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Introduction

Abstract: Openness to foreign trade and foreign direct investment plays an
important role in shaping China’s development strategies. This book
explores how openness to foreign trade and foreign direct investment
affects development strategies regarding China’s processes and patterns of
economic restructuring. This introductory chapter introduces the topics,
and subsequent chapters enter into theoretical discussions and empirical
analyses addressing the many facets of the central theme of the book.
Key words: trade, foreign direct investment, development strategies, China,
opening up, regional disparity.

Openness to foreign trade and foreign direct investment (FDI) plays an
important role in shaping China’s development strategies. It is the
development process in China that drives the strong pressure for
continuous restructuring of the Chinese economy. This book, China:
Trade, Foreign Direct Investment, and Development Strategies, explores
how openness to foreign trade and FDI affects China’s development
strategies as they relate to the processes and patterns of economic
restructuring. The book aims to provide the reader with insight and
ﬁndings that shed new light on related issues and problems. This
introductory chapter introduces the topics, and subsequent chapters
enter into the theoretical discussions and empirical analyses that address
the many facets of the central theme of the book. Despite cross-referencing
between chapters from time to time, each chapter is sufﬁciently selfcontained and can thus be read on its own, a feature that hopefully
improves the usefulness of the book as a text.
Along with China’s rapid economic growth in the past few decades,
substantial disparities have emerged in productivity and per capita income
across different regions in China. In Chapter 2, in preparation for
subsequent examinations of regional development and spatial inequality
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in China, we construct a theoretical framework within which regional
growth in total output can be broken down into the growth of its
various contributors. As unbalanced growth and development in China
can be seen to be a result of the uneven regional growth of productivity
and production factors, we then propose a coherent framework, not only
to investigate the potential forces shaping the pattern of China’s spatial
disparities, but also to evaluate their relative importance by quantitatively
breaking the imbalance down into its various contributory factors. In sum,
the discussions in this chapter constitute an analytic foundation on which
our analyses in subsequent chapters can be built.
Different phases in development strategies have generated different
forces that affect China’s unbalanced development. In Chapter 3, we
present facts and trends about the interregional inequality in China, and
attempt to establish a linkage between the various forces generated by
policy regime switching and the changing pattern of interregionally
unbalanced economic development in China. Among other ﬁndings, our
empirical results suggest that the sharp increase in overall interregional
inequality in the early 1990s can largely be attributed to the between-zone
contribution of physical capital. Besides the coastal–inland disparity, the
variation between coastal regions appears at times to be the dominant
factor behind overall interregional inequality in China. Moreover, it can
be shown that the process underlying the opening up of China to trade and
FDI does account for a substantial share of China’s interregional
inequality, and the share rises over time.
Chapter 4 is devoted to preliminary discussion of the potential effects of
foreign trade on economic development as it relates to the Chinese
economy, with a focus on the possible mechanisms through which
foreign trade can exert its various impacts on economic development.
One such mechanism is technology diffusion. Openness to foreign trade
promotes total factor productivity (TFP) growth in China by facilitating
technological spillovers from technologically advanced countries. Our
preliminary empirical analysis in this chapter is based on a hypothesis
positing that, given the level of TFP at the world technology frontier,
China’s regional TFP growth is a positive function of regional openness
to foreign trade and a negative function of the current level of regional TFP.
Our regression results show that there exists a signiﬁcantly positive effect of
regional openness on regional TFP growth, and that there is evidence for
conditional convergence in TFP across China’s regions.
Symmetrical to the preceding chapter, Chapter 5 is devoted to
preliminary discussion of the potential effects of openness to FDI on
China’s economic development. Our focus in this chapter is on potential
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mechanisms through which openness to FDI can exert its various
impacts on China’s economic development. FDI inﬂows not only
enhance capital accumulation in China, which in itself is crucial to
China’s development, but also exert several spillover effects through
different channels. The regression results of our preliminary empirical
analysis in Chapter 5 suggest that regional openness to FDI tends to
promote regional TFP growth and hence regional income growth.
Motivated by the preliminary discussions in Chapters 4 and 5, we then
proceed to investigate the impacts of openness to foreign trade and FDI on
China’s economic development from different perspectives in the
subsequent chapters of this book.
In Chapter 6 we investigate the effects of international openness,
domestic coastal–inland market integration, and human capital
accumulation on TFP growth in inland regions in China. By using a
variety of panel data regression techniques, we show that human capital
accumulation plays an important role in promoting TFP growth in China’s
inland provinces. Our results support the argument that the most
important contribution of human capital to income growth lies not in
its static direct effect as an accumulable factor in the production
function, but rather in its dynamic role in promoting TFP growth. Our
results also provide evidence of the positive role coastal–inland market
integration plays in promoting TFP growth in inland regions of China.
Openness to foreign trade and FDI increases the efﬁciency in the way
production factors are allocated by lifting barriers to the mobility of
resources across different sectors. In Chapter 7 we empirically analyze
the relationship between openness to foreign trade and FDI and China’s
structural change. Our regression results show just how useful the Lewis
model can be at analyzing China’s process of industrialization. Our
empirical analyses also show that openness to foreign trade and FDI
plays an important role in China’s structural transformation. The
results suggest that regional openness promotes regional structural
transformation in terms of labor share shifts from the agricultural to the
manufacturing sector, and that structural transformation in poorer regions
tends to be faster, demonstrating convergence in per-worker income across
the different regions of China.
Chapter 8 focuses on the linkage between change in the pattern of
China’s comparative advantage and the continuous transformation in
economic structure of the country. After formalizing the processes of
structural transformation and the shift of comparative advantage across
sectors, we use the specialization index to proxy for the intensity of
comparative advantage in our empirical analysis. Results show that the
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specialization index of primary goods has been declining while that of
manufactured goods has been climbing over time. They further show
that, of the various subdivisions of primary goods, the specialization
index of mineral fuels and non-edible raw materials has been falling
whereas, of the various subdivisions of manufactured goods, the
specialization index of machinery and transport equipment has been
rising. To a large degree, the empirical results support the hypothesis of
the theoretical model presented in Chapter 8.
Chapter 9 contains a theoretical study concerning transaction efﬁciency
and the patterns of specialization, which has important implications for
empirical analysis and policy evaluation with respect to a large developing
country such as China. In this theoretical study, we revisit the old
Ricardian model of comparative advantage. Following an inframarginal
methodology, we build an extended theoretical model based on the
concepts of comparative advantage and transaction efﬁciency to explain
development and inequality in developing economies. According to our
model, an increase in domestic transaction efﬁciency reduces inequality
within a developing economy while an increase in international transaction
efﬁciency enhances the overall welfare level in a developing economy.
The results of our model have important implications for China in its
policy-making.
In Chapter 10 we explore issues related to economies of scale and
industrial agglomeration, and their linkages to regional development
and interregional disparity in China. We focus speciﬁcally on an
empirical examination of the spatial distribution of manufacturing
activity in China in the 2000s, a time of increasing opening up to
foreign trade and FDI. We set up our regression model and carry out a
regression exercise to empirically examine the effects of openness to foreign
trade and FDI on industrial distribution and agglomeration across China’s
provinces. Our regression results support our claim that openness to
foreign trade and FDI indeed plays an important role in shaping the
spatial pattern and distribution of industries across China’s provinces.
Knowledge as an intangible production input not only promotes
economic growth but also facilitates structural change of a developing
economy. Education is the major means of knowledge accumulation.
Higher education in China plays an important role not only in
promoting knowledge accumulation, but also in facilitating human
capital mobility in China. Chapter 11 empirically investigates the issue
of the relationship between regional disparities, college preferences, and
admissions under the National College Entrance Examination (NCEE)
system and potential interregional human capital mobility in China.
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Our empirical results show that examinees from western provinces tend to
have a strong preference for coastal universities, compared with examinees
from central provinces. In this sense, we expect college admissions in China
under the NCEE system to exert a stronger impact on potential human
capital movement from western to coastal regions than from central to
coastal regions.
Chapter 12 aims to empirically examine the linkages between
pollution emission, output growth, and openness to foreign trade and
FDI. Our regression results suggest that the ‘gains from openness’
hypothesis, which posits that openness to foreign trade and FDI has a
positive impact on the environment, dominates the ‘race to the bottom’
hypothesis as far as China’s regions are concerned. Our regressions do not
provide evidence to support the ‘race to the bottom’ hypothesis. As
openness to foreign trade and FDI is likely to contribute to a better
environment for China, policy-makers should remove barriers to foreign
trade and FDI for environmental technology, goods, and services to allow
further gains from openness.
Finally, Chapter 13 provides a tentative discussion of the knowledge
economy and knowledge-based development in China. Despite its long
tradition of respect for knowledge, China’s development is still based much
more heavily on the advantages of low-cost labor. For China, one central
challenge posed by the global knowledge economy is to develop an
industrial structure that could better exploit rapidly growing global
knowledge to accelerate its own economic development and facilitate its
transition toward a knowledge-based economy. For this purpose, China
should further leverage its FDI inﬂows, focusing more on attracting FDI
with a higher degree of knowledge content. Foreign trade is another
channel through which Chinese enterprises can tap global knowledge
and technology. While importing capital goods is a major way of
acquiring foreign technology, the management and knowledge support
that comes with it are necessary to maximize productivity from
technology investment.
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Regional growth and
its decomposition
Abstract: Along with China’s rapid economic growth in the past few decades,
substantial disparities have emerged in productivity and per-capita income
across the different regions of China. In this chapter, in preparation for
subsequent examinations of regional development and spatial inequality in
China, we construct a theoretical framework within which regional growth in
total output can be broken down into the growth of its various contributors.
As unbalanced growth and development in China can be seen to be a result
of the uneven regional growth of productivity and production factors, we
propose a coherent framework, not only to investigate the potential forces
shaping the pattern of China’s spatial disparities, but also to evaluate their
relative importance by quantitatively breaking the inequality down into its
constituent parts. In sum, our discussion in this chapter constitutes an analytic
foundation on which our analyses in subsequent chapters can be built.
Key words: economic growth, productivity,
decomposition, intensive growth, extensive growth.

inequality,

growth

JEL classiﬁcation codes: O47; O57. 1

Introduction
Before 1978, China had a centrally planned economy, characterized by low
productivity, widespread poverty, and very low inequality in income.
Thanks to the post-1978 reforms, China has achieved spectacular
economic growth in the ensuing 35 years. However, great disparities
have emerged in productivity and per-capita income across the different
regions of China. The Gini coefﬁcient, for example, which measures
economic inequality in society, rose by about 40 percent in total from
0.33 in 1980 to 0.46 in the early 2000s (Sisci, 2005; WB, 2005; Fan
and Sun, 2008; Knight, 2008). Such a rate of increase, according to the
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World Bank, was the fastest in the world. Spatial income disparities,
especially those between urban and rural areas and between coastal and
inland regions, have been on the rise and became a prominent issue in
China during the country’s transition and development (Yin, 2011). By the
end of the 1990s, interregional income inequality had exceeded that in any
other country, and by 2005 the average per-capita income of the richer
coastal regions was at least 2.5 times higher than that of inland regions
(Yang, 1999; Zhu et al., 2008). Some researchers claim that the growing
inequality may ‘threaten the social compact and thus the political basis for
economic growth and social development’ (Fan et al., 2009).
Why have some regions in China become so much richer than others?
In spite of regional preferential policies, there are a number of other
factors that may also play a role in shaping interregional income
inequality. These factors, often interrelated, may include geographical
differences (Demurger et al., 2002), regional infrastructure development
(Demurger, 2001), regional openness and the process of globalization
(Zhang and Zhang, 2003; Kanbur and Zhang, 2005; Wan et al., 2007),
development of the regional industrial mix (Huang et al., 2003), openness
and development of regional township and village enterprises (Yao,
1997; DaCosta and Carroll, 2001), the process of marketization (Jian et
al., 1996), effects of regional structural shocks and structural
transformation (Jiang, 2010), and investment in and accumulation of
regional human capital (Fleisher et al., 2010), to name a few.
The inﬂuencing factors just listed may contribute to interregional income
inequality through their impacts either on regional growth of productivity
or on regional accumulation of physical and human capital. Differential
rates of regional productivity growth and regional physical and human
capital accumulation will lead to different rates of regional output growth
and ultimately shape the pattern of the evolution of interregional income
inequality across China’s different regions. Therefore, in order to
empirically examine regional development and interregional inequality
in China, we ﬁrst need to construct a theoretical framework within
which regional growth in total output can be broken down into growth
of its constituent parts.

A theoretical framework for output
decomposition
In this section we apply the Solow growth model and break output growth
down theoretically. We can use this framework to empirically examine
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interregional inequality in China. Moreover, we augment the traditional
Solow model by incorporating human capital into the aggregate
production function. Speciﬁcally, we assume that, at any given point in
time, output is produced according to the following function
Y ¼ FðK; AHÞ

ð2:1Þ

where Y denotes the level of output, K denotes the level of physical capital
stock, H denotes the level of human capital–augmented labor used in
production, and A denotes the level of productivity (technology), which
is, for convenience, assumed to be labor augmenting (Harrod neutral). As
A and H enter the production function 2.1 multiplicatively, we refer to AH
as effective labor. We further assume that each unit of labor (each worker)
is identical within the economy and is trained with E years of education.
That is, human capital intensity is determined by
h ¼ exp½ðEÞ

ð2:2Þ

where human capital intensity h is deﬁned as per-worker human capital
(i.e., h  H=L). By assuming ð0Þ ¼ 0, the function ðEÞ reﬂects the relative
efﬁciency of a worker with E years of education compared with one who
receives no education (see, for example, Hall and Jones, 1999).
In order to make the model workable, we have to assume that the
production function 2.1 exhibits constant returns to scale in its two
arguments: physical capital and effective labor. 2 This assumption allows
us to work conveniently with the production function in intensive form. We
therefore deﬁne k^  K=ðAHÞ and y^  Y=ðAHÞ, and under the assumption
of constant returns to scale we have


K
1
;1 ¼
FðK; AHÞ
ð2:3Þ
F
AH
AH
which can be rewritten in the intensive form as
^Þ
^
y ¼ f ðk

ð2:4Þ

where we deﬁne f ðk^Þ  Fðk^; 1Þ. Thus we can write output per unit effective
labor as a function of physical capital per unit effective labor. We assume
that f ðk^Þ satisﬁes f ð0Þ ¼ 0, f 0 ðk^Þ > 0, and f 00 ðk^Þ < 0, which implies that the
marginal product of physical capital is positive, but that it declines as
capital (per unit effective labor) rises.
The model distinguishes three sources of variation in per-worker output
Y=L: differences in per-worker physical capital K=L, differences in
technology A, and differences in per-worker human capital h. It follows
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directly from Eq. 2.1 that
y ¼ Fðk; AhÞ

ð2:5Þ

where y  Y=L and k  K=L, which are deﬁned as per-worker output and
per-worker physical capital, respectively. An accounting approach can
thus be applied to account for variation in per-worker output y in terms
of per-worker physical capital k, technology A, and per-worker human
capital h, provided that the functional form of Eq. 2.1 is speciﬁed. If we
adopt the well-known Cobb–Douglas functional form Y ¼ FðK; AHÞ ¼
K  ðAHÞ 1 , then
ð2:6Þ
y ¼ Fðk; AhÞ ¼ k  ðAhÞ 1
Taking logs then yields
ln y ¼  ln k þ ð1  Þ ln h þ ð1  Þ ln A

ð2:7Þ

In terms of growth rates, we have
y_
k_
h_
A_
¼  þ ð1  Þ þ ð1  Þ
y
k
h
A

ð2:8Þ

where a dot over a variable indicates the ﬁrst-order derivative with respect
to time. Thus the growth rate (or level) of per-worker output can be
accounted for by the growth rates (or levels) of technology, per-worker
physical capital, and per-worker human capital. However, the growth
accounting framework has a serious shortcoming. It ignores the causal
linkage between the growth (or level) of technology (or per-worker human
capital) and the growth (or level) of per-worker physical capital.
To understand this point, we need to consider the dynamics of the Solow
model. We further assume that technology A and human capital–
augmented labor H grow exogenously at constant rates
A_ =A ¼ g

ð2:9Þ

_ =H ¼ 
H

ð2:10Þ

Output can be divided between consumption and investment, where the
fraction of output devoted to investment s is assumed to be exogenous and
constant, with one unit of output devoted to investment yielding one unit of
new physical capital. In addition, existing physical capital depreciates at
rate . To keep our analysis simple, education is taken not as investment in
human capital, but rather as part of consumption. At any given point in
time, we have
K_ ¼ sY  K
ð2:11Þ
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It follows that

_
^_ ¼ K  K ðAH
_ þ A_ HÞ
k
AH ðAHÞ 2

ð2:12Þ

Inserting Eqs. 2.9, 2.10, and 2.11 into Eq. 2.12, we obtain
^_ ¼ sf ðk
^Þ  ð þ g þ Þk
^
k

ð2:13Þ

The steady-state value of physical capital per unit effective labor, denoted
by k^ , is determined by
Therefore,

^  Þ ¼ ð þ g þ Þk
^
sf ðk

ð2:14Þ

^  Þ ¼ s=ð þ g þ Þ
^  =f ðk
k

ð2:15Þ

Let us deﬁne a new function ðk^Þ  k^=f ðk^Þ, where ðk^Þ is increasing in k^ as
f 0 ðk^Þ > 0 and f 00 ðk^Þ < 0. Thus k^ , which is ultimately a function of the four
parameters, s, , g, and , can be written as
^  ¼  1 ðs=ð þ g þ ÞÞ
k

ð2:16Þ

The steady-state value of output per unit effective labor, denoted by y^ , is
then given by
^  Þ ¼ f ½ 1 ðs=ð þ g þ ÞÞ
^
ð2:17Þ
y  ¼ f ðk
Eqs. 2.16 and 2.17 describe a balanced growth path along which the values
of k^ and y^ are determined by the four exogenous parameters s, , g, and .
Of the four parameters, investment rate s is the one that policy is most
likely to affect. The long-term effect on output of a change in the investment
rate allows us to obtain the following partial derivative of y^ with respect to
s
^
@^
y
^ Þ @k
¼ f 0 ðk
ð2:18Þ
@s
@s
As k^ is the steady-state value of k^, it must satisfy
^  Þ ¼ ð þ g þ Þk
^
sf ðk

ð2:19Þ

As Eq. 2.19 holds for all values of s, we take the derivative on both sides
with respect to s, which yields
^
^
^  Þ ¼ ð þ g þ Þ @ k
^  Þ @ k þ f ðk
sf 0 ðk
@s
@s

ð2:20Þ

Rearranging Eq. 2.20 gives
^
^ Þ
@k
f ðk
¼
^ Þ
@s
ð þ g þ Þ  sf 0 ðk

ð2:21Þ
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Inserting Eq. 2.21 back into Eq. 2.18, we obtain
^  Þf ðk
^ Þ
@^
y
f 0 ðk
¼
^ Þ
@s
ð þ g þ Þ  sf 0 ðk

ð2:22Þ

Using Eq. 2.19 to substitute for s in Eq. 2.22, we end up with the following
elasticity form
^  f 0 ðk
^  Þ=f ðk
^ Þ
^  Þf 0 ðk
^ Þ
k
s @^
y
ðk
¼
¼
^  Þ=f ðk
^  Þ 1  ðk
^ Þ
^  f 0 ðk
^  Þf 0 ðk
^
y  @s
1k

ð2:23Þ

where k^ f 0 ðk^ Þ=f ðk^ Þ is the elasticity of output with respect to physical
capital at k^ ¼ k^ .
However, though a change in investment rate s changes an economy’s
balanced growth path and thus the level of output per worker at any point
in time, it does not affect the growth rate of output per worker as far as the
balanced growth rate is concerned. This becomes clear when we consider
Eq. 2.5, according to which output per worker (at a given point in time) on
the balanced growth path is determined by
y  ¼ Fðk  ; AhÞ ¼ F½Ah   1 ðs=ð þ g þ ÞÞ; Ah

ð2:24Þ

where k  ¼ k^ Ah ¼ Ah   1 ðs=ð þ g þ ÞÞ, which shows that investment
rate s has only a level effect – not a long-term growth effect on k  , as the
long-term (balanced path) growth of k  depends only on the growth of Ah
over time. We further assume that labor L grows exogenously at a constant
rate n, that is
L_ =L ¼ n
ð2:25Þ
Using Eqs. 2.10 and 2.25, we see that human capital intensity h grows at a
constant rate ð  nÞ, that is
h_ =h ¼   n

ð2:26Þ

Since by construction k ¼ k^Ah, we have the following decomposition
^_ A_ h_
k_ k
¼ þ þ
^ A h
k k

ð2:27Þ

Inserting Eqs. 2.9, 2.13, and 2.26 into Eq. 2.27 yields
^Þ
k_
f ðk
¼s
 ðn þ Þ
^
k
k

ð2:28Þ

Using Eq. 2.14 to substitute for s in Eq. 2.28, coupled with a little
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rearrangement, we obtain
k_
¼
k

!
^ Þ
^ Þ
ðk
ðk
 1 ðn þ Þ þ
ðg þ   nÞ
^Þ
^Þ
ðk
ðk

ð2:29Þ

where we remember that ðk^Þ  k^=f ðk^Þ, a function that is increasing in k^.
It is clear from Eq. 2.29 that a change in investment rate s affects the growth
dynamics of physical capital per worker (and hence output per worker) by
shifting the steady-state level of physical capital per unit effective labor k^ .
Since Eq. 2.29 shows investment rate s having no more than a level effect –
not a long-run growth effect on per worker physical capital (or hence on
per-worker output) because in the long run (i.e., on the balanced growth
path), where k^ ¼ k^ , physical capital per worker would grow at a rate
equal to ðg þ   nÞ, which is obviously independent of investment rate s.
The important point to note from all this is that Eq. 2.24 reveals that
per-worker output on a balanced growth path is dependent on A and h
through two different channels. As seen from Eq. 2.24, A and h affect y  not
only directly, but also indirectly through (per-worker) physical capital
accumulation (i.e., k  is dependent on A and h). This means the growth
accounting decomposition in Eq. 2.8 failed to take this into account and
would thus mistakenly attribute (a part of) contributions of A and h to
physical capital accumulation.
For growth accounting decomposition to be properly carried out in this
chapter, we need to apply the Cobb–Douglas functional form to the
aggregate production function, so that Y ¼ K  ðAHÞ 1 or, equivalently,
y ¼ k  ðAhÞ 1 as in Eq. 2.6. Using this Cobb–Douglas functional form and
rearranging the mathematics, we obtain the following equation
y¼

 =ð1Þ
 =ð1Þ
K
k
Ah ¼
Ah
Y
y

ð2:30Þ

On a balanced growth path, where K and Y (or k and y) grow at the same
rate, per-worker output (at a given point in time) can be written speciﬁcally
as

=ð1Þ
s
Ah
ð2:31Þ
y ¼
þgþ
y  ¼ s=ð þ g þ Þ has been applied.
where K  =Y  ¼ k  =y  ¼ k^ =^
In order to study interregional disparities in China, we are now in a
position to perform an output decomposition exercise for China’s different
regions, based on the idea expressed by Eqs. 2.30 and 2.31. We assume that
for any region (province) i in China, its aggregate production function
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takes the Cobb–Douglas form, that is
Yi ¼ K i ðAi Hi Þ 1
Therefore, for region i, the relationship in Eq. 2.30 applies
 =ð1Þ
Ki
yi ¼
Ai hi
Yi

ð2:32Þ

ð2:33Þ

Using Eq. 2.33, differences in y across China’s different regions can be
broken down into differences in K=Y, in A, and in h. There are two main
reasons this decomposition is performed in terms of the capital–output
ratio (K=Y) rather than the capital–labor ratio (K=L). First, as discussed
above, the capital–output ratio (K=Y) along a balanced growth path is
proportional to the investment rate, so that this form of decomposition has
a natural interpretation (see Eq. 2.15, see also Klenow and RodriguezClare, 1997; Hall and Jones, 1999). Second and more importantly, this
decomposition credits A for variations in K=L generated by differences in
A.
The decomposition in Eq. 2.33 enables us to calculate Ai as a residual
once data on yi , Ki =Yi , and hi are obtained. We further deﬁne
Xi  ðKi =Yi Þ =ð1Þ hi and, according to Eq. 2.33, we also have
ln yi ¼ ln Ai þ ln Xi , which leads to the following variance decomposition
1¼

Varðln yi Þ Covðln yi ; ln Ai Þ Covðln yi ; ln Xi Þ
¼
þ
Varðln yi Þ
Varðln yi Þ
Varðln yi Þ

ð2:34Þ

Later in this chapter, we will come back to variance as broken down by
Eq. 2.34 to examine the relative contributions of productivity, physical
capital, and human capital to regional per-worker output.

Productivity growth
In order to study regional growth and interregional inequality in China, it
is crucial, ﬁrst of all, to investigate the relationship between regional
productivity growth and regional output (GDP) growth in China. The
issue surrounding contributions of productivity growth to output
growth has been an interesting and hotly debated topic among
researchers. Conceptually, researchers follow the traditional deﬁnition
of productivity growth and treat it as the difference between growth in
output and combined growth in inputs. Empirically, however, two broad
methods have been adopted to estimate productivity growth. In the ﬁrst
method, productivity growth and technological progress are treated as
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synonymous, with productivity growth usually being measured by
applying the traditional growth accounting framework. In the second
method, technological progress is considered as just one component of
productivity growth, whereas productivity growth can also include
technological progress, technical efﬁciency change, and the scale
efﬁciency effect (Wu, 2011).
The literature shows the role played by productivity in China’s growth
and development processes has been extensively studied. A large number of
studies are concerned with the contributions of productivity to output
growth – at various levels from the economy-wide, industry, region, or
ﬁrm level. Early studies focusing on the agricultural sector, where the
ﬁrst wave of China’s economic reform took place, have looked into the
impacts of rural reforms on agricultural productivity and output
growth. One common conclusion of those studies is that economic
reforms at the early stage substantially boosted productivity growth in
the Chinese agricultural sector. 3 However, ﬁndings regarding other
areas are controversial (Wu, 2011). Some studies ﬁnd the role played by
productivity growth in China’s output growth insigniﬁcant while others
are more positive about the contributions of productivity growth to output
growth in China. 4 Empirical estimations of levels or growth rates of
productivity depend crucially on capital stock data. As data on capital
stock series are not directly available from China’s ofﬁcial statistical
system, researchers are forced to produce their own capital stock series,
applying different methods based on different capital depreciation rates
and initial capital stock levels. Assumed depreciation rates and initial
capital stock values can vary substantially from study to study, 5 which
directly leads to signiﬁcantly different estimates of levels and growth rates
of productivity.
This seems a prime area for application of a meta-analysis to examine the
way in which different empirical estimates of productivity levels or growth
rates have been associated with the characteristics of different studies. The
meta-analysis of Wu (2011) surveys 74 studies, where 151 estimates of
productivity growth rates at the economy or sector levels are reported. Wu
Yanrui ﬁnds that the mean productivity growth rate in the 151 estimates is
3.62%, which accounts for about 36% of China’s average output growth
during 1978–2007. Overall, the estimated productivity growth rates are
fairly spread around their mean with the exception of a few outliers (Wu,
2011). 6
Wu (2011) applies regression analysis in which the dependent variable
represents estimates of productivity growth rates and the independent
variables capture the characteristics of the empirical studies surveyed.
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Variables on the right-hand side are all designed as dummy variables
covering such characteristics of the studies as time periods, methods,
data types, estimation techniques, and the publication formats. They
also include whether the studies are written in English or Chinese,
whether control variables such as human capital, education and
information, and communications technology are considered and
whether the traditional concept of productivity (where productivity
growth and technological progress are treated synonymously) or the
frontier concept of productivity (where technological progress is only
part of productivity growth) is adopted. The meta-analysis shows that
the application of data envelopment analysis (DEA) is likely to produce
lower estimates of productivity growth rates, and that studies using
production function approaches tend to report low rates of productivity
growth. In addition, estimates for the economy nationwide and for the
agricultural sector, and those based on a period covering the 1990s up to
today tend to be lower than others. Moreover, studies focusing on stateowned enterprises or those published in academic journals are more likely
to report low estimates of productivity growth rates while studies written in
English seem to generate higher rates of productivity growth.
Failure to take into acount the considerable variations in the rates of
capital depreciation across different regions or sectors can distort
estimations of productivity levels and growth rates. Wu (2009), who
uses a simulation approach to derive region-speciﬁc and sector-speciﬁc
rates of capital depreciation, ﬁnds that the capital depreciation rate is
generally high in more developed regions and low in less developed
ones, and that Beijing, Tianjin, and Shanghai have relatively low capital
depreciation rates – probably because these cities have relatively large
service sectors where the rates of depreciation are lower than those of
manufacturing sectors. In view of such a complication, Wu (2011)
suggests that future work emphasize heterogeneity at a more
disaggregate level.
We study 28 Chinese provincial-level divisions over the period 1996–
2011. These 28 provincial-level divisions include provinces, ethnic
minority autonomous regions, and municipalities in mainland China.
Owing to incomplete data, three regions, Tibet, Chongqing and Hainan,
are not included in our sample. The data were mostly obtained from the
annual editions of the China Statistical Yearbook (1996–2012) published
by the state. As mentioned earlier, China Statistical Yearbooks do not
directly record data on regional physical capital stock for the nation’s
regions. In order to calculate the levels of regional physical capital
stock, we follow the perpetual inventory procedure of Wu (2008), who
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extends his own (Wu, 2004) method by adopting different rates of capital
depreciation for different regions in China. 7 The different values of the
rates of physical capital depreciation for different regions, obtained by
following a simulation process, are listed in table A1 of Wu (2008).
Generally, the rate of depreciation tends to be high in more developed
regions, and low in less developed regions and the three municipalities of
Beijing, Tianjin, and Shanghai. What is more, as Wu (2008) has noted, it
is interesting to see that the mean regional rate of depreciation is about 4%,
close to that used by the World Bank (WB, 1997). Therefore, according to
Wu (2008), the adoption of a uniform capital depreciation rate of 7% in
his 2004 book or that of 9.6% in Zhang (2008) would lead to an
underestimation of China’s regional physical capital stock levels.
Let us now follow Hall and Jones (1999) and Aiyar and Feyrer (2002) to
calculate regional human capital intensity. We assume that h is related to
educational attainment by Eq. 2.2, where E denotes the average years of
education (schooling) attained by a worker in the labor force. Therefore, by
assuming ð0Þ ¼ 0, the function ðEÞ in Eq. 2.2 reﬂects the relative
efﬁciency of a worker with E years of schooling compared with one
who receives no schooling. The derivative dðEÞ=dE is the return to
schooling estimated in a Mincerian wage regression (Mincer, 1974). In
Hall and Jones (1999) and Aiyar and Feyrer (2002), ðEÞ is assumed to be
piecewise linear, with the rates of return being 13.4, 10.1, and 6.8 percent,
respectively, for schooling of the ﬁrst four years, the second four years, and
that beyond the eighth year. These rates of return are all based on
Psacharopoulos (1994)’s survey of evidence from many countries on
return-to-schooling estimates. The rate for the ﬁrst four years, 13.4
percent, corresponds to the average return to an additional year of
schooling in sub-Saharan Africa. The rate for the second four years,
10.1 percent, is the average return to an additional year of schooling
worldwide, while that for schooling above the eighth year, 6.8 percent,
is taken from the average return to an additional year in the OECD.
Let us now follow the author’s previous work (Jiang, 2012) to construct
the regional levels of human capital intensity. Our measure of real human
capital intensity hit (for region i in year t) is constructed as follows
 

h it Lit
NH
Lit ¼ h it  P  t
hit ¼ P 
 NHt
ð2:35Þ
i h it Lit
i h it Lit
where h it ¼ ðh a  L ait þ h b  L bit þ h c  L cit þ h d  L dit þ h e  L eit Þ=L it , with L 
being the sum of the L j ’s ( j ¼ a; b; c; d; e). NHt in Eq. 2.35 denotes the
level of China’s national real human capital stock as calculated by Li et al.
(2009). h it is the unadjusted provincial human capital intensity, which we
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will later adjust along the time dimension to take account of signiﬁcant
changes in the quality of education over time. L it denotes province i’s
population aged 6 and above at time t, which we divide into ﬁve groups
by educational attainment: group a through group e, where L ait denotes the
total number of people aged 6 and above who have received zero schooling,
and L bit through L eit , respectively, denote the total number of people aged 6
and above who have received schooling up to primary school level, junior
secondary school level, senior secondary school level, and college (and
higher) level. Human capital intensity in each of the ﬁve groups is
represented, respectively, by h a through h e .
Data on these (L jit =L it )’s for the 28 Chinese provinces for each year
between 1996 and 2011 can be found in the annual editions of the
China Statistical Yearbook (1996–2012). The key to constructing h it is
to determine the value of each of the h j ’s. Necessarily h a ¼ 1 by
construction. In addition, we set h b ¼ 2, h c ¼ 2:6, h d ¼ 3:2, and h e ¼ 4:4
for all provinces in each year during 1996–2011. These h j values are
calculated exactly according to the aforementioned piecewise linear
rates of return to schooling based on Psacharopoulos (1994)’s survey.
For simplicity, we assume relative marginal returns to education
(expressed as a percentage) do not vary across provinces or over time.
Having obtained the levels of physical capital stock and per-worker
human capital stock for the 28 regions as above, we are now able to
calculate the values of regional productivity as a residual by applying
Eq. 2.33. What we need is to assume an appropriate value for the
structural parameter  in the production function in order to calculate
the levels of regional productivity. We thus follow Chow and Li (2002),
Chow (2008), Zheng et al. (2009b), Brandt and Zhu (2010), and Jiang
(2011, 2012) and assume that  is 0.5 for these regions. By applying data
on regional physical capital and regional human capital intensity, and by
inserting the assumption  ¼ 0:5 into Eq. 2.33, we can thus obtain the time
series of regional productivity levels for each of the 28 regions over our
sample period 1996–2011.
From Eq. 2.34 we can gain an idea of how much of the variation in
per-capita output is attributable to variations in productivity and how
much is due to variations in factor accumulation. The decomposition in
Eq. 2.34 is equivalent to looking at OLS coefﬁcients from separate
regressions of ln Ai and ln Xi on ln yi , respectively. Therefore, this
decomposition shows how much higher the conditional expectation of
Ai (and Xi ) would be if yi were 1 percent higher. The results show that
the split between contributions of productivity and production inputs
remained fairly stable over the sample period. Roughly, variations in
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productivity accounted for about 70–75 percent of the total variations in yi
across the provinces. We can thus conclude that differences in productivity
explain most static differences in per-capita output across the Chinese
provinces for our sample period. As a result, the growth in regional
productivity accounted for most of the growth of regional
per-capita output over our sample period.

Extensive versus intensive growth
Since the early 1980s, when the various economic reforms were initiated,
China has become one of the fastest growing countries in the world. By
2025 China is likely to surpass the United States and become the world’s
largest economic power by almost any standard (Holz, 2008). However,
economists are now increasingly referring to China’s growth as ‘extensive
growth’, which cannot be sustained in the long run as it is fueled by
increased production inputs rather than increased productivity (Zheng
et al., 2009b). Researchers have raised concerns over the sustainability
of China’s growth in light of a slowdown in measured productivity growth.
Generally, extensive growth refers to a growth strategy focusing on
increasing the quantity of output by increasing the quantities of inputs
(Irmen, 2005). If we rewrite Eq. 2.33 as the following
 =ð1Þ
Ki
Ai hi Li
ð2:36Þ
Yi ¼
Yi
We could then roughly deﬁne ‘extensive growth’ as the growth of Yi due to
the growth of labor input Li and/or the growth of the capital–output ratio
Ki =Yi , and ‘intensive growth’ as the growth of Yi due to growth of
productivity Ai and/or the growth of human capital intensity hi .
According to various recent studies, the main reason for China’s
economic growth has been increased investment (extensive growth);
there has also been a marginal increase in productivity. Although
China’s growth before the late 1990s was less dependent on the growth
of labor and capital than other fast-growing Asian economies (WB, 1997),
suggesting that factors other than labor and investment were important
determinants of output growth during the early reform period, studies
have shown that a slowdown in productivity growth started to emerge
in 2000. For example, Zheng and Hu (2006) ﬁnd that productivity growth
dramatically declined during the period 1995–2001: productivity rose
by 3.2–4.5 percent annually before 1995, but rose by only 0.6–2.8
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percent per year after 1995. Owing to the fall in the rate of productivity
growth that started in the mid-1990s, annual productivity growth
averaged 3.7 percent during 1978–2003 but slowed down to 2.8
percent by the end of that period (OECD, 2005; The Economist,
2005).
Applying the traditional growth accounting method, Zheng et al.
(2009b) ﬁnd that the contribution of productivity growth to China’s
output growth has declined in recent years. For 1978–1995, the average
annual growth rates of output and total factor productivity were 10.11 and
3.80 percent, respectively, but for 1995–2007, the rates were 9.25 and 1.45
percent, respectively. This implies that productivity growth’s contribution
to output growth declined from 37.6 percent in the former period to 15.7
percent in the latter period. By contrast, the average growth rate of physical
capital stock rose from 9.12 percent in 1978–1995 to 12.81 percent in
1995–2007, which implies that physical capital accumulation’s
contribution to output growth increased from 45.1 percent in the
former period to 69.2% in the latter period. Based on these ﬁndings,
Zheng et al. (2009b) argue that China’s growth pattern is ‘extremely
extensive’, with physical capital stock growth exceeding output growth
by 3.56 percentage points during 1995–2007. If China’s recent growth
strategies remain unchanged, the investment–output ratio would need to
reach unprecedented levels in the next two decades to maintain annual
growth of real GDP of 8 percent (Kuijs and Wang, 2006; Zheng et al.,
2009b). 8 Following this argument, a timely shift from ‘extensive growth’ to
‘intensive growth’ is imperative for China if it is to sustain its high growth
rates in the decades to come. The importance of productivity growth
cannot therefore be overemphasized.

Interregional inequality
The analysis above shows that unbalanced growth and development in
China can be viewed in terms of the uneven regional growth of productivity
and production factors. We are now in a position to propose a coherent
framework not only to investigate the potential forces shaping the pattern
of interregional disparities, but also to evaluate their relative importance by
quantitatively breaking interregional inequality down into its constituent
parts. More speciﬁcally, we can follow the idea of Tsui (2007) and let IðyÞ
be some measure of interregional inequality, with y being a vector of
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regional GDP per capita (or per worker). As long as regional output and
factor inputs can be captured by the regional production function, the rate
of change in interregional inequality over time, dIðyÞ=dt, may be expressed
as a function of regional growth rates. Applying our decomposition
framework discussed above, we can then break the growth of regional
GDP per capita down into individual contributions from the growth of
productivity and the accumulation of factor inputs such as physical and
human capital. The rate of change in interregional inequality dIðyÞ=dt may
thus be traceable to the changing pattern in the interregional (spatial)
allocation of investment captured by the interregional differential
growth in physical and human capital as well as the impact of
institutional improvements reﬂected by the growth of productivity
(Tsui, 2007). 9
The aggregate trend of interregional inequality and unbalanced
development can be arrived at as a result of the convergence of a variety
of different forces some having a reinforcing effect and others a
counteracting effect. We need to look deeper than simply observing the
aggregate trend in interregional inequality to understand the dynamics of
the underlying factors at play. These factors may, for example, include
the changing spatial pattern of physical investment and the spread of
education. The spatial distribution of resources incurred by different
institutional arrangements may have important implications for
comparative advantages and economies of scale inducing higher
productivity at the aggregate level. Overcoming the shortcomings of
previous studies such as those of Tsui (1991, 1996) and Naughton
(2002), which lacked an adequate means of isolating the effects of the
different forces on interregional inequality, Tsui (2007) introduces a
framework to examine more precisely the different forces shaping
interregional inequality. This is a framework for the decomposition of
changes in interregional inequality, in which the rate of change in
interregional inequality, dIðyÞ=dt, is broken down into ﬁve components.
The ﬁrst three components each capture the contributions made by growth
in productivity, in physical capital, and in human capital to change in
interregional inequality. The fourth component captures the effect of
population growth on interregional inequality as, for example, faster
population growth in a poor region, other things being equal, would
lead to an increase in interregional inequality. Finally, the ﬁfth
component captures the effect a changing population has on
interregional inequality.
The gap between coastal regions and inland regions is a prominent
feature of interregional inequality in China. An important dimension of
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China’s economic reform is the open-door policy as manifested by the huge
inﬂux of foreign direct investment (FDI), the spatial distribution of which
is skewed towards coastal regions. An issue of interest is thus how different
degrees of regional openness shape interregional inequality through their
effect on regional economic growth. The spatial reshufﬂing of industries is
another factor that affects interregional inequality. As economic reform
has progressed, the spatial ﬂows of investments have increasingly
conformed to regional comparative advantages and economies of scale.
On the one hand, increasing industrial agglomeration in coastal regions
due to economic reform tends to induce coastal–inland inequality. On the
other hand, local protectionism, by posing barriers to resource mobility
across local jurisdictions, may have weakened the effect of agglomeration
and economies of scale on regional inequality.
The literature as exempliﬁed by Tsui (2007) suggests that the different
policy environments of the Maoist and reform era were the catalyst for
different changes in the interregional distribution of growth in production
factors and in productivity, often with opposing impacts on interregional
inequality. The late 1970s represented a dividing line where the roles
played by productivity growth and capital accumulation began to be
reversed. The inequality-decreasing effect of productivity growth more
than offset the inequality-increasing effect of capital accumulation,
resulting in the decline of interregional inequality in the 1980s.
However, the decreasing effect of productivity growth began to fade,
only to be replaced by the increasing effect of capital accumulation in
the 1990s. In addition, industrial reshufﬂing in the 1980s seems not
only to have induced a decline in both within-zone and between-zone
inequality, but was so powerful that it overrode the other inequalityincreasing forces, leading to an overall decrease in interregional
inequality. 10 According to Tsui (2007), the inequality-decreasing
between-zone effect of capital accumulation pre economic reform was
more than offset by the increase in the between-zone contribution of
productivity growth. Since the mid-1970s, changing spatial patterns of
investment have been the major factor shaping between-zone inequality.
The sharp increase in overall interregional inequality in the early 1990s was
mostly due to the increase in the between-zone contribution of physical
capital.
The roles of education and human capital have been much less discussed
in the literature. Some researchers argue that investment in education pre
economic reform laid the foundations for the remarkable economic
growth in the reform era. Studies such as Tsui (2007) suggest that the
contribution of education ﬁrst increased and then reduced interregional

22

Regional growth and its breakdown

inequality. As school age children in less developed regions entered the
labor force only gradually in the 1970s, the inequality-reducing effect of
education seems to be a consequence of the expansion of basic education
pre economic reform. Moreover, the contribution of quality-adjusted
labor to growth is small compared with that of productivity and
physical capital.
Figures 5–11 of Tsui (2007) provide an excellent summary of how the
contributions of the different components to overall interregional
inequality changed. The cumulative contribution of physical capital –
the dominant factor and focus of many studies – unambiguously
declined until 1972 and started to climb thereafter. The initial decline
was due to the fall in both within-zone and between-zone contributions
of physical capital (though the magnitude of the latter was much larger).
The fall in the between-zone contribution coincided with the ‘third front
campaign’, a time when massive amounts of state investment were directed
to inland provinces. Increase in the trend toward cumulative contribution
of physical capital can be largely explained by the widening gap between
coastal, central, and western regions. By the 1990s, this increasing trend
was entirely propelled by the between-zone contribution of physical
capital, which was the major force driving interregional inequality
upward in the reform era. The reform marked the start of an era in
which new sources of investment funds, such as self-raised funds or
foreign capital, were made possible. Under the open-door and
preferential policies, the major part of these funds went to the richer
coastal regions. The spatial distribution of investment funds in the
reform era has thus been increasingly skewed in favor of richer regions,
which explains the increase in the between-zone contribution of physical
capital. The cumulative contribution of productivity growth (before
deducting the impacts of FDI and industrial restructuring) to
interregional inequality was equally if not more important in certain
sub-periods. FDI initially contributed to an increase in interregional
inequality but its effect diminished from the mid-1980s onwards. Over
time, the within-zone contribution of FDI showed a one-off decrease
followed by an upward trend while the between-zone contribution of
FDI did not follow any discernible trend. Industrial restructuring since
the 1970s contributed to a reduction in overall interregional inequality,
but the effect began to diminish in the 1990s. The downward trend is
shown to be largely due to the within-zone effect of industrial
restructuring. Industrial restructuring reduced interregional inequality
by newly industrializing the less developed regions in the early stages of
the reform era.
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Concluding remarks
This chapter can serve as a foundation on which to build the related
analyses in subsequent chapters. Along with China’s rapid economic
growth in the past few decades, substantial disparities have emerged in
terms of productivity and per-capita income across China’s different
regions. The factors shaping the spatial pattern of income inequality in
China either impact regional productivity growth or the regional
accumulation of physical and human capital. In preparation for
subsequent empirical examinations of regional development and
interregional inequality in China, in this chapter we have constructed a
theoretical framework within which regional growth in total output can
be broken down into growth of its constituent parts. Such a framework
allows us to study regional productivity growth and regional factor
accumulation, as well as their relative importance to output growth in
China’s regions. As unbalanced growth and development in China can
be seen to be the result of uneven regional growth of productivity and
production factors, we propose a coherent framework, not only to
investigate the potential forces shaping the pattern of China’s spatial
disparities, but also to evaluate their relative importance by
quantitatively breaking the inequality down into its various
contributory components. In sum, all the discussions in this chapter
constitute an analytic foundation on which our analyses in the
subsequent chapters can be built.

Notes
1. Works on economics are often classiﬁed according to JEL
classiﬁcation codes, a system set up by the Journal of Economic
Literature.
2. This assumption can be thought of as combining two assumptions.
The ﬁrst is that the economy is so big that the gains from specialization
have been exhausted. The second is that inputs other than physical
capital, human capital–augmented labor, and technology are
relatively unimportant (Romer, 2006).
3. See, for example, McMillan et al. (1989), Fan (1991), Lin (1992), and
Fan and Zhang (2002).
4. See, for example, Borensztein and Ostry (1996) and Hu and Khan
(1997).
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5. For example, Hu and Khan (1997) adopt an annual capital
depreciation rate that is 3.6 percent while Maddison (1998) adopts
one that is 17.0 percent. Most studies usually apply an annual capital
depreciation rate of 4–10 percent. Some examples include WB (1997),
which uses 4 percent, Perkins (1988), Woo (1998), Meng and Wang
(2000), and Wang and Yao (2003), who use 5 percent, Chow and Li
(2002), who use 5.4 percent, Young (2003), who uses 6.0 percent, Wu
(2004), who uses 7.0 percent, and Zhang (2008), who uses 9.6
percent. The latter two, Wu (2004) and Zhang (2008), are regional
studies. See, for example, Wu (2009, 2011) for a summary of the
capital depreciation rates and initial capital stock levels used in
different studies.
6. See table 1 of Wu (2011) for a full list of the 74 studies surveyed. See
figure 1 of Wu (2011) for a histogram of the estimates. Also, see table 2
of Wu (2011) for summary information about the estimates.
7. This is the ﬁrst such attempt in the literature.
8. See also the study of Zheng et al. (2009a).
9. This section draws essentially on the results of Tsui (2007). In Tsui
(2007), a population-weighted version of Theils’s entropy measure is
constructed (see eq. (1) of Tsui, 2007), and is then broken down into
measures of within-region and between-region inequality.
10. China’s zones comprise the eastern zone (eastern provinces), central
zone (central provinces), and western zone (western provinces).
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Unbalanced development in China

Abstract: In this chapter we present the facts and trends of interregional
inequality in China, and attempt to establish a linkage between the various
forces generated by policy regime switching and the changing pattern of
interregionally unbalanced economic development in China. Among other
ﬁndings, our empirical results suggest that the sharp increase in overall
interregional inequality in the early 1990s can largely be attributed to the
between-zone contribution of physical capital. Besides the coastal–inland
disparity, variation within coastal regions is a dominant factor in overall
interregional inequality in China. Moreover, it can be shown that
the process by which China opened up to trade and FDI can account for a
large part of China’s interregional inequality, a part that is continually
increasing.
Key words: economic development, interregional inequality, decomposition,
within-zone contribution, between-zone contribution, policy regime.
JEL classiﬁcation codes: F41; O11; O57. 1

Introduction and background
Economic reform and the opening up of China during the past 35 years
have led to three big closely related events: a gradualist transition from
central planning towards a market system, a remarkable rate of economic
growth, and a dramatic rise in income inequality (Knight, 2008). 2 The
tradeoff between economic growth and income equality, however, is a
longstanding world issue. Worldwide, the experience of the past century
shows that policy-makers have struggled to cope with the challenge of
bringing about economic growth that leads to balanced human
development. Over the decades, two different approaches to addressing
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this challenge have been developed. One is the interventionist approach,
which argues that social disparities will never disappear; rather, they will
widen with economic development. Since the market allocates resources
unequally when it is left to its own devices, China’s government strives to
organize the economy in such a way that distribution of the beneﬁts of
economic development could be done more equitably. However, the
outcome is usually equality in poverty. Any attempt to suppress the
market mechanism has the effect of delinking contributions and beneﬁts
and thus removes the incentives of micro agents to make contributions to
economic development. This is exactly what happened in pre-1980 China
under the centrally planned system.
The other approach is the liberal approach, proponents of which believe
that social and economic inequalities have to be taken for granted because
they can never be eliminated. Therefore, the primary aim of government
policy should be to create a level playing ﬁeld so that everyone has equal
opportunities to contribute to economic growth and draw beneﬁt from it.
However, proponents of this view are aware that even a level playing
ground is an artiﬁce, some will still contribute more and beneﬁt more
than others as some are more apt to seize opportunities than others.
Thus one problem with this approach is that the fruits of economic
growth may initially become so unevenly distributed and the disparities
may grow so wide that the level playing ground as such ceases to exist.
Serious inequalities may then emerge. In such a case, it becomes morally
and politically imperative for the government to intervene to support the
less fortunate members of society. In the last quarter of the twentieth
century, governments almost everywhere embraced the liberal point of
view as this approach seemed at least to promote economic growth and
social development, despite the possibility of it also widening the social
gaps between different groups (UN, 2001).
All in all, it is challenging if not completely impossible for governments
to make policies to generate economic growth, on the one hand, and
distribute the beneﬁts of social development evenly, on the other hand.
Disparities between different groups of people such as those between urban
and rural areas or across different geographical regions may stem from
natural differences, sociocultural conditions, and policy decisions.
Although it is difﬁcult to remove all the disparities completely, it is
possible and necessary to reduce at least man-made obstacles like policy
decisions or social constraints that prevent people or areas from developing
their full potential (UN, 2001). The creation of equal opportunities (i.e., a
level playing ﬁeld) for everyone is necessary to achieve balanced economic
and social development.
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In China there are serious disparities across different geographical
regions as well as between urban and rural areas. Taking interregional
inequality as an example, we can see that regional development strategies
in China in the last four decades passed through a number of phases, and
brought about forces that ultimately resulted in unbalanced development
across China’s regions. Pre the reform era, the Chinese government saw it
as one of its major political goals to reduce the gap between coastal and
interior regions. The apparatus of central planning gave the Chinese
government a handle to mobilize resources to do so, as witnessed by
state appropriations becoming the dominant source of investment funds
(Lardy, 1978; Naughton, 2002; Tsui, 2007). However, efﬁciency
considerations such as comparative advantages and economies of scale
were usually irrelevant in determining the spatial allocation of investment
funds. A case in point was the ‘third front campaign’, a defense-related
program to relocate industries to inland regions in the mid-1960s and the
early 1970s (Naughton, 1988). Such a massive plan to transfer industrial
capacities to less developed regions, regardless of their infrastructure and
comparative advantages, turned out to be a recipe for economic waste
(Tsui, 2007). The effect of favoring inland provinces with additional
investment was thus offset by all the other forces that undercut
efﬁciency and productivity.
The reform era represented a policy break with the past. With the
retreat of central planning and the initiation of a market system, the
government’s role in allocating investment diminished in importance.
The economic reform unleashed new forces that led to spatial
restructuring of industries, by fundamentally changing the spatial
allocation of investment funds. Speciﬁcally, ﬁscal decentralization
allowed local governments, administrative agencies, and state-owned
enterprises to retain more of the revenue generated within their
jurisdictions and opened up more opportunities to boost their ﬁscal
intake. As a result, there emerged an explosion of self-raised funds, the
distribution of which was highly skewed in favor of the richer coastal
regions (Tsui, 2007). In addition, market forces began to channel
industries to regions according to their comparative advantages and
economies of scale – not to politically motivated strategies that could be
detrimental to economic efﬁciency. Besides inducing changes in the spatial
distribution patterns of investment and industries, economic reforms also
set off a series of productivity-enhancing institutional innovations that
were often localized with spatially differentiated effects. Some of the
institutional innovations beneﬁted poorer inland regions, others
enhanced productivity in richer coastal regions. Coastal regions also
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experienced a faster pace of market reforms and opening up to the outside
world, reinforcing the effects of the new spatial distribution patterns of
investment and industries.
It is important to note that the different policy regimes adopted in the last
four decades unleashed various forces that exerted different and at times
opposing effects on interregional disparities (Tsui, 2007). Different policy
regimes have shaped the spatial distribution of production factors such as
physical and human capital, which in turn has led to differential rates of
regional economic growth. In addition, development strategies and the
institutional environment have also exerted spatially different impacts
on regional productivity. Under the inﬂuences of the various shaping
forces, the dynamics of spatial inequality become complex and do not
follow monotonic change over time (Tsui, 2007). Therefore, this
chapter looks at the facts and trends of interregional inequality in
China. This chapter is organized as follows. In the chapter’s second
section ‘An analytical framework’, we present a framework that lays the
foundation for our empirical analysis. In the third section ‘Empirical
evidence’, we analyze and present the basic results. In the fourth section
‘The persistence of interregional inequality’, we further discuss the
persistence of interregional inequality in China.

An analytical framework
If we are to study unbalanced development across China’s regions, we ﬁrst
need an analytical framework to empirically measure and examine
interregional inequality in the country. As already discussed in Chapter
2, if we let IðyÞ be some measure of overall interregional inequality, where y
is a vector of regional GDP per capita (or per worker), in so far as regional
output and factor inputs are captured by the regional production function,
the rate of change in interregional inequality over time, dIðyÞ=dt, can then
be expressed as a function of regional growth rates. Employing the
decomposition framework discussed in Chapter 2, we are able to break
the growth of regional GDP per capita down into individual contributions
of the growth in total factor productivity and the accumulation of such
production inputs as physical and human capital. The rate of change in
interregional inequality dIðyÞ=dt can then be attributed to the changing
pattern of spatial allocation in investment captured by interregional
differential growth in physical and human capital as well as to the
impact of institutional improvements reﬂected in the growth of total
factor productivity (see Tsui, 2007).
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In this connection, we follow Tsui (2007) to construct a populationweighted version of Theil’s entropy as our measure of interregional
inequality, which is
 
Ng
G X
X
y
ð3:1Þ
g;n ln
IðyÞ ¼
y
g;n
g¼1 n¼1
P Ng
P
where y is deﬁned as y ¼ G
g¼1
n¼1 g;n yg;n . G is the total number of
geographical zones in China and Ng is the total number of divisions
(provincial level) in the gth geographical zone. y ¼ ðy1 ; . . . ; yG Þ is a
vector of regional GDP per capita, where yg ¼ ðyg;1 ; . . . ; yg;Ng Þ. g;n is
P Ng
P
deﬁned as g;n ¼ Mg;n = G
g¼1
k¼1 Mg;k , in which the letter M stands
for population. In the present study China’s regions are grouped into
the eastern, central, and western zones so that G is equal to 3. Eq. 3.1
can be applied to examine how overall interregional inequality in China
has changed over time.
To help us focus on the income gap between coastal and inland regions,
we can further decompose the overall inequality measure in Eq. 3.1 into
two components, within-zone inequality and between-zone inequality,
respectively
ð3:2Þ
IðyÞ ¼ I W ðyÞ þ I B ðyÞ
The former, within-zone inequality, is deﬁned as
I W ðyÞ ¼

G
X

g Iðyg Þ

ð3:3Þ

g¼1

P
P G P Ng
with g ¼ Ng
g¼1
n¼1 Mg;n =
n¼1 Mg;n , while the latter, between-zone
inequality, is deﬁned as
 
n
X
y
ð3:4Þ
g ln
I B ðyÞ ¼

y
g
g¼1
P
P Ng
where yg ¼ Ng
n¼1 Yg;n =
n¼1 Mg;n .
With the measures of inequality properly deﬁned as above, we can now
proceed to set up an analytical framework to break overall change in
inequality down into its different elements. We start with the regional
production function
Yg;n ¼ Ag;n Fg;n ðKg;n ; Hg;n Þ

ð3:5Þ

where Yg;n is the level of GDP of the nth region in the gth zone. 3 On the
right-hand side Ag;n and Fg;n enter the expression multiplicatively. Fg;n is a
function whose two arguments, Kg;n and Hg;n , are increasing. Kg;n is the
stock of physical capital while Hg;n denotes the amount of human capital
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(quality-adjusted labor). Further, Hg;n ¼ hg;n Lg;n , where Lg;n is the amount
of raw labor (e.g., the number of workers), while hg;n is labor-augmenting
human capital intensity, which is in turn supposed to be related to the
general level of education of the labor force. Ag;n is the term that captures
the level of total factor productivity (TFP).
Differentiating Eq. 3.5 with respect to time yields the following


_ g;n
_Yg;n ¼ A_ g;n Fg;n ðKg;n ; Hg;n Þ þ Ag;n @Fg;n K_ g;n þ @Fg;n H
ð3:6Þ
@Kg;n
@Hg;n
where a dot over a variable is shorthand for the ﬁrst-order derivative with
respect to time. Dividing both sides of Eq. 3.6 by Yg;n gives
_ g;n
Y_ g;n A_ g;n Kg;n @Fg;n K_ g;n Hg;n @Fg;n H
¼
þ
þ
Yg;n Ag;n Fg;n @Kg;n Kg;n Fg;n @Hg;n Hg;n

ð3:7Þ

which immediately implies that per-capita growth of regional GDP can be
broken down into the growth of four elements
_ g;n M
_ g;n
y_ g;n A_ g;n
K_ g;n
H
¼
þ K
þ H

g;n
g;n
yg;n Ag;n
Kg;n
Hg;n Mg;n

ð3:8Þ

where  Kg;n and  H
g;n are deﬁned as
K
g;n ¼

Kg;n @Fg;n
Fg;n @Kg;n

and

H
g;n ¼

Hg;n @Fg;n
;
Fg;n @Hg;n

respectively. Therefore, different growth rates in TFP, physical capital,
human capital, and population all contribute to different growth rates
in regional output per capita. Any change in our inequality index IðyÞ
may thus ultimately depend on changes in all the four elements: TFP,
physical capital, human capital, and population.
Differentiating Eq. 3.1 with respect to time, we obtain the following
Ng
Ng
G X
G X
_ g;n
y_ g;n X
dIðyÞ X
ðsg;n  g;n Þ
þ
ðsg;n  g;n ln yg;n Þ
¼
yg;n g¼1 n¼1
g;n
dt
g¼1 n¼1

ð3:9Þ

P P Ng
3
where sg;n ¼ Yg;n = G
g¼1
k¼1 Yg;k . There are two terms on the right-hand
side of Eq. 3.9. The ﬁrst term captures the impact of differential growth
rates across regions on interregional inequality while the second term
captures the impact of changes in a region’s share of the population. As
noted by Tsui (2007), the direction taken by the impact of y_ g;n =yg;n on
interregional inequality hinges on the sign of the term (sg;n  g;n ). This
conforms to the implicit ethical judgment that whenever a region’s income
share lags behind its population share, then transferring more income to
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the region should reduce inequality. This ethical judgment is analogous to
the Pigou–Dalton transfer principle on inequality measurement. 5
Then, inserting Eq. 3.8 into Eq. 3.9 yields the following decomposition,
from which we see the change in interregional inequality depends on the
growth of TFP and factor inputs
dIðyÞ
¼  A þ K þ H þ M þ 
dt
where
A ¼

Ng
G X
X

ðsg;n  g;n Þ

g¼1 n¼1
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G X
X

A_ g;n
Ag;n
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_ g;n
H
Hg;n

g¼1 n¼1
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 ¼
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M
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_ g;n
g;n

The ﬁrst three components, A , K , and H can naturally be interpreted as
the contributions of growth in TFP, physical capital, and human capital to
the change in interregional inequality. The fourth component, M , captures
the effect of population growth on interregional inequality. Fast growth of
the population in poor regions tends to result in an increase in interregional
inequality. The ﬁfth component,  , is associated with the effect that
changes in population shares have on interregional inequality.
One of the main objectives of this chapter is to measure and examine the
trend of the income gap between China’s coastal regions and inland
regions. It is necessary to conceptually distinguish between within-zone
inequality and between-zone inequality, as the two may exhibit quite
divergent trends over time and mixing them together may produce
misleading results. The terms in Eq. 3.10 can be further broken down
into within-zone and between-zone contributions. The change of withinzone inequality over time can be written as
dI W ðyÞ
W
W
W
W
¼ W
A þ K þ H þ M þ 
dt

ð3:11Þ
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in which the individual components are deﬁned as follows
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where s gg;n ¼ Yg;n = Ng
k¼1 Yg;k and  g;n ¼ Mg;n =
k¼1 Mg;k . Likewise, for
the change of between-zone inequality over time, we have the following
decomposition
dI B ðyÞ
ð3:12Þ
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dt
in which
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where yg ¼ n¼1  gg;n yg;n . Note that s gg;n and  gg;n are deﬁned with respect
to a zone. In the case of the between-zone contribution, ðsg;n  g s gg;n Þ
equals s gg;n ðsg;n =s gg;n  g Þ and the term sg;n =s gg;n is actually the share of
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income accruing to region g, so ðsg;n =s gg;n  g Þ is the difference between the
income share and the population share of the gth region.

Empirical evidence
In order to make our empirical analysis manageable, we need to specify a
functional form for the regional production function in Eq. 3.5. We
therefore assume a Cobb–Douglas production function of the form
Yg;n ¼ Ag;n K g;n H 1
g;n

ð3:13Þ

Such a form of the Cobb–Douglas production function assumes constant
returns to scale of K and H, which can be thought of as combining two
assumptions. One is that inputs other than physical capital K and human
capital H as well as knowledge (or technology, as captured by A) are
relatively unimportant. In particular, here we temporarily neglect land
and other natural resources as important factors of production. The
other assumption is that the regional economy is big enough that
further gains from specialization have been exhausted. The structural
parameter  has been assumed to be the same across regions and over
time. Obviously, in reality there may exist structural differences in the
regional production function so that the value of  may differ across
regions and/or over time. 6 However, owing to a lack of convincing
evidence in the literature concerning the heterogeneous values of , here
we simply make the more usual assumption that China’s regions share a
common value of , which remains constant across regions and over time.
Therefore, we have to make an assumption about the speciﬁc value of
this common . As discussed in Chapter 2, some cross-country studies
such as those by Hall and Jones (1999) and Aiyar and Feyrer (2002)
assume a common  ¼ 1=3 worldwide when choosing a likely value of
. However, Chow and Li (2002), Chow (2008), Zheng et al. (2009), and
Brandt and Zhu (2010) have provided further evidence for the likely value
of the structural parameter . Zheng et al. (2009) point out that  is about
0.3 for the United States (see CBO, 2001), about 0.4 for the EU (see Musso
and Westermann, 2005), and for China it can be as high as 0.6 (see Chow
and Li, 2002 and Chow, 2008). Based on national income accounts and
national input–output tables constructed by the National Bureau of
Statistics of China,  is roughly 0.5 in the non-agricultural sector, about
0.3 in the agricultural sector, and about 0.40–0.42 for the entire Chinese
economy (Brandt and Zhu, 2010). However, Brandt and Zhu (2010) argue
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that the high-factor share of labor in agriculture (about 0.7) is inconsistent
with estimates based on household data, which suggest a labor share in the
vicinity of 0.5. Therefore, Brandt and Zhu (2010) assume that  is 0.5 for
all three sectors in their study throughout the sample period (Jiang, 2012).
In our present study, we follow Brandt and Zhu (2010) and assume a
universal value  ¼ 0:5 for all China’s regions throughout our sample time.
We study 28 provincial-level divisions in mainland China over the
period 1996–2011. 7 China’s mainland is divided into three geographical
zones: the eastern coastal zone, the central zone, and the western zone.
These zones exhibit systematic differences not only in such aspects as
climate and resource endowment, but also in others like culture, policy,
and exposure to foreign trade and foreign direct investment (Wei, 2002).
Therefore, each of our 28 regions is classiﬁed as either a coastal province, a
central province, or a western province.
Our data principally come from annual editions of the China Statistical
Yearbook (1996–2012), an ofﬁcial publication of the state, where a series
of nominal GDP, GDP indices, total population, and the total number of
employed persons (workers) for each region are directly available. This
facilitates calculation of a series of real regional GDP and real regional
GDP per capita. As mentioned in Chapter 2, the annual editions of the
China Statistical Yearbook do not directly record data on regional physical
capital stock for China’s regions. We follow the perpetual inventory
procedure of Wu (2008) to obtain the data series of regional capital
stock for each region. 8 Wu (2008) extends his previous method (Wu
2004) by adopting different rates of capital depreciation for China’s
different regions, which is the ﬁrst such exercise ever in the literature.
The different rates are derived by following a simulation process
through which estimated depreciation values converge with actual
depreciation values given in the China Statistical Yearbook. In general,
the depreciation rate is high in more developed regions, and low in less
developed regions and the three municipalities Beijing, Tianjin, and
Shanghai. Moreover, as Wu (2008) has noted, it is interesting to see
that the mean regional rate of depreciation is about 4%, close to the
one used by the World Bank (WB, 1997).
To get a data series of regional human capital, we follow the same
method as described in Jiang (2012) and in Chapter 2: we ﬁrst construct
the levels of human capital intensity and then calculate the levels of regional
human capital stock by multiplying the former by the corresponding size of
the regional labor force. 9 Measuring human capital has always been a
weak point in growth empirics (Gundlach, 1997). Researchers have been
forced to devise various measures to proxy for the ﬂow or stock of human
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capital. For example, in a regional growth study of China Gundlach (1997)
uses publications per worker (PUBL) as a measure of the stock of regional
human capital. Gundlach argues that the regional supply of written
information correlates with the regional quantity of human capital. As
the amount of written information is likely to be dominated by newspapers,
PUBL will more or less reﬂect the consumption of newspapers per worker
at the regional level. Therefore, this measure may reﬂect differences in
literacy rates across different regions in China, which, in turn, may turn
out to be more plausible measures of exogenous interregional differences
in human capital than reported schooling rates. However, owing to
incomplete data on regional publications, we stick to the method
described in Chapter 2 to calculate regional human capital. By applying
data on physical and human capital derived in this way, the levels of
regional TFP can then be calculated as a residual based on Eq. 3.13.
Although we have deviated somewhat from the method used by Tsui
(2007), our empirical results basically conform with Tsui’s. The major
objective of the discussion in this chapter is to establish a linkage
between the various forces generated by policy regime switching and the
changing pattern of interregionally unbalanced economic development in
China. Our empirical results suggest that the sharp increase in overall
interregional inequality in the early 1990s can largely be attributed to
the between-zone contribution of physical capital. Besides the coastal–
inland disparity, variation within coastal regions contributes, sometimes
dominantly, to overall interregional inequality. An interesting but much
less studied aspect of interregional inequality is education and human
capital. There exist huge disparities in terms of education resources and
human capital stocks across China’s different regions. Probably owing
to the incomplete measure of human capital, our results show that the
contribution of human capital to growth is small compared with
productivity and physical capital.

The persistence of interregional inequality:
further discussion
Persistent interregional inequality within a country is at odds with
neoclassical theory, which posits that when the economy is functioning
well, all interregional inequality should be eliminated by factor mobility,
trade, or arbitrage (Candelaria et al., 2013). The real reason for the
prevalent phenomenon of interregional inequality has still not been
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found even though a large body of the literature has been devoted to this
topic (Magrini, 2007). In this section we further discuss the patterns and
causes of persistent interregional inequality in China.
World Bank estimates show that China is a country of severe inequality,
with its income Gini coefﬁcient far exceeding that of other Asian countries
such as India, Pakistan, and Bangladesh. Income disparities in China exist
both within and between regions. Even though intraregional differences
(such as urban–rural income gaps within regions) in China have been the
focus of much research, there sems to be no end to the discussions that have
recently emerged on interregional inequality across different regions in
China. For example, Kanbur and Zhang (2005) ﬁnd that the evolution
of China’s interregional inequality matches the phases of China’s history
remarkably well and can be explained at different times by the share of
heavy industry in total output, the level of decentralization, and the degree
of openness. Their discussion suggests that the process of decentralization
affected interregional inequality during China’s economic transition from
a planned to a market economy, and that greater openness led to greater
interregional inequality in China. Yao and Zhang (2001) show that there
exists divergence in real per capita income across different groups of
Chinese provinces. Wan et al. (2007) point out that the processes of
increasing opening up, uneven domestic capital formation, and
privatization all contribute to interregional inequality in China. Xia et
al. (2013) show that urban income inequality across China’s different
regions is affected by reforms in the public sector.
Candelaria et al. (2013) have recently attempted to come up with the
reasons for persistent interregional inequality in China. Their measure of
interregional inequality is across-region variation in regional real wages,
where they use regional average wages adjusted by region-speciﬁc
consumer price indexes. By using the number of college graduates and
real government expenditure on education as proxy variables for the
level of education in the labor force, the study ﬁnds that higher levels of
education are associated with higher average real wages. Rich provinces
generally have higher wages and more government expenditure on
education. Moreover, the higher shares of the manufacturing and
service sectors, which tend to have higher labor productivity, are
associated with higher real wages and can account for over 50% of
interregional variation in regional real wages. The higher shares of
agricultural sector are associated with lower regional wages and can
account for about 40% of total variation in real wages across China’s
regions. Finally, provinces with larger commercial ports, as measured by
berth capacity, are associated with higher real wages. All these factors
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jointly account for over 80% of interprovincial variation in real wages
across China’s provinces. In sum, Candelaria et al. (2013) found that the
major sources of interregional inequality in China were long-term and
structural factors such as labor quality, industry mix, and geographical
location. In addition, they also found that interregional mobility of labor
and other production factors failed to offset interregional wage inequality
during the sample period. Therefore, they concluded that the current
situation of interregional inequality in China is likely to persist and will
not be substantially ameliorated in the near future.
One issue of particular interest is how globalization and China’s opening
up affect the pattern of interregional inequality in China. Wan et al. (2007)
point out that globalization can account for a substantial share of
China’s interregional inequality and that the share rises over time.
Further globalization and opening up will lead to even higher
interregional inequality in China unless concerted efforts are made to
enhance trade and inﬂows of FDI to China’s interior regions.
Geographic and market considerations mean the less developed regions
ﬁnd themselves in a disadvantageous situation when it comes to conducting
foreign trade and absorbing inﬂows of FDI. Preferential policies promoting
trade and FDI that were given to coastal provinces but are now being
gradually phased out should be restored in China’s interior provinces.

Concluding remarks
Economic reform and the opening up in China during the past few decades
have led to three big and closely related events: the gradualist transition
from a planned toward a market system, the remarkable rate of economic
growth, and the dramatic rise in income inequality. This chapter presents
facts and trends relating to interregional inequality in China, and
establishes the linkage between the various forces generated by policy
regime switching and the changing pattern of interregionally
unbalanced economic development in China. Among other ﬁndings our
empirical results suggest that the sharp increase in overall interregional
inequality in the early 1990s can largely be attributed to the between-zone
contribution of physical capital. Besides the coastal–inland disparity,
variation within coastal regions contributes, sometimes dominantly, to
overall interregional inequality. Recent research further suggests that the
major sources of interregional inequality in China were long-term and
structural factors such as labor quality, industry mix, and geographical
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location, and that the current situation of interregional inequality in China
is likely to persist and will not be substantially improved in the near future.
One issue of particular interest is the way in which China’s opening up
affects interregional inequality in China. Research suggests that the very
act of China opening up to trade and FDI may well account for a
substantial share of China’s interregional inequality, a share that is
increasing as time goes by.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
2. For recent discussions of interregional inequality in China, see also Yang
(1999), Sisci (2005), WB (2005), Fan and Sun (2008), Zhu et al. (2008),
Fan et al. (2009), and Yin (2011).
3. We omit the time subscript to avoid cluttering the notation.
4. To save space we omit details on how Eq. 3.9 is derived. The interested
reader is directed to appendix B of Tsui (2007) for the details.
5. The Pigou–Dalton transfer principle says that a transfer of income from
a richer to a poorer person, so long as that transfer does not reverse the
ranking of the two, will lead to a fall in inequality.
6. See, for example, Gollin (2002), who provides evidence showing the
sense of assuming a heterogeneous share of capital in the production
function.
7. As in the previous chapter, the 28 provincial-level divisions include
provinces, ethnic minority autonomous regions, and municipalities in
mainland China. Owing to incomplete data, Tibet, Chongqing, and
Hainan are not included in our sample.
8. See Chapter 2 for more details.
9. See Chapter 2 for more details.

References
Aiyar, S.; and Feyrer, J. (2002) A Contribution to the Empirics of Total Factor
Productivity (Dartmouth College Working Paper No. 02-09), Hanover, NH:
Dartmouth College.
Brandt, L.; and Zhu, Xiaodong (2010) Accounting for China’s Growth (Working
Papers tecipa-394), Toronto, Canada: Department of Economics.

42

Unbalanced development in China

Candelaria, C.; Daly, M.; and Hale, G. (2013) Persistence of Regional Inequality in
China (Working Paper 2013-06), Federal Reserve Bank of San Francisco.
CBO (2001) ‘CBO’s method for estimating potential output: an update,’ August 2001.
Available from: http://www.cbo.gov/ftpdocs/30xx/doc3020/PotentialOutput.
pdf [Congressional Budget Ofﬁce].
Chow, G.C. (2008) ‘Another look at the rate of increase in TFP in China,’ Journal of
Chinese Economic and Business Studies, 6(2), 219–24.
Chow, G.C.; and Li, Kui-Wai (2002) ‘China’s economic growth: 1952–2010,’
Economic Development and Cultural Change, 51(1), 247–56.
Fan, C.C.; and Sun, Mingjie (2008) ‘Regional inequality in China, 1978–2006,’
Eurasian Geography and Economics, 49(1), 1–20.
Fan, Shenggen; Kanbur, R.; and Zhang, Xiaobo (2009) ‘Regional inequality in China:
an overview,’ in Shenggen Fan, R. Kanbur and Xiaobo Zhang (Eds.), Regional
Inequality in China: Trends, Explanations and Policy Responses, London:
Routledge.
Gollin, D. (2002) ‘Getting income shares right,’ Journal of Political Economy, 110,
458–75.
Gundlach, E. (1997) ‘Regional convergence of output per worker in China: a
neoclassical interpretation,’ Asian Economic Journal, 11, 423–42.
Hall, R.E.; and Jones, C.I. (1999) ‘Why do some countries produce so much more
output per worker than others?’ Quarterly Journal of Economics, 114, 83–116.
Jiang, Yanqing (2012) ‘Technology diffusion, spatial effects and productivity growth
in the Chinese provinces,’ International Review of Applied Economics, 26(5),
643–56.
Kanbur, R.; and Zhang, X. (2005) ‘Fifty years of regional inequality in China: a
journey through central planning, reform, and openness,’ Review of Development
Economics, 9(1), 87–106.
Knight, J. (2008) ‘Reform, growth and inequality in China,’ Asian Economic Policy
Review, 3(1), 140–58.
Lardy, N. (1978) Economic Growth and Distribution in China, Cambridge, U.K.:
Cambridge University Press.
Magrini, S. (2007) ‘Regional (di)convergence,’ Handbook of Regional and Urban
Economics, Vol. 4, Amsterdam, The Netherlands: Elsevier B.V., pp. 2741–96.
Musso, A.; and Westermann, T. (2005) Assessing Potential Output Growth in the
Euro Area: A Growth Accounting Perspective (ECB Occasional Paper No. 22),
Frankfurt, Germany: European Central Bank.
Naughton, B. (1988) ‘The third front: defence industrialization in the Chinese
interior,’ The China Quarterly, 115, 351–86.
Naughton, B. (2002) ‘Provincial economic growth in China: causes and consequences
of regional differentiation,’ in M.F. Renard (Ed.), China and Its Regions:
Economic Growth and Reform in Chinese Provinces, Cheltenham, U.K.:
Edward Elgar, pp. 57–86.
Sisci, F. (2005) ‘Is China headed for a social red alert?’ Asia Times Online, 20 October
2005. Available from: http://www.atimes.com/atimes/China_Business/
GJ20Cb01.html
Tsui, Kai-yuen (2007) ‘Forces shaping China’s interprovincial inequality,’ Review of
Income and Wealth, 53(1), 60–92.

43

China

UN (2001) Reducing Disparities: Balanced Development of Urban and Rural Areas
and Regions within the Countries of Asia and the Paciﬁc, New York: United
Nations Publications.
Wan, G.; Lu, M.; and Chen, Z. (2007) ‘Globalization and regional income inequality:
empirical evidence from within China,’ The Review of Income and Wealth, 53(1),
35–59.
WB (1997) China 2020: Development Challenges in the New Century, Washington,
D.C.: The World Bank.
WB (2005) World Development Report 2006: Equity and Development, New York:
Oxford University Press.
Wei, Shang-Jin (2002) ‘China as a window to the world: trade openness, living
standards and income inequality,’ G-20 Workshop on Globalisation, Living
Standards and Inequality: Recent Progress and Continuing Challenges, 2002,
sponsored by the Reserve Bank of Australia and the Australian Treasury.
Wu, Yanrui (2004) China’s Economic Growth: A Miracle with Chinese
Characteristics, London: Routledge Curzon Press.
Wu, Yanrui (2008) ‘The role of productivity in China’s growth: new estimates,’
Journal of Chinese Economic and Business Studies, 6(2), 141–56.
Xia, Q.; Song, L.; Shi, L.; and Appleton, S. (2013) The Effects of the State Sector on
Wage Inequality in Urban China: 1988–2007 (IZA Discussion Paper No. 7142),
Bonn, Germany: Institute for the Study of Labor.
Yao, Shujie and Zhang, Zongyi (2001) ‘Regional growth in China under economic
reforms,’ Journal of Development Studies, 38(2), 167–86.
Yin, Heng (2011) ‘Characteristics of inter-regional income disparities in China,’
Social Sciences in China, 32(3), 123–44.
Yang, D.T. (1999) ‘Urban-biased policies and rising income inequality in China,’
American Economic Review Papers and Proceedings, 89(2), 306–10.
Zheng, Jinghai; Hu, Angang; and Bigsten, A. (2009) ‘Measuring potential output in a
rapidly developing economy: the case of China in comparison with the US and EU,’
Federal Reserve Bank of St. Louis Review, July/August, 317–42.
Zhu, Shujin; Lai, Mingyong; and Fu, Xiaolan (2008) ‘Spatial characteristics and
dynamics of provincial total factor productivity in China,’ Journal of Chinese
Economic and Business Studies, 6(2), 197–217.

44

4

Potential effects of foreign trade
on development
Abstract: This chapter discusses in a preliminary way the potential effects of
foreign trade on Chinese economic development, and focuses on the possible
mechanisms through which foreign trade impacts economic development. One
such mechanism is technology diffusion. Openness to foreign trade promotes
total factor productivity (TFP) growth in China by facilitating technological
spillovers from technologically advanced countries. Our preliminary empirical
analysis in this chapter is based on a hypothesis positing that, given the level of
TFP at the world technology frontier, China’s regional TFP growth is a positive
function of regional openness to foreign trade and a negative function of
the current level of regional TFP. Our regression results show that regional
openness has a signiﬁcantly positive effect on regional TFP growth, and that
there is evidence for conditional convergence in TFP across China’s regions.
Key words: foreign trade, exports, imports, development, regional openness,
total factor productivity.
JEL classiﬁcation codes: F41; O11; O57. 1

Introduction
China’s foreign trade has experienced spectacular expansion in line with
the country’s dramatic economic growth and development. The causal
linkages between foreign trade, economic growth, and development
have long been a subject of great interest among academic researchers
as well as government policy-makers. A major ﬁnding from the
extensive literature on this subject shows that internationally active
countries tend to be more productive than those that mainly produce
for their domestic markets. Foreign trade expansion may positively
inﬂuence economic growth and development because it is known to
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increase capacity utilization and the efﬁciency of resource allocation, allow
a country to take advantage of economies of scale, and promote technical
change and overall productivity (Tyler, 1981; Balassa, 1985, 1988).
Empirical studies show that foreign trade positively affects economic
growth and development by promoting technological progress, capital
accumulation, industrial structure upgrading, and institutional
advancement (Sun and Heshmati, 2010). Speciﬁcally, increased imports
of capital and intermediate goods may lead to productivity growth in
domestic manufacturing (Lee, 1995). Exporting exposes domestic ﬁrms
to intense international competition, which forces them to improve
productivity to enhance their international competitiveness (Wagner,
2007). Learning by doing occurs more rapidly in the export industry
because of spillovers of knowledge and technology. Before the 1960s,
research on the effects of foreign trade was limited to a few speciﬁc
countries. As modern econometric techniques have advanced, so more
complicated methodologies to analyze the relationship between foreign
trade and economic development have arisen. To date, research in this
area can be roughly divided into two categories. One focuses on the causal
relationship between openness to foreign trade and economic development
while the other mainly examines the contribution of foreign trade to
economic growth and development (Sun and Heshmati, 2010).
In particular, the linkage between foreign trade, economic growth, and
development seems to be strong in developing countries. Take China as an
example, its foreign trade experienced very rapid growth as the country
transformed from central planning to a market system. By the 2000s, the
total value of China’s foreign trade had exceeded U.S.$500 billion. Its
foreign trade achieved an average annual growth of 15 percent since
1978, remarkably higher than its average annual GDP growth of 9.5
percent in the same period. Studies on the relationship between foreign
trade and economic development for developing countries have attracted a
great deal of research with consensus on export-led growth ﬁrst emerging
in the 1980s, following the success stories of the newly industrialized
economies (Feder, 1983; Krueger, 1990; Sun and Parikh, 1999). The
export-led growth hypothesis posited that exports unidirectionally
promote economic growth and development (Tyler, 1981). The
hypothesis further shaped the development policies of a number of
countries and the World Bank (WB, 1987). However, while the newly
industrialized economies of Asia are broadly seen as successful examples
of export-led growth and development, there is much less consensus on
the effects of exports on economic growth and development for other
economies, particularly when these economies are large and in
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transition from a centrally planned to a market system like China (Sun and
Parikh, 1999).
For a large developing transitional economy like China, empirical
research often leads to mixed results. Some studies, on the one hand,
ﬁnd either that the export expansion and open-door policy in China has
had positive effects on China’s economic growth (Li and Leung, 1994;
Kwan and Kwok, 1995; Lardy, 1995; Xue, 1995; Demurger, 1996), or that
there is a bidirectional causal relationship between China’s foreign trade
and its economic growth and development (Liu et al., 1997; Shan and Sun,
1998). Moreover, Shen and Li (2003) ﬁnd that there exists a signiﬁcant
positive relationship between the share of exports in total output and
per-capita GDP, and that capital accumulation and institutional
transitions are the two important channels through which foreign trade
impacts per-capita GDP. Zhang et al. (2005) point out that foreign demand
(exports) contributes positively to China’s total output level, while foreign
supply (imports) has a negative impact on the the country’s total output
level, but the two have different multiplier effects. Even if the volume of
total exports exactly equals that of total imports, the net effect of foreign
trade would still be a positive contribution to China’s economic growth.
On the other hand, however, Yang and Shu (1998) show that China’s
growth has been fueled mainly by the increasing accumulation of physical
capital, and that there does not necessarily exist a positive relationship
between exports and economic growth in China. The FTPPT (1999)
concluded, ‘The contribution of net exports is very limited . . . except for
a few years (like 1990 and 1994), when the foreign trade surplus increased
dramatically. Only in those few years, was net exports’ contribution
relatively large (more than three percentage) . . .’ Zhu (1998) argues that
China’s economic development is mainly propelled by domestic demand
instead of exports. Yang (1998) and Li et al. (2004) believe that foreign
trade has differential impacts on economic growth in different regions
across China. Shen (1999) and Zhao et al. (2001) ﬁnd that there exists
a short-run causality between China’s exports and output, but there is
no stable long-run equilibrium relationship between the two. Zhang and
Hu (1999) ﬁnd that China’s foreign trade balance and GDP growth are
negatively related: in years that see a high GDP growth rate, the estimated
contribution of net exports is usually low. Sun (2000) ﬁnds no signiﬁcant
causal relationship between foreign trade and economic growth in China.
The mixed results provided by these studies can be traced back to two
shortcomings. First, whether the studies focus on the causal relationship
between openness to foreign trade and economic development, or
speciﬁcally on the contribution of the former to the latter, they generally
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lack thorough analysis when it comes to the mechanisms or channels
through which a unidirectional or bidirectional causal relationship can
be established between openness to foreign trade and economic
development. Second, the studies usually fail to distinguish the
differential impacts of foreign trade on economic development in the
context of the stage of development in China’s different regions or
sectors. However, discussion of the mechanisms or channels through
which openness to foreign trade may have effects on economic growth
and development is, to put it mildly, challenging, as the two may be so
intricately linked. This is the reason economic research separates trade
from growth when developing economic models. Incorporating foreign
trade into growth models or including temporal dynamics in trade models
is clearly not easy.
Despite the difﬁculties, the remainder of this chapter discusses the
potential mechanisms through which foreign trade may affect economic
development. The remaining sections are organized as follows. In the
second section ‘China’s foreign trade’, we summarize the way in which
China’s foreign trade policy and foreign trade performance have evolved.
In the third section ‘Basic approaches and their implications’, we discuss
different approaches to studying the relationship between foreign trade
and economic development, focusing on the empirical implications of these
approaches. In the fourth section ‘A preliminary empirical analysis’, we
look at regional openness to foreign trade and regional economic growth
across China’s provinces.

China’s foreign trade: a summary of policy
and performance
In this section we draw on previous research, such as Sun and Heshmati
(2010), to summarize the evolution of China’s foreign trade policy and
foreign trade performance.
As is well known, before 1978 China had a centrally planned economic
system and an inward-oriented policy, which rendered foreign trade
subordinate to the national economy. At that time, China had only
minimal trade with the rest of the world, importing goods such as
strategic minerals and other necessities not available from domestic
production, and paying for these goods by exporting surplus raw
materials and simple manufactured goods. The central-planning system
and import substitution policy encouraged the growth of domestic
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industries pre the nation’s opening up, and thus fostered economic growth
by establishing a number of important national industries. However,
owing to a lack of international openness, domestic producers were not
able to enjoy the dynamic beneﬁts of foreign trade, such as efﬁciency,
competition, and technological spillover.
China’s open-door policy was initiated in 1978, after which China
underwent unprecedented trade liberalization. Opening up gradually
permeated from coastal provinces to inland provinces. Enormous
beneﬁts were gained as a result of the country’s integrating with the
global market. Continuous development of China’s economic structure
and increased income presented a great need for foreign trade, which in
turn made an increasingly important contribution to China’s economic
development. In the early 1980s, import tariffs were imposed on many
products by the state to check the ﬂow of foreign goods into China’s
domestic market. The Chinese government terminated its import
substitution list in the 1980s with a view to allowing market forces to
predominate so that resource allocation could be made efﬁcient. With less
intervention from the government, the value of imports exceeded that of
exports at the end of the 1980s. Energy, raw materials, machinery,
electronics, and light industrial and textile products made up a large
proportion of imports. Between 1989 and 1992, the value of imports
dropped below that of exports, with imports at that time mainly
comprising energy, oil, and petrochemicals. Various foreign trade
policies also targeted the enhancement of science of technology. China’s
Ministry of Science and Technology and the former Ministry of Foreign
Trade and Economic Cooperation launched ‘Trade Vitalization through
Science and Technology’ in 1999, a strategy that boosted trade in hightechnology goods and promoted the adoption of high technology by
domestic industries.
Membership of the WTO was a strategic decision made by the Chinese
government in an era of globalization. China’s accession to the WTO
contributed to narrowing the technological gap between China and the
developed countries. Fully embracing the rule-based spirit of the WTO was
arguably the most profound impact brought about by China’s accession.
By embracing this spirit, China has abolished, revised, and promulgated
more than 3000 laws and regulations at the central government level and
190,000 at the local government level. Since WTO accession, China has
taken great strides to reducing trade barriers. As of 2008 the average tariff
rate dropped below 10%, and in the meantime China agreed to eliminate
other non-tariff barriers. By 2010 China’s exports and imports of
merchandise grew, reaching six times the 2001 levels. Trade growth
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brought with it diversiﬁcation of China’s trade relations. China’s exports
and imports of merchandise in 2010 to and from the U.S., the EU, and
Japan declined by about ten percentage points, compared with 2001. This
implied potentially greater economic stability worldwide was the result of
more widespread trade relations. Following China’s accession to the WTO,
the country’s growth accelerated, which helped transform the economy
and enabled China to reduce poverty by an unprecedented extent. Foreign
trade and open markets played a crucial role in the transformation. The
WTO system provided a stable international regime with open and
predictable international markets for a growing China to manage the
vast changes required during its transformation.

Basic approaches and their implications
In this section we discuss different approaches to studying the mechanisms
through which openness to trade impacts economic development. Different
approaches have different underlying assumptions and theoretical
implications. The ﬁrst broad approach is based on the neoclassical
theory of growth, which relates to the supply side of the economy. As is
usually captured by an aggregate production function, the growth of
output is either due to accumulation of any of the various production
inputs or to the growth of so-called total factor productivity (TFP),
which may in turn indicate improvements in technology or in technical
efﬁciency. The supply-side approach regards openness to foreign trade as
a mechanism through which domestic resources can be better allocated.
The approach further regards foreign trade as a mechanism facilitating
technological spillovers, a channel through which technological
improvements can be facilitated or other factors associated with
technical or economic efﬁciency can be positively inﬂuenced. There are
several ways to incorporate openness to foreign trade into an aggregated
production function. Although not theoretically sound, some researchers
have used simplistic methods of directly including an openness variable in
the aggregate production function in addition to TFP and other production
inputs such as labor, land, and physical and human capital. Such a
treatment tends to blur the boundary between the effects of openness to
foreign trade and those of TFP, and neither reveals or assumes the causal
relationship between openness to foreign trade and TFP. Therefore, some
researchers opt for a two-step method, one that assumes openness to
foreign trade is an important underpinning factor that actively
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inﬂuences TFP. Once the level or growth of TFP is taken as the residual of
the accounting framework and estimated using an accounting or regression
procedure (the ﬁrst step), then the empirical relationship between openness
to foreign trade and the level (or growth) of TFP can be established and
examined. The effect of the former on the latter can thus be estimated (the
second step).
Some researchers use more sophisticated methods to model the
contribution made by openness to foreign trade to economic growth
and development. For example, the whole economy can be divided into
two sectors: one that conducts foreign trade (the export sector) and one
that produces for the domestic market (the domestic sector). As the export
sector has regular access to foreign producers and customers, it enjoys
technological spillovers from abroad and thus is able to become more
productive than the domestic sector. For example, by capturing the
diffusion process of knowledge and technology, Feder (1983)
incorporates the output of the export sector (i.e., total exports) into the
production function of the domestic sector as a factor that inﬂuences the
efﬁciency of the domestic sector.
Another broad approach has a different focus. This focuses on the
demand side of the economy and thus studies the contributions of
foreign trade, including both exports and imports, to economic growth
from the perspective of aggregate demand of the economy. This broad
approach is often named ‘demand-oriented analysis’ or ‘post-Keynesian
analysis’. As is familiar to those who have taken an introductory
macroeconomics course, based on traditional Keynesian theory, an
increase in the demand for exports, ceteris paribus, leads to an increase
in net exports (exports minus imports), which is one of the various factors
which, through the well-known multiplier effect, can create a magniﬁed
increase in the equilibrium aggregate level of an economy’s total output .
Proponents of the demand-oriented approach believe that major
constraints to modern economic growth, especially in the case of
developing countries, lie on the demand side of the economy – not on
the supply side (McCombie and Thirlwall, 1994; Lin and Li, 2001). 2
In the remaining chapters of this book, we will follow the broad
framework of the supply-oriented approach. This is because we ﬁnd
that the demand-oriented approach is unsatisfactory, because of its
major limitations, when applied to study the potential effects of foreign
trade on economic development.
One limitation of the demand-oriented approach is that the approach
tends to consider the individual effects of exporting and importing in
isolation by failing to treat both sides of foreign trade in a single uniﬁed
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theoretical framework. For example, many empirical studies of China are
only concerned with the unidirectional relationship between China’s
exports and its economic growth. Such studies usually focus on net
exports. The idea behind such studies is that, according to Keynesian
theory, an increase in net exports – induced by foreign demand, say –
immediately leads to an increase in aggregate expenditure, which, in
turn, through the multiplier effect, causes an increase in the equilibrium
level of an economy’s aggregate output. However, analyses that only
consider net exports (i.e., the difference between total exports and total
imports) can be misleading or at least incomplete. 3 Such analyses simply
ignore the welfare-increasing effect of international specialization and
trade, the long-term effect of foreign trade on economic development
called the ‘reallocation’ effect, through which foreign trade promotes
economic development by allowing more efﬁcient allocation of
production resources at the world level. 4
Another limitation of the demand-oriented approach is that it is rather
difﬁcult to model and examine the indirect effects that openness to foreign
trade (or exports) has on economic growth or development through other
components of aggregate demand within such an analytic framework as
the Keynesian model. This can be seen by writing the familiar Keynesian
macroeconomic equilibrium condition as follows
Y ¼ C þ I þ G þ ðX  MÞ

ð4:1Þ

where Y, C, I, G, X, and M represent, respectively, national income,
consumption, investment, government purchases, exports, and imports.
Eq. 4.1 above implies the following growth relation
_ G NX NX
C_ C I_ I G
Y_

¼  þ  þ  þ
Y C Y I Y G Y NX Y

ð4:2Þ

where a dot over a variable stands for its time derivative, and the variable of
net exports is deﬁned as NX  X  M. The last term on the right-hand side

of Eq. 4.2, ðNX=NXÞðNX=YÞ, captures that part of economic growth
(growth in Y) which is due to growth in net exports. The problem stems

from the fact that the term ðNX=NXÞðNX=YÞ is often chosen as a measure
of the impact of (net) exports on income growthby the many empirical
studies that apply this demand-oriented approach. Needless to say, the

term ðNX=NXÞðNX=YÞ only captures the direct effect of net exports on
income growth and completely ignores possible indirect effects of net
exports on income growth via domestic consumption, investment, and
government purchases. Many empirical studies suffering from this
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limitation tend to give unrealistically low estimations of the effect of net
exports on economic growth. Some studies even ﬁnd a negative
relationship between China’s net exports and its GDP growth. The
‘discovery’ of the negative relationship between net exports and output
level (or growth) has challenged the theoretical foundation of the
estimation method (Lin and Li, 2001). In fact, the seemingly puzzling
result is a consequence of isolating net exports from the other
components of aggregate expenditure. In other words, it is
inappropriate to consider the isolated effect of net exports on income
growth without considering the interrelationship between net exports
and all the other components of aggregate expenditure. According to
the Keynesian model, the output level must equal the sum of
consumption, investment, government purchases, and net exports in
equilibrium. Therefore, the observed negative relationship between net
exports and total output may come from the interrelationship between
the different components of aggregate expenditure. For example,
decreased net exports may come from increased imports that may, in
turn, be induced by an exogenous increase in investment or in
autonomous consumption (for whatever reason), which, on the whole,
still leads to an increase in the level of total output.
Another limitation of the demand-oriented approach is associated
with the direction of causality between (net) exports and income
growth. The causality can run both ways. On the one hand, it is
possible that an exogenous increase in foreign demand for domestic
goods (exports) widens net exports, which in turn leads to an increase
in the level of total output in equilibrium via the multiplier effect. On the
other hand, it is also possible that an exogenous increase in domestic
investment or autonomous consumption induces an increase in domestic
demand for foreign goods (imports), thus decreasing net exports but
increasing the level of total output on the whole. In this sense, the
demand-oriented approach fails to reveal the true direction of causality
between (net) exports and output growth. Yet another limitation of the
demand-oriented approach is that it is only suitable for analysis within a
short-term time horizon. In other words, it is more suitable for studying
short-run growth than long-run development. This is obvious because the
Keynesian model, on which the demand-oriented approach is based, is
basically a theoretical model about macroeconomic equilibrium in the
short run. For developing countries, especially one as large and
unevenly developed as China, the focus of study on long-run
development is much more interesting and important than that on
short-run growth only.
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In view of these limitations inherent in the demand-oriented approach,
we will apply the supply-oriented approach throughout the rest of this
book. According to the supply-oriented approach, which is based on the
neoclassical theory of economic growth, output growth is neither due to
the accumulation of various production inputs nor to the growth of TFP.
As mentioned earlier, the supply-side approach regards openness to foreign
trade as a channel through which resources can be better allocated. This
approach further regards foreign trade as a mechanism for technological
spillovers, a channel to facilitate technological improvements or to
positively inﬂuence other factors associated with technical or economic
efﬁciency.

A preliminary empirical analysis
In this section we present a preliminary empirical analysis of the effect
of openness to foreign trade on TFP growth in China’s provinces. We set up
our regression model along the lines of the basic method proposed by Jiang
(2011). This method incorporates a model of productivity growth similar
to that of Lucas (2009) which transforms it into a model of per-worker
output growth similar to that of de la Fuente and Doménech (2001).
Let us assume a Cobb–Douglas form of the aggregate production
function in which TFP for China’s regions is Hicks neutral. That is, for
province i in China at time t, we assume
Yit ¼ Ait K it L 1
it

ð4:3Þ

where Y is total provincial output, K is the stock of physical capital, L is the
number of workers, and A is Hicks-neutral TFP. Eq. 4.3 implies
yit ¼ Ait k it
where y  Y=L and k  K=L are deﬁned as output per worker and physical
capital stock per worker, respectively. Taking logs of Eq. 4.4 yields
which implies

ln yit ¼  ln kit þ ln Ait

ð4:5Þ

D ln yit ¼ D ln kit þ D ln Ait

ð4:6Þ

where D denotes growth over the time interval (t; t þ 1).
In line with the spirit of Lucas (2009), we assume that growth of TFP is
governed by
 
Ai;tþ1
 Wt
¼ expði ÞF it
ð4:7Þ
Ait
Ait
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where i captures assumed time-constant province heterogeneity, Fit is a
measure of the degree of regional openness to foreign trade, and Wt stands
for the level of frontier TFP in the world at time t, so that the term
ðWt =Ait Þ  captures the tendency of China’s provinces to catch up in
TFP, where the parameter  ( > 0) measures the speed of
(conditional) convergence in provincial TFP. Eq. 4.7 can be rewritten
in log form as
D ln Ait ¼ i þ  ln Fit þ ðln Wt  ln Ait Þ

ð4:8Þ

Inserting Eq. 4.5 into Eq. 4.8, we get
D ln Ait ¼ i þ  ln Fit þ  ln Wt   ln yit þ  ln kit

ð4:9Þ

which we insert back into Eq. 4.6 to obtain the following
D ln yit ¼ i þ  ln Fit þ  ln Wt   ln yit þ  ln kit þ D ln kit

ð4:10Þ

Finally, we specify our panel data regression model based on Eq. 4.10 as
D ln yit ¼ t þ  ln Fit   ln yit þ  ln kit þ D ln kit þ i þ uit

ð4:11Þ

where t is the time intercept and uit is the zero-mean idiosyncratic error
term.
Our sample comprises 28 Chinese provincial-level divisions and covers
the period 1986–2011. 5 We use ﬁve-year-interval data so that the entire
sample period can be divided into ﬁve equal time spans of ﬁve years: 1986–
1991, 1991–1996, 1996–2001, 2001–2006, and 2006–2011. For D ln yit
for example, t ¼ 1, 2, 3, 4, and 5 relates to growth of per-worker output
during the ﬁve time spans, respectively. In practice, four time dummy
variables are included in the regression equation to take care of the time
intercept t . Series of real gross regional product (GRP) for each region can
be computed from series of nominal GRP and constant price GRP indexes
available from the 1986–2012 issues of the ofﬁcially published China
Statistical Yearbook. Real per-worker output is computed as real GRP
divided by the number of total employed people for each province, data
on the latter are likewise available from these issues of the China Statistical
Yearbook. Real provincial per-worker capital stocks can be computed as
real provincial capital stocks divided by the total number of employed
people for each province, where annual data on real provincial capital
stocks are obtained in the same way as in Chapter 2. The openness variable
Fit is constructed as Fit  1 þ Tit , which measures the average degree of
regional openness to foreign trade of province i over the corresponding
time span, where Tit is computed as the ratio of total value of foreign trade
to provincial GRP of the same year, averaged over the corresponding time
span.
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Owing to the existence of a nonlinear constraint on the parameters of the
variables in our regression model (Eq. 4.11), a nonlinear least squares
method similar to that used by de la Fuente and Doménech (2001) is
required. The parameter  measures the speed of (conditional)
convergence in TFP across China’s provinces. We expect a positive
value of  because we expect the diffusion of technology to have a
catch-up effect for backward regions in China. The parameter 
measures the effect of provincial openness to foreign trade on provincial
TFP growth, and hence on provincial per-worker output growth.
Tables 4.1 and 4.2 summarize the results of nonlinear least squares
regressions based on Eq. 4.11. In Table 4.1 we temporarily drop the
time-constant province heterogeneity term t from Eq. 4.11. This
assumes that time-constant province-speciﬁc factors only affect the
(initial) level of TFP – not the growth rate of TFP. In Table 4.1
the estimate of the coefﬁcient  on D ln kit is signiﬁcantly positive (at the
usual 5 percent signiﬁcance level), which is 0.429 with a 95 percent interval
estimate of (0.332, 0.525). Point and interval estimates of , the output
elasticity of capital, are reasonably close to its traditionally accepted values
for China (i.e., in the vicinity of 0.5). 6 The estimated value of the
convergence parameter  is 0.030, which has the expected sign (but is
not signiﬁcant) if it is true that technologically backward provinces do
indeed enjoy a catch-up advantage over technologically more advanced
provinces. The estimated value of  is 0.181, which has the expected sign
and is signiﬁcantly positive.

Table 4.1

Estimated parameters from Eq. 4.11 without the i term
Number of observations: 140
95% confidence interval

Parameter

Estimate

Standard error

Lower

Upper



0.4287

0.0488

0.3320

0.5254



0.0302

0.0209

0.0112

0.0717



0.1810

0.0496

0.0826

0.2794

Adjusted R-squared

0.7173

We use a time dummy variable for each time span to take care of the time intercept in Eq.
4.11. For brevity the estimated coefficients on the time dummy variables are not reported
in the table.
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Table 4.2

Estimated parameters from Eq. 4.11 with the i term
Number of observations: 140
95% confidence interval

Parameter

Estimate

Standard error

Lower

Upper



0.4471

0.0652

0.3472

0.5470



0.8241

0.0954

0.6341

1.0141



0.4366

0.0972

0.2431

0.6302

Adjusted R-squared

0.8322

We use a time dummy variable for each time span and a province dummy variable for each
province to take care of the time intercept and province heterogeneity in Eq. 4.11. For
brevity the estimated coefficients on the time and province dummy variables are not
reported in the table.

We are now in a position to include the province heterogeneity term i in
our regression. Estimated results are shown in Table 4.2. Estimated values
of the three parameters , , and  all have the expected positive sign and
are signiﬁcant. The estimated value of  is now 0.447 with a 95 percent
interval estimate of (0.347, 0.547). These point and interval estimates of 
are closer to 0.5 than those from the previous regression in Table 4.1. The
estimated value of the convergence parameter  is now 0.824, much higher
than that obtained from the previous regression, which was only 0.030. 7
The estimated value of  in this regression is now 0.437, more than twice its
estimate from the previous regression.

Concluding remarks
This chapter discusses in a preliminary way the potential effects of
openness to foreign trade on China’s economic development. We focus
on the possible mechanisms and channels through which openness to
foreign trade can impact economic development. One such mechanism
is technology diffusion. Openness to foreign trade promotes TFP
growth in China by facilitating technological spillovers from
technologically advanced countries. This chapter’s preliminary empirical
analysis is based on a hypothesis positing that, given the level of TFP at
the world technology frontier, China’s regional TFP growth is a positive
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function of regional openness to foreign trade and a negative function of
the current level of regional TFP. This hypothesis is then supported by our
regression results, which have shown that there exists a signiﬁcantly
positive effect of regional openness on regional TFP growth, and that
there is evidence for conditional convergence in TFP across China’s
regions. In the remainder of this book we discuss from various
perspectives other potential mechanisms and channels via which
openness impacts China’s economic development.

Notes
1. Works on economics are often classiﬁed according to JEL
classiﬁcation codes, a system set up by the Journal of Economic
Literature.
2. Kaldor (1972) pointed out, ‘contrary to the traditional view which
attributed the rate of industrial development in England to the rate of
saving and capital accumulation and to the rate of technical progress
due to invention and innovation, more recent evidence tends to
suggest that Britain’s industrial growth was ‘‘export-led’’ from a
very early date.’ Kaldor also pointed out that, ‘there can be little
doubt that throughout the nineteenth century and also in the
present century, right up to the Second World War, Great Britain’s
economic growth was closely dependent on the growth of her exports.
Given the fact that her share of the world market was bound to decline
on a continual basus . . . ‘It was quite inevitable that both the growth of
production and the accumulation of capital should be much lower in
Britain than in the countries that were subsequently industrialized . . .’
(see also Lin and Li, 2001).
3. To illustrate this point let us suppose there are two otherwise identical
countries, A and B. Country A is completely self-sufﬁcient, with zero
exports and zero imports, and therefore zero net exports, while
Country B has a large total value of exports and also an equally
large total value of imports, and therefore zero net exports too.
However, despite having the same zero exports, the two countries
may differ greatly in output and welfare levels. In other words,
keeping zero exports throughout, a country can undergo signiﬁcant
economic development as it moves from complete autarky to a certain
degree of free trade. In this case, it is foreign trade (i.e., exports and
imports taken and considered together) that allows economic
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4.

5.

6.

7.

development. The level of net exports (i.e., the difference between
exports and imports) is quite simply irrelevant.
Needless to say, net exports do have certain effects on an economy’s
short-run growth, but these effects are neither regarded as interesting
or important from a long-run perspective. Some other empirical
studies focus on the effect total exports, rather than net exports,
have on economic development. These studies are even more
problematic. This is because imports are completely ignored in
these studies. As a result, these studies fail to consider, measure,
and examine the possible countereffect of imports. Suppose such a
study, without considering imports, has concluded that increasing
foreign demand (i.e., exports) stimulates domestic economic
growth. This conclusion may not be true because it may well be
increasing domestic demand for imports that is causing the
economy to grow and, at the same time, causing exports to
expand. In other words, it may actually be increasing domestic
demand for foreign goods (imports), rather than increasing foreign
demand for domestic goods (exports), that is fueling the growth of the
domestic economy in this case.
These regions include provinces, ethnic minority autonomous regions,
and province-level municipalities, but for convenience sake we call
them all ‘provinces’. Owing to missing data, three regions – Tibet,
Chongqing, and Hainan – are not included in our sample.
See, for example, Zheng et al. (2009) and Brandt and Zhu (2010). See
also Chow and Li (2002), Chow (2008), CBO (2001), and Musso and
Westermann (2005).
The big difference is unsurprising because the different convergence
rates in TFP implied by the two regressions pertain to two different
convergence processes each conditional on a different set of control
variables: the second regression controls for the whole set of province
dummies – not just trade openness.
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Potential effects of foreign direct
investment on development
Abstract: This chapter is closely related to the previous chapter and discusses
in a preliminary way the potential effects of openness to FDI on China’s
economic development. This chapter focuses on the potential mechanisms
through which openness to FDI can impact China’s economic development.
FDI inﬂows not only enhance capital accumulation in China, which in itself is
crucial to China’s development, but also exert several spillover effects through
different channels. The regression results of our preliminary empirical analysis
in this chapter suggest that regional openness to FDI tends to promote regional
total factor productivity (TFP) growth and hence regional income growth.
Motivated by the preliminary discussions in this and the preceding chapter, we
then proceed to investigate the impacts of openness to foreign trade and FDI on
China’s economic development from a number of different perspectives in the
subsequent chapters of this book.
Key words: foreign direct investment, spillover effect, economic development,
regional total factor productivity, state-owned enterprises, marketization.
JEL classiﬁcation codes: F41; O11; O57. 1

Introduction
This chapter investigates the potential effects of foreign direct investment
(FDI) on economic development in China. FDI in China began in 1979.
Before 1979, there were virtually no foreign-owned ﬁrms operating in
China, nor did China have many external loans. What FDI there was
came from small and medium-sized enterprises in Hong Kong and
Guangdong Province. The production from foreign-invested ﬁrms was
overwhelmingly export oriented and interacted little with domestic
markets. However, China began to shift its FDI policies in the early
1980s from restrictive to permissive, then to policies encouraging FDI in
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general in the mid-1980s, and to policies encouraging more high-tech and
capital-intensive FDI projects in the mid-1990s (Fung et al., 2004). FDI in
China took off in 1992. Since 1993 China could boast the largest inﬂow of
FDI of the developing world. By the end of 2003, China had accumulated
U.S.$500 billion of FDI from foreign-owned enterprises, joint ventures,
and cooperative enterprises. FDI played an important role in contributing
to China’s trade and economic development, and the effects of FDI became
prominent in many important aspects. 2
However, FDI in China is highly unevenly distributed across different
geographical regions (Yin, 2011). The highly uneven spatial distribution of
FDI, substantially different levels of trade openness, and huge income
inequality across China’s regions stand out as prominent features during
its economic transition. 3 FDI in China started in four special economic
zones in the early 1980s and gradually penetrated other coastal and inland
regions. As of 2000 FDI can be found in every part of China except Tibet.
The spatial feature of FDI distribution that stands out most is the fact that
the coastal provinces have by far the larger share of the total inﬂow of FDI,
compared with China’s interior provinces (Cheung and Lin, 2004). The
broad spatial pattern of FDI distribution has remained fairly stable over
time, with the share of the eastern coastal provinces being as large as 85
percent.
China’s spectacular economic takeoff and the huge inﬂux of FDI since
the 1980s have stimulated much discussion. 4 The focus has been the effects
of FDI on China’s economic development. Despite an increasing body of
literature, systematic treatments of the role played by FDI in China’s
economic development are quite limited. The purpose of this chapter is
to conduct some preliminary empirical analysis to motivate discussions in
subsequent chapters. This chapter is structured as follows. In the second
section ‘Effects of FDI and the mechanisms’, we discuss the potential effects
and channels through which FDI exerts its impacts. In the third section ‘A
preliminary model’, we present a theoretical framework for our subsequent
empirical analysis. In the fourth section ‘Preliminary empirical analysis and
results’, we present our regression results.

Effects of FDI and the mechanisms
There have been many positive effects of FDI on China’s economic
development. For example, FDI enhances capital formation. China
needs capital to boost its economy and promote its transformation. In
this regard FDI has made a substantial contribution. In addition, the
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employment opportunities brought about by the inﬂow of FDI, either
directly or indirectly, have had a major inﬂuence on China’s economy
(OECD, 2000; Madariaga and Poncet, 2007). OECD (2000) reported
foreign-invested enterprises in China employing up to 3 percent of the
total workforce by the end of the 1990s. FDI has also been at the core
of China’s export expansion. Foreign-invested enterprises have not only
enlarged China’s total exports, but also upgraded the country’s export
structure (Zhang, 2006). Compared with domestic capital, FDI not only
contributes to capital accumulation, but also brings about knowledge and
technology. Therefore, labor utilization in FDI enterprises tends to be more
efﬁcient than in domestic ﬁrms. In addition, compared with domestic ﬁrms,
foreign-invested enterprises are more likely to be concentrated in fastgrowing or newly developed industries while domestic ﬁrms have a
greater presence in conventional capital-intensive industries.
FDI has been decisive in China’s participation in the worldwide market
segmentation of the production process, and has played an important role
in transforming China’s industrial structure, diversifying its exports of
labor-intensive products, and strengthening China’s competitiveness in
fast-growing international markets. Moreover, FDI has helped China
transition from a centrally planned system to a market-oriented one.
This is because of the role played by FDI in stimulating China’s move
toward marketization by promoting the formation of a market-oriented
institutional framework, contributing to changes in the ownership
structure toward privatization by facilitating competition and
accelerating reforms of state-owned enterprises, and promoting China’s
economic integration into the world (Zhang, 2006).
However, some researchers point out that FDI can impact China’s
economy negatively (Fung et al., 2004). FDI may actually lower
domestic savings and investment, rather than closing the gap between
the two. FDI may also have a negative effect on the local economy by
leading to balance-of-payment deﬁcits as a result of rising equity
repayment obligations. In the long run, foreign-invested enterprises may
suppress domestic ﬁrms by using their technological advantage to drive out
local competitors. The activities of foreign-invested ﬁrms may reinforce
China’s dualistic economic structure and worsen income disparities owing
to their uneven impact on economic development (Zhang and Zhang,
2003). Furthermore, foreign-invested ﬁrms may affect government
policies in a way that is unfavorable to China’s economic development
as a result of receiving preferential treatment in the form of tax rebates,
investment allowances, prime factory sites and advantageous social
services (Zhang, 2006).
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In addition to these direct impacts, researchers have identiﬁed several
spillover mechanisms of FDI. 5 Greater inﬂows of FDI imply greater
exposure to new products imported by foreign ﬁrms. Imitating the new
technology embodied in new products is an important mechanism for
technology transmission, one that improves domestic technology and
leads to increased productivity in domestic ﬁrms. Furthermore,
competition promotes technology spillovers. New competition brought
about by foreign-invested ﬁrms compels domestic ﬁrms to make use of
technology spillovers in order to survive. Competition thus raises the
productivity of local ﬁrms. FDI also brings a number of special
resources that are beneﬁcial to the host country such as management
skills and access to international production networks and established
brand names. Moreover, export spillovers are also sources of
productivity gain. To lower the ﬁxed costs of exporting and penetrate
new markets, domestic ﬁrms can imitate multinational corporations by
implementing exporting strategies that involve distribution networks,
transport infrastructure, consumer tastes, and so on. Domestic
productivity gains can also be realized through vertical spillovers.
Foreign-invested enterprises can expand the demand for FDI from local
upstream suppliers and thereby spill technology and management skills
over to local ﬁrms (Rodriguez-Clare, 1996). Spillovers may also occur
through the movement of human capital from foreign-invested ﬁrms to
local ﬁrms. Foreign-invested enterprises invest more in technology and staff
training, so that labor turnover from foreign-invested enterprises to local
ﬁrms can bring about increases in productivity in local ﬁrms.

A preliminary model
In this section we set up a preliminary model to empirically examine the
effects of FDI on China’s economic growth and development. This model
will then be used for our subsequent analyses. In this preliminary model,
we adopt the simplest Cobb–Douglas production function. That is, for
province i at time t in China, we assume an aggregate production function
of the form
Yi ðtÞ ¼ Ai ðtÞKi ðtÞ  Li ðtÞ 1

ð5:1Þ

where Y is output, K is physical capital stock (which includes FDI stock),
L is the number of workers, and A is our measure of technology (total factor
productivity). The functional form in Eq. 5.1 is basically the same as that in
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Eq. 4.3, the only conceptual difference being that we are considering FDI
here and include it in physical capital stock K. Therefore, in per-worker
terms, the intensive form is written as
yi ðtÞ ¼ Ai ðtÞki ðtÞ 

ð5:2Þ

where y and k are per-worker output and per-worker physical capital
stock, respectively, y  Y=L and k  K=L. Taking logs of Eq. 5.2 gives
ln yi ðtÞ ¼  ln ki ðtÞ þ ln Ai ðtÞ

ð5:3Þ

Our focus here is on the possible effect of FDI on the economy through the
impact of per-worker output on TFP. Therefore, we need to model how
TFP grows over time. Based on the spirit of Lucas (2009) and following
Aiyar and Feyrer (2002), we assume that the growth of TFP is governed by
d ln Ai ðtÞ
¼ ½ln A i ðtÞ  ln Ai ðzÞ
dt

ð5:4Þ

where A  ðtÞ denotes the potential (target) level of TFP in province i at time
t, and  is the rate of convergence of TFP. Eq. 5.4 formally hypothesizes
that the rate of change of TFP in a Chinese province is positively related to
the size of the gap between its actual TFP at a point in time and its potential
TFP at the same moment in time. We further assume that the potential
(target) level of TFP is determined in turn by
A i ðtÞ ¼ Fi Si ðtÞ  TðtÞ

ð5:5Þ

where Fi is a province-speciﬁc index that is ﬁxed for any speciﬁc province
over time but varies across different provinces, TðtÞ is an index of world
frontier technology that grows exogenously over time, Si ðtÞ stands for the
spillover effect of FDI for province i at time t, and the parameter 
represents the elasticity of potential TFP with respect to the spillover
effect of FDI.
Substituting Eq. 5.5 into Eq. 5.4, and rearranging terms, we obtain the
following
d ln Ai ðtÞ
þ  ln Ai ðtÞ ¼ ½ln Fi þ  ln Si ðtÞ þ ln TðtÞ
dt

ð5:6Þ

Multiplying Eq. 5.6 throughout by e t , it then follows that

ð t2 
d ln Ai ðtÞ
þ  ln Ai ðtÞ dt
e t
dt
t1
ð t2
ð t2
ð t2
t
t
e dt þ  e ln Si ðtÞ dt þ
e t ln TðtÞ dt
¼ ln Fi
t1

t1

t1
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Assuming Si ðtÞ remains constant throughout the interval ½t1 ; t2 , integrating
in Eq. 5.7, and multiplying throughout by e t2 , we obtain the following
ln Ai ðt2 Þ ¼ e  ln Ai ðt1 Þ þ ð1  e  Þ ln Si ðt1 Þ þ ð1  e  Þ ln Fi
ð t2
t2
þe
e t ln TðtÞ dt
ð5:8Þ
t1

where  ¼ t2  t1 . Eq. 5.8 can then be rewritten as
ln Ai ðt2 Þ  ln Ai ðt1 Þ
¼  ln Ai ðt1 Þ þ  ln Si ðt1 Þ þ  ln Fi þ e t2

ð t2

e t ln TðtÞ dt

ð5:9Þ

t1

where we have deﬁned   ð1  e  Þ. Combining Eqs. 5.3 and 5.9 yields
ln yi ðt2 Þ  ln yi ðt1 Þ ¼ ½ln ki ðt2 Þ  ln ki ðt1 Þ   ln yi ðt1 Þ þ  ln ki ðt1 Þ
ð t2
þ  ln Si ðt1 Þ þ  ln Fi þ e t2
e t ln TðtÞ dt
t1

ð5:10Þ
This equation will represent the foundation for our empirical analysis in
the next section. It can now be rewritten in panel data regression format
using its conventional notation
D ln yit ¼ t þ  ln Sit   ln yit þ  ln kit þ D ln kit þ

i

þ uit

ð5:11Þ

where   , D pertains to the time interval
between t2 and t1 , the time
Ð
intercept t captures the term e t2 tt12 e t ln TðtÞ dt, the province
heterogeneity i absorbs the term  ln Fi , and uit has been added to the
equation as the zero-mean idiosyncratic error term.

Preliminary empirical analysis and results
Based on the regression speciﬁcation in Eq. 5.11, in this section we carry
out some preliminary empirical analysis and present the results. Our
sample consists of 28 provinces (province-level divisions) in mainland
China over the period 1996–2011. 6 Most data needed for our
regression analysis were taken from the 1996–2012 issues of the China
Statistical Yearbook. The total number of the workforce of the 28
provinces in 1996–2011 were likewise available from these issues, so
that data on Lit could be obtained. Series of nominal provincial GDP
and GDP indexes were also available from the Yearbook, so that the
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values of real provincial GDP could also be calculated. The values of yit
were calculated as real provincial GDP divided by the number of persons
employed provincially. Real provincial per-worker capital stocks can be
computed as real provincial capital stocks divided by the total number of
those in work for each province, where annual data on real provincial
capital stocks can be obtained by adopting the same method used in
Chapter 2. The Sit variable in Eq. 5.11 is proxied for by per-worker
regional FDI stock, and can be calculated by the same method
employed for total provincial capital stock. To see how interregional
disparity in per-worker FDI stock evolves over time, see Figure 5.1,
which shows the levels of the coefﬁcient of variation of provincial perworker FDI stock across our sample over the period 1996–2011. We can
see that the it rose gradually during 1996–2001 and then dropped steadily
during 2001–2008.
The regression speciﬁcation in Eq. 5.11 implies that the growth of
per-worker output within a certain time period relies not only on the
growth of per-worker capital stock within the same time period, but
also on the initial levels of per-worker output, per-worker capital stock,
and per-worker FDI stock when the period starts. Owing to the nonlinear
restriction involved in the coefﬁcient of the ln kit term, we choose to use a
nonlinear least squares method to estimate the parameters involved. This
nonlinear least squares method is similar in structure to those used by de la
Fuente and Doménech (2001) and Jiang (2011).

Figure 5.1

Interregional disparity in per-worker FDI stock over time

Note: Values of the coefﬁcient of variation are depicted on the vertical axis
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Table 5.1

Estimated parameters from Eq. 5.11 without the

i

term

Number of observations: 420
95% confidence interval
Parameter

Estimate

Standard error

Lower

Upper



0.3621

0.0242

0.3145

0.4096



0.0062

0.0042

0.0021

0.0145



0.0042

0.0014

0.0014

0.0069

Adjusted R-squared

0.5239

We use a time dummy variable for each year to take care of the time intercept in Eq. 5.11.
For brevity the estimated coefficients on the time dummy variables are not reported in the
table.

Table 5.2

Estimated parameters from Eq. 5.11 with the

i

term

Number of observations: 420
95% confidence interval
Parameter

Estimate

Standard error

Lower

Upper



0.3632

0.0252

0.3136

0.4128



0.0135

0.0230

0.0586

0.0317



0.0314

0.0112

0.0092

0.0535

Adjusted R-squared

0.6000

We use a time dummy variable for each year and a province dummy variable for each
province to take care of the time intercept and province heterogeneity in Eq. 5.11. For
brevity the estimated coefficients on the time and province dummy variables are not
reported in the table.

We summarize the results of nonlinear least squares regressions based
on Eq. 5.11 in Tables 5.1 and 5.2. In Table 5.1 we temporarily drop the
time-constant province heterogeneity term i from Eq. 5.11. We do this
merely for comparison purposes. Dropping the province heterogeneity
from the regression speciﬁcation implies that time-constant provincespeciﬁc factors affect only the initial level of provincial per-worker
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output, but not its subsequent growth rate. In Table 5.1 the estimated value
of the coefﬁcient  on D ln kit is signiﬁcantly positive (at the usual 5 percent
signiﬁcance level), which is 0.362 with the 95 percent interval estimate of
(0.315, 0.409). The point and interval estimates of , the output elasticity
of capital, are somewhat lower than its empirically accepted value for
China, which is in the vicinity of 0.50. 7 The convergence parameter  is
estimated at 0.006, which is insigniﬁcant but has the expected positive sign.
This result is mildly suggestive that poorer provinces have a catch-up
advantage over richer provinces in terms of productivity growth. The
estimated partial effect of per-worker FDI stock (i.e., the estimated
value of ) is 0.004. Small as it is, it too has the expected positive sign
and is statistically signiﬁcant.
Next we include the time-constant province heterogeneity term i in our
regression to see what effect it has on the results. We show the new
estimation results in Table 5.2. The estimated value of  is 0.363, with
a 95 percent interval estimate of (0.314, 0.413). The point and interval
estimates of  are very close to those obtained from our previous regression
in Table 5.1. The value of the convergence parameter  is now estimated as
negative and insigniﬁcant. This implies that the convergence hypothesis is
not supported when province heterogeneity is controlled for during
regression analysis. The estimated partial effect of per-worker FDI
stock, the value of , is now 0.031, which is signiﬁcant and larger than
the estimate from our previous regression.

Concluding remarks
This chapter is closely related to the previous chapter and discusses in a
preliminary way the potential effects of openness to FDI on China’s
economic growth and development. Our focus is on the potential
mechanisms and channels through which openness to FDI can impact
economic development. Not only do inﬂows of FDI enhance capital
accumulation in China, which is in itself a crucial factor in China’s
economic growth, but FDI also creates employment opportunities and
brings about knowledge, technology, export expansion, and more
market competition. FDI has been decisive in China’s participation in
the worldwide market segmentation of the production process. FDI also
stimulates China’s move toward marketization by facilitating the
formation of market-oriented institutions, promoting domestic and
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international market competition, motivating reforms of state-owned
enterprises, and accelerating China’s economic integration into the world.
The diffusion of technology is the focus of our preliminary empirical
analysis in this chapter. Openness to FDI promotes TFP growth, and
hence output growth in China, by facilitating technological spillovers
from technologically advanced countries. This analysis is based on a
hypothesis stating that China’s regional TFP growth is a positive
function of regional openness to FDI and a negative function of the
current level of regional TFP. This convergence hypothesis is mildly
supported by our regression results, which further suggest that regional
openness to FDI promotes regional TFP growth and hence regional income
growth. In the remaining chapters of this book we consider from various
perspectives the other potential mechanisms and channels via which
openness (to foreign trade and FDI) impacts China’s economic
development.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
2. Foreign trade and FDI in China are always closely related to each other.
Over 50 percent of total exports and 60 percent of total imports in China
can be accounted for by foreign-invested enterprises. See, for example,
Whalley and Xin (2010) for a recent discussion of the link between FDI
inﬂows and foreign trade in China.
3. By 1999 interregional income inequality in China had exceeded that in
any other country (Yang, 1999), and by 2005 per-capita income in the
richer coastal provinces was 2.5 times higher than that of the inland
provinces (Zhu et al., 2008).
4. Some examples are Zhang (1999), Demurger (2000), DaCosta and
Carroll (2001), Yao and Zhang (2001), Bao et al. (2002), Demurger
et al. (2002), Hu and Owen (2003), Wang and Gao (2003), Zhang
(2006), Madariaga and Poncet (2007), Ouyang (2009), Whalley and
Xin (2010), and Jiang (2011).
5. This paragraph draws on Madariaga and Poncet (2007)’s summary of
Görg and Greenaway (2004)’s discussion.
6. Mainland China is divided into province-level divisions that include
provinces, ethnic minority autonomous regions, and municipalities.
For the sake of brevity, however, we term them all ‘provinces’. Three
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of these regions – Tibet, Chongqing, and Hainan – are not included in
our sample because data are not available.
7. See Chapter 4. See also Zheng et al. (2009) and Brandt and Zhu (2010).
See also CBO (2001), Chow and Li (2002), Musso and Westermann
(2005), and Chow (2008).
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Interregional disparity and
the development of inland regions
Abstract: In this chapter we investigate the effects of international openness,
domestic coastal–inland market integration, and human capital accumulation
on TFP growth in inland regions of China. By using a variety of panel data
regression techniques, we show that human capital accumulation plays an
important role in promoting TFP growth in China’s inland provinces. Our
results support the argument that the most important contribution of human
capital to income growth lies not in its static direct effect as an accumulable
factor in the production function, but rather in its dynamic role in promoting
TFP growth. Our results also provide evidence for the positive role coastal–
inland market integration plays in promoting TFP growth in China’s inland
regions.
Key words: total factor productivity, openness, market integration, human
capital, interregional disparity, total factor productivity.
JEL classiﬁcation codes: F41; O11; O57. 1

Introduction
Since the start of economic reform in the 1980s, China has achieved
remarkable growth in the past three decades. However, China’s rapid
growth has been accompanied by growing inequality that ‘threatens the
social compact and thus the political basis for economic growth and social
development’ (Fan et al., 2009). The Gini coefﬁcient, which measures
economic inequality in society, was 0.33 in 1980 and later rose by
about 40 percent to around 0.46 in the early 2000s (Sisci, 2005; WB,
2005; Fan and Sun, 2008). Such a rate of increase, according to the
World Bank, was the fastest in the world. Spatial income disparities,
especially those between coastal and inland regions, have been on the
rise and became a prominent issue in China during the country’s growth
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and transition (Yin, 2011). In the present study we focus on the relatively
backward inland regions of China. Speciﬁcally, we examine the potential
effects of three factors – international openness, domestic coastal–inland
market integration, and human capital accumulation – on TFP (total factor
productivity) growth in China’s inland provinces.
Growth and development theories suggest that openness to foreign
trade and FDI (foreign direct investment) promote the income growth of
a country (or region) by raising the level of domestic (or local) productivity.
For example, foreign trade opens up access to new technology embodied
in imported goods, enlarges the market faced by domestic producers so
that they can increase their returns from innovations, and motivates the
country’s specialization in research-intensive production (Harrison, 1996).
It has been widely argued that China’s impressive economic takeoff can be
attributed, to a large extent, to the country’s radical initiatives encouraging
openness to foreign trade and inward ﬂows of FDI. However, the degree of
participation in foreign trade varies greatly from one Chinese region to
another, and FDI inﬂows are also highly unevenly distributed across
different regions. How does this uneven openness affect the income gap
between inland and coastal regions of China? To answer this question, the
role of openness in promoting regional TFP growth in China, especially
TFP growth in inland regions, needs to be thoroughly analyzed.
Another important factor affecting TFP growth in China’s inland
regions is coastal–inland market integration. China is a very large
country characterized by striking economic disparities across regions
and between rural and urban areas. Recent regional productivity studies
of China (e.g., Zheng and Hu, 2006; Yang and Lahr, 2010; Jiang, 2011)
often fail to explore the pattern of spatial interdependence of China’s
regions. Such studies tend to treat each region as an isolated and
independent entity and overlook spatial effects and interregional
dynamics. 2 Ignoring spatial interdependence in regional studies could
generate serious misspeciﬁcation problems and lead to questionable
parameter estimates and statistical inferences (Abreu et al., 2005;
Fingleton and López-Bazo, 2006; Özyurt and Mitze, 2012). Spatial
interdependence implies interactions between China’s different regions.
In this chapter we are interested in examining how interregional market
integration (interregional trade) between coastal and inland regions in
China affects TFP growth in inland regions. Intuitively, coastal–inland
market integration in China implies that inland regions can realize
growth in TFP by taking advantage of technology spillovers from higher
TFP coastal regions or of gains from regional production specialization
facilitated by interregional trade.
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Human capital in inland regions is yet another factor that can be crucial
in promoting local TFP growth. Human capital may exert a dual effect on
income growth. First, human capital has a direct static impact on income
growth as an accumulable factor of production. Second, human capital
may have an indirect dynamic impact on income growth via its
contribution to TFP growth. The key point is, as Benhabib and Spiegel
(1994) have pointed out, the most important contribution of human capital
to income growth may lie not in its static effect as a direct production input,
but in its dynamic role in promoting TFP growth.
The remainder of this chapter is organized as follows. In the second
section ‘The model’ we present the theoretical framework and empirical
model on which our later regression analysis will be based. In the third
section ‘The variables and data’, following the empirical model presented
in the preceding section, we discuss various issues concerning the sample,
data, and variables. In the fourth section ‘Regressions and results’ we
discuss our regression methods, run the regressions, and present the results.

The model
Before we set up the theoretical framework and empirical model in this
section, we need to state our key hypothesis ﬁrst. This hypothesis is that the
ability of an inland (i.e., economically backward) region in China to
achieve regional growth in TFP depends on three basic factors: (i) the
level of direct openness of this inland region to international economic
activities such as foreign trade and FDI, (ii) the degree of domestic coastal–
inland market integration between this inland region and coastal regions in
China, and (iii) the level of per-worker human capital in this inland region.
The ﬁrst factor, international openness (to foreign trade and FDI) of an
inland Chinese region, implies that the region can achieve TFP growth, say,
by reaping the rewards of production specialization facilitated by foreign
trade and/or by taking advantage of technology spillovers from foreign
countries via regional inﬂows of FDI. The second factor, domestic coastal–
inland market integration, likewise, implies that an inland Chinese region
can achieve growth in TFP by reaping the rewards of regional production
specialization facilitated by this coastal–inland market integration (i.e.,
interregional trade) and/or by taking advantage of technology spillovers
from higher TFP coastal regions. The third factor, the level of per-worker
human capital in this inland region, can also be important in facilitating
local TFP growth as better educated or better trained workers generally
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have a comparative advantage in absorbing technology spillovers from
foreign countries or from higher TFP coastal regions.
Before we provide our theoretical framework, we ﬁrst assume a Cobb–
Douglas aggregate production function with Hicks-neutral technology (or
TFP) for an inland Chinese region (province). 3 That is, for any inland
Chinese region i at time t we assume
Yit ¼ Ait K it H 1
¼ Ait K it ðhit Lit Þ 1
it

ð6:1Þ

where Y is the total output, A is the Hicks-neutral technology (TFP), K is
the stock of physical capital, H is our measure of human capital stock, L is
the number of workers, and h ( H=L) is per-worker human capital stock
otherwise called ‘human capital intensity’. 4 The production function in
Eq. 6.1 can be written in per-worker intensive form as
yit ¼ Ait k it h 1
it

ð6:2Þ

where we deﬁne y  Y=L and k  K=L (similar to h  H=L) as output
per worker and physical capital stock per worker, respectively. Taking
logs on both sides of Eq. 6.2 yields
ln yit ¼ ln Ait þ  ln kit þ ð1  Þ ln hit

ð6:3Þ

By employing Eq. 6.3, we can calculate the values of ln Ait as a residual.
In line with the ideas of Nelson and Phelps (1966), Aiyar and Feyrer
(2002), Lucas (2009), and Jiang (2011, 2012b), we build a theoretical
framework capturing the hypothesis that the TFP growth rate in an
inland Chinese region is positively related to the size of the gap between
its actual TFP level at a point in time and its potential (target) TFP level
at the same point in time. Furthermore, international openness, coastal–
inland market integration, and human capital accumulation of the region
all positively affect TFP growth in this region. Formally, we hypothesize
that TFP growth in an inland region is governed by
  
Ai;tþ1
A it
¼
ð6:4Þ
Ait
Ait
where  > 0, and A it denotes the potential (target) TFP level of region i at
time t. This equation captures our earlier hypothesis that the TFP growth of
an inland Chinese region at a certain point in time is positively affected by
the size of the gap between actual and target TFP levels of the region at
the same point in time. In order to model the expected positive effects of
international openness, coastal–inland market integration, and human
capital accumulation on TFP growth, we further assume that A it is
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determined by

A it ¼ Ci O it M it h !it Wt

ð6:5Þ

where  > 0,  > 0, and ! > 0. Ci captures a set of time-constant regionspeciﬁc factors that inﬂuence TFP growth in region i. Oit represents the level
of direct openness of the inland region to international economic activities.
Mit represents the degree of coastal–inland market integration between this
inland region and coastal regions in China. 5 hit , as deﬁned earlier, is the
level of per-worker human capital stock. Finally, Wt denotes the world
frontier TFP, which is assumed to grow exogenously over time.
Taking logs on both sides of Eqs. 6.4 and 6.5 yields, respectively
ln Ai;tþ1  ln Ait ¼ ðln A it  ln Ait Þ
ln

A it

¼ ln Ci þ  ln Oit þ  ln Mit þ ! ln hit þ ln Wt

ð6:6Þ
ð6:7Þ

Inserting Eqs. 6.7 into 6.6 gives
ln Ai;tþ1  ln Ait ¼ ðln Wt  ln Ait Þ þ  ln Oit þ  ln Mit
þ ! ln hit þ  ln Ci

ð6:8Þ

Eq. 6.8 shows that the rate of TFP growth of inland region i at time t is
dependent on (at least) ﬁve factors. First, the wider the gap between local
TFP and world frontier TFP, the faster local TFP tends to grow, probably
through a process of technology diffusion from the world frontier to the
local Chinese region. A higher level of frontier technology (relative to the
level of local technology) leads to faster technology diffusion so that local
TFP grows faster. Second, the local TFP growth rate is positively related
to the level of direct openness of the local region to international economic
activities (such as foreign trade and FDI). As mentioned earlier,
international openness implies that the local region can achieve growth
in TFP via specialization gains due to foreign trade or via technology
diffusion from foreign countries due to inﬂows of FDI. Third, the local
TFP growth rate is positively related to the degree of coastal–inland market
integration (between the local inland region and coastal regions in China).
This coastal–inland market integration implies that an inland region can
achieve TFP growth by taking advantage of specialization gains due to
coastal–inland interregional trade or of technology diffusion from higher
TFP coastal regions. Fourth, local TFP growth is also positively related to
the level of per-worker human capital stock in the region, which is thought
to be a crucial determinant of the ability of the local region to adopt
technologies, say, from the world technology frontier, as better educated
workers have a comparative advantage in implementing new technologies
(Benhabib and Spiegel, 1994; Prescott, 1998). Fifth, regional TFP growth
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may also depend on a set of time-constant region-speciﬁc factors that are
usually hard to observe.
To take account of potential interactions between international
openness, coastal–inland market integration, and human capital
accumulation, we allow parameters , , and ! to be variables in
themselves. That is, we assume
 ¼ 0 þ 1 ln Mit þ 2 ln hit

ð6:9Þ

 ¼ 0 þ 1 ln Oit þ 2 ln hit

ð6:10Þ

! ¼ !0 þ !1 ln Oit þ !2 ln Mit

ð6:11Þ

Inserting Eqs. 6.9, 6.10, and 6.11 into Eq. 6.8 yields
ln Ai;tþ1 ¼  ln Wt þ ð1  Þ ln Ait þ 1 ln Oit þ 2 ln Mit þ 3 ln hit
þ 1 ln Oit ln Mit þ 2 ln Oit ln hit þ 3 ln Mit ln hit
þ  ln Ci

ð6:12Þ

where we deﬁne 1  0 , 2  0 , 3  !0 , 1  ð1 þ 1 Þ,
2  ð2 þ !1 Þ, and 3  ð2 þ !2 Þ. Eq. 6.12 allows us to formulate
our baseline empirical model as follows
ln Ai;tþ1 ¼ t þ

ln Ait þ 1 ln Oit þ 2 ln Mit þ 3 ln hit

þ 1 ln Oit ln Mit þ 2 ln Oit ln hit þ 3 ln Mit ln hit
þ

i

þ "it

ð6:13Þ

where  1  , t is the time intercept, t is time-constant region
heterogeneity, and "it is idiosyncratic error. Coefﬁcients on the
explanatory variables in Eq. 6.13 have the following partial effect
interpretations
@ ln Ai;tþ1 =@ ln Ait ¼

ð6:14Þ

@ ln Ai;tþ1 =@ ln Oit ¼ 1 þ 1 ln Mit þ 2 ln hit

ð6:15Þ

@ ln Ai;tþ1 =@ ln Mit ¼ 2 þ 1 ln Oit þ 3 ln hit

ð6:16Þ

@ ln Ai;tþ1 =@ ln hit ¼ 3 þ 2 ln Oit þ 3 ln Mit

ð6:17Þ

Eq. 6.14 shows that an estimated value of that is lower than unity
(remembering
 1  ) implies there is a tendency for low-TFP
regions to catch up, where the parameter  measures the speed of
(conditional) convergence of TFP among inland regions. Eqs. 6.15,
6.16, and 6.17 show, in a symmetrical way, that the partial effect of
each of the three variables, ln Oit , ln Mit , and ln hit , depends on the
levels of the other two variables.
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The variables and data
Our sample comprises 18 provincial-level inland divisions in China over
the period 1996–2011. As mentioned in Note 3 on p. 94, these inland
regions are Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi,
Henan, Hubei, Hunan, Guangxi, Sichuan, Guizhou, Yunnan, Shaanxi,
Gansu, Qinghai, Ningxia, and Xinjiang. Two inland regions, Tibet and
Chongqing, are not included in our sample owing to missing data. The
coastal regions involved in this study comprise ten provincial-level coastal
divisions: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong, and Guangdong. One coastal province, Hainan, is not
included owing to missing data.
We need to obtain data on the variables in Eq. 6.13, especially the TFP
variable A, the international openness variable O, the domestic coastal–
inland market integration variable M, and the (per-worker) human capital
variable h. We discuss the construction of each of these variables one by
one in the following subsections.

Regional human capital intensity
As can be seen from our speciﬁcation of the production function in Eq. 6.1,
our measure of human capital stock H augments raw labor L by h, where
the level of regional human capital intensity h is usually assumed to be a
function of the distribution of educational attainment of the labor force in
the region. Therefore, the method we use here for calculating regional
human capital intensity h essentially follows Hall and Jones (1999),
Aiyar and Feyrer (2002), and Jiang (2012b), who assume that h is
related to educational attainment by ln h ¼ ðEÞ, where E denotes the
average number of years of schooling attained by a worker in the labor
force. The function ðEÞ indicates the relative efﬁciency of one worker with
E years of schooling compared with one with zero schooling (where
ð0Þ ¼ 0). The derivative d ðEÞ=dE is the return to schooling estimated
in a Mincerian wage regression (Mincer, 1974). In Hall and Jones (1999),
Aiyar and Feyrer (2002), and Jiang (2012b), ðEÞ is assumed to be
piecewise linear, with the rates of return being 13.4, 10.1, and 6.8
percent, respectively, for the ﬁrst four years of schooling, the second
four years, and that beyond the eighth year. These rates of return are all
based on Psacharopoulos (1994)’s survey of evidence from many countries
on return-to-schooling estimates. 6
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In this study, our measure of per-worker human capital in inland region i
at time t (i.e., hit ), is constructed as
X
j
hit ¼ ð1=L 6þ
h j L it
ð6:18Þ
it Þ
j

P

j
j L it

L 6þ
it

L 6þ
it

¼
( j ¼ a; b; c; d; e).
denotes the population aged 6
where
and over in inland region i at time t, which is divided into ﬁve groups by
educational attainment, group a through group e. L ait is the total number of
people aged 6 and over who have received zero schooling while L bit through
L eit are, respectively, the total number of people aged 6 and over who have
received schooling up to primary school level, junior secondary school
level, senior secondary school level, and university level. 7 h a through h e
are per-worker human capital in each of the ﬁve groups, respectively.
Therefore, regional per-worker human capital hit is a weighted average
of the h j ( j ¼ a; b; c; d; e), with the respective weight being L jit =L 6þ
it .
Data on L jit =L 6þ
it ( j ¼ a; b; c; d; e) for the 18 inland Chinese regions for
each year in the period 1996–2011 can be found in the corresponding
issues of the China Statistical Yearbook. 8 Constructing hit thus boils down
to determining the values of the h j ( j ¼ a; b; c; d; e). Obviously, h a ¼ 1 must
hold by construction. We further set h b ¼ 2:01, h c ¼ 2:60, h d ¼ 3:16, and
h e ¼ 4:39 (for all the inland regions in each year of our sample period).
These values are calculated according to the aforementioned piecewise
linear rates of return to schooling based on the survey of
Psacharopoulos (1994). 9 In passing, it should be noted that there is no
need to worry about nationwide change in the quality of education (in
terms of its ability to enhance human capital) over time. Instead, all we need
to focus on here is cross-sectional (cross-region) comparison of the levels of
regional human capital intensity at any given t. This is because the variable
hit enters the regression equation (Eq. 6.13) in log form so that any
nationwide time trend in hit will be directly captured by the time
intercept term in the regression equation (i.e., the t term in Eq. 6.13).
Calculated levels of regional human capital intensity for the 18 inland
provinces in selected years (1996, 2002, and 2008) during the 1996–2011
period are graphically shown and compared in Figure 6.1.

The level of regional TFP
The level of TFP for region i at time t (i.e., Ait ) can be obtained by applying
Eq. 6.3, where ln Ait can be calculated as a residual. In order to do so, we
need to ﬁrst obtain the level of physical stock Kit and the corresponding
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Figure 6.1

Levels of human capital intensity in selected years

Note: Calculated levels of regional human capital intensity for the 18 inland provinces in selected
years (i.e., 1996, 2002, and 2008) during 1996–2011 are shown and compared.

level of per-worker physical stock kit . However, the China Statistical
Yearbook does not provide direct data on regional physical capital
stock for China’s regions. Therefore, to calculate Kit , we follow the
basic procedure of Zhang (2008), who uses a perpetual inventory
method (PIM) to construct physical capital stock data for China’s
regions, taking special care of issues related to the initial levels of
physical capital stock, capital deﬂators, depreciation rates, and missing
data. By following Zhang (2008) we speciﬁcally assume that the annual
depreciation rates of physical capital are uniformly 9.6 percent for all
inland regions throughout our sample period.
Having calculated the panel of regional physical capital stock Kit , it
then becomes straightforward to obtain the corresponding levels of
regional per-worker physical capital stock kit by applying the deﬁnition
kit  Kit =Lit , where the total number of employed persons (i.e., workers,
Lit ) for the 18 inland regions in 1996–2011 are directly available from the
corresponding issues of the China Statistical Yearbook. Series of nominal
gross regional product (GRP) and GRP indexes for each region i are also
available from the Yearbooks, so that the values of real GRP can be
calculated. Real per-worker output yit in Eq. 6.3 is then calculated as
real GRP divided by the total number of employed persons.
We need to assume an appropriate value of the structural parameter 
in Eq. 6.3 to calculate the panel of regional TFP levels. Alternatively,
the value of  can be estimated by using a regression approach based
on Eq. 6.3. However, we are deeply uncomfortable with this approach
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because the endogeneity problem of ln kit is difﬁcult to address. Therefore,
our preference here is to use independent evidence to determine the
appropriate value of  and then use this value of  to construct the
levels of ln Ait according to Eq. 6.3. There is some evidence showing
that  is close to 0.5 in the case of China (Chow and Li, 2002; Chow,
2008; Zheng et al., 2009; Brandt and Zhu, 2010; Jiang, 2012a). For
example, Brandt and Zhu (2010) point out that the factor share of
capital  is roughly 0.5 in non-agricultural sectors and about 0.3 in the
agricultural sector according to the national income accounts and the
national input–output tables constructed by the National Bureau of
Statistics of China (NBS). However, they argue that the high-factor
share of labor in agriculture is inconsistent with estimates obtained
based on household data, which suggest a labor share in the vicinity of
0.5. As a result, Brandt and Zhu (2010) assume that  is 0.5 for all the
sectors in their study throughout their sample period. In our present study,
we follow prior research and assume  ¼ 0:5 when calculating the panel of
regional TFP levels for China’s inland regions. 10
Calculated levels of regional TFP for the 18 inland provinces in selected
years (1996, 2005, and 2011) during the overall 1996–2011 period are
graphically shown and compared in Figure 6.2. To take a closer look at the
calculated levels of provincial TFP, we compare the TFP levels of the 18
inland provinces in 2011 with those of coastal provinces in China in Table
6.1. The ﬁrst column lists our calculated levels of regional TFP for western
inland provinces (those located in the west of China) while the middle

Figure 6.2

Levels of TFP in selected years

Note: Calculated levels of regional TFP for the 18 inland provinces in selected years (i.e., 1996,
2005, and 2011) during 1996–2011 are shown and compared.
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Table 6.1

Calculated levels of regional TFP in 2011

Inland–western
Province

TFP

Inland–central
Province

TFP

Coastal
Province

TFP

Guangxi

0.923

Shanxi

1.000

Beijing

1.400

Sichuan

0.586

Inner Mongolia

1.536

Tianjin

2.750

Guizhou

0.672

Jilin

1.422

Hebei

1.376

Yunnan

0.870

Heilongjiang

1.406

Liaoning

1.977

Shaanxi

1.108

Anhui

0.812

Shanghai

3.664

Gansu

1.029

Jiangxi

0.879

Jiangsu

1.651

Qinghai

0.950

Henan

0.876

Zhejiang

1.419

Ningxia

1.156

Hubei

1.302

Fujian

1.670

Xinjiang

1.087

Hunan

0.997

Shandong

1.470

Guangdong

1.430

Average

0.931

Average

1.137 Average

1.881

The calculated level of TFP for Shanxi (in 2011) is normalized to unity.

column lists those levels for central inland provinces (inland provinces not
located in the west of China). For comparison purposes, the last column
lists the corresponding levels of regional TFP for the 10 coastal provinces in
China. 11 Unlike Figure 6.2, the TFP levels given in Table 6.1 are calculated
levels of Ait , rather than its log form ln Ait . To ease comparison between
provinces, the level of Ait for the province Shanxi (in 2011) is normalized to
unity in Table 6.1.

International openness
We need to construct the openness variable O that appears (in log form) on
the right-hand side of Eq. 6.13. One basic openness indicator commonly
used in the literature is the ratio of foreign trade to output. That is
fit 

Fit
GRPit

ð6:19Þ
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where Fit and GRPit are, respectively, the total real value of foreign trade
(exports plus imports) and the total value of real GRP in region i at time t.
fit is therefore an indicator of the degree of openness to foreign trade of
region i at time t. The panel of fit can be easily calculated, as relevant data
on Fit are directly available from the annual issues of the China Statistical
Yearbook.
In our current study, however, we adjust the openness indicator in
Eq. 6.19 to take account of differences in region size and the level of
development. It has often been argued that a large country (or region)
in terms of output or population tends to have (relatively) less foreign trade,
as there is larger scope for trade within the country (or region). It has also
been argued that a country (or region) with a high level of per-capita output
may be biased toward having a lower trade–output ratio, because the
share of the service sector tends to increase while the service sector is
largely non-tradable as the country (or region) develops (Low et al.,
1998). To correct for the differences in region size and the level of
development, we follow the method of Low et al. (1998) and consider
this regression
ln fit ¼ #0 þ #1 GRPit þ #2 GRP 2it þ #3 popit þ #4 pop 2it
f

þ #5 ðGRPit =popit Þ þ #6 ðGRPit =popit Þ 2 þ u it

ð6:20Þ

where u fit is the error term, and popit stands for regional population, data
on which can also be obtained from the China Statistical Yearbook. We
run a pooled OLS regression based on the speciﬁcation in Eq. 6.20 and
construct the corresponding ﬁtted value, denoted f^it , such that
ln ^fit ¼ #^0 þ #^1 GRPit þ #^2 GRP 2it þ #^3 popit þ #^4 pop 2it
þ #^5 ðGRPit =popit Þ þ @^6 ðGRPit =popit Þ 2

ð6:21Þ

where the #^’s are the values of intercepts and slopes in Eq. 6.20 estimated
from the pooled OLS regression. This is an appropriate moment to point
out that the regression equation (Eq. 6.20) does not contain a time-variant
intercept on its right-hand side. Nor have we opted for other regression
methods, such as the within estimator, to obtain the #^’s in Eq. 6.21. This is
because the plain (pooled) OLS regression we use here, which considers
neither a time-variant intercept nor region heterogeneity, leaves exactly
what we want to keep in the error term. This point will become clearer in
Eq. 6.23.
f^it , calculated according to Eq. 6.21, indicates what the ‘normal’ or
average degree of openness an inland Chinese region would have, given
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the level of regional GRP and the size of regional population. Following
this idea, our adjusted openness variable to be used in the regression model
in Eq. 6.13 is then constructed as
Oit 

fit
^f
it

ð6:22Þ

This adjusted openness variable, which will be our measure of the degree of
international openness of an inland Chinese region, indicates what the
openness deviation of region i is with respect to the ‘normal’ level of
openness of inland regions that have output and population of the same
size. Taking logs on both sides of Eq. 6.22 yields
^ fit
ln Oit ¼ ln fit  ln ^fit ¼ u

ð6:23Þ

where u^fit is obviously the residual (for each region i at each time t) obtained
from our pooled OLS regression.

Domestic coastal^inland market integration
In this subsection we construct the variable for domestic coastal–inland
market integration, M, in Eq. 6.13. We basically follow the price-based
approach used by Parsley and Wei (2001) and Sheng and Mao (2011) to
do this. The central idea behind this price-based approach is that the
dispersion (across goods) of common currency price differentials of
identical goods between two countries (or regions) can serve as an
inverse indicator of the degree of market integration between the two
countries (or regions).
Let pði; t; kÞ be the price of good k in inland region i at time t and pð j; t; kÞ
the price of good k in coastal region j at time t. We deﬁne




pði; t; kÞ
pð j; t; kÞ
 ln
ð6:24Þ
Dðij; t; kÞ  ln
pði; t  1; kÞ
pð j; t  1; kÞ
which measures the difference between inland region i and coastal region j
in the percentage change of the price of good k during the interval ðt  1; tÞ.
A useful way to study inland–coastal goods market integration is to study
the cross-sectional dispersion (across goods) of Dðij; t; kÞ for each inland–
coastal region pair and time period. Any particular realization of Dðij; t; kÞ
can be positive or negative without triggering arbitrage as long as
the absolute value of Dðij; t; kÞ is lower than the cost of arbitrage. The
existence of the arbitrage cost implies that Dðij; t; kÞ must fall within a
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range – not that it must equal or trend toward zero (Parsley and Wei, 2001).
Any reduction in the barriers to trade should thus reduce the no-arbitrage
range. Therefore, the dispersion of Dðij; t; kÞ across goods can be an inverse
indicator of the degree of market integration between inland region i and
coastal region j at time t.
We can take another step before we calculate dispersion. We remove the
time t mean of Dðij; t; kÞ (across region pairs) for each good k separately, in
order to ﬁlter goods-speciﬁc effects from our dispersion calculation.
Mathematically, we deﬁne
€ ðij; t; kÞ  Dðij; t; kÞ  D
 ðt; kÞ
D

ð6:25Þ

ðt; kÞ denotes the mean of Dðij; t; kÞ across ij region pairs. Having
where D
€ðij; t; kÞ in this way by de-meaning Dðij; t; kÞ, we then
constructed D
€ðij; t; kÞ, rather
calculate the variance (as our measure of dispersion) of D
than that of Dðij; t; kÞ, across all goods for each inland–coastal region pair
€ðij; tÞ. In order to
ij and time period t, and denote this variance as var½D
construct the coastal–inland market integration variable Mit (for inland
€ðij; tÞ
region i at time t) in Eq. 6.13, we need to sum all such variances var½D
for any given i (i.e., inland region) at time t over all the j’s (i.e., all coastal
regions). To do this, we deﬁne
Vði; tÞ 

X

€ ðij; tÞ
var½D

ð6:26Þ

j

Finally, we construct our coastal–inland market integration variable Mit as
follows
1
ð6:27Þ
Mit  pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Vði; tÞ
Because the variable Mit enters our regression speciﬁcation equation
(Eq. 6.13) in log form, it makes sense to write Eq. 6.27 in log form as well
ln Mit ¼ ð1=2Þ ln Vði; tÞ

ð6:28Þ

We need to select a speciﬁc set of k (types of ) goods to construct Eqs. 6.24–
6.28. Based on the data availability of the Yearbooks, the k types of goods
we select in this study are (a) grain, (b) oil and fat, (c) meat, poultry, and
related processed products, (d) eggs, (e) ﬁsh and shellﬁsh, (f ) vegetables, (g)
fresh and dried fruit, (h) tobacco, (i) liquor, ( j) garments, (k) clothing
fabric, (l) footwear and hats, (m) durable consumer goods, (n) daily use
household articles, and (o) cosmetics.
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Regressions and results
In this section we carry out our regression analysis and present the results.
Subsection 4.1 introduces the regression methods used in this analysis.
In Subsection 4.2 we present and discuss our regression results.

Regression methods
The very fact of our baseline empirical model (Eq. 6.13) being dynamic
in nature renders the pooled OLS estimator and the random effects (RE)
estimator inconsistent. In such a dynamic structure, however, the ﬁxed
effects (FE) estimator is still valid in a sense: though in this case the FE
estimator is inconsistent when asymptotic properties are viewed from the
N ! 1 direction, but proves to be consistent (and asymptotically
equivalent to the maximum likelihood estimator) when they are viewed
from the T ! 1 direction (Amemiya, 1967; Islam, 1995). Therefore,
FE estimation is one of the regression methods we opt for in this
chapter. Besides this FE method, we use a variety of other panel data
regression methods including the FD (ﬁrst-differencing) and FD 2SLS
(ﬁrst-differenced two-stage least squares) estimators. We also use a
dynamic GMM method to generate and compare our regression
results.
The FD 2SLS and GMM methods used in this chapter are based on the
‘sequential exogeneity’ assumption (see, for example, Wooldridge, 2001),
which implies that the error term is taken to be uncorrelated with current
and past (and in certain cases only the past) values of explanatory variables.
Our regression speciﬁcation in Eq. 6.13 necessarily violates the ‘strict
exogeneity’ assumption owing to its dynamic nature. However, the
sequential exogeneity assumption can be applied in such a case. Under
this assumption, a general approach to estimating Eq. 6.13 is to ﬁrst use
a transformation to remove unobserved effects and then search for
instrumental variables. As strictly exogenous instruments are difﬁcult to
come by, we cannot in the present analysis use the FE transformation to
remove the unobserved effect. Therefore, we use a 2SLS method based on
FD transformation. We can write out a dynamic panel data model like this
yit ¼ yi;t1 þ

k
X

j

j x it þ t þ

i

þ "it

ð6:29Þ

j¼1
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the FD transformation yields
Dyit ¼ Dyi;t1 þ

k
X

j Dx jit þ Dt þ D"it

ð6:30Þ

j¼1

where Dyit  yit  yi;tþ1 and so forth. Under the sequential exogeneity
assumption, we have
Eðwi j 0is "it Þ ¼ 0;

s ¼ 1; 2; . . . ; t

ð6:31Þ

where wis  ðyi;s1 ; x jis Þ, j ¼ 1; 2; . . . ; k. Eq. 6.31 implies the orthogonality
conditions
Eðw 0is D"it Þ ¼ 0; s ¼ 1; 2; . . . ; t  1
ð6:32Þ
Therefore, at time t we can use w 0i;t1 as potential instruments for Dwit ,
where w 0it  ðwi1 ; wi2 ; . . . ; wit Þ. This forms the basis of this chapter’s
dynamic panel data approach. In the FD 2SLS and GMM estimations
we present below, we employ subsets of w 0i;t1 as instrumental variables
for (a subset of ) Dwit with respect to FD transformation of our regression
speciﬁcation in Eq. 6.13.
In passing, we should point out that the extended GMM method
proposed by Blundell and Bond (2000), in which lagged ﬁrst differences
are also used as instruments for levels equations, is generally considered
to work better than the standard ﬁrst-differenced GMM method when
variables are so highly persistent that lagged values are only weakly
correlated with subsequent ﬁrst differences. However, in the present
analysis we do not choose to use this extended GMM method – owing
to the fact that the series of variables in our regressions turn out later not
to be highly persistent.
In practice, however, we use a variant of Eq. 6.13 as our regression
equation in all our regressions, which goes as
ln Ai;tþ1 ¼ 0 þ ’1 d99 þ ’2 d02 þ ’3 d05 þ ’4 d08 þ

 it
ln Ait þ 1 ln O

 þ  ln O

 it ln M
 it ln h
 it þ 3 ln h
 it þ 2 ln O
þ 2 ln M
it
1
it
 þ
 it ln h
þ 3 ln M
it

i

þ "it

ð6:33Þ

The total sample period of 1996–2011 is partitioned into ﬁve 3-year spans:
1996–1999, 1999–2002, 2002–2005, 2005–2008, and 2008–2011. That
is to say, the variables ln Ai;tþ1 and ln Ait in Eq. 6.33 are three calendar years
apart (i.e., when Ait pertains to 1996, Ai;tþ1 would pertain to 1999, and so
 it , M
 it , and hit , are calculated as
forth). The values of variables with bars, O
averages over the corresponding 3-year spans (i.e., when t pertains to 1996,
 it is then calculated as the arithmetic average of its three yearly values in
O
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1996, 1997, and 1998, and so forth). Using such a setup, transitory error
terms are three calendar years apart and hence may be less likely to be
serially correlated than is the case in a yearly data setup (Islam, 1995). In
addition, to account for the time-variant intercept t in Eq. 6.13, we design
and include four period dummy variables (denoted by d99, d02, d05, and
d08, along with a common intercept 0 ) in Eq. 6.33 to take care of secular
changes associated with the four time spans other than just the ﬁrst span
1996–1999.

Regression results
Table 6.2 summarizes the major regression results of our estimation
methods. For brevity’s sake, we do not report estimated intercepts (i.e.,
the estimated common intercept and estimated coefﬁcients on the four
period dummy variables in this table). The ﬁrst two regressions are
regular FE and FD estimations. The third regression is a 2SLS
estimation based on FD transformation. In this regression, we use the
lags of explanatory variables in periods ðt  1Þ and ðt  2Þ as
instrumental variables for the ﬁrst-differenced form of Eq. 6.33 at
period t. The latter three regressions employ a panel data GMM
method, the Arellano–Bond dynamic estimation (Arellano and Bond,
1991), in which all possible lags of dependent and independent
variables are used as instrumental variables for the ﬁrst-differenced
form of Eq. 6.33 at period t. The ﬁrst GMM regression in Table 6.2,
denoted GMM(1), takes explanatory variables other than ln Ait as
exogenous and uses all lags of ln Ait up to the period ðt  2Þ as
instruments for the ﬁrst-differenced form of Eq. 6.33 at period t. The
second GMM regression, GMM(2), takes explanatory variables other
than ln Ait as ‘predetermined’ and uses their lags up to period ðt  1Þ
and all lags of ln Ait up to period ðt  2Þ as instruments for the ﬁrstdifferenced form of Eq. 6.33 at period t. The third GMM regression,
GMM(3), takes all explanatory variables (besides ln Ait ) as endogenous
and uses their lags up to period ðt  2Þ for the ﬁrst-differenced form of Eq.
6.33 at period t.
Throughout the six regressions contained in Table 6.2, the estimated
values of (the coefﬁcient on ln Ait ) are all signiﬁcantly greater than
zero (which is no surprise) and signiﬁcantly lower than unity at the
usual 5 percent level. 12 Therefore, ceteris paribus, a higher initial level
of TFP is associated with slower subsequent growth in TFP, and vice
versa. This result basically shows that the 18 inland provinces in China
have exhibited (conditional) convergence in TFP growth over the sample
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Table 6.2

Summary of the major regression results of our estimation methods
(dependent variable, ln Ai;tþ1 ; sample, 18 Chinese inland provinces,
1996–2011)
Regressions

Variables

FE

FD

FD 2SLS

GMM (1)

GMM (2) GMM (3)

ln Ait

0.812*
[0.000]

0.631*
[0.000]

0.604*
[0.000]

0.686*
[0.000]

0.717*
[0.000]

0.841*
[0.000]

 it
ln O

0.682
[0.663]

0.193
[0.502]

0.371
[0.660]

0.201
[0.403]

0.135
[0.355]

0.293
[0.187]

 it
ln M

0.508
[0.054]

0.825
[0.010]

0.668
[0.086]

0.545
[0.079]

0.648*
[0.048]

0.820*
[0.039]

it
ln h

1.040*
[0.019]

0.714*
[0.046]

1.163*
[0.026]

1.249*
[0.040]

1.178*
[0.021]

1.485*
[0.034]

 it ln M
 it
ln O

0.052
[0.843]

0.097
[0.612]

0.227
[0.653]

0.004
[0.787]

0.083
[0.798]

0.148
[0.663]

 it ln h
it
ln O

0.344
[0.702]

0.146
[0.454]

0.115
[0.801]

0.272
[0.444]

0.228
[0.423]

0.108
[0.241]

 it ln h
it
ln M

0.419
[0.257]

0.850
[0.274]

0.528
[0.423]

0.395
[0.599]

0.632
[0.274]

0.761
[0.203]

90

72

54

54

54

54

No. observations

The asterisk * denotes significance at the 5 percent level. Related p-values are in brackets.
The results of GMM regressions in this table are one-step results. For the sake of brevity,
we do not report estimated intercepts (common intercepts and estimated coefficients on
period dummy variables) in the table.

period. In all the six regressions, the estimated values of 1 (the coefﬁcient
 it ) are not signiﬁcant at the 5 and 10 percent levels. For 2 (the
on ln O
 it ), all the six regressions produce signiﬁcantly positive
coefﬁcient on ln M
estimates at the 10 percent level while two of the six produce signiﬁcantly
positive estimates at the usual 5 percent level. In contrast, the estimated
values of 3 (the coefﬁcient on ln hit ) generated by the six regressions are all
signiﬁcantly positive at the usual 5 percent level. The magnitudes of these
estimates of 3 are in the vicinity of unity. The estimated values of 1 , 2 , and
3 (the coefﬁcients on the three interaction terms) are all very insigniﬁcant.
In fact, for all the six regressions in Table 6.2, it can be shown that dropping
the three interaction terms from the regression Eq. 6.33 does not change
our estimated values of the three ’s in any important way.
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The signiﬁcantly positive partial effect of ln hit on ln Ai;tþ1 can be
understood as showing that human capital exerts a dual effect on the
economic growth of China’s inland provinces. On the one hand, human
capital has a direct static impact on regional economic growth as an
accumulable factor of production, while, on the other hand, human
capital has an indirect dynamic impact on regional economic growth by
promoting local TFP growth. Therefore, in this sense, when dealing with
human capital, the dichotomy of factor accumulation and TFP growth
provided by the traditional growth accounting approach can be
misleading. This is because the traditional approach ignores the
possibility of spillovers between factor accumulation and TFP growth.
An important idea behind our empirical result of statistically signiﬁcant
(and in practice large) estimates of 3 (the coefﬁcient on ln hit ) may be that
human capital is a crucial determinant of the ability of a backward
economy (an inland province in China in the current case) to adopt new
technologies and hence promote TFP growth in the production process.
The key point is, as Benhabib and Spiegel (1994) have argued, the most
important contribution of human capital to income growth may lie not in
its direct effect as an accumulable factor in the production function, but in
its salutary effect on TFP growth.
To gain further insights, we can measure and compare the relative
magnitudes of the static and dynamic impacts of human capital. For
simplicity, suppose there is a one-time permanent increase in a
representative province’s human capital intensity of 1 percent. From
Eq. 6.2, we can easily see that this 1 percent increase in hit immediately
raises the province’s output per capita by 0.5 percent, other relevant factors
remaining constant. 13 However, this 0.5 percent instantaneous increase in
per-capita output is only the direct static effect of human capital. According
to Eq. 6.5 and our regression results in Table 6.2, this one-time shock in
human capital intensity will lead to a long-run increase in TFP of about
5 percent. 14 That is to say, in the long run, after the indirect dynamic effect
of the one-time shock in provincial human capital intensity has fully shown
itself, output per capita will increase by a total of 3 percent. 15 Thus in our
example the full indirect dynamic effect of this one-time increase in human
capital intensity is roughly ﬁve times as large as its direct static effect on
per-capita output. Neglecting the dynamic role of human capital as a TFP
enhancer therefore overlooks the crucial link between human capital and
output.
The role of human capital as a TFP enhancer is shown in an informal way
in Figure 6.3, which is a scatterplot of the levels of provincial TFP against
the levels of provincial human capital intensity, using pooled data of 1996–
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Figure 6.3

Levels of TFP and human capital intensity

Note: This scatterplot uses pooled data of 1996–2011 (90 observations). Levels (in logs) of
provincial human capital intensity are measured on the horizontal axis and levels (in logs) of
subsequent provincial TFP (three calendar years apart) are measured on the vertical axis.

2011 (90 observations altogether). Levels (in logs) of provincial human
capital intensity are measured on the horizontal axis and levels (in logs) of
subsequent provincial TFP (three calendar years apart) are measured on the
vertical axis. Figure 6.3 shows the positive relationship between the levels
of regional TFP and the corresponding levels of regional human capital
intensity.

Concluding remarks
In this chapter we focus on TFP growth in China’s inland provinces. We
empirically investigate the potential effects of three factors – international
openness, domestic coastal–inland market integration, and human capital
accumulation – on TFP growth in these inland provinces. Our key
hypothesis is that TFP growth of an inland region in China is shaped by
three factors: the level of direct openness of the region to international
economic activities, the degree of domestic coastal–inland market
integration between the region and coastal parts of China, and the level
of per-worker human capital in this inland region. By using a variety of
panel data regression techniques, we show that human capital
accumulation does indeed play an important role in promoting local
TFP growth in inland provinces. Our empirical results support
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Benhabib and Spiegel (1994)’s argument that the most important
contribution of human capital to income growth lies not in its static
direct effect as an accumulable factor in the production function, but
rather in its dynamic role in promoting TFP growth. To a lesser degree,
our empirical results in this chapter are further evidence of the positive role
coastal–inland market integration plays in promoting TFP growth in
China’s inland regions.

Notes
1. Works on economics are often classiﬁed according to JEL
classiﬁcation codes, a system set up by the Journal of Economic
Literature.
2. A few exceptions include Madariaga and Poncet (2007), Ouyang and
Fu (2012), and Özyurt and Mitze (2012).
3. In the empirical part of this chapter, the inland regions under study
are 18 Chinese provincial-level divisions: Shanxi, Inner Mongolia,
Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan,
Guangxi, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai,
Ningxia, and Xinjiang. Two inland regions, Tibet and Chongqing,
are excluded owing to missing data.
4. See, for example, Hall and Jones (1999) for a justiﬁcation of this
functional form.
5. In the empirical part of this chapter, the coastal regions in China are 10
provincial-level divisions: Beijing, Tianjin, Hebei, Liaoning, Shanghai,
Jiangsu, Zhejiang, Fujian, Shandong, and Guangdong. One coastal
province, Hainan, is excluded owing to missing data.
6. The rate for the ﬁrst four years, 13.4 percent, corresponds to the
average return to an additional year of schooling in sub-Saharan
Africa. The rate for the second four years, 10.1 percent, is the
average return to an additional year of schooling worldwide, while
that for schooling above the eighth year, 6.8 percent, is taken from the
average return to an additional year in member countries of the
OECD.
7. We undertake this ﬁve-group division on the regional population aged
6 and over only because data on the distribution of educational
attainment of the regional employed population or working age
population are not available.

95

China

8. The reported data are based on the National Sample Survey on
Population Changes which is published annually.
9. To calculate h e , we assume that a worker who has completed
university has 17 years of schooling on average.
10. Cross-country studies such as those of Hall and Jones (1999) and
Aiyar and Feyrer (2002) assume a value of 1/3 for , because this
value is broadly consistent with national income accounts data for
developed countries. However, considering the evidence in the
literature, we think that 1/3 is too low for China’s regions.
11. Data on coastal provinces are obtained from the same data sources
given earlier.
12. The 5 percent signiﬁcance level is always applied, unless otherwise
stated, when we discuss statistical signiﬁcance in the present analysis.
13. We assume, as before, the output elasticity of capital is 0.5.
14. Based on the regression results in Table 6.1, we take  to be about
0.2, and ! to be about 1.0 in Eq. 6.8. Therefore, we take ! to be
about 5 in Eq. 6.5.
15. This is clearly seen when Eqs. 6.2 and 6.5 are combined. To keep the
matter as simple as possible, we assume that all other relevant factors,
including the technology frontier, remain unchanged throughout
this exercise.
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Economic change and restructuring,
dual economy, and
development strategies
Abstract: Openness to foreign trade and FDI increases the efﬁciency in which
production factors are allocated by lifting barriers to the mobility of resources
across different sectors. In this chapter we empirically examine the relationship
between openness to foreign trade and FDI and China’s structural change. Our
regression results support the usefulness of the Lewis model for analyzing
China’s process of industrialization. Our empirical analyses also show that
openness to foreign trade and FDI plays an important role in the process of
China’s structural transformation. The results suggest that regional openness
promotes regional structural transformation in terms of labor share shifts
from the agricultural to the manufacturing sector, and that structural
transformation in poorer regions tends to be faster, as a result of which
convergence in per-worker income can be seen across China’s different
regions.
Key words: economic change and restructuring, dual economy, industry mix,
openness, productivity, the Lewis Model.
JEL classiﬁcation codes: F41; O11; O57. 1

Introduction
Openness to foreign trade and FDI affects the level of efﬁciency in which
production factors are allocated. Various studies have revealed that
barriers to the efﬁcient allocation of labor and other production
resources are key to explaining why some regions in China are less
developed than others (Lee and Malin, 2009). The barriers are usually
associated with the mobility of labor and human capital (Hayashi and
Prescott, 2008; Vollrath, 2009), or with the capacity of technology
innovation or adoption (Parente and Prescott, 1994). As labor and
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other production factors overcome the barriers and ﬂow from lowproductivity sectors into relatively higher productivity sectors, less
developed regions will experience an overall growth in income because
of the structural transformation in its industrial mix. Openness to foreign
trade and FDI helps lift the barriers.
Indeed, as evidenced by its persistently high rate of growth over the past
35 years, China has experienced a dramatic transition involving substantial
economic change and restructuring. For example, as millions of workers
moved from the agricultural sector into the manufacturing and service
sectors, the share of workers in agriculture declined from over 70
percent of all workers in 1978 to below 50 percent in 2003 (Dekle and
Vandenbroucke, 2006). Meanwhile, overall labor productivity has been
increasing at a very fast pace (Brandt et al., 2008). What is the relationship
between the rapid growth of labor productivity and structural change in
terms of labor shares in the industrial mix? More importantly, what roles
do openness to foreign trade and inﬂows of FDI play in promoting
economic change and restructuring in China’s regions? This chapter
strives to answer these and related questions. 2
The rest of this chapter is structured as follows. In the second section ‘A
theoretical model’, we present a basic model to illustrate structural change
in terms of labor shares and technological progress. In the third section
‘Decomposition of productivity growth’, we break down labor
productivity growth from the perspective of regional industry mix. In
the fourth section ‘Dual economy’, we look at China’s dual economy
from the perspective of the Lewis growth model, focusing on the
model’s implications for China. In the ﬁfth section ‘Some empirical
evidence’, we complete our empirical analysis and report our major
results.

A theoretical model
Before presenting the statistics and empirical analyses, it is helpful to take
a look at a simple theoretical model, the model of Lucas (2009), for us to
get a feel for the potential relationship between openness to trade and FDI,
structural change in terms of sectoral labor shares, and overall output
growth. To keep the model as simple as possible, we consider a world
of one-sector economies, where in any single economy, output per capita is
proportional to its stock of technology. There are two types of economies:
the leading economies (the leaders) and the follower economies (the
followers). In the leading economies, the stock of technology is assumed
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to grow exogenously at a constant rate:
AðtÞ ¼ A0 e gt

ð7:1Þ

where A denotes the level of technology and g is the exogenous growth rate
of technology. By contrast, accumulation of technology in a follower
economy is determined by
da
¼ ga 1 A 
dt

ð7:2Þ

where the level of technology in a follower economy is denoted by a. Eq. 7.2
implies that while output per capita of a leading economy grows at the
constant exogenous rate g, output per capita of a follower economy grows
at the rate
 
A
ð7:3Þ
!¼g
a
where ! is greater than g because A > a. Therefore, a follower grows faster
than a leader, at a rate that increases according to the size of the output gap,
A=a, and the size of the spillover parameter, . We can reasonably assume
that the magnitude of the spillover parameter  is positively related to the
degree of openness to foreign trade and FDI of the follower economy (e.g.,
a Chinese region) with respect to the rest of the world (the leading
economies).
It can be shown that the solution to the differential equation for aðtÞ with
the initial value a0 is
aðt; a0 Þ ¼ A0 e gt f1  ½1  ða0 =A0 Þ  e gt g 1=

ð7:4Þ

Now this model can be extended to accommodate multiple sectors of an
economy so as to study economic change and restructuring. Assume a dual
economy where there are two sectors called ‘farm’ and ‘city’, respectively.
A fraction ð1  Þ of each unit of labor in the economy is allocated to the
city sector, where it produces
yc ¼ að1  Þ

ð7:5Þ

The remaining fraction  is allocated to the farm sector, where it produces
yf units of the same single-output good:
yf ¼ La   

ð7:6Þ

In Eq. 7.6 land per capita is taken to be ﬁxed and is captured in the
coefﬁcient L. The parameter  is interpreted as reﬂecting a spillover
effect of city technology on agricultural productivity. Labor is assumed
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to be mobile so that the equilibrium output is then given by
yðaÞ ¼ max½La    þ að1  Þ


ð7:7Þ

If an only if La   1 > a, then  ¼ 1, otherwise  is determined by the
following


L 1=ð1Þ
ðaÞ ¼
ð7:8Þ
a 1
Eqs. 7.7 and 7.8 imply the way in which the employment share in
agriculture varies with output per capita. That is, when a ! 1,
ðaÞ ! 0, which means the traditional agricultural sector eventually
empties as the level of technology increases. Eq. 7.2 is now extended to
the following form
da
¼ g½1  ðaÞ  a 1 A 
ð7:9Þ
dt
In Eq. 7.9 another parameter  has been included. The new term ½1  ðaÞ 
is seen as capturing an agglomeration effect, whereby the rate of
technology inﬂow to any individual is an increasing function of the
fraction of city labor.
Eqs. 7.8 and 7.9 jointly lead to
da
¼ g½1  ðL=a 1 Þ 1=ð1Þ   a 1 A 
dt

ð7:10Þ

Eq. 7.10 implies that the level of technology a will grow indeﬁnitely if a is
high enough. The agglomeration term will tend to unity and the follower
economy will eventually behave exactly the same as in the previous onesector model, with both the level and growth rate of its output approaching
the values of the leading economy.

Decomposition of productivity growth
Following the idea of the model presented in the preceding section, we can
now present some descriptive statistics on regional sectoral productivities
for China’s regions. Regional overall labor productivity can be broken
down as y ¼ y1 l1 þ y2 l2 , where y1 and y2 are the levels of productivity in the
agricultural and non-agricultural sectors, respectively, while l1 and l2 are
the corresponding sectoral labor shares, respectively (with l1 þ l2 ¼ 1 by
construction). It is quite straightforward to obtain the following growth
decomposition:
d ln y ¼
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y1 l 1
y l
y  y1
d ln y1 þ 2 2 d ln y2 þ 2
dl2
y
y
y

ð7:11Þ
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which shows there are three contributors to the growth of overall labor
productivity: growth of agricultural labor productivity, growth of nonagricultural labor productivity, and an increase in the non-agricultural
labor share.
Substantial disparities in labor productivity (and per-capita income)
exist across China’s different regions. Our own calculations show that,
when China initiated its various economic reforms in 1978, the coefﬁcient
of variation (CV) of regional productivity across China’s provinces was
about 0.70. 3 In 2009, however, the corresponding CV dropped to 0.63. It
declined gradually over the 1978–1989 period, rose steadily thereafter
until it reached its peak of 0.76 in 2001, and then fell steadily to 0.63
by 2009.
To facilitate looking in greater detail at the characteristics of labor
productivity growth across China’s provinces, Table 7.1 shows the CV
values of the various components in Eq. 7.11. Inﬁnitesimal changes d ln y,
d ln y1 , d ln y2 , and dl2 are calculated as corresponding annual changes
from the previous year to the current year, and levels y, y1 , y2 , l1 , and l2
are values of the current year. To avoid cluttering the notation, we drop
province and year subscripts from the variables in Table 7.1. The values of
y1 , y2 , l1 , and l2 at the provincial level over 1981–2005 can be calculated
using relevant data from the China Statistical Yearbook in its various
annual issues. The agricultural sector includes farming, forestry, animal
husbandry, ﬁshery, and services in support of these industries. Table 7.1
shows the high CV of d ln y in 1981 results from the very high CV of d ln y2 .
Therefore, to a large degree, cross-province variation in productivity
growth in 1981 can be explained by variation in non-agricultural
productivity growth across China’s provinces. Another high CV of
d ln y (in 1990), however, appears to result from the joint high CV
values of d ln y2 and dl2 , which suggests that growth in both nonagricultural productivity and non-agricultural labor share in this year
contribute to overall provincial productivity growth in China’s provinces.
To facilitate subsequent analysis, we rewrite Eq. 7.11 as
y ¼ 1 þ 2 þ 3

ð7:12Þ

where we deﬁne y  d ln y, 1  ðy1 l1 =yÞ d ln y1 , 2  ðy2 l2 =yÞ d ln y2 , and
3  ½ðy2  y1 Þ=y dl2 . The decomposition in Eq. 7.12 implies that the crosssectional variance of provincial labor productivity growth y can be broken
down according to
1¼

Varðyi Þ Covðyi ; 1i Þ Covðyi ; 2i Þ Covðyi ; 3i Þ
¼
þ
þ
Varðyi Þ
Varðyi Þ
Varðyi Þ
Varðyi Þ

ð7:13Þ
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Table 7.1

CV values of the components of provincial productivity growth

Year

d ln y

d ln y1

d ln y2

dl2

y1 l1 =y

y2 l2 =y

ðy2  y1 Þ=y

1981

0.99

0.77

3.36

2.50

0.38

0.21

0.34

1982

0.73

0.91

1.76

1.58

0.36

0.21

0.35

1983

0.61

1.20

0.68

1.73

0.34

0.19

0.40

1984

0.35

0.59

0.90

0.87

0.33

0.17

0.40

1985

0.28

0.85

0.75

0.48

0.37

0.17

0.35

1986

0.44

0.89

0.61

0.57

0.37

0.16

0.36

1987

0.31

0.52

0.61

1.28

0.37

0.16

0.37

1988

0.19

0.47

0.22

1.49

0.37

0.15

0.40

1989

0.33

1.36

0.25

1.35

0.38

0.14

0.38

1990

0.92

1.11

0.96

3.87

0.36

0.15

0.38

1991

0.38

4.15

0.33

1.83

0.38

0.14

0.36

1992

0.35

0.57

0.47

0.62

0.39

0.13

0.35

1993

0.26

0.46

0.31

0.84

0.41

0.12

0.38

1994

0.19

0.31

0.30

0.73

0.40

0.12

0.38

1995

0.25

0.40

0.38

0.98

0.40

0.12

0.38

1996

0.24

0.70

0.32

1.52

0.40

0.12

0.33

1997

0.30

0.88

0.38

2.29

0.42

0.12

0.33

1998

0.48

4.17

0.53

7.74

0.41

0.11

0.32

1999

0.47

3.58

0.44

13.10

0.44

0.10

0.33

2000

0.34

3.60

0.66

4.76

0.46

0.10

0.30

2001

0.35

1.33

0.63

11.64

0.45

0.09

0.39

2002

0.25

0.48

0.39

0.81

0.46

0.09

0.38

2003

0.30

0.66

0.59

1.19

0.47

0.08

0.34

2004

0.29

0.35

0.39

0.56

0.47

0.08

0.34

2005

0.29

0.52

0.53

1.18

0.48

0.08

0.34

The sample includes 31 province-level divisions in China. There are missing data for
a few regions during the study period (1981–1985). Infinitesimal changes d ln y,
d ln y1 , d ln y2 , and dl2 are calculated as annual changes from the previous year to
the current year, and levels y, y1 , y2 , l1 and l2 are values of the current year.
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We perform the decomposition in Eq. 7.13 on a yearly basis across China’s
31 provinces. Our results show that during 1979–1991, cross-province
variation in the agricultural component 1 explains on average over 50
percent of total cross-province variation in provincial productivity growth
y . By contrast, during 1992–2011 the agricultural component 1
contributes little to provincial productivity growth y . Moreover, during
most years between 1979 and 1991, cross-province variation in the nonagricultural component 2 explains on average about 50 percent of total
cross-province variation in provincial productivity growth y , while,
during most years of 1992–2011, cross-province variation in 2
accounts for, on average, over 88 percent of total cross-province
variation in y . Overall, the non-agricultural component 2 takes the
lion’s share when accounting for disparities in provincial labor
productivity growth across China’s provinces over the period 1979–
2011. We can perform a further decomposition with respect to 2 as
1¼

Varðln 2 Þ Cov½ln 2 ; lnðy2 l2 =yÞ Cov½ln 2 ; lnðd ln y2 Þ
¼
þ
Varðln 2 Þ
Varðln 2 Þ
Varðln 2 Þ

ð7:14Þ

where we have dropped the subscript i for brevity’s sake. Our results
show that, compared with the non-agricultural sector’s share in output
(i.e., y2 l2 =y), non-agricultural productivity growth d ln y2 contributes
overwhelmingly more to the non-agricultural component 2 . In sum, we
see that labor productivity growth in the non-agricultural sector plays the
most important role when accounting for aggregate labor productivity
growth in China’s provinces throughout the period 1979–2011.

Dual economy: Lewis growth model and China
Even a cursory observation suggests the Chinese economy has many of the
features that the Lewis growth model tries to capture (Islam and Yokota,
2008). This section discusses China’s economic change and development in
light of the Lewis growth model (Lewis, 1954), the hallmark of which is the
assumption that an economy has a dual structure. We will use ‘modern–
traditional’ terminology to describe the Lewis dualism. The ﬁrst difference
between the two sectors is that essentially the same type of labor has higher
productivity in the modern sector than in the traditional sector. That is to
say, the marginal product of labor in the modern sector MPM M is greater
than that in the traditional sector MPL T (i.e., MPM M > MPL T ). This
inequality is a departure from the neoclassical assumption of perfect
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factor mobility and equalization of factor returns, and thus implies that
total output may increase by moving labor from the traditional to the
modern sector. The second difference between the two sectors is
concerned with income distribution. In the modern sector, income
distribution follows the rule w M ¼ MPL M , where w M is the wage rate in
the modern sector. By contrast, in the traditional sector it is assumed that
w T > MPL T , where w T is the wage rate in the traditional sector, in which
income distribution follows what is called a ‘kinship/community rule’. This
represents a second departure from the neoclassical economy. In general,
two conditions are needed for these differences to emerge. One is that there
should exist an abundance of labor in the traditional sector, relative to
other production resources such as land. The second is that there should
exist some restrictions on the free movement of labor from the traditional
sector to the modern sector.
As Islam and Yokota (2008) point out, demographic disequilibrium – in
which there is overpopulation or surplus labor in the traditional sector –
often occurs in developing countries. Restrictions on labor mobility may be
either formal or informal, and may come from either the traditional or
modern sector side. In the traditional sector, various informal customs may
discourage migration of labor to the modern sector, which is usually
located in urban areas. In the case of China, the Hukou (household
registration) system is a formal barrier to rural–urban labor movement.
Higher living costs, loss of familial, social and environmental beneﬁts, and
entry restrictions by the modern sector and by the authorities of urban
areas where the modern sector resides are all barriers to rural–urban
migration. Given this, the assumption that MPL M > MPL T is not
difﬁcult to justify. As for the other assumption, w T > MPL T , it should
be noted that various institutional settings can accommodate the ‘kinship/
community’ rule. Family farms, for example, may engage in output
maximization instead of proﬁt maximization, and push the employment
of labor to very low marginal product levels. In the case of China, the
Communes allow ‘wages’ to have a ‘sharing’ feature and be higher than the
marginal product, so that the condition w T > MPL T is met. Given all this, a
dual economy such as China’s is therefore characterized by the condition
MPL M ¼ w M > w T > MPL T .
The dualism of the economy enables the modern sector to grow by
drawing labor from the traditional sector without having to raise its
wage level. The relocation of labor from the traditional to the modern
sector increases MPL T without increasing w T and w M as long as
w M > w T > MPL T holds. Only when the ﬂow of labor pushes MPL T
up so high that it approaches w T will a further ﬂow of labor lead to
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increases in w T , which in turn create pressure for w M to rise. Ranis and Fei
(1961), in their extension of the Lewis model, suggest that the marginal
product curve of the traditional sector is characterized by three phases. In
the ﬁrst phase MPL T is zero so that the movement of labor from the
traditional to the modern sector does not result in any reduction in total
output of the traditional sector. The second phase begins when MPL T
becomes positive. The second phase ends and the third phase begins
when the marginal product of labor in the traditional sector catches up
with the wage level, and any further ﬂow of labor now pushes both the
marginal product and wage level up in the traditional sector by more or less
the same degree.
When applying the Lewis model to China, as Islam and Yokota (2008)
point out, one faces several complications because of the country’s speciﬁc
institutional characteristics. First, the theoretical ‘traditional–modern’
dichotomy does not coincide with the empirical ‘rural–urban’ or
‘agriculture–industry’ dichotomy. On the one hand, there are many
informal enterprises in China using pre-industrial technologies in the
urban sector, while, on the other hand, the rural sector is also
heterogeneous owing to the continuous emergence of township and
village enterprises that use industrial technologies inside rural areas.
Second, the Lewis model assumes that the labor ﬂow proceeds ideally in
an unrestricted fashion as industrialization deepens. This assumption does
not hold true for China because of its Hukou system. Although Hukou
restrictions have gradually been lifted, the system remains and the situation
is still not one of free mobility of labor from the traditional to the modern
sector. The situation is further complicated by the fact that China is
currently neither under central planning or under a completely market
system. The complicated institutional context in China, despite making
empirical analysis more subtle and challenging, also provides more
opportunities for revealing the impacts of institutional factors on the
process of industrialization and expansion of the modern sector.

Some empirical evidence
We follow the procedure of Islam and Yokota (2008) to carry out our
empirical analysis. The analysis requires comparison between the marginal
product of labor and the wage level in the traditional sector. To obtain an
estimation of the marginal product, we ﬁrst estimate the production
function of the agricultural sector, using province-level data. In this
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current analysis, we equate the theoretical traditional sector with China’s
‘agricultural’ sector, rather than the ‘rural’ sector as a whole for reasons
mentioned earlier. The basic speciﬁcation for regression is given as
ln Yi ¼

0

þ

L

ln Li þ

R

ln Ri þ

K

ln Ki þ E DEi þW DWi þui

ð7:15Þ

where Yi is the value added for the agricultural sector, and Li , Ri , and Ki
are labor, land, and capital, respectively, with i indexing the province.
Using the value added, instead of gross output, as the dependent
variable enables us to obviate the necessity of including ‘materials’ as an
additional explanatory variable. Mainland China is divided into three big
zones: the eastern (coastal) zone, the central zone, and the western zone.
It is well known that as far as resource endowment, geographic and
climatic conditions, market opportunities and institutions are concerned
China differs more sharply interzonally than across provinces within the
same zone. DEi and DWi are two zone dummy variables that take care of
the eastern zone and western zone, respectively, while the central zone is
arbitrarily taken as the base group. We assume that systematic differences
in agricultural TFP across the different zones can be captured by individual
zone intercepts (the coefﬁcients on zone dummies) while random
differences in TFP are subsumed in the error term ui .
Owing to a shortage of data, we restrict the agricultural sector to the
farming sub-sector, leaving out the sub-sectors of ﬁshery, forestry, and
animal husbandry. The labor variable can be calculated as the product of
the total number of agricultural employees and the share of the farming
sub-sector in the total value added of the agricultural sector. The land
variable is taken as total sown area for farming. The capital variable is
not directly available, so we use total power of agricultural machinery to
proxy for agricultural capital stock. Cross-sectional data are applied to
estimate Eq. 7.15 for each individual year in the sample period. In general,
regression results are unsatisfactory in that the partial effects of both the
labor variable and the capital variable turn out to be insigniﬁcant. For the
capital variable, the problem probably lies in using total power of
agricultural machinery to proxy for agricultural capital stock. The
insigniﬁcant effect of the labor variable may be due to its high
correlation with the land variable. Despite these disappointments, the
results show that the assumption of constant returns to scale cannot be
rejected for most years in the sample period.
To improve the results of our regression analysis, we need to modify our
regression speciﬁcation. We make two changes: we omit the capital
variable and we rewrite the regression speciﬁcation in per unit of labor

108

Economic change and restructuring, dual economy, and development strategies

terms. Therefore, we have the following new speciﬁcation
lnðYi =Li Þ ¼

0

þ

R

lnðRi =Li Þ þ E DEi þ W DWi þ ui

ð7:16Þ

where the main explanatory variable is now land per unit of labor and
the explained variable is output per unit of labor. Based on earlier support
for the assumption of constant returns to scale, the coefﬁcient on labor can
be obtained by subtracting the estimate of R from unity. Results show
that the estimates of R are (unsurprisingly) signiﬁcant. Other variants of
regression methods, such as pooled OLS, are also tried. Based on our
regressions, our major conclusion is that land is still the overwhelming
determinant for the value added in the agricultural sector, while labor
makes a relatively minor contribution.
Given the Cobb–Douglas form of the production function, the marginal
product of labor at time t can be computed as MPLðtÞ ¼ L  APLðtÞ, where
APLðtÞ stands for the average product of labor at time t, which is given by
Y=L in the current case. Our purpose is to compare estimated values of the
marginal product of labor with corresponding wage levels. Data on real
wages in the agricultural sector are not easy to come by. We follow Islam
and Yokota (2008) and use average net income per unit of labor in the
farming sector to proxy for the real wage in agriculture. Our computations
show that both the marginal product of labor and the wage level increase
over time. This should not be taken as conﬂicting with the hypothesis of the
Lewis model, as the model does not rule out increases in wage even before
the turning point is reached. In fact, as Ranis and Fei (1961) point out, some
improvement in productivity in the traditional sector is actually needed so
that progress toward the turning point does not get aborted (Islam and
Yokota, 2008). Although the marginal product and wage level both
increase over time, we ﬁnd that the former increases at a much faster
pace than the latter. Therefore, our brief analysis here supports Islam
and Yokota (2008) in vindicating the validity of using the Lewis model
to analyze China’s process of industrialization.
In what way are openness to foreign trade and FDI involved in the
process of China’s industrialization? We are now in a position to
examine the effect of openness to foreign trade and FDI on shifts in
regional sectoral labor shares across China’s regions. The dependent
variables are the changes in sectoral labor shares for each of the three
broad sectors Dl jit in China, which is deﬁned as Dl jit ¼ l jit  l ji;t1 for
j ¼ a; b; c where j ¼ a; b; c stand for the agricultural, manufacturing, and
service sector in China, respectively. The two explanatory variables are
(the log of ) the initial level of regional per-worker GDP and the regional
openness variable, which is constructed as the ratio of total value of foreign
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trade to regional GDP of the same year averaged over the corresponding
time span (see also Jiang, 2011).
For both the agricultural sector and the manufacturing sector, estimated
coefﬁcients on the openness variable take the expected negative and
positive signs. Estimated coefﬁcients on the openness variable for the
agricultural sector are all negative, while for the manufacturing sector
they are all positive. However, single-span regressions do not generate
precise estimates probably because sample sizes are too small. Many of
the estimates are found to be insigniﬁcant. Estimated coefﬁcients on lagged
per-worker income also take the expected signs. Estimated coefﬁcients on
lagged per-worker income for the manufacturing sector are negative, while
for the agricultural sector they are positive. The signs of these coefﬁcients
show that, at least during 1994–2005, poorer regions tend to experience
faster structural transformation (in terms of shifts in the labor share). This
result implies that structural transformation had a convergence effect,
through which it contributed to narrowing the income gap between rich
and poor regions in China. The last regression in Table 7.2 pools the ﬁve
time spans together. The results of this regression suggest that regional
openness promotes regional structural transformation in terms of shifts in
the share of labor from the agricultural to the manufacturing sector, and
that structural transformation in poorer regions tends to be faster, as a
result of which per-worker income across China’s different regions can
clearly be seen.

Concluding remarks
Openness to foreign trade and FDI improves the way production factors
are allocated by lifting barriers to the mobility of resources across different
sectors. Even a cursory observation shows China’s economy has many of
the features that the Lewis growth model tries to capture. In this chapter we
empirically examine the relationship between openness to foreign trade
and FDI and China’s structural change. Our regression results support the
usefulness of the Lewis model for analyzing the process of industrialization
in China. Our empirical analyses also show that openness to foreign trade
and FDI has played an important role in the structural transformation of
China. The results suggest that regional openness promotes regional
structural transformation in terms of shifts in the share of labor from
the agricultural sector to the manufacturing sector, and that structural
transformation in poorer regions tends to be faster, as a result of which
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0.004
(0.006)
0.000
(0.028)
0.026

0.006
(0.006)
0.024
(0.048)
0.106

Fit

R-squared

0.233

0.090

R-squared

lnðyi;tþ1 Þ

0.085*
(0.030)

0.083
(0.112)

Fit

0.019

0.009
(0.015)

0.002
(0.015)
0.005

0.006
(0.008)

0.402

0.044*
(0.021)

0.046*
(0.011)

0.236

0.036
(0.028)

0.040*
(0.014)

2000–2005
Obs: 31

0.004
(0.009)

0.491

0.063*
(0.014)

0.040*
(0.009)

0.422

0.061*
(0.015)

0.036*
(0.010)

1994–1999
Obs: 31

Period

0.123

0.042**
(0.023)

0.027**
(0.014)

0.101

0.048
(0.030)

0.032**
(0.018)

0.003

0.006
(0.027)

0.005
(0.018)

2006–2011
Obs: 31

0.168

0.014**
(0.008)

0.009*
(0.004)

0.310

0.039*
(0.012)

0.021*
(0.006)

0.249

0.025*
(0.013)

0.012**
(0.006)

Pooled
Obs: 150

Standard errors are in parentheses. * denotes significance at the 5 percent level while ** denotes significance at the 10 percent level. For brevity, we do
not report estimated intercepts in this table. The pooled regression in the last column includes period dummy variables (four of them altogether) besides
the common intercept.
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(0.018)
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1988–1993
Obs: 31

Dl ait

1982–1987
Obs: 26
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variables
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Explained
variable

Table 7.2
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convergence in per-worker income across China’s different regions can
clearly be seen.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
2. Some related recent studies include Laitner (2000), Gollin et al. (2002),
Hansen and Prescott (2002), O’Leary (2003a, b, 2006), Dekle and
Vandenbroucke (2006), Ngai and Pissarides (2007), Brandt et al.
(2008), Lee and Malin (2009), Vollrath (2009), Dessy et al. (2010),
and Jiang (2010, 2011).
3. The coefﬁcient of variation, by deﬁnition, is calculated as the ratio
between standard deviation and the absolute value of the mean.
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Static and dynamic
comparative advantages
Abstract: This chapter focuses on the linkage between change in the pattern
of China’s comparative advantage and in the economic structure of the
country’s ongoing transformation. After formalizing the processes of
structural transformation and the shift of comparative advantage across
sectors, we use specialization indexes to proxy for the intensity of
comparative advantage in our empirical analysis. Results show that the
specialization index of primary goods has been declining while that of
manufactured goods has been climbing over time. Results further show that
of the various subdivisions of primary goods, the specialization index of
mineral fuels and non-edible raw materials has been falling, while of the
various subdivisions of manufactured goods, the specialization index of
machinery and transport equipment has been rising. To a large degree,
empirical results support the hypothesis of the theoretical model presented
in this chapter.
Key words: specialization, comparative advantage, structural transformation,
opening up, the Ricardian Model, labor-intensive manufacturing.
JEL classiﬁcation codes: F41; O11; O57. 1

Introduction
Over the past 35 years China’s economy has undergone a rapid
transformation. This had important impacts on other economies in the
rest of the world as China opened up to more foreign trade and FDI. Little
research has been conducted on the economic forces underpinning this
transformation. One important issue is the relationship between China’s
foreign trade, the pattern and structure of its comparative advantage, and
the way in which the country’s economic structure has been transformed.
There is a concern that when developing countries engage in international
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trade they often face a tradeoff between specializing in low-tech goods
where they currently enjoy comparative advantage and entering the hightech market where they currently lack comparative advantage but may
foster such a comparative advantage in the future as a result of the potential
for productivity growth or of positive intersectoral interactions. If this is
the case, then it is possible that specialization according to current static
comparative advantage is welfare reducing, while protectionist measures
can be welfare enhancing. Moreover, for any open developing economy,
continually updating knowledge of overseas markets and anticipating
global market changes are crucial elements in trade success. The more a
developing country adopts a static view of comparative advantage, the
greater the risk of failure in international trade as global markets change
and develop.
China can act as a timely and important illustration of dynamic
comparative advantage (Lim and Feng, 2005). Overall, labor-intensive
economic activity dominates China’s production, as demonstrated by
its rapid growth since the early and mid 1980s. Because of its labor
abundance, China’s labor-intensive industries enjoy comparative
advantage. However, using specialization indexes to proxy for
comparative advantage, studies have shown that China’s early postreform growth in labor-intensive manufacturing occurred despite the
sector having a negative specialization index (Kwan, 2001; Lim and
Feng, 2005). Moreover, as labor-intensive manufacturing increased its
share of total GDP so agriculture’s share decreased, even though
agriculture could be shown to enjoy much stronger comparative
advantage than labor-intensive manufacturing at that time. Could the
same economic forces that fueled the growth of labor-intensive
manufacturing have also played a part in the shift of comparative
advantage from agriculture to labor-intensive manufacturing?
Moreover, if China’s comparative advantage is shaped by its labor
abundance, what was it that caused the rapid expansion of
manufacturing over agriculture, when both are labor intensive?
This chapter reviews the literature and investigates theoretically and
empirically the linkage between observed patterns of economic
development, especially the way in which China’s economic structure
developed and its comparative advantage evolved. The rest of this
chapter is organized as follows. In the second section ‘A dynamic
Ricardian model’, we present a dynamic model to formally illustrate a
situation in which specialization according to existing comparative
advantage under free trade may be welfare reducing while protectionist
measures may be welfare increasing. In the third section ‘Implications for
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China’, we discuss the policy implications of dynamic comparative
advantage for China. In the fourth section ‘Structural transformation
and comparative advantage in China’, we discuss the relationship
between China’s structural transformation and the evolution of
comparative advantage. We present both a theoretical foundation and
empirical evidence in this section.

A dynamic Ricardian model
For specialization according to the current comparative advantage under
free trade to be welfare reducing and protectionist measures to be welfare
increasing, we formally illustrate the situation by presenting the dynamic
Ricardian model of Redding (1999), developed from a standard Ricardian
model with a speciﬁcation for productivity dynamics, where productivity is
assumed to evolve endogenously over time. For simplicity, we consider
trade between two countries, named ‘Home’ and ‘Foreign’, where all
Foreign’s variables are denoted by asterisks. We assume that each
country has a single production factor (i.e., labor) and can produce two
goods: good 1, a low-tech good (wheat), and good 2, a high-tech good
(machinery). According to Cobb–Douglas instantaneous utility, consumer
preferences are identical in the two countries.
uðc1 ; c2 Þ ¼ c 1  c 1
2

ð8:1Þ

Each worker–consumer is endowed with one unit of labor and the total
labor supplies in Home and Foreign are L and L  , respectively. Time is
continuous and the representative consumer spends at each point in time
all her instantaneous income on instantaneous consumption. The unit
labor requirements for goods 1 and 2 are denoted a1 and a2 for Home,
and correspondingly, a 1 and a 2 for Foreign, respectively.
We assume that the unit labor requirement in each sector of Home at
time t is a function of the stock of production experience as
ai ðtÞ ¼ Fi ½ei ðtÞ

ð8:2Þ

with @Fi ðei Þ=@ei < 0 and i ¼ 1; 2 for the two goods, where ei ðtÞ is used to
denote the stock of production experience at time t. 2 To ﬁx ideas, we
specify ei ðtÞ such that 1=ai ðtÞ ¼ i  ei ðtÞ, with i > 0 for i ¼ 1; 2. We
further assume that
dei ðtÞ=dt  e_ i ðtÞ ¼ i  ei ðtÞ  Li ðtÞ

ð8:3Þ

where Li ðtÞ is labor input in sector i at time t, and i captures the speed at
which experience can be accumulated in sector i. 3
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Under autarky, in accordance with Eq. 8.1, the consumer’s utility
maximization problem is written as
Maxc1 ;c2 ðc 1  c 1
2 Þ
subject to p1 c1 þ p2 c2 ¼ w; p1 =p2 ¼ a1 =a2

ð8:4Þ

Note that w is both the wage rate of a representative consumer and the total
income of the consumer, as each worker–consumer has one unit of labor.
Moreover, if both goods are produced in the country, under autarky
p1 =p2 ¼ w1 a1 =w2 a2 ¼ a1 =a2 must hold because the wage rate in the two
sectors must be the same (i.e., w1 ¼ w2 ). The problem posed by Eq. 8.4
requires that the optimal consumption levels of goods 1 and 2 are such that
c2 1   p1 1   a1
 ¼

¼
c1
p2
a2



ð8:5Þ

Under autarky, the production levels of goods 1 and 2 in the country
(i.e., y1 and y2 ) must equal the consumption levels of the two goods so
that Eq. 8.5 implies y2 =y1 ¼ ½ð1  Þ=ða1 =a2 Þ. Let L1 and L2 be the labor
supplies in sectors 1 and 2 (where L1 þ L2 ¼ L). By using y1 ¼ L1 =a1 and
y2 ¼ L2 =a2 we see that the optimal consumption levels of goods 1 and 2
require
ð8:6Þ
L1 ¼ L; L2 ¼ ð1  ÞL
Now suppose that Home and Foreign begin to trade from some arbitrary
point in time ts onward and that there are zero transport costs. Suppose
at time ts Home enjoys comparative advantage in producing good 1
(i.e., a1 ðts Þ=a2 ðts Þ < a 1 ðts Þ=a 2 ðts Þ). Analysis can now be carried out
within a general equilibrium framework. Relative free trade price and
relative quantity can be simultaneously determined by the intersection
of the world relative supply (RS) curve and the world relative demand
(RD) curve. According to Cobb–Douglas instantaneous utility, the
  ðQ þ Q  Þ=ðQ þ Q  Þ ¼
world RD curve can be shown to be Q
1
2
1
2
½=ð1  Þðp2 =p1 Þ. In the case of complete specialization for both
countries, each country specializes in the production of the good in
which it has comparative advantage. The equilibrium world relative
price is then p  p1 =p2 ¼ ½=ð1  ÞðL  =a 2 Þ=ðL=a1 Þ. Before time ts we
can see that Home acquires production experience at rates 1 L and
2 ð1  ÞL in sectors 1 and 2, respectively, while Foreign acquires
production experience in the two sectors at rates  1 L  and
 2 ð1  ÞL  , respectively. However, from time ts onward the two
countries are engaged in free trade, which induces Home’s specialization
in the production of good 1, where Home is assumed to have comparative
advantage at time ts , and Foreign’s specialization in the production of
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good 2, where Foreign is assumed to have comparative advantage at time
ts . 4 In this case, Home acquires production experience only in the low-tech
sector, where the relative rate of experience accumulation is 1 L, while
Foreign acquires production experience only in the high-tech sector, where
the relative rate of experience acquisition is  2 L  .
We need to compare intertemporal welfare under autarky and under free
trade. If Home still remains autarkic from time ts onward, then the
intertemporal welfare of a representative Home consumer from time ts
onward is
ð1

A
1
U A ðts Þ ¼
e ðtts Þ  ½=a A
dt
ð8:7Þ
1 ðtÞ  ½ð1  Þ=a 2 ðtÞ
ts

where  is the subjective discount rate. 5 Suppose, instead, the two countries
begin to trade freely from time ts onward. Then the intertemporal welfare
of the representative Home consumer from time ts onward is given by 6
ð1
U T ðts Þ ¼
e ðtts Þ  ½=a T1 ðtÞ   fð1  Þ  p T1 ðtÞ=½a T1 ðtÞ  p T2 ðtÞg 1 dt
ts

ð8:8Þ
It can straightforwardly be demonstrated that a A1 ðtÞ ¼ a1 ðts Þ  e 1 Lðtts Þ ,
a A2 ðtÞ ¼ a2 ðts Þ  e 2 ð1ÞLðtts Þ , and a T1 ðtÞ ¼ a1 ðts Þ  e 1 Lðtts Þ , respectively,
for all t  ts . Using the ﬁrst two equations, we can write the expression
for intertemporal welfare under autarky as
U A ðts Þ ¼

   ð1  Þ 1  ½a1 ðts Þ   ½a2 ðts Þ 1
   2 1 L  ð1  Þ 2 2 L

ð8:9Þ

In contrast, the intertemporal welfare under free trade can be shown to be
U T ðts Þ ¼

½a1 ðts Þ   ½a 2 ðts Þ 1  ðL  =LÞ 1
  1 L  ð1  Þ 2 L 

ð8:10Þ

where we insert p T1 ðtÞ=p T2 ðtÞ ¼ ½=ð1  ÞðL  = 2 T ðtÞÞ=ðL=a T1 ðtÞÞ (the
world relative demand function), a T1 ðtÞ ¼ a1 ðts Þ  e 1 Lðtts Þ , and
 
a 2 T ðtÞ ¼ a 2 ðts Þ  e  2 L ðtts Þ into Eq. 8.8.
Intertemporal welfare under free trade will be lower than that under
autarky if and only if
½a1 ðts Þ  ½a 2 ðts Þ 1 ðL  =LÞ 1   ð1 Þ 1  ½a1 ðts Þ  ½a2 ðts Þ 1
<
  1 L  ð1  Þ 2 L 
   2 1 L  ð1  Þ 2 2 L
The numerator on the left-hand side of the inequality must exceed that on
the right-hand side owing to the static gain that free trade brings at ts ,
because the numerators represent instantaneous utility under free trade
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and under autarky, respectively, at time ts . Then it follows that
intertemporal welfare under free trade may be lower than that under
autarky if and only if   1 L  ð1 Þ 2 L  >    2 1 L  ð1 Þ 2 2 L
holds, which implies
1 L þ ½ 2 L   ð1  Þ2 L < 0

ð8:11Þ

Inequality 8.11 is a necessary condition for intertemporal welfare under
free trade to be lower than that under autarky. The ﬁrst term on the lefthand side 1 L is unambiguously positive. However, Home’s relative rate
of experience acquisition in the high-tech sector under autarky ð1  Þ2 L
may or may not exceed Foreign’s relative rate of experience acquisition in
the high-tech sector under free trade  2 L  . If ð1  Þ2 L exceeds  2 L  by a
certain degree, intertemporal welfare under free trade will be lower than
that under autarky. A large L relative to L  , or a high 2 relative to  2 , tend
to widen the difference between ð1  Þ2 L and  2 L  .
This model indicates that international trade affects economic welfare
dynamically (due to the change in productivity growth rates induced by
specialization based on comparative advantage), which means that free
trade is no longer necessarily welfare increasing. A necessary condition for
free trade to be welfare reducing is that the rate of experience acquisition in
the high-tech sector is lower under free trade than under autarky, and that
the effect of this on the growth rate of instantaneous utility outweighs that
of the increase in the rate of experience acquisition in the low-tech sector.
For a large developing country such as China, this necessary condition for
free trade to be welfare reducing is more likely to be satisﬁed. The larger
Home’s potential for experience accumulation in the high-tech sector
relative to that of Foreign’s in this sector, and the smaller Foreign’s
economy (as measured by its labor force) relative to that of Home’s, the
more likely the necessary condition implied by Inequality 8.11 is satisﬁed.

Implications for China
The theoretical model presented in the preceding section shows that
developing countries may face a tradeoff between specializing according
to existing comparative advantage (in low-tech goods) and moving into
industries where they currently lack comparative advantage but may
acquire it in the future as a result of potential productivity growth (in
high-tech goods). In other words, it is possible that specialization
according to current comparative advantage under free trade is welfare
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reducing while protectionist measures that induce specialization in
industries where the country does not currently have comparative
advantage may be welfare increasing. The model focuses on the
relationship between endogenous comparative advantage, economic
growth, and economic welfare. Analysis suggests that specialization
according to initial comparative advantage may exert negative effects on
productivity growth rates and economic welfare. By contrast, selective
industrial and trade policies that induce specialization in industries
where the economy lacks initial comparative advantage may be welfare
improving. The endogenous dynamic nature of comparative advantage
explains the evolution of international trade over time and sheds light
on related policy implications. 8
From World War II until the 1970s many developing countries set about
fostering a manufacturing industry serving the domestic market to bring
about economic takeoff,. They did this by limiting imports of foreignmanufactured goods. According to arguments for import substitution,
developing countries have potential (but not current) comparative
advantage in manufacturing. To allow manufacturing to get a toehold
in developing countries, governments should support new industries
until they have grown strong enough to stand international competition.
Hence the need for a developing country to use tariffs or other instruments
as temporary measures to get industrialization started. 9
The model leads to the inevitable question: Is it possible for policymakers to lead the economy to specialize in the sector where it currently
lacks comparative advantage but is expected to acquire it over time?
Comparing welfare under free trade and welfare under a trade policy
that imposes tariffs on imports should be insightful. The central point
here is whether a developing country might lose or reduce its potential
future comparative advantage in another industry by specializing
according to its existing comparative advantage when free trade is
allowed. Therefore, policy intervention can be effective in the way
comparative advantage develops and can thus be used to optimize a
country’s welfare within a certain time horizon.
Given its abundance of labor, China enjoys comparative advantage in
labor-intensive industries (Adams and Shachmurove, 1997; Kwan,
2002a). However, using specialization indexes to proxy for comparative
advantage, Kwan (2001) shows that the early post-reform growth in laborintensive manufacturing industries in China took place when industries
had a negative specialization index. The increase in labor-intensive
manufacturing was accompanied by a fall in the contribution of
agriculture to overall GDP, even though agriculture had a much

121

China

stronger comparative advantage than manufacturing during that period
(Lim and Feng, 2005). Lim and Feng (2005) show, by means of
specialization indexes, that China’s comparative advantage had shifted
from agriculture in favor of labor-intensive manufacturing by the
1990s. This ﬁnding is echoed by examining China’s export success at
that time, which was primarily grounded in labor-intensive industries
(Rowen, 2001; Kwan 2002b; Lai, 2004). Lim and Feng (2005) also
predict that China’s comparative advantage is likely to shift to capitalintensive industries in the decade to come. This inevitably leads to the
question: Why might market forces drive an industry to grow even if
the industry lacks comparative advantage to begin with? More
speciﬁcally, if labor abundance currently underlies China’s comparative
advantage, then how do we explain the rapid growth of manufacturing
over agriculture when both are labor-intensive? Moreover, could the
economic forces that have driven the growth of labor-intensive
manufacturing eventually succeed in fostering a shift of comparative
advantage to this sector? To answer these and other questions, we turn
to the next section for a more detailed discussion.

Structural transformation and comparative
advantage in China
No better example of dynamic comparative advantage can be found than
China because of its astonishing trade performance since the initiation of
the economic reform, the impacts of its exports and imports on the rest of
the world, and the prospect of it transiting from export growth based on
labor intensity to capital and technology intensity (Lai, 2004). In the early
reform period, especially the early 1980s, agriculture in China was
abundant in labor but had relatively little capital. The agricultural
sector was the ﬁrst major sector to be liberalized under the various
reforms, with land leased to individual households and prices
increasingly freed up. The state planning system continued to suppress
development of a labor-intensive rural industrial sector for fear that
non-farm rural enterprises would draw labor away from farming,
compromising the country’s objective of being self-sufﬁcient in food.
However, the impacts of agricultural reform were so strong that they
afforded greater leeway for the government to relax its controls over the
non-farm rural sector (Lin, 1992). By 1985 the Chinese government
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liberalized rural industries by allowing labor to move from farming to nonfarm township and village enterprises (Lim and Feng, 2005).
According to Lim and Feng (2005), a mutualistic relationship began
to emerge between traditional agriculture and newly formed township
and village enterprises. The decollectivization of farming brought with
it formation of a virtuous circle of higher farm incomes, more farm
investment, higher incomes, and so forth. Labor-saving farm
investments freed up labor from agriculture facilitating the mobility of
labor from traditional farming to rural manufacturing industries. The
savings accrued by farmers as a result of their rising incomes were
further channeled by banks into manufacturing startups. The newly
developed rural manufacturing sectors also used agriculture as demand
linkages. The former supplied the farmers with farm implements, basic
consumer goods, and construction and transport services. As rural
manufacturing grew, it opened up more opportunities for employment,
which were ﬁlled by surplus labor from agriculture (Findlay et al., 1994).
The growth of rural manufacturing also raised off-farm incomes, part of
which was spent on or remitted to the agricultural sector. Farm income rose
enabling farmers to increase their expenditure on inputs (machinery)
provided by manufacturing. A further virtuous circle emerged where
‘agriculture and manufacturing expanded in tandem’ (Byrd and Lin,
1990; Findlay and Watson, 1992; Sicular, 1992; Islam and Jin, 1994;
Ratha et al., 1994; Lin, 1995). This eventually led to the labor-intensive
manufacturing sector gaining comparative advantage (Kwan, 2001).
The processes of structural transformation and the shift of comparative
advantage across sectors can be formalized using the model of Lim and
Feng (2005). Let AðtÞ be the number of farms in the agricultural sector at
time t, where all farms are assumed to be identical and produce the same
quantity of output. The level of AðtÞ is thus closely related to sectoral
output or income. Let sector growth accord with an intrinsic per-unit
rate rA , the rate at which the sector would grow in isolation, without
receiving positive or negative impacts from other sectors. The rate rA ,
however, may depend on factors like the economic environment and
social infrastructure. We use A (where A > 0) to denote the physical
upper limit to the number of farms that can exist in the agricultural
sector, owing to resource constraints. A can thus be called the carrying
capacity or potential sectoral size of the agricultural sector. The logistic
growth of the agricultural sector is given by
 ÞA ¼ ðrA  aA AÞA
A_ ¼ rA ð1  A=A

ð8:12Þ

where we deﬁne aA ¼ rA =A. The term ð1  A=AÞ reﬂects intrasectoral
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competition according to which the actual per-unit growth rate
rA ð1  A=AÞ tends to zero as the number of farms approaches potential
A. Now we incorporate the manufacturing sector into the model. Suppose
two sectors, agriculture and manufacturing, are mutually supportive or
complementary such that
9
A_ ¼ ðrA  aA A þ aM MÞA =
ð8:13Þ
_ ¼ ðrM  mM M þ mA AÞM ;
M
where MðtÞ represents the number of manufacturing ﬁrms, and
 by deﬁnition, in which rM is the intrinsic growth rate of
m M ¼ rM = M
 is its carrying capacity. The parameters
the manufacturing sector and M
aM and mA each capture the respective intersectoral interactions, both of
which are assumed to be strictly positive. Non-trivial equilibrium for the
system in Eq. 8.13 is given by
 þ M
9
A
>

>
A ¼
>
1   =
ð8:14Þ
>
 þ A
>
M

>
;
M ¼
1  
where  ¼ aM =aA , and  ¼ mA =mM . Provided the equilibrium in Eq. 8.14
is stable with mutually beneﬁcial intersectoral spillovers, it can be proven
 , where again A and M
 are the maximum sizes of
that A  > A and M  > M
agriculture and manufacturing when the sectors are each left to grow
independently.
Therefore, the model of Lim and Feng (2005) reinforces Akamatsu
(1962)’s view of intersectoral complementarities. A positive stimulus
from agriculture enhances the growth of manufacturing. As discussed
earlier, the agricultural reforms made by China in the early 1980s
brought with them massive output and productivity growth. Rising
farm incomes enabled farmers not only to channel greater savings to the
emerging non-farm sector via the banks, but also invest in labor-saving
farm technologies thus facilitating the release of labor to rural
manufacturing. The complementarities between sectors led to structural
transformation of the economy – deﬁned as the shift from one stage of the
development process to a higher stage. If we measure structural
transformation by an increase in X  , the ratio between the equilibrium
level of manufacturing M  and that of agriculture A  , then it can be
proven that X  rises if there is an increase in the positive intersectoral
coefﬁcient from agriculture to manufacturing mA and at the same time a
reduction in the positive intersectoral coefﬁcient from manufacturing to
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agriculture aM . If output by the manufacturing sector supplied as input to
agriculture changes, then the positive intersectoral coefﬁcient from
manufacturing to agriculture aM falls. Agriculture now tends to require
more of other inputs, such as labor, to support its expansion. As this labor
is no longer available for release to manufacturing, the expansion of
agriculture thus brings about a higher opportunity cost in terms of
manufactured goods forgone. On the other hand, an increase in the
positive intersectoral coefﬁcient from agriculture to manufacturing mA
arises from resource transfers from agriculture. Rising farm incomes
brought about by China’s agricultural reforms enhanced investment in
labor-saving technologies, so that underemployed farm labor was
released to manufacturing at a low opportunity cost in terms of farm
output forgone (Shi et al., 1993). The implication here is that if
comparative advantage initially lies in the agricultural sector, then
structural transformation (an increase in the ratio between the
equilibrium level of manufacturing M  and that of agriculture A  )
means a relative shift in comparative advantage from agriculture to
manufacturing. This is because an increase in mA expands the
manufacturing sector at a low opportunity cost in terms of agricultural
output forgone while a fall in aM forces the agricultural sector to expand at
a higher opportunity cost. As manufacturing expands at a lower
opportunity cost compared with agriculture, comparative advantage
shifts from agriculture to manufacturing (Lim and Feng, 2005).
If we can ﬁnd some observable variable to proxy for comparative
advantage, we can then empirically examine the issue of structural
transformation and dynamic comparative advantage as it relates to
China. Like Kwan (2001) and Lim and Feng (2005) we make use of
specialization indexes to provide a rough guide to changing
comparative advantage. A specialization index for a given industry can
be constructed – deﬁned as the country’s trade balance (exports minus
imports) divided by the volume of total trade (exports plus imports). Strong
comparative advantage in an industry predicts a high ratio of exports to
imports. Relevant data needed for calculating the values of a specialization
index are available from the China Statistical Yearbook (in this case the
2012 edition) compiled by the National Bureau of Statistics of China. We
consider two broad categories of commodities. The ﬁrst is primary goods,
which are broken down into (a) food and live animals mainly used for food;
(b) beverages and tobacco; (c) non-edible raw materials; (d) mineral fuels,
lubricants and related materials; and (e) animal and vegetable oils, fats,
and waxes. The second category is manufactured goods, which include
(f ) chemicals and related products; (g) light textile industry products,
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Figure 8.1

Specialization indexes in China: two broad categories of goods

Specialization indexes of two broad categories of goods, primary goods and manufactured goods, in
1980, 1985, and in each year of the period 1990–2011.

rubber products, minerals, and metallurgical products; (h) machinery and
transport equipment; and (i) miscellaneous products. Specialization
indexes calculated for the two broad categories of commodities,
primary and manufactured, are depicted in Figure 8.1 whereas those for
the ﬁve subdivisions of primary goods and the four subdivisions of
manufactured goods are depicted in Figures 8.2 and 8.3, respectively.
Figure 8.1 shows the specialization index of primary goods steadily
declining since the 1990s while that of manufactured goods has been
climbing over time since then. Figures 8.2 and 8.3 further show that of
the various subdivisions of primary goods the specialization index of
mineral fuels, lubricants, non-edible raw materials, and related products
steadily fell, while that of the various subdivisions of manufactured goods
(i.e., machinery and transport equipment) steadily rose over time since the
1990s. What stands out from the trends (as shown in Figure 8.3) is the
specialization index of miscellaneous (manufactured) products, which has
remained high, even higher that that of general primary goods since the
1990s. Lim and Feng (2005) point out that until China embarked on rural
industrial reforms, the Chinese economy suffered from major sectoral
imbalances. In rural areas the focus was mainly on grain production
while in urban areas heavy industry was the emphasis. This structural
imbalance has changed dramatically since the mid 1980s with the
liberalization of rural manufacturing. Light industry expanded as
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Figure 8.2

Specialization indexes in China: various kinds of primary goods

Specialization indexes of various kinds of primary goods, denoted (a), (b), (c), (d), and (e), in 1980,
1985, and in each year of the period 1990–2011.

Figure 8.3

Specialization indexes in China: various kinds of manufactured goods

Specialization indexes of various kinds of manufactured goods, denoted (f), (g), (h), and (i), in 1980,
1985, and in each year of the period 1990–2011.
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agricultural and other resources switched to more proﬁtable rural
enterprises. This is captured by the rapid rise of the specialization index
of miscellaneous (manufactured) products in the late 1980s.

Concluding remarks
As stated earlier, no better example of dynamic comparative advantage
can be found than China. Over the past 35 years, China’s economy has
undergone rapid transformation. However, little research has been done
into the underlying economic forces facilitating this economic
transformation. In this chapter we focus on the linkages between the
way in which China’s foreign trade has evolved, change in the pattern
and structure of the country’s comparative advantage, and the way in
which China’s economic structure has continually transformed. The
processes involved in structural transformation and the shift of
comparative advantage across sectors have been formalized using the
theoretical model of Lim and Feng (2005). Based on this model, we use
specialization indexes to proxy for the intensity of comparative advantage.
Empirical analysis shows that since the 1990s the specialization index of
primary goods has been steadily declining while that of manufactured
goods has been climbing. Moreover, of the various subdivisions of
primary goods, the specialization index of mineral fuels, lubricants,
non-edible raw materials and related products has been steadily falling
while, of the various subdivisions of manufactured goods, the
specialization index of machinery and transport equipment has been
steadily rising since the 1990s. Empirical results largely support the
hypothesis of the theoretical model presented in this chapter.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
2. For Foreign we have a i ðtÞ ¼ F i ½e i ðtÞ with @F i ðe i Þ=@e i < 0, i ¼ 1; 2.
3. For Foreign the rate at which the production experience accumulates at
time t is determined by de i ðtÞ=dt  e_ i ðtÞ ¼  i  e i ðtÞ  L i ðtÞ.
4. For simplicity, we assume complete specialization in both countries
(i.e., from ts onward Home will only produce good 1 and Foreign
will only produce good 2).
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5. The superscript A denotes ‘autarky’. According to Cobb–Douglas
instantaneous utility, the consumer divides constant proportions of
her income between the consumption of the two goods. Note that the
Home consumer’s income is given by the wage rate
A
A
A
wðtÞ ¼ p A
1 ðtÞ=a 1 ðtÞ ¼ p 2 ðtÞ=a 2 ðtÞ.
6. The superscript T denotes ‘free trade’. Note that under free trade the
income of a representative Home consumer is given by the wage rate in
the low-tech sector wðtÞ ¼ p T1 ðtÞ=a T1 ðtÞ.
7. The numerator of the right-hand side of Eq. 8.9 is instantaneous utility
at time ts under autarky, while the numerator of the right-hand side of
Eq. 8.10 is instantaneous utility at ts under free trade.
8. The relationship between foreign trade and economic growth as well as
issues related to endogenous dynamic comparative advantage can be
found, for example, in Krugman (1987), Grossman and Helpman
(1990, 1991), and Young (1991).
9. See Krugman and Obstfeld (2003).
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Transaction efﬁciency and patterns
of specialization
Abstract: This chapter deals theoretically with transaction efﬁciency and
patterns of specialization. It has important implications for empirical
analysis and policy evaluation with respect to a large developing country
like China. In this theoretical study, we revisit the old Ricardian model of
comparative advantage. Following an inframarginal methodology, we build
an extended theoretical model based on the concepts of comparative
advantage and transaction efﬁciency to explain development and inequality
in developing economies. According to our model, an increase in domestic
transaction efﬁciency reduces inequality within a developing economy while
an increase in international transaction efﬁciency enhances the overall welfare
level in a developing economy. The results of our model have important policy
implications for China in its policy-making.
Key words: transaction efﬁciency, comparative advantage, inframarginal
analysis, specialization, corner solution, general equilibrium.
JEL classiﬁcation codes: F41; O10; O40. 1

Introduction
This chapter looks at transaction efﬁciency and patterns of specialization
from a theoretical perspective. It has important implications for empirical
analysis and policy evaluation in large developing countries.
Inframarginal analysis is a method that combines marginal and total
cost–beneﬁt analysis. Up to the moment it has been used by a number of
researchers to study the division of labor. For example, Cheng et al. (1999)
use it to incorporate technological comparative advantage and transaction
costs into the Heckscher–Olin (HO) model and thereby reﬁne the HO
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theorem, the Stolper–Samuelson theorem, the Rybczynski theorem, and
the factor equalization theorem. Having reﬁned these core theorems they
can be further used to justify empirical evidence that may be at odds with
traditional core theorems. By applying the method of inframarginal
analysis to the Ricardian model, Cheng et al. (2000) show that in a
two-country two-good Ricardian model there exists a unique general
equilibrium given a certain level of transaction efﬁciency. They further
show that the comparative statics of the equilibrium involve
discontinuous jumps; that is, as transaction efﬁciency increases, the
general equilibrium structure jumps from autarky to partial division of
labor and then to complete division of labor. Zhang and Shi (2006) point
out the existence of a dual structure in the division of labor and trade that
is missed by Cheng et al. (2000) and investigate an interesting way of using
a general equilibrium model within the framework of inframarginal
analysis to describe the dual structure of underemployment in a
transitional period of economic development.
Other theoretical works involving inframarginal analysis of the division
of labor include Yang (1991), Wen (1998), Sun et al. (1999, 2003),
Yang and Zhang (1999), Yao (2002a, b), Sun (2003). By means of
inframarginal analysis, this chapter aims to ﬁll a lacuna in the
theoretical literature by proposing a coherent framework to investigate
underlying forces shaping development and inequality in developing
economies. We build a theoretical model that is diametrically different
from the neoclassical growth framework to explain development and
inequality in developing economies. In this model we deliberately avoid
modeling technological progress and capital accumulation and concentrate
instead on looking at the alternative mechanisms through which a
developing economy can achieve development. We revisit the old
Ricardian model of comparative advantage. Following Cheng et al.
(2000)’s inframarginal analysis of the Ricardian model, we build an
extended theoretical model based on comparative advantage and
transaction efﬁciency to explain development and inequality in
developing economies.
The rest of this chapter is organized as follows. In the second section
‘Inframarginal analysis of the Ricardian model’, we brieﬂy review
Cheng et al. (2000)’s analysis of the Ricardian model and focus on the
model’s ﬁnding of the welfare-changing effect of transaction efﬁciency.
In the third section ‘Transaction efﬁciency and inequality’, we build our
extended theoretical model and incorporate features of regional
development and inequality into the general inframarginal analysis
framework.
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Inframarginal analysis of the Ricardian model:
a brief recap
In this section we recap Cheng et al. (2000)’s inframarginal analysis of the
Ricardian model. The methodology of inframarginal analysis will form the
basis of our theoretical model in the next section.
There are two countries in the world, Home (H) and Foreign (F). Each
country has only one factor of production (i.e., labor) and each country is
able to produce two goods (i.e., x and y). Every individual in both countries
is endowed with one unit of labor, and the total number of individuals is L
in Home and L  in Foreign. Individuals within a country are assumed to be
identical. The utility function for the representative consumer–producer in
Home is assumed to take the Cobb–Douglas form
yÞ 1
U ¼ ðx þ k^
xÞ  ðy þ k^

ð9:1Þ

where x and y are quantities of good x and good y that are produced and
consumed by the representative Home consumer–producer, while x^ and
y^ are quantities of good x and good y that are produced in Foreign but
consumed by the representative Home consumer (i.e., imported goods the
Home consumer consumes). k is the transaction efﬁciency coefﬁcient,
0 < k < 1. The transaction cost is assumed to take the iceberg form: for
each unit of a good bought the buyer only receives k units of the good (i.e.,
when the buyer pays one dollar, he gets only k dollars’ worth of the good,
0 < k < 1); the rest is lost in transit. Transaction cost may result from
different sources: costs of storage, costs of transportation, and costs of
ﬁnding a transaction partner, to name a few. Analogous to Eq. 9.1, the
utility function of the representative consumer in Foreign is
x  Þ  ðy  þ k^y  Þ 1
U  ¼ ðx  þ k^

ð9:2Þ

where x  and y  are quantities of good x and good y that are produced and
consumed by the representative Foreign consumer–producer, while x^ and
y^ are quantities of good x and good y that are produced in Home but
consumed by the Foreign consumer (i.e., imports the Foreign consumer
consumes).
The unit labor requirements for good x and good y are ax and ay ,
respectively, in Home and a x and a y , respectively, in Foreign. Therefore,
the production function for each consumer–producer in Home is
 ¼ lx =ax ;
xþx

yþ
y ¼ ly =ay ;

lx þ ly ¼ 1

ð9:3Þ

where x and y are quantities of good x and good y produced by the

133

China

representative Home consumer–producer but exported to Foreign. lx and
ly are the fraction of labor of the consumer–producer engaged in the
production of good x and good y, respectively. Analogous to Eqs. 9.3,
the production function for the representative Foreign consumer–producer
is
  ¼ l x =a x ; y  þ 
y  ¼ l y =a y ; l x þ l y ¼ 1
ð9:4Þ
x þ x
For simplicity we arbitrarily assume that Home enjoys comparative
advantage in producing good x (i.e., ax =ay < a x =a y ). When there is a
sufﬁciently high k (close to unity), trade is intuitively possible and
desirable between the two countries. If k is sufﬁciently low, the two
countries may instead ﬁnd themselves better off remaining in autarky.
Generally, there are three possible modes of division of labor between
the two countries: (i) each country is completely specialized in the
production of the good in which it enjoys comparative advantage (i.e.,
Home only produces good x and Foreign only produces good y); (ii) one
country is completely specialized in the production of the good in which it
has comparative advantage, while the other country produces both goods;
(iii) each country remains in autarky and produces both goods.
To ascertain the general equilibrium we ﬁrst ﬁnd the corner equilibrium
for each mode. Then we identify the range of the transaction efﬁciency k
within which each corner equilibrium is the general equilibrium.

Corner equilibrium in Mode (1)
In this mode of the division of labor, Home will exclusively produce and
export good x, and Foreign will exclusively produce and export good y.
Therefore, for Home x; x; y^ > 0 and x^; y; y ¼ 0; for Foreign y  ; y ; x^ > 0
and y^ ; x  ; x ¼ 0. The decision-making of the representative consumer in
Home is described by
yÞ 1
Max U ¼ x  ðk^
ð9:5Þ
 ¼ 1=ax ; ^
subject to x þ x
y ¼ p
x; where p  px =py
The maximization of U in Eq. 9.5 leads to
¼
x

1
;
ax

x¼


;
ax

^
y¼p

1
ax

ð9:6Þ

Analogous to Eq. 9.5, the decision-making of the representative foreign
consumer is described by
x  Þ  y  1
Max U  ¼ ðk^


subject to y þ 
y ¼ 1=a y ; y  ¼ p^
x
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The maximization problem in Eq. 9.7 leads to

y ¼


;
a y

y ¼

1
;
a y

^ ¼
x

1 

p a y

ð9:8Þ

In equilibrium, xL ¼ x^ L  (and also y^L ¼ y L  ), from which we can solve
for the equilibrium relative price p as
p¼

L  =a y


1   L=ax

ð9:9Þ

In equilibrium, the individual utility levels in Home and Foreign are
therefore, respectively
    1

  1
1
kL
kL 
1

U ¼

; U ¼ ð1  Þ 

ð9:10Þ


ayL
ax
ax L
a y

Corner equilibrium in Mode (2)
In this mode of the division of labor, one country will specialize in
producing the one good in which it enjoys comparative advantage while
the other country will produce both goods. This is further divided into two
sub-modes: Mode (2a) and Mode (2b).

Mode (2a)
In this mode we assume Home produces both good x and good y while
Foreign completely specializes in the production of good y (where it has
been assumed to have comparative advantage). In Mode (2a) it can be seen
that x; x; y; y^ > 0, x^; y ¼ 0 for Home, and y  ; y ; x^ > 0, y^ ; x  ; x ¼ 0 for
Foreign. The maximization problem for the Home consumer is now
yÞ 1
Max U ¼ x  ðy þ k^
 ¼ lx =ax ; y ¼ ly =ay ; lx þ ly ¼ 1; ^y ¼ p
subject to x þ x
x

ð9:11Þ

In order for Home to produce both goods, p must be such that
p ¼ ax =ðkay Þ. The maximization of U in Eq. 9.11 requires

ð1  Þkp
þ
¼0
 ð1  lx Þ=ay þ kp
x
lx =ax  x

ð9:12Þ

Solving for x and inserting the result back into the constraints, we obtain
)
 ¼ ðlx  Þ=ax ; x ¼ =ax ;
p ¼ ax =ðkay Þ; x
ð9:13Þ
y ¼ ðlx  Þ=ðkay Þ
y ¼ ð1  lx Þ=ay ; ^
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The utility maximization problem for a representative Foreign consumer is
x  Þ  y  1
Max U  ¼ ðk^
subject to y  þ 
y  ¼ 1=a y ; y  ¼ p^
x

ð9:14Þ

k
ð1  Þp
The ﬁrst-order condition in Eq. 9.14 requires  ¼
, which in
x
k^
x
1=a y  p^
turn implies
kay

1
^ ¼
; 
y ¼  ; y ¼
ð9:15Þ
x

ax a y
ay
a y
In equilibrium, xL ¼ x^ L  . Therefore, we have


L ¼ x
^ L ,
x

kay 
kay L
lx  
þ  ð9:16Þ
L¼
 L ) lx ¼
ax a y
a y L
ax

kay L 
1   L=ay
þ  < 1 if and only if k <
   , we have to
a y L
L =a y

1   L=ay
require that k <
   in order for lx to be less than one. In
L =a y

equilibrium, it is straightforward to see that the individual utility levels
in Home and Foreign are, respectively
!
  


k 2 ay  1   1

1   1


; U ¼
ð9:17Þ
U¼
ax a y
ax
ay
a y

As lx ¼

Mode (2b)
In this mode of the division of labor, Home only produces and exports
good x, where it enjoys comparative advantage, while Foreign produces
both good x and good y. In Mode (2b) x; x; y^ > 0, x^; y; y ¼ 0 for Home,
and x  ; x^ ; y  ; y > 0, x ; y^ ¼ 0 for Foreign. The utility maximization
yÞ 1 ,
problem for a representative Home consumer is Max U ¼ x  ðk^
x, while that for a representative
subject to x þ x ¼ 1=ax and y^ ¼ p
Foreign consumer is Max U  ¼ ðx  þ k^
x  Þ  y  1 , subject to x  ¼ l x =a x ,



 


x  . Following the same procedure
y þ y ¼ l y =a y , l x þ l y ¼ 1, and y ¼ p^
as in Mode (2a), we can obtain
9
ka x
  l x
1
  l x
>



>
>
^ ¼
y ¼
; y ¼
; x
p¼  ; 
=
ay
a y
ka x
a y
ð9:18Þ
1

kð1  Þa x
kð1  Þa x L>
>

>
¼
x
; x¼ ; ^
y¼
; lx ¼  
;
ax a y
ax
ax
ax L 
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For 0 < l x < 1 to hold, we have to require that
k<


L  =a x

1   L=ax

In equilibrium, the individual utility levels in Home and Foreign are,
respectively
!
  2
  


k ð1  Þa x 1

1   1

; U ¼
ð9:19Þ
U¼
ax a y
ax
a x
a y

Corner equilibrium in Mode (3)
It is possible that both countries choose to remain in autarky. In this case
both countries obviously produce both goods. The utility maximization
problem for the Home consumer is then Max U, subject to x ¼ lx =ax ,
y ¼ ly =ay , and lx þ ly ¼ 1. It is easy to see that, in equilibrium, x ¼ =ax
and y ¼ ð1  Þ=ay for Home. Analogously, in equilibrium, we have
x  ¼ =a x , y  ¼ ð1  Þ=a y for Foreign. In equilibrium, the individual
utility levels in Home and Foreign are therefore:
U ¼ ð=ax Þ  ½ð1  Þ=ay  1 ;

U  ¼ ð=a x Þ  ½ð1  Þ=a y  1

ð9:20Þ

The general equilibrium
To ease the exposition, we deﬁne



 9
ax ay 1=2
ax =ay 1=2 >
1 L
>
>
; kb 
  ; k0 
ka 
=
a x a y
a x =a y

L
ð9:21Þ
>
1   L=ay

L  =a x
>
>
k1 
   ; k2 

;
L =a y

1   L=ax
General equilibrium modes can be summarized as follows. 2 If 0 < k  k0 ,
the general equilibrium structure is Mode (3), with both countries
remaining in autarky. If ka < kb , and k0  k < k1 , then the general
equilibrium structure is Mode (2a), with Home producing both good x
and good y while Foreign completely specializes in the production of good
y. If ka < kb , and k1  k < 1, then the general equilibrium structure is
Mode (1), with the two countries engaging in complete specialization
according to their respective comparative advantages. If ka > kb , and
k0  k < k2 , then the general equilibrium structure is Mode (2b), where
Foreign produces both good x and good y while Home completely
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specializes in the production of good x. If ka > kb , and k2  k < 1, then the
general equilibrium structure is Mode (1) with the two countries engaging
in complete specialization according to their respective comparative
advantages. 3
These results show that when k increases from a low value to k0 and
further to k1 or k2 , the general equilibrium will then jump from complete
autarky (Mode (3)) to incomplete division of labor (Mode (2a) or (2b)) and
ﬁnally to complete specialization (Mode (1)). Whether the transitional
structure is Mode (2a) or Mode (2b) depends on the relative size (as
indicated by L=L  ) and the relative productivity (as indicated by a x =ax ,
a y =ay ) of the two countries, as well as individuals’ relative preference for
the two goods (as indicated by =ð1  Þ). The major point of all this
analysis is that the level of transaction efﬁciency k really does matter in
determining the pattern of the division of labor and hence the pattern of
trade between two countries. As a general result, the economy develops as
transaction efﬁciency k increases from a sufﬁciently low level to a
sufﬁciently high level. In this simple model, transaction efﬁciency is the
ﬁnal determinant of the level of development of the economy. Unlike
neoclassical growth models, our model does not need technological
progress or capital accumulation to explain changes in the economy.

Transaction efﬁciency and inequality:
a theoretical model
In this section we develop a theoretical model to illustrate the impact of
transaction efﬁciency on inequality in the level of welfare (utility). Again,
there are two countries, Home (H) and Foreign (F). The general
speciﬁcation is the same as that of the Ricardian model in the preceding
section. The difference is that in this model, Home is divided into two
regions (i.e., a developed region versus a backward region) denoted H1 and
H2 , respectively. Individuals in the two regions are otherwise the same,
except for their transaction efﬁciency with Foreign (F).
Individuals in H1 are assumed to have a sufﬁciently high transaction
efﬁciency coefﬁcient k such that the general equilibrium structure of the
division of labor between H1 and F is Mode (1) (complete specialization
with H1 exclusively producing good x and F exclusively producing
good y). Based on the results in the previous section, for Mode (1) to
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be the general equilibrium structure between H1 and F, we have to assume


ax ay 1=2 1   L1
1   L1 =ay
that
1 > k > k1 
  
 
if
<
and
L =a y
a x a y
L




ax ay 1=2 1   L1

L  =a x

 .
if
>
1 > k > k2 
a x a y
L
1   L1 =ax

In contrast, individuals in H2 are assumed to have a low transaction
efﬁciency coefﬁcient k 0 such that no direct trade is possible between H2 and
F. However, (domestic) trade is possible between H1 and H2 , and the
transaction efﬁciency coefﬁcient between H1 and H2 is assumed to be ,
where 0 <  < 1. Therefore, indirect trade between H2 and F is possible via
H1 if  is not too low. It is easy to see that there are three possible modes of
trade between H1 and H2 : Mode (1 d ), 4 in which H2 exclusively produces
good x and sells good x to H1 in exchange for good y (originally produced
in F) from H1; Mode (2a d ), in which H2 produces both goods and sells
good x to H1 in exchange for good y (originally produced in F) from H1 ;
Mode (3 d ), in which H2 is completely self-sufﬁcient, producing both goods
for itself and has no trade with H1 at all.
We now turn to ascertaining the corner equilibrium for each trade mode
between H1 and H2 , given that the general equilibrium trade mode between
H1 and F has been assumed to be Mode (1).

Corner equilibrium in Mode (1d)
In Mode (1 d ), H2 exclusively produces good x and sells it to H1 in exchange
for good y (originally produced in F) from H1 .
The utility maximization problems facing a representative individual in
H1 , H2 , and F are respectively: 5
^1d  x
1 Þ  ðk^y1  y1d Þ 1
Max U1 ¼ ð1=ax þ  x
subject to ^
y1 ¼ p
x1 ; 
y1d¼pd x^1d

ð9:22Þ

2d Þ  ð^y2d Þ 1
Max U2 ¼ ð1=ax  x
2d
subject to ^
y2d ¼ pd x

ð9:23Þ

Max U  ¼ ðk^
x  Þ  ð1=a y  y  Þ 1
subject to 
y  ¼ p^
x

ð9:24Þ

For a representative individual in H1 , the ﬁrst-order condition requires

ð1  Þkp
þ
¼0
^1d
^1d  x
1 kp
1=ax þ  x
x1  pd x

ð9:25Þ
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which leads to


9
1
p
>
^1d ; >
þ ð1  Þ þ d x
>
=
kp
ax

 

>
1
p
>
;
^1d p >
^
y1 ¼
þ ð1  Þ þ d x
kp
ax

1 ¼
x

ð9:26Þ

Similarly, for a representative individual in H2 , the ﬁrst-order condition
leads to
1
ð1  Þpd
2d ¼
; ^
y2d ¼
ð9:27Þ
x
ax
ax
For a representative individual in F, the ﬁrst-order condition leads to
^ ¼
x

1 
 ;
p a y


y ¼


a y

ð9:28Þ

In equilibrium, we must have x1 L1 ¼ x^ L  and x2d L2 ¼ x^1d L1 . These two
equations combined imply
9
ð1  ÞL2
>
>
^1d ¼
x
;
>
=
ax L 1
ð9:29Þ


1 L 
1
p ð1  ÞL2 >
>
>
1 ¼   ¼
x
þ ð1  Þ þ d
;
kp
ax L 1
p a y L1
ax
In equilibrium, it is easy to show that if an H1 individual is willing to buy
good y from F at the (relative) price p and resell it to H2 at the (relative) price
pd , the domestic relative price pd must be such that pd ¼ kp. Inserting this
back into Eqs. 9.29 (second equation) and rearranging, we end up with
9
ax L 
kax L 
>
>
; pd ¼
;>
p¼
ð1  Þa y ðL1 þ L2 Þ
ð1  Þa y ðL1 þ L2 Þ =
ð9:30Þ
>
ð1  ÞðL1 þ L2 Þ
L 
>
>
1 ¼
; ^
y1 ¼ 
x
;
a y L1
ax L 1
The utility levels of individuals in H1 , H2 , and F can now be calculated as
9
1
  
1
kL 
>
>
;
U1 ¼ 
>
>
>
a y ðL1 þ L2 Þ
ax
>
>
>
>
!
>
 
=
2 
1
1
k L
ð9:31Þ
;
U2 ¼ 
>
a y ðL1 þ L2 Þ
ax
>
>
>

  >
>
>
kðL1 þ L2 Þ  1 1 >
>

>
U ¼ ð1  Þ
;
ax L 
a y
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Corner equilibrium in Mode (2ad)
In Mode (2a d ), H2 produces both goods and sells good x to H1 in exchange
for good y (originally produced in F) from H1 . The utility maximization
problems facing a representative individual in H1 , H2 , and F are,
respectively
^1d  x
1 Þ  ðk^y1  y1d Þ 1
Max U1 ¼ ð1=ax þ  x
^1d
subject to ^
y1 ¼ p
x1 ; 
y1d ¼ pd x

 
1
l
1  l2x
2d
Max U2 ¼ 2x  x
þ ^y2d
ax
ay
2d
subject to ^
y2d ¼ pd x

ð9:32Þ

ð9:33Þ

Max U  ¼ ðk^
x  Þ  ð1=a y  y  Þ 1
subject to 
y  ¼ p^
x

ð9:34Þ

a
Since H2 produces both goods, in equilibrium, we must have pd ¼ x .
ay
Following the same procedure as above, we get


1
p
^1d ;
þ ð1  Þ þ d x
kp
ax


 
1
p
^
^1d p;
y1 ¼
þ ð1  Þ þ d x
kp
ax

9
>
>
>
>
>
>
>
>
=

1 ¼
x

2d ¼
x

l2x  
;
ax

^
y2d ¼

l2x  
;
ay

^ ¼
x

1 
 ;
p a y

>
>
>
>
>
>

>

;
y ¼  >
ay

ð9:35Þ

In equilibrium, we must have x1 L1 ¼ x^ L  and x2d L2 ¼ x^1d L1 . These two
equations combined imply that
^1d
x

9
>
>
>
=

ðl  ÞL2
¼ 2x
ax L1

ð9:36Þ


1 L 
1
pd ðl2x  ÞL2 >
>
>
1 ¼   ¼
x
þ ð1  Þ þ
;
kp
ax L 1
p a y L1
ax
Again, in equilibrium, we must have pd ¼ kp. Using this and inserting
a
pd ¼ x back into Eq. 9.36 (second equation), we end up with
ay
p¼

ax
;
k 2 ay

l2x ¼

kay L  ð1  ÞL1

þ
a y L2
L2

ð9:37Þ

141

China

Since H2 produces both goods, we must have l2x < 1. Therefore, we must
have
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
ð9:38Þ
<
2kay L  =½ð1  Þa y 
Further, l2x   must hold (since  is the equilibrium labor input in
the production of good x under autarky), which implies that


ð1  Þa y L1 1=2

. With our earlier assumptions concerning k, it can


kay L 
ð1  Þa y L1 1=2
easily be seen that
< 1.
kay L 
It is now easy to obtain the utility levels of individuals in H1 , H2 , and F as
!
 
  
 9

1   1

1   1 >
>
>
; U2 ¼
U1 ¼
>
=
ax
ax
ay
 2 ay
!
ð9:39Þ

>
k 2  2 ay  1   1
>
>

>
U ¼
;
ax a y
a y

Corner equilibrium in Mode (3d)
In Mode (3 d ), H2 is completely self-sufﬁcient, producing both goods for
itself, and has no trade with H1 at all. Based on the relevant analysis in the
previous section, it is now easy to ascertain that
9
1
1
1  >

>
^1 ¼ p 
^ ¼   ;>
1 ¼
; y
; x
x
ax
ax
p ay =
ð9:40Þ
>
L  =a y


>

>

y ¼ ; p ¼

;
ay
1   L1 =ax
In equilibrium, the individual utility levels in H1 , H2 , and F are, respectively
9
    1
  

1
kL

1   1 >
>
U1 ¼  
; U2 ¼
;>
=
a y L1
ax
ax
ay

  1
ð9:41Þ
>
kL1
1
>

>
U ¼ ð1  Þ
;
ax L 
a y

The general equilibrium
We ar now in a position to turn to a discussion of resultant general
equilibrium structures based on interactions between individuals in H1 ,
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H2 , and F. First, consider the equilibrium in Mode (2a d ). In order for the
equilibrium in Mode (2a d ) to take the structure of the general equilibrium,
then at the equilibrium relative price p ¼ ðax =k 2 ay Þ, individuals in
F must prefer complete!specialization in good y to autarky. Thus,


  

k 2  2 ay  1   1

1   1
the condition

must hold,
ax a y
a y
a y
a y


ax a y 1=2
. Comparing this result with our earlier
which implies  
k 2 a x ay


ð1  Þa y L1 1=2
, under the assumptions we
requirement that  
kay L 
have made concerning the value of k, it is easy to see that




ð1  Þa y L1 1=2
ax a y 1=2
>
. Also, at pd ¼ ax =ay , individuals in H2
kay L 
k 2 a x ay
must prefer Mode (2a d ) to complete specialization in good x and to
autarky. That is
  

  


1   1

ð1  Þpd 1
a
a

, x  pd ¼ x
ax
ay
ay
ax
ay
ax
  

 


1  1

1  1
which holds automatically, as well as

ax
ay
ax
ay
ax
ax
which holds trivially. Still, at p ¼ 2 and pd ¼
, individuals in H1 will
ay
k ay
still prefer Mode (2a d ) to Mode (3 d ) concerning trade with H2 . Therefore,
we should have
!
!
 
 

1   1

ax
1   1

k 2 
ax
ax
k ay ax
 2 ay
which holds automatically.
Therefore, in order for the (corner) equilibrium in Mode (2a d ) to take the
structure of the general equilibrium, we have to require that
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ


L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
ð1  Þa y L1 1=2
 1
0 
<
kay L 
2kay L  =½ð1  Þa y 
ð9:42Þ
Obviously, a prerequisite for Inequality 9.42 to hold is
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ

1=2 L þ L 2 þ 4ka L  L =½ð1  Þa  

y
2
y
1
ð1  Þa y L1
2
<
kay L 
2kay L  =½ð1  Þa y 

143

China

which can be shown to hold automatically.
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
< 1 to hold, it
In addition, for 1 
2kay L  =½ð1  Þa y 
can easily be shown that we have to further assume
k>

1   L=ay
  
L =a y


ð9:43Þ

where L  L1 þ L2 .
Now, in order for the (corner) equilibrium in Mode (1 d ) to take the
structure of the general equilibrium, then at the corner equilibrium relative
ax L 
, individuals in F must prefer complete
price p ¼
ð1  Þa y ðL1 þ L2 Þ
specialization in good y to autarky. Thus, we must have


ax L 
L
 1
kð1  Þa x L2 L2

ð9:44Þ

With our earlier assumptions concerning k, it can easily be shown that
ax L 
L
 1 < 0. Therefore, the condition in Eq. 9.44 holds
kð1  Þa x L2 L2
automatically.
Moreover, for the equilibrium in Mode (1 d ) to take the structure of the
kax L 
, individuals in H2 must
general equilibrium, at pd ¼
ð1  Þa y ðL1 þ L2 Þ
prefer Mode (1 d ) to autarky, which requires
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
ð9:45Þ

2kay L  =½ð1  Þa y 
ax L 
kax L 
and
p
,
¼
Nevertheless, at p ¼
d
ð1  Þa y ðL1 þ L2 Þ
ð1  Þa y ðL1 þ L2 Þ
individuals in H1 will still prefer Mode (1 d ) to Mode (3 d ) concerning
trade with H2 . Therefore, we should have
  

1   
1
kL 

ax L 
1  1


k

a y ðL1 þ L2 Þ
ð1  Þa y ðL1 þ L2 Þ ax
ax
ax
which holds automatically. Therefore, in order for the equilibrium in
Mode (1 d ) to take the structure of the general equilibrium, we have to
require that
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
 1
ð9:46Þ

2kay L  =½ð1  Þa y 

144

Transaction efﬁciency and patterns of specialization

Let us now consider the (corner) equilibrium in Mode (3 d ). In order for this
to take the structure of the general equilibrium, we have to make a series
of comparisons. First, taking relative prices at the corner equilibrium
ax L 
kax L 
and
p
¼
, we compare the utility levels of
p¼
d
ð1  Þa y L1
ð1  Þa y L1
H1 , H2 , and F in Mode (3 d ) against the corresponding utility levels of
H1 , H2 , and F in Mode (1 d ). In order for Mode (3 d ) to take the
structure of the general equilibrium, the following must be required:
    1   

1
kL

kL 
kax L 
ð1  ÞL2 1




a y L1
a y L1 ð1  Þa y L1
ax L 1
ax
ax
which holds automatically, and
  





1   1
1 1 
ð1  Þ kax L  1




ð1  Þa y L1
ax
ay
ax
ax
ax
which in turn implies



ð1  Þa y L1 1=2

kay L 

ð9:47Þ

and

ð1  Þ

kL1
ax L 

  1 


ð1  Þa y L1   1
1
 1

k



ax L 
a y
a y
a y a y

which holds automatically. Therefore, in order for Mode (3 d ) to take the
structure of the general equilibrium, we have to require that


ð1  Þa y L1 1=2
 0
ð9:48Þ

kay L 
To sum up, so far we have managed to get the following results. If


ð1  Þa y L1 1=2
0< 
 0 , the general equilibrium trade structure
kay L 
between H1 and H2 is Mode (3 d ), in which H2 is completely selfsufﬁcient, producing both goods for itself,
and has no trade with H1 at all.
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ

2
 1=2
L2 þ L 2 þ 4kay L  L1 =½ð1  Þa y 
ð1  Þa y L1
 1 ;,
If 0 


<
kay L 
2kay L  =½ð1  Þa y 
the general equilibrium trade structure between H1 and H2 is Mode
(2a d ), in which H2 produces both goods and sells good x to H1 in
exchange for
good y (originally produced in F) from H1 .
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
If 1 

L2 þ

L 22 þ 4kay L  L1 =½ð1  Þa y 
2kay L  =½ð1  Þa y 

  < 1, then the general
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equilibrium trade structure between H1 and H2 is Mode (1 d ), in which H2
exclusively produces good x and sells good x to H1 in exchange for good y
(originally produced in F) from H1 .

Comparative statics
Keeping all of our earlier assumptions concerning the value of k in mind,
we can now carry out a comparative static analysis of individual utility
levels in H1 , H2 , and F with respect to the value of .


ð1  Þa y L1 1=2
When 0 <  
 0 the trade structure of the general
kay L 
equilibrium between H1 and H2 is Mode (3 d ). The corresponding
individual utility levels in H1 , H2 , and F are shown in Eqs. 9.41.
Obviously, when  increases within the interval ð0; 0 , U1 , U2 , and U 
all remain unchanged.
When
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ

1=2

L
þ
L 22 þ 4kay L  L1 =½ð1  Þa y 
2
ð1  Þa y L1
0 
 1
<
kay L 
2kay L  =½ð1  Þa y 
the trade structure of the general equilibrium between H1 and H2 is Mode
(2a d ). The individual utility levels in H1 , H2 , and F are shown in Eqs. 9.39.
First, at  ¼ 0 , it can easily be seen that there is no discontinuous jump for
U1 , U2 , and U  . Then, when  increases continuously within the interval
½0 ; 1 Þ, we can see that U1 decreases continuously, U2 remains unchanged,
and U  increases continuously.
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
  < 1, the
Finally, when 1 
2kay L  =½ð1  Þa y 
trade structure of the general equilibrium between H1 and H2 is Mode
(1 d ). The individual utility levels in H1 , H2 , and F are shown in Eqs. 9.31.
First, it can easily be seen that, at  ¼ 1 , there is no discontinuous jump for
U1 , U2 , and U  . Then, when  increases continuously within the interval
½1 ; 1Þ, we can see that U1 decreases continuously, U2 increases
continuously, and U  increases continuously.
It is also possible to carry out a comparative static analysis of the
individual utility levels in H1 , H2 , and F with respect to the trade
pattern between H1 and F. Suppose the transaction efﬁciency coefﬁcient
k between H1 and F is initially so low that, in equilibrium, no trade is
possible between H1 and F (i.e., Mode (3) between H1 and F). It is further
possible to study how the individual utility levels in H1 , H2 , and F change if
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k jumps from such a low value of k to a sufﬁciently high value of k (which
meets all our earlier assumptions and with which the general equilibrium
mode of trade between H1 and F is Mode (1)).
The initial low value k means there is no trade between the two countries,
and obviously there is no domestic trade between H1 and H2 . Therefore,
with any  2 ð0; 1Þ, we always have
  

  


1   1

1   1
; U ¼
ð9:49Þ
U1 ¼ U2 ¼
ax
ay
a x
a y
Let us now suppose the transaction efﬁciency coefﬁcient k between H1 and
F jumps to a sufﬁciently high value of k (one that meets all our earlier
assumptions). With this
! high value of k, if  happens to be such that
ð1  Þa y L1 1=2
0< 
 0 , then the individual utility levels in H1 ,
kay L 
H2 , and F follow Eqs. 9.41. It can easily be shown that with this
upward jump in k from k to k, if 0 <   0 , then U1 unambiguously
jumps upward, U2 remains unchanged, and U  unambiguously jumps
upward.
Let us suppose instead, at the new level of the transaction efﬁciency
coefﬁcient k, if  happens to be such that
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
!
L2 þ L 22 þ 4kay L  L1 =½ð1  Þa y 
ð1  Þa y L1 1=2
 1
0 
<
2kay L  =½ð1  Þa y 
kay L 
that the individual utility levels in H1 , H2 , and F follow Eqs. 9.39. It can also
be easily shown that with the upward jump in k from k to k, if 0   < 1 ,
then U1 unambiguously jumps upward, U2 remains unchanged, and U 
unambiguously jumps upward.
Finally, at the new level of the q
transaction
efﬁciency coefﬁcient k, if 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
happens to be such that 1 

L2 þ

L 22 þ 4kay L  L1 =½ð1  Þa y 

  < 1,
2kay L  =½ð1  Þa y 
then the individual utility levels in H1 , H2 , and F follow Eqs. 9.31. It can
easily be shown that with the upward jump in k from k to k, if 1   < 1,
then U1 unambiguously jumps upward, U  unambiguously jumps upward,
and U2 remains unchanged (if  ¼ 1 exactly) or jumps upward (if
1 <  < 1).
Moreover, another related fact can easily be seen: if k is now sufﬁciently
high so that the trade mode of the general equilibrium between H and F is
Mode (1), then a marginal increase in k (one that does not cause the general
equilibrium between H1 and H2 to shift from one mode to another) will
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leave individuals in F strictly better off, and individuals in H1 and H2 at
least no worse off than before the increase in k.
Let us now study the model from another perspective. Suppose, as
before, k meets all our earlier assumptions so that the trade structure of
the general equilibrium between H and F is Mode (1). The domestic
transaction efﬁciency coefﬁcient may fall into any one of the three
intervals, ð0; 0 , ½0 ; 1 Þ, and ½1 ; 1Þ. Now suppose both k and  are
ﬁxed, but the border between H1 and H2 shifts so that H1 is now larger
and H2 smaller (i.e., L1 increases and L2 decreases, with the total
population of H ﬁxed at L ¼ L1 þ L2 ).
Let us now study the effects of an increase in L1 on the individual utility
levels of H1 , H2 , and F, holding both k and  ﬁxed. First, it should be noted
that a change in L1 shifts the dividing points 0 and 1 . It can easily be shown
that
9


@0
1 ð1  Þa y 1=2 1=2
>
>
¼
L
>
0;
>
1
=
@L1 2 kay L 
ð9:50Þ
>
>
@1
1
2
1=2
>
¼ f1 þ ½ðL  L1 Þ þ 2ML1 
ðL þ L1 þ MÞg > 0 ;
@L1 M
where M  2kay L  =½ð1  Þa y . With our earlier assumption that
1  L=ay
k>
, it can easily be shown that M > 2L, which in turn can

 L  =a y
easily be shown to imply that ½ðL  L1 Þ 2 þ 2ML1  1=2 ðL þ L1 þ MÞ > 1,
@
hence 1 > 0.
@L1
If a marginal increase in L1 is such that it does not shift the trade
structure of the general equilibrium between H1 and H2 , then it can
straightforwardly be seen that this marginal increase in L1 will make
individuals in F strictly better off (if Mode (1 d ) or Mode (3 d ) is the
structure of the general equilibrium between H1 and H2 ) or at least no
worse off (if Mode (2a d ) is the structure of the general equilibrium between
H1 and H2 ), make individuals in H1 strictly worse off (if Mode (1 d ) or
Mode (3 d ) is the structure of the general equilibrium between H1 and H2 )
or no better off (if Mode (2a d ) is the structure of the general equilibrium
between H1 and H2 ), and make individuals in H2 strictly worse off (if Mode
(1 d ) is the structure of the general equilibrium between H1 and H2 ) or no
better off (if Mode (2a d ) or Mode (3 d ) is the structure of the general
equilibrium between H1 and H2 ).
At a sufﬁciently high level of k and a given level 6 of , let us now suppose
there is such a discontinuous upward jump in L1 that the equilibrium
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structure between H1 and H2 shifts from Mode (1 d ) to Mode (2a d ). It can
easily be seen that U1 unambiguously decreases, U2 unambiguously
decreases, and U  unambiguously increases as a result. Let us suppose
instead that this upward jump in L1 causes the equilibrium structure
between H1 and H2 to shift from Mode (2a d ) to Mode (3 d ). In this
case, U1 unambiguously increases, U2 does not change, and U 
unambiguously decreases.
Table 9.1 summarizes the comparative static analysis undertaken in this
chapter. Table 9.1 shows, for example, if the transaction cost between the
developed part of H1 and the underdeveloped part H2 is already low
enough (we can roughly interpret this as there being little in the way of
a transaction ‘barrier’ between the two parts of the country), then, ceteris
paribus, further lifting the transaction barrier between the two parts will
make residents in the ‘underdeveloped’ area better off at the expense of
residents in the ‘developed’ area. This is one way through which changing
transaction efﬁciency may affect the welfare of residents in different areas
of the same country.
In developing and transition economies, transaction efﬁciency has a
lot to do with infrastructure and institutions. The factors underlying
transaction efﬁciency in a transition economy are usually fast changing.
Therefore, the study of (changes in) transaction efﬁciency in a developing
and transition country is very important for revealing and explaining the
trade patterns of a country, as well as their effects on the country’s
economic growth and development.
A limit to our analysis in this section is that we have assumed exogenous
transaction efﬁciency and exogenous comparative advantage in our
model. However, both transaction efﬁciency and comparative
advantage can be endogenously determined within the economy. For
example, if we deﬁne ‘full transaction efﬁciency’ as zero transaction
costs, then non-zero transaction costs will reduce the actual effects of
one country’s comparative advantage (as seen from the perspective of
the other country). Non-zero transaction costs would affect not only
exogenous (static) comparative advantage, but also the evolution path
of endogenous (dynamic) comparative advantage. Moreover,
transaction efﬁciency can be either exogenous or endogenous. If
transaction efﬁciency is assumed to be given and ﬁxed, then it is
exogenous and not affected by comparative advantages, trade patterns,
or other related factors. However, transaction efﬁciency can be
endogenous as well. A country may acquire transaction efﬁciency just as
it acquires endogenous comparative advantage by, say, knowledge
accumulation. Then the patterns of comparative advantage and trade
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Table 9.1

Summary of the comparative static analysis undertaken in this chapter

Fixed parameters

Mode
H1 & H2

Mode
H1 & F

Utility levels
U1

U2

U

 2 ð0; 0 Þ

3d

1

¼

¼

¼

 2 ½0 ; 1 Þ

2a d

1

D

¼

B

 2 ½1 ; 1Þ

1d

1

D

B

B

3d ! 3d

3!1

"

¼

"

 2 ½0 ; 1 Þ

3 d ! 2a d

3!1

"

¼

"

 2 ð1 ; 1Þ

3d ! 1d

3!1

"

"

"

3d

1

B

¼

B

 2 ð0 ; 1 Þ

2a d

1

¼

¼

B

 2 ð1 ; 1Þ

1d

1

B

B

B

3d

1

D

¼

B

 2 ð0 ; 1 Þ

2a d

1

¼

¼

¼

 2 ð1 ; 1Þ

1d

1

D

D

B

1 d ! 2a d

1

#

#

"

1a d ! 3 d

1

"

¼

#

k; L1 , etc.

B

; L1 , etc.  2 ð0; 0 

 2 ð0; 0 Þ

k; , etc.

Changing variable

 2 ð0; 0 Þ

for some 
for some 

k " (upward jump
from k to kÞ

kB (marginal increase
from k to k þ ")

L1 B(marginal increase
from L1 to L1 þ ")

L1 " (upward jump
from L1 to L1 )

Notes: B stands for increasing continuously, D stands for decreasing continuously,
¼ stands for keeping unchanged, " stands for jumping upward discontinuously, and
# stands for jumping downward discontinuously. For simplicity, the possibility that  ¼ 0
or  ¼ 1 is not considered wherever necessary.

may have a lot to say about the evolution path of endogenous transaction
efﬁciency. In this case, the effects of foreign trade on output, economic
development, the welfare level, and regional disparities will depend heavily
on the intricate interactions between static comparative advantage,
dynamic advantage, and transaction efﬁciency. A thorough discussion
of this issue, however, is beyond the scope of this chapter.
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Concluding remarks
In this chapter we build a theoretical model that is diametrically different
from the neoclassical growth framework to explain development and
inequality in developing economies. Our model deliberately avoids
modeling technological progress and capital accumulation, and looks at
alternative mechanisms through which developing economies achieve their
development. Following the inframarginal analysis framework of Cheng et
al. (2000) based on the old Ricardian model, we have built an extended
theoretical model founded on the concepts of comparative advantage and
transaction efﬁciency to explain development and inequality in developing
economies.
Our model allows us to make this general assertion: if domestic
transaction efﬁciency, which can be viewed as a function of the
domestic legal, institutional, and policy environment, is increased, the
welfare (utility) level of H1 households tends to decrease and the welfare
level of H2 households can be increased, thus reducing inequality between
the two parts of a developing economy. By contrast, if international
transaction efﬁciency, which can also be viewed as a function of the
legal, institutional, and policy environment, is increased, then the
welfare levels in both parts of a developing country can be increased.
These and other basic results of our model, such as those in Table 9.1,
may have important implications for developing economies in their policymaking.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
2. We omit the derivation procedure. Readers who are unfamiliar with this
inframarginal analysis are referred to the ‘Transaction efﬁciency and
inequality’ section (p. 100) where our model will provide a similar
derivation procedure.
3. If ka ¼ kb happens to hold, then we will have k0 ¼ k1 ¼ k2 . This simply
implies that under the condition ka ¼ kb the two countries will either be
in complete autarky or in complete specialization, depending on the
actual value of k: if 0 < k  k0 , the two countries will remain in autarky;
if k0  k < 1, the two countries will engage in complete specialization
according to their respective comparative advantage. Mode (2) (i.e.,
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Mode (2a) and Mode (2b)) simply cannot be the structure of the general
equilibrium under the condition ka ¼ kb .
4. The superscript d stands for ‘domestic’.
5. The subscript d denotes the domestic market within country H. For
example, x^1d denotes the quantity of good x a representative individual
in H1 buys from H2 .
6. For simplicity and without loss of generality, we do not consider the
possibility that the given  exactly equals one of the crucial values, 0 or
1 .
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Economies of scale and
industrial agglomeration
Abstract: In this chapter we explore economies of scale and industrial
agglomeration, as well as their linkages with regional development and
interregional disparity in China. We focus speciﬁcally on an empirical
examination of the spatial distribution of manufacturing activity in China
in the 2000s, a decade witnessing increased opening up to foreign trade and
FDI. We set up our regression model and carry out a regression exercise to
empirically examine the effects of openness to foreign trade and FDI on
industrial distribution and agglomeration across China’s provinces. Our
regression results support our claim that openness to foreign trade and FDI
do indeed play important roles in shaping the spatial pattern and distribution
of industries.
Key words: economies of scale, industrial agglomeration, spatial
concentration, regional development, industry mix, market integration.
JEL classiﬁcation codes: F41; O11; O53.1

Introduction
In this chapter we explore economies of scale and industrial agglomeration
and their relationship with regional economic development in China. We
follow an approach that involves two main lines of attack. First, we present
theoretical arguments explaining why we strongly expect to ﬁnd a positive
relationship between openness to foreign trade and FDI, industrial
agglomeration, and economic growth in China. Second, we take a look
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at some of the empirical work that has been done in an effort to seek to
document and support the expected positive relationship. We focus
speciﬁcally on investigating the spatial distribution of manufacturing
activity in China in an era of ever-increasing opening up to foreign
trade and FDI.
Most research into industrial agglomeration and economic performance
deals with empirical situations in developed economies (Fan and Scott,
2003). However, in this chapter we want to show that theory needs not
only to take into account the economic bases of regional development but
also socio-cultural factors such as the various institutions. We show that
our approach is just as good at analyzing China’s regions as it is at studying
developed country situations. Like Fan and Scott (2003), we show that
genuine industrial agglomeration is more characteristic of sectors and
spaces that have undergone the greatest change as a result of economic
reforms, market orientation, and opening up.
Substantial regional disparity, especially that between coastal and
interior regions, stands out as one of the most signiﬁcant features of
China’s development. Various factors such as regional infrastructure,
investment, geographical location, regional policy, and human capital
accumulation have been shown to have important impacts on regional
development (Ge, 2006). There is a great deal of evidence supporting the
claim that opening up to foreign trade and FDI played an important role in
driving interregional disparity in the development of China’s regions. This
led researchers to delve more deeply into the mechanisms through which
foreign trade and FDI may affect regional development. One such potential
mechanism is industrial agglomeration.
In this chapter we mainly focus on the potential impacts of openness
to foreign trade and FDI on spatial industrial agglomeration as a result of
the effect they have in driving interregional disparity and facilitating
economies of scale across China’s provinces. The remainder of this
chapter is organized as follows. In the second section ‘Spatial
agglomeration and regional development’, we consider agglomeration
and development in China from a theoretical perspective. In the third
section ‘Regional specialization and industrial agglomeration in China’,
we empirically examine patterns and trends in specialization and
agglomeration in China in the 2000s. In the fourth section ‘Spatial
concentration of industries’, we brieﬂy discuss the measurement of
spatial concentration of industries. In the ﬁfth section ‘Openness and
industrial agglomeration’, we carry out a regression exercise to
empirically examine the effects of openness to foreign trade and FDI on
industrial distribution and agglomeration across China’s provinces.
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Spatial agglomeration and regional
development: theoretical considerations
In this section we take a theoretical look at spatial agglomeration and
regional development. We mainly draw on the review of Ng and Tuan
(2006) for our discussion of the issue. The central idea of Krugman (1990,
1998) emphasizes the spatial dimension of the economic interactions
between ﬁrms and focuses on their behavior from a spatial perspective.
The conceptualization of ‘space’ suggests that it exerts persistent effects on
the behavior and interactions between ﬁrms, implying different drivers of
agglomeration and sectoral speciﬁcities (Bottazzi et al., 2002). Krugman
(1990, 1998) highlight the role played by agglomeration externalities in
affecting the spatial pattern of investments through which geographic
concentration is formed by means of interactions between increasing
returns, transportation costs, and factor mobility. The existence of
economies of scale in production tends to determine the pattern of
spatial concentration and the locality of investments (Krugman, 1991a,
b). Agglomeration economies as a result of the core–periphery relationship
further act as the dominant force shaping speciﬁc regional investment
and trade ﬂows. This ‘new economic geography’ approach highlights
the formation of industrial clustering through capital mobility and
investment dynamics (Baldwin, 1997), industry spillovers through
diffusion of manufacturing activities among regions (Puga and
Venables, 1996), and the inﬂuences of forward and backward linkages
among industries (Venables, 1996).
Historically, the existence of spatial concentration and diversity has been
supported by early ideas about land use in city–suburban division (Alonso,
1964), the forces behind the urban system (Isard, 1956; Henderson, 1974),
and what urban agglomeration economies mean for spatial development
(Henderson, 1988; Richardson, 1995). Economies of scale are considered
the incentives for agglomeration and concentration (Dixit and Stigitz,
1977; Fujita and Thissa, 1996; Krugman, 1991a, b, 1996). More recent
research has emphasized the dynamism of economies of agglomeration,
spatial agglomeration phenomena via location patterns, interactions
between such economic activities (Authur, 1994; Bottazzi et al., 2002),
and industrial districts and their interactions in a dynamic system (Curzio
and Fortis, 2002). Fujita and Thissa (2002) and Fujita and Mori (2005)
review developments in the ‘new economic geography’ and related aspects
such as agglomeration of economic activities, agglomeration economies,
location space, trade, transportation costs, and growth.
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The concept behind Krugman (1991a)’s core–periphery system in China
and the interrelationship between the city core and the periphery region has
been examined from the perspective of the Hong Kong–PRD case (Tuan
and Ng, 1995). The relations and effects as a result of the gravitational pull
from the city core to the periphery market center were further investigated
by Ng and Tuan (2003) and Tuan and Ng (2004). Recognition of the
existence of agglomeration economies not only helps explain the spatial
pattern of industries, but also envisages the dynamics of industrial activities
that lead to regional growth. Recently, more extensive empirical research
examining spatial agglomeration and its linkage to regional growth has
emerged. Economies of scale are considered preconditions to the main
centripetal force in determining the spatial pattern of ﬁrm locations.
Empirical studies following Krugman’s ideas on economies of scale
have provided strong evidence to support such effects on the spatial
pattern of ﬁrm locations. How this relates to FDI inﬂows has also been
extensively examined since the 1990s. However, studies mostly emphasize
the effects of FDI on regional growth through its role in technology transfer
and market integration (Grossman and Helpman, 1991, 1995; Barro and
Sala-i-Martin, 1995, 1997). The spillover effects of FDI on promoting
regional or national economic growth in terms of human capital,
employment, technology transfer, and trade were demonstrated by the
ASEAN-5 economies (Bende, 1999). Inﬂows of FDI and imports were
shown to promote economic growth in four ASEAN countries (Marwah
and Tavakoli, 2004). Besides the role played by FDI in affecting local
institutions, it also signiﬁcantly beneﬁted those countries by facilitating
the formation of well-developed ﬁnancial markets (Alfaro et al., 2004).
FDI-led economic growth has also been investigated (Borensztein et al.,
1998; De Mello, 1999; Marwah and Tavakoli, 2004). FDI is considered
the main transmission mechanism of advanced technology and thus fosters
economic growth especially in developing countries. Cointegration and
causality analyses of the long-run and short-run effects of FDI showed that
both unidirectional and bidirectional causalities between FDI and
economic growth exist (Nair-Reichert and Weinhold, 2001; Liu et al.,
2002; Basu et al., 2003; Bengoa and Sanchez-Robles, 2003). The
positive relationship between FDI and economic growth – in particular,
the direction of causality from FDI to long-run economic growth – is well
supported in the literature. However, little effort has been made so far to
investigate the interrelationship between spatial industrial agglomeration,
FDI inﬂows, and regional economic growth.
Inspired by these discussions, we follow Ng and Tuan (2006) in
postulating four main research hypotheses to study the impacts of
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institutional characteristics on shaping ﬁrm location choices, spatial
agglomeration patterns, and patterns of regional FDI inﬂows. The four
hypotheses are: (H1) Foreign ﬁrms tend to exploit the advantages
generated by business networking (agglomeration) and productionsupporting facilities in order to increase efﬁciency and competitiveness.
When choosing investment sites, ﬁrms are inclined to select locations with
higher spatial agglomeration (i.e., spatial agglomeration by investment
type positively affects FDI absorption). (H2) Strategic interactions
between local and foreign investments contribute to agglomeration and
economies of scale, which further attracts FDI into the region (i.e., strategic
interaction positively affects FDI absorption). (H3) Forces generated by
regional institutional characteristics signiﬁcantly affect FDI inﬂows such
that the frictional effect of the center core is crucial to directing FDI in a
core–periphery economy. (H4) Spatial agglomeration promotes regional
economic growth in that higher agglomeration not only directly induces
higher output growth but also enhances regional output growth by
absorbing FDI inﬂows (see Ng and Tuan, 2006).

Regional specialization and industrial
agglomeration in China
Owing to data limitations, there have been few empirical studies on the
patterns of regional industrial concentration and agglomeration in China.
The patterns empirically investigated still remain ambiguous and
controversial. One prevalent view is that local protectionism (barriers to
interregional trade) impedes regional specialization and leads to
duplication of the structure of regional production (Ge, 2006). For
example, Young (2000) studied the structure of provincial production
and concluded that the reform process in China led to fragmentation of
the domestic market and duplication of the structure of regional
production. Batisse and Poncet (2003) conﬁrmed Young (2000)’s
ﬁnding that local protectionism was responsible for duplication of the
production structure at the provincial level. Bai et al. (2004) also found
local protection had a negative effect on industrial agglomeration.
During China’s industrialization, the most prominent change in
economic structure was the movement of labor from the agricultural
sector to the industrial and service sectors. In the 1990s, regional
employment was still dominated by the traditional agricultural sector
despite its importance declining over time. The labor share of the
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secondary industry in China, which includes mining, manufacturing,
utility, and construction, increased in the early 1990s and declined in
the late 1990s. Two possible forces underlie such a trend. First, stateowned enterprises, most of which were in manufacturing, were allowed
to lay off workers in the late 1990s. Second, the expansion of the service
sector in the late 1990s enabled it to absorb more workers from other
sectors. Regional disparity existed in terms of sectoral labor shares across
China’s regions: the coastal regions had smaller agricultural labor shares
than the western and central regions.
As the agricultural sector shrinks and the service sector expands, the
overall regional industry mix in terms of labor shares is converging across
China’s different regions. Conﬂicting results in the literature may stem
from the fact that different studies use different subsets of data covering
different industries and sectors. Studies that use more aggregated data tend
to reach the conclusion that the structures of regional production are
becoming increasingly similar over time while studies that cover only
the manufacturing sector tend to show regional specialization increasing
in the 1990s. Like Ge (2006) we exclude the agriculture, mining, utility,
and service industries and narrow our focus to the structure of regional
production in the manufacturing industry. We do this because agriculture
and mining rely heavily on local natural resource endowment while the
utility and service industries rely heavily on local demand, leaving
manufacturing as a footloose industry, within which we expect most
industrial relocation and agglomeration to take place.
Like Ge (2006) we use production data on disaggregated manufacturing
industries to examine the change in regional specialization in the 2000s.
Two indicators are applied in this analysis. One is Hoover’s coefﬁcient of
specialization (Hoover and Giarratani, 1984), which is deﬁned as
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where HCS stands for Hoover’s coefﬁcient of specialization, and Eki
represents employment in manufacturing industry k for region i. HCS
measures the difference between the industry structure of a speciﬁc
region and the structure of national production. The second indicator
we apply in this analysis is the Krugman specialization index (Krugman,
1991b), which is deﬁned as
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where KSI stands for the Krugman specialization index, and Eki and Ekj are
employment in manufacturing industry k for regions i and j, respectively.
This index is used to compare the disparity in the production structure of
two regions bilaterally.
The values of the Hoover’s coefﬁcient of specialization calculated
from data on the 2000s show that there is an upward trend in regional
specialization for each region. That is, the production structure of
manufacturing of each region is increasingly different from that
nationally. Compared with coastal regions, western regions have a
higher degree of regional specialization. The levels of the Krugman
specialization index calculated for the 2000s show the production
structures of manufacturing in coastal and interior regions, and those of
central and western regions diverging over time. These results basically
show that over time regional specialization deepened and inland regions
became more specialized than coastal regions. These results by and large
mimic those of Ge (2006) for the 1990s. This indicates that regional
specialization in China was on the rise between 1990 and 2010.
Regions are becoming increasingly specialized as time move on.

Spatial concentration of industries
There are different ways of measuring the degree of industrial
concentration, the most popular of which is the locational Gini
coefﬁcient (Krugman, 1991b). The Gini coefﬁcient is deﬁned with
respect to the localization quotient of region i for industry k:
gk ¼ Ginik ðrki Þ

ð10:3Þ
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where Eki is employment in manufacturing industry k for region i. It is
a measure of regional specialization in industry k relative to the
employment share of the industry for the entire nation. If rki is greater
than unity, region i has a higher percentage of industry k compared
with its proportion of total industry employment. The higher the Gini
coefﬁcient, the stronger the locational divergence between the particular
sector and the production structure of total manufacturing. Using the
locational Gini coefﬁcient as a measure of industry concentration and
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based on relevant data on the 2000s, we study the spatial concentration of
employment in three aggregated sectors: agriculture, manufacturing, and
service. It turns out that for all three sectors, the degree of concentration
ﬁrst decreased and then increased over the period of 2000–2010.

Openness and industrial agglomeration
Two broad theories explaining the impact of openness to foreign trade on
the production distribution of a country concern comparative advantage
and economies of scale. The ﬁrst theory posits that trade arises as a result
of regional comparative advantage, which originates from inherent
regional characteristics such as resource endowment, institutions,
technology, or policy. The second theory posits that trade arises in
response to the distributions of regional production and regional
demands, where production activities tend to cluster together in order
to take advantage of economies of scale. The distinction between
neoclassical trade models and new trade models is that the former are
based on the assumptions of constant returns to scale and perfect
competition. The most common model is the Heckscher–Ohlin–Vanek
framework which predicts a linear relationship between trade volume
and regional factor endowment. New trade models are based on the
assumptions of increasing returns to scale, product differentiation, and
the market structure of monopolistic competition.2 In order to identify the
various sources of increasing returns to scale, we have to distinguish
between the two main types of increasing returns to scale. One is due to
production externalities within the same industry (‘localization’) or across
industries (‘urbanization’) while the other is due to pecuniary externalities
modeled in new economic geography theories (Ge, 2006).3
To formulate our regression speciﬁcation, we follow Midelfart-Knarvik
et al. (2000) and Ge (2006) in assuming that the location of an industry
depends on industry characteristics and regional characteristics, as well as
interactions between them. There are three possible forms of interactions.
First, in examining the effect of openness to foreign trade and FDI on
industrial agglomeration, we consider the interaction between regional
accessibility to foreign trade and FDI and the dependence of industry on
foreign trade and FDI. Intuitively, industries that rely heavily on foreign
trade and/or FDI tend to choose to locate in regions with easy access to
foreign trade and FDI. Second, based on the theory of comparative
advantage, we consider the interaction between a region’s resource
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endowment and industry’s requirement for resource endowment as we
expect industries that are land based or labor based tend to choose to
locate in regions where there is high land or labor endowment. Third,
we also consider the interaction between domestic market potential and
inter-industry linkage. When it comes to transportation costs, industries
with strong backward or forward linkages tend to choose to locate close to
their suppliers or customers.
Taking these interactions and the availability of practical data into
account, the regression model can then be speciﬁed as
lnðshaik Þ ¼  þ ’ lnðpopi Þ þ 1 lnðagri Þ þ 2 lnðhumi Þ þ 3 lnðdomi Þ
þ 4 lnðopei Þ þ 1 lnðagink Þ þ 2 lnðhuink Þ þ 3 lnðdoink Þ
þ 4 lnðopink Þ þ 1 lnðagri Þ lnðagink Þ þ 2 lnðhumi Þ lnðhuink Þ
þ 3 lnðdomi Þ lnðdoink Þ þ 4 lnðopei Þ lnðopink Þ þ "ik

ð10:5Þ

We have given all the variables in Eq. 10.5 as logs so that they bear
percentage interpretation. At any given point in time (in a given year),
the dependent variable on the left-hand side of Eq. 10.5 represents (the log
of) the industrial share of region (province) i in the total national output of
industry k. Therefore, the dependent variable pertains to each (province,
industry) pair (i.e., ði; kÞ pair). Explanatory variables indexed by subscript i
pertain to characteristics of the region (region i) while those indexed by
subscript k pertain to characteristics of the industry (industry k). The ﬁrst
explanatory variable popi represents the provincial population, which is
meant to represent the size of the region. Larger regions (in terms of the
population) tend to have more economic activities and higher shares of the
industry. The second explanatory variable agri is meant to represent the
agricultural endowment of region i. Namely, agri is the share of agricultural
production in region i’s total provincial GDP. Inclusion of the variable agri
in our regression model follows our expectation that the agriculture
endowment of a province affects its share of the total national output of
industry k through the level of dependence of industry k on agricultural
endowment. The next explanatory variable humi is meant to represent
human capital. Just like agricultural endowment, a province’s human
capital endowment also affects the size of the industry in the province.
Therefore, the variable humi is designed to measure the stock of human
capital in the province. How this variable of human capital stock can be
constructed in practice will shortly be shown. The next explanatory
variable domi (literally standing for ‘domestic’) is meant to measure the
level of domestic market integration of a province in relation to all other
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provinces. Intuitively, if industry k is heavily dependent on other industries
as a result of forward or backward linkages, then the degree of market
integration of region i in relation to all the other provinces in China may
play an important role in determining the size of industry k inside region i,
provided the other industries to which industry k is forward or backwardlinked are scattered in the other provinces. How this variable of market
integration can be constructed in practice will shortly be shown. The next
explanatory variable opei (literally standing for ‘openness’) measures the
degree of provincial openness to foreign trade and FDI. Intuitively, we
would expect a region with more openness to foreign trade and FDI to have
a relatively larger share of industry k if this industry depends heavily on
openness to foreign activities. How this variable of foreign openness can be
constructed in practice will shortly be shown.
Before describing the remaining variables in Eq. 10.5, this is a good
place to pause and explain how the provincial human capital stock variable
humi , domestic market integration variable domi , and the foreign openness
variable opei can be constructed.4 The human capital stock variable can be
constructed according to the simple decomposition
X
j
hj Li
ð10:6Þ
humi ¼
j

P

(j ¼ a; b; c; d; e), in which L6þ
denotes the population
where j Lji ¼ L6þ
i
i
aged 6 and over in province i (at a certain point in time). L6þ can be divided
into ﬁve groups by educational attainment, group a through group e. Lai is
the total number of people aged 6 and over who have received zero
schooling while Lbi through Lei are, respectively, the total number of
people aged 6 and over who have received schooling up to primary
school level, junior secondary school level, senior secondary school
level, and university level. We are obliged to perform this ﬁve-group
decomposition on the regional population aged 6 and over because
data on the distribution of educational attainment in regional total
population, total employed population, or total working age population
are unavailable. The values of hj ( j ¼ a; b; c; d; e) are then constructed as
follows: ha ¼ 1, hb ¼ 2:01, hc ¼ 2:60, he ¼ 3:16 , and he ¼ 4:39 (for every
province in every year). These values are calculated according to piecewise
linear rates of return to schooling based on the survey of Psacharopoulos
(1994).5
We apply a price-based approach used by Parsley and Wei (2001) and
Sheng and Mao (2011) to construct the domestic market integration
variable domi for province i. The central idea behind this approach is
that the dispersion of common currency price differentials of identical
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goods between two provinces can be an inverse indicator of the degree of
market integration between the two provinces. Let pði; t; Þ be the price of
good  in province i at time t and pð j; t; Þ the price of good  in province j
( j 6¼ i) at time t. We deﬁne




pði; t; Þ
pð j; t; Þ
 ln
ð10:7Þ
Dðij; t; Þ  ln
pði; t  1; Þ
pð j; t  1; Þ
Eq. 10.7 measures percentage change in the price of good  between
provinces i and j during the interval ðt  1; tÞ.6 We then remove the time
mean of Dðij; t; Þ for each good  separately to ﬁlter out good-speciﬁc
effects from our dispersion calculation. Mathematically, we deﬁne
€ ðij; t; Þ  Dðij; t; Þ  D
 ðt; Þ
D

ð10:8Þ

ðt; Þ denotes the mean of Dðij; t; Þ across province pairs. After
where D
€
Dðij; t; Þ is constructed by de-meaning Dðij; t; Þ, we then calculate the
€ðij; t; Þ, rather than that of
variance (our measure of dispersion) of D
Dðij; t; Þ, across all goods for each province pair ði; jÞ and time period t.
€ðij; tÞ. To construct the domestic market
We denote this variance as var½D
integration variable domi (for province i at a given point in time), we need
€ðij; tÞ for any given i over all the j’s. To do
to sum up all such variances var½D
this, we deﬁne
X
€ ðij; tÞ
var½D
ð10:9Þ
Vði; tÞ 
j

Finally, we construct our domestic market integration variable domit as
1
domit  pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Vði; tÞ

ð10:10Þ

What we need to do in practice to construct Eqs. 10.6–10.10 is select a
speciﬁc set of  (types of) goods. Data availability obliges these goods to be
(a) grain; (b) oil and fat; (c) meat, poultry, and related processed products;
(d) eggs; (e) aquatic products; (f) vegetables; (g) fresh and dried fruit
(including melons); (h) tobacco; (i) liquor; (j) garments; (k) clothing
fabric; (l) footwear and hats; (m) durable consumer goods; (n) daily use
household articles (cleaning products, etc.); and (o) cosmetics.
The variable measuring provincial openness to foreign trade and FDI,
opei , can be constructed in the following way. First, the basic openness
indicator normally used in the literature is the ratio of foreign trade to
output. That is
Fit
ð10:11Þ
fit 
GRPit
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where Fit and GRPit are, respectively, the total real value of foreign trade
(exports plus imports) and the total value of real GRP in region i at time t.
However, we adjust the openness indicator in Eq. 10.11 to take account
of differences in region size and the level of development. To correct for
differences in province size and the level of development, we follow Low
et al. (1998) and consider this regression
ln fit ¼ #0 ¼ #1 GRPit þ #2 GRP2it þ #3 popit þ #4 pop2it
f

þ #5 ðGRPit =popit Þ þ #6 ðGRPit =popit Þ2 þ uit

ð10:12Þ

where ufit

is the error term, and popit stands for regional population. We run
a pooled OLS regression based on the speciﬁcation in Eq. 10.12 and
construct the ﬁtted value such that
ln ^fit ¼ #^0 þ #^1 GRPit þ #^2 GRP2it þ #^3 popit þ #^4 pop2it
þ #^5 ðGRPit =popit Þ þ #^6 ðGRPit =popit Þ2

ð10:13Þ

where the #^’s are the values of intercepts and slopes estimated from a
pooled OLS regression.8 f^it calculated according to Eq. 10.13 indicates
the ‘normal’ or average degree of openness of a Chinese region, given the
level of regional GRP and the size of regional population. Following this
idea, the adjusted openness variable for use in the regression model in Eq.
10.13 can then be constructed as
opeit 

fit
^f
it

ð10:14Þ

This adjusted openness variable indicates the openness deviation of
province i (at time t) relative to the ‘normal’ level of openness of a
province of the same size regarding output and production.
The remaining explanatory variables in Eq. 10.5 pertain to the industry,
rather than the province. The variable agink represents the agricultural
intensity of industry k (i.e., the share of total agricultural inputs used in
total industrial output for industry k). Intuitively, the larger the share of
agricultural inputs used in the output of industry k, the more likely industry
k would choose to locate in a province that is rich in agricultural
endowment. The variable huink represents the human capital intensity
of industry k, and can be approximated by the fraction of non-manual
workers among industrial employees. Again, intuitively, the larger the
fraction of non-manual workers in industry k, the more likely the
industry would choose to locate in a province that is rich in human
capital. The variable doink measures the degree of dependence of
industry k on inter-provincial domestic market integration within
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China, through its forward and backward linkages to other industries. This
variable can be proxied for by the percentage of output sold to other
domestic industries as intermediates and capital goods. Intuitively, an
industry that heavily relies on other domestic industries as its customers
or suppliers would tend to choose to locate in a province having a higher
level of domestic market integration with other provinces. The variable
opink measures the degree of dependence of industry k on foreign markets.
Obviously, an industry that heavily sells its output to or buys its inputs
from foreign markets would tend to choose to reside in a province that is
more open to foreign activities. This variable can be constructed either as
the percentage of total output sold to foreign markets or as the share of
foreign capital in total capital, or as a combination of the two.
Eq. 10.5 captures the potential interdependence of the effects of variables
in both the region’s characteristics and industry characteristics.
Ideally, Eq. 10.5 should take advantage of the structure of panel data
in order to control for time-constant province-speciﬁc factors. However,
as data are not always available for every year, especially for variables
pertaining to industries, it is then difﬁcult to run regressions of the structure
of panel data. We have little choice but to run an OLS regression based on
cross-sectional data. Therefore, we run our regression based on Eq. 10.5
and summarize the major results in Table 10.1. Interestingly, estimated
coefﬁcients on all four interaction terms are not signiﬁcant at the usual
5% signiﬁcance level, suggesting that there are no signiﬁcant interaction
effects between region characteristics and the corresponding industry
characteristics. Estimated coefﬁcients on the variables in both the
region’s characteristics and the industry characteristics all have the
expected positive sign, suggesting the appropriateness of the theoretical
basis for the model. However, not all these estimates are signiﬁcant. Our
results suggest that openness to foreign trade has an important role to play
in shaping the spatial pattern and distribution of industries across China’s
provinces.

Concluding remarks
In this chapter we have explored economies of scale and industrial
agglomeration, as well as their linkages with regional development in
China. Our focus was empirical examination of the spatial distribution
of manufacturing activity in China in the 2000s, a time of ever-increasing
opening up to foreign trade and FDI. We ﬁrst provided some theoretical
considerations on spatial agglomeration and regional development, then
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Table 10.1

Regression results based on Eq. 10.5
Dependent variable: lnðshaik Þ
Number of observations: 420
Coefficient

Estimated value

P-value

1

0.309*

0.001

2

0.183*

0.022

3

0.035

0.068

4

0.259*

0.041

1

0.302

0.071

2

0.124*

0.011

3

0.048

0.308

4

0.394*

0.039

1

0.034

0.872

2

0.234

0.482

3

0.121

0.397

4

0.210

0.245

Relevant p-values are reported. The asterisk * indicates significance at the 5% level.

empirically examined the pattern and trend of regional specialization and
industrial agglomeration in the 2000s, and brieﬂy discussed ways of
measuring the spatial concentration of industries. Finally, we set up our
regression model and carried out a regression exercise to empirically
examine the effects of openness to foreign trade and FDI on industrial
distribution and agglomeration across China’s provinces. Our regression
results supported our earlier claim that openness to foreign trade does
indeed play an important role in shaping the spatial pattern and
distribution of industries across China’s provinces.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
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2. For detailed reviews of the two lines of theories, see, for example,
Helpman (1999), Davis and Weinstein (2001), and Bernstein and
Weinstein (2002).
3. For more discussions related to this topic, see, for example, Quigley
(1998), Eberts and McMillian (1999), Hanson (1998), Henderson et al.
(2001), Overman et al. (2001), and Rosenthal and Strange (2003).
4. Essentially the same approaches to constructing the three variables
were applied in Chapter 5. However, for the sake of chapter selfcontainedness, we repeat the description of the approaches here, too.
5. When calculating he , we assume that a person who has completed
university has on average 17 years of schooling.
6. Inter-provincial market integration can be studied by examining crosssectional dispersion (across goods) of Dðij; t; Þ for each province pair
and time period. Any particular realization of Dðij; t; Þ can be either
positive or negative without triggering arbitrage as long as the absolute
value of Dðij; t; Þ is lower than the cost of arbitrage. The existence of
arbitrage cost implies that Dðij; t; Þ must fall within a range, not that it
must equal or trend toward zero. Any reduction in barriers to interprovincial trade should thus reduce the no-arbitrage range. Therefore,
the dispersion of Dðij; t; Þ across goods can be an inverse indicator of
the degree of market integration between provinces i and j at time t.
7. It has often been argued that a large country (or region) in terms of
output or population tends to have (relatively) less foreign trade, as there
is a larger scope for trade within the country (or region). It has also been
argued that a country (or region) with a high level of per-capita output
may be biased toward having a lower trade-to-output ratio, because the
share of the service sector tends to increase as the country (or region)
develops, while the service sector is largely non-tradable (Low et al.,
1998).
8. Note that the regression equation (Eq. 10.12) does not contain a timevariant intercept on its right-hand side. Note also that we have not opted
for other regression methods, such as the within estimator. This is
because a pooled OLS regression considers explicitly neither a timevariant intercept nor region heterogeneity, and contains all these in the
error term of the regression.
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Higher education and human
capital mobility
Abstract: Knowledge as an intangible production input not only promotes
economic growth but also facilitates structural change in a developing
economy. Education is the major means of knowledge accumulation.
Higher education in China plays an important role not only in promoting
knowledge accumulation, but also in facilitating human capital mobility. This
chapter empirically investigates the relationship between regional disparities,
college preferences, and admissions under the National College Entrance
Examination (NCEE) system, and potential interregional human capital
mobility in China. Our empirical results show that examinees from western
provinces tend to have a strong preference for coastal universities, compared
with examinees from central provinces. In this sense, we expect college
admissions in China under the NCEE system to exert a stronger impact on
potential human capital movement from the western region to the coastal
region than from the central region to the coastal region.
Key words: higher education, National College Entrance Examination, human
capital mobility, regional disparity, openness, knowledge.
JEL classiﬁcation codes: F41; O15; O53.1

Introduction
Knowledge as an intangible production input not only promotes economic
growth but also facilitates structural change in a developing economy.
In today’s world, knowledge and other intangible assets have become
progressively important creators of wealth for nations and the world.
Increasingly, countries are creating more wealth from knowledge
through services than from traditional industry and agriculture. Global
trade in services has been growing faster than that in tangible commodities.
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The market values of most ﬁrms consist more and more of intangible
knowledge assets, and the knowledge contents of goods and services
are increasing. The World Bank has introduced a knowledge-based
framework at the national level called the ‘knowledge-based economy’,
which consists of four pillars: education, science, technology, and
innovation.
Education is the major means of knowledge accumulation. Higher
education in China plays an important role not only in promoting
knowledge accumulation, but also in facilitating human capital
mobility. This chapter focuses on China’s higher education system and
its impact on interregional human capital mobility across China. As
mentioned many times in previous chapters, China’s rapid economic
growth has been accompanied by increasing income inequality.2 At the
same time, there has been growing spatial inequality in educational
resources across China’s different regions. In this chapter, we address
two issues: how factors such as spatial income disparities affect and
shape the educational preferences of individuals in their choice of higher
education institutions, and how spatial disparities in openness to foreign
trade and FDI impact the preferences and choices of individuals.
This chapter speciﬁcally deals with college admissions under the
National College Entrance Examination system (NCEE) and the
potential implications of these admissions for cross-region human
capital mobility in China. The chapter differs from previous research on
the NCEE by measuring and accounting for the attractiveness of coastal
universities to inland examinees, using data on college admissions under
the NCEE system. This chapter is organized as follows. In the second
section ‘The issue and the model’, we present the basic framework
within which we conduct our empirical work in this chapter. In the
third section ‘The sample, data, and variables’, we describe the factors
considered in our empirical analysis. In the fourth section ‘Empirical
results and discussions’, we report and discuss our ﬁndings.

The issue and the model
China regulates internal migration through a ‘household registration
system’, known as the hukou system. However, it is possible to jump
from rural to urban hukou status by getting a degree. Higher education
thus facilitates human capital migration by helping individuals overcome
the hukou barrier. First, college education provides undergraduates with
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the knowledge and skills required to get a better-paying city job, vital to
covering the extra living costs in the host city. Second, having a degree
contributes toward meeting the criteria set by the host city in granting the
local urban hukou.
The NCEE is an academic exam held annually in China and is a
prerequisite for entrance into almost all higher education institutions at
the undergraduate level.4 Although most high-school students are admitted
to a university as a result of passing the NCEE, requirements for admission
vary from province to province. This can be seen from the large variation in
ﬁrst-tier cut-off scores across different provinces. The provincial ﬁrst-tier
cut-off score targets matching the number of provincial examinees eligible
for admission to ﬁrst-tier universities with the corresponding provincial
ﬁrst-tier admission quota.5 However, the provincial ﬁrst-tier cut-off
score is only a minimum requirement for admission to a ﬁrst-tier
university. The provincial cut-off score differs greatly from that of a
university. The university sets the minimum required score for
admission of an examinee from this speciﬁc province.
The wider the gap between the provincial cut-off score and the university
cut-off score (for the corresponding province) the greater the appeal of
this university to examinees from this province. The more attractive a
university is to the examinees of a province, the more likely it will get
high-score examinees from this province. As a result the university can set a
higher cut-off score for this province and get the brightest students to fulﬁll
the admission quota that has been allocated to this province. There are
far more ﬁrst-tier universities in the 11 coastal provinces than in the 20
inland provinces of China. Therefore, each year large numbers of inland
examinees are admitted to coastal universities. In this chapter we measure
and explain the appeal of coastal universities to inland examinees. To do
this we set up our baseline regression model as
Aik;t ¼ t þ

G
X
g¼1

g  xg;ij;t þ

H
X
h¼2

h  DVh þ

M
X

’m  DPm þ "ik;t

ð1:1Þ

m¼2

where the subscripts i, k, and t index an inland province i, a coastal
university k, and the time period t, respectively. Aik;t , measures the
attractiveness of university k to examinees from province i at time t.
The explanatory variables fall into three categories. The ﬁrst category,
PG
g¼1 g  xg;ij;t , contains the number of G variables related to each ði; jÞ
pair at each time period t, where j in xg;ij;t indexes the coastal province
where university k is located. The xg;ij;t ’s measure the provincial
characteristics of inland province i with reference to coastal province j.
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P
The second category, H
h¼2 h  DVh , contains dummy variables associated
with a single coastal university, where the total number of coastal
universities is H, and DVh ¼ 1 when h ¼ k and DVh ¼ 0 otherwise. The
P
third category, M
m¼2 ’m  DPm , contains dummy variables associated with
an inland province, where the total number of inland provinces is M, and
DPm ¼ 1 when m ¼ i and DPm ¼ 0 otherwise.

The sample, data, and variables
Our sample includes 46 ﬁrst-tier universities located in 10 coastal
provinces.6 The home provinces of inland examinees number 19.7 Our
sample period is 2005–2011. The explained variable Aik;t is constructed as
follows
Aik;t ¼ ln Avik;t  ln Csik;t
ð11:2Þ
where Csik;t denotes the ﬁrst-tier cut-off score of province i for its science
examinees in year t and Avik;t denotes the average NCEE score of all the
science examinees admitted to university k from province i in year t.
The xg;ij;t ’s in Eq. 11.1 measure regional gaps between the home province
of inland examinees (inland province i) and the coastal province j where
university k is located. We include the following three variables in the
vector of xg;ij;t ’s. The ﬁrst variable, denoted by Ryij;t , is the log of the
ratio of per-capita GDP of the two provinces (lagged for one year),
which measures the income gap between the two provinces. The second
variable, denoted by Rfij;t , which measures relative regional openness, is
deﬁned as the gap in the trade-to-GDP ratio between the two provinces
(averaged over the past ﬁve years). The variable Rfij;t measures how much
more open province j is compared with province i. Besides these two
variables, we also include one time-invariant variable in the vector of
xg;ij;t ’s in Eq. 11.1. This measures the geographical distance between
provinces j and i. This distance variable, which we denote by Distij , is
constructed as the log of the spherical distance between the capital cities
of the two provinces.
Finally, to take account of the time-variant intercept t in Eq. 11.1, we
use period (year) dummies (along with a common intercept) in the
regression equation. The six we use are denoted d06, d07, d08, d09, d10,
and d11, respectively, and relate to a year between 2005 and 2011 other
than 2005. With all the variables in Eq. 11.1 clearly deﬁned and described,
we can now run regressions based on this equation. The next section
reports the principal results of our regression analysis.
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Empirical results and discussions
We run regressions based on Eq. 11.1, using the three variables deﬁned
above (and subsets of them) as elements in the xg;ij;t vector. Tables 11.1,
11.2, and 11.3 summarize the principal ﬁndings. We use our entire sample
in the regressions in Table 11.1, , where i indexes all the 19 home provinces
of inland examinees. As we have 46 selected universities and seven years in
our sample period, we should have 6118 (i.e., 19  46  7) observations
altogether. However, we actually have only 5954 observations owing to
missing data. We use a subset of our entire sample in the regressions shown
in Table 11.2, a subset only concerned with the western home provinces of
inland examinees, where i indexes the 11 western home provinces of inland
examinees. We end up with 3407 observations in this group of regressions.
We use the subset of the sample associated with the central home provinces
of inland examinees in the regressions in Table 11.3, where i indexes
the eight central home provinces of inland examinees. We therefore
have 2547 observations in this group of regressions. It should be noted
that in all the regressions shown in Tables 11.1, 11.2 and 11.3, a full set of
university dummies, inland province dummies, and year dummies (as well
as a common intercept) is included in the regression equation. However,

Table 11.1

Regressions based on Eq. 11.1 (with i ¼ all inland provinces)
Dependent variable: Aik;t
Regression No.

Variable

(A1)

(A2)

Ryij;t

0.016*
(0.004)

—

Rfij;t

0.003
(0.003)

0.003
(0.003)

Distij

0.005* 0.005* 0.006*
(0.001) (0.001)
(0.001)

2
R
Obs

0.863
5954

0.862
5954

(A3)

(A5)

(A6)

(A7)

0.014* 0.016*
(0.004)
(0.004)

—

—

0.014*
(0.004)

0.003
(0.003)

—

0.003
(0.003)

—

—

0.005*
(0.001)

—

—

0.861
5954

0.862
5954

0.861
5954

0.861
5954

—

0.863
5954

(A4)

Standard errors are in parentheses. The sign * denotes significance at the 1% level. For the
sake of brevity, the estimated common intercept and all estimated coefficients on university
dummies, inland province dummies, and year dummies are not reported in this table.
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Table 11.2

Regressions based on Eq. 11.1 (with i ¼ western provinces)
Dependent variable: Aik;t
Regression No.
(B1)

(B2)

Ryij;t

0.013*
(0.006)

—

Rfij;t

0.012*
(0.0050

0.017*
(0.004)

Distij

0.005* 0.005* 0.005*
(0.001) (0.001)
(0.001)

2
R
Obs

0.863
3407

0.863
3407

(B3)

(B4)

(B5)

(B6)

(B7)

—

—

0.021*
(0.005)

0.012*
(0.005)

—

0.017*
(0.0040

—

—

0.005*
(0.001)

—

—

0.862
3407

0.862
3407

0.862
3407

0.862
3407

0.021* 0.013*
(0.005)
(0.006)
–

0.862
3407

Standard errors are in parentheses. The sign * denotes significance at the 1% level. For the
sake of brevity, the estimated common intercept and all estimated coefficients on university
dummies, inland province dummies, and year dummies are not reported in this table.

Table 11.3

Regressions based on Eq. 11.1 (with i ¼ central provinces)
Dependent variable: Aik;t
Regression No.

Ryij;t

(C1)

(C2)

(C3)

(C4)

(C5)

(C6)

(C7)

0.003
(0.004)

—

0.013*
(0.004)

0.003
(0.004)

—

—

0.013*
(0.004)

—

0.031*
(0.003)

—

0.032*
(0.003)

—

—

0.007*
(0.001)

—

—

0.875
2547

0.877
2547

0.875
2547

0.871
2547

Rfij;t

0.031* 0.032*
(0.003) (0.003)

Distij

0.007* 0.007* 0.007*
(0.001) (0.001)
(0.001)

2
R
Obs

0.881
2547

0.881
2547

0.877
2547

Standard errors are in parentheses. The sign * denotes significance at the 1% level. For the
sake of brevity, the estimated common intercept and all estimated coefficients on university
dummies, inland province dummies, and year dummies are not reported in this table.
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for the sake of brevity, we neither report estimated coefﬁcients on these
dummies nor the estimated common intercept in these tables.
All three tables show the estimated coefﬁcients as being either
statistically insigniﬁcant (at the usual 5% signiﬁcance level) or
statistically very signiﬁcant (even at the 1% signiﬁcance level). In Table
11.1, where i indexes all the 19 home provinces of inland examinees,
estimates of the coefﬁcient on the income gap variable Ryij;t are very
close to one another (around 0.015) across the different regressions,
probably owing to our large sample size. The estimates are also very
statistically signiﬁcant in all the regressions shown in this table (the
relevant p-values are zero to three decimal places). These estimates
suggest that an increase in Ryij;t by, say, 0.2 would normally lower the
level of Aik;t by about 0.003, ceteris paribus. In our sample, the maximum,
minimum, and average values of the explanatory variable Ryij;t are 2.574,
0.502, and 1.050, respectively, while the maximum, minimum, and
average values of the explained variable Aik;t are 0.442, 0.066, and
0.109, respectively. Therefore, it can be seen that our estimates of the
coefﬁcient on Ryij;t in these regressions do not in practice indicate a
large partial effect of Ryij;t on Aik;t , despite the estimates being very
signiﬁcant statistically. All estimates of the coefﬁcient on the openness
gap variable Rfij;t are insigniﬁcant (at the 5% level) in these regressions.
This result implies that once all the other explanatory variables (including
the dummies) are controlled for, the openness gap between the home and
university provinces does not seem to exert a signiﬁcant partial effect on
university appeal. Estimates of the coefﬁcient on the distance variable Distij
are very close across the regressions (around 0.005), and they are very
statistically signiﬁcant in all these regressions (the relevant p-values are zero
to three decimal places). These estimates suggest that, ceteris paribus, a
10% increase in the (spherical) distance between (the capital cities of) the
two provinces i and j would lower the ratio of Avik;t to Csit (i.e., Avik;t =Csit )
by roughly 0.05 (see Eq. 11.2). Therefore, we do not in practice see a large
partial effect of the distance variable on university appeal, despite the
estimates being very statistically signiﬁcant.
The regressions shown in Tables 11.2 and 11.3 run parallel to those in
Table 11.1, but do so with respect to two sub-groups of the entire sample.
The reason for splitting the entire sample into two sub-groups and
investigating them separately is because we suspect that examinees from
western and central provinces may be fundamentally different in the way
they perceive the appeal of a coastal university. If this is the case, then
pooling the data together (such as in Table 11.1) may lead to ambiguous
and misleading results. Table 11.2 contains regressions that are based on
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the subset of the sample associated with the western home provinces of
inland examinees. A prominent feature of the regressions shown in
Table 11.2 is that all the estimated coefﬁcients in these regressions are
very statistically signiﬁcant (even at the 1% signiﬁcance level). Table 11.2,
for examples, shows estimates of the coefﬁcient on the openness gap
variable are all signiﬁcantly positive (at the 1% level). Table 11.3
contains regressions that are based on the subset of the sample
associated with the central home provinces of inland examinees.
Interestingly, the regressions shown in Table 11.3 produce estimated
coefﬁcients on the gap variables Ryij;t and Rfij;t with signs that are
exactly opposite to those of the corresponding estimates obtained in
Table 11.2. For example, the negative partial effect of Ryij;t obtained in
Table 11.2 suggests that, for western province examinees, a wider income
gap between the province in which the university is located and an
examinee’s home province tends to reduce the attractiveness of the
university. By contrast, the positive partial effect of Ryij;t obtained in
Table 11.3 suggests that, for central province examinees, a wider
income gap between the province in which the university is located and
an examinee’s home province tends to increase the attractiveness of
the university. Similarly, the positive partial effect of the openness gap
variable obtained in Table 11.2 suggests that, for western province
examinees, a wider openness gap between the university’s home
province and an examinee’s home province tends to increase the
attractiveness of the university. In contrast, the negative partial effect
of the openness gap variable obtained in Table 11.3 suggests that, for
central province examinees, a wider openness gap between the
university’s home province and an examinee’s home province tends to
reduce the attractiveness of the university. Estimates of the coefﬁcient
on the distance variable Distij , like those obtained in Table 11.1, are
signiﬁcantly negative (at the 1% level) in all the regressions shown in
Tables 11.2 and 11.3.
Finding a plausible explanation for the directions (i.e., the signs) of
the estimated partial effects of gap variables in the regressions shown in
Tables 11.2 and 11.3 deserves further scrutiny. However, according to the
regressions shown in Tables 11.1, 11.2, and 11.3, the estimated partial
effects of these three variables are in practice all very small despite their
statistical signiﬁcance. Therefore, although further investigation into the
directions of the effects of these variables may be an important and
interesting issue in itself, it is by no means urgent for the purpose of the
present study, as we have in practice detected only very small effects of
these variables from our regression results, no matter their direction.
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In sum, the regression results shown in Tables 11.1, 11.2, and 11.3 lead to
the conclusion that, once the university dummies, inland–province
dummies, and year dummies are controlled for (i.e., netted out) none of
the three explanatory variables – the income gap, the openness gap, and the
distance – matters when it comes to accounting for university
attractiveness.
Therefore, we need to look elsewhere to explain university
attractiveness. The attractiveness of a university of course primarily lies
in intrinsic factors of the university such as the quality and usefulness of
the courses it offers. Unfortunately, lack of data prevents us from carrying
out further study in this direction. In addition, as most ‘good’ universities
(such as Tsinghua University and Fudan University) are located in ‘good’
regions (such as Beijing and Shanghai) in China, it is sometimes difﬁcult to
separate out inﬂuencing factors that belong to the university from those
that belong to the region. Therefore, further study concerning potential
inﬂuencing factors related to disparities in provinces hosting universities
(the coastal provinces in this study) is also likely to be challenging.
Given these difﬁculties, we can do little more than focus on disparities
in the home provinces of inland examinees to explain university
attractiveness.
Estimated coefﬁcients on inland–province dummies (i.e., dummies for
the different home provinces of inland examinees not reported in Tables
11.1, 11.2, and 11.3) can be exploited for our current purpose. According
to the regressions shown in Table 11.1, western inland provinces have
higher levels of province effects (i.e., higher estimated coefﬁcients on their
dummies) than central inland provinces. For example, according to
regression (A7) in Table 11.1 (the last column), Qinghai comes ﬁrst in
having the highest level of province effects, followed by Xinjiang, Guizhou,
Yunnan, Ningxia, Inner Mongolia, Shaanxi, Chongqing, Guangxi, Gansu,
Jilin, Sichuan, Anhui, Heilongjiang, Jiangxi, Hunan, Hubei, Shanxi, and
Henan: all western provinces have higher levels of province effects than
central provinces, except for the Jilin–Sichuan inversion. This shows that
coastal universities are generally more attractive to examinees from
western provinces than those from central provinces. We suspect that
this is due to there being generally fewer local universities in western
provinces than central provinces, where universities located in an inland
examinee’s own province can be viewed as substitutes, to a certain degree,
for universities in coastal provinces. In fact, a correlation test reveals that
the numbers of local ﬁrst-tier universities in these inland provinces are
indeed negatively correlated with the levels of their province effects
(where the correlation coefﬁcient is 0.507).
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Systematic disparities between the two groups of inland provinces
(i.e., western provinces and central provinces), rather than disparities
across all the individual inland provinces, can be examined by
modifying our regression model (Eq. 11.1) by replacing all inland
province dummies with a ‘west’ dummy, denoted by Westi , which
equals unity when inland province i is a western province, and zero
otherwise. The regression results are shown in Table 11.4. Moreover,
we insert one or both of the two ‘local university’ dummies, Lu1it and
Lu2it , into these new regressions. The variable Lu1it is constructed as
follows: Lu1it ¼ 1 if the number of ﬁrst-tier universities in inland
province i in year t, denoted by u1it , is such that u1it  u1i , and
Lu1it ¼ 0 if u1it < u1t , where u1t denotes the mathematical average of
the u1it ’s across all the i’s. The variable Lu2it is deﬁned in a similar
fashion: Lu2it ¼ 1 if the total number of ﬁrst-tier universities in inland
province i and all bordering inland provinces in year t, denoted by u2it ,
is such that u2it  u2t , and Lu2it ¼ 0 if u2it < u2t , where u2t denotes the
mathematical average of the u2it ’s across all the i’s.
When we run all possible variants of the new round of regressions
(not reported here for brevity’s sake), it turns out that estimates of the
coefﬁcient on Westi are all signiﬁcantly positive (at the 1% level) with
magnitudes around 0.05. This result suggests that, when the effects of
the other explanatory variables are netted out, a western home province
of examinees is associated with a ratio of Avik;t to Csit that is about 5%
higher than a central home province of examinees (see Eq. 11.2). Therefore,
the variable Westi can be shown to have in practice a large partial effect on
the explained variable. The result implies that examinees from western
provinces and those from central provinces are systematically different in
the way they perceive the appeal of a coastal university. The estimated
coefﬁcients on Lu1it and Lu2it are all signiﬁcantly negative (at the 1% level),
even if in some cases both variables are simultaneously included in the
regression. Apart from their statistical signiﬁcance, the partial effects of
Lu1ði; tÞ and Lu2ði; tÞ on the explained variable are also large in practice.
The negative signs of the estimates provide evidence for our earlier
conjecture that the number of universities in an inland province (and in
neighboring inland provinces) affects the attractiveness of coastal
universities to examinees of this inland province. It is interesting to see
from these regressions that, even after the effects of Lu1ði; tÞ and Lu2ði; tÞ
are netted out, the variable Westi still has a large effect on the explained
variable. This result implies that factors other than the different numbers
of local universities (which implies an uneven spatial distribution of
higher education resources in China) may also account for western–
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central disparities with respect to the attractiveness of coastal universities.
Finally, it can be shown that the estimated partial effects of gap and
distance variables, despite their statistical signiﬁcance, are all practically
negligible. In sum, the major conclusion of our empirical analysis in this
chapter is that examinees from western provinces tend to have a stronger
preference for coastal universities than examinees from central provinces.
Therefore, for reasons discussed in the ‘Introduction’ to this chapter, we
expect college admissions in China under the NCEE system to exert a
stronger impact on potential human capital movement from western to
coastal regions than from central to coastal regions.

Concluding remarks
Increasing spatial disparities in income lead to human capital ﬂows in
China. Higher education in China may play an important role in
promoting such cross-regional human capital mobility. This study is
concerned with college admissions in China’s regions under the NCEE
system and their potential implications for cross-regional human capital
mobility. Employing an advanced regression method and exploiting rich
data, this study is the ﬁrst attempt in the NCEE literature to empirically
address the issue of regional disparities, college admissions under the
NCEE system, and potential interregional human capital mobility in
China. Our empirical results show that examinees from western
provinces tend to have a stronger preference for coastal universities than
examinees from central provinces. Therefore, for reasons discussed at the
beginning of this chapter, we expect college admissions in China under the
NCEE system to exert a stronger impact on potential human capital
movement from western to coastal regions than from central to coastal
regions.

Notes
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
2. See, for example, Sisci (2005), WB (2005), Fan and Sun (2008), Fan et
al. (2009), Yin (2011), and Zhu et al. (2012).
3. Some recent studies on the CEE include Wang (2006), Bai and Chi
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4.

5.
6.

7.

(2011), Hannum et al. (2011), Wu and Zhong (2011), and Zhang
(2013).
See, for example, Wang (2006), Bai and Chi (2011), Wang (2011), and
Wu and Zhong (2011), for a general introduction to the NCEE system in
China.
The provincial second-tier cut-off score (i.e., the provincial cut-off score
for entry to second-tier universities), is decided in an analogous manner.
The ten coastal provinces are Beijing, Tianjin, Hebei, Liaoning,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, and Guangdong.
One coastal province, Hainan, is excluded because of data
unavailability.
The 19 inland provinces are Shanxi, Inner Mongolia, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan, Guangxi,
Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai,
Ningxia, and Xinjiang. Owing to missing data, one inland province,
Tibet, is not included.
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Environmental factors and
sustainable development
Abstract: This chapter empirically examines the linkages between pollution
emission, output growth, and openness to foreign trade and FDI. Our
regression results suggest that the ‘gains from openness’ hypothesis, which
posits that openness to foreign trade and FDI has a positive impact on the
environment, dominates the ‘race to the bottom’ hypothesis in the current case
for China’s regions. Our regressions do not provide evidence to support the
race to the bottom hypothesis. As openness to foreign trade and FDI is likely to
contribute to a better environment for China, policy-makers should remove
barriers to foreign trade and FDI when it comes to environmental technology,
goods, and services to allow further gains from openness.
Key words: openness to foreign trade and FDI, total factor productivity,
pollution emission, sustainable growth, the ‘race to the bottom’ hypothesis,
strategic interaction.
JEL classiﬁcation codes: F41; O11; O53.1

Introduction
Achieving miraculous economic growth over the past 35 years, China has
become the world’s second largest single-country economy. Since the
initiation of market-oriented reforms in 1978, economic growth has
been the central task of the Chinese government. However, subsequent
social and environmental problems have increasingly become a serious
concern. Since 2007, China has surpassed the United States to become
the world’s largest greenhouse gas emitter. In 2008, according to the World
Bank, China’s economic losses due to pollution and environmental
degradation were estimated to be over 10 percent of total national
GDP. Along with China’s spectacular economic growth as measured in
GDP, various environmental challenges have dramatically increased in the
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past few decades. Rapid industrial development in China has relied heavily
on increasing inputs of natural resources and environmental services.
Resource depletion and environmental pollution have thus become
serious problems that call for rethinking of government policies (Zhang,
2012).
Market-oriented reforms in China, especially those related to
investment, economic construction, and opening up, may exert
profound impacts on the environment. Expanded economic activities
may put mounting pressure on natural resources and environmental
quality. Research, however, suggests that economic development does
not necessarily lead to environmental problems. This implies China
needs not slow its development process or return to a closed economy
to avoid environmental deterioration. However, a strategy for
environmentally sustainable development is needed because it does not
necessarily follow that the environment improves as the country becomes
richer. Realizing the unsustainability of current growth, the Chinese
government has made great efforts to address environmental
deterioration and resource degradation in recent years.
China’s environmental performance during its 11th Five-Year Plan
(2006–2010) was a signiﬁcant improvement over that of the previous
Five-Year Plan (2001–2005). In fact, nearly half (9 of 20) of the
environmental objectives under the 10th Five-Year Plan were not met,
while the 11th Five-Year Plan failed to meet only 2 of its 13
quantitative objectives.2 Environmental targets set under the 11th FiveYear Plan contributed to remarkable environmental achievements
compared with the preceding plan. With regard to environmental
protection, the 12th Five-Year Plan (2011–2015) continues the
strategies that were successfully implemented under the previous plan,
stressing the promotion of green development with environmental
protection and further improvements in living quality by strengthening
environmental management (see, for example, Zhang and Crooks,
2011). China faces severe pollution and environmental degradation for
many reasons: rapid industrialization, reliance on coal as an energy
source, a relatively large and energy-intensive manufacturing industry,
and lax environmental protection enforcement. The 12th Five-Year
Plan, whose environmental focuses are on reducing pollution, increasing
energy efﬁciency, and ensuring a stable, reliable, and clean energy
supply, shows the Chinese government determination to make a great
effort in calling for more energy-saving and environmentally friendly
methods of production in order to lower environmental costs in the
future.

188

Environmental factors and sustainable development

An important aspect of China’s economic reform is the way in which it
has embraced globalization by increasingly opening up to foreign trade and
foreign investment. China’s economic boom has beneﬁted greatly from
ever-increasing inﬂows of FDI and foreign trade. However, opening up is
also blamed as a major cause of resource depletion and environmental
degradation. According to the race to the bottom hypothesis, foreign trade
and FDI may pose downward pressure on environmental regulations in
host regions. Different jurisdictions may compete to attract foreign
investment, so they tend to lower their environmental standards to cut
their costs of production. As a result, foreign trade and FDI can lead to
deterioration of the environment. In the case of China, though
environmental standards are set at the national level, local Chinese
governments can achieve differential de facto regulations by tightening
or relaxing environmental enforcement (Zhang, 2012). Therefore, local
jurisdictions in China have the incentives to attract FDI into their local
regions by loosening environmental enforcement. On the other hand,
foreign trade and FDI may also have positive effects on the environment
as openness to foreign trade and FDI enables the regions to secure cleaner
technologies and more environmental goods. Therefore, the net effect of
openness to foreign trade and FDI on the environment depends on which of
the two forces dominates. The literature provides very little evidence that
foreign trade and FDI necessarily lead to worsening pollution and a
deteriorating environment (Antweiler et al., 2001; Frankel and Rose,
2005).3
Globally, raised concerns about the seriousness of environmental
degradation and the urgent need for environmental protection in the
process of economic development have motivated the creation of
models of green growth, or environmentally sustainable growth, for
developing countries. In the language of the production function, output
growth can be broken down into its various constituent parts (which are
the inputs of various factors and so-called ‘total factor productivity’).
Although the concept of total factor productivity growth has been
devised to measure the portion of output growth not accounted for by
growth in the inputs of various factors, researchers argue that more
substance needs to be ﬁlled into the amorphous term ‘total factor
productivity’ (Easterly and Levine, 2001). In an unregulated market,
environmental resources are used as unpaid factor inputs as the cost of
pollution is not internalized (Brock, 1973). Taking environmental inputs
into consideration, output growth previously ascribed to TFP growth may
actually be due to an increasing use of environmental resources. The use of
environmental resources as production inputs can be accommodated by
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incorporating an environmental measure (such as pollution) as an
additional production input into the aggregate production function
(Tzouvelekas et al., 2006).4
The rest of this chapter is structured as follows. In the second section
‘The green Solow model’, we present a model to illustrate the concept of
green growth, or environmentally sustainable growth, and discuss the
necessary conditions for balanced green growth. In the third section
‘Potential impacts of foreign trade and FDI on the environment’, we
discuss the potential impacts of foreign trade and FDI on pollution and
the environment. In the fourth section ‘Strategic interaction in
environmental protection efforts’, based on one of the author’s previous
works (Jiang, 2013a), we review and update the spatial strategic
interaction among provincial governments with respect to pollution
abatement efforts. In the ﬁfth section ‘Output growth, TFP growth, and
pollution emission’, we discuss the linkages between output growth, TFP
growth, and pollution emission. In the sixth section ‘Pollution and
openness to foreign trade and FDI’, we empirically examine the
potential impacts of regional openness to foreign trade and FDI on
regional pollution emission and the environment.

The green Solow model
Before we turn to empirical analysis later in this chapter, we ﬁrst present a
version of the green Solow growth model which will help us illustrate
the necessary conditions for long-run environmentally sustainable
growth of the economy. This extended Solow growth model, for the
sake of simplicity and tractability, assumes exogenous technological
progress in both goods production and pollution abatement. We will
see that on a balanced growth path technological progress in both
goods production and pollution abatement will lead to continuous
economic growth with rising environmental quality. We follow the
procedure of Brock and Taylor (2004) and present the simplest version
of the model where the saving rate and abatement intensity are both
exogenously determined.5
We consider a standard one-sector Solow model with a ﬁxed
investment rate s. Output is ascertained through a production function
that is strictly concave with constant returns to scale with respect to its two
arguments: physical capital and effective labor. Physical capital
accumulates via investment and depreciates at constant rate . Raw
labor and labor-augmenting technology are assumed to grow exogenously
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at the constant rates n and g, respectively. All these imply that
Y ¼ FðK; BLÞ

ð12:1Þ

where K_ ¼ sY  K, L_ ¼ nL, and B_ ¼ gB, with B representing laboraugmenting technology. To model the impact of pollution we follow
Copeland and Taylor (1994) and Brock and Taylor (2004) and assume
that every unit of economic activity F produces  units of pollution as a
joint product of output. We further assume that pollution abatement is a
constant returns to scale activity and write the amount of pollution abated
as an increasing and strictly concave function of total economic activity F
and abatement effort FA . Pollution emitted equals pollution created minus
pollution abated. If abatement at level A removes A units of pollution
from the total created, we have
E ¼ F  AðF; FA Þ ¼ F½1  Að1; FA =FÞ ¼ FaðÞ

ð12:2Þ

where E represents pollution emitted, and aðÞ is deﬁned as
aðÞ ¼ 1  Að1; FA =FÞ, in which  ¼ FA =F (i.e., that part of economic
activity devoted to pollution abatement). The second equality in Eq.
12.2 comes from the linear homogeneity of A. We assume að0Þ ¼ 1 and
by concavity a 0 ðÞ < 0 and a 00 ðÞ > 0. Pollution abatement has a positive
but diminishing marginal impact on pollution reduction. Once pollution
abatement is taken into account, that part of total economic activity
devoted to consumption and investment, Y, is then written as Y ¼ Fð1  Þ.
We further assume a form of exponential dissipation of pollution so that
the stock of pollution X is determined by
_ ¼ E  X
X

ð12:3Þ

where  > 0 is the natural rate of regeneration. Finally, we assume that
exogenous technological progress in pollution abatement lowers  at a rate
gA > 0. Combining all the assumptions and transforming the measures into
the intensive form, we end up with the green Solow model:
y ¼ f ðkÞ½1  

ð12:4Þ

k_ ¼ sf ðkÞ½1    ðn þ g þ Þk

ð12:5Þ

e ¼ f ðkÞaðÞ

ð12:6Þ

where k ¼ K=ðBLÞ, y ¼ Y=ðBLÞ, e ¼ E=ðBLÞ, and f ðkÞ ¼ Fðk; 1Þ. Starting
from any Kð0Þ > 0, the economy converges to a unique k exactly as
happens in the traditional Solow model. On a balanced growth path,
aggregate measures such as output, capital, and consumption all grow
at rate n þ g while corresponding per-capita measures grow at rate g.
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The growth rate of aggregate emissions on a balanced growth path, GE , can
be either positive or negative:
G E ¼ n þ g  gA

ð12:7Þ

Therefore, if we deﬁne long-run environmentally sustainable growth
(green growth) as representing a balanced growth path that generates
rising consumption per capita and improves the environment, then longrun green growth is guaranteed by
g>0

and

gA > n þ g

ð12:8Þ

That is, technological growth in the production of goods is needed so as
to generate growth in per-capita income while technological growth in
pollution abatement must always proceed at a faster rate than growth of
aggregate output so that pollution can be alleviated and the environment
improved.

Potential impacts of foreign trade and FDI on
the environment
In the preceding section we demonstrated that long-run environmentally
sustainable growth of the economy can only happen if technological
progress in pollution abatement runs at a faster rate than total output
growth.6 To offset the adverse impacts of population and income
growth on the environment, we have to rely on technological progress
and the market system. Technological progress has a positive impact on
pollution abatement and resource conservation while the market
mechanism dictates that the explicit or implicit price of environmental
goods will rise in accord with deterioration of the environment (Zhang,
2012).
How does openness to foreign trade and FDI impact pollution and
the environment? As mentioned earlier, key to China’s economic reform
is its increased openness to foreign trade and foreign investment. Economic
growth, openness, and the environment are interrelated. Opinions diverge
on whether openness to foreign trade and FDI is beneﬁcial to the quality of
the environment. The race to the bottom hypothesis posits that with more
and more openness and ever-increasing opportunities for securing FDI,
China’s regions may engage in a race to the bottom (i.e., compete to attract
and retain foreign investment that likely is pollution intensive). Such
investment may result in the lowering of regions’ environmental
standards (see, for example, Smarzynska and Wei, 2001; King, 2011).
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In other words, in order to attract and retain FDI, different jurisdictions
may interact strategically to compete for investment by reducing their
environmental standards. This interaction between regions is the
consequence of foreign investment looking to relocate to regions with
weaker environmental standards (i.e., the pollution haven hypothesis).7
The possibility of such interactive behavior is particularly worrisome for
less developed regions, which lack other capacities to attract and retain
foreign investment. The least developed regions are mostly located in the
west of China and are ecologically sensitive, which makes the race to the
bottom even more detrimental. However, the literature provides little
empirical evidence to support the pollution haven hypothesis (Jeppesen
et al., 2002). Nevertheless, things like bureaucratic corruption may
actually deter FDI, despite being positively correlated with lax
environmental standards. Thus omitting this information from empirical
analyses may give rise to misleading results (Smarzynska and Wei, 2001).
On the other hand, openness to foreign trade and FDI may exert positive
impacts on the quality of the environment because technological spillovers
facilitated by foreign trade and FDI may enable China’s regions to gain
access to cleaner technologies in a more cost-effective manner. In this
sense, openness to foreign trade and FDI contributes to a better
environment. Therefore, the net effect of openness to foreign trade and
FDI on the environment hinges on which of the abovementioned two
opposing forces has the stronger impact (Frankel, 2003; Zhang, 2012).
Recent empirical studies ﬁnd that foreign investment in China is not
signiﬁcantly inﬂuenced by weak environmental standards in choosing
ﬁrm locations (Dean et al., 2009). Such results suggest that
environmental standards have little impact on investment decisions, and
the impact of openness to foreign trade and FDI on the environment is
unlikely to be negative. In certain cases, openness could lead to an
improved environment.

Strategic interaction in environmental
protection efforts
In this section we look at strategic interaction among China’s provincial
governments in environmental protection efforts. In a country where
information ﬂows easily and people and resources move frequently
across regions, local governments need to consider environmental
decisions made by neighboring local governments as well as their own.
This gives rise to a situation where local environmental decisions are
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affected not only by characteristics of the home region, but also by
decisions taken by other regions.
The literature on strategic interaction is generally built on two broad
types of theoretical models. The ﬁrst type is called the ‘resource ﬂow model’
or ‘competition model’. Such a model is often used as a theoretical basis
to empirically analyze tax or welfare competition among different
jurisdictions. The second type is called a ‘spillover model’. Such a model
is usually used as a theoretical basis to empirically study strategic
interaction among jurisdictions associated with inter-jurisdictional
spillovers. Examples include spillovers of certain beneﬁts (i.e., pollution
abatement), or spillovers of information of use to local residents in
evaluating decisions made by their local government. Despite their
differences, the two types of models ultimately lead to the same
empirical speciﬁcation (Edmark, 2007).8
There exist at least three channels through which China’s regions are
incentivized to engage in strategic interaction with respect to their
pollution abatement efforts. First, there exist potential interregional
spillovers of beneﬁts from pollution abatement across regions. This
implies that local governments make decisions on pollution abatement
interactively (strategically) on the basis of decisions made by other local
governments. This is because pollution abatement decisions made
elsewhere have spillover effects on any single jurisdiction. Second, even
if there are no spillover effects, interregional strategic interaction in
environmental protection efforts may still be present as a result of
‘information spillover’. Residents of a region are able to compare their
local government’s efforts in environmental protection with those of
surrounding regions. This may drive a local government to mimic the
environmental policy of a neighboring region, in order not to look bad
in the comparison. Third, strategic interaction may involve competition for
resources. As already mentioned, regions may compete by lowering their
environmental standards (i.e., by engaging in a race to the bottom) to
attract and retain investment that runs the risk of being pollution
intensive (Jiang, 2013a).9
In this section, we review and update the empirical results of one of the
author’s previous works (Jiang, 2013a). To do this we estimate a reaction
function of the form
X
wij zj;t1 þ Xit h þ t þ i þ vit
ð12:9Þ
zit ¼ 
j6¼i

where  (a scalar) and h (a vector) are the unknown parameters to be
estimated, "i is an error term, and wij are nonnegative weights that are
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speciﬁed a priori. zi is the regional decision variable indicating the level of
the government’s environmental protection efforts in region i. In Jiang
(2013a), zi is constructed as the ratio between environmental protection
expenditure of the provincial government and provincial GDP. The
weights wij in Eq. 12.9 indicate the relevance of other provinces j with
respect to interregional strategic interaction. In Jiang (2013a) two
weighting schemes are used. One is a ‘smooth distance decay’ scheme in
which we assign weights by letting wij ¼ 1=dij for j 6¼ i, where dij is the
distance between the capital cities of province i and province j.10 The
second weighting scheme is a ‘contiguity’ scheme where wij ¼ 1 for
provinces j that share a border with province i, and wij ¼ 0 otherwise.
In Eq. 12.9 Xit is intended to capture the time-varying exogenous
provincial characteristics that affect zit . The following variables are
chosen: provincial GDP, percentage value added by secondary industry
to GDP in the province, provincial population, general budgetary revenue
of the provincial government, total developed urban area in the province,
population density (i.e., population per square kilometer) in urban areas
of the province, percentage illiterate people in the population aged 15 and
over in the province, percentage urban population in the province,
registered urban unemployment rate, total value of foreign trade
(exports plus imports) in the province, and energy consumption per-unit
GDP in the province.11
Using panel data of China’s provinces over 2007–2011, we update the
results of Jiang (2013a). Our results suggest that provincial governments in
China engage in strategic interaction when deciding how much effort to
allocate to environmental protection. The signiﬁcantly positive estimates
of the reaction slope suggest that environmental protection efforts of
provincial governments are strategic complements. However, contiguity
weighting seems better at capturing the pattern of interregional strategic
interaction: direct interregional strategic interaction in environmental
protection efforts seems to occur only among contiguous provinces.

Output growth, TFP growth, and pollution
In line with the spirit of the green Solow growth model presented earlier, let
us ﬁrst see if it is true that increased production generates higher levels of
pollution. In Jiang (2013b) the linkage between per-worker output and
per-worker pollution across China’s provinces was empirically examined
using a regression approach. Jiang (2013b) used the total provincial

195

China

volume of industrial waste gas emission (in units of 100 million cubic
meters) to proxy for total provincial pollution from China’s provinces.
The sample comprised 28 province-level divisions over the period 1997–
2011, but excluded Tibet, Chongqing, and Hainan as a result of incomplete
data. Most relevant data are either directly available from or can be
calculated from the various editions of the China Statistical Yearbook
(1997–2012). The China Statistical Yearbook does not directly record
data on physical capital stocks for China’s regions. Therefore, as in
previous chapters, we followed the basic procedure of Zhang et al.
(2007) and Zhang (2008) and use the perpetual inventory method
(PIM) to construct physical capital stock data for China’s provinces,
assuming that the annual depreciation rates of physical capital are
uniformly 9.6 percent for all provinces throughout the sample period.
Jiang (2013b)’s regression results showed by and large that an increase in
the level (or growth) of real per-worker GDP leads to a signiﬁcant increase
in the level (or growth) of per-worker pollution. More importantly, these
results showed it was variation in TFP growth that was mainly responsible
for variation in pollution emission – not variation in extensive growth.
As a result our attention turned to the linkage between TFP and pollution.
The focus was then whether TFP growth in China’s regions was being
achieved at the cost of increasing pollution, and whether China’s economic
growth could be considered environmentally sustainable. Regression
analysis of Jiang (2013b)’s empirical results showed that during China’s
economic growth over the sample period, even when the effect of capital
accumulation is netted out, output growth is still seen as being achieved at
the cost of increasing pollution. This ﬁnding showed that growth of
regional TFP in China’s regions goes hand in hand with ever-increasing
regional per-worker pollution. Therefore, TFP growth in China’s
provinces traditionally estimated in most of the literature has not been
totally ‘green’. Jiang (2013b)’s regressions enabled us to effectively chip
from the traditional concept of TFP a chunk of ‘environmental resource’
that is an additional factor input contributing to the production of output.
A byproduct of Jiang (2013b)’s regression analyses was an implicit value
for the structural parameter  of the aggregate production function, which
at 0.5 agreed well with its empirically accepted value.12

Pollution and openness to foreign tradeand FDI
Having completed a review of the literature on the linkages between
pollution, output growth, and TFP growth, we are now in a position to
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Figure 12.1

Regional openness versus regional pollution

The regional trade-to-GDP ratio is depicted on the horizontal axis while the log of regional per-worker
industrial waste gas emission is depicted on the vertical axis.

empirically examine the relationship between regional openness to foreign
trade and FDI and regional pollution. To get an intuitive idea of what we
have in mind, let us ﬁrst graph the relationship between the two in Figure
12.1 for three representative years (1997, 2004, and 2010). For simplicity,
we use the ratio between total regional foreign trade (i.e., total exports
plus total imports) and regional GDP as our measure of regional openness.
What we see from the graph is that for any speciﬁc level of regional
openness to foreign trade, regional per-worker pollution tends to
increase over time. The positive correlation between pollution emission
and output can clearly be seen.
Further scrutiny shows the effects of output have to be netted out so
that the potential impact of regional openness to foreign trade and FDI on
regional pollution emission can be studied. To do this we run regressions of
regional per-worker pollution (proxied for by regional per-worker
industrial waste gas emission) on regional per-worker GDP and the
regional trade-to-GDP ratio. Different regression methods are applied
and the regression results are summarized in Table 12.1. Estimated
coefﬁcients on the ﬁrst explanatory variable, regional per-worker GDP,
are unsurprisingly all signiﬁcantly positive, suggesting regional pollution is
indeed positively related to the size of regional output. Estimated
coefﬁcients on the second explanatory variable, the regional trade-toGDP ratio (a variable that supposedly measures the degree of regional
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Table 12.1

Various regressions
Dependent variable: ln m
Number of observations: 420
Regressions

Variable

OLS

FD

FE

Between

RE GLS

ln y

0.862*
(0.033)

1.504*
(0.189)

1.115*
(0.024)

0.738*
(0.131)

1.101*
(0.025)

TR

–0.737*
(0.743)

0.030
(0.121)

–0.069
(0.085)

–0.656*
(0.273)

–0.215*
(0.083)

_cons

–5.886
(0.268)

–0.039
(0.020)

–8.259
(0.197)

–4.847
(1.065)

–8.093
(0.214)

The regressions are of ln m (the log of provincial per-worker pollution) on ln y (the log
of provincial per-worker output) and TR (provincial trade-to-GDP ratio). Standard
errors are in parentheses. The asterisk * indicates significance at the 5 percent level.

openness to foreign trade and FDI), are either signiﬁcantly negative or
insigniﬁcant. This means we have failed to ﬁnd evidence showing that
regional openness to foreign trade and FDI has a positive impact on
regional pollution. Replacing the trade-to-GDP ratio variable with
another variable that measures either the stock or the ﬂow of regional
FDI does not change the results of these regressions in any important way.
This section’s empirical results suggest that the gains from openness
hypothesis, which posits that openness to foreign trade and FDI has a
positive impact on the environment, dominates the race to the bottom
hypothesis in the current case. Openness to foreign trade and FDI
enables China’s regions to attain cleaner technologies and more
environmental goods in a cost-effective manner (Zhang, 2012).
Openness thus contributes to a better environment. To allow further
gains from openness, policy-makers should remove barriers to foreign
trade and FDI from environmental technology, goods, and services.

Concluding remarks
China’s economic growth in the past 35 years has been seen as a miracle.
However, such rapid growth may have been accomplished at the cost of
severe resource degradation and environmental deterioration. This
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chapter, based on previous work of the author, empirically examines the
linkages between pollution, output growth, and openness to foreign trade
and FDI. The race to the bottom hypothesis posits that regional openness to
foreign trade and FDI may pose downward pressure on environmental
regulations in China’s regions, as they may be tempted to lower their
environmental standards to cut the costs of production in order to
attract foreign investment. The gains from openness hypothesis, on the
contrary, posits that openness to foreign trade and FDI may have positive
impacts on the environment as this openness enables host regions to
adopt cleaner technologies and more environmental goods and services.
As a result, the net effect of openness to foreign trade and FDI is yet to be
determined, depending on which of the two forces is stronger. This
chapter’s empirical results suggest that the gains from openness
hypothesis, which posits that openness to foreign trade and FDI has a
positive impact on the environment, dominates the race to the bottom
hypothesis regarding China’s regions. Our regressions in this chapter do
not provide evidence to support the race to the bottom hypothesis. As
openness to foreign trade and FDI is likely to contribute to a better
environment for China, policy-makers should remove barriers to foreign
trade and FDI from environmental technology, goods, and services to
allow further gains from openness.

Notes
1. Works on economics are often classiﬁed according to JEL
classiﬁcation codes, a system set up by the Journal of Economic
Literature.
2. China failed in reaching two major environmental targets in its 10th
Five-Year Plan: SO2 emission increased by 27 percent rather than
the target 10 percent reduction, and gross chemical oxygen demand
(COD) discharge decreased by 2 percent rather than the target 10
percent reduction (UNEP, 2008).
3. See also Jeppesen et al. (2002) and Dean et al. (2009).
4. Brock (1973), Becker (1982), Tahvonen and Kuluvainen (1993),
Bovenberg and Smulders (1995), Smulders and Gradus (1996),
Mohtadi (1996), Brock and Taylor (2004, 2005), Xepapadeas
(2005), and Considine and Larson (2006) are a few examples in
which the aggregate production function has been speciﬁed to
incorporate environmental measures into the production process.

199

China

5. Assuming the intensity of pollution abatement does not vary allows us
to focus on the central idea of the model. On the other hand, assuming
a constant saving rate, as commonly used in different versions of the
Solow growth model, is little more than uninteresting.
6. The green Solow model generates a path for income per capita and
environmental quality that traces out an environmental Kuznets curve
(see Brock and Taylor, 2004).
7. The pollution haven hypothesis posits that dirty industries migrate
from developed countries (regions) to less developed countries
(regions) as a result of lower environmental regulatory costs.
8. Among the early theoretical literature analyzing interaction
spillovers were Williams (1966), Pauly (1970), Oates (1972), and
Boskin (1973). Many later studies focused on interaction due to tax
base mobility, generating what has become known as the ‘tax
competition’ literature. See also Besley and Case (1995), Wilson
(1996, 1999), and Brueckner (2000) for reviews. Murdoch et al.
(1997) and Fredriksson and Millimet (2002) are two examples that
examine strategic interaction in pollution abatement efforts among
European countries and individual states of the U.S.A., respectively.
9. For more detailed discussions see Chapter 12 of Jiang (2013a).
10. The unit of measurement for distances is irrelevant because the
weights assigned for each region will be normalized to make their
sum equal one.
11. See also Chapter 9 of Jiang (2013a) for further explanations.
12. See Jiang (2013b). For further discussions of the possible value of the
structural parameter see also Klenow and Rodriguez-Clare (1997),
Hall and Jones (1999), CBO (2001), Chow and Li (2002), Musso and
Westermann (2005), Chow (2008), Zheng et al. (2009), Brandt and
Zhu (2010), Jiang (2011, 2012).
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Knowledge economy and
knowledge-based development: a
tentative discussion
Abstract: This chapter brieﬂy discusses the knowledge economy and
knowledge-based development in China. Despite its long tradition of
respect for knowledge, China’s development is still based much more
heavily on the advantages of low-cost labor. A central challenge posed by
the global knowledge economy for China is to develop an industrial structure
to better exploit rapidly growing global knowledge with a view to accelerating
its own economic development and facilitating its transition to becoming a
knowledge-based economy. For this purpose, China should further leverage
its FDI inﬂows and focus more on attracting FDI with a higher degree of
knowledge content. Foreign trade is another channel through which
Chinese enterprises can tap into global knowledge and technology. While
importing capital goods is a major way of acquiring foreign technology,
management and knowledge support should also be acquired in order to
maximize technology investment productivity.
Key words: knowledge-based development, knowledge economy,
sustainability, knowledge transmission, knowledge management, learning
by doing.
JEL classiﬁcation codes: F41; O11; O53.1

A knowledge economy creates, distributes, and uses knowledge to generate
value and gives rise to ‘a network society, where the opportunity and
capability to access and join knowledge and learning intensive relations
determines the socio-economic position of individuals and ﬁrms’ (OECD,
cited in Clarke, 2001; Laszlo and Laszlo, 2007). China’s knowledge
economy called for the need to manage intangible assets that do not
depreciate but increase in value over time. To meet this need, the ﬁeld
of knowledge management began to take shape. Thanks to advances in
information and communication technologies in the 1990s, China’s
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knowledge economy and knowledge management were able to develop.
The initial usefulness of the knowledge economy was that it was a source of
competitive advantage for ﬁrms. ‘Knowledge management provides the
means to generate, distribute, and use knowledge in ways that add value to
business activity and provide new opportunities for enterprise’ (Clarke,
2001).
Knowledge-based development has its roots in the knowledge
management agenda (Laszlo and Laszlo, 2007). ‘As knowledge
management comes of age, it is evolving into a strategic management
approach, applicable to purposeful human organizations in general’
(Carrillo, 2002). Knowledge-based development therefore involves
applying knowledge management to development issues. Education and
training, activities associated with knowledge transmission and
application, are the two core elements of development strategies. The
application of more sophisticated knowledge strategies to industries,
regions, countries, or any other social systems can be seen as a natural
extension of the applicability of knowledge management (Laszlo and
Laszlo, 2007). According to the literature, two interrelated objectives of
knowledge-based development can be recognized. First, knowledge-based
development is a powerful strategy for nations or regions to seek economic
prosperity. Technical, market, ﬁnancial, and human knowledge are all
useful in bringing about economic returns (Lever, 2002). Second,
knowledge-based development also aims to foster the knowledge and
skills of people as a means for individual and social development
(Ovalle et al., 2004). Evidently, the two main objectives of knowledgebased development are mutually supportive. An increase in intellectual
and human capital brings about more creativity, innovation, and
entrepreneurship promoting economic outcomes whereas economic
prosperity offers individuals more opportunities to accumulate
knowledge and skills.
The growing importance of knowledge in economic activities is seen in
many aspects of private and public behavior in modern economies.
Investment in knowledge, such as expenditure on education, training,
and research, now exceeds 10 percent of total GDP of OECD countries.
One deﬁning characteristic of the knowledge economy is the increasing
incorporation of knowledge into economic activities concerned with both
goods and services. Knowledge became embedded in productive activities
in many different ways, ranging from workers learning by doing in
workshops to formal processes of labor training, of investment in
advanced technology, and of knowledge application. Similarly, services
education and training, business consulting, and medical diagnosis and
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treatment rely increasingly heavily on embodied knowledge. Increasing
knowledge intensity in economic activities is associated not only with
increasing knowledge intensity in individual goods and services, but also
with the growing importance of goods and services that rely on embodied
knowledge. Therefore, the advent of the knowledge economy is associated
with signiﬁcant changes in the economic structure of developed countries.
The shift from goods industries to knowledge and person-based industries
in terms of the composition of employment or output is a crucial
characteristic of the knowledge economy (Sheehan, 1999).
Despite its long tradition of respect for and emphasis on knowledge,
China’s economic development is still based much more heavily on the
advantages of low-cost labor than on the application of advanced
knowledge. A central challenge facing China brought about by the
global knowledge economy is to develop an industrial structure that
could make fuller use of knowledge developed both abroad and within
China. Moreover, growth in an open global knowledge-intensive economy
generates continuous pressures on increasing inequality within China
(Sheehan, 1999). This short chapter provides a tentative discussion of
the knowledge economy and knowledge-based development and their
implications for China.
The success of China’s economic reform since the 1980s and the growth
of the country’s innovation capacity can partly be attributed to the policy
of attracting foreign direct investment (Buckley et al., 2002; Liu and Wang,
2003). However, some researchers point out that as a result of the huge
inﬂux of FDI China has become overly dependent on foreign technology
and that the rapid expansion of China’s exports is largely boosted by the
growth of China’s low-wage manufacturing industries (Gilboy, 2004).
In the last few decades, China attracted FDI by providing ﬁscal
incentives as well as institutional and physical infrastructure. Over time,
the Chinese government has gradually shifted its preferential ﬁscal policy
from low-tech labor-intensive industries to high-tech manufacturing and
service industries. In 2007, the Ministry of Commerce and Central
Administration of Customs amended the list of low-tech goods whose
production should be restricted. This restricted the establishment of
foreign ﬁrms wanting to produce low-tech goods in China’s coastal
provinces, but encouraged the development of domestic manufacturers
in its interior provinces. The amendment signaled the end of low-tech
FDI in China (Huang and Soete, 2007). Along with regulating FDI,
the Chinese government also increased its support of innovation in
enterprises. To ﬁnance innovation, China also aimed to establish a wellfunctioning ﬁnancial system, especially a venture capital system, to
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support technology-based enterprises. Local governments and state-owned
organizations contributed to establishment of a fund to facilitate venture
capital investments.
In sum, China needs to exploit rapidly growing global knowledge
with a view to accelerating its own economic development and
facilitating its transition toward a knowledge-based economy. The
challenge is to strike a proper balance between knowledge creation
and knowledge acquisition (Dahlman and Aubert, 2001). This means
adapting foreign knowledge to the contexts of China’s economy and in
the meantime budgeting for research and development activities to create
knowledge within China. Transnational corporations are usually
considered the main drivers of the rapid expansion of global
knowledge. As mentioned in earlier chapters, attracting FDI is one of
the most effective means for China to gain access to foreign technology.
FDI not only helps promote free ﬂows of labor and build high-quality
teams of personnel, but also stimulates domestic ﬁrms through
competition and promotes economic and technological exchange and
cooperation at home and abroad.
Even a cursory analysis shows China’s current FDI stock is impressive.
However, more detailed analyses yield important insights that are likely
to have signiﬁcant policy implications. What stands out here is that most
of China’s FDI is concentrated in manufacturing and related industries.
Despite being underdeveloped, the service industries have the greatest
potential for creating jobs and absorbing FDI in the short and medium
term, but much depends on the government’s determination to deregulate
them and introduce more competition by opening them up to foreign
participation. There are many restrictions preventing foreign enterprises
currently operating in China from getting involved in such service
industries as banking, insurance, transport, and the legal sector. The
Chinese government needs to tap foreign expertise in the service
industries and thereby gain experience of operating in open
environments (Dahlman and Aubert, 2001). What also stands out is
that China should leverage its FDI further by focusing on attracting
FDI that has a high knowledge content. For this to happen, China has
to improve its intellectual property rights. The lax intellectual property
rights in China threatens the long-term viability of foreign enterprises and
discourages further FDI, foreign trade, and technological cooperation
and other forms of knowledge sharing. In addition to attracting FDI
(especially FDI that has a high knowledge content), the Chinese
government needs to provide incentives to stimulate Chinese enterprises
to invest in foreign countries. Operating on the international stage will help
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Chinese enterprises keep up with advances in modern technology and
management.
FDI aside, foreign trade is another channel through which Chinese
enterprises can tap into global knowledge and technology. First, hightech products and capital goods embody a tremendous amount of
knowledge and technology. Second, active engagement in foreign trade
also brings beneﬁcial spillovers to Chinese ﬁrms and the Chinese economy.
However, while China has been active in importing technology embodied
in tangible goods, it has been less active in importing disembodied
technology, which normally incurs royalties or licensing fees. Low
imports of disembodied technology have a negative effect on the
utilization of technological knowledge. While importing capital goods is
a major way of acquiring foreign technology, the management and
knowledge support that go hand in hand with it should also be
acquired in order to maximize technology investment productivity. For
example, more resources should be spent training workers and hiring
foreign experts to make the best use of imported equipment.

Note
1. Works on economics are often classiﬁed according to JEL classiﬁcation
codes, a system set up by the Journal of Economic Literature.
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