yie = bYig1 + 01X¢,t + Ty +n; + vig, (15)

where i, = (In(s), In(n +g+8)) , 8 = (1~ €)%, —(1-¢)r%) and b— 148 = (. We
interpret the effects 7, as a composite of unobservable province-specific factors, thereby
representing the combined effect of institutions, factor endowments, and relative location,
together with initial technology differences. Similarly, the T; captures the time-specific
effects which include the rate of technological change.

In comparing (15) with (13) we note that the intercept in (13) is additive in two
constant terms: (1 — ¢)In A(0) and g(t2 — (t1). With multiple observations per cross-
sectional unit it is possible, through the introduction of province-specific and time-specific
effects, to relax the assumption of strict parametric homogeneity of both In A(0), the initial
technology state, and g, the technological progress rate. Islam (1995) and CEL (1996)
allow the aggregate production function to differ across countries with respect to initial
technology state A(0) while the homogeneity of ¢ is maintained.

By allowing for differences in the initial state of technology A(0) we thereby allow
economies to have distinct but parallel steady state income paths. However, the eco-
nomic implications of the convergence parameter become weaker. As Durlauf and Quah
(1998) note, although the use of panel data methods facilitates a control for unobserved
heterogeneity, there are subsequent difficulties in interpreting the output from conver-
gence regressions. In particular, if we allow A(0) to differ across economies, a finding of
convergence to the then parallel underlying steady-state paths is not informative in the
sense that we are not able to make statements as to whether poor economies are converg-
ing to the (common) steady state. Nevertheless, and conditional upon a homogeneous
growth rate of technology, we can say that the income gap among the economies is stable
due to the existence of parallel steady-state growth paths. In this respect convergence
may be interpreted as the speed with which economies approach parallel long-run growth
paths.

6.2 Heterogeneity in the Rate of Technology Progress Rate

The question whether or not economies have the same technology progress rate is also of
considerable empirical interest. LPS (1997) demonstrate that if the assumption that the
technological progress rate g is the same across all countries or provinces is invalid, then
the effect of imposing a common ¢ biases the estimate of b toward 1'7. Lee, Pesaran, and
Smith (1998) suggest the use of the panel data approach to allow countries to differ not
only with regard to A(0) but also with respect to g. If g does vary across the economies the
long-run growth paths are not parallel and the system of economies are diverging. As far

"LPS (1997) demonstrate the existence of pervasive heterogeneity in g; in the Summers-Heston data.
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as economic implications for income inequality is concerned, the existence of heterogeneity
in technology growth rates completely alters the notion of (conditional or unconditional)
convergence. As Lee, Pesaran, and Smith (1998), such a finding provides no insight into
a comparison of the evolution of the distribution of cross-country outputs.

Although an assumption of homogeneity of the rate of technological progress across
provinces during the pre-reform period is tenable, this is unlikely to be the case for the
reform period. In particular, we might conjecture that the technology progress rate of
coastal provinces is different from that of the interior provinces. This hypothesis can be
tested empirically by the use of a composite dummy based upon taking the product of a
time and coastal dummy. We do this by rewriting 15 as

Vit = byir1 +0xy + DT, + T, +n; + viy, (16)

where D; = 1 if the i¢th province belongs to the coastal region. Note that within each
region (coastal and interior) there is a maintained assumption that the rate of technological
progress is homogeneous.

6.3 The System GMM Estimator and the Weak Instruments
Problem

Estimates of the convergence speed parameter based upon panel data studies have been,
in general, considerably higher than the 2% of the cross-sectional studies. For example,
Islam (1995) using the Summers-Heston data finds annual convergence rates between 3.8%
and 9.1%, whereas CEL using the first-difference GMM ( DIFF-GMM) estimator finds a
convergence rate of 10%. However, the estimation problems of the panel data estimators
used have been largely ignored'®. Here we concentrate on CEL’s first-difference GMM
estimator. Since the true value of the autoregressive parameter, b, is very likely to be near
1 (as shown in Nerlove (1998)) the dependent variable y; ; is thus very persistent and nearly
nonstationary. Blundell and Bond (1998) use Monte Carlo simulations to demonstrate
the relatively large finite-sample bias generated by the use of the DIFF-GMM estimator
to estimate autoregressive models from moderately short panels. Table 3 reports some of
their results showing the poor performance of the DIFF-GMM estimator for high values
of b. The DIFF-GMM estimator exhibits both a large downward bias and very imprecise
estimates.

18The within-groups estimator used by Islam (1995) provides downward biased and inconsistent es-
timates of the autoregressive parameter in a dynamic panel model with fixed T' (see Nickell (1981)).
Nerlove (1998) uses a random-effects maximum-likelihood estimator which is unconditional on the initial
observations. However, we believe that the random-effect assumption may be invalid for three reasons.
First, the random effect has to be uncorrelated with the exogenous variables included in the model such
as investment rate. Islam (1995) obtains the estimates of the individual country effects and finds that the
estimated country effects have a positive relationship with both the observed growth rates and human
capital. Moreover, the distribution of these country effects is not normal. Finally, in the finite sample the
individual country effects may be better taken as fixed effects term rather than a normal distribution.
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The System GMM estimator developed by Blundell and Bond (1998) represents a
significant improvement over the first difference GMM estimator proposed by Caselli,
Esquivel and Lefort (1996) (hereafter CEL). Given that annual log per capita GDP (or
five-year averages of log per capita GDP), is likely to be persistent, weak correlations exist
between the growth rate of log per capita GDP and the lagged log per capita GDP levels.
This results in what is referred to as a weak instruments problem in the context of the
first-difference GMM estimator. Blundell and Bond (1998) demonstrate that this prob-
lem can result in large finite-sample biases when using the first-difference GMM estimator
to estimate autoregressive models for moderately persistent series from relatively short
panels. The authors show that the biases can be dramatically reduced by incorporating
more informative moment conditions that are valid under quite reasonable stationarity
restrictions on the initial condition process. Essentially the System GMM estimator rep-
resents the use of lagged first-differences as instruments for equations in levels, in addition
to the usual lagged levels as instruments for equations in first-differences. In addition,
the finite-sample performance of the System GMM can be tested by the identification of
an estimation range for the convergence speed provided by the OLS and within-group
estimator.

As a way of correcting for this bias Blundell and Bond (1998) note that if the initial
conditions y;; satisfy the stationarity restriction E[Ay;n,] = 0, then suitably lagged
values of Ay, , as well as Ax;, s are available as instruments for the levels equations.
The resulting System GMM estimator combining equations in levels with equations in
first-differences, is shown to provide dramatic gains both in asymptotic efficiency and
in finite sample properties, relative to the first-difference GMM estimator (see Arellano
and Bond (1991)). Both sets of moment conditions can be exploited as a linear GMM
estimator in a system context.

To evaluate the finite sample performance of System-GMM estimator in this particular
application we establish a bound for the autoregressive parameter. Knowledge of the
direction of the bias in the OLS and within-groups estimator in models with fixed T is used
to establish an approximate upper and lower bound for b in the growth regressions. As
Hsiao (1986) shows, omitting unobserved time invariant country effects in a dynamic panel
data model will cause OLS levels estimates to be biased upwards and inconsistent, given
the positive correlation between the lagged dependent variable y; ;1 and the permanent
effects n;. On the other hand, the within-group estimator produces a downward bias
with the extent of attenuation increasing when exogenous covariates are added. Sevestre
and Trognon (1996) demonstrate that, for the purely autoregressive case (i.e. 6 = 0)
and within a class of estimators including the mean group estimator and the Generalized
Least Squares estimator, the within group and OLS estimator can provide a tighter bound
around b. Nerlove (1998) empirically confirms that the Sevesre-Trognon bound generally
holds except for one reversal in the case of the first-difference model.
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7 Results

Table 4 reports the results for unconditional S convergence over the pre-reform period
1953-1977 and the reform period 1978-1997. Focussing upon parameter estimates in
columns 1 and 3, we observe that the coefficients on the log of initial per capita GDP
in 1953 and 1978 are negative but insignificant for both periods, and thus we find no
tendency for poor provinces to grow faster on average than rich provinces. In terms of the
pre-reform period, one possible explanation for this finding is the existence of two large
negative shocks (the Great Leap Forward 1958-61 and the inception of the Cultural Rev-
olution 1966-70). Since 1978, the economic reform has introduced market forces across all
provinces and the overall economic growth process has been fairly steady. In this context
the finding of no 3 unconditional convergence for the reform period 1978-97 is surprising.
These results stand in sharp contrast with the existing evidence on unconditional conver-
gence where the cross-sectional units are regions within a single country. However, our
results are similar to the findings of many previous studies on the failure of incomes across
countries to converge (see, for example, Baumol (1986)). In this respect our findings sug-
gest that China’s provinces exhibit greater heterogeneity than regions within countries
such as the U.S.

In columns 2 and 4 we introduce a coastal dummy which proxies for differences between
the coastal and interior provinces in terms of the initial technology level, technology
progress rate and the steady-state income. As a result it is necessary to be careful in
interpreting our results given that conditional on a significant coastal dummy it is not
possible to say whether the technology progress rate is different between the coastal and
interior provinces. The coefficient of the coast dummy is not significant for the pre-reform
period 1953-1977. The coefficient on the log of initial per capita GDP is negative but
insignificant. In contrast the coefficient on the coast dummy is highly significant for
the reform period, and in addition the coefficient on the log of initial per capita GDP is
significantly negative. This is consistent with the previous findings such as Jian, Sachs and
Warner (1995). Further, the inclusion of the coast dummy substantially improves the fit of
the regression from 5.5% to 54.8%. Unlike the previous studies, however, we do not claim
that there is clear evidence for 3 convergence in the reform period 1978-97. The reason
for this stems from the fact that it is possible that the significanceof the coastal dummy
is driven by differences (between coastal and interior provinces) in the underlying rate of
technological progress, thereby implying system-wide income divergence. In fact, this is an
entirely plausible scenario since during the pre-reform period China was extremely isolated
from the outside world such that geographical location had little bearing in accessing
technical knowledge. After 1978 China has adopted an open door policy. Therefore,
access to the ocean, and thereby to the world market, has undoubtedly afforded a real
advantages to the coastal provinces. In the context of a fragmented domestic economy
of China and restrictive interregional trade (see, for example,Young (2000)), the interior
provinces may not be able to share the same technical knowledge as the coastal provinces.
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Table 5 presents the cross-section results for # conditional convergence for both peri-
ods. Control variables are the investment/GDP ratio (I/Y") and the population growth
rate (n + g + 6). As before we begin by examining parameter results in columns 1 and
3. For the pre-reform period the coefficient on the initial level of income is positive but
insignificant; that is, there is no evidence of divergence or convergence. This finding is
consistent with the results of Jian, Sachs and Warner (1996), namely that there is no
strong conditional convergence across the provinces during the pre-reform period. For the
reform period, the coefficient is negative but insignificant and in this respect contrary to
the current consensus of conditional convergence across both countries and regions'®. One
possible reason is that we use a new provincial GDP data especially with province-specific
GDP deflator and investment deflator relative to the previous studies. The finding of an
insignificant coefficient of investment is consistent with the results of Chen and Fleisher
(1996) and may imply that capital accumulation is not the main source of rapid economic
growth of China after 1978.

After controlling for the investment rate and population growth, a significant coastal
dummy may be interpreted in terms of diffferences in the initial technology level, and/or
in the rate of technological progress. For both periods the coastal dummy variable is
statistically significant. For the pre-reform period, the coastal dummy is more likely to
reflect heterogeneity in the initial technology level. The coefficient on the initial level of
income remains insignificant; that is, there is no evidence of (3 conditional convergence.
In the reform period the inclusion of a coastal dummy significantly improves the fit of the
regression with R? increasing from 0.81% to 53.8% The coefficient on the initial level of
income is significant, consistent with the findings of the previous studies. Again we note
that this finding cannot be interpreted as evidence of § conditional convergence given
that the coastal dummy may reflect the heterogeneity of technology progress rate during
the reform period. If so, there is evidence of a system-wide income divergence.

Finally, we cannot exclude the possibility that the reasons for these unexpected find-
ings result from the underlying problems of the cross-sectional method. Namely, that
cross-sectional studies fail to capture the dynamics of income convergence, the initial
heterogeneity in A(0) across the provinces, and the potential endogeneity problem of
the investment/GDP ratio and the population growth rate. We explore this proposition
below.

7.1 Panel Data Test for Conditional Convergence

In Table 6 reports results for the growth regressions for the pre-reform period based
on equation (15)*. A positive coefficient less than 1 on initial GDP is interpreted as

YFor example, MRW finds conditional convergence for different country groups such as non-oil countries
during the period 1960-1985.

20 A1l reported standard errors are corrected for heteroskedasticity. The parameter estimates and stan-
dard errors reported from GMM estimation are one-step estimators. All regressions except the first-
difference GMM regressions include time dummies and they are found to be jointly significant in every
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conditional convergence. Columns 1 and 2 report, respectively, the results of the OLS
levels estimator and the within groups (WG) estimator. The OLS estimator provides a
much higher estimate of the autoregressive parameter, b, than the WG estimator, together
providing the upper and lower bounds for the GMM estimation. The coefficient of In gy,
is greater than 1 implying that provincial income is highly persistent. The implied speed of
convergence based on the results of the WG estimator in column 2, 19.37%, is significantly
different from the divergence implied by the OLS estimation.

In column 3 we present parameter estimates using the DIFF-GMM estimator, assum-
ing that initial income, investment, together with population growth, are endogenous.
The coefficient on the lagged dependent variable is statistically significant and exceeds
the upper bound provided by within groups estimator. Given that Iny;, is highly persis-
tent according to the OLS estimation in column 1, it is likely that the poor performance
of the DIFF-GMM estimator is due to the weakness of the instrument set used. Further-
more, an application of the Sargan Test suggests that the instrumental variables used in
the DIFF-GMM estimator are not valid.

Since the DIFF-GMM estimator appears to suffer from the weak instruments problem
we use a system GMM estimator as an alternative. The results are reported in column 4.
The coefficient on the lagged dependent variable from the system-GMM estimator falls
between the upper and lower bound (0.3797 to 1.0248), and therefore is more likely to be
unbiased. In addition, the estimates of the population growth rate and investment ratio
are more precise than those obtained from first differenced GMM estimator. An applica-
tion of the Sargan test (p-value=0.416) strongly suggests that the instrumental variables
used in the system GMM are valid. Thus, based upon this evidence the system GMM
is the preferred estimator for the Solow growth regression during the pre-reform period.
The estimated speed of convergence is approximately 0.41% per year and extremely slow.

All regressors except the population growth rate are statistically significant at the 5%
level. The coefficients of the investment ratio is negative and significant in the system
GMM regression. During the pre-reform period, all provincial investment was controlled
by the state and made through China’s state-own enterprises. In this respect the negative
sign of investment rate may be interpreted in the light of soft budget constraints,?* which
represented a major incentive problem of the state-owned enterprises during the central
planning period.

Table 7 reports growth regressions for the reform period. Similar to the analysis for the
pre-reform period the system GMM estimator is preferred to the DIFF-GMM estimator.
First, the convergence coefficients of In(y,—;) of the DIFF-GMM estimator (1.0299) falls
outside of the lower-upper bound (0.9043-0.9927) given by the within group and OLS

regression. In order to conserve space the time dummy estimates are not reported in the tables. All
parameter estimates are obtained using DPD98 for Gauss (see Arellano and Bond (1998)).

21S0ft budget constraints are a key characteristic of socialist economies and remain an important
concern in transition economies. Following Kornai (1980), a local government or an enterprise is said to
have a soft budget constraint when it expects to be bailed out when faced with financial difficulties. This
creates an obvious incentive problem.
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estimator respectively, whereas the system GMM estimate falls within the bound. Second,
the OLS estimate of the autoregressive parameter shows that provincial income is highly
persistent. The implied convergence rate based upon the system GMM estimator is 2.23%
per year. An application of the Sargan Test suggests that the instrumental variables used
in both the DIFF-GMM system GMM estimator are significant.

The coefficient of investment has a positive sign across all estimators, although they
are insignificant. In contrast to the pre-reform period, the positive investment coefficient
may be due to the improvement in investment efficiency following the changes in China’s
investment ownership structure after 1978, with increasing shares of private investment
and FDI. The process of increasing market competition and fiscal decentralization have
hardened budget constraints of the state-owned enterprises (Qian and Roland (1998)).
Nevertheless, the general insignificance of the coefficients of investment rates for the re-
form period 1978-97 may imply that inter-provincial differences in productivity instead
of capital accumulation are likely to play an important role in explaining differences in
provincial income. The coefficient on the population growth rate has the expected sign
in all regressions.

7.1.1 A Test for Heterogeneity in the Rate of Technological Progress

Whether the coastal provinces have the same rate of technological progress as the interior
provinces is a critical concern for our study. Table 8 reports the system GMM estimates
based upon equation (16)*?. For the pre-reform period, using a Wald test, we cannot reject
the null hypothesis that across interior and coastal provinces there is a homogeneous rate
of technological progress (p-value=0.303%). The implied convergence speed is 0.879% per
year (the half-life is 77 years) which although higher than the estimated convergence speed
using (15) is still very slow. For the reform period the interaction of the two dummies is
highly significant (p-value=0.00%), implying a difference in the technology progress rate
of the coastal and interior provinces. An immediate implication from the Solow growth
model is that the group of the long-run growth paths of the coastal provinces is not
parallel with that of the interior provinces. As such the finding of conditional convergence
(b =0.8467 < 1) implies that the coastal and interior provinces are approaching their own
parallel steady state paths at the same convergence speed (3.328% per year; the half-life
is 22 year), and thus form two distinct convergence clubs. Our findings, namely that by
imposing homogeneity in the rate of technological progress the estimate of b is pushed
towards one, and the measured speed of convergence is reduced, is consistent with the
results obtained by LPS (1997).

The investment rate has a negative sign for the pre-reform period, which may be
rationalized by the existence of a central planning regime and the pure state investment

22 As with the results of the panel data tests with imposed homogeneity in rate of technological progress
rate, the system GMM estimator is preferred in the growth regressions for both the pre-reform and reform
period. To conserve space, we do not report the results of OLS, Within Group and the first-difference
GMM estimator.
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structure. For the reform period, it has a positive sign which may be interpredted in the
light of increasing private investment and FDI. Nevertheless, the population growth and
investment rate are not significant for both periods.

8 Conclusion and Qualification

This paper extends the analysis of previous studies on China’s provincial income con-
vergence by using the System-GMM estimator to examine provincial income convergence
tendency and speed during the pre-reform period 1953-77 and the reform period 1978-97.

We summarize our empirical findings:

1. Using the cross-sectional approach as a benchmark for the panel data studies our
findings are striking. For both the pre and post-reform period we find no evidence of
[ unconditional or conditional convergence. This result echoes the previous findings of
Jian, Sachs and Warner (1996).

3. Using the DIFF-GMM estimator we find that most coefficients fall outside the
defined bounds given by the OLS and within groups estimator. A system GMM estimator
is shown to be the preferred estimation method.

2. Using the panel data approach we find evidence of provincial income convergence.
These relative findings are explainable in terms of a correction for both the homogeneity
and exogeneity assumptions which characterise the single cross-section regression. From
the perspective of growth theory these results highlight the significance of the differences
in the aggregate production functions across China’s provinces. Moreover, the obtained
convergence speeds are 0.414% for the pre-reform period and 2.23% for the reform period
using the system GMM estimator. They are very low relative to the panel data findings
for the country studies (Islam, 1995; CEL, 1996).

3. Homogeneity in the rate of technological progress rate is a maintained hypothesis of
the panel data results noted above. Since the beginning of the reform period the coastal
provinces’ growth performance has been much more remarkable than the interior provinces
of China. Based on the empirical specification of LPS (1998), we allow for heterogeneity
in technology growth rate between the coastal and interior provinces by using a coastal
dummy interacted with the time dummy. The results of the Wald test show that there is
no heterogeneity for the pre-reform period but there is heterogeneity for the reform period
between the coastal and interior provinces of China. This implies that provincial incomes
as a system were converging during the pre-reform period but are diverging during the
reform period. The implications of this finding for China’s stability and continued reform
need no further emphasis.

4. Finally, the insignificance of the investment coefficients suggests that productivity
may have played a more important role in explaining the differences of provincial incomes.
This result is consistent with a recent IMF report which examines the reasons behind
China’s rapid growth (see Hu and Khan (2000).
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Table 1: China’s Provinces and Geographic Location

Province Location || Province Location
Beijing Interior Henan Interior
Tianjing Coast Hubei Interior
Hebei Coast Hunan Interior
Shanxi Interior Guangdong | Coast
Inner Mongolia | Interior Guangxi Interior
Liaoning Coast Hainan Interior
Jilin Interior Sichuan Interior
Heilongjiang Interior Guizhou Interior
Shanghai Coast Yunnan Interior
Jiangsu Coast Tibet Interior
Zhejiang Coast Shaanxi Interior
Anhui Interior Gansu Interior
Fujian Coast Qinghai Interior
Jiangxi Interior Ningxia Interior
Shandong Coast Xinjiang Interior
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Table 2: Average Annual Growth Rates of Per Capita GDP of China’s Provinces

Province Pre-reform Reform % Change
Period 1952-78 Period 1978-97
Beijing 8.57 791 -7.70
Tianjing 6.07 8.53 40.53
Hebei 4.63 9.47 104.54
Shanxi 4.73 8.16 72.52
Inner Mongolia 3.24 8.57 164.51
Liaoning 74 7.88 6.49
Jilin 3.42 8.93 161.11
Heilongjiang 3.73 6.70 79.62
Shanghai 7.09 8.35 17.77
Jiangsu 2.97 12.33 315.15
Zhejiang 3.7 13.27 258.65
Anhui 2.46 9.22 274.80
Fujian 4.18 12.64 202.39
Jiangxi 247 9.36 278.95
Shandong 5.04 10.83 114.88
Henan 3.22 9.70 201.24
Hubei 4.41 9.64 118.59
Hunan 3.85 8.21 113.25
Guangdong 3.94 11.51 192.13
Guangxi 4.58 8.23 79.69
Hainan N/A N/A
Sichuan 3.9 9.68 148.20
Guizhou 3.37 8.22 143.92
Yunnan 3.83 8.99 134.73
Tibet N/A N/A
Shaanxi 5.74 8.37 45.82
Gansu 3.97 7.62 91.94
Qinghai 6.03 5.88 -2.49
Ningxia 6.77 7.21 6.50
Xinjiang 2.68 8.99 235.45

Average (standard error) 4.50 (1.567) 9.09 (1.722)
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Table 3: Simulation Results for Different Dynamic Panel Data Estimatiors

N b Within DIFF-GMM  SYS-GMM  OLS
100 05  -0.0370 0.4641 0.5100 0.8736
(0.0697) (0.2674) (0.1330) (0.0266)
100 0.8  0.1343 0.4844 0.8101 0.9798
(0.0726) (0.8224) (0.1618) (0.0107)
100 0.9  0.1906 0.2264 0.9405 0.9950
(0.0725) (0.8264) (0.1564) (0.0055)
500 0.5  -0.0360 0.4887 0.5021 0.8748
(0.0310) (0.1172) (0.0632) (0.0114)
500 0.8  0.1364 0.7386 0.7939 0.9801
(0.0328) (0.3085) (0.0779) (0.0047)
500 0.9  0.1930 0.5978 0.9043 0.9951
(0.0330) (0.6407) (0.0999) (0.0025)

Notes: the table reports means (standard deviations) from experiments with
T=4 and 1000 replications. The model is ¥; ; = a; + byi7t_1 + Ut

with var(a;) = var(u;;) = 1 and initial conditions drawn from the
stationary distribution for y; 1. GMM is two-step estimators.

Source: Blundell and Bond (1998).
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Table 4: Cross-sectional Tests for Unconditional Convergence

Dependent Variable: Iny; — Inyg

Pre-reform Period Reform Period
1953-77 1978-97

a 0.757 0.996 2.571* 3.717*
(0.706) (0.685) (-0.808) (-0.585)

Inyo -0.006 -0.055 -0.141 -0.326*
(0.113) (0.111) (0.114) (0.084)

Coast - 0.197 - 0.503
(0.104) (0.090)

R? 0.001 0.056 0.055 0.548

Note: We have 28 observations for all regressions. Standard

errors are in parenthesis. * denotes statistically significant at the 5%
level. In yg is log of the initial GDP per capita in 1953

or 1978. Iny; is log of GDP per capita in 1977 or 1997
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Table 5: Cross-sectional Tests for Conditional Convergence

Dependent Variable: Iny; — Inyg
Pre-reform Period  Reform Period
1953-77 1978-97

Constant -0.616 -2.544 -1.160  4.900
(2.033) (2.323) (4.402) (3.212)

In yo 0.134  -0.040  -0.093 -0.283"
(0.137)  (0.147)  (0.128) (0.094)

In(I/Y)  0294* 0271* -0.218 -0.326"

(0.122) (0.362) (0.084)
Coast - 0.197 - 0.503
(0.104) (0.158)
In(n+g+6) -0.390 -1.266
(0.629) (1.863)
R? 0.0956 0.293 0.0081  0.538

Notes: see notes for Table 3
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Table 6: Panel Data Tests for Conditional Convergence of the Pre-reform Period 1953-77

O @) B) @)
OLS WG DIFF-GMM SYS-GMM

In (y,-1) 1.0248 0.3797 1.0457 0.9795
(0.0305) (0.1277) (0.1213) (0.0543)

In (n+g+6) -0.1483 -0.0283 -0.3558 0.0666
(0.0780) (0.0771) (0.1343) (0.1298)

In (I/GDP) 0.0134 -0.1027 0.3242 -0.1724
(0.0281) (0.0550) (0.0956) (0.0621)

Constant -0.3220 -0.0380 N/A 0.2570
(0.2904) (0.0346) (N/A) (0.3927)

Implied A N/A 19.37% N/A 0.414%

Sargan Test 0.033 0.416

(p—value)

Note: Standard errors in brackets.
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Table 7: Panel Data Tests for Conditional Convergence of the Reform Period 1978-97

(1) (2) (3) (4)

OLS WG DIFF-GMM  SYS-GMM
In (1) 0.9927 0.9043 1.0299 0.8944
(0.0272) (0.1765) (0.0264) (0.0522)
In(n+g+6) -0.4024 -0.5676 -1.1250 -0.1657
(0.2451) (0.2941) (0.2075) (0.5964)
In (I[/GDP) -0.0060 0.0866 0.1411 0.1279
(0.0591) (0.0770) (0.0758) (0.1404)
Constant -0.5224 -0.0422 N/A 0.9322
(0.6031) (0.0718) (1.6535)
Implied A 0.15% 2.01% 1.11% 2.23%
Sargan Test 0.769 0.258

(p—value)

Note: See notes for Table 6.
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Table 8: Panel Data Tests for Conditional Convergence with Different Technology
Progress Rates Between the Coastal and Interior Provinces

Pre-reform Period Reform Period

1953-77 1978-97
SYS-GMM SYS-GMM
In(y; 1) 0.9570 0.8467
(0.0496) (0.0303)
In(n+g+6) 0.0727 -0.2906
(0.1325) (0.4809)
In(//GDP) -0.1735 0.0123
(0.0769) (0.1183)
Implied )\ 0.879% 3.328%
Wald test 0.303 0.000
Sargan Test 0.541 0.163

Note: Standard errors in brackets. The figure reported for the Wald test is
the p-value of the null hypothesis of joint insignificance of the coast dummy
interacted with time dummy. The figure reported for the Sargan test is

the p-value of the null hypothesis of valid instruments.
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Figure 1: Log GDP per capita of National, Coastal Provinces and Interior Provinces
1952-97
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Figure 2: Five Dragons, Heilongjiang and Qinghai Comparing with Shanghai in terms of
Per Capita GDP
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Figure 3: Log GDP per capita of Four Coastal Provinces (Hebei, Liaoning, Tianjing and
Shanghai) and 17 Interior Provinces Excluding Heilongjiang and Qinghai
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Figure 4: Log GDP per capita of the Richest (Beijing), the Poorest (Guizhou) and Mean
of Interior Provinces of China 1952-97
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Figure 5: Log GDP per capita of the Richest (Beijing), the Poorest (Guizhou) and Mean
of Interior Provinces of China 1952-97
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