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1 INTRODUCTION 

The present study is mostly an empirical analysis focusing on economic growth and 

convergence across the different regions in China. It consists of eight chapters. Apart 

from this introduction chapter and a concluding chapter, all of the other six chapters 

each deal with some certain aspects of the issue of regional growth and convergence 

among the Chinese regions.  

 

1.1. Why Study China? 

Since the initiation of economic reform

fast-

of 9.3%. This rapid growth, however, has not been shared equally across the different 

regions in China. In the past two or three decades of fast annual growth in China, the 

bulk of the growth has occurred in the coastal provinces. Growth in other parts of China 

has been respectable, but nowhere near as strong. This prominent feature of substantial 

differences in incomes and growth rates across the different regions in China has 

attracted the attention of many researchers. A large literature has arisen to examine 

various aspects of regional differences across China. Such literature believes that one 

potential way of gaining a better understanding of the growth process in China is to 

look at differences in incomes and growth rates across different regions in China.  

 

First, poverty in China has been a major theme in the worldwide poverty stories. 

-per-day poverty line, in 1980 there were 600 

million poor people in China.1 Thus any change in poverty in China would necessarily 

have an important impact on the worldwide poverty estimate. Concerning the issue of 

decades, are the poor regions in China catching up with the rich regions? Or instead are 

the poor regions becoming poorer and the rich richer? In answering this question, 

existing empirical studies have, however, led to mixed results. Some researchers have 

concluded that regional incomes have been diverging across China since the country 

gradually opened its economy to greater international activities, while other 

researchers maintain that differences across the Chinese regions have tended to 

decrease over the past few decades. In order to put the mixed empirical results into 

proper perspective, we definitely need a clearer understan

                                                        
1 See Wei (2002). 
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picture. Once one realizes the potential size of the Chinese economy and the number of 

to imagine other economies where a clearer understanding would yield greater 

potential benefits.  

 

developing country that has opened itself up to foreign trade and foreign direct 

investment (FDI) in the past three decades. Before the initiation of economic reforms in 

1978, China had very little foreign trade with the outside world and had virtually no 

foreign-invested firms. -

m 8.5% in 1978 to 36.5% in 1999. 

During the decades, China has also become the largest developing-country destination 

for foreign direct investment. Does openness have causal effects on income and 

FDI contributed to 

openness across the Chinese regions play a role in the regional income and growth 

disparities across China? These are all important questions if one wants to gain a clear 

-up process. Yet it 

can be difficult to formally establish the causal relationship between the two because a 

seemingly high correlation between openness and growth does not necessarily imply 

causality from one to the other. This is one reason why in the economic literature we 

are often presented with static models of international trade, or closed-economy 

models of economic growth. In other words, introducing temporal dynamics to trade 

models, or instead incorporating open-economy features in growth models can be 

difficult. Therefore, building up the suitable theoretical framework as well as carrying 

opening-

concerning openness and growth in the case of China will in turn shed light on the 

development of growth theory of open economies.  

 

Another important reason for studying growth across China is that, although 

differences in technology, preferences and institutions do exist across the different 

regions in China, these differences are likely to be smaller than those across countries. 

Factors such as technology, preferences and institutions, which may influence the 

income level or growth rate of an economy, are difficult to observe or quantify across 
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countries, and are thus difficult to control for completely in cross-country regressions. 

In contrast, firms and households of different regions within a single country tend to 

have access to similar technologies and have roughly similar tastes and cultures. Also, 

regions within a country share a common central government and have similar 

institutional setups and legal systems. This relative homogeneity not only means that 

absolute convergence is more likely to apply across regions within a country than across 

countries,2 but also makes the testing for conditional convergence easier to implement. 

However, a subtle issue arises with cross-region studies within a single country. That is, 

the assumption of a closed economy, which is a standard assumption for the 

neoclassical growth model, is more likely to be violated than in the case of cross-

country studies: legal, cultural, linguistic and institutional barriers to factor movements 

are smaller across regions within a country than across countries. 3  As the major 

theoretical framework of my empirical studies, the traditional closed-economy 

neoclassical growth model should thus be extended to accommodate factor mobility 

across economies. Thus my empirical studies of growth and convergence across regions 

within China should not only provide useful information to complement existing cross-

country studies, but also provide useful information on the properties of growth and 

convergence in the context of inter-economy factor mobility.  

 

A fourth reason for studying China, as also pointed out by Wei (2002), is that China is 

geographically a large country. For example, there are over 30 provinces (including 

autonomous regions and municipalities) and by the end of 2006, there are 333 

prefecture-level regions in China. Furthermore, the provinces in China have shown 

vastly diverse levels of per capita income, rates of saving and population growth, etc., 

during the past few decades. It is thus relatively easier to obtain data on the Chinese 

regions (province-level or smaller regions) from which powerful statistical inferences 

can be made. It would be much harder to conduct a statistically reliable analysis based 

on different regions within a small country due to its small territory.4  

 

Having shown the major reasons why we should study regional growth across China, 

we can now turn to a brief introduction to the main theoretical framework the present 

study is based upon.  

 

                                                        
2 See Chapter 11 of Barro and Sala-i-Martin (1995). 
3 Also see Chapter 11 of Barro and Sala-i-Martin (1995). 
4 See Wei (2002).  
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1.2. Economic Growth and Convergence  the Theoretical Framework 

1.2.1. Evolution of Growth Theories 

Classical economists, such as Adam Smith (1776), David Ricardo (1817), and Thomas 

Malthus (1798), and much later Frank Ramsey (1928), Alwyn Young (1928), Frank 

Knight (1944) and Joseph Schumpeter (1934) provided many of the basic ingredients 

that appear in modern theories of economic growth. 5 The ideas include the basic 

approaches of competitive behavior and equilibrium dynamics, the role of diminishing 

returns and its relation to the accumulation of physical and human capital, the 

interplay between per capita income and the growth rate of population, the effects of 

technological progress and the role of monopoly power as an incentive for technological 

advance.6 Chronologically, the starting point for modern growth theory is Ramsey 

application to growth theory. The next important contributions were those of Solow 

(1956) and Swan (1956).7 The key aspect of the Solow-Swan model is the neoclassical 

form of the production function, a specification that assumes constant returns to scale, 

diminishing returns to each input, and some positive and smooth elasticity of 

substitution between the inputs. This specification of the production function, 

combined with an exogenous and constant saving rate, generate an extremely simple 

general-equilibrium model of the economy.8  

 

The most important prediction from the Solow-Swan model is conditional convergence 

(see below), which has been exploited seriously as an empirical hypothesis only in 

recent years. However, the obvious shortcoming of the Solow-Swan model is that the 

long-run (or the balanced-growth-path) per capita growth rate is determined entirely 

by the rate of exogenous technological progress, which comes completely from outside 

the model. In other words, the model takes as given the behavior of the variable that it 

identifies as the driving force of growth. Thus for the Solow-Swan model, it is only a 

small exaggeration to say that we have been modeling growth by assuming it.9 Cass 

ation back 

into the neoclassical growth model and thereby provided for an endogenous 

                                                        
5 Subsection 1.2.1 draws heavily upon Section I.3 of Barro and Sala-i-Martin (1995). 
6 See Page 9 of Barro and Sala-i-Martin (1995). 
7 Between Ramsey and the late 1950s, Harrod (1939) and Domar (1946) attempted to integrate Keynesian 

analysis with elements of economic growth. Although their contributions triggered a good deal of 
Barro and Sala-i-Martin, 

1995). 
8 See Page 10 of Barro and Sala-i-Martin (1995). 
9 Also see Chapter 1 of Romer (2006). 
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determination of the saving rate. This extension allows for richer transitional dynamics 

while preserving the hypothesis of conditional convergence. However, the endogeneity 

of saving does not eliminate the dependence of the long-run per capita growth rate on 

exogenous technological progress.10  

 

The inclusion of a theory of technological change into the neoclassical framework is 

difficult, because the standard competitive assumptions cannot be maintained.11 The 

work of Cass (1965) and Koopmans (1965) completed the basic neoclassical growth 

model. Thereafter, growth theory became excessively technical and steadily lost contact 

with empirical applications. Probably because of its lack of empirical relevance, growth 

theory effectively died as an active research field by the early 1970s. Since the mid-

1980s, research on economic growth has experienced a new boom. The motivation for 

this research was the observation that the determinants of long-run economic growth 

are crucial issues, far more important than the mechanics of business cycles or the 

counter-cyclical effects of monetary and fiscal policies. The initial wave of the new 

research, such as Romer (1986), Lucas (1988) and Rebelo (1991) did not really 

introduce a theory of technological change. Instead, growth may be modeled to go on 

indefinitely because the returns to investment in a broad class of capital goods  which 

includes human capital  do not necessarily have to diminish as the economy develops. 

The incorporation of R&D theories and imperfect competition into the growth 

framework began with Romer (1987b, 1990). Significant contributions were also made 

by Aghion and Howitt (1992) and Grossman and Helpman (1992). In these models, 

technological advance results from purposive R&D activity. The new research also 

includes models of technology diffusion. Another line of recent research makes 

population growth endogenous by incorporating an analysis of fertility choice in the 

neoclassical framework. Additional work related to the endogeneity of labor supply in a 

growth context concerns migration and labor-leisure choice.12  

 

The clearest distinction between the growth theory of the 1960s and that of the 1980s 

and 1990s is that the later research pays close attention to empirical implications and 

to the relation between theory and data. Some of this applied perspective involves 

amplification of the empirical implications of the older theory, notably the neoclassical 

                                                        
10 See Page 11 of Barro and Sala-i-Martin (1995). 
11 See Page 11 of Barro and Sala-i-Martin (1995) for a detailed explanation.  
12 See Pages 12 and 13 of Barro and Sala-i-Martin (1995).  
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 prediction of conditional convergence13  which is exactly the central 

topic of the present study. In the empirical studies on regional growth and convergence 

across China that follows this introduction, we will use the neoclassical Solow-Swan 

and Ramsey models as the general theoretical framework.  

 

1.2.2. The Issue of Convergence and Types of Convergence 

The concept of convergence that will be used throughout the present study is that 

economies with lower levels of per capita income, expressed relative to their steady-

state levels of per capita income, tend to grow faster in per capita income. This is the 

concept of conditional convergence because the effect of the initial position of per 

capita income on the subsequent speed of convergence is conditioned on the steady-

state position of the per capita income. The main idea is that an economy grows faster 

the farther behind it is from its own steady-state value. Suppose now we assume that a 

group of economies all have the same relevant underlying parameters (and the same 

production function) and hence the same stead-state per capita income, and we only 

allow them to differ in the initial position of per capita income,14 then the concept of 

conditional convergence reduces to absolute convergence (convergence across 

economies), by which we mean poor economies tend to grow faster per capita than rich 

ones, without conditioning on any other characteristics of economies. The hypothesis of 

absolute convergence receives only mixed reviews when confronted with data on 

groups of economies. However, the hypothesis fares better when a more homogenous 

group of economies are examined.15 The neoclassical models, both the Solow-Swan and 

Ramsey-Cass-Koopmans models, predict that each economy converges to its own 

steady state and that the speed of this convergence is inversely related to the distance 

from the steady state. In other words, the neoclassical models predict conditional 

convergence in the sense that a lower starting value of real per capita income tends to 

generate a higher per capita growth rate, once we control for the determinants of the 

steady state.  

 

The concept of convergence above, either absolute or conditional, is often confused 

with an alternative meaning of convergence where the dispersion of real per capita 

income across a group of economies tends to fall over time. The first kind of 

                                                        
13 See Page 13 of Barro and Sala-i-Martin (1995). 
14 The difference in the starting values of per capita income could reflect past disturbances, such as wars or 

transitory shocks to the production function.  
15 See Chapter 1 of Barro and Sala-i-Martin (1995) for details of different examples.  
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convergence is often referred to as -convergence16 (i.e. absolute -convergence and 

conditional -convergence, respectively) while the latter concept of convergence is 

often called -convergence.17 -convergence tends to generate -convergence. However, 

it can be shown that even if absolute -convergence holds in our sense, the dispersion 

of per capita income does not necessarily tend to decline over time. To put it another 

way, -convergence is a necessary but not a sufficient condition for -convergence.18  

 

The type of convergence the present study focuses on is mainly conditional -

convergence. 

 

1.2.3. Some Existing Empirical Results Based on the Neoclassical Models 

As mentioned earlier, a key property of the neoclassical growth models is the prediction 

of conditional convergence. Chapters 11 and 12 of Barro and Sala-i-Martin (1995), 

Mankiw, Romer, and Weil (1992), Islam (1995), and Lee, Pesaran, and Smith (1997), 

among others, have presented some important empirical results about growth and 

convergence, based on the theoretical framework of the neoclassical models.  

 

First, Chapter 11 of Barro and Sala-i-Martin (1995) looks into the convergence behavior 

of regions within countries. The behaviors of the U.S. states since 1880, the prefectures 

of Japan since 1930, and the regions of eight European countries have been studied 

respectively. The results indicate that absolute -convergence is the norm for these 

regional economies. That is, poor regions of these countries tend to grow faster per 

capita than rich ones. The results can be interpreted as consistent with the spirit of the 

neoclassical models. The relative homogeneity of the regions within a country generates 

similar steady-state positions across the regions and thus effectively reduces 

state). One surprising result is the similarity of the estimated speed of -convergence 

across the data sets. The slow estimated speed of -convergence of around two to three 

percent per year in the various contexts implies that it takes 25 to 35 years to eliminate 

                                                        
16 In, for example, Barro (1984, Ch. 12), Baumol (1986) and De Long (1988), convergence applies if a poor 

economy tends to grow faster than a rich one. This property corresponds to the concept of -
c  

17 For example, Borts and Stein (1964, Ch. 2), Streissler (1979) and Dowrick and Nguyen (1989) pertain to 
the concept of -convergence. 

18 See Chapter 11 of Barro and Sala-i-Martin (1995) for a detailed exposition of the properties of -
convergence. 
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one half of an initial gap in per capita incomes.19 This behavior, however, deviates from 

the quantitative predictions of the neoclassical growth models if the capital share is 

close to one-third. Chapter 12 of Barro and Sala-i-Martin (1995) involves empirical 

analysis of a cross section of different countries. The basic empirical results there on 

conditional convergence are found to be consistent with the neoclassical models. 

 

Mankiw, Romer, and Weil (1992) conclude that international differences in income per 

capita are best understood within the theoretical framework of an augmented Solow 

growth model that includes accumulation of human as well as physical capital. 

According to the empirical study of the paper, the augmented Solow model provides an 

excellent description of the cross-country data. The paper also finds that holding 

population growth and capital accumulation constant, countries converge at about the 

rate the augmented Solow model predicts. Overall, the findings of Mankiw, Romer, and 

Weil (1992) cast doubt on the trend among economists to dismiss the neoclassical 

models in favor of endogenous growth models that assume constant or increasing 

returns to capital; one can explain much of the cross-country variation in income while 

maintaining the assumption of diminishing returns to capital.  

 

growth model as Mankiw, Romer, and Weil (1992), but uses a dynamic panel data 

approach,20 instead of a single cross-section method. This panel data approach leads to 

a higher estimated speed of convergence, as compared to the corresponding speed of 

convergence estimated from the single cross-section regression conducted in Mankiw, 

Romer, and Weil (1992). This difference in estimated convergence speed is explainable 

in terms of correction for the omitted variable bias of the cross-section regression. 

 

 

Lee, Pesaran, and Smith (1997) establish an explicitly stochastic Solow growth model 

and show that this has properties quite different from those of the standard approach 

where the output equation is obtained by adding an error term to the linearized 

solution of a deterministic Solow model. The paper examines the econometric 

properties of estimates of -convergence as traditionally defined in the literature and 

                                                        
19 We will discuss later in the present study the major problem of the estimation procedure used there in 

Chapter 11 of Barro and Sala-i-Martin (1995) that has led to the slow speed of convergence.  
20  
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shows that all these estimates are subject to substantial biases. The empirical analysis 

in this paper indicates that data for 102 countries over a time span of 30 years strongly 

reject the hypothesis that technology growth rates are equal across countries. Steady-

state growth rates differ significantly across countries and once this heterogeneity is 

allowed for, the estimates of the convergence speed are substantially higher than the 

consensus in the literature. The paper also discusses the economic implications of these 

results for -convergence. 

 

1.3. About Econometric Issues 

The present study is an empirical study based on the theoretical framework of the 

neoclassical growth models. Important econometric issues concerning the validity of 

the estimation process may arise when our empirical analysis is conducted.21  

 

With the neoclassical models, it can be shown that the average growth rate of per capita 

output, y, over an interval from an initial time 0  to any future time 0T  is given by22 

)]0(/ln[]/)1[()]0(/)(ln[)/1( * yyTegyTyT T  

where g is the steady-state growth rate,  is the speed of convergence, and )0(y  and *y  

are respectively the initial and steady-state values of output per unit of effective labor. 

Ceteris paribus (that is, holding fixed for the moment g, , and T), the equation says 

that the average per capita growth rate of output depends negatively on the ratio of 

)0(y  to *y .  Thus, the effect of the initial position )0(y , on subsequent (average) per 

capita growth rate of output, is conditioned on the steady-state position *y . In other 

words, the neoclassical models predict conditional rather than absolute convergence.  

 

For the purpose of estimating the speed of convergence , the equation above can be 

rewritten as  

)0(ln)0(lnln)(ln)/1( 2
*

10 yAyTyT  

where )0(A  is the initial level of technology (effectiveness of labor), and  

g0 , Te T /)1(21 , and Te T /  

                                                        
21 This section contains only a very preliminary discussion of the basic econometric issues that arise in the 

present study. Technical derivations of equations in this section as well as definitions of variables will 
become clearer in later parts of the present study.  

22 The derivation of this equation will be provided in later parts of the present study. Also see Appendix 2A 
of Barro and Sala-i-Martin (1995) for a detailed derivation.   
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Usually the initial level of technology, )0(A , and sometimes also the determinants of 

the steady-state position *y , are not directly observable. Because of this unavailability, 

the term ( )0(lnln 2
*

1 Ay ), or at least )0(ln2 A  alone, is often forced into the error 

term of the regression equation. If so, in cases where there are good reasons to believe 

that )0(ln y  is correlated with )0(ln A  or *ln y , or both, the estimation of the coefficient 

on )0(ln y , , and hence the estimation of the convergence speed, , would be biased 

and inconsistent. Obviously, this bias and inconsistency is caused by the omitted 

variables. The omitted-variable bias and inconsistency is one major econometric issue 

that should be properly dealt with throughout the present study.23  

 

1.4. Organization of the Present Study 

The present study is composed of eight chapters. Apart from this introduction chapter 

and a concluding chapter, the six chapters in the middle each focus on some certain 

aspects of the central issue of the present study  regional growth and convergence 

across different regions in China. These six chapters are each sufficiently self-

contained, though cross-references may be used between these chapters from time to 

time.  

 

Chapter 2 tests economic growth and convergence across 31 Chinese provinces during 

1981-2005, based on the theoretical framework of the Solow growth model. Chapter 3 

investigates the relationship between openness to foreign economic activities, such as 

foreign trade and foreign direct investment, and the regional economic growth in the 

case of China during 1981-2005. Chapter 4, based on data of 31 Chinese provinces over 

the period 1980-2004, presents new evidence on the effects of structural shocks and 

structural transformation on growth and convergence among the Chinese regions. 

Chapter 5, by building up an empirical model that takes account of different potential 

effects of foreign direct investment, focuses on the impacts of foreign direct investment 

growth and convergence problem of the Chinese regions in an alternative theoretical 

framework with endogenous saving behavior and capital mobility across regions. 

Chapter 7, by building up a theoretical model concerning comparative advantage and 

transaction efficiency, focuses on one of the potential mechanisms through which 

China achieves its fast economic growth over the past few decades. Chapter 8 concludes 
                                                        
23  Besides omitted variables, two other sources of the bias and inconsistency of an estimator are 

measurement error and simultaneity, which also should be taken account of in the present study.   
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the present study by summarizing the results from the previous chapters and 

suggesting directions for further studies.  
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2 GROWTH AND CONVERGENCE ACROSS THE CHINESE 

PROVINCES 

 

ABSTRACT 

The study in this chapter tests economic growth and convergence across the Chinese 

provinces during 1981-2005, based on the theoretical framework of the Solow growth 

model. The study advocates a panel data approach, and shows that this panel data 

approach, in which the familiar equation for testing convergence is reformulated into a 

dynamic panel data model, leads to results that are significantly different from those 

obtained from single and pooled cross-section regressions. In this study of the Chinese 

provinces, the panel data approach has resulted in higher rates of conditional 

convergence and lower values of the elasticity of output with respect to capital, 

compared with single and pooled cross-section estimations. 

 

 

2.1. Introduction 

China, the biggest developing country in the world, has experienced remarkable 

economic growth over the last three decades. However, different regions in China 

display vast differences in growth rates and per capita incomes. Substantial disparities 

across the Chinese regions, especially the gaps in incomes and living standards between 

coastal and inland areas, are one of the most prominent features in the development 

process of China.  

 

These substantial disparities in incomes and growth rates across the different regions 

in China attract the attention of many researchers. Some of them have noted that per 

capita incomes have been diverging across the Chinese regions as China gradually 

opens its economy to greater international economic activities. Other researchers, 

however, maintain that many large differences across the Chinese regions have tended 

to decline over time and that poor regions have grown faster than rich ones since the 

Hsueh (1994) maintains 

that the Chinese national economic policies tended to generate a process of 

convergence during the 1980s. Another study by Gundlach (1997) finds absolute 

convergence in per capita incomes across the Chinese regions during the period 1978-

1989. Raiser (1998) also finds similar evidence of absolute convergence using regional 

data of China for the period 1978-1992. Other studies, such as Knight and Song (1993), 
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Rozelle (1994), Hussain et al. (1994), and Yao (1997, 1999), however, show a significant 

increase in cross-region income inequality in the reform period, particularly in the late 

1980s and 1990s (Yao and Zhang, 2001).24 

 

The central focus of the analysis in this chapter is the issue of growth and convergence 

across the Chinese regions. From results of previous studies, we see that the conclusion 

is likely to be affected by data shortage, data quality, the selected data periods, as well 

as the methodology used. To present a more realistic picture of growth and 

convergence of the Chinese regions, it is important that we have consistent data 

covering a sufficiently long period of time. This chapter, by using consistent province-

level data for the period 1981-2005,25 aims at revealing the true tendency of growth and 

convergence across the Chinese provinces over the 25 years during 1981-2005.  

 

The empirical analysis of this chapter takes Mankiw, Romer, and Weil (1992) (M-R-W 

hereinafter) and Islam (1995) as the starting point, and uses the Solow growth model as 

the basic theoretical framework to test economic growth and convergence across the 

provinces of China. In recent years, there has been considerable empirical work on 

cross-country growth comparisons. However, cross-country growth studies often meet 

criticisms for two reasons. First, data on income levels for different countries may not 

be easily comparable  this is either because purchasing power parity adjustments 

needed for cross-country comparisons may not be reliable, or because methodologies of 

measuring economic performances in different countries may be too diverse to be 

pooled together. Second, factors other than the saving rate and population growth, such 

as technologies, preferences and institutions, may have important influences on the 

income level or the growth rate.26 Yet these factors may be difficult to observe or 

quantify across countries, and thus are difficult to control for in cross-country 

regressions.27 

 

Another shortcoming of cross-country growth studies concerns the econometric 

methodology being used. Oftentimes these studies assume identical aggregate 

production functions across countries. This is an econometric necessity. As Islam 
                                                        
24 For more examples, see Yao and Zhang (2001). 
25 Data used by the present study all come from formally published China Statistical Yearbooks and 

similar formal publications.  
26 These factors may either affect the income level or the growth rate directly, or indirectly through their 

influences on the saving rate and the population growth rate. This point will become even clearer when 
we come to Chapter 6, where the analysis will be based on the Ramsey growth model.  

27 See Wei (2002). 
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(1995) points out, although the production function may actually differ across 

countries, efforts at allowing for such differences are limited by the fact that most of 

these cross-country studies have been conducted in the framework of single cross-

section regressions. In such a framework it is econometrically difficult to allow for 

differences in the production function that are not easily measurable.28  

 

In contrast, data are much more comparable for different regions within a country than 

across countries. Firms and households of different regions within one country tend to 

have access to similar technologies and have roughly similar tastes and preferences. 

Regions within one country also share a common central government and have similar 

institutional setups and legal systems. This relative homogeneity makes absolute 

convergence more likely to apply across regions within a country than across 

countries.29 It also makes the testing for conditional convergence easier to implement. 

The present chapter explores variations in the growth rates across the different 

provinces within a single country  China, to analyze the growth and convergence 

tendencies across the Chinese provinces.  

 

The analysis in this chapter advocates and implements a panel data approach.30 The 

major advantage of the panel data approach is that it allows the inclusion of province 

dummy variables to control for the time-invariant region-specific effects.31 The present 

analysis us M-R-

conduct panel data estimations. The results of these estimations are substantially 

different from corresponding results obtained from single and pooled cross-section 

regressions. Within the panel data framework, the estimated speed of convergence is 

much higher than those obtained from single or pooled cross-section regressions. Also, 

the estimated value of the elasticity of output with respect to capital is lower and more 

in conformity with its commonly accepted empirical values. In sum, the findings of the 

-level data, match the conclusions of 

the cross-country growth study of Islam (1995) very well.   

                                                        
28 See Islam (1995).   
29 See Chapter 11 of Barro and Sala-i-Martin (1995). 
30 The panel data approach is also used throughout other chapters of the present study.  
31 Also, compared with the single cross-section approach, the panel data approach is less influenced by the 

selection of data periods. It can also afford to incorporate more explanatory variables, such as human 
capital, infrastructure and international openness without encountering the problem of a small sample.  
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The rest of this chapter is organized as follows. Section 2.2 gives further background on 

issues of economic growth and convergence. In Section 2.3, we reformulate M-R-

growth equation into a dynamic panel data model. Section 2.4 discusses related issues 

of panel data estimations, and issues concerning the data, samples and variables. In 

Section 2.5, we present an analysis of the estimation results. Section 2.6 extends our 

analysis and includes human capital into the model. In Section 2.7, we provide 

interpretations for the estimation results and discuss further related issues. In Section 

2.8, we present some analysis of the estimated region effects. Section 2.9 concludes.   

 

2.2. Growth and Convergence  the Solow Model 

A major focus of recent empirical work on growth has been the issue of convergence. 

The Solow (1956) model, despite its age and recent developments in the growth 

literature, continues to provide a basic paradigm for the research on growth 

convergence. There have been a large number of research papers testing implications of 

this model, of which M-R-W and Islam (1995) are two prominent examples.32 The 

Solow model postulates a stable balanced growth path with a constant rate of per capita 

income growth. The neoclassical assumption of the production function usually 

consists of constant returns to scale, Inada conditions, and diminishing marginal 

returns to all inputs and some degree of substitution among them. Assuming a constant 

saving rate implies that every country always follows a path along an iso-savings curve. 

Exogenous rates of population growth and technology were useful simplifications at the 

time Solow wrote the original paper (Barossi et al., 2005).33  

 

The crucial assumption of diminishing marginal returns to capital leads the growth 

process of an economy to eventually reach its steady state where per capita output, per 

capita capital stock, and per capita consumption grow at a common constant rate 

equaling the exogenously given rate of technological progress. This leads to the notion 

of convergence. Conditional convergence across economies implies a negative 

correlation between (the logarithm of) the initial level of per capita output and the 

subsequent rate of growth of the per capita output, after controlling for the steady-state 

positions of the economies.34 This result of convergence arises from the assumption of 

diminishing marginal returns to capital, which ensures that less capital-abundant 

                                                        
32 See Lee, Pesaran, and Smith (1997). 
33 See Barossi et al. (2005). 
34 Theoretically, with the Solow growth model, conditional convergence in per capita terms also requires 

that we should control for the initial level of effectiveness of labor, )0(A , across the economies, though 
empirically the level of labor effectiveness is not directly measurable.  
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countries tend to have higher rates of return and, consequently, higher GDP growth 

rates. Thus, a finding of negative correlation between initial levels of (per capita) 

income and subsequent (per capita) growth rates has become a popular criterion for 

judging whether or not convergence holds.35 Moreover, The estimate of the speed of 

convergence is based on either the coefficient of the lagged dependent variable in time-

series or panel data regressions or the coefficient of the logarithm of initial per capita 

output in cross-section regressions.36  

 

One thing that should be noted is that the Solow growth model does not imply all 

countries would reach the same level of per capita income. Instead, what it implies is 

that countries would reach their respective steady states. Therefore, in order to test for 

convergence across different economies, it is necessary to control for the differences in 

steady states of the economies. M-R-W examine the set of countries for which non-

convergence has been widely documented in past studies and find that once differences 

in rates of saving and population growth across the countries are taken account of, 

there is convergence across these countries at roughly the speed the Solow model 

predicts.  

 

Although based on the theoretical framework of the Solow model M-R-W find strong 

evidence for conditional convergence,37 their (and many other) tests for convergence 

have a shortcoming. These tests involve running cross-section regressions where the 

subsequent growth rate of per capita output is the explained variable and the logarithm 

of the initial per capita output is the prime explanatory variable. Other variables 

appearing on the right-hand side of the regression equation are designed to control for 

the differences in preference and technology and hence for the steady-state positions 

(Islam, 1995). However, for cross-section regressions, it is only possible to include as 

additional explanatory variables in the regression equation those measurable aspects of 

preference and technology. In other words, the difficulty with the cross-section 

regression is the infeasibility of taking account of those economy-specific factors that 

are not measurable or observable. Only a panel data approach can overcome this 

difficulty.  

                                                        
35 This convergence (in per capita terms) may exist either in the absolute sense or in the conditional sense, 

depending on whether it is conditioned on the steady-state positions (and the initial level of labor 
effectiveness) across the economies.  

36 This point will become clear in the next section of this chapter.  
37 M-R-W consider three different samples of countries. For details of the construction of the samples and 

the estimation results, see relevant parts of M-R-W.  
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2.3. Growth Regression as a Dynamic Panel Data Model 

The dynamic panel data framework for comparing economic growth and testing 

convergence is derived from the Solow model. The Solow model takes the rates of 

saving, population growth and technological progress as exogenous. There are two 

inputs, capital and labor, which are paid their marginal products. Assuming a Cobb-

Douglas production function with labor-augmenting technological progress, 38 

production at time t is given by 

(2.1) 1))()(()()( tLtAtKtY , 10 , 

where Y is output, K is capital, L is labor, and A is the level of technology. L and A are 

assumed to grow exogenously at rates n and g so that: nteLtL )0()( , gteAtA )0()( . 

Assuming s is the constant fraction of output that is saved and invested, and defining 

output and stock of capital per unit of effective labor as )/( ALYy , and )/( ALKk , 

respectively,39 the dynamic equation for k  is given by40 

(2.2) )()()()()()()( tkgntkstkgntystk  

where  is the constant rate of depreciation. It is evident that k  converges to its steady 

state value: 

)1/(1
*

gn
sk  

Upon substitution this gives the following expression for steady state per capita 

income: 

(2.3) )ln(
1

)ln(
1

)0(ln
)(
)(ln gnsgtA

tL
tY

 

The central predictions of the model concern the impact of saving and population 

growth on the steady-state per capita income. Assuming that the countries are currently 

in their steady states, M-R-W use this equation to see how differing saving and labor 

force growth rates can explain the differences in the current per capita incomes across 

                                                        
38 Technological progress must take the labor-augmenting form in order for the model to have a steady 

state with constant growth rates. It is clear that with a Cobb-Douglas production function, labor-
augmenting (Harrod-neutral), capital-augmenting (Solow-neutral), and Hicks-neutral technological 
progress are all essentially the same.  

39 The corresponding intensive-form Cobb-Douglas production function is kkfy )( . 
40 A variable with a dot over it denotes the (first-order) derivative with respect to time.  
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countries. Apart from the saving and population (or labor) growth variables,41 the 

equation contains the term ( gtA )0(ln ), where gt  is only a constant for a cross-

section regression since t is a fixed number and the exogenous rate of technological 

progress g is assumed to be uniform across all countries. In contrast, as M-R-W have 

rightly noted, the )0(ln A  term may differ across countries because it reflects not just 

technology but also resource endowments, climate, institutions, and so on. Therefore 

the )0(ln A  term can be divided into a constant and a country-specific element, that is, 

aA )0(ln . Substituting this into equation (2.3) above and subsuming gt  into the 

constant term a, log income per capita at a given time is: 

(2.4) )ln(
1

)ln(
1

ln gnsa
L
Y

 

This equation is the basic empirical specification in M-R-W. In order to proceed with 

the Ordinary Least Squares (OLS) estimation, M-R-W make the assumption that is 

independent of the explanatory variables, s  and n . M-R-W argue that this assumption 

is common and is made not only in the Solow model, but also in many other standard 

models of growth.42 However, Islam (1995) points out that in general the country-

specific shock term  is likely to be correlated with the rate of saving or population 

growth experienced by the country. It is not entirely convincing to argue that saving 

and fertility behavior are not affected by any factor in )0(A , because )0(A  is not defined 

in the narrow sense of production technology, it also includes resource endowments, 

institutions and so on.  Nevertheless, the assumption that is uncorrelated with the 

explanatory variables is an econometric necessity43 because in the framework of a 

single cross-section regression, the OLS estimation is only valid under this 

assumption.44  

 

                                                        
41 For convenience, we refer to n as the rate of population growth and the rate of labor force growth 

interchangeably.   
42 M-R-W point out in models where saving and population growth are endogenous but preferences are 

isoelastic, s and n are unaffected by .  
43 The assumption that  is independent of the explanatory variables is too strong an assumption needed 

for the OLS estimator of the coefficients on the explanatory variables to be unbiased and consistent. In 
fact, the weaker assumption that is uncorrelated with the explanatory variables is adequate for the OLS 
estimator to be valid in the sense that it is asymptotically consistent.  

44 If is correlated with the explanatory variables, the OLS estimator is inconsistent and biased. In this 
case, we can opt for an instrumental variable (IV) estimation. However, given the nature and scope of 
the )0(A  term, it is a formidable task to come up with instruments that is correlated with the included 
explanatory variables and yet uncorrelated with )0(A . This makes the IV estimation not quite feasible. 
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In order to better control for the technology shift term , a panel data framework 

should be constructed. To proceed in this direction, we assume a law of motion for the 

behavior of the per capita income near the steady state. Let *y  be the steady state level 

of income per unit of effective labor, and let )(ty  be its actual value at any time t. 

Approximating around the steady state, the pace of convergence is given by 

(2.5) )](ln[ln)(ln * tyy
dt

tyd
, where )1)(( gn .45  

Equation (2.5) implies that 

(2.6) )(lnln)1()(ln 1
*

2 tyeyety  

where )( 1ty  is income per unit of effective labor at some initial point of time and 

)( 12 tt . Subtracting )(ln 1ty  from both sides yields 

(2.7) )(ln)1(ln)1()(ln)(ln 1
*

12 tyeyetyty  

This equation represents a partial adjustment process that becomes more apparent 

from the following rearrangement: 

(2.8) ))(ln)(ln1()(ln)(ln 1
*

12 tyyetyty  

In the equation, *y  is determined by s and n, which are assumed to be constant for the 

entire intervening time period between 1t  and 2t . Substituting for *y  gives 

(2.9) )(ln)(ln 12 tyty  

       )(ln)1()ln(
1

)1()ln(
1

)1( 1tyegnese  

The equation can be reformulated in terms of income per capita, )(/)()( tLtYty . It is 

easy to show gtAty
tL
tYty )0(ln)(ln
)(
)(ln)(ln .  

Therefore, we have -  

(2.10) )(ln)(ln 12 tyty  

)(ln)1()ln(
1

)1()ln(
1

)1( 1tyegnese  

            )()0(ln)1( 12 tetgAe  

The equation can also be written in an alternative form 

(2.11) )(ln 2ty )(ln)ln(
1

)1()ln(
1

)1( 1tyegnese  

                                                        
45 See, for example, Barro and Sala-i-Martin (1995) or Romer (2006) for the derivation of the equation 

)1)(( gn . 
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                         )()0(ln)1( 12 tetgAe  

We may use the following conventional notation of the panel data literature: 

(2.12) itit
j

j
itjtiit vuxyy

2

1
1,  

where 

)(ln 2tyyit , )(ln 11, tyy ti , e ,
1

)1(1 e ,
1

)1(2 e , 

)ln(1 sxit , )ln(2 gnxit , )0(ln)1( Aeui , )( 12 tetgt , 

and itv  is the transitory error term46 that varies across countries and time periods and 

has a mean equal to zero. The panel data approach based on equation (2.11) provides 

the needed framework to control for the individual country effects )0(ln)1( Aeui . 

 

One important difference between equation (2.11) and equation (2.4) is that equation 

(2.11) has the advantage of explicitly taking into account the dynamics toward the 

steady state. However, as M-R-W point out, for a single cross-section regression, 

implementing equation (2.11) introduces a new problem. That is, if countries have 

permanent differences in their production functions, i.e. different )0(A

different )0(A rt of the error term and would be positively correlated 

with the initial per capita incomes. Variation in )0(A  would bias the coefficient on 

initial income, e , upward, and would potentially bias the other coefficients as well. 

This is the main reason why we advocate a panel data approach. In the panel data 

framework, where the individual country effects can be properly controlled for, the 

problem caused by the correlation between )0(A  and the initial level of per capita 

income can be resolved.   

 

Obviously, equation (2.11) is based on approximation around the steady state and 

captures the dynamics toward the steady state. If so, it is valid for shorter sub-periods 

as well. This is to say that if in the single cross-section case, s and n are assumed to be 

constant over the entire long period, then it is more realistic to assume them to be 

constant over shorter sub-periods. As Islam (1995) argues, the panel data setup makes 

it possible, by controlling for the individual country effects, to integrate the process of 

convergence occurring over several consecutive time intervals. If it can be assumed that 

                                                        
46 This error term is also called the idiosyncratic error or the idiosyncratic disturbance.  
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the character of the process of getting close to the steady state remains essentially 

unchanged over the period as a whole, then considering that process in consecutive 

shorter time spans should reflect the same dynamics (Islam, 1995). 

 

2.4. Estimation Issues and Data 

2.4.1. Econometric Issues and Estimation Methods 

Equation (2.11) confronts us with several potential econometric problems. First, the 

inclusion of the lagged dependent variable as a right-hand side variable in the panel 

data framework with the individual country effects renders the pooled OLS estimator 

and the random effects estimator biased and inconsistent. This is because the lagged 

dependent variable is correlated with the composite error term even in the absence of 

serial correlation between the idiosyncratic errors.47 Second, measurement error may 

be a potential source of bias and inconsistency of an estimation process. In the present 

case, one or more of the explanatory variables in equation (2.11) may be measured with 

error;48 some variable of interest may even not be readily measurable, so in this case 

one thing we have to do is to obtain closely approximated values for these variables. 

The third concern is the simultaneity problem, which in this case arises from the fact 

that some explanatory variable may be endogenous with respect to economic growth. 

For example, regions choose to increase or reduce investment when growth 

performance is good. This simultaneity problem is also a potential source of an 

inconsistent and biased estimation. The fourth problem is that the equation ignores the 

role of spatial interdependence across the regions. Last but not least, there always 

might be the problem caused by omitted variables.  

 

A host of methods can be used for the estimation of panel data models with unobserved 

effects.49 One basic issue in panel data estimations is whether the individual effects are 

fixed  or random . If the effects are random, that is, if they are assumed to be 

uncorrelated with the explanatory variables in the model, then we can put the 

individual effect into the error term and apply the random effects estimation. However, 
                                                        
47 The pooled OLS estimation or the random effects estimation based on equation (2.11) effectively includes 

the unobserved individual country effect into a composite error term. Since the lagged dependent 
variable is necessarily correlated with the unobserved individual country effect, it follows that the lagged 
dependent variable is correlated with the composite error term even if there is no serial correlation 
between the idiosyncratic errors.  

48 Note that measurement error in the dependent variable does not influence the consistency of the 
estimation process; it would only result in a larger error variance than when the dependent variable is 
not measured with error. However, in the present case, the lagged dependent variable enters the 
equation as an explanatory variable.  

49 See Chapters 10 and 11 of Wooldridge (2001). 
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since the individual effect is likely to be correlated with s and n (and also since the 

lagged dependent variable is correlated with the individual effect, as mentioned 

earlier), the method of random effects estimation is unsuitable. In contrast, the Least 

Squares with Dummy Variables (LSDV) estimator, which is based on the fixed-effects 

assumption, 50  is permissible. However, one problem with LSDV arises from the 

dynamic nature of the panel data model expressed in equation (2.11). The inclusion of 

the lagged dependent variable as one of the right-hand side explanatory variables 

necessarily violates the strict exogeneity assumption usually made on a panel data 

model with unobserved effects. Nevertheless, Islam (1995), by referring to findings of 

Amemiya (1967), provides strong justifications for the use of LSDV.51 Islam (1995) also 

uses the Minimum Distance (MD) estimator proposed by Chamberlain (1982),52 but 

finds that the two estimators, LSDV and MD, produce very similar results. This further 

confirms that the use of LSDV is a reasonably adequate approach. 

 

2.4.2. Data, Samples and Variables 

The data are all collected from various issues of the officially published Chinese 

Statistical Yearbooks (1980-2006) and Comprehensive Statistical Data and Materials 

on 55 Years of New China. The data comprise the following variables for 31 provinces 

during the period 1981-2005:53 provincial GDP, total investment in fixed assets, total 

population and the population of all working people, and the number of students 

enrolled in secondary school. The provincial investment rate s is calculated as the 

percentage (%) of investment in fixed assets in the provincial GDP. The population 

growth rate n is calculated as the average annual growth rate of the year-end working 

population over the concerned time span. We set (g+ ) equal to 5% and 8% respectively 

for two compared regressions and assume this value (5% or 8%) to be the same for all 

provinces over all years. 

 

The assumption of a constant (g+ ) for all the Chinese regions may not be entirely 

realistic, but just like in earlier studies, we could not directly estimate the actual values 

                                                        
50 In many applications the whole point of using panel data is to allow for the individual effect to be 

arbitrarily correlated with the explanatory variables. A fixed effects analysis achieves this purpose 
explicitly.  

51 See Islam (1995) for the justifications.  
52 The MD estimator is specially designed for models where the individual effect is correlated with the 

included explanatory variables. This estimator also has the attractive property that it is robust to any 
presence of serial correlation in the idiosyncratic error terms.  

53  
convenience, we also call them  
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of g and . The assumption that (g+ ) = 5% can be found in a lot of literature. Both M-

R-W and Islam (1995) assume a value of 5% for (g+ ). However, for the Chinese 

economy, an assumed value for (g+ ) as high as 8% can also be reasonably justified. 

Jefferson et al. (1992) estimate a production function with capital, labor, and 

intermediate inputs and find a rate of technological change of about 2% for Chinese 

state-owned industry and of about 4% for Chinese collective industry. These results 

may serve as a first approximation of g, though human capital accumulation is not 

taken into account and the focus is on technological change in industries rather than in 

the aggregate economy.54 According to Gundlach (1997), another approximation of g 

may be derived from the estimates for countries (or regions) such as South Korea and 

Taiwan, which experienced similar growth rates as Mainland China in the 1980s. Young 

(1995) finds average rates of total factor productivity growth of 1.6% for South Korea 

and of 2.4% for Taiwan.55 Gundlach (1997) believes these results suggest that the 

standard parameterization of g of 2% is also reasonable in the case of China.  

 

We cannot directly measure the depreciation rate because reliable data on the stock of 

physical capital and its depreciation are not available for China. However, according to 

Maddison (1987), the average figure of the ratio of depreciation to GDP is about 10% 

for industrialized countries. Therefore, the depreciation rate can be calculated once the 

capital output ratio is known since = (D/Y)/(K/Y). Gundlach (1997) argues that for 

leading industrial countries such as the United States, the capital output ratio is about 

3, so  would be about 3%, but for developing countries, it is reasonable to assume a 

smaller capital output ratio. Thus, for a capital output ratio of 2,  will be 5%. It is 

possible that the actual capital output ratio may be even lower than 2 in developing 

countries, but the ratio of depreciation to GDP may also be lower than 10%. On balance, 

therefore, Gundlach (1997) assumes a depreciation rate of 5% for China, so  = 5%. 

 

In the following analysis of this chapter, in order to make comparisons between 

estimations, in each round of the tests, we run regressions first assuming (g+ ) = 5%, 

and then run the same regressions but with the alternative assumption (g+ ) = 8%.  

 

                                                        
54 See Gundlach (1997). In this and the next paragraph, we mainly follow Gundlach (1997) for a discussion 

of the estimated values of the rate of technological progress and the rate of depreciation. 
55 Compared with Jefferson et al. (1992), Young (1995) takes account of human capital accumulation and 

focuses on the aggregate economy instead of individual industries.  
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The next issue is how to define n and per capita GDP. M-R-W use GDP per working-age 

person and n is calculated as the growth rate of the working-age population. In the 

absence of data on working-age population, Islam (1995) uses GDP per capita and n is 

calculated as the growth rate of the whole population. For this analysis, however, since 

we have data on population and employment for all regions in all years, it is more 

appropriate and convenient to define yt as GDP per working person and n as the growth 

rate of the working population.   

 

For panel data regressions, the entire period is divided into several shorter time spans. 

The question is what should be the appropriate length of each time span. The shortest 

possible time period is one year because we have annual data. However, annual time 

lengths are too short to be appropriate for studying growth convergence. Shorter 

disturbances may loom large in such short periods. To overcome this problem, the 

entire data period 1981-2005 is divided into five 4-year-span periods: 1981-1985, 1986-

1990, 1991-1995, 1996-2000, and 2001-2005. As a result, there are five data (time) 

points for each province: 1985, 1990, 1995, 2000 and 2005. For example, for the period 

1981-1985, the rates of saving and population growth are calculated as the averages 

over the period 1981-1985. Data for the other time periods are derived in the same way. 

With this setup, the idiosyncratic errors along the time dimension are five calendar 

years apart and hence may be less influenced by business cycle fluctuations and less 

likely to be serially correlated than they would be in a yearly data setup. Also, since we 

have five time periods (each of a 4-year span), we need to include four time dummy 

variables in the following pooled cross-section and panel data regressions. We will use 

d90, d95, d00, and d05 respectively to denote the four time dummy variables for the 

four time periods 1986-1990, 1991-1995, 1996-2000, and 2001-2005.  

 

We choose to use nominal values of per capita GDP in our regressions. Since the GDP 

variables are entered in logs in the regression models, and since time dummies are 

always included in the pooled cross-section and panel data regressions, using nominal 

values of per capita GDP is then in effect equivalent to deflating the nominal values of 

per capita GDP for the left-hand side output variable and the right-hand side lagged 

output variable across the regions by a common price index tP  and 1tP  respectively, at 

each corresponding time period t. For the present study, there are several reasons for 

not choosing to use the individual regional price indexes itP  (and 1,tiP ) at each time t to 
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regressions.56  

 

2.5. Estimation Results 

2.5.1. Single Cross-Section Results 

In order to see how much the results of this analysis differ from those of M-R-W and 

Islam (1995), owing to differences in samples and construction of variables, and also in 

order to see how much panel data results differ from cross-section results, we first run 

a few single cross-section regressions analogous to those conducted by M-R-W. The 

single cross-section regressions are based on the following equation, which is a 

simplified version of equation (2.11):  

(2.13) )(ln ty )0(ln)ln(
1

)1()ln(
1

)1( yegnesea ttt  

Before presenting the results of the single cross-section regressions, we should note the 

differences between regressions based on equation (2.13) and those based on equation 

(2.4). M-R-W also run single cross-section regressions based on equation (2.4):  

)ln(
1

)ln(
1

ln gnsa
L
Y

 

It should be noted that regressions based on equation (2.4) are valid only if the 

countries are in their steady states or if deviations from their steady states are random. 

As mentioned earlier already, single cross-section regressions based on equation (2.13) 

pose a new problem. If countries have permanent differences in their )0(A

)0(A

the initial per capita incomes. The variation in )0(A  would thus bias the coefficient on 

(the log of) the initial per capita income and would potentially influence the other 

coefficients.  

 

We run regressions of the log of GDP per working person for the year 2005 on the log 

of GDP per working person in 1981, with and without controlling for the saving rate and 

growth rate of the working population. That is, in the regressions based on equation 

(2.13) above, )(ty  is regional GDP per working person for the year 2005, and )0(y  is 

GDP per working person for the same region in the year 1981. s  is the average value of 

                                                        
56 One of the major reasons is that although data on individual regional price indexes are very readily 

available, which means an intertemporal comparison of price levels over time for any given region is very 
straightforward, it is quite difficult to make a good comparison between price levels across the regions 
for a given time period. Another important reason is the problem of missing and inconsistent data. 
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the saving rate and n  is the average of the growth rate of the working population for the 

region over the period 1981-2005. First, we present the results of tests for 

unconditional convergence, i.e. the results of single cross-section regressions without 

controlling for the saving and population growth rates. The results can be seen in Table 

2.2. After that, we run cross-section regressions that control for the saving rate and 

growth rate of the (working) population. The results can be seen in Table 2.3. The first 

panel of the table gives results of the estimation in the unrestricted form, while the 

second panel contains results from the estimation after imposing the restriction that 

the coefficients on ln(s) and ln(n+g+ ) are equal in magnitude but opposite in sign.  

 

Table 2.2 contains results of the tests for unconditioned convergence, which is in fact 

the so-called absolute -convergence defined as: 

itiiit yyy )ln()ln()ln( 00  

where ity , 0iy  respectively denote per capita GDP in the base and end periods in the ith 

region or country, t denotes the time span. If 0 , the data set exhibits absolute -

convergence. However, if 0  the data show no absolute -convergence, it may even 

exhibit an absolute - divergence. Many earlier studies concern testing convergence 

across different regions in China or across different countries. Table 2.1, which is 

reproduced from Yao and Zhang (2001), provides a summary of some tests on 

convergence. In Table 2.1, the value of   reflects the speed of convergence (or 

divergence). Evidently, )1( te .  

 

In order to make it easier to compare regression results with those in Islam (1995), in 

the regressions of the present analysis, we move the left-hand side term )ln( 0iy  to the 

right-hand side of the equation and test the convergence across the different Chinese 

provinces by regressing the end year value )ln( ity  (instead of the difference 

[ )ln()ln( 0iit yy ]) on the initial year value )ln( 0iy . 

 

The single cross-section regression shown in Table 2.2 yields an estimated coefficient 

on ln(y81) of 1.102019, with the 95% confidence interval (0.8651168, 1.338921).  This 

may suggest cross-region divergence, with an implied speed of convergence (which is 

negative in this case)  = -0.004048, but the test statistics are not significant: the 

estimated coefficient on ln(y81) is not significantly different from unity and thus the 
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implied speed of convergence   is not significantly different from zero.57 This basically 

means that based on this single cross-section regression in Table 2.2, we cannot reject 

such a null hypothesis that over 1981-2005, the Chinese provinces were neither 

converging nor diverging in per capita incomes. Comparing these results with those 

from earlier studies listed in Table 2.1, we can see that the cross-section regression by 

Yao and Zhang (2001) for the period 1978-1995, and the regression by Chen and 

Fleisher (1996) for 1978-1993 both show some evidence of convergence, but the test 

statistics are not significant. In contrast, the cross-section regression by Chen and 

Fleisher for a longer time period 1952-1992 shows some evidence of divergence, though 

the test statistics are again not significant. Tests for convergence by M-R-W, as well as 

those by previous authors such as De Long (1988) and Romer (1987a) also find no 

evidence for absolute convergence across the countries they include in their samples 

except that, for the OECD sample of M-R-W, they find a significant tendency of 

convergence, which confirms the findings of Dowrick and Nguyen (1989).  

 

In the literature, many studies find no evidence of absolute convergence for countries 

with different resource endowments, institutions, legal systems, preferences and 

production technologies. For example, the data set for 110 countries during 1960-1990 

shows significant divergence rather than convergence (Sala-i-Martin, 1996). In other 

words, income inequality across countries increased rather than declined over time, 

and the speed of divergence was 0.4% per annum. This finding contradicts the Solow 

growth model, which predicts that initially poor countries will grow faster than initially 

rich ones if the only difference across countries lies in their initial levels of per capita 

income (Solow, 1956, as quoted in Yao and Zhang, 2001). In the real world, however, 

economies may differ in other respects, such as population growth, saving behavior, 

technology and political stability. If these differences are taken account of, the Solow 

model will predict that the growth rate of an economy will be positively related to the 

distance that separates it from its own steady state. This central point of the Solow 

model can be understood in a formal way; technically, it can be shown that the growth 

rate of output per unit of effective labor follows58 

))((')](/)(/[/ ** gnkfkfkkfkyy  

                                                        
57 Note that a unitary partial effect of )ln( 0iy  on )ln( ity  is equivalent to a zero partial effect of )ln( 0iy  on 

[ )ln()ln( 0iit yy ], while a positive less-than-unity partial effect of )ln( 0iy  on )ln( ity is equivalent to a 
negative partial effect of )ln( 0iy  on [ )ln()ln( 0iit yy ], and a greater-than-unity partial effect of )ln( 0iy on 

)ln( ity  is equivalent to a positive partial effect of )ln( 0iy on [ )ln()ln( 0iit yy ].  
58  This equation comes from kgnksfk )()( (equation (2.2) earlier on) and the fact that 

)/()](/)('[/ kkkfkfkyy . 
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Based on the assumptions made on the intensive-form production function, we see the 

term )(/ kfk  is increasing in k  while the term )(' kf  is decreasing in k . Substituting 

the intensive-form Cobb-Douglas production function, kkfy )( , into the equation 

above and rearranging, we get 

]1)/[()(/ /)1(/)1(* yygnyy  

Or alternatively, by further inserting in the fact that )1/(** )]/([ gnsky , we 

have 

)](/[/ /)1( gnysyy  

It is now clear that, holding the steady-state position (and the underlying parameters) 

fixed, the growth rate of output per unit of effective labor, yy / , is decreasing in y . 

Since the equation involves the steady-state value of output per unit of effective labor 

*y , or the underlying parameters s, n, g, and   that jointly determine the level of *y , 

we can see that the Solow model indeed pertains to the notion of conditional 

convergence. We now turn to our next round of regressions, which will focus on 

conditional convergence.  

 

In Table 2.3, we run regressions to test conditional convergence, controlling for the 

differences in the saving and population growth rates by including into the model two 

variables ln(s) and ln(n+g+ ). The estimated coefficient on ln(y81) turns out to be 

larger than unity (but not significantly) in all of the four regressions in Table 2.3. 

Therefore, there is still a lack of evidence for (conditional) cross-region convergence, as 

is shown in those regressions. Moreover, the estimated coefficients on ln(s) and 

ln(n+g+ ) in the unrestricted regressions are not significant, and both have the 

unexpected sign. Similarly, the estimated coefficient on [ln(s)-ln(n+g+ )] in the 

restricted regressions also has the unexpected sign and is not significant. At first glance, 

such regression results may be quite disappointing, but once we recall that a single 

cross-section regression based on eqaution (2.13) necessarily puts the initial level of 

technology, )0(A , into the error term, the results in Table 2.3 become understandable. 

The inclusion of )0(A  into the error term causes the omitted variable problem. The 

omitted )0(A  biases upward the estimated coefficient on ln(y81) and possibly also 

biases the estimated coefficients on ln(s) and ln(n+g+ ), owing to the positive 

correlation between )0(A  and the initial level of per capita output. 
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By controlling for (at least part of) )0(A , we could hope to mitigate, if not eliminate, the 

omitted variable bias caused by the inclusion of )0(A  in the error term. Indeed, the test 

results for both absolute and conditional convergences in Table 2.2 and Table 2.3 are 

altered if we add to the equation two zone dummy variables, each for the eastern zone 

and western zone respectively. Table 2.4 and Table 2.5 show us the regression results 

when the two zone dummy variables are added to the models.  

 

Just as the regression in Table 2.2, the regression in Table 2.4 leaves ln(s) and 

ln(n+g+ ) uncontrolled for, but unlike the regression in Table 2.2, the one in Table 2.4 

controls for the zone in which the province is located. China is located in the east of 

Asia. There are oceans to the east and southeast of China, but then there is a gigantic 

desert in its far north and west and a very high mountain range  the highest in the 

world  in its southwest. Historically, differences in degrees of regional openness to the 

outside world can be explained to a large extent by the distances of the regions to the 

southeast coast of the country. The whole mainland of China is thus divided into three 

zones  the eastern coastal zone, the central zone and the western zone. The three big 

zones exhibit systematic differences not only in aspects such as climate and resource 

endowment, but also in aspects such as culture, policy and exposure to foreign trade 

and FDI. If all or some of these aspects can be regarded as elements to be included in 

)0(A  or as underlying factors influencing )0(A , then in the econometric sense, the zone 

dummy variables we have included into the regressions roughly serve as proxy 

variables or indicator variables for at least some components of )0(A . This in a sense 

justifies our inclusion of zone dummies in the regressions. Compared with Table 2.2, 

the regression in Table 2.4 produces a much smaller estimated coefficient on ln(y81), 

0.8670258, with the 95% confidence interval (0.6513061, 1.082745). Although this 

estimated coefficient is not significantly smaller than unity, the upper value of the 95% 

confidence interval,  1.082745, is only slightly higher than unity. The implied speed of 

convergence, , derived from the estimated coefficient te 0.8670258 (where t = 24), 

is 0.005945. Small as it is, the implied   is indicative of convergence.  

 

For regressions in Table 2.5, though the estimated coefficients on ln(s) and ln(n+g+ ) 

are still both not significant and the one on ln(s) has the unexpected sign, the estimated 

coefficient on ln(y81) is less than unity (though not significantly) and thus is suggestive 

of cross-region convergence, with an implied speed of convergence  = 0.006343 for 
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the unrestricted model when (g+ ) is assumed to be 5% and a very close implied  = 

0.006356 when (g+ ) is taken to be 8%. The estimated coefficient on [ln(s)-ln(n+g+ )] 

is negative (not significantly) in each of the two restricted regressions. Comparing 

Table 2.5 with Table 2.4, we see Table 2.4 gives an estimated coefficient on ln(y81), and 

thus an implied , very close to those given in Table 2.5. In all the regressions in Table 

2.4 and Table 2.5, the estimated coefficient on East is highly significant while the 

estimated coefficient on West is not significant. This suggests the provinces in the 

eastern coastal zone might indeed have higher levels of )0(A

provinces in the other two zones. By controlling for the zones, regression results in 

Table 2.4 and Table 2.5 can be understood as indicative of convergence across the 

provinces within the same zone. However, as is shown in Table 2.2 and Table 2.3, no 

convergence has been found to exist, when the zones are left uncontrolled for.   

 

Generally, the results from the single cross-section regressions above, whether it be 

unconditional or conditional, and with or without the zone dummy variables, are 

unsatisfactory because of the small sample size of only 30 Chinese regions. Mainly in 

order to deal with the problem that the small sample size poses, we move now from 

single cross-section regressions to pooled cross-section regressions.  

 

2.5.2. Pooled Cross-Section Results 

We next see whether dividing the growth period into four-year spans has any 

significant effect. For this we implement pooled OLS regressions on the basis of our 

four-year span data. The detailed results from such estimations can be seen in Table 2.6 

and Table 2.7. 

 

Without including the zone dummies, the test for unconditional convergence in Table 

2.6 yields an estimated coefficient on ln(yi, t-1) of 1.007508, which is slightly (and not 

significantly) greater than unity. The 95% confidence interval is (0.9695196, 1.045496). 

Therefore, the results in Table 2.6 do not provide evidence for unconditional 

convergence. Comparing these results with those in Table 2.2, we can see that the 

results of the test for unconditional convergence are improved in the sense that, 

unsurprisingly, the confidence interval here is substantially narrower than that of the 

corresponding estimation in Table 2.2 because of the larger sample size of the latter 

test.  
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The tests for conditional convergence which control for both ln(s) and ln(n+g+ ) also 

yield unsatisfactory results because in all the regressions shown in Table 2.7, the 

estimated coefficient on ln(yi, t-1), though less than unity, is not significant. Comparing 

the results in Table 2.7 and those in Table 2.3, we see that here in Table 2.7, the 

estimated coefficients on ln(s) and ln(n+g+ ) in the unrestricted regressions and the 

estimated coefficient on [ln(s)-ln(n+g+ )] in the restricted regressions all have the 

expected sign, which can be thought of as an improvement on the results of the 

corresponding single cross-section regressions in Table 2.3, where the estimatied 

coefficients on ln(s), ln(n+g+ ) as well as on [ln(s)-ln(n+g+

Moreover, the estimated coefficient on [ln(s)-ln(n+g+ )] in the restricted regressions in 

Table 2.7 is significantly positive and the estimated coefficient on ln(n+g+ ) in the 

unrestricted regressions in Table 2.7 is significantly negative.  

 

We now run the regressions in Table 2.6 and Table 2.7 again, but include the two zone 

dummies, East and West. Detailed results are listed in Table 2.8 and Table 2.9. In the 

test for unconditional convergence in Table 2.8, we can find that the estimated 

coefficient on ln(yi, t-1) is, for the first time, significantly less than unity (the 95% 

confidence interval is (0.8937529, 0.992578), giving evidence for convergence. The 

implied   is 0.014628. In the tests for conditional convergence in Table 2.9, the 

estimated coefficient on ln(yi, t-1) is significantly less than unity in all of the four 

regressions. The estimated coefficients on ln(s) and ln(n+g+ ) in the unrestricted 

regressions and that on [ln(s)-ln(n+g+ )] in the restricted regressions are all 

significantly different from zero and all have the expected sign. Overall, the results in 

Table 2.9 are strikingly similar to those of a pooled regression for 22 OECD countries 

produced by Islam (1995) (Table II in Islam, 1995).   

 

If we compare estimation results from Table 2.9 with those from Table 2.7, we see that 

although there is no evidence of convergence across all the regions in China, we do have 

some evidence of a strong convergence across the regions within the same economic 

zone in China.  

 

2.5.3. Panel Data Regressions 

The inclusion of the zone dummy variables is a way of controlling for the region-

specific effect, but it is only a partial measure as it cannot fix the effect for each 

individual province. This problem is resolved in the panel data regressions.  
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For the panel data, we run LSDV regressions by introducing provincial dummy 

variables to control for the region-specific effects. To compare the differences between 

the results of pooled cross-section regressions and those of panel data regressions, we 

run LSDV regressions from the same panel of four-year span data as used in those 

pooled cross-section regressions. 

 

unconditional in the real sense because provincial dummy variables are included in the 

regression to control for the individual regional effect.59 The estimated coefficient on 

ln(yi, t-1) is highly significantly lower than unity, which implies a relatively high speed of 

convergence as shown in the implied  (=0.126331).  

 

Table 2.11 shows the results of tests for conditional convergence across the Chinese 

provinces. The four regressions produce strikingly similar estimates of the coefficient 

on ln(yi, t-1), which are all highly significantly lower than unity. The estimated 

coefficients on ln(s) and ln(n+g+ ) in the unrestricted regressions and the one on 

[ln(s)-ln(n+g+ )] in the restricted regressions are, again, all significantly different from 

zero and all have the expected sign, just as those results in Table 2.9. These results in 

Table 2.11 are strikingly similar to those of LSDV regressions conducted by Islam (1995) 

for three data sets (Table IV in Islam, 1995).  

 

Comparing Table 2.11 with Table 2.9, we find that the adoption of the panel data 

approach leads to a twofold change in the results. First, we obtain much higher rates of 

convergence, and second, we obtain more empirically plausible estimates of the 

elasticity of output with respect to capital, . These basic findings are completely 

consistent with the basic conclusions of Islam (1995). 

 

2.6. Inclusion of Human Capital 

Having seen the impact of inclusion of individual region-specific effects on growth 

regression results, we now turn to the question of what happens when human capital is 

brought into the panel data framework of analysis.  

 

Let the production function be 

                                                        
59 We will come back to this regression in Chapter 6.  
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(2.14) 1))()(()()()( tLtAtMtKtY   

where M is the stock of human capital, and all other variables are defined as before. Let 

h be the fraction of income invested in human capital. The evolution of the economy is 

determined by 

(2.15)  )()()()( tkgntystk  

)()()()( tmgntyhtm  

where )/( ALMm  is the quantity of human capital stock per unit of effective labor.  

We assume 1 , which implies there are decreasing returns to all capital. Equation 

(2.15) implies that the economy converges to a steady state defined by 
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Approximating around the steady state, the speed of convergence is given by 
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Following the same procedure as before, we get 
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Reformulating equation (2.18) in terms of income per unit of labor yields 
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Comparing equation (2.19) with an earlier equation, equation (2.11), we see that 

equation (2.19) now includes the term ln(h) as one additional explanatory variable. 

Equation (2.19) is the basic empirical specification for our following analysis of growth 

                                                        
60 See, for example, Barro and Sala-i-Martin (1995) or Romer (2006) for the derivation of the equation 

).1)(( gn  
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and convergence across the Chinese provinces with the inclusion of the human capital 

variable.  

 

The major problem with the estimation based on equation (2.19) is that, in contrast to 

flow measures of physical capital formation such as the investment rate, direct flow (or 

stock) measures of human capital formation are generally unavailable. In fact, 

measures of human capital have always been a weak spot in growth empirics. M-R-W 

provide a very good discussion of the problems and issues involved in this regard. In 

our following empirical analysis with the inclusion of human capital, we will use an 

indirect flow measure of human capital formation: the number of students enrolled in 

secondary education divided by the population. This variable (variable h) is expected to 

proxy investment in human capital. Schooling rates as a measure of investment in 

human capital have been used in recent international cross-section studies of the 

empirics of growth (Gundlach, 1997). Needless to say, the schooling rate is a rather 

crude measure of human capital formation. The general idea behind this measure is 

that variations in the fraction of the population devoted to formal education reflect 

variations in investment in human capital. Schooling rates at higher levels of education 

may as well be candidate measures of rates of investment in human capital. For 

example, data on schooling rates at college-level educational institutions are generally 

available for the Chinese provinces, but since the types of college-level educational 

institutions and the quality of the education they provide are much more diversified 

across the different provinces, it is likely that schooling rates at higher levels of 

education are less reliable proxies for the rate of investment in human capital than 

schooling rates at the secondary-school level. We can also come up with alternative 

ways of measuring human capital investment. For example, total income of all 

professional teachers as a share of the provincial GDP might as well be a proxy for the 

commensurate with the teaching workload, which in turn proxies aimed results of 

teaching. However, because of missing and inconsistent data, the use of this variable as 

a measure of the rate of human capital investment is not feasible for the present 

analysis of this chapter.  

 

Another way of studying the contributions of human capital accumulation to (the 

growth of) per capita income is to focus on the stock of human capital rather than on 

the flow of human capital. The following equation shows the subsequent (per capita) 
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income as the function of the initial (per capita) income, the rate of investment in 

physical capital, the rate of population growth and the level of human capital: 

(2.20) )(ln 2ty )ln(
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where *m  is the steady state level of human capital (per unit of effective labor). 

Previous studies on convergence such as Islam (1995) and Gundlach (1997) have run 

regressions based on equation (2.20). Islam (1995) uses the variable HUMAN, which is 

supposed to provide information on schooling at all levels, as a direct measure of the 

stock of human capital. Gundlach (1997) uses publications per worker (PUBL) as a 

measure of the stock of human capital. Gundlach (1997) argues that the provincial 

supply of written information is correlated with the provincial quantity of human 

capital. Since 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 provincial level. Therefore, this measure may reflect differences in literacy rates 

across Chinese provinces, which, in turn, may be more plausible measures of exogenous 

inter-provincial differences in human capital than the reported schooling rates. 

However, because of missing and inconsistent data on provincial publications during a 

time period as long as 24 years (1981-2005), in the analysis of this chapter we cannot 

use this variable as a measure of the level of human capital to run regressions based on 

equation (2.20). Therefore, we will stick to the aforementioned schooling rate of 

secondary education (the number of students enrolled in secondary education divided 

by the population) as the measure of the rate of investment in human capital to run the 

following regressions based on equation (2.19), though this schooling rate is a very 

crude measure of the rate of investment in human capital. 

 

Before moving on to panel data estimations, it is instructive to study the results 

obtained from single cross-section and pooled cross-section regressions. These results 

are presented in Tables 2.12, 2.13, 2.14 and 2.15.  

 

2.6.1. Single Cross-Section Results  

The single cross-section estimation results are shown in Table 2.12 and Table 2.13. 

Looking at the single cross-section results, we observe the following by comparing the 

results in Table 2.5 and Table 2.13. First, in general, the outcome is similar in spirit to 

those found by M-R-W, Islam (1995) and other researchers. Inclusion of the human 
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capital variable in the single cross-section regression framework does lead to higher 

rates of convergence. As the estimated coefficient on [ln(s)-ln(n+g+ )] is negative (not 

significantly) in the restricted regressions in Table 2.5, implied  is not obtained in 

Table 2.5. Therefore we cannot compare the values of  implied by the restricted 

regressions in Table 2.13 against those in Table 2.5. Second, although the estimated 

coefficient on ln(h) is significantly posive in the unrestricted regressions and the 

estimated coefficient on [ln(h)-ln(n+g+ )] is also significantly positive in the restricted 

regressions in Table 2.13, all the other estimated coefficients, i.e., those on ln(s) and 

ln(n+g+ ) in the unrestricted regressions and that on [ln(s)-ln(n+g+ )] in the 

restricted regressions, are not significant (though none of them have the unexpected 

sign, which can be thought of as an improvement upon the results in Table 2.5). In 

sum, the inclusion of the human capital variable in the single cross-section regressions 

does not alter the estimation results in any important ways.  

 

2.6.2. Pooled Regressions 

The pooled cross-section estimation results are shown in Table 2.14 and Table 2.15. 

Comparing the results in Table 2.15 with the corresponding previous results in Table 

2.9, we can find that the inclusion of ln(h) has little impact on the estimated coefficients 

on ln(yi, t-1), ln(s) and ln(n+g+ ), as well as [ln(s)-ln(n+g+ )]. In fact, the estimated 

coefficient on ln(h) in the unrestricted regressions in Table 2.15 is not significantly 

different from zero. However, the inclusion of ln(h) does lower the implied value of .   

 

2.6.3. Panel Data Regressions 

Finally, the panel data estimation results are shown in Table 2.16. We can compare the 

panel data regressions in Table 2.11 and Table 2.16. It is clear that the inclusion of ln(h) 

again has very little impact on all the estimated coefficients. In Table 2.16, the 

estimated coefficient on ln(h) in the unrestricted regressions and the estimated 

coefficient on [ln(h)-ln(n+g+ )] in the restricted regressions are not significantly 

different from zero. However, the inclusion of ln(h) again lowers the implied value of 

.   

 

2.7. Interpretation of the Results 

Comparing results from the LSDV estimations with those from single or pooled cross-

section estimations, we can see that to a great extent the changes in estimation results 
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can be attributed to the correction for the omitted variable bias that the panel data 

approach has made possible. 

 

In the framework of single or pooled cross-section regressions, as mentioned earlier, 

since the )0(A  term is unobservable, we are forced to subsume it into the error term. 

This causes an omitted variable bias because the omitted )0(A  term is correlated with 

the included explanatory variables. Specifically, the correlation between the initial 

value of y and )0(A  is likely to be positive. Since the expected sign of the )0(A  term is 

also positive (see equation (2.11)), the estimated coefficient on the initial value of y 

(denoted ) is biased upward. Because e , we have ln)/1( . Thus a higher 

value of  leads to a lower value of implied . This is why we have obtained lower 

convergence rates from single and pooled cross-section regressions where the )0(A  

term is left out of the regression equation.  

 

Moreover, in the restricted regressions, according to equation (2.11), it can be derived 

that )1/( , where  is the coefficient on the term [ln(s)-ln(n+g+ )]. This 

formula clearly shows that, holding  constant, a higher value of  leads to a higher 

implied value of . Also, since the formula above can be written as ]/)1(1/[1 , 

we can see that a higher value of  leads to a higher value of implied , provided 

1. 

 

Refering to Table 2.11, for the restricted regression with assumed (g+ ) = 5%, the 

estimated coefficient on ln(yi, t-1) is 0.7182515, with the 95% confidence interval 

(0.5918314, 0.8446716). Therefore, an interval estimate of the speed of convergence  

is (-(ln0.8446716)/4, -(ln0.5918314)/4), which is (0.0422, 0.1311). By using the the 

implied value of =0.4038, applying the theoretical formula )1)(( gn , and 

seeing from the data that the average n is about 0.02~0.03, we can calculate the value 

of  as  = (0.025 + 0.05)(1-0.4038) = 0.044715, which falls into the interval (0.0422, 

0.1311). Similarly, for the restricted regression with assumed (g+ ) = 8%, the estimated 

coefficient on ln(yi, t-1) is 0.7080366, with the 95% confidence interval (0.580172, 

0.8359012). Therefore this time an interval estimate of   is (0.0448, 0.1361), the 

calculated value of   from the formula )1)(( gn  is  = 0.0605, which also 
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well falls within the interval (0.0448, 0.1361). In sum, the values of    and  implied 

by our regressions can be accepted as in conformity with the predictions of the 

theoretical Solow growth model. The finding of a fast rate of convergence in this 

analysis is also consistent with findings of relatively fast convergence among groups of 

similar countries in earlier studies.  

 

2.8. A Tentative Analysis of the Estimated Region Effects 

The individual region effects we have estimated through the panel data approach can be 

regarded as a measure of relative total factor productivity (TFP) of the individual 

Chinese provinces. They indicate the relative efficiency with which an individual 

province is able to convert other production factors into output. The estimated values of 

these individual region effects (see Table 2.17) can be applied to further studies on 

economic growth and convergence of the Chinese regions. In this section, we present 

some analysis of the estimated region effects.  

 

The important difference between the concept of the TFPs and the measure of the 

individual region effects is that the TFPs are computed for the individual regions on the 

basis of their respective time series data, while the region effects are inherently based 

on cross-region comparison and are not subsequent upon individual region-analysis 

(Islam, 1995).  

 

In this section, we carry out our analysis of the estimated region effects in the following 

steps. First, we run regressions parallel to those in Table 2.4, by substituting the 

estimated individual region effects (the estimated coefficients on the provincial 

dummies, see Table 2.17) for the zone dummies in Table 2.4.61 We use REI (region 

effects index) to denote the estimated region effects. The regression results are 

summarized in Table 2.18. The estimated coefficient on the variable REI is about 2.65 

and is very significantly positive (with a 95% confidence interval of (2.224539, 

3.075539). This indicates that, after the initial level of per capita output (GDP per 

working person in 1981) is controlled for, an increase in the value of REI by 0.01 will 

lead to a 2.65% increase in the current per capita output (GDP per working people in 

2005). The estimated coefficient on ln(y81), is about 0.44, which is significantly lower 

                                                        
61 Eyeballing the different columns of the estimated region effects in Table 2.17, we can easily see that the 

estimation results are very close across the different regressions. Therefore, we arbitrarily choose the 
values in the first column of Table 2.17(a) as the values of the estimated region effects to be used in 
regressions done in this section.  
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than unity (the 95% confidence interval is about (0.30, 0.58)). This value of the 

estimated coefficient on ln(y81) indicates that once convergence is conditional on TFPs 

(as roughly expressed by the variable REI), the estimated speed of convergence, i.e. the 

implied , is 0.0341. If we leave out the TFPs (that is, the variable REI) from the 

regression equation, then the regression reduces to the one in Table 2.2, where, by 

using a single cross-section OLS method, we have failed to detect an absolute 

convergence across the Chinese regions over 1981-2005. Comparing results in Table 2.2 

and Table 2.18, we can clearly see that the issue of convergence/divergence depends on 

whether we are conditioning it on the TFPs of the individual regions. Conditioning 

convergence/divergence on the TFPs by including the variable REI in the regression 

equation changes the result of a lack of (absolute) convergence in Table 2.2 to the result 

of very noticeable and precisely estimated conditional convergence (with an implied  

of 0.0341) in Table 2.18. In other words, we can see that the effect of vastly different 

TFPs across the regions dominates the effect of the convergence tendency of the regions 

so that the net result over 1981-2005 is a lack of absolute convergence (or even an 

absolute divergence) across the Chinese regions.  

 

Next, we run regressions parallel to those in Table 2.5. The results of these regressions 

are summarized in Table 2.19. In these regressions, we have substituted the variable 

REI (the estimated region effects) for the zone dummies in regressions in Table 2.5.62 

Again, we find that the estimated coefficient on the variable REI is very significantly 

positive. Controlling for all the other explanatory variables, an increase of REI by 0.01 

would approximately result in an increase in per capita output in 2005 by 2.9%. 

Compared with regressions in Table 2.5, the estimated coefficients on the initial per 

capita output, ln(y81), are very low in regressions in Table 2.19, indicating an implied 

speed of convergence of about 0.05. Naturally, this value of the implied speed of 

convergence is higher than that obtained in Table 2.18, which is 0.0341, because in 

Table 2.19 we are controlling for cross-region variations not only in the regional TFPs, 

but also in rates of investment and labor growth. Further, if we leave out the variable 

REI from the regressions in Table 2.19, then these regressions reduce to those in Table 

2.3, where we have failed to detect (conditional) convergence when the rates of 

investment and labor growth have been controlled for. Therefore, comparisons made 

across Tables 2.2, 2.3, 2.18 and 2.19 reveal that whether or not we control for the rates 

of investment and labor growth, the cross-region variations in the regional TFPs 

                                                        
62 Obviously, regressions in Table 2.19 are based on a single cross-section version of equation (2.11).  
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explain a great deal of the variations in regional growth rates. If all of the regions were 

to have the same level of TFP, then there would be clear convergence across the Chinese 

regions (as shown in Tables 2.18 and 2.19). However, since the TFPs in fact vary very 

vastly across the Chinese regions, we have generally not been able to find evidence of 

convergence if it is not conditional on the regional TFPs (as shown in Tables 2.2 and 

2.3). Table 2.18 versus Table 2.2, and Table 2.19 versus Table 2.3 show that the role 

played by the cross-region variations of TFPs in the variations of the regional growth 

rates is so big and important that it has turned out to dominate the effect of the 

convergence tendency of the regions and led to a result of absolute divergence (or at 

least a lack of absolute convergence) across the Chinese regions over 1981-2005.  

 

A simpler way of showing the effect of the regional TFP on the regional growth rate, 

which is suggested in Islam (1995), is to run a simple linear regression of the regional 

growth rate over 1981-2005 on the regional TFP (the variable REI) to see how they are 

related. This regression is summarized in Table 2.20. The estimated coefficient on the 

variable REI is 1.359018 with a 95% confidence interval of (0.8515331, 1.866504). The 

adjusted R-squared is 0.5008. This result of the regression obviously indicates that an 

increase in (the time-constant) variable REI by 0.01 over 1981-2005 tends to lead to a 

1.36% increase in per capita output in 2005.63 This regression suggests a potentially 

strong positive correlation between the regional TFP and the regional growth. In fact, a 

simple correlation calculation shows that the (sample) correlation coefficient between 

the two variables in the regression is 0.7197.  

 

2.9. Conclusion 

In the study of this chapter, just as in Islam (1995), we have argued for and 

implemented a panel data approach to the study of economic growth and convergence. 

We have applied the panel data approach to explore growth and convergence across 31 

provinces in China during a time span of 24 years from 1981 to 2005. Compared with 

single cross-section and pooled cross-section estimations, the panel data approach has 

resulted in higher rates of conditional convergence and lower values of the elasticity of 

output with respect to capital. In sum, the major findings of the analysis of this chapter 

all conform to the basic conclusions of Islam (1995). The differences between the 

                                                        
63 One advantage of this regression over the one in Table 2.18 is that the former, by leaving out (the log of) 

the initial per capita output from the right-hand side of the equation, renders the only explanatory 
variable left, the variable REI, the power to capture both its direct effect on the explained variable and its 
indirect effect on the explained variable through its influence on the initial per capita output.  
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results from the panel data approach and those from cross-section regressions are 

traceable to the omitted variable problems. In the cross-section regressions, since the 

omitted variables are correlated with the included explanatory variables, the estimated 

values of the coefficients on the explanatory variables are biased. The panel data 

method, however, by extracting the individual regional effects out from the error term 

and explicitly including them into the regression equation, mitigates, if not eliminates, 

the biases caused by the omitted variables. For the same reason, the differences in 

estimation results between the (cross-section) regressions without the zone dummy 

variables and those corresponding ones with the zone dummies are also explainable in 

terms of correction for the omitted variable biases. From the point of view of the growth 

theory, the application of panel data method in this analysis and the corresponding 

results all emphasize the importance and necessity of modeling different aggregate 

production functions across economies.  

 

However, the fast convergence rate we have obtained through the panel data approach 

comes at a cost. Since by using the panel data framework we have controlled for more 

sources of differences in the steady state levels of (per capita) income, we have at the 

same time unavoidably made the obtained convergence less meaningful. Originally, 

countries in the world approach the same or similar levels of per capita income. 

is probably little solace to be derived from finding that countries in the world are 

converging at a faster rate, when the points to which they are converging remain very 

different. (Is  

 

faster rate of convergence we have obtained by the panel data method as opposed to the 

cross-section methods may seem to lead us to believe that different government 

policies towards different economic zones or different provinces in China are less 

relevant than usually thought to be, because according to our findings, the regions are 

converging (to their own steady states) faster than traditionally believed. However, this 

reasoning is problematic. In actuality, the opposite is the case. Traditionally, only the 

saving and population growth rates are thought to be the variables that policies are 

directed to. As Islam (1995) points out, the panel data framework highlights the role of 

the )0(A  term as a determinant of the steady state level of (per capita) income. It thus 

brings to the fore the fact that, even with similar rates of saving and population growth, 

a province can directly improve its long-run economic position by achieving 
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improvements in the components of )0(A . 64  Also, if )0(A  is thought of as being 

positively correlated with the saving rate and/or negatively correlated with the 

population growth rate, then an improvement in )0(A  can, through its salutary 

influence on s and/or n, lead to a further (indirect) increase in the steady state level of 

income. Therefore, this analysis sheds light on a wider scope of policies that the 

Chinese central and local governments can adopt to improve the )0(A  components of 

backward western provinces in order to narrow the gap in per capita incomes between 

the more developed provinces and the less developed ones. Compared with cross-

country studies such as Islam (1995), where the implication is for the policy-making of 

each individual country, the present study on Chinese provinces, however, points not 

only to the policy-making of each individual province-level government, but also to that 

of the Chinese central government.  

 

We have not found any important effects of the inclusion of the schooling rate variable 

on the results of our estimations. Comparing the regressions with the schooling rate 

and those corresponding ones without it, we have seen that no important results are 

altered in any important ways; the variable of schooling rate is not found to be 

significant in all of our tests for the augmented model that includes it. This may result 

from two reasons. First, as is obvious, the schooling rate of secondary education we 

have used in our regressions is only a very crude and imperfect measure of the rate of 

investment in human capital. Second, investment in human capital usually has lagged 

effects on output  it might take a fairly long period of time for human capital 

investment to begin to show its effects on (the growth of) output. Therefore, the 

question of how to incorporate human capital factors into an empirical model for 

testing convergence deserves careful further consideration.  

 

Finally, our analysis of the estimated region effects has suggested a strong positive 

correlation between the regional TFP and the regional growth, and has shown that the 

role played by the cross-region variations of TFPs in the variations of the regional 

growth rates is important and has dominated the effect of the convergence tendency of 

the regions and led to a result of absolute divergence (or at least a lack of absolute 

convergence) across the Chinese regions over 1981-2005. 

                                                        
64 Also see the concluding part of Islam (1995).  
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TABLES OF CHAPTER 2 

Table 2.1    Speed of convergence and divergence ( )  for different data sets65                  

Data set    Cross-section regression 

 

China 30 Provinces (1978-95) (cross-section data) 

China 30 Provinces (1978-95) (panel data) 

Chen and Fleisher (1996) 

China 25 provinces (1952-92) (cross-section data) 

China 25 provinces (1978-93)  (cross-section data) 

Raiser (1998) 

China 28 Provinces (1978-92) (cross-section data) 

Gundlach (1997) 

China 29 Provinces (1978-89) (cross-section data) 

Sala-i-Martin (1996) 

World 110 countries (1960-90) 

OECD countries (1960-90) 

USA 48 States (1980-90) 

Germany 11 regions (1950-90) 

UK 11 regions (1950-90) 

  

 0.009  (1.10), R2=0.040 

-0.0025  (1.89), R2=0.029 

 

-0.005   (1.47), R2=0.046 

0.009   (1.54), R2=0.054 

 

0.0255   (2.74), R2=0.287 

 

0.0220   (3.14), R2=0.280 

 

-0.004   (2.00), R2=0.04 

0.014    (4.33), R2=0.48 

0.021    (70.0), R2=0.89 

0.014    (2.33), R2=0.56 

0.020    (2.50), R2=0.62 

Notes66:  (1) The values in parentheses are asymptotic t-values for the convergence speed parameter . If 
the value of  is positive, it implies convergence, or vice versa. Apart from the second row for China, all the 
data sets are long run cross-section data. (2) Chen and Fleisher (1996) use real per capita national income, 
instead of real per capita GDP in 1952-92 and real per capita GDP in 1978-93. At the time of their writing, 
GDP data was not available before 1988 from official statistics. In addition, they did not have data for five 
provinces (or regions), Guangxi, Jilin, Hainan, Qinghai and Tibet. (3) Raiser (1998) takes data from a 
number of different sources, including his personal calculations.  

 

 

                                                        
65 Source: Yao and Zhang (2001). 
66 Notes are also reproduced from Yao and Zhang (2001). 
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Table 2.2    Test for unconditional convergence in single cross-section regression (OLS) 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables (Single cross-section regression) 
Constant 
ln(y81) 

2R  
Implied  

2.424427  (0.8143287) 
1.102019  (0.1156519) 
0.7559 
-0.004048                                   

Note: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
 
 
 
Table 2.3    Tests for conditional convergence in single cross-section regressions (OLS) 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(y81) 
ln(s) 
ln(n+g+ ) 

2R  
Implied  

2.507264   (2.28948)  
1.126249   (0.1420264) 
-0.131167  (0.3197305) 
0.1037048  (0.7900285) 
0.7389 
-0.004954 

2.381788   (3.233114) 
1.125839   (0.1415268) 
-0.1312003  (0 .3197808) 
0.1434213  (1.127988) 
0.7389 
-0.004939 

Restricted 
Constant 
ln(y81) 
ln(s)-ln(n+g+ ) 

2R  
Implied  

2.437378   (0.8269725) 
1.127777   (0.1316807) 
-0.1276779  (0.2959204) 
0.7486 
-0.005010 

2.414806   (0.8267301) 
1.125289   (0.1291749) 
-0.1319542  (0.3059157) 
0.7486 
-0.004918 

Notes: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
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Table 2.4    Test for unconditional convergence in single cross-section regression (OLS) 
                  --- with zone dummy variables 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables (Single cross-section regression) 
Constant 
ln(y81) 
East 
West 

2R  
Implied  

3.899449   (0.7371345) 
0.8670258  (0.104946) 
0.4511488  (0.1044434) 
0.0299297  (0.1012148) 
0.8581 
0.005945 

Notes: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
 
 
 
Table 2.5    Tests for conditional convergence in single cross-section regressions (OLS) 
                 --- with zone dummy variables 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(y81) 
ln(s) 
ln(n+g+ ) 
East 
West 

2R  
Implied  

4.899708    (1.837) 
0.8587985   (0.1465053) 
-0.1088462   (0.3143858) 
-0.2938454   (0.6296448) 
0.4649538   (0.1114801) 
0.050356    (0.1362415) 
0.8489 
0.006343 

5.31429    (2.584712) 
0.8585295  (0 .1459034) 
-0.1082055  (0.3143096) 
-0.4283758  (0.8980739) 
0.4650995  (0.1114625) 
0.0502414  (0.1360894) 
0.8490 
0.006356 

Restricted 
Constant 
ln(y81) 
ln(s)-ln(n+g+ ) 
East 
West 

2R  
Implied  

3.860687    (0.7824928) 
0.882924    (0.1396337) 
-0.0527235   (0.2976885) 
0.4553675   (0.1090775) 
0.0451688   (0.1343289) 
0.8526 
0.005188 

3.829497   (0.7961443) 
0.8888884  (0.1352423) 
-0.0810158  (0.3071037) 
0.4579145  (0.109412) 
0.0526391  (0.1342945) 
0.8528 
0.004908 

Notes: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
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Table 2.6    Test for unconditional convergence in pooled cross-section regression (OLS) 
                  -- Pooled regression from a panel of four-year span data 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (Pooled cross-section regression) 
Constant 
ln(yi, t-1) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.4064264   (0.1367044) 
1.007508    (0.0192237) 
0.0657486   (0.0310384) 
0.4035804   (0.036819) 
-0.1258987   (0.051137) 
0.0299319   (0.0583307) 
0.9889 
-0.001870 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial 
year. 
 
 
 
Table 2.7    Tests for conditional convergence in pooled cross-section regressions (OLS) 
                  -- Pooled regressions from a panel of four-year span data 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(yi, t-1) 
ln(s) 
ln(n+g+ ) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.8151927   (0.2009529) 
0.9945486   (0.0180197) 
0.0645791   (0.0409684) 
-0.247558   (0.0477163) 
0.0464363   (0.0286639) 
0.3554098   (0.0350454) 
-0.2182648   (0.0496259) 
-0.0347191   (0.0554391) 
0.9908 
0.001367 

1.154905    (0.2461187) 
0.9953634   (0.0180245) 
0.0641002   (0.0410064) 
-0.3576737  (0.0692572) 
0.0457711   (0.0286968) 
0.3530963   (0.0351608) 
-0.2188688   (0.049716) 
-0.0366621   (0.0555336) 
0.9907 
0.001162 

Restricted 
Constant 
ln(yi, t-1) 
ln(s)-ln(n+g+ ) 
d90 
d95 
d00 
d05 

2R  
Implied  

 

0.3754106   (0.1280586) 
0.9900953   (0.0183613) 
0.1432696   (0.0304708) 
0.0465694   (0.0293219) 
0.3569198   (0.0358457) 
-0.1958531   (0.0500994) 
-0.04168    (0.0566547) 
0.9903 
0.002489 
0.9353 

0.4091317   (0.1298616) 
0.9914216   (0.018673) 
0.1452014   (0.035204) 
0.0486321   (0.029775) 
0.361947    (0.036403) 
-0.1822098   (0.0504588) 
-0.0355887  (0.0576424) 
0.9900 
0.002154 
0.9442 

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 2.8    Test for unconditional convergence in pooled cross-section regression (OLS) 
-- Pooled regression from a panel of four-year span data 
-- with zone dummy variables 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables (Pooled cross-section regression) 
Constant 
ln(yi, t-1) 
East 
West 
d90 
d95 
d00 
d05 

2R  
Implied  

0.8204579   (0.1742727) 
0.9431655   (0.025002) 
0.1005109   (0.0265038) 
0.0034952   (0.0229329) 
0.1007284   (0.0310659) 
0.4791358   (0.0404578) 
0.0153942   (0.0614848) 
0.199783    (0.0715416) 
0.9899 
0.014628 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 2.9    Tests for conditional convergence in pooled cross-section regressions (OLS) 

-- Pooled regressions from a panel of four-year span data 
-- with zone dummy variables 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(yi, t-1) 
ln(s) 
ln(n+g+ ) 
East 
West 
d90 
d95 
d00 
d05 

2R  
Implied  

1.25023     (0.2079445) 
0.9171946   (0.0234901) 
0.0933219   (0.042238) 
-0.2520235   (0.044526) 
0.0950523   (0.0238485) 
-0.0228541   (0.0226296) 
0.0848235   (0.0278793) 
0.4374747   (0.0367772) 
-0.0602476   (0.0566084) 
0.152273    (0.0644161) 
0.9920 
0.021609 

1.589262    (0.2470211) 
0.918496    (0.023521) 
0.0927839   (0.0423224) 
-0.3625396   (0.0646912) 
0.0944477   (0.0238902) 
-0.0227742   (0.0226701) 
0.0839769   (0.0279431) 
0.4347842   (0.0369284) 
-0.0614538   (0.0567895) 
0.1493524    (0.064588) 
0.9919 
0.021254 

Restricted 
Constant 
ln(yi, t-1) 
ln(s)-ln(n+g+ ) 
East 
West 
d90 
d95 
d00 
d05 

2R  
Implied  

 

0.9077413   (0.1592894) 
0.9077755   (0.0236025) 
0.168761    (0.030096) 
0.0898465   (0.0241841) 
-0.0383506   (0.0221555) 
0.0866961   (0.0283697) 
0.4421158   (0.0373899) 
-0.0338626   (0.0566152) 
0.1551778   (0.0655621) 
0.9917 
0.02419 
0.6466 

0.9473099   (0.1635029) 
0.9088182   (0.0241705) 
0.1769821   (0.0354211) 
0.0888654   (0.0246747) 
-0.0393189   (0.022917) 
0.0883599   (0.0288988) 
0.4461798   (0.0380729) 
-0.0203926   (0.0574338) 
0.1593134   (0.0667992) 
0.9913 
0.023903 
0.66 

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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                    -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.6033096    (0.06627) 
0.2829191    (0.0442913) 
0.875647     (0.0818811) 
0.7591294    (0.1476554) 
1.094362     (0.1766851) 
0.9599 
0.126331 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 2.11    Tests for conditional convergence in panel data regressions (LSDV) 
                   -- LSDV estimation with fixed effects 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
ln(yi, t-1) 
ln(s) 
ln(n+g+ ) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.7221345   (0.0639296) 
0.1431515   (0.0589756) 
-0.2245355   (0.0490572) 
0.1856462   (0.0443174) 
0.6562509   (0.0854602) 
0.3599729   (0.1534291) 
0.6447375   (0.1824058) 
0.9787 
0.081386 

0.7229302   (0.0644514) 
0.1425186   (0.0592768) 
-0.3177373   (0.0717035) 
0.1852841   (0.0446645) 
0.6549098   (0.0862717) 
0.3610746   (0.1547171) 
0.644       (0.1838957) 
0.9787 
0.081111 

Restricted 
ln(yi, t-1) 
ln(s)-ln(n+g+ ) 
d90 
d95 
d00 
d05 

2R  
Implied  

 

0.7182515   (0.0638341) 
0.1908133    (0.036513) 
0.1839906   (0.0442993) 
0.653008    (0.0854235) 
0.3643389   (0.1534089) 
0.6360542   (0.1822562) 
0.9782 
0.082734 
0.4038 

0.7080366   (0.0645635) 
0.2146883   (0.0445598) 
0.189107    (0.0450562) 
0.6645433   (0.0869608) 
0.3950262   (0.1551104) 
0.6596028   (0.185512) 
0.9769 
0.086315 
0.4237 

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 2.12    Tests for conditional convergence in single cross-section regressions (OLS) 
                   -- with human capital included 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(y81) 
ln(s) 
ln(n+g+ ) 
ln(h) 

2R  
Implied  

2.999115    (2.299916) 
1.010018    (0.1687554) 
0.0080288   (0.3355986) 
-0.2542979  (0.8330717) 
0.3214211   (0.2582864) 
0.7443 
-0.000415 

3.3352     (3.289882) 
1.010507   (0.1679276) 
0.0081399  (0.3356691) 
-0.3621908  (1.18786) 
0.321089   (0.2579475) 
0.7443 
-0.000436 

Restricted 
Constant 
ln(y81) 
ln(s)-ln(n+g+ ) 
ln(h)-ln(n+g+ ) 

2R  
Implied  

3.184949   (1.008787) 
1.006714   (0.1615731) 
-0.0024271  (0.308942) 
0.3191083  (0.2520646) 
0.7541 
-0.000279 

3.245532   (1.047294) 
1.012073   (0.1558049) 
0.0100681  (0.3225486) 
0.320853   (0.2528152) 
0.7541 
-0.000500 

Notes: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
 
 
 
Table 2.13    Tests for conditional convergence in single cross-section regressions (OLS) 
                    -- with human capital included and zone dummies included 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(y81) 
ln(s) 
ln(n+g+ ) 
ln(h) 
East 
West 

2R  
Implied  

5.511659    (1.743523) 
0.7278637   (0.1506108) 
0.0130304   (0.2998614) 
-0.703697    (0.62069) 
0.3941605   (0.1877303) 
0.4906916   (0.1050363) 
0.0856651   (0.1285936) 
0.8677 
0.013235 

6.453463    (2.478749) 
0.7289571   (0.1498275) 
0.0130568   (0.299732) 
-1.006559   (0.8843371) 
0.3936726   (0.1874881) 
0.490964    (0.1050261) 
0.0860486   (0 .1284826) 
0.8678 
0.013173 

Restricted 
Constant 
ln(y81) 
ln(s)-ln(n+g+ ) 
ln(h)-ln(n+g+ ) 
East 
West 

2R  
Implied  

 
Implied   

4.764006    (0.8386506) 
0.7429327   (0.1451092) 
0.0564558   (0.281988) 
0.401897    (0.18409) 
0.4841879   (0.1025401) 
0.0825656   (0.1263933) 
0.8719 
0.012381 
0.0789 
0.5618 

4.781639    (0.8743406) 
0.7644646   (0.1401032) 
0.0419004   (0.2940775) 
0.3887668   (0.1854859) 
0.4826203   (0.1033412) 
0.0882792   (0.1271573) 
0.8704 
0.011191 
0.0629 
0.5836 

Notes: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
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Table 2.14    Tests for conditional convergence in pooled cross-section regressions (OLS) 
                    -- Pooled regressions from a panel of four-year span data 

-- with human capital included 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(yi, t-1) 
ln(s) 
ln(n+g+ ) 
ln(h) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.8301624   (0.2006061) 
0.9828063   (0.0198525) 
0.0681646   (0.0409201) 
-0.2548416  (0.0478533) 
0.045374    (0.0326666) 
0.0516762   (0.028821) 
0.3694574   (0.0363689) 
-0.2025818  (0.0507409) 
-0.024462   (0.0557547) 
0.9908 
0.004336 

1.181148    (0.2460152) 
0.9835026   (0.0198519)) 
0.0676951   (0.0409508) 
-0.3686896   (0.0694725) 
0.045908    (0.0326975) 
0.0510386   (0.0288468) 
0.3672033   (0.0364564) 
-0.2031018   (0.050808) 
-0.0263835  (0.0558318) 
0.9908 
0.004159 

Restricted 
Constant 
ln(yi, t-1) 
ln(s)-ln(n+g+ ) 
ln(h)-ln(n+g+ ) 
d90 
d95 
d00 
d05 

2R  
Implied  

 
Implied   

0.5587733   (0.1471756) 
0.9730101   (0.0194072) 
0.1204363   (0.0314432) 
0.0722615   (0.0299659) 
0.054866    (0.0290575) 
0.378744    (0.0364152) 
-0.1790061  (0.049791) 
-0.0228199  (0.0562949) 
0.9906 
0.006840 
0.5482 
0.3289 

0.6137055   (0.1540912) 
0.9727083   (0.0199969) 
0.1335925   (0.0350013) 
0.0757304   (0.0318402) 
0.0567027     (0.02951) 
0.3833041   (0.0369475) 
-0.1641283   (0.0502563) 
-0.018865    (0.0571843) 
0.9903 
0.006918 
0.5646 
0.3201 

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 2.15    Tests for conditional convergence in pooled cross-section regressions (OLS) 
                    -- Pooled regressions from a panel of four-year span data 

-- with human capital included and zone dummies included 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(yi, t-1) 
ln(s) 
ln(n+g+ ) 
ln(h) 
East 
West 
d90 
d95 
d00 
d05 

2R  
Implied  

1.284654    (0.2071189) 
0.9030327   (0.0245495) 
0.0883287   (0.0419854) 
-0.261344   (0.0444585) 
0.0585604     (0.03197) 
0.1051085   (0.0242845) 
-0.0100318   (0.023513) 
0.0921274     (0.02794) 
0.4570758   (0.0380171) 
-0.0388207  (0.0573566) 
0.1682525   (0.0644885) 
0.9921 
0.0255 

1.63787     (0.2464123) 
0.9042683   (0.0245739) 
0.0877105   (0.0420655) 
-0.3765286   (0.0646086) 
0.0589998   (0.0320352) 
0.1045583   (0.0243218) 
-0.0098543   (0.0235531) 
0.0912865   (0.0279967) 
0.4543858   (0.0381406) 
-0.0400148   (0.057514) 
0.1652936   (0.0646403) 
0.9921 
0.025157 

Restricted 
Constant 
ln(yi, t-1) 
ln(s)-ln(n+g+ ) 
ln(h)-ln(n+g+ ) 
East 
West 
d90 
d95 
d00 
d05 

2R  
Implied  

 
Implied  

1.080788    (0.1698478) 
0.8924094   (0.0238931) 
0.1340935   (0.0323965) 
0.0780046   (0.0300421) 
0.105175    (0.0244426) 
-0.0155157   (0.0234417) 
0.0957297   (0.0280408) 
0.4665016   (0.0378544) 
-0.0151199   (0.0559937) 
0.1753844   (0.0647706) 
0.9920 
0.028458 
0.419 
0.244 

1.148658   (0.1778373) 
0.8908841   (0.0246704) 
0.1523985   (0.0359785) 
0.0826977   (0.0316222) 
0.1041956   (0.0248924) 
-0.0177763   (0.0239315) 
0.0976959   (0.0285579) 
0.4712899   (0.0385438) 
0.0011367   (0.0569098) 
0.1795905   (0.0659509) 
0.9917 
0.028885 
0.4427 
0.2403 

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 2.16    Tests for conditional convergence in panel data regressions (LSDV) 
                   -- LSDV estimation with fixed effects.  
                   -- Human capital included 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted  
ln(yi, t-1) 
ln(s) 
ln(n+g+ ) 
ln(h) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.7148545   (0.0655493) 
0.1314587   (0.0630514) 
-0.2272059   (0.0494601) 
0.0367064   (0.0684794) 
0.1906547   (0.0454255) 
0.669679    (0.0893094) 
0.374223    (0.1561818) 
0.6561972   (0.1842135) 
0.9790 
0.083919 

0.7158772   (0.0660666) 
0.1311241   (0.0633842) 
-0.3215045   (0.0722953) 
0.0357308   (0.0688127) 
0.1901386   (0.0457708) 
0.6679272   (0.0901025) 
0.3748836   (0.1574684) 
0.6550701   (0.1857052) 
0.9789 
0.083562 

Restricted 
ln(yi, t-1) 
ln(s)-ln(n+g+ ) 
ln(h)-ln(n+g+ ) 
d90 
d95 
d00 
d05 

2R  
Implied  
Implied  
Implied  

0.7084854   (0.0646741) 
0.1518717    (0.054778) 
0.0576886   (0.0604737) 
0.1925764    (0.045221) 
0.6755112   (0.0886525) 
0.3848509   (0.1549669) 
0.6578111   (0.1837473) 
0.9788 
0.086156 
0.3031 
0.1151 

0.696971    (0.0651611) 
0.173246    (0.056964) 
0.0745358   (0.0639778) 
0.1982974    (0.045674) 
0.6893392   (0.0893988) 
0.415518    (0.1558697) 
0.6788746   (0.1859666) 
0.9779 
0.090253 
0.3145 
0.1353 

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 2.17(a)    Estimated coefficients on the provincial dummy variables in panel data 
regressions 

Unrestricted Model 

Provinces 
Assuming 
g+  = 5% 

Assuming 
g+  = 8% 

Assuming 
g+  = 5% 

Assuming 
g+  = 8% 

  Beijing 0.269255 0.27242 0.271342 0.274464 

  Tianjin 0.191788 0.19269 0.191191 0.192093 

  Hebei 0.024784 0.02373 0.021603 0.020621 

  Shanxi -0.01147 -0.01156 -0.01943 -0.01931 

  Inner Mongolia 0.078718 0.079105 0.073634 0.074156 

  Liaoning 0.10506 0.104488 0.105564 0.104954 

  Jilin 0.030272 0.034153 0.022537 0.026663 

  Heilongjiang 0.06019 0.058596 0.054658 0.05318 

  Shanghai 0.301496 0.300875 0.305831 0.305045 

  Jiangsu 0.109608 0.110348 0.110053 0.110782 

  Zhejiang 0.16001 0.159363 0.162192 0.161473 

  Anhui -0.10101 -0.102 -0.10602 -0.10688 

  Fujian 0.174423 0.17296 0.173216 0.171768 

  Jiangxi -0.0841 -0.08417 -0.09212 -0.09196 

  Shandong 0.089147 0.088539 0.084055 0.083577 

  Henan -0.05596 -0.0562 -0.06299 -0.06304 

  Hubei -0.08356 -0.08314 -0.08821 -0.08766 

  Hunan -0.08697 -0.08798 -0.09161 -0.0925 

  Guangdong 0.234303 0.232843 0.238383 0.236797 

  Guangxi -0.10092 -0.10198 -0.10238 -0.10341 

  Hainan 0.016977 0.01631 0.019233 0.0185 

  Chongqing -0.11913 -0.11624 -0.11555 -0.11272 

  Sichuan -0.13385 -0.13371 -0.1317 -0.13161 

  Guizhou -0.25166 -0.25171 -0.24689 -0.24703 

  Yunnan -0.11282 -0.11385 -0.10618 -0.10738 

  Tibet -0.17446 -0.17473 -0.13041 -0.13186 

  Shaanxi -0.10496 -0.10582 -0.11115 -0.11184 

  Gansu -0.2375 -0.2336 -0.23963 -0.23562 

  Qinghai -0.14243 -0.14231 -0.13695 -0.13697 

  Ningxia -0.1008 -0.10174 -0.10332 -0.10419 

  Xinjiang 0.055579 0.054323 0.051058 0.049901 
(Intercept) 2.4267158 2.7189848 2.4630145 2.7577621 

ln(h) No No Yes Yes 
ge value of the estimated coefficients on the provincial 

dummies from original LSDV regressions without an intercept. 



 

 

54

Table 2.17(b)    Estimated coefficients on the provincial dummy variables in panel data 
regressions 

Restricted Model 

Provinces 
Assuming 
g+  = 5% 

Assuming 
g+ = 8% 

Assuming 
g+ = 5% 

Assuming 
g+ = 8% 

  Beijing 0.262573 0.270211 0.268735 0.275017 

  Tianjin 0.192131 0.202702 0.191044 0.199004 

  Hebei 0.025339 0.024533 0.020099 0.017851 

  Shanxi -0.01228 -0.01165 -0.02443 -0.02779 

  Inner Mongolia 0.083113 0.087283 0.073226 0.074955 

  Liaoning 0.113245 0.123039 0.110505 0.119468 

  Jilin 0.036919 0.044757 0.021894 0.026536 

  Heilongjiang 0.069072 0.076486 0.056546 0.060808 

  Shanghai 0.306505 0.32416 0.311157 0.327155 

  Jiangsu 0.111298 0.114968 0.111267 0.114742 

  Zhejiang 0.162901 0.165825 0.165082 0.168644 

  Anhui -0.09672 -0.10004 -0.10645 -0.1107 

  Fujian 0.178089 0.178546 0.174609 0.174691 

  Jiangxi -0.07546 -0.07419 -0.09179 -0.0929 

  Shandong 0.089586 0.088363 0.081392 0.078055 

  Henan -0.05277 -0.05613 -0.0652 -0.07041 

  Hubei -0.08202 -0.08311 -0.08999 -0.09253 

  Hunan -0.07657 -0.07438 -0.08835 -0.08715 

  Guangdong 0.231866 0.229978 0.23933 0.238927 

  Guangxi -0.0933 -0.09513 -0.09889 -0.09978 

  Hainan 0.009596 0.005303 0.016327 0.012566 

  Chongqing -0.1128 -0.10731 -0.1099 -0.10215 

  Sichuan -0.12601 -0.12428 -0.126 -0.12219 

  Guizhou -0.25557 -0.26694 -0.24638 -0.25346 

  Yunnan -0.11106 -0.11597 -0.10138 -0.10196 

  Tibet -0.18578 -0.19248 -0.11168 -0.0987 

  Shaanxi -0.10903 -0.1146 -0.11701 -0.12502 

  Gansu -0.23931 -0.24202 -0.24188 -0.24416 

  Qinghai -0.16624 -0.18154 -0.14736 -0.16078 

  Ningxia -0.12135 -0.13619 -0.11644 -0.13286 

  Xinjiang 0.044048 0.039798 0.041918 0.034131 
(Intercept) 2.231136 2.344242 2.3725714 2.5169011 

ln(h) No No Yes Yes 

dummies from original LSDV regressions without an intercept. 
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Table 2.18    Single cross-section regression (OLS) 
Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables (Single cross-section regression) 
Constant 
ln(y81) 
REI 

2R  
Implied  

7.058266   (0.4786022) 
0.4411361  (0.0681366) 
2.650039   (0.2073757) 
0.9641 
0.0341 

Note: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
 
 
 
Table 2.19    Single cross-section regressions (OLS) 

Dependent variable ln(y05)  log GDP per working person in 2005 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables 1st regression: g+  = 5% 2nd regression: g+  = 8% 
Unrestricted 
Constant 
ln(y81) 
ln(s) 
ln(n+g+ ) 
REI 

2R  
Implied  

8.548387    (0.6929143) 
0.2590666   (0.0603659) 
0.3748803   (0.0895844) 
-0.7733283   (0.2160214) 
2.947013    (0.1597204) 
0.9814 
0.05628 

9.59177     (0.9443356) 
0.2596316   (0.0600807) 
0.3758706    (0.089384) 
-1.109575    (0.3076513) 
2.947687    (0.1593197) 
0.9815 
0.05619 

Restricted 
Constant 
ln(y81) 
ln(s)-ln(n+g+ ) 
REI 

2R  
Implied  

7.490296    (0.3697628) 
0.2885567   (0.0604108) 
0.4207171   (0.0892957) 
2.921517    (0.1655618) 
0.9799 
0.05179 

7.523017    (0.3877406) 
0.3064952   (0.0615392) 
0.4119178   (0.0955535) 
2.898649    (0.171376) 
0.9782 
0.04927 

Notes: Standard errors are in parentheses. y(81) is GDP per working person in 1981. 
 
 
 
Table 2.20    Single cross-section regression (OLS) 

Dependent variable [ln(y05)  ln(y81)] 
(Sample: 30 Chinese provinces, 1981-2005) 
Variables (Single cross-section regression) 
Constant 
REI 

2R  

3.13597   (0.0357415) 
1.359018   (0.2477463) 
0.5008 

Note: Standard errors are in parentheses. [ln(y05)  ln(y81)] is the growth in GDP per working people 
over 1981-2005.  
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3 OPENNESS AND REGIONAL GROWTH IN CHINA 

 

ABSTRACT 

The study in this chapter investigates the relationship between openness to foreign 

economic activities, such as foreign trade and foreign direct investment, and the 

regional economic growth in the case of China during 1981-2005. This study finds that 

over this period, regional openness to foreign trade and foreign direct investment has a 

positive and large effect on regional growth across different Chinese regions. Moreover, 

when openness is properly controlled for, the study finds a faster rate of conditional 

convergence in growth rates across the Chinese regions, than when openness is left 

uncontrolled for. In sum, the major finding of this study lends strong support to the 

claim that openness raises income and promotes growth in China. 

 

 

3.1. Introduction 

By -1978 economic reforms have been seen as a colossal 

success. Owing to its various economic reforms and the open-door policy, China has 

achieved rapid economic growth with an average rate of over 9% during 1978-2005, the 

highest in the world in that period.67 

encouraging openness to international trade and inward flows of foreign direct 

investment (FDI). Before 1978, China was an almost isolated economy and had little 

foreign trade with the rest of the world. In 1978, however, the Chinese central 

-to-the-outside-

national policy. Since then, the trade to GDP ratio quadrupled from a mere 8.5% in 

1978 to 36.5% in 1999. The country also transformed itself from one with virtually no 

foreign-invested firms in 1978 to the largest developing-country destination for foreign 

direct investment (Wei, 2002). In 2002, China surpassed the US with FDI inflows of 53 

billion US dollars. By the end of 2005, the accumulated FDI in China was 622 billion 

US dollars. In 2004, FDI inflows constituted 7% of gross capital formation. Twenty 

eight percent of industrial output was produced by foreign-

reform measures and the open-door policy, ever-increasing trade openness and inflows 
                                                        
67 

on openness and growth.  
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of FDI seem to have exerted great effects on the burgeoning Chinese economy in many 

important ways. 

 

Does openness have causal effects on income and growth? The so-called Washington 

Consensus answer to this question is yes (Sarkar, 2007). Different World Development 

Reports (World Bank, 1987, 1991, 1999, 2000) argued that a more outward-oriented 

economy performed better than an inward-oriented economy. In fact, the relationship 

between openness and income/growth has been the subject of a voluminous literature 

(Wang and Gao, 2003), yet significant disagreement on this particular question still 

exists.68  

 

Some growth theories suggest that trade policy affects long-run economic growth 

through its impact on technological improvements. In the models of this tradition (see, 

for example, Grossman and Helpman, 1992), openness to international trade raises a 

technology, increasing the size of the market faced by the domestic producers so that 

in research-intensive production (Harrison, 1996, pp.419-420, as quoted in Sarkar, 

2007). However, the growth literature, according to Yanikkaya (2003) when referring 

to the works of Romer (1990), Grossman and Helpman (1990), Rivera-Batiz and Romer 

of models in which trade restrictions can decrease or increase the worldwide rate of 

of domestic producers by lowering their expected profits. Grossman and Helpman 

(1992) point out that intervention in trade could facilitate long-run growth if protection 

encourages investment in research-intensive sectors. Works of Lucas (1988), Grossman 

and Helpman (1991a, b), Young (1991) and Rivera-Batiz and Xie (1993) show that even 

if trading partners have considerably different technologies and endowments, economic 

integration may adversely affect individual countries even if it raises the worldwide 

growth rate (Yanikkaya, 2003, as quoted in Sarkar, 2007).69 

 

In view of the ambiguities in the theoretical literature, a number of empirical studies 

were undertaken to examine the relationship between trade liberalization and growth. 

One of the complicating factors in empirically identifying the relationship between 

                                                        
68 See Baldwin (2003) for a recent survey of this subject.  
69 See Sarkar (2007) for a discussion of this subject.  
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openness and growth across countries is the possible endogeneity of openness (Frankel 

and Romer, 1999, Rodrik, Subramanian, and Trebbi, 2002, as quoted in Wang and 

Gao, 2003). For example, endogeneity may arise if economic policy affects growth and 

international trade simultaneously. Furthermore, higher-income countries generally 

have better transportation infrastructure, lower communication costs and better access 

to information, all of which can contribute to more trade (Wang and Gao, 2003). 

 

Wang and Gao (2003) give a brief review of Frankel and Romer (1999). In a cross-

country study on the question of whether openness causes or promotes economic 

growth, Frankel and Romer (1999) developed an approach to address endogeneity by 

using geographic attributes of countries to construct an exogenous component of trade 

openness. Using geographical variables as instrumental variables (IV) for trade, they 

obtained the IV estimate of the effect of trade on income for 1985, which was found to 

be positive and substantial. However, in follow-up studies, Rodriguez and Rodrik 

(1999) and Irwin and Terviö (2002) questioned  higher 

instrumental variable (IV) estimates of the impact of trade shares on growth. 

 

Wang and Gao (2003) point out two weaknesses in the work of Frankel and Romer 

(1999). The first is the problem of omitted variables. In particular, the growth literature 

has established that the quality of institutions matters for income and growth (see, for 

example, Hall and Jones, 1999, Acemoglu, Robinson, and Johnson, 2001, mentioned in 

Wang and Gao, 2003). The problem of omitted variables occurs since it is highly likely 

that the quality of institutions and degree of openness to trade are positively correlated 

because, for example, higher quality of institutions means lower transaction costs, 

which lead to more trade openness, or/and higher quality of institutions and more 

trade openness both stem from better economic policy. In a cross-country study similar 

to that of Frankel and Romer (1999), when Rodrik, Subramanian, and Trebbi (2002) 

include institutions in the regression, which are also properly instrumented, they find 

 trade openness is no longer 

statistically significant and sometimes even has a wrong sign.70  Moreover, certain 

aspects of geography, which are not included in the Frankel and Romer specification, 

may have a direct impact on income (Rodriguez and Rodrik, 1999). Second, income is 

                                                        
70 According to Wang and Gao (2003), Irwin and Terviö (2002) also find that trade openness loses 

significance and in some cases becomes 

trade openness (instrumented) continues to be significantly positive with the inclusion of institutions or 
latitude. 
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determined in a complicated process over a long period of time. It is also unclear 

whether trade openness measured at one particular point in time is a good proxy for a 

 

 

Examining openness, income and growth across regions within a country, where 

institutional differences are much less prominent, can, to a large extent, avoid the 

difficult task of measuring and controlling for the quality of institutions in cross-

country studies. Moreover, within-country data are collected on a more consistent 

basis. Generally, many problems surrounding typical cross-country comparisons can be 

mitigated substantially by a careful look at within-country variations through a single-

country case study. In particular, a single-country case study of China would avoid two 

problems that arise when using cross-country comparisons, the most common 

approach in the empirical literature on openness and economic growth. First, many 

factors other than openness, such as geography, infrastructure, culture, the legal 

system, and other institutions, may influence growth or the income level. Some of these 

factors are difficult to observe or quantify, and are thus difficult to control for 

completely in cross-country regressions. Since these factors are likely to be correlated 

with trade openness, if they are omitted from the regression, there would then be a big 

risk of mis-attributing variations in income or growth to variations in trade openness.71 

Second, for cross-country studies, data on income in different countries are usually not 

directly comparable, because of unavailability or unreliability of the purchasing power 

parity adjustments to be made for cross-country comparisons, or because of 

incompatible methodologies underlying the data collection and compilation process in 

different countries. With data being much more comparable for different regions within 

a country, and the culture, legal system and other institutions much more similar 

within a country than across countries, a single-country case study of China that 

explores variations across the different regions within the country can not only mitigate 

the problems above, but also provide very useful information to complement cross-

country studies.72 

 

Since the early 1980s, through a controlled effort to open up the economy selectively to 

trade and FDI, China has gradually transformed itself into a major trading nation and 

                                                        
71 As we will see shortly, the panel data approach used in this chapter, by controlling for the region-specific 

effects, has the advantage of mitigating, if not totally eliminating this problem. Moreover, this problem is 
touched upon from another angle in Section 6.6 of Chapter 6, where an openness variable is used as a 

 
72 See Wei (2002).  
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FDI recipient in the world. 

international trade and FDI has been penetrating into other coastal areas and inland 

China. The degree of participation in foreign trade varies greatly from one province to 

another. FDI inflows are also highly unevenly distributed across provinces. In this 

chapter, we take advantage of the large cross-region variations in the degree of 

openness to identify the effects of openness on income and growth across the Chinese 

provinces (including municipalities and autonomous regions) over the period of 1981-

2005. Since data related to openness are available over the entire period, the problem 

of taking a snapshot of trade at one point in time as a proxy for openness can be 

avoided. 

 

The rest of this chapter is organized as follows. In Section 3.2, we present the results of 

some recent studies on the relationship between regional openness and regional 

income/growth across the different provinces in China. In Section 3.3, we establish the 

dynamic panel data framework needed for estimations of the effect of openness on 

regional growth. Various issues concerning econometric problems, estimation methods 

and the data and variables are discussed in Section 3.4. Estimation results are 

presented in Section 3.5. Section 3.6 brings up the issue of spatial interdependence and 

in this section we run extended regressions that include some measure of spatial 

relationship as an additional explanatory variable. In Section 3.7, we present 

interpretation and analysis of our estimation results. Section 3.8 briefly deals with the 

issue of including human capital into our regressions. Finally, Section 3.9 concludes.  

 

3.2. Literature 

ing to foreign trade (and/or FDI) and regional 

growth/ income has received extensive research in recent years. The following is a brief 

review of some recent studies that are closely related to the study of this chapter.73 

 

As summarized in Wang and Gao (2003), many empirical studies simply leave the 

endogeneity problem unattended and use actual trade and FDI variables in explaining 

regional growth (see, for example, Wei, 1992, Zhang, 2001, and Dees, 1998, as quoted 

in Wang and Gao, 2003). These studies generally find a significantly positive effect of 

openness (trade and/or FDI) on regional economic growth at the provincial or city 

level. In a few other studies, some effort has been made to deal with the concern over 

                                                        
73 See Wang and Gao (2003) for a more detailed review of some of the following studies.  
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the potential endogeneity of trade and FDI in the context of regional growth in China. 

Wei and Wu (2001), in studying the impact of openness on urban-rural income 

inequality over a sample of Chinese cities, use the minimum of the distances from a 

Chinese city to Hong Kong and Shanghai as an instr -to-GDP 

ratio.  

 

Démurger (2000),74 in investigating the relation between FDI and growth across 24 

Chinese provinces over 1985-1996, estimates a system of equations where both growth 

and FDI are simultaneously determined. Results show that FDI contributes positively 

and significantly to GDP growth, and that past GDP growth helps explain FDI. Despite 

limitations such as treating other variables (e.g. exports and human capital) as 

exogenous, the study does suggest that there exists bi-directional causality between FDI 

and growth across regions in China. Such a two-way causality between FDI and growth 

at the national level in China is also found in Zhang (1999), though Buckley et al. 

(2002) find that growth does not Granger cause FDI at the provincial level in China. 

 

In a related study, Démurger et al. (2002) work on estimating the separate effects of 

geographical factors and policy factors on regional growth in China. By quantifying 

 both geography and policy have had 

significant effects on regional growth over different periods in the post-Mao era. The 

significant role of geography in promoting regional development is also found in Bao et 

al. (2002). Their findings, especially those on the role of geographical attributes in 

promoting regional growth shed useful light on the construction of instrumental 

variables for openness to trade/FDI. (See Wang and Gao, 2003) 

 

DaCosta and Carroll (2001) use a model usually associated with cross-country growth 

studies to identify and estimate various sources of economic growth in post-economic 

reform China. They find a positive role of openness in determining regional growth 

rates, but point out that regressions of income on trade in cross-country studies 

generally find only a very moderate impact, maybe because the trade share is 

endogenous. In their study the openness variable also captures the effects of other 

factors (such as FDI and ) that promote faster growth in particular regions. 

 

                                                        
74 This a  
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Yao and Zhang (2001), by using a panel data framework, find that transportation and 

openness are two variables that have significant effects on regional income. They also 

point out that one needs to be cautious about the results because openness and 

transportation may be closely associated. For example, investment and international 

trade are most likely to occur in areas with good transport facilities. However, their 

step-wise method of including these explanatory variables one by one into their basic 

model shows that the results are robust and consistent. 

 

Hu and Owen (2003) point out the widely divergent patterns of regional economic 

development and varying degrees of openness across the Chinese provinces since the 

mid-1980s. They also point out that in the process of foreign trade and FDI gradually 

between opened-up coastal areas and interior regions have been enhanced through 

inter-regional trade and specialization in the value chain. These linkages can potentially 

amplify the spillovers from trade and FDI. Their regression analysis suggests that the 

spillover effects from trade and FDI are highly localized, either within provinces or 

across regional sub-groupings.  

 

Wang and Gao (2003) study the effects of openness on regional income and growth in 

China during the period 1990-2001. They first construct exogenous components of 

openness to FDI and trade based on geographic and cultural attributes of Chinese 

provinces, and then use them to obtain instrumental variable (IV) estimates of the 

effects of FDI and trade on income and growth. They find positive effects of FDI on 

both income and growth that are in most cases precisely estimated and economically 

large. 

 

Zhang (2006) extends some earlier empirical studies on the issue by developing a new 

framework and providing evidence from panel data of the Chinese provinces. The paper 

first identifies potential channels through which FDI may positively or negatively affect 

the Chinese regional economy, and then works on a growth model, in which direct 

effects and spillovers of FDI are specified. The provincial data over the period of 1992-

(regional) income and growth. The results suggest that FDI tends to promote income 

growth, and that this positive growth effect seems to rise over time and to be stronger 

in the coastal than in the inland regions.  
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Madariaga and Poncet (2007), by using the GMM estimator for dynamic panels, 

provide a case study of whether FDI promotes economic growth across China. They rely 

on city-level data over 1990-2002 to estimate a dynamic panel growth equation, taking 

into account the issue of spatial interdependence. They explicitly consider the fact that 

Chinese cities can take advantage of not only local FDI inflows, but also FDI inflows 

into surrounding locations. They determine whether the impact of FDI on economic 

growth is characterized by a substitution or a complementary pattern across Chinese 

cities, i.e. whether economic growth is fostered by FDI received locally as well as by FDI 

received in surrounding localities. Their results show that spatial relationships between 

Chinese cities matter significantly. Estimates suggest that economic growth responds 

positively to FDI received locally as well as in proximate cities.  

 

3.3. A Dynamic Panel Data Model 

We begin by augmenting the Solow growth model, so that it will include a variable 

measuring the degree of openness to foreign trade. We 

implications for a panel data regression framework. Assuming a Cobb-Douglas 

production function, production at time t is given by 

(3.1) 1))()(()()( tLtBtKtY , )1,0(  

where )(tY , )(tK  and )(tL  denote output, physical capital stock and labor force at time 

t respectively. As in the original Solow model, )(tL  is assumed to grow exogenously at 

rate n: nteLtL )0()( .  

 

)(tB  in equation (3.1) measures the total effectiveness of labor at time t. This measure 

of total effectiveness of labor, )(tB , is in turn composed of two influencing factors that 

are entered multiplicatively,75 i.e.:  

(3.2) )())(1()( tAtFtB    

where )(tA  t, which is assumed to grow 

exogenously at rate g for all countries (or regions) in all periods: gteAtA )0()( . It 

should be noted that the total effectiveness of labor, )(tB  here, is not defined in the 

narrow sense of production technology; it should also include factors such as resource 

endowments, institutions, culture and so on. Given this broad concept of )(tB , it is 

                                                        
75 With a Cobb-Douglas production function, it makes little difference whether B(t) is entered as labor-

augmenting (Harrod-neutral), capital-augmenting (Solow-neutral), or Hicks-neutral. 
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reasonable to assume that we are always able to separate from )(tB  a component 

(which is )(tA ) whose growth can be assumed to be exogenous and unaffected by 

openness.  we simply mean all of the various 

factors affecting the effectiveness of labor that can be captured by the term )(tA .  

 

)(tF  is some measure of openness to foreign trade at time t. Openness to foreign trade 

is assumed to have a positive effect on labor effectiveness for various reasons such as 

technology spillovers from foreign trade, new technology embodied in imported capital 

and inputs, and technology induced by strong incentives of domestic producers to 

innovate when faced with the (bigger) international market, to name just a few. If 

instead we assume a completely closed economy where )(tF  is zero for all time periods, 

then )(tB  simply reduces to )(tA  and this augmented model reduces to the traditional 

Solow growth model.76  

 

Defining )]()(/[)()( tLtAtYty , and )]()(/[)()( tLtAtKtk , we get  

(3.3) )())(1()( )1( tktFty  

Starting from some initial point of time 1t  and assuming a constant F  throughout 

),[ 1t , the dynamic equation for )(tk  is given by  

(3.4) )()()()1()()()()( )1( tkgntkFstkgntystk  

where, just as in the traditional Solow model, s  is the constant saving rate and  is the 

constant depreciation rate.  

 

Therefore, it can be easily shown that )(tk  and )(ty  converge to their steady-state 

values k  and y : 

(3.5a) )1(
)1/(1

* F
gn
sk   

(3.5b) 
)1/(

)1(
gn
sFy  

                                                        
76 Zhang (2006), for example, uses a measure of the form )1( F as the multiplier for )0(A . However, the 

difficulty of using )1( F is that the value of  is hard to determine. Another shortcoming of )1( F  is 
that it only captures the linear relationship. Our measure of the form )1( F , by allowing for 
nonlinearities, circumvents the difficulty of determining the value of . Note that mathematically, 

)1(1 xx , when 0x  and is sufficiently small.  
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Approximating around the steady state, the pace of convergence is given by 

(3.6) )](ln[ln)(ln * tyy
dt

tyd
, where )1)(( gn .77  

Equation (3.6) implies that 

(3.7) )(lnln)1()(ln 1
*

2 tyeyety  

in which )( 12 tt . Substituting for *y  gives 

(3.8) )1ln()1()(ln 2 Fety  

                   )(ln)ln(
1

)1()ln(
1

)1( 1tyegnese  

Reformulating the above equation in terms of income per capita, )(/)()( tLtYty , we 

get 

(3.9) )(ln 2ty )(ln)ln(
1

)1()ln(
1

)1( 1tyegnese  

                        )()0(ln)1()1ln()1( 12 tetgAeFe  

If we use the following conventional notation of the panel data estimation, we get: 

(3.10) itit
j

j
itjtiit vuxyy

2

1
1,  

where 

)(ln 2tyyit , )(ln 11, tyy ti , 

e ,
1

)1(1 e , 
1

)1(2 e , )1(3 e , 

)ln(1 sxit , )ln(2 gnxit , )1ln(3 Fxit , 

)0(ln)1( Aeui , )( 12 tetgt , 

and itv  is the transitory error term (the idiosyncratic error) that varies across countries 

and time periods and has a mean equal to zero. Thus equation (3.9) forms the basic 

regression framework for our estimations in Section 3.5.78  

 

                                                        
77 See, for example, Barro and Sala-i-Martin (1995) or Romer (2006) for the derivation of the equation 

)1)(( gn . 
78 Given the functional specification in equation (3.9), we can see that this model does not have much to 

say about the indirect effect of openness on growth through its impact on capital accumulation because 
the investment rate is also included as one of the explanatory variables.  
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3.4. Estimation Issues and Data 

3.4.1. Econometric Issues and Estimation Methods 

Just as in the study of Chapter 2, equation (3.9) confronts us with a least five 

econometric problems. First, some of the variables may be measured with error. Some 

variables may even not be directly measurable or observable at all. We have to obtain 

closely approximated values for those explanatory variables. Particularly, for 

regressions based on equation (3.9), we have to choose some appropriate (observable) 

variable to proxy the actual degree of openness to trade or FDI. Second, the inclusion of 

the lagged dependent variable in the panel data framework with the individual effects 

renders the (pooled) OLS estimator biased and inconsistent, as the lagged dependent 

variable is correlated with the composite error term even in the absence of serial 

correlation between the idiosyncratic errors.79 The third concern is the endogeneity 

problem of the explanatory variables. In Section 3.1, we already had a discussion on the 

possible endogeneity problem of the openness variable. For example, endogeneity may 

arise if economic policy affects growth and openness to foreign trade simultaneously. 

The fourth problem is that the equation ignores the role of spatial interdependence 

opening up, linkages 

between opened-up coastal areas and inland regions have been enhanced through 

inter-regional trade and specialization in the value chain. These linkages can potentially 

s (1970) first law of 

(Fingleton, 1999, and Rey and Montouri, 1999). These spatial aspects are especially 

important as ignoring them could result in serious misspecification (Abreu et al., 

2005).80 Finally, since besides the included explanatory variables, there might be a 

myriad of other variables that also influence growth, potential biases caused by omitted 

variables are always a concern.  

 

Here, just as in Chapter 2, we argue that the use of the Least Squares with Dummy 

Variables (LSDV) estimator is an adequate approach. Since the individual effects are 

considered to be correlated with s , n and openness, the assumption of random effects 

is considered to be unsuitable. The LSDV estimator, which is based on the fixed-effects 

assumption, is permissible, though that assumption may seem strong. One possible 

                                                        
79 The inclusion of the lagged dependent variable in the panel data framework with the individual effects 

also makes the random effects estimator biased and inconsistent 
80 See Madariaga and Poncet (2007).  
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problem with LSDV arises from the dynamic nature of the panel data model. The 

inclusion of the lagged dependent variable as one of the right-hand side explanatory 

variables necessarily violates the strict exogeneity assumption usually made on a panel 

data model with unobserved effects. Nevertheless, Islam (1995), by referring to findings 

of Amemiya (1967), provides strong justifications for the use of LSDV.81  

 

3.4.2. Data, Samples and Variables 

The data are all taken from the officially published Chinese Statistical Yearbooks 

(1980-2006) and Comprehensive Statistical Data and Materials on 55 Years of New 

China. The data comprise the following variables for 31 provinces (including 

municipalities and autonomous regions) during the period 1981-2005: provincial GDP, 

total investment in fixed assets, total population and the population of all working 

people, total exports and total imports. The provincial investment rate s is calculated as 

the percentage (%) of the annual investment in fixed assets in the annual provincial 

GDP, averaged over the concerned time span. The population growth rate n is 

calculated as the average annual growth rate of the year-end working population over 

the concerned time span. In each round of our following estimations, The openness 

indicator F, is calculated as the ratio of total value of foreign trade (exports plus 

imports, converted to RMB yuan) to the corresponding regional GDP of the same year, 

averaged over the concerned time span. For the total values of foreign trade, we use 

relevant data obtained from Comprehensive Statistical Data and Materials on 55 

Years of New China. Moreover, just as in the previous chapter, we set (g+ ) equal to 

5% and 8% respectively for two compared regressions and assume this value (5% or 

8%) remains the same for all provinces in all years.82 

 

The total chosen period of 1981-2005 is divided into five 4-year spans: 1981-1985, 

1986-1990, 1991-1995, 1996-2000, and 2001-2005. Values of explanatory variables s, 

n, and F are calculated as the averages over the corresponding period. With this setup, 

the transitory error terms (see equation (3.10)) are five calendar years apart and hence 

may be less influenced by business cycle fluctuations and less likely to be serially 

correlated than they would be in an annual data setup (Islam, 1995). We use d90, d95, 

d00, and d05 to denote the four time dummy variables respectively for the four time 

periods 1986-1990, 1991-1995, 1996-2000, and 2001-2005.  

 
                                                        
81 See Islam (1995) for the justifications.  
82 For a discussion on the appropriateness of the assumed values of (g+ ), see Chapter 2.  
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Before we end this section, we should note that in all the regressions in later sections, 

for the total values of foreign trade, we use relevant data obtained from Comprehensive 

Statistical Data and Materials on 55 Years of New China. Alternatively, we could have 

as well used data on total values of foreign trade obtained from Chinese Statistical 

Yearbooks (1980-2006). It should be pointed out that in the Chinese Statistical 

Yearbooks Total Value of 

Commodities by the Places of Their Destination and Exports 

empirical analysis in this chapter may demand further consideration, yet after we have 

tried both measures (respectively) in our regressions, it turns out that all important 

regression results are essentially the same, no matter which of the two measures is used 

 neither of the two sets of the regression results significantly deviates from our 

regression results using relevant data from Comprehensive Statistical Data and 

Materials on 55 Years of New China. Therefore, as a matter of practice, for the total 

values of foreign trade, we stick to our use of data from Comprehensive Statistical Data 

and Materials on 55 Years of New China in the next few sections.   

 

3.5. Estimation Results 

3.5.1. Pooled Regressions without Zone Dummy Variables 

In order to see how regressions using the panel data approach differ from OLS 

regressions, we first run regressions of the pooled OLS method. Results from these 

pooled OLS regressions are summarized in Table 3.1. In Chapter 2, we have run similar 

pooled cross-section regressions without including the variable ln(1+F) (and also 

without including the zone dummy variables83). The results of those regressions were 

contained in Table 2.7 of Chapter 2.84 Comparing the two sets of regressions  with and 

without the explanatory variable ln(1+F), we can find that the inclusion of ln(1+F) into 

the regressions improves the estimation results in three major aspects.  

 

First, when the openness variable ln(1+F) is included, the estimated coefficients on the 

explanatory variables all have the expected sign and are all significant in all of the 

unrestricted and restricted regressions. Without the openness variable ln(1+F) (see 

                                                        
83 See the next sub-section and Chapter 2. 
84 In this section, we would frequently refer back to estimation results in Chapter 2 for comparison    
purposes.  
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Table 2.7 in Chapter 2), the estimated coefficient on ln(yi, t-1), though less than unity, is 

not significantly different from unity in all of the unrestricted and restricted 

regressions. Moreover, the estimated coefficient on ln(s) in the unrestricted regressions 

is not significant. After including the openness variable ln(1+F) into the model, we can 

see that the estimated coefficient on ln(yi, t-1) now becomes significantly lower than 

unity in all of the regressions. The estimated coefficient on ln(s) in the unrestricted 

regressions also becomes significant.  

 

Second, the estimated coefficient on the openness variable ln(1+F) is highly significant 

in all of the regressions. This suggests that openness plays an important role in 

promoting economic growth. In the four regressions, the estimated coefficient on 

ln(1+F) is about 0.29 and the corresponding 95% confidence interval is about (0.16, 

0.42). Thus a 1% change in (1+F), ceteris paribus, will approximately cause a 0.3% 

change in y. The implied value of  is approximately 4. Combined with the implied 

value of  (which is about 0.7) from the restricted regressions, we can calculate the 

elasticity of production with respect to (1+F): 2.1)7.01(4)1( , which implies 

(1+F) will approximately cause a 1.2% increase in production.  

 

Third, by including the openness variable ln(1+F), we now get a much faster rate of 

regional convergence as indicated by the implied value of . Without the openness 

variable, as can be seen from Table 2.7 of Chapter 2,  has a very low implied value, 

which is about 0.001 or 0.002. Now, with the inclusion of ln(1+F), the implied value of 

 is as high as 0.018.  

 

Comparing these results with those in Table 2.9 of Chapter 2, where two zone dummy 

variables but no openness variable were included in the regressions, we can see that the 

estimation results are strikingly similar between the two sets of regressions. Here in 

Table 3.1, the estimated coefficients on ln(yi, t 1), ln(s), and ln(n+g+ ) (as well as on 

[ln(s)-ln(n+g+ )] in the restricted regressions) are all strikingly close to the 

corresponding estimated coefficients from regressions in Table 2.9 of Chapter 2. 

Moreover, the implied values of  and  in regressions in Table 3.1 are also quite close 

to those in Table 2.9 of Chapter 2. This phenomenon suggests that there might be a 

not significant in all the regressions in Table 2.9 of Chapter 2). In other words, if we 



 

 

70

out the zone dummies without changing much of the estimation results. A simple 

 indeed revealed the very high positive 

correlation between the two.  

 

However, the major problem with the regressions in Table 3.1, just like the problem 

with Table 2.9 of Chapter 2, is that they yield an implied value of  that is way too 

high. In the next round of estimations, we want to further improve the regression 

model by including the two zone dummy variables (alongside with the openness 

variable) in the regressions, in the hope that by adding the zone dummies, we could 

capture some certain aspects of permanent differences in the production functions 

across the different Chinese economic zones.  

 

3.5.2. Pooled Regressions with Zone Dummy Variables 

Results from pooled cross-section regressions with zone dummy variables are 

summarized in Table 3.2. 85 Comparing the results in this table with those in Table 3.1, 

we can see that the estimated coefficient on ln(yi, t-1) now gets a lower value, which in 

turn suggests a higher rate of convergence among the provinces. The estimated 

coefficient on ln(s) now gets a higher value while the one on ln(n+g+ ) remains 

essentially the same. The partial effect of ln(1+F) on lny is now smaller with the 

inclusion of the two zone dummies, showing the fact that once the zones are controlled 

for, then the degree of openness will have a smaller partial effect on lny, compared with 

the case where the zones are left uncontrolled for. This phenomenon can be explained 

correlated wit

-

attributes 

estimated coefficient on ln(1+F) upward. Therefore, the inclusion of the two zone 

dummy variables alongside with ln(1+F) improves the estimation of the regressions. 

The improvement can also be seen from the smaller implied values of , which are 

now about 0.60  more in line with its theoretically accepted value than those implied 

in Table 3.1 of this chapter, Table 2.7 in Chapter 2, and Table 2.9 in Chapter 2.  

 

                                                        
85 For a discussion of the division of the three big Chinese zones, see Chapter 2. 
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The implied values of  are approximately 1.8. Again, we can calculate the elasticity of 

production with respect to (1+F) by using the formula: 72.0)6.01(8.1)1( , 

which is a lower value than those from the restricted regressions in Table 3.1.  

 

Generally, the estimation results in Table 3.2 are still unsatisfactory because the zone 

dummies do not capture permanent differences across the provinces within the same 

zone. This motivates us to use the fixed-effects LSDV panel data approach, in which we 

include provincial dummy variables each for an individual province to control for 

permanent differences across all the provinces.  

 

3.5.3. Fixed-Effects LSDV Estimations 

The results of the LSDV regressions are shown in Table 3.3. There are two prominent 

features concerning the LSDV results. One is that we get a substantially lower value of 

the estimated coefficient on ln(yi, t-1). The other is that we get a substantially higher 

value of the estimated coefficient on ln(1+F). Comparing Table 3.3 with Table 3.2 of 

this chapter and Table 2.11 in Chapter 2, we see the estimated coefficient on ln(yi, t-1) is 

only about 0.58, while Table 3.2 of this chapter and Table 2.11 of Chapter 2 yield a value 

of about 0.88 and 0.72, respectively. The lower value of the coefficient on ln(yi, t-1) 

evidently implies a faster rate of convergence: the implied value of   is about as high 

as 0.13 (compared with about 0.03 from Table 3.2 and about 0.08 from Table 2.11 of 

Chapter 2). The 95% confidence interval for the estimated coefficient on ln(yi, t-1) is 

(0.4388123, 0.705915) (when assuming g+  = 8%), which in turn implies an interval 

estimate of  is (0.0871, 0.2059). Comparing Table 3.3 with Table 3.1 and Table 3.2, 

we see that the estimated coefficient on ln(1+F) is now about 0.42, substantially higher 

than the corresponding values in Table 3.1 and Table 3.2, which are about 0.28 and 

0.22 respectively. When having controlled for the individual province effects, openness 

is found to exert a much higher partial effect on regional growth than before. The 

implied value of  is now about 1 while the implied value of  is about 0.32. This time 

the elasticity of production with respect to (1+F) is 68.0)32.01(1)1( .  

 

3.6. The Issue of Spatial Interdependence 

Unlike a cross-country analysis, the geographic unit of our study is a province. A 

province trades with and receives direct investment from not only foreign countries, 

but also other provinces in China. Therefore, the impacts of openness to foreign trade / 

FDI on any one province 
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activities with (directly trading with or receiving FDI from) foreign countries, but also 

interactions with other Chinese provinces. As mentioned earlier, through inter-regional 

trade and specialization in the value chain, linkages between different regions across 

China can potentially amplify the spillovers from trade and FDI. One objective of the 

study in this chapter is to empirically assess the existence and magnitude of such 

trickle-down effects of openness on regional economic growth in China.  

 

We thus create a variable itE  indirect exposure to openness to 

foreign trade via all other Chinese provinces. This variable is constructed as follows:  

ij ijt

jt
jtit DISTY

Y
FE 1

 

itE  denotes province i

linkages with all other provinces in China in year t . It is supposed to measure to what 

extent the varying degrees of openness to foreign trade of all other provinces jointly 

affect province i .  jtF  denotes province j t . jtY  

and tY  respectively denote province j t . Thus 

tjt YY /  is the share of the regional GDP of province j  in the total national GDP of the 

whole country in year t . ijDIST  denotes the geographical distance between (the capital 

cities of) the two provinces i and j . Since E  will enter our regressions in logarithm, 

the choice of unit for distance does not matter. In practice, since our data for the entire 

period of 1981-2005 have been divided into five shorter periods (each of a 4-year span), 

the values of the variable E  we use in our regressions are calculated as the averages 

over the concerned time spans. For example, the value of E  for province i during the 

period 1981-1985 is calculated as the average value of the five iE

1982, 1983, 1984 and 1985.  

 

Except for data on the distances between the provinces, data on other variables 

involved in the itE  formula above are already available. Now we have to obtain data on 

the distances between any two of the Chinese provinces. It would be ideal to focus on 

transport distances (e.g. distances based on the railway mileage or on the length of 

transit time) rather than pure geographic distances because, for example, it is actually 

the former that matters in determining the mobility of goods, workers, capital, and so 
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on, and hence matters in determining the pattern of spillovers from openness to foreign 

trade. However, for a long time period spanning from 1981 till 2005, it will be a 

formidable task to obtain data on real transport distances, especially those for the early 

years. Therefore, in the present analysis of this chapter, we use (the reciprocals of) pure 

geographic distances (based on the coordinates  the latitude and longitude of the 

capital city of each province), which are invariant over time, as the individual weights in 

constructing our variable itE .   

 

With the newly included variable E, the augmented Solow growth model now takes the 

form of 

(3.11) 1))()(()()( tLtBtKtY , )1,0( , where )()())(1()( tAtEtFtB  

Following a similar procedure as before and after some mathematical rearrangement, 

we get 

(3.12) )(ln 2ty )(ln)ln(
1

)1()ln(
1

)1( 1tyegnese  

                         )()0(ln)1(ln)1()1ln()1( 12 tetgAeEeFe    

Based on equation (3.12), we now run regressions completely analogous to those in 

Tables 3.1, 3.2 and 3.3, except that now we include lnE as a new explanatory variable. 

The regression results are summarized in Tables 3.5, 3.6 and 3.7. The estimated 

coefficient on lnE is not significantly different from zero in all of the regressions in 

those tables, and the inclusion of lnE has only very slight effects on the estimated 

values of the other coefficients. All the estimated values of the other coefficients, as well 

as the implied values of , , and  remain almost the same with or without the 

inclusion of lnE.  

 

3.7. Interpretation and Analysis of the Estimation Results 

It should be noted that in our regressions, the openness variable captures not only the 

effects of openness to foreign trade, but also the spillover effects of FDI inflows. It is 

mainly because of missing data on FDI inflows for some provinces during the early 

years that we are forced to limit ourselves to the use of the trade-GDP ratio as the proxy 

for degrees of openness to foreign trade / FDI. Our major finding is that openness has a 

significantly positive effect on economic growth. There are several different yet 

interrelated channels through which trade and FDI may have impacts on regional 

growth in the case of our analysis of the Chinese provinces.  
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First,86 more openness of a province means more exposure of the province to new 

products that are imported or brought in by foreign firms that directly invest in the 

province. The imitation of a new product is a classic mechanism of technology 

transmission. Domestic firms and research institutions may imitate new foreign 

technology (new products or new production processes) through reverse engineering. 

Thus imitation may improve domestic technology and result in a spillover-enhancing 

productivity of domestic firms. Second, competition may generate spillovers. Incoming 

multinational companies may foster competition. New competition faced by the 

domestic firms compels them to innovate. Greater competition improves productivity. 

Third, by its very nature, FDI may bring into the host economy special resources such 

as management skills, access of skilled labor to international production networks, and 

established brand names. Fourth, exports spillovers are also a source of productivity 

gain. Exporting involves fixed costs in establishing distribution networks, creating 

transport infrastructure, learning about consumer tastes, etc. Domestic firms learn 

from multinationals in implementing exporting strategies. Collaboration and imitation 

lower the fixed costs of exporting and help domestic firms to penetrate new markets. 

Fifth, vertical spillovers are another important channel through which productivity 

suppliers and thereby spread technology and management skills to domestic firms 

(Rodriguez-Clare, 1996). Spillovers may also take place through the acquisition of 

human capital from foreign firms. Multinational enterprises demand relatively highly 

skilled labor and invest in technology and staff training.87 As a result, labor turnover 

from multinational enterprises to local firms can generate productivity improvement of 

the local firms. Moreover, openness to trade and FDI seems to bring extra gains to 

China by facilitating its transition from a centrally planned economy to a market-

oriented economy since the early 1980s. These gains come from the role of openness in 

stimulating the move toward marketization by helping to introduce a market-oriented 

institutional framework, contributing to changes in the ownership structure toward 

privatization by promoting competition, and facilitating reforms in state-owned 

enterprises. The results of our empirical analysis in this chapter seem to support the 

hypothesis above concerning the channels through which openness exerts impacts on 

economic growth.  

                                                        
86 

discussion of the potential channels through which openness to foreign trade and FDI may have impacts 
on the regional growth.  

87 
employment.  
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Not only do we wonder whether openness to foreign trade and inflows of FDI in one 

province promote growth locally, but also we wonder whether it occurs at the expense 

of economic growth in surrounding provinces, or whether a province benefits from 

higher openness to trade and FDI in provinces surrounding it. Our newly formulated 

variable E aims to capture this regional interdependence. At a heuristic level, the 

geographic proximity is crucial for the process of knowledge spillovers and innovative 

activities. The likelihood and easiness for knowledge to flow from one agent to another 

decrease when the geographic distance is longer. For instance, the closer a local firm is 

and the more frequently their employees interact with 

each other, and the more frequently labor moves between them. This spatial link may 

also be important for vertical spillovers between firms and their local suppliers, which 

often are located close to one another. As a result, high productivity locations tend to be 

geographically clustered, thus creating strong spatial links or dependence between 

locations (Anselin, 2001, Madariaga and Poncet, 2007).  

 

Our results show that spatial relationships between Chinese provinces do not seem to 

not been shown to be significantly affected by openness to trade and FDI in 

surrounding provinces. This may all be due to the fact that the variable E is a very 

inexact measure of spatial dependence. First, we use the geographic distance between 

the capital cities of two provinces to approximate the distance between two provinces. 

This obviously leads to impreciseness because this methodology abstracts from the fact 

that geographic areas are extended areas with different shapes and sizes and land 

features. Second, as mentioned earlier, the pure geographic distance, which is, in our 

study, based on the coordinates of the capital cities, does not matter as much as the 

transport distance in determining spatial interdependence because the latter serves as a 

better measure of transit time between two localities and thus is a better indicator or 

proxy for the economic linkages between two localities. Third, the use of the reciprocal 

of the geographic distance as the weight for constructing the variable E is, to a large 

extent, quite arbitrary. The reciprocal of the geographic distance captures only the fact 

that the farther apart two localities are, the less likely they are interdependent, but 

nothing more. For instance, we could as well have used the squared reciprocal of the 

geographic distance or other more complicated functions of the distance as the weight 

in the construction of the variable E.  
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3.8. Inclusion of Human Capital 

In Chapter 2, we have included human capital in our estimations. Here at this moment, 

after we have added to the regressions a measure of spatial dependence and seen that 

this newly added variable only causes very slight changes in our regression results, we 

are now interested in getting to see how the inclusion of human capital into the 

regressions will alter the estimation results. The regressions are now based on the 

following equation:88 

(3.13) )(ln 2ty )ln(
1

)1()ln(
1

)1( hese   

EeFegne ln)1()1ln()1()ln(
1

)1(  

)()0(ln)1()(ln 121 tetgAetye  

The results of the regressions are summarized in Table 3.8. Unsurprisingly, we can see 

that the inclusion of the variable of human capital investment, ln(h), only slightly 

changes the values of the estimated coefficients on the other explanatory variables. The 

estimated coefficient on ln(h) is still not significant in the regressions. Therefore, for 

the present purpose of this analysis, we can leave both human capital investment and 

spatial dependence out of our regression model and rely on results of regressions that 

only include ln(s), ln(n+g+ ), and ln(1+F).  

 

3.9. Concluding Remarks 

The main goal of the study in this chapter is to empirically investigate whether regional 

openness to trade and FDI has causal effects on income and growth across the Chinese 

provinces. An effort has been made to base the present work on reasonable theoretical 

and empirical foundations. Besides the discussion of potential positive effects of 

openness to trade and FDI on regional growth, a reasonable growth model is specified, 

and pooled cross-section and panel data regressions have been conducted using data 

over the period 1981-2005. Subject to the caveats that are appropriate for studies with 

aggregate data, the most notable aspect of our estimation results is a positive and large 

effect of openness on regional growth: for regional growth over 1981-2005, the effect of 

openness on growth is large and precisely estimated. Another important finding of this 

study is that by controlling for openness, we have found a faster rate of convergence 

across the Chinese provinces during 1981-2005, than without controlling for openness.  

 

                                                        
88 For details concerning the derivation of (an earlier version of) the equation, see Chapter 2. 
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The contribution of this study is threefold. First, it adds to the literature on openness 

and growth by presenting evidence from regions within a country. It complements 

evidence from cross-country studies, in which omitted variables potentially pose a 

more serious problem. Second, the empirical results of this study improve our 

understanding of the role of openness in regional growth of the Chinese provinces. 

Earlier literature using single cross-section methods paid little attention to the 

potential problem of endogeneity when estimating the partial effect of openness on 

growth. By using a fixed-effects panel data approach, the study in this chapter mitigates 

the potential endogeneity problem. The main finding of this study lends strong support 

to the claim that openness raises income and promotes growth in China. Third, 

previous literature seldom addressed the problem of omitted-variable biases due to 

ignoring the spatial interdependence of neighboring regions. The study of this chapter, 

- E -

F), has strived to investigate whether a province benefits from higher 

openness to trade and FDI in provinces surrounding it. According to our regression 

-  

 

An investigation into how openness affects factors behind income and growth, such as 

accumulation of physical and human capital, growth of productivity, as well as 

structural transformations of the regional economy, would provide more insights into 

the mechanism through which openness exerts effects on income and growth. A further 

study of the potential effects of openness on the structural changes of the regional 

economy of Chinese provinces is indeed on my future agenda.  
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TABLES OF CHAPTER 3  

Table 3.1   Pooled regressions from a panel of four-year span data 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Unrestricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.9283666 (0.0222569) 0.9299226 (0.0222718) 

ln(s) 0.0828529 (0.0386406) 0.0822225 (0.0387279) 

ln(n+g+ ) -0.2776552 (0.0452452) -0.3991926 (0.0657025) 

ln(1+F) 0.2972757 (0.0650311) 0.2944744 (0.0651089) 

d90 0.0592262 (0.0270353) 0.0584203 (0.0271015) 

d95 0.3821597 (0.0333935) 0.3794718 (0.0335398) 

d00 -0.1295379 (0.0504391) -0.1307019 (0.0506068) 

d05 0.070258 (0.0568528) 0.0672661 (0.0570032) 

Constant -0.0987492 (0.2747932) 0.2863281 (0.3005537) 
2R  0.9919  0.9918  

Implied   0.0186  0.0182  

 4.15  4.2021  

Restricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.9255681 (0.0229192) 0.9295307 (0.0234084) 

 ln(s)-ln(n+g+ ) 0.1659454 (0.0292745) 0.1683424 (0.0339673) 

ln(1+F) 0.2885877 (0.0669594) 0.2771697 (0.0682838) 

d90 0.0589938 (0.0278616) 0.0607526 (0.0284784) 

d95 0.3829827 (0.0344132) 0.3874365 (0.0351907) 

d00 -0.1083134 (0.0515215) -0.0964742 (0.0524376) 

d05 0.0597924 (0.0584919) 0.0623127 (0.0598989) 

Constant -0.5394077 (0.2443403) -0.4643455 (0.2481225) 
2R  0.9914  0.9910  

Implied   0.0193  0.0183  

 0.6904  0.7049  

 3.8772  3.9332  
Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 3.2   Pooled regressions from a panel of four-year span data with zone dummy 
variables 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Unrestricted 

 1st regression: g+  = 5% 2nd regression: g+  = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.8832323 (0.0249945) 0.885041 (0.025034) 

ln(s) 0.1134613 (0.0413441) 0.1126784 (0.0414634) 

ln(n+g+ ) -0.2739728 (0.0436169) -0.3931283 (0.0633865) 

ln(1+F) 0.225798 (0.0690208) 0.2232398 (0.0691623) 

d90 0.0850692 (0.0269851) 0.0841699 (0.0270719) 

d95 0.4371319 (0.0355976) 0.434274 (0.0357773) 

d00 -0.0304455 (0.0555447) -0.0319575 (0.0557725) 

d05 0.1857438 (0.0631837) 0.1822569 (0.063399) 

East 0.0600006 (0.0254489) 0.059739 (0.0255212) 

West -0.0347184 (0.0222019) -0.034495 (0.0222614) 

Constant 0.4367852 (0.3199031) 0.8125345 (0.3393827) 
2R  0.9925  0.9924  

Implied   0.0310  0.0305  

 1.9337  1.9419  

Restricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.8739508 (0.0252366) 0.8766056 (0.0259541) 

 ln(s)-ln(n+g+ ) 0.1896097 (0.0299154) 0.1990982 (0.0353167) 

ln(1+F) 0.2241736 (0.0704008) 0.2125122 (0.0719502) 

d90 0.0869612 (0.0275159) 0.088709 (0.0281588) 

d95 0.4418279 (0.0362646) 0.4461242 (0.0370977) 

d00 -0.0039761 (0.0557075) 0.0092359 (0.0568546) 

d05 0.1884407 (0.064441) 0.1910127 (0.0659671) 

East 0.0549881 (0.025885) 0.055614 (0.0265479) 

West -0.050305 (0.0218141) -0.0511009 (0.0226835) 

Constant 0.0962704 (0.2980128) 0.1836809 (0.3036857) 
2R  0.9922  0.9918  

Implied   0.0337  0.0329  

 0.6007  0.6174  

 1.778  1.7222  
Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 3.3   Panel data regressions -- LSDV estimations with fixed effects 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1991-2005. Number of observations: 80 

Unrestricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.5853581 (0.0662211) 0.5864849 (0.0668135) 

ln(s) 0.14079 (0.0544939) 0.1401635 (0.0548475) 

ln(n+g+ ) -0.2306393 (0.0453469) -0.3260521 (0.0663681) 

ln(1+F) 0.4278236 (0.0936342) 0.4265997 (0.0942107) 

d90 0.2329869 (0.0422383) 0.2325357 (0.0426224) 

d95 0.7584865 (0.0820715) 0.7569448 (0.0829413) 

d00 0.6038709 (0.1514803) 0.6045571 (0.1529157) 

d05 0.9311088 (0.1798137) 0.9297884 (0.1814755) 
2R  0.9749  0.9748  

Implied   0.1339  0.1334  

 1.0318  1.0316  

Restricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.5820064 (0.0663104) 0.5723636 (0.0674288) 

 ln(s)-ln(n+g+ ) 0.1933918 (0.0338073) 0.2167031 (0.0414157) 

ln(1+F) 0.4249069 (0.0938099) 0.421384 (0.0955348) 

d90 0.2308375 (0.0422949) 0.2360108 (0.0432037) 

d95 0.7542117 (0.082178) 0.7659103 (0.0840239) 

d00 0.6070251 (0.1517916) 0.637574 (0.1542892) 

d05 0.919576 (0.1799634) 0.9428357 (0.1839817) 
2R  0.9744  0.9728  

Implied   0.1353  0.1395  

 0.3163  0.3363  

 1.0165  0.9854  
Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 3.4   Estimated coefficients on the provincial dummy variables from regressions in 
Table 3.3 

 Unrestricted Model Restricted Model 

Provinces g+ = 5% g+ = 8% g+ = 5% g+ = 8% 

  Beijing 1.800842 2.106719 1.583787 1.71791 

  Tianjin 1.650349 1.954124 1.441542 1.579161 

  Hebei 1.459104 1.760849 1.250697 1.376421 

  Shanxi 1.438787 1.741486 1.228772 1.35592 

  Inner Mongolia 1.526642 1.829847 1.322379 1.45307 

  Liaoning 1.544405 1.84669 1.344382 1.481015 

  Jilin 1.481919 1.7887 1.280115 1.414449 

  Heilongjiang 1.562102 1.863141 1.362421 1.496003 

  Shanghai 1.749387 2.051683 1.545802 1.690921 

  Jiangsu 1.509508 1.813216 1.302587 1.433253 

  Zhejiang 1.581775 1.883995 1.376031 1.505719 

  Anhui 1.296318 1.598192 1.092281 1.215447 

  Fujian 1.540715 1.842235 1.336204 1.463707 

  Jiangxi 1.321001 1.623825 1.121717 1.249478 

  Shandong 1.502699 1.804954 1.294305 1.419741 

  Henan 1.364134 1.66671 1.158734 1.281685 

  Hubei 1.339903 1.643174 1.132663 1.258067 

  Hunan 1.328689 1.63052 1.131277 1.25988 

  Guangdong 1.493576 1.795411 1.283061 1.409228 

  Guangxi 1.259682 1.561586 1.059571 1.184473 

  Hainan 1.391294 1.693607 1.174539 1.297389 

  Chongqing 1.272476 1.578401 1.07073 1.20311 

  Sichuan 1.259234 1.562307 1.059153 1.187528 

  Guizhou 1.103408 1.406332 0.8906154 1.005871 

  Yunnan 1.269096 1.570971 1.062374 1.184084 

  Tibet 1.227445 1.530079 1.00615 1.126377 

  Shaanxi 1.302165 1.604168 1.088839 1.209905 

  Gansu 1.147611 1.454543 0.9369271 1.06094 

  Qinghai 1.290442 1.59336 1.055163 1.166508 

  Ningxia 1.329878 1.631713 1.098208 1.209959 

  Xinjiang 1.52353 1.824993 1.30156 1.423905 

Average  1.415101 1.717985 1.206212 1.332939 
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Table 3.5   Pooled regressions from a panel of four-year span data with spatial dependence 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Unrestricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.9221809 (0.0222605) 0.9237466 (0.0222771) 

ln(s) 0.1060329 (0.040026) 0.1053877 (0.040118) 

ln(n+g+ ) -0.278914 (0.0448056) -0.4010101 (0.0650685) 

ln(1+F) 0.3070106 (0.0645817) 0.304193 (0.0646633) 

lnE 0.0406579 (0.0206166) 0.0406376 (0.0206601) 

d90 0.03388 (0.0296953) 0.0330828 (0.0297687) 

d95 0.3294214 (0.0425263) 0.3267469 (0.0426804) 

d00 -0.1799462 (0.0561048) -0.1810919 (0.0562819) 

d05 0.0014127 (0.0662403) -0.001559 (0.0664127) 

Constant -0.0345475 (0.2740364) 0.3522616 (0.2995055) 
2R  0.9920  0.9920  

Implied   0.0203  0.0198  

Implied   3.9452  3.9892  

 0.5225  0.5329  

Restricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.9182002 (0.0227315) 0.9217547 (0.0232602) 

 ln(s)-ln(n+g+ ) 0.1833015 (0.0296343) 0.1903001 (0.0346495) 

ln(1+F) 0.3020321 (0.0660582) 0.2909323 (0.0674358) 

lnE 0.0510258 (0.0207521) 0.0513854 (0.0213709) 

d90 0.0272171 (0.0302878) 0.0285152 (0.0310654) 

d95 0.3166797 (0.0432647) 0.3200887 (0.0445382) 

d00 -0.1745735 (0.0573757) -0.1631061 (0.0585701) 

d05 -0.0251307 (0.0670812) -0.0242933 (0.0690758) 

Constant -0.3966019 (0.2471455) -0.3170452 (0.2517249) 
2R  0.9917  0.9913  

Implied   0.0213  0.0204  

Implied   0.6914  0.7086  

 3.6923  3.7182  

 0.6238  0.6567  
Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 3.6   Pooled regressions from a panel of four-year span data  
with the spatial dependence variable and zone dummies 

 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Unrestricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.8840656 (0.0255723) 0.8859283 (0.0256135) 

ln(s) 0.1141875 (0.041713) 0.1134506 (0.0418321) 

ln(n+g+ ) -0.2741053 (0.0437731) -0.3933546 (0.063615) 

ln(1+F) 0.2278234 (0.0703122) 0.2253991 (0.0704595) 

lnE 0.0040505 (0.0242744) 0.0043132 (0.0243411) 

East 0.0591762 (0.0260095) 0.0588604 (0.0260836) 

West -0.0328367 (0.0249693) -0.0324915 (0.0250358) 

d90 0.0818677 (0.0331856) 0.0807595 (0.0332911) 

d95 0.4304645 (0.053595) 0.4271706 (0.0538124) 

d00 -0.0382384 (0.0727152) -0.0402612 (0.0729914) 

d05 0.1757537 (0.0872008) 0.1716153 (0.0874842) 

Constant 0.4327471 (0.321907) 0.8084771 (0.3413069) 
2R  0.9924  0.9924  

Implied   0.0308  0.0303  

Implied   1.9651  1.9759  

 0.0349  0.0378  
     Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 3.6   (Continued)  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Restricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.8755947 (0.0258637) 0.8782376 (0.0265711) 

 ln(s)-ln(n+g+ ) 0.190452 (0.0301321) 0.2001888 (0.0356052) 

ln(1+F) 0.2280223 (0.071702) 0.2164489 (0.0733033) 

lnE 0.0076742 (0.0247131) 0.0077881 (0.0253193) 

East 0.0534612 (0.026428) 0.0540421 (0.0271176) 

West -0.0466307 (0.024877) -0.0474248 (0.0257026) 

d90 0.0808824 (0.0338394) 0.0825351 (0.0346526) 

d95 0.4291629 (0.0546521) 0.4332562 (0.0559916) 

d00 -0.0189264 (0.0737617) -0.0059024 (0.0753328) 

d05 0.1694942 (0.0888904) 0.1717668 (0.0910718) 

Constant 0.0910061 (0.2994325) 0.1785651 (0.3050985) 
2R  0.9921  0.9917  

Implied   0.0332  0.0325  

 0.6049  0.6218  

 1.8329  1.7776  

 0.0617  0.064  
      Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial      
year. 
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Table 3.7   Panel data regressions -- LSDV estimations with fixed effects 
                including the spatial dependence variable 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Unrestricted 

 1st regression: g+  = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.5861142 (0.0670669) 0.5875752 (0.0676553) 

ln(s) 0.1421228 (0.0568079) 0.1420975 (0.0571766) 

ln(n+g+ ) -0.2300425 (0.0460512) -0.3248251 (0.0673596) 

ln(1+F) 0.4272759 (0.0942487) 0.4258103 (0.094823) 

lnE -0.0056312 (0.0643149) -0.0081604 (0.0646766) 

d90 0.2359573 (0.0543192) 0.2368427 (0.0547508) 

d95 0.764571 (0.1078119) 0.7657695 (0.1087684) 

d00 0.6094945 (0.1651403) 0.6127074 (0.1666069) 

d05 0.9382855 (0.1983252) 0.940197 (0.2000575) 
2R  0.9748  0.9748    

Implied   0.1336  0.1329  

Implied   1.0324  1.0325  

 -0.0136  -0.0198  

Restricted 

 1st regression: g+ = 5% 2nd regression: g+ = 8% 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.5859528 (0.0671586) 0.5793017 (0.0683648) 

 ln(s)-ln(n+g+ ) 0.1943597 (0.0339989) 0.2200012 (0.0417998) 

ln(1+F) 0.4225949 (0.0942893) 0.41773 (0.0959127) 

lnE -0.0268382 (0.0616841) -0.0425569 (0.0630487) 

d90 0.2452146 (0.0537898) 0.2581643 (0.0543374) 

d95 0.7836475 (0.1066672) 0.8111369 (0.1076236) 

d00 0.6335045 (0.1640326) 0.6771507 (0.1653943) 

d05 0.9549606 (0.1980626) 0.9959599 (0.2005075) 
2R  0.9742  0.9724  

Implied   0.1336  0.1365  

Implied   0.3195  0.3434  

 1.0206  0.9929  

 -0.0649  -0.1012  
Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 3.8   Panel data regressions -- LSDV estimations with fixed effects 
 including human capital 

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154 

Unrestricted: assuming g+ = 8% 

First regression Second regression 

Variables Coef. Std. Err. Variables Coef. Std. Err. 

ln(yi, t-1) 0.5767826 0.0689268 ln(yi, t-1) 0.575043 0.068403 

ln(s) 0.1271624 0.0599006 ln(s) 0.123772 0.058572 

ln(n+g+ ) -0.3290104 0.0676239 ln(n+g+ ) -0.33154 0.066817 

ln(h) 0.0553273 0.065309 ln(h) 0.051329 0.063656 

ln(1+F) 0.42911 0.0950205 ln(1+F) 0.430696 0.094491 

lnE -0.0196925 0.0661722 --- --- --- 

d90 0.2509353 0.0572871 d90 0.239963 0.04367 

d95 0.7994535 0.1159348 d95 0.776625 0.086579 

d00 0.6481278 0.1719735 d00 0.626732 0.155598 

d05 0.9750055 0.2044765 d05 0.948435 0.183217 
2R  0.9753              0.9753    

Restricted: assuming g+ = 8% 

First regression Second regression 

Variables Coef. Std. Err. Variables Coef. Std. Err. 

ln(yi, t-1) 0.5636774 0.0686322 ln(yi, t-1) 0.556123 0.067884 

ln(s)-ln(n+g+ ) 0.1681584 0.0528688 ln(s)-ln(n+g+ ) 0.166392 0.052743 

ln(h)-ln(n+g+ ) 0.0944414 0.0596041 ln(h)-ln(n+g+ ) 0.090561 0.059318 

ln(1+F) 0.4260954 0.095435 ln(1+F) 0.430069 0.095162 

lnE -0.050608 0.0628444 --- --- --- 

d90 0.2750082 0.0550208 d90 0.248144 0.043687 

d95 0.8532896 0.1101835 d95 0.798126 0.08617 

d00 0.7158154 0.1661207 d00 0.66747 0.154657 

d05 1.036516 0.2008411 d05 0.972088 0.183936 
2R  0.9741   0.9742  

Notes: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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4 STRUCTURAL FACTORS AND REGIONAL GROWTH IN 

CHINA 

 

ABSTRACT 

Based on data of 31 Chinese provinces over the period 1980-2004, the study in this 

chapter presents new evidence on the effects of structural shocks and structural 

transformation on growth and convergence among the Chinese regions. The division of 

overall regional growth in labor productivity into three components  growth due to 

structural 

growth due to region-specific changes  provides us with a better framework than the 

traditional one-sector Solow growth model for attributing growth and convergence to 

various different sources. Among other findings, the study has shown that during 1990-

1999, structural shocks worked to widen the gap between rich regions and poor regions 

in China, while structural transformation worked to narrow the gap.  

 

 

4.1. Introduction 

Since the early 1980s, when China began to adopt its economic reforms and the open-

door policy, the country has achieved rapid economic growth with an average annual 

 labor productivity has experienced a remarkable annual growth 

of about 5.7% in the past three decades. During the same time, there have been 

noticeable structural changes in the economy. For example, millions of workers left the 

agricultural sector to join the industrial sectors, reducing the share of workers in 

agriculture from over 70% of all workers in 1978, to below 50% in 2003.89 What are the 

important driving forces behind the rapid growth and noticeable structural changes of 

the Chinese economy? And what are the major effects of structural changes on the 

growth and dynamic regional disparities across the Chinese economy? In this chapter, 

we focus our study on gauging the effects of structural shocks and structural 

transformation on the dynamics of regional growth and inequality across the Chinese 

provinces.90 We will also investigate the underlying driving forces behind structural 

shocks and structural transformation within the Chinese economy during the three 

 

 

                                                        
89 See Dekle and Vandenbroucke (2006) 
90 For formal definitions of structural shocks and structural transformation, see below.  
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In recent years, by using vastly different methodologies and techniques, a large bulk of 

literature has addressed different aspects of the issue of structural changes in the 

context of growth and development of an economy. For instance,91 Laitner (2000) 

shows that the industrialization process potentially affects rates of saving. Hansen and 

Prescott (2002) illustrate the transition process from stagnation to growth in a model 

where, over time, the labor force moves from a land-intensive technology to a less land-

intensive technology. Gollin, Parente, and Rogerson (2002) study the role that 

agricultural productivity plays in the process of growth and development. In their 

analysis, development is accompanied by a declining weight of the agricultural sector in 

uctural change has a convergence effect 

among Irish regions and finds that this indeed is the case.92 

role of structural change in productivity convergence among EU regions and presents 

new evidence on the impact of structural change on the degree of sigma ( ) productivity 

convergence. Recently, Ngai and Pissarides (2007) show that balanced growth is 

compatible with a reallocation of the labor force among sectors.   

 

One of the important studies on the linkage between structural change and convergence 

was Abramovitz (1986). The paper suggests that structural change might be an 

additional cause for poorer countries to be growing faster than rich ones. The extensive 

convergence literature emerging since the mid-1980s has been dominated by the 

neoclassical framework, as epitomized in the work of Barro and Sala-i-Martin (for 

example, 1991). This explains the limited attention to the role of structural change as a 

have referred to, dire -sector growth model 

(Sassi, 2007). Following the contributions of Barro and Sala-i-Martin (1990, 1991, 

1992), such studies initially focused on the estimation of the absolute -convergence. 

According to neoclassical functional specifications, the growth rate of per capita income 

is negatively correlated with the initial level of per capita income during the adjustment 

process. Over time, countries sharing the same structural parameters, such as the 

preference, initial technology and endowment, and exogenous technological progress, 

will converge to a common steady state. However, the major shortcoming of empirical 

-sector growth model is that these studies 

tend to ignore or omit the effects of structural shocks and structural transformation on 

                                                        
91 See Dekle and Vandenbroucke (2006) for a brief summary of the recent literature.  
92 Checking the relationship between structural changes and the speed of convergence across the Chinese 

provinces is one important focus of the empirical study in this chapter.  
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economic growth and convergence. Any economy in the real world is in actuality 

composed of different sectors, each with a potentially different growth rate in (labor) 

productivity. Thus the traditional one-sector Solow growth model is unable to capture 

growth resulting from changing structural factors (structural shocks and 

transformation) across the multiple sectors of the whole economy. Although 

empirically the conditional -convergence method can include the initial agricultural 

employment share as a control variable, the purpose of this is not to estimate the effects 

of structural change, but to control for the effect of aggregate shocks on regional 

productivity growth.93 Paci and Pigliaru (1997) extend this method, by controlling for 

the sectoral re-allocation effect, which is calculated using the shift-share method.94 

They argue that aggregate convergence among Italian regions is largely due to this 

 

 

In view of the inadequacy of the neoclassical framework in dealing with the effects of 

structural change on growth and convergence, we look for better ways of accounting for 

the effects of changing structural factors. However, it can be a cumbersome and 

formidable task to build up a more complicated growth model with multiple production 

sectors to deal with the issue, and this method is likely to pose more problems than it 

could solve. Therefore, in the rest of this chapter, we will still rely on the one-sector 

Solow growth model as well as the method in Paci and Pigliaru (1997) as the foundation 

of our empirical analysis. Meanwhile, we will devise new techniques to isolate effects of 

structural shocks and structural transformation on growth and convergence across the 

Chinese regions.  

 

The rest of this chapter is organized as follows. Section 4.2 introduces relevant concepts 

and definitions concerning structural shocks and structural transformation, mostly in 

the context of testing absolute convergence. Section 4.3 brings up related issues of 

conditional convergence. In Section 4.4, we briefly describe the sample and data, as 

well as the construction of the variables. In Section 4.5, we present and analyze the 

estimation results. Section 4.6 concludes.  

 

4.2. Structural Shocks and Structural Transformation 

At a heuristic level, in order for structural changes to have a convergence effect, it is 

necessary that labor is mobile across the different sectors within a region. There might 

                                                        
93 See, for example, Button and Pentecost (1995) and Hoffer and Worgotter (1997). 
94 We will come to the details of the shift-share method in the next section of this chapter.  



 

 

90

be obstacles to this labor mobility. However if over time substantial labor has managed 

to overcome inter-sectoral obstacles in search of higher incomes, probably assisted by 

education and training policies and improvements in infrastructure, then this labor 

mobility will be a potential source of regional growth. If in addition, poorer regions 

tend to grow faster than richer regions due to this inter-sectoral labor mobility, then 

there will be a convergence tendency among the regions.  

 

Our analysis of the role of structural factors in the growth and convergence process is 

developed from the Solow growth model. The starting point is the estimation of the 

absolute -convergence. Following Barro and Sala-i-Martin (1991, 1992) and Barro and 

Sala-i-Martin (1995), the neoclassical hypothesis of convergence is analyzed through a 

cross-country regression of a version of the traditional Solow equation, that is 

(4.1) ittitiit uybayy )ln()/ln( 1,1,   

where y is the total output of a standard labor unit, u the stochastic error, a the 

intercept and b the convergence coefficient. Under the central assumption of 

diminishing marginal returns to capital, less capital-abundant countries tend to have 

higher rates of return and, consequently, higher GDP growth rates. Thus, a finding of 

negative correlation between initial levels of (per capita) output and subsequent growth 

rates has become a popular criterion for judging whether or not convergence holds. 

Therefore, for equation (4.1), finding a significantly negative value of the estimated 

convergence coefficient b suggests absolute -convergence. Nevertheless, just as Paci 

and Pigliaru (1997) rightly point out, any real-world economy comprises multiple 

production sectors and generally labor productivities are not uniform across the 

different sectors. Empirical analysis based on equation (4.1) does not take account of 

the effects of structural factors on growth and convergence.  

 

Now assume the entire economy is composed of n different sectors. The output per 

labor of region i at time t, ity , can thus be written as a weighted sum of the respective 

outputs per labor in the n sectors:  

(4.2) )1(
1
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where j
ity  is output per labor in sector j of region i at time t, j

itl  is the share of labor in 

sector j for region i at time t, 1
1

n

j

j
itl , and j

itr  is the growth rate of output per labor in 

sector j of region i at time t, )/ln(/)( 1,1,1,
j
ti

j
it

j
ti

j
ti

j
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j
it yyyyyr  

Now define )/ln( 1,tiitit yyQ , thus 
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We can see from equation (4.3) that the growth rate of output per labor of region i at 

time t, itQ , is the logarithm of a weighted sum of the )1( j
itr  terms for all the n sectors. 

That is to say, the growth rate of output per labor of region i at time t, itQ , is not only 

related to the respective growth rates of per labor output in the n sectors, j
itr , but is also 

related to the weights, which are in turn related to the individual sectoral per labor 

outputs (at the initial time) and the individual sectoral labor shares (both at the initial 

time and the current time).  

 

4.2.1. Structural Shocks 

According to Barro and Sala-i-Martin (1995), structural shocks largely can be 

understood as the potentially uneven effects of a changing factor received by different 

regions owing to two major facts: (1) different regions have different sectoral 

compositions, i.e., the same n sectors take up different labor shares in different regions; 

(2) Growth rates of labor productivity vary across different sectors. At a heuristic level, 

suppose, only for simplicity, that the growth rate of labor productivity in any sector j at 

time t, j
itr , is the same across all regions, i.e., for any certain j, j

itr = j
tr  for all i, and 

further suppose that, now because of some certain exogenous driving force, the growth 

rate of labor productivity of sector j1 is higher than that of any other sector j2 at any 

time t, i.e., 21 j
t

j
t rr  for all t, provided that region i1 has a sufficiently larger labor share 

in sector j1 than (an otherwise similar) region i2 does at any time t, i.e., 1
,1

j
til  is sufficiently 

larger than 1
,2

j
til , then region i1 tend to grow faster than region i2 in terms of output per 

labor. More technically, referring back to equation (4.3), we can see that even if we 

ignore the differences in growth rates of labor productivity in sector j across the 

different regions (which are actually due to region-specific reasons such as technology 

and the saving rate) and simply assume that the growth rates are the same, i.e., j
itr = j

tr  
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for all i, we may still get different values of itQ  for different regions because itQ  is not 

only a function of j
itr , but also a function of other variables, namely, j

tiy 1, , j
til 1,  and j

itl .  

 

In order to account for the effects of structural shocks on growth and convergence at a 

more technical level, Barro and Sala-i-Martin (1995) have defined a hypothetical level 

of output per labor as follows: 

(4.4) 
n

j
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ti

j
tiit ryly

1
1,1, )1(   

where 
m

i

j
it

j
t rmr

1

)/1( . That is, j
tr  is the average value of all the j

itr  over the sample of 

all m countries/regions. Based on the constructed ity , Barro and Sala-i-Martin (1995) 

have formulated a hypothetical growth rate defined as 
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Comparing equations (4.3) and (4.5), we can see that for region i, the constructed 

growth rate itV  would be equal to the real growth rate itQ , if under the assumption of 

constant sector shares of labor over time, each sector in that region were to develop in 

the time interval [t-1, t] at the average growth rate of the whole sample, i.e., for region i, 

j
itr = j

tr  for all j  

 

4.2.2. Structural Transformation 

Paci and Pigliaru (1997), however, point out that the central assumption underlying the 

construction of itV  is the constancy of the weighting coefficients j
itl  over time, which is 

based on the typical neoclassical assumption of continued equality of the rate of 

marginal return on factors between sectors over time. Since the assumption is difficult 

to support, Paci and Pigliaru (1997) introduce a different hypothetical growth rate to 

take account of changing shares of labor across the sectors within a region over time: 

(4.6) 
n
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Comparing equations (4.4) and (4.6), we see that in equation (4.4) the construction of 

ity  uses the shares of labor across the sectors at the initial time period (t-1), while in 

equation (4.6), the construction of ity  uses the share of labor across the sectors at the 
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current time period t. Based on ity , Paci and Pigliaru (1997) introduce the hypothetical 

growth rate defined as 

(4.7) ]/)1(ln[)/ln(
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In order to distinguish net effects of structural transformation from those resulting 

from structural shocks, we define a new variable itZ  by subtracting itV  from itW : 

(4.8) )/ln()/ln( 1,1, tiittiitititit yyyyVWZ  
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Therefore, itZ  is a hypothetical growth rate indicating the magnitude of the effects of 

pure structural transformation (in terms of labor shares of the sectors). 

 

4.2.3.  -  

Comparing equations (4.3) and (4.7), we can see that the difference in constructing the 

growth rates itQ  and itW  lies in the fact that the formulation of the former ( itQ ) is 

based on the sectoral growth rates j
itr  of the corresponding region i, while that of the 

latter ( itW ) is based on the average sectoral growth rates j
tr  across the sample. 

Therefore, itW  does not capture growth resulting from increases in region-specific 

sectoral productivities (as indicated by j
itr  for all j

regional technology or investment. In order to devise a measure for growth due to such 

sources, we formulate another growth rate itR , which is defined as 

(4.9) )/ln()/ln( 1,1, tiittiitititit yyyyWQR  

])1(/)1(ln[
1

1,
1

1,

n

j

j
t

j
ti

j
it

j
it

n

j

j
ti

j
it rylryl  

Theoretically, itR  is conceptually closer than itQ  to the growth rate related to capital 

deepening as indicated by the Solow model. Therefore, in a sense, it is more 

appropriate to test growth and convergence on the basis of the following equation than 

on the basis of equation (4.1):  

(4.10) 1
1,11 )ln( ittiit uybaR  

Equation (4.10) regresses itR , rather than itQ , on (the log of) the initial level of labor 

productivity. By using itR  instead of itQ  as the explained variable, the regression 
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mitigates the problem arising from the inconsistency between the one-sector 

assumption of the Solow model and the multi-sector reality of the economy.  

 

Obviously, from equations (4.8) and (4.9), we get 

(4.11) itititit RZVQ  

Equation (4.11) shows that the entire growth of region i at time t is divided into growth 

coming from three sources. itV  measures growth due to structural shocks, itZ  measures 

growth coming from structural transformation, while itR  measures growth due to 

increases in region-specific sectoral productivities.  

 

In this context, Barro and Sala-i-Martin (1995) include the structural shocks variable 

itV  into their estimation equation to account for effects on growth and convergence 

coming from structural shocks. Barro and Sala-i-Martin (1995) n 

the assumption of invariant sectoral labor shares. However, such an assumption is 

difficult to support in cases where effects on growth coming from mobility of labor 

across sectors is not negligible. To take account of such potential structural 

transformation, Paci and Pigliaru (1997) include the structural transformation variable 

itZ , alongside with the structural shocks variable itV , into their version of the 

regression equation. 

 

Based on equation (4.1), generally we have two ways of controlling for the effects of 

structural shocks and structural transformation. One is explicitly including itV  and itZ  

into the right-hand side of the equation as two additional variables: 

(4.12) ititittiit uZVyQ 211, )ln(  

The other approach is simpler: we can just regress itR  on )ln( 1,tiy  by using equation 

(4.10). This approach is actually equivalent to using a restricted form of equation (4.12), 

where now the coefficients on itV  and itZ , 1  and 2  are assumed to be unity:95  

(4.13) 1
1,11 )ln( ittiititit uybaZVQ , or  

(4.13 1
1,11 )ln( ititittiit uZVybaQ  

If both itV  and itZ  are also correlated with )ln( 1,tiy , we can as well respectively regress 

itV  and itZ  on )ln( 1,tiy  by the following equations:  

                                                        
95 The different implications of equations (4.10) and (4.12) will become clearer in later sections.  
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(4.14) 2
1,22 )ln( ittiit uybaV  

(4.15) 3
1,33 )ln( ittiit uybaZ  

Therefore, adding up equations (4.10), (4.14) and (4.15) gives 

(4.16) ittiitititit uybbbaaaRZVQ )ln()()( 1,321321  

It is now clear that the sum of 1b , 2b  and 3b  forms the coefficient on )ln( 1,tiy  in the 

regression expressed by equation (4.16).  

 

4.2.4. Sectoral Labor Shares and Productivity 

We might also be interested in the link between the overall labor productivity of a 

region and the individual sectoral labor shares of that region. Works studying the 

contribution of the individual sectors to the growth process generally focus on the 

relationship between the overall labor productivity dynamics and the economic 

structure expressed by the shares of employment in the different sectors. Starting with 

the two-sector model of Lewis (1954), such studies underline the positive impact of 

labor reallocation across the sectors on the overall productivity growth. As noted 

earlier, if labor is mobile across the different sectors within a region, then over time 

labor tends to flow from a low-income sector to a higher-income sector where the 

sectoral labor productivity is higher. This flow of labor across sectors tends to increase 

overall productivity of the region. To examine this aspect, following Fagerberg (2000), 

the following equation can be estimated for each sector j: 

(4.17) it
j
ti

j
ittitiit ullybayy )()ln()/ln( 1,1,1,  

According to equation (4.17), a positive estimated value of  suggests that the 

expansion of sector j in terms of labor share helps the growth of the overall labor 

productivity of the region.  

 

4.3. Conditional Convergence 

The discussion in the preceding section mainly concerns tests for absolute convergence. 

In order to delve deeper into underlying driving forces that promote growth and 

convergence, we also have to deal with issues concerning conditional convergence. This 

involves controlling for a set of additional explanatory variables in the estimation 

regressions. The baseline functional form of these regressions is derived from an 

extended version of the traditional Solow growth model.96 

                                                        
96 The same version of this extended Solow model was developed in Chapter 3. However, readers who have 

not read Chapter 3 may wish to have the derivation procedure repeated here for convenience.   
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Assuming a Cobb-Douglas production function, production at time t is given by 

(4.18) 1))()(()()( tLtBtKtY , )1,0( , in which )())(1()( tAtFtB .  

)(tY , )(tK  and )(tL  denote output, physical capital stock and labor force at time t 

respectively. As in the original Solow model, )(tL  is assumed to grow exogenously at 

rate n: nteLtL )0()( .  

 

)(tB  in equation (4.18) measures the total effectiveness of labor at time t. This measure 

of total effectiveness of labor, )(tB , is in turn composed of two influencing factors that 

are entered multiplicatively, i.e.: )())(1()( tAtFtB , where )(tA  denotes the level of 

t, which is assumed to grow exogenously at rate g for all 

countries (or regions) in all periods: gteAtA )0()( . 

 

)(tF  denotes a certain measure of openness to foreign trade at time t. For a closed 

economy, )(tF  is zero for all t. In this case )(tB  simply reduces to )(tA  and the 

extended model above reduces to the traditional Solow model.  

 

Based on equation (4.18) and after some mathematical manipulations, we can finally 

obtain the following equation:97  

(4.19) )(ln 2ty )(ln)ln(
1

)1()ln(
1

)1( 1tyegnese  

          )()0(ln)1()1ln()1( 12 tetgAeFe  

We will use equation (4.19) as the baseline functional specification for our empirical 

analysis in later sections of this chapter. 98  If we change equation (4.19) into the 

conventional notation of the panel data estimation, we get 

(4.20) itit
j

j
itjtiit vuxyy

2

1
1,  

                                                        
97 For a detailed derivation of equation (4.19), see Chapter 3.  
98 In this chapter (and in all earlier chapters), in order to make the models tractable, we have implicitly 

made the strong assumption that the Chinese regions are closed and there are zero inter-regional 
transactions (and zero inter-regional mobility of production inputs) In this chapter, the major reason 
why we have omitted domestic inter-regional transactions out of our model is that data on these 
transactions are not readily available, especially for early years. Later, in Chapter 6, this assumption of 
closed regions is relaxed by allowing for inter-regional capital mobility, and in Chapter 7, inter-regional 
transactions are explicitly addressed in a different model. 
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in which  

)(ln 2tyyit , )(ln 11, tyy ti , 

e ,
1

)1(1 e , 
1

)1(2 e , )1(3 e , 

)ln(1 sxit , )ln(2 gnxit , )1ln(3 Fxit , 

)0(ln)1( Aeui , )( 12 tetgt , 

and itv  is the transitory error term that varies across countries (regions) and time 

periods and has a mean equal to zero. 

 

4.4. Data, Samples and Variables 

In subsequent sections, we will run regressions to test for regional growth and 

convergence across the Chinese provinces, both in an absolute sense and in a 

conditional sense, and estimate contributions of structural shocks and structural 

transformation to the growth of the regional economy. The data are all obtained from 

the officially published Chinese Statistical Yearbooks (1980-2006) and Comprehensive 

Statistical Data and Materials on 55 Years of New China. The data set comprises the 

following variables for 31 Chinese provinces (including municipalities and autonomous 

regions) during the period 1980-2004: provincial overall GDP and provincial GDP of 

each of the three sectors99  the agricultural sector, the manufacturing sector and the 

service sector, total investment in fixed assets, total population and the population of 

all working people as well as the labor shares of the three sectors, total exports and total 

imports. The provincial investment rate s is calculated as the percentage (%) of the 

annual investment in fixed assets in the annual provincial GDP, averaged over the 

concerned time span. The population growth rate n is calculated as the average annual 

growth rate of the year-end working population over the concerned time span. In each 

round of our following estimations, The openness indicator F, is calculated as the ratio 

of total value of foreign trade (exports plus imports, converted to RMB yuan) to the 

corresponding regional GDP of the same year, averaged over the concerned time span. 

We set (g+ ) equal to 5% and assume this value 5% remains the same for all provinces 

and all years. 100  Hypothetical variables such as ity , ity , itV , itW , itZ  and itR  are 

calculated according to their respective definitions.  

                                                        
99 The National Bureau of Statistics of China changed some of its statistical categories since the year 2005.  

Data on the sectoral variables since the year 2005 are not directly comparable to those corresponding 
data before 2005.   

100 For a justification of setting (g+ )=5%, see, for example, Mankiw et al. (1992) and Islam (1995).  
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The total chosen period of 1980-2004 is divided into five 4-year spans: 1980-1984, 

1985-1989, 1990-1994, 1995-1999, and 2000-2004. Values of explanatory variables s, 

n, and F are calculated as the averages over the corresponding period. With this setup, 

the transitory error terms (see equation (4.20)) are five calendar years apart and hence 

may be less influenced by business cycle fluctuations and less likely to be serially 

correlated than they would be in a yearly data setup (Islam, 1995). We use d89, d94, 

d99 and d04 to denote the four time dummy variables respectively for the four time 

periods 1985-1989, 1990-1994, 1995-1999, and 2000-2004. 

 

4.5. Estimation Results 

4.5.1. Tests for Growth and Absolute Convergence 

Our tests for growth and absolute convergence across the Chinese provinces are mainly 

based on equations (4.1), (4.10) and (4.12).  

 

First, we run the very basic regression of itQ  on )ln( 1,tiy  to see the general tendency of 

convergence or divergence among the Chinese provinces over the period 1980-2004. 

The result is contained in Table 4.1. We use pooled OLS with a panel of four-year span 

data on the five sub-periods: 1980-1984, 1985-1989, 1990-1994, 1995-1999, and 2000-

2004. Therefore a common intercept and four time dummy variables are needed in the 

regresion. As shown in Table 4.1, the estimation result does not give evidence of 

convergence across the Chinese provinces during 1980-2004 because the estimated 

coefficient on )ln( 1,tiy  has turned out to be slightly positive. 101  This result is 

unsatisfactory in the sense that the estimated coefficient on )ln( 1,tiy  is not significant. 

Thus we do not obtain evidence either for convergence or for divergence from this 

regression owing to the imprecision of the estimate. The ambiguity of the estimation 

result may come from the fact that in this test for absolute convergence, we are 

controlling for none of other explanatory variables and hence may be pooling together 

regions that exhibit too vastly different attributes in aspects other than )ln( 1,tiy . In 

view of the fact that the whole mainland China can be divided into three economic 

zones in terms of the level of development  the most developed eastern coastal zone, 

the central zone and the less developed western zone, we introduce two zone dummy 

variables into the regression each for the eastern and western zone and now regress itQ  

                                                        
101 This result is in accordance with that of one of my previous studies using data of 1981-2005.  
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on )ln( 1,tiy  and the zone dummies (as well as the intercepts). The result is also 

contained in Table 4.1. We see that the estimated coefficient on )ln( 1,tiy  now is 

significantly negative. And also, the East dummy is significant too. This result basically 

indicates that during 1980-2004, poorer regions generally grew faster than richer 

regions of the same economic zone and hence shows a tendency of economic 

convergence among regions within the same zone.  

 

Next, we investigate the link between the overall growth rate of the region and the 

change in sectoral labor shares of that region. According to our earlier analysis, 

economic growth is likely to be accompanied by structural change as indicated by 

regress itQ (= )/ln( 1,tiit yy ) on )( 1,
j
ti

j
it ll and )ln( 1,tiy for each sector j. Therefore, a 

positive estimated value of the coefficient on )( 1,
j
ti

j
it ll  suggests that the expansion of 

sector j in terms of the labor share helps the growth of the overall labor productivity of 

the region, while a negative estimated value of the coefficient on )( 1,
j
ti

j
it ll  suggests 

that the shrinking of sector j in terms of the labor share contributes to the growth of the 

overall labor productivity of the region. The estimation results are contained in Tables 

4.2, 4.3 and 4.4. Regression 1 on the left in Table 4.2 shows that the shrinking of the 

labor share in the agricultural sector partly explains the growth of the overall labor 

productivity of the region. However, as shown in Regression 2 on the right in Table 4.2, 

we see that the estimated coefficient on )( 1,
j
ti

j
it ll , though still remains negative, is no 

longer significant, once the zone dummy variables are included. Moreover, the 

estimated coefficient on )ln( 1,tiy  in Regression 1 is positive (and not significant, just as 

in Regression 1 in Table 4.1) and the estimated coefficient on )ln( 1,tiy  in Regression 2 

is significantly negative (just as in Regression 2 in Table 4.1). The differences in the 

results between the two regressions largely indicate that, for regions across the 

different zones, we do not have evidence for convergence over 1980-2004, but we do 

have evidence that a shrinking agricultural labor share (partly) explains the growth of 

overall regional labor productivity. In contrast, for regions from the same zone (or 

more precisely, for regions from different zones after the zone effect is partialled out), 

we have evidence for economic convergence among the regions but we lack evidence to 

say that the shrinking labor share of the agricultural sector helps to explain the growing 

overall labor productivity of the region.  
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For the manufacturing sector, we have reached the opposite conclusion: Regression 1 in 

Table 4.3 shows that the estimated coefficient on )( 1,
j
ti

j
it ll  is significantly positive. 

This finding indicates the fact that the growth of the overall labor productivity of a 

region can be partly explained by the expansion of its manufacturing sector in terms of 

the labor share. Again, the estimated coefficient on )ln( 1,tiy , as in the left-hand-side 

regressions in Tables 4.1 and 4.2, remains to be positive (but not significant). For 

Regression 2, once we have introduced the two zone dummies, the estimated coefficient 

on )( 1,
j
ti

j
it ll , though still positive, loses its significance. Moreover, the estimated 

coefficient on )ln( 1,tiy  is now significantly negative. Again, these differences in 

regression results between the two regressions indicate that, for regions from different 

zones, we do not see convergence among them over 1980-2004, but we do have 

explained by the expansion of its manufacturing sector in terms of the labor share. In 

contrast, for regions of the same zone (or more precisely, for regions from different 

zones after the zone effect is partialled out), we have evidence that suggests 

convergence among them over 1980-2004, but we do not have enough evidence to say 

4.4 that the estimated coefficient on )( 1,
j
ti

j
it ll  is positive in both Regression 1 and 

Regression 2, but since the estimated coefficient is not significant in both regressions, 

we lack evidence to say that an expansion of the service sector in terms of the labor 

share helps to explain the growth of the regional labor productivity.  

 

We next run regressions related to itR . According to its definition, itR  

growth after growth due to structural shocks (as captured by itV ) and growth due to 

structural transformation (as captured by itZ ) are subtracted from the overall growth 

itQ itR  captures growth resulting from increases in region-

specific sectoral productivities due to, for instance, increases in regional technology or 

investment. In this sense, a test for absolute convergence by regressing itR , instead of 

itQ , on )ln( 1,tiy  seems to be more in line with the spirit of the one-sector Solow growth 

model. Unfortunately, our regression results are not satisfactory because the estimated 

coefficient on )ln( 1,tiy  is not significant (see Table 4.5). Comparing Table 4.5 against 
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Table 4.1, we see a striking difference: regressions in Table 4.5 have a much poorer 

goodness of fit as revealed by the 2R itR  directly 

on )ln( 1,tiy  is that it cannot estimate the separate contributions of itR , itV  and itZ  to 

the overall growth itQ .  

 

Our central regressions are those contained in Table 4.6. These regressions are based 

on equation (4.12) and attempt to estimate the separate partial effect of each of itV , itZ  

and )ln( 1,tiy  on itQ . According to the results, both itV  and itZ  have significantly 

positive partial effects on itQ , though the partial effect of )ln( 1,tiy  on itQ  is not 

significant (with and without the zone dummies). An interesting fact is that with the 

inclusion of the zone dummies, the partial effects of itV  and itZ  both become smaller. 

In other words, once the zone effect is partialled out, we get smaller partial effects of itV  

and itZ  on itQ . Another interesting fact is that in Regression 1 of Table 4.6, the interval 

estimates of itV  and itZ  are (0.9342923, 3.01478) and (0.3194735, 1.069085) 

respectively, and in Regression 2 of Table 4.6, the interval estimates of itV  and itZ  are 

(0.5463242, 2.590504) and (0.0471166, 0.8189213) respectively. The first three of 

these intervals all contain unity while the upper bound of the fourth interval is quite 

close to unity. This result can be seen as basically in line with the spirit of equation 

(4.10) (or equation (4.13)), which assumes the coefficients on itV  and itZ  are unity.  

 

Finally, we are also interested in the correlation between itV  (or itZ ) and )ln( 1,tiy , for 

regressions that include both itV  (or itZ ) and )ln( 1,tiy  as explanatory variables, a high 

correlation between the two may lead to imprecise estimates of the coefficients. Thus 

we run regressions of itV  and itZ  on )ln( 1,tiy  and the results are summarized in Tables 

4.7 and 4.8. We find that when regressing itZ  on )ln( 1,tiy , we get a significantly 

negative estimated coefficient on )ln( 1,tiy . This finding basically indicates that the 

higher the initial value of labor productivity, the lower the subsequent growth in labor 

productivity due to structural transformation.  

 

4.5.2. Tests for Growth and Conditional Convergence 

In order to investigate underlying driving forces that promote growth and convergence, 

we have to deal with issues concerning conditional convergence. This involves 
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controlling for a set of additional explanatory variables in the estimation regressions. 

The baseline functional form of these tests for conditional convergence is equation 

(4.19). Based on this specification and including now itV  and itZ  into the equation, we 

obtain 

(4.21) )/ln( 1,tiitit yyQ )ln()ln()ln( 211, gnsy ititti  

        ititititit vuZVF 543 )1ln(  

 

First, we run basic regressions of itQ  on the other variables without itV  and itZ . The 

estimation results are contained in Table 4.9. All the estimated coefficients are 

significant and have the expected sign. Moreover, all the major results here in Table 4.9 

are in conformity with those results of our earlier study in Chapter 3 using data over the 

period 1981-2005.102  

 

Next, we examine the link between itQ  and the changes in sectoral labor shares. As in 

the preceding subsection, we regress itQ  on )( 1,
j
ti

j
it ll  and )ln( 1,tiy  for each sector j, at 

the same time controlling for the other explanatory variables. The estimation results 

are contained in Tables 4.10, 4.11 and 4.12. None of the changes in the labor shares of 

the three sectors are shown to have a significant partial effect on the overall growth of 

labor productivity, itQ . Comparing Table 4.2 with Table 4.10, and Table 4.3 with Table 

4.11, we can see that the significantly positive partial effect of the change in the sectoral 

the inclusion of ln(s), ln(n+g+ ), and ln(1+F), the partial effect of )( 1,
j
ti

j
it ll  is no 

longer significant. This finding is suggestive of the potentially high correlation between 

)( 1,
j
ti

j
it ll  and some of the other explanatory variables.  

 

We then regress itR  on the set of explanatory variables to see how much the results will 

be affected when we change the dependent variable from itQ  to itR . Our results in 

Table 4.13 show that the changing of the dependent variable from itQ  to itR  does not 

substantially alter the major results of the regressions. Since regressions in Table 4.13 

do not provide information on the partial effects of itV  and itZ  on itQ , we rely on our 

next group of regressions to get such information.  

                                                        
102 See Chapter 3 for details.  
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Table 4.14 summarizes the results of the regressions that have the longest list of 

explanatory variables. Here, we regress itQ  on the full set of explanatory variables: 

)ln( 1,tiy , ln(s), ln(n+g+ ), ln(1+F), itV  and itZ . All the estimated coefficients have the 

expected sign, but those on ln(n+g+ ) and itZ  are not significant. Comparing Table 

4.14 against Table 4.9, we see that the inclusion of itV  and itZ  into the regressions only 

changes the values of the estimated coefficients on all the other explanatory variables 

very slightly.   

 

Finally, just like in the case of testing for absolute convergence, here we may also be 

interested in detecting the partial effect of )ln( 1,tiy  on itV  (or itZ ). Thus we run 

regressions of itV  and itZ  respectively on )ln( 1,tiy , controlling for all the other 

explanatory variables. The results are summarized in Tables 4.15 and 4.16. We can see 

that the estimated coefficient on )ln( 1,tiy  is not significant in all regressions. This 

finding basically indicates that when the other explanatory variables, ln(s), ln(n+g+ ), 

and ln(1+F) are controlled for, different levels of initial labor productivity do not 

suggest different subsequent growth of labor productivity resulting from either 

structural shocks or structural transformation.  

 

4.5.3. Regressions for Individual Time Spans 

A major concern about the empirical analysis above is that structural shocks and 

structural transformation may have vastly different effects on growth and convergence 

over different periods of time, in which developing regions may lie in different phases 

during the course of their development, and hence exhibit quite different economic 

characteristics and are likely to be affected by structural shocks and transformation in 

different ways. If this is the case, then the impacts of structural shocks and 

transformation on growth/convergence would be too subtle an issue to be dealt with by 

simply pooling the different time spans together. For example, structural 

transformation may possibly promote convergence during one certain time span, but 

contribute to divergence during another time span. In view of this problem, we try our 

tests for convergence again but this time by running regressions for each individual 

time span. Needless to say, this comes at a cost: we are now confronted with much 

smaller sample sizes and this potentially leads to imprecise estimates.  
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We follow the basic method introduced by Li and Huang (2006).103 Referring back to 

equations (4.1), (4.10), (4.14), (4.15) and (4.16), we can see that, if we assume the three 

components of itQ , namely, itR , itV  and itZ  are correlated with )ln( 1,tiy  and hence can 

be regressed on )ln( 1,tiy  respectively (as shown by equations (4.10), (4.14) and (4.15)), 

then b in equation (4.1)  the (partial) effect of )ln( 1,tiy  on itQ , can be seen as the sum 

of 1b , 2b  and 3b   the (partial) effects of )ln( 1,tiy  on itR , itV  and itZ  respectively. 

Therefore, even in cases where we cannot obtain enough evidence to determine directly 

the sign and magnitude of b in equation (4.1), we are sometimes still able to determine 

the sign and magnitude of some (or all) of the three components of b by running a 

regression according to equation (4.10), (4.14) or (4.15).  For example, if by regressing 

itZ  on )ln( 1,tiy  (according to equation (4.15)), we obtain a significantly negative 

estimated value of 3b , we can conclude that itZ  helps to promote convergence or helps 

to offset divergence, even if we do not know the sign of b . 

 

Therefore, in Table 4.17, we respectively regress itR , itV  and itZ  on )ln( 1,tiy  for each of 

the 4-year spans: 1980-1984, 1985-1989, 1990-1994, 1995-1999, and 2000-2004. 

According to the results, we see that generally itV  and itZ  tend to have opposite effects 

on convergence. In periods where itV  tends to promote convergence (as indicated by a 

negative 2b ), itZ  tends to prevent convergence (as indicated by a positive 3b ). Similarly, 

in periods where itV  tends to promote divergence, itZ  tends to prevent divergence. 

Specifically, for the period 1980-1984, 2b  is negative and significant, showing that in 

this 4-year period, itV  works to contribute to the convergence of the regions. In period 

1990-1994, 2b  is significantly positive while 3b  is significantly negative. This indicates 

that during 1990-1994, itZ  works in the direction of convergence of the regions while 

itV  works against convergence among the regions. In period 1995-1999, 2b  is still 

significantly positive while 3b  is still significantly negative. This indicates during the 

period 1995-1999, itZ  continues to promote convergence while itV  continues to prevent 

                                                        
103  See Li and Huang (2006) for details. This method was introduced primarily to avoid imprecise 

estimates caused by potentially strong correlation between the explanatory variables if a regression is 
run on the basis of equation (4.12).  
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convergence.104  Owing to the small sample sizes, many of the coefficients are not 

precisely estimated. Therefore, we cannot expect too much out of these single cross-

section regressions.  

 

4.6. Concluding Remarks 

By using data of 31 Chinese provinces over the period 1980-2004, the study in this 

chapter presents new evidence on the effects of structural shocks and structural 

transformation on growth and convergence among the Chinese regions. It contributes 

to the convergence literature by testing whether structural shocks and structural 

transformation have a convergence effect on the overall growth of labor productivities 

across the Chinese regions. The division of overall regional growth in labor productivity 

into three components  growth due to structural shocks, growth due to structural 

-specific 

changes provides us with a better framework than the traditional one-sector Solow 

model for attributing growth and convergence to various different sources. Within this 

framework, we have shown, among other findings, that during 1990-1999, structural 

shocks worked to widen the gap between rich regions and poor regions in China, while 

structural transformation worked to narrow the gap. The role of structural 

transformation has important policy implications. If shifting employment from a sector 

of relatively low labor productivity to another of high labor productivity has the effect of 

promoting overall regional labor productivity as well as promoting convergence among 

the regions, it is important that this effect be measured. Moreover, after filtering away 

growth in labor productivity due to structural factors, our examination of the effects of 

investment, labor and openness to foreign trade / FDI confirms findings of the studies 

in prior chapters.  

                                                        
104 These major findings are basically in accordance with those of Li and Huang (2006), though the latter 

uses longer time spans and smaller samples comprising fewer regions.  
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TABLES OF CHAPTER 4  

Table 4.1   Pooled regressions from a panel of four-year span data 
 Dependent variable: itQ  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 154 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0052506 (0.0193171) -0.0760221* (0.0241184) 

East --- --- 0.1141949* (0.0256571) 

West --- --- -0.0136857 (0.0223425) 

d89 0.175743 (0.0310046) 0.2178967 (0.0299457) 

d94 0.4020426 (0.0364608) 0.4939956 (0.038444) 

d99 0.038289 (0.0498995) 0.2093356 (0.0574353) 

d04 0.0970544 (0.0579728) 0.308727 (0.068282) 

_cons 0.3186865 (0.1362945) 0.8484118 (0.1668811) 
2R  0.6016  0.6578  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
              2. * -- significant at 5%.  
 
 
 
Table 4.2   Pooled regressions from a panel of four-year span data 

Dependent variable: itQ  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0120655 (0.0188361) -0.0617376* (0.0250454) 

)( 1
1,

1
tiit ll  -0.8495626* (0.3113392) -0.4017687 (0.3128462) 

East --- --- 0.1064208* (0.026337) 

West --- --- -0.0048774 (0.0221121) 

d89 0.1747833 (0.0311658) 0.202284 (0.0302441) 

d94 0.3728852 (0.0363255) 0.4582699 (0.0400408) 

d99 0.0387127 (0.0496853) 0.1768341 (0.0575248) 

d04 0.0665685 (0.0570672) 0.2560785 (0.0705372) 

_cons 0.2482784 (0.1343652) 0.7469931 (0.1772721) 
2R  0.6180  0.6587  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
3. Sector j is the agricultural sector when j = 1. 
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Table 4.3   Pooled regressions from a panel of four-year span data 
Dependent variable: itQ  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0149461 (0.0192799) -0.065557* (0.0257523) 

)( 2
1,

2
tiit ll  0.6902734* (0.3338724) 0.2030977 (0.3332241) 

East --- --- 0.1114849* (0.0263197) 

West --- --- -0.0060889 (0.0222794) 

d89 0.1627969 (0.0310503) 0.1980883 (0.0303185) 

d94 0.3777013 (0.0366071) 0.46617 (0.0399593) 

d99 0.0320944 (0.0500863) 0.179441 (0.0578575) 

d04 0.0635498 (0.0578809) 0.2669917 (0.0715287) 

_cons 0.2555765 (0.1365814) 0.7869994 (0.1795753) 
2R  0.6099  0.6556  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
3. Sector j is the manufacturing sector when j = 2 

 
 
 
Table 4.4   Pooled regressions from a panel of four-year span data. 

Dependent variable: itQ  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0048686 (0.0193411) -0.0730999* (0.0240698) 

)( 3
1,

3
tiit ll  0.5624294 (0.4901649) 0.4667485 (0.4554504) 

East --- --- 0.1141587* (0.0254588) 

West --- --- -0.0084787 (0.0220433) 

d89 0.1675869 (0.0320141) 0.205065 (0.0307644) 

d94 0.3826616 (0.036862) 0.4698638 (0.0386922) 

d99 0.02078 (0.0501943) 0.183605 (0.0574617) 

d04 0.0798319 (0.0582515) 0.2816149 (0.0682481) 

_cons 0.3191095 (0.1349378) 0.8286266 (0.165946) 
2R  0.6019  0.6572  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
3. Sector j is the service sector when j = 3. 
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Table 4.5   Pooled regressions from a panel of four-year span data. 
Dependent variable: itR  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0282925 (0.0183031) -0.0187132 (0.024083) 

East --- --- 0.0729382* (0.0255182) 

West --- --- 0.0006177 (0.0221155) 

d89 0.0510342 (0.0299275) 0.0740554 (0.0303136) 

d94 0.1122687 (0.0351609) 0.1640923 (0.0387661) 

d99 -0.011197 (0.0478994) 0.086372 (0.0576658) 

d04 -0.037722 (0.0555382) 0.0833438 (0.068473) 

_cons -0.1718469 (0.1288232) 0.1301414 (0.1665503) 
2R  0.1515  0.1931  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 

 
 
 
Table 4.6   Pooled regressions from a panel of four-year span data. 

Dependent variable: itQ  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0217409 (0.0183716) -0.0442202 (0.0254) 

v 1.974536* (0.526255) 1.568414* (0.5170083) 

z 0.694279* (0.1896125) 0.4330189* (0.1952027) 

East --- --- 0.0911631* (0.0260473) 

West --- --- -0.0028972 (0.0214243) 

d89 -0.0791076 (0.0727075) -0.0022917 (0.0729307) 

d94 -0.1128486 (0.1327748) 0.0602433 (0.1359896) 

d99 -0.0551673 (0.0516419) 0.0846176 (0.063037) 

d04 -0.0827898 (0.0654067) 0.1122877 (0.0828523) 

_cons -0.385669 (0.205374) 0.1745695 (0.2527836) 
2R  0.6506  0.6780  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
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Table 4.7   Pooled regressions from a panel of four-year span data. 
Dependent variable: itV  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.0002378 (0.0029028) -0.0037273 (0.0039126) 

East --- --- 0.0051975 (0.0041458) 

West --- --- -0.0011409 (0.0035929) 

d89 0.1276899 (0.0047464) 0.1296723 (0.0049248) 

d94 0.2409099 (0.0055764) 0.2453219 (0.006298) 

d99 0.0414313 (0.0075966) 0.0497021 (0.0093685) 

d04 0.0623443 (0.0088081) 0.0725972 (0.0111243) 

_cons 0.2832439 (0.0204308) 0.309478 (0.0270582) 
2R  0.9602  0.9603  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 

 
 
 
Table 4.8   Pooled regressions from a panel of four-year span data. 

Dependent variable: itZ  
Sample: 31 Chinese provinces, 1980-2004. Number of observations: 151 

 Regression 1 Regression 2 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.0206719* (0.0080565) -0.048724* (0.0103628) 

East --- --- 0.0373544* (0.0109803) 

West --- --- -0.0073431 (0.0095162) 

d89 -0.0186557 (0.0131732) -0.0046553 (0.0130437) 

d94 0.0315915 (0.0154768) 0.0627806 (0.0166808) 

d99 -0.0117557 (0.0210839) 0.0467334 (0.0248132) 

d04 0.0513182 (0.0244463) 0.1238297 (0.0294635) 

_cons 0.2034841 (0.0567041) 0.3886192 (0.0716655) 
2R  0.2064  0.2788  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
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Table 4.9   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itQ . Sample: 31 Chinese provinces, 1980-2004.  

 Regression 1 Regression 2 

 Number of obs: 152 Number of obs: 151 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.3353933* (0.0602411) -0.4655432* (0.0644128) 

ln(s) 0.1600395* (0.0605019) 0.14851* (0.0567923) 

ln(n+g+ ) -0.1065048* (0.052493) -0.1126213* (0.0494021) 

ln(1+F) --- --- 0.4234488* (0.1006802) 

d89 0.2963735 (0.0448311) 0.3434243 (0.0437425) 

d94 0.7231848 (0.076895) 0.8126195 (0.0753833) 

d99 0.641648 (0.1384448) 0.8568666 (0.1397566) 

d04 0.8567557 (0.1683567) 1.126933 (0.1706168) 
2R (within) 0.7784  0.8076  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 

 
 
 
Table 4.10   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itQ . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.3474111* (0.0642893) -0.494329* (0.0698559) 

ln(s) 0.1514284* (0.0626391) 0.1295941* (0.0589234) 

ln(n+g+ ) -0.094089 (0.0541493) -0.1068374* (0.0509445) 

ln(1+F) --- --- 0.4382688* (0.105326) 

)( 1
1,

1
tiit ll  -0.1177881 (0.3434078) -0.164225 (0.3219448) 

d89 0.2981808 (0.0476301) 0.3606583 (0.0473848) 

d94 0.7293761 (0.0818607) 0.8422325 (0.0816261) 

d99 0.6689593 (0.1466041) 0.9255089 (0.150882) 

d04 0.8862969 (0.1790178) 1.206582 (0.1848405) 
2R (within) 0.7708    0.8013  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
3. Sector j is the agricultural sector when j = 1. 
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Table 4.11   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itQ . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.3495078* (0.064013) -0.4965678* (0.0697813) 

ln(s) 0.1566135* (0.0616202) 0.136447* (0.0579769) 

ln(n+g+ ) -0.0924431 (0.0538845) -0.1043706* (0.0507332) 

ln(1+F) --- --- 0.4363255* (0.1053742) 

)( 2
1,

2
tiit ll  -0.0703384 (0.3701123) -0.0638175 (0.3478651) 

d89 0.2948561 (0.047481) 0.3561557 (0.0472604) 

d94 0.7309795 (0.0817026) 0.8440928 (0.0816321) 

d99 0.66451 (0.1478383) 0.9197318 (0.1521211) 

d04 0.8880021 (0.1790074) 1.208028 (0.1851221) 
2R (within) 0.7707    0.8009  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
3. Sector j is the manufacturing sector when j = 2 

 
 
 
Table 4.12   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itQ . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.3429181* (0.0644952) -0.4897599* (0.0698523) 

ln(s) 0.1475287* (0.0622733) 0.1252747* (0.0585314) 

ln(n+g+ ) -0.100067 (0.0548105) -0.1142706* (0.0515816) 

ln(1+F) --- --- 0.4408304* (0.1050332) 

)( 3
1,

3
tiit ll  0.3574456 (0.4851726) 0.4419443 (0.4559146) 

d89 0.297648 (0.0471262) 0.3595516 (0.0468063) 

d94 0.7224681 (0.0823864) 0.8341163 (0.081958) 

d99 0.6525665 (0.1478085) 0.9057498 (0.1514095) 

d04 0.8727874 (0.1798643) 1.191331 (0.1851268) 
2R (within) 0.7717  0.8026  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
3. Sector j is the service sector when j = 3. 
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Table 4.13   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itR . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.2936668* (0.0645804) -0.4269717* (0.0714718) 

ln(s) 0.1165644 (0.0619684) 0.0982267 (0.0591958) 

ln(n+g+ ) -0.0949995 (0.054327) -0.1063639* (0.0519206) 

ln(1+F) --- --- 0.3965961* (0.1079286) 

d89 0.1814686 (0.0475918) 0.2363467 (0.0480756) 

d94 0.4338291 (0.0823823) 0.5356281 (0.0835497) 

d99 0.5832216 (0.1479367) 0.8134618 (0.1546309) 

d04 0.709346 (0.1804395) 0.9985569 (0.1894299) 
2R (within) 0.3912  0.4561  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 

 
 
 
Table 4.14   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itQ . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.3143993* (0.0635844) -0.4547924* (0.0708346) 

ln(s) 0.1553795* (0.0607736) 0.1351467* (0.0578241) 

ln(n+g+ ) -0.0750894 (0.0530443) -0.0910953 (0.0505099) 

ln(1+F) --- --- 0.3980356* (0.1048596) 

v 1.349472* (0.5082516) 1.040952* (0.4895691) 

z 0.3818299 (0.2208039) 0.3296457 (0.2097375) 

d89 0.1201077 (0.0818583) 0.2162114 (0.0822536) 

d94 0.3670987 (0.1564274) 0.5513062 (0.1568844) 

d99 0.5670952 (0.1471053) 0.8208928 (0.1553077) 

d04 0.7205703 (0.1838386) 1.046875 (0.1950564) 
2R (within) 0.7859  0.8103  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
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Table 4.15   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itV . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.0142681 (0.0123566) -0.0265628 (0.0142966) 

ln(s) -0.015125 (0.0118568) -0.0166797 (0.0118411) 

ln(n+g+ ) -0.0187067 (0.0103947) -0.0192303 (0.0103858) 

ln(1+F) --- --- 0.0354976 (0.0215892) 

d89 0.1365046 (0.009106) 0.1421727 (0.0096167) 

d94 0.2591212 (0.0157627) 0.269208 (0.0167126) 

d99 0.0708803 (0.0283057) 0.0929345 (0.0309311) 

d04 0.1034346 (0.0345246) 0.1308822 (0.037892) 
2R (within) 0.9653  0.966  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 

 
 
 
Table 4.16   Panel data regressions -- LSDV estimations with fixed effects 

Dependent variable: itZ . Sample: 31 Chinese provinces, 1980-2004. 

 Regression 1 Regression 2 

 Number of obs: 149 Number of obs: 148 

Variables Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.0416049 (0.0284427) -0.0431241 (0.0333712) 

ln(s) 0.0542395* (0.0272923) 0.0540563 (0.0276394) 

ln(n+g+ ) 0.0216326 (0.0239268) 0.0216021 (0.0242425) 

ln(1+F) --- --- 0.0043159 (0.0503934) 

d89 -0.0220917 (0.0209605) -0.0213516 (0.0224472) 

d94 0.0385415 (0.036283) 0.0398335 (0.0390106) 

d99 0.0139837 (0.0651547) 0.0167625 (0.0721994) 

d04 0.0766323 (0.0794696) 0.0800746 (0.0884476) 
2R (within) 0.3302  0.3297  

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
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Table 4.17   Single cross-section regressions 
Period: 
80-84 
Obs: 27 

Dependent variable: itR  Dependent variable: itV  Dependent variable: itZ  

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.05111 (0.037549) -0.0571* (0.0069591) 0.006212 (0.023482) 

_cons 0.379732 (0.261402) 0.681526 (0.048447) 0.016733 (0.163471) 
2R  0.069 0.7292 0.0028 

 
Period: 
85-89 
Obs: 31 

Dependent variable: itR  Dependent variable: itV  Dependent variable: itZ  

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.03263 (0.043882) 0.001925 (0.001793) -0.00242 (0.013562) 

_cons 0.334251 (0.328338) 0.39833 (0.013416) 0.048457 (0.101473) 
2R  0.0187 0.0382 0.0011 

 
Period: 
90-94 
Obs: 31 

Dependent variable: itR  Dependent variable: itV  Dependent variable: itZ  

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.19269* (0.0526582) 0.01763* (0.0037837) -0.05942* (0.0149627) 

_cons -1.38835 (0.426206) 0.383576 (0.030625) 0.548228 (0.121105) 
2R  0.3159 0.4281 0.3522 

 
Period: 
95-99 
Obs: 31 

Dependent variable: itR  Dependent variable: itV  Dependent variable: itZ  

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) 0.05297 (0.029757) 0.024678* (0.0048924) -0.03296* (0.0145049) 

_cons -0.40652 (0.269903) 0.103345 (0.044375) 0.302977 (0.131562) 
2R  0.0985 0.4673 0.1511 

 
Period: 
00-04 
Obs: 31 

Dependent variable: itR  Dependent variable: itV  Dependent variable: itZ  

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

ln(yi, t-1) -0.00475 (0.03186) 0.002357 (0.002627) -0.01461 (0.020428) 

_cons 0.106173 (0.304958) 0.325338 (0.025142) 0.196922 (0.195532) 
2R  0.0008 0.027 0.0173 

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 
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5 AN EMPIRICAL ANALYSIS ON FOREIGN DIRECT 

INVESTMENT AND REGIONAL GROWTH IN CHINA 

 

ABSTRACT 

regional economic performance and growth. In this study, an empirical growth model 

is built that takes account of various effects of foreign direct investment on regional 

growth across the Chinese regions. The study detects the presence of significant inter-

regional FDI spillover effects. Moreover, according to the results of this study, 

incorporating inter-regional spillover effects of FDI into the empirical growth model 

substantially raises the estimated speed of convergence among the Chinese regions. In 

sum, the major findings of the study confirm the Chinese gov

about the role of FDI in the Chinese economy.  

 

 

5.1. Introduction 

regional economic performance and growth.105 By almost all accounts, foreign direct 

investment (FDI) has been widely considered as one of the major success stories in 

China during the past three decades. Since the year 1978, when China began to launch 

its various economic reforms and adopt the open-door policy, the country has received 

large inflows of international direct investment. Regarding FDI, China shifted in the 

early 1980s from restrictive policies to permissive policies, then to policies encouraging 

FDI in general in the mid-1980s and to policies encouraging more high-tech and more 

capital intensive FDI projects in the mid-1990s (Fung et al., 2004).  

 

In the permissive period of the early 1980s, the Chinese government established four 

special incentive policies f

inflows were highly concentrated within these areas, though the total amounts of FDI 

remained rather limited (Cheung and Lin, 2004). After 1984, Hainan Island and 

fourteen coastal cities in ten provinces were opened to FDI. The realized value of FDI 

inflows to China reached US$3.49 billion in 1990. From an almost isolated economy 

                                                        
105 f FDI trends and policies in 

China over the past three decades.  
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before 1978, China has become the largest FDI recipient in the developing world since 

1992. However, the preferential policies favoring the eastern coastal regions of China in 

receiving FDI inflows resulted in an overwhelming concentration of FDI in the eastern 

provinces. The expected spillover effects of FDI from eastern coastal regions to central 

and western inland provinces failed to materialize (Madariaga and Poncet, 2007).  

 

To offset the negative consequences of the widening regional gap between the coastal 

regions and the interior regions, more broadly-based economic reforms and open-door 

policies were pushed forward in the 1990s. New policies and regulations encouraging 

FDI inflows were implemented and this yielded remarkable results. Starting from a 

base of less than US$19 billion in 1990, the stock of FDI in China rose to over US$300 

billion at the end of 1999. In the year 2002, China even surpassed the US with FDI 

inflows of US$53 billion. By the end of 2005, the accumulated FDI in China was 

US$622 billion.106 

integration in the international network of production processes and this should 

reinforce the FDI attractiveness position of China (Madariaga and Poncet, 2007). 

 

have stimulated a lot of 

discussion in recent literature. Many recent studies have emphasized the role of FDI in 

the huge FDI influx is 

recorded to increase at an annual rate of more than 10% since 1985 and its spatial 

while there has been an increasing body of literature on FDI in China, systematic 

limited. Especially, 

regional productivity and income growth (Zhang, 2006).107 The study in this chapter 

seeks to close the gap by providing a quantitative analysis of effects of FDI on the 

Chinese regional economy. The study in this chapter first identifies potential channels 

through which FDI affects the growth of the Chinese regions. After that, the study, by 

using a panel data approach, runs regressions based on a growth model where FDI 

inflows exert various effects on the regional growth rates of the Chinese economy.  

 

                                                        
106 See, for example, Madariaga and Poncet (2007) and Zhang (2006) for more details.  
107 According to Zhang (2006), there are a few exceptions. See Footnote 1 of Zhang (2006).  
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The empirical study contained in this chapter has two distinct features. First, the 

empirical specification used in the study attempts to distinguish two sets of different 

effects of FDI inflows. The first set of effects contains those direct effects of FDI on 

growth of regions across China. The second set of effects mainly includes indirect 

spillover effects that FDI potentially has on the regional growth. Second, estimations 

are conducted following a panel data approach, which allows us to capture province-

specific differences that are not controlled for in cross-section regressions. 

 

The rest of this chapter is organized as follows. Section 5.2 discusses the various 

potential effects, direct and indirect, of FDI on the Chinese (regional) economy. Section 

5.3 presents a growth model that incorporates potential effects of FDI on the economic 

performance of the regional economy. The specification of the model forms the basis of 

subsequent empirical analysis in later sections. Section 5.4 provides a discussion of the 

issues related to the econometric problems and the estimation techniques, as well as a 

description of the sample, data, and variables. Section 5.5 presents the major 

estimation results and provides an analysis of the results. Section 5.6 includes into the 

basic regression model one more variable, which supposedly captures the regional 

interdependence in terms of FDI across the different regions in China, and based on 

-

surrounding regions on any certain region in China. Section 5.7 concludes.  

 

5.2. The Role of FDI in the Chinese Economy 

5.2.1. Direct Effects on the Economy 

It has been widely argued that FDI has been playing an important role in transforming 

the Chinese economy. Several direct effects of FDI are usually mentioned in the 

literature.108 Evidently, inward FDI enhances capital formation. It is crucial that a 

sufficient amount of capital can be readily secured for the building up of the Chinese 

economy. FDI has supposedly made a great contribution to this. The ratio of FDI 

inflows to gross domestic investment increased from a negligible level in the 1980s to 

7% in 1992, and then to 17% in 1996, stayed around 13% up to 1998 and stabilized 

around 11% in the late 1990s. Even though FDI has made substantial contribution to 

capital formation in the Chinese economy, FDI has not been necessary to counter the 

                                                        
108 It is clearly beyond the scope of the study in this chapter to review the vast literature on the FDI-growth 

relationship and the determinants of FDI. Madariaga and Poncet (2007) provide an excellent summary 
of the potential direct and indirect impacts of FDI on regional economic performance and growth in the 
case of China. This section is to a large extent based on this summary of Madariaga and Poncet (2007).    
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potential problem of insufficient domestic saving (OECD, 2005). In fact, the difference 

between domestic saving and domestic investment has been positive for all but one 

year since 1991.  

 

In the case of China, the most prominent contribution of FDI perhaps is expanding 

de. 

billion, comprising 58% 

of exports of labor-

in rapidly expanding international markets. 

 

Moreover, FDI inflows bring into the host economy special resources such as 

management skills and technology. One of the important roles of foreign firms is to use 

management skills and technology, together with local labor, to promote exports and 

incorporate much more hi-tech equipment and technological know-how and are thus 

generally more efficient in labor utilization in their production processes.  

can be seen from the level of their overall productivities, which have been over 90% 

greater than those of directly controlled state enterprises (Madariaga and Poncet, 2007, 

OECD, 2005).  

5.2.2. Indirect Effects 

Relevant studies have identified several indirect or spillover effects of FDI on the 

regional economy. 109 Görg and Greenaway (2004) and Madariaga and Poncet (2007) 

summarize the potential spillover channels as follows.  

 

First, FDI brings into the host country new products and new production processes. 

The imitation of these new products and processes by local firms is a classic 

transmission mechanism; imitation may improve local technology and result in 

increases in the productivity of local firms. Second, FDI brings into the host country 
                                                        
109 Most of these indirect effects were also mentioned in Chapter 3, where we focused on the spillover effect 

of openness to foreign trade and FDI on the regional growth in China. However, in the context of the 
study in this chapter, we repeat mentioning these indirect effects of FDI for the sake of self-
containedness of this chapter.  
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more competition, and competition may generate spillovers (Glass and Saggi, 2001). 

The new competition compels the firms   to adapt and 

improve their technology and production processes. Greater competition improves 

productivity. Third, spillovers related to exports are also a source of gains in 

productivity. Local firms learn from multinationals in implementing exporting 

strategies. Exporting involves fixed costs in establishing distribution networks, creating 

transport infrastructure, learning about consumer tastes, etc. Collaboration and 

imitation lower the fixed costs of exporting and help local firms to penetrate new 

markets. Fourth, vertical spillovers are another important channel through which 

upstream suppliers and thereby spread technology and management skills to local 

firms (Rodriguez-Clare, 1996). Spillovers may also take place through the acquisition of 

and invest in technology and staff training. As a result, labor turnover from 

multinational enterprises to local firms can generate productivity improvement of the 

local firms. Moreover, openness to FDI seems to bring extra gains to China by 

facilitating its transition from a centrally planned economy to a market-oriented 

economy since the early 1980s. These gains come from the role of openness to FDI in 

stimulating the move toward marketization by helping to introduce a market-oriented 

institutional framework, contributing to changes in the ownership structure toward 

privatization by promoting competition, and facilitating reforms in state-owned 

enterprises.  

 

5.3. The Model 

In Chapter 2, starting from a Cobb-Douglas production function and following the 

approach of Mankiw, Romer, and Weil (1992) and Islam (1995), we have obtained this 

equation (equation (2.11) in Chapter 2): 

(5.1) )(ln 2ty )(ln)ln(
1

)1()ln(
1

)1( 1tyegnese  

                       )()0(ln)1( 12 tetgAe   

The panel data approach based on the equation above has provided the needed 

framework to carry out the study in Chapter 2. 

 

In this chapter, we focus on an empirical analysis of the various effects of FDI on 
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workable linear model directly from a theoretical neoclassical production function that 

incorporates FDI as an input into it. In order to get a tractable empirical model on 

which our regressions can be properly based, in this chapter we follow an approach 

similar to that used in Madariaga and Poncet (2007). That is, we follow 

basic regression equation, which is equation (5.1) above, and enter terms involving FDI 

additively into the equation. This gives us the following equation:110 

 

(5.2) )ln( ity )ln()ln()ln( 321,1 ititti sgny  

                      itittitiit vuNFf )/()ln( 1,1,54  

In equation (5.2), the dependent variable )ln( ity , is the log of the per capita (per 

worker) output of region i at time t. )ln( 1,tiy  is the lagged dependent variable one 

period ago. The domestic investment rate of region i at time t is denoted its , and the 

population growth over the period between t and t-1 is denoted itn . g  and  are 

respectively the exogenous growth rate of technology and rate of capital depreciation, 

which are assumed to be constants for all regions over all periods. In our regressions, 

we assume )(g  to be 5%.111 We use itf  to represent the ratio of FDI investment to 

GDP for region i at time t. itF is the real FDI stock for region i at time t. itN  is the 

population (or the number of workers112) for region i at time t. Therefore )/( 1,1, titi NF  

is per capita (per worker) real FDI stock for region i at the beginning of time t. 

Explanatory variables its , itn , and itf  are each measured as the average over the period 

between t and t-1. 

 

The two new terms, )ln( itf and )/( 1,1, titi NF  are added to the equation to capture the 

effects of FDI on economic growth. The reason for including )ln( itf  is quite 

straightforward. With the effects of all the other included explanatory variables being 

partialled out, we highly suspect that (the log of) the density of foreign direct 

investment )ln( itf  ((the log of) the ratio of real FDI investment to real GDP at time t) 

has a partial effect on the left-hand side variable )ln( ity . The mechanism why )ln( itf  

                                                        
110  See Mankiw et al. (1992), Islam (1995), and Madariaga and Poncet (2007) for details about the 

specification of the empirical model. The methodology of Mankiw et al. (1992), further strengthened due 
to the extension of Islam (1995) and others to panel data, can in principle be used to evaluate not only 
the Solow model but other candidate growth models as well (Bernanke and Gürkaynak, 2001).   

111 See Mankiw et al. (1992) and Islam (1995) for a justification of the assumed value of )(g .  
112 Just as in earlier chapters, h
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should have a partial effect on )ln( ity  is similar to that for )ln( its . The difference is that 

the coefficient on )ln( its  indicates the magnitude of the partial effect of domestic 

investment on economic growth while the coefficient on )ln( itf  is meant to capture the 

magnitude of the partial effect of FDI investment on economic growth. From regression 

results in earlier chapters, we have strong evidence that domestic investment is indeed 

a very important factor that affects economic growth. Therefore, by including the term 

)ln( itf  in the regression equation in the study of this chapter, we hope to find evidence 

that FDI investment is also an important factor that affects economic growth.  

 

The reason why we have also included the term )/( 1,1, titi NF  in the equation is 

somewhat subtle. First of all, we have to note that )/( 1,1, titi NF  denotes real FDI stock 

per capita (per worker) for region i at the beginning of time t. Therefore, a positive 

coefficient on )/( 1,1, titi NF  in the equation indicates that when the effects of all the 

other explanatory variables have been partialled out, the initial level of real FDI stock 

(per capita), )/( 1,1, titi NF , should still have an positive effect on the regional growth 

during time t. In other words, for two regions at time t, even if their initial level of per 

capita output 1,tiy , the domestic investment rate its , the population growth rate itn , 

and the density of FDI investment itf  are all the same, the initial level of FDI stock (per 

capita) still tends to have an effect on the level of per capita output ity , that is, the 

higher the initial level of FDI stock (per capita), the higher the level of per capita output 

ity , ceteris paribus. Our hypothesis here is that the existing FDI stock at the beginning 

of the period exerts positive spillover effects that contribute to the growth in per capita 

output in the current period. This issue becomes clearer if we compare equation (5.2) 

against equation (5.1). In equation (5.1), which is derived directly from a Cobb-Douglas 

production function, the domestic capital stock does not enter into the right-hand side 

of the equation as an explanatory variable. This is simply because past evolution of the 

domestic capital stock is already summarized in the initial level of per capita output at 

the beginning of the time period. In other words, when the initial level of per capita 

output as well as the current investment rate and population (labor) growth rate is 

controlled for, initial domestic capital stock should have no effect on the current level of 

per capita output. In contrast, in equation (5.2), the same thing cannot be said for the 

FDI stock. It may well be the case that when the initial level of per capita output as well 

as the current domestic investment rate, the current FDI investment density and the 
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current population (labor) growth rate is controlled for, the initial (per capita) FDI 

stock may still have a partial effect on the current level of per capita output because the 

former may exert spillover effects that affect the current level of per capita output. In 

other words, the initial (per capita) FDI stock may have a current effect on the current 

level of per capita output that cannot be absorbed in the effect of the initial level of per 

capita output. Therefore, in order to take account of the potential spillover effects of the 

existing FDI stock that may affect growth, we have included )/( 1,1, titi NF  as an 

explanatory variable on the right-hand side of equation (5.2), alongside with the other 

explanatory variables.  

 

One problem with equation (5.2) is that we cannot be sure about the functional form of 

the term containing the initial per capita FDI stock that enters the right-hand side of 

the equation. It may well be reasonable that we should enter the term in the log form 

instead of in the level form, i.e. )/ln( 1,1, titi NF  instead of )/( 1,1, titi NF . Therefore, for 

the sake of comparison, we would also want to run regressions based on the following 

equation: 

(5.3) )ln( ity )ln()ln()ln( 321,1 ititti sgny  

                      itittitiit vuNFf )/ln()ln( 1,1,54  

where )/ln( 1,1, titi NF  has replaced )/( 1,1, titi NF  in equation (5.2).  

 

5.4. Estimation Issues and Data  

5.4.1. Econometric Issues and Estimation Methods 

The estimation of an equation such as equation (5.2) above poses several econometric 

problems.113 First, inevitably, some variables will be measured with error, and some 

variables even cannot be directly measured. Therefore, we have to obtain closely 

approximated values for such explanatory variables. Particularly, for regressions based 

on equation (5.2), the amounts of FDI stock tend to be measured with great error. 

Second, the inclusion of the lagged dependent variable in the panel data framework 

with the individual fixed effects renders the OLS estimator biased and inconsistent, as 

the lagged dependent variable is correlated with the composite error term even in the 

absence of serial correlation between the transitory errors. The third concern is the 

endogeneity problem of the explanatory variables. For example, endogeneity may arise 

                                                        
113 See also Chapter 2 and Chapter 3 for a discussion of essentially the same potential problems. Although 

the problems have been discussed earlier in Chapter 2 and Chapter 3, we mention them again here only 
for the sake of self-containedness of the present chapter.  
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if regional economic policy affects growth and FDI inflows simultaneously. The fourth 

problem is that the equation ignores the role of spatial interdependence among the 

regions in terms of FDI. For example, in the process of Chin

between opened-up coastal areas and inland regions have been enhanced through 

inter-regional trade and specialization in the value chain. These linkages can potentially 

amplify the spillovers from FDI. Finally, since besides the included explanatory 

variables, there might be a myriad of other variables that also influence growth, 

potential biases caused by omitted variables are always a concern.  

 

Here, just as in earlier chapters, we argue that the use of the Least Squares with 

Dummy Variables (LSDV) estimator is an adequate approach for our present empirical 

analysis. Since the individual region-specific effects are most likely to be correlated 

with factors such as s , n and FDI (flows and stocks), the assumption of random effects 

is not satisfied. The LSDV estimator, which is based on the fixed effects assumption, is 

permissible, though the assumption may seem strong. As already mentioned in earlier 

chapters, one possible problem with LSDV arises from the dynamic nature of the panel 

data model. The inclusion of the lagged dependent variable as one of the right-hand 

side explanatory variables necessarily violates the strict exogeneity assumption usually 

made on a panel data model with unobserved effects. Nevertheless, Islam (1995), by 

referring to findings of Amemiya (1967), provides strong justifications for the use of 

LSDV.114  

 

5.4.2. Data, Samples and Variables 

The data are obtained from the officially published Chinese Statistical Yearbooks 

(1990-2006) and Comprehensive Statistical Data and Materials on 55 Years of New 

China. The data comprise the following variables for 27 provinces (including 

municipalities and autonomous regions) during the period 1991-2005:115 provincial 

GDP, total capital formation, total population and the population of all working people, 

the regional FDI inflow of the given year. The provincial domestic investment rate s is 

calculated as the percentage (%) of the annual domestic capital formation in the annual 

provincial GDP, averaged over the concerned time span. The population growth rate n 

is calculated as the average annual growth rate of the year-end working population over 

the concerned time span. The variable (F/N) is calculated as total real value of regional 

                                                        
114 See Islam (1995) for the justifications.  
115 Owing to missing data, we can only include 27 out of the 31 Chinese mainland regions in our sample. 

Also, we can only cover the period 1991-2005 because of missing data prior to 1991.  
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FDI stock divided by the regional working population of the same year.116 The variable f 

is calculated as the percentage of annual regional FDI inflow in the annual regional 

GDP, averaged over the concerned time span. We set (g+ ) equal to 5% and assume 

this value remains the same for all provinces and all years. 

 

The total chosen period of 1991-2005 is divided into three 4-year spans: 1991-1995, 

1996-2000, and 2001-2005. Values of explanatory variables s, n, and f are calculated as 

the averages over the corresponding period. With this setup, the transitory error terms 

(see equation (5.2)) are five calendar years apart and hence may be less influenced by 

business cycle fluctuations and less likely to be serially correlated than they would be in 

a yearly data setup (Islam, 1995). We use d00 and d05 to denote the time dummy 

variables respectively for periods 1996-2000 and 2001-2005.  

 

5.5. Estimation Results 

The estimation results are summarized in Table 5.1. For comparisons, we have run two 

regressions which are based on equations (5.2) and (5.3), respectively. The first 

regression on the left side includes )/( 1,1, titi NF  as one of the explanatory variables 

while the second regression on the right side instead includes )/ln( 1,1, titi NF  as one of 

the explanatory variables. It can be easily seen that the results from the two regressions 

are very similar. The estimated coefficient on ln(yi, t-1) in either regression has the 

expected sign. The 95% interval estimate of the coefficient on ln(yi, t-1) is (-0.013446, 

0.7029463) for the first regression and is (0.1261046, 0.6955069) for the second 

regression. Therefore, the estimated coefficient on ln(yi, t-1) in the second regression is  

significantly positive while that in the first regression merely borders on being 

significantly positive. The estimated coefficient on ln(yi, t-1) in either regression is 

significantly lower than unity, suggesting that, after controlling for the other 

explanatory variables, there appears to be (conditional) convergence across the Chinese 

provinces. The values of the estimated coefficient on ln(yi, t-1) are lower when the two 

FDI variables (the one concerning itf  and the one concerning )/( 1,1, titi NF ) are 

included in the regressions than when they are left out of the regression equations. This 

indicates that when FDI is taken account of, the Chinese provinces show even faster 

(conditional) convergence among themselves.  

                                                        
116 We assume FDI capital depreciates at an annual rate of 3%. In a sense, this rate is low. However, we 

have tried other values of the FDI depreciation rate and found the regression results are not sensitive to 
the change in the assumed FDI depreciation rate.  
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The estimated coefficient on ln(n+g+ ) has the expected sign and is significant in either 

regression. The two values of the estimated coefficient on ln(n+g+ ) are also very close 

to each other in the two regressions. The estimated coefficient on ln(s) also has the 

expected sign in either regression, but the 95% interval estimate of the coefficient on 

ln(s) in either regression has shown that the estimated coefficient is not significant.  

 

The estimated coefficient on ln(f) has the expected sign in either regression. In fact, the 

values of the estimated coefficient on ln(f) are very close to each other in the two 

regressions. The 95% interval estimates of the coefficient on ln(f) are respectively 

(0.0013784, 0.1328431) and (-0.0064533, 0.1319989) in the two regressions here. 

Since -0.0064533 is only very slightly lower than zero, we can say that, from our 

regression results, ln(f) can indeed be shown to have a positive partial effect on the 

regional growth in per capita output.  

 

The estimated coefficient on the variable concerning the initial FDI stock also has the 

expected sign in either of the two regressions. In the first regression, we have the 

estimated coefficient on )/( 1,1, titi NF  being 0.0377389 with a 95% confidence interval 

of (-0.0947446, 0.1702223) while in the second regression the estimated coefficient on 

)/ln( 1,1, titi NF  is 0.0075912 with a 95% confidence interval of (-0.0436581, 

0.0588404). Although both values of the point estimates have the expected positive 

sign, they are not significantly different from zero, as can be seen from the confidence 

intervals. In sum, from the regression results so far, we fail to detect any positive partial 

effect of the initial FDI stock on the regional growth in per capita output.  

 

5.6. The Issue of Spatial Interdependence Regarding FDI Spillovers 

Unlike cross-country studies, the geographic units of our present study are Chinese 

regions (provinces). A province trades with and receives direct investment from not 

only foreign countries, but also other provinces in China. Therefore, the impacts of FDI 

fore

One objective of this study is to 

empirically assess the existence and magnitude of such inter-regional effects of FDI 

spillovers on regional economic growth in China.  
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To this end, now we create a variable, variable itE  indirect 

exposure to FDI via all other Chinese provinces. This variable itE  is constructed as 

follows:117  

ij ij

jt
it DIST

F
E  

itE  denotes province i

all other provinces in China in year t . It is supposed to measure to what extent the 

varying degrees of openness to FDI of all other provinces jointly affect province i . jtF  

denotes province j real FDI stock in year t . ijDIST  denotes the geographical distance 

between (the capital cities of) the two provinces i and j . Since E will enter our 

regressions in logarithm, the choice of unit for distance does not matter. In practice, 

since our data for the entire period of 1991-2005 have been divided into three shorter 

periods (each of a 4-year span), the values of the variable E we use in our regressions 

are calculated as the averages over the concerned time spans. For example, the value of 

E for province i during the period 1991-1995 is calculated as the average value of the 

five iE  

 

It would be better for us to focus on transport distances (e.g. distances based on the 

railway mileage or on the length of transit time) rather than on pure geographic 

distances because, for example, it is the former that is considered to matter more in 

determining the mobility of goods, workers, capital, and so on, and hence in 

determining the pattern of inter-regional FDI spillovers. However, for a time period 

spanning from 1991 till 2005, it will be a much harder task to obtain exact data on real 

transport distances, especially those for the earlier years. Mainly for this reason, in this 

study we use (the reciprocals of) pure geographic distances (based on the geographical 

coordinates  the latitude and longitude of the capital city of each province), which are 

invariant over time, as the individual weights in constructing the variable itE .   

 

With the newly included variable itE , we can augment equations (5.2) and (5.3) into the 

following two equations respectively:  

(5.4) )ln( ity )ln()ln()ln( 321,1 ititti sgny  

                                                        
117 

unsatisfactory proxy variable fraught with imperfections for our intended purpose. Nevertheless, it is 
difficult to come up with conceptually, yet practically better proxy variables owing to data unavailability.   
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                      ititittitiit vuENFf ln)/()ln( 61,1,54  

and,  

(5.5) )ln( ity )ln()ln()ln( 321,1 ititti sgny  

                      ititittitiit vuENFf ln)/ln()ln( 61,1,54  

 

Based on equations (5.4) and (5.5), we can now run regressions completely analogous 

to those in Table 5.1, except that now we include lnE as one more explanatory variable. 

The regression results are summarized in Table 5.2. With the inclusion of the new 

explanantory variable lnE, which has been devised to capture the cross-region spillover 

effects of FDI, the regression results show interesting changes compared with those in 

Table 5.1.  

 

First, the estimated coefficient on ln(yi,t-1) has become much lower (and more 

significantly less than unity) in either of the two regressions. Second, the estimated 

coefficient on lnE is significantly greater than zero (with the 95% confidence interval 

being (0.5747881, 1.761492) and (0.5535625, 1.747494) respectively for the two 

regressions). In fact, the value of the point estimate of the coefficient on lnE is greater 

than unity in either regression. According to our estimation results, for a given 

province, a 1% overall increase in real FDI stock in all the other provinces of China will 

all the estimated coefficients have the expected sign, though some of them are not 

significant. In sum, the regression results in Table 5.2 support our conjecture that FDI 

has a positive inter-regional indirect (spillover) effect on the growth of the regional 

economy in per capita output across the Chinese provinces.  

 

5.7. Conclusion 

growth experience and tests empirically the widespread belief about the beneficial 

effects of increased for

per capita income convergence model that incorporates an explicit consideration of the 

spatial interdependence effects of FDI across the different regions in China. We have 

detected the presence of significant inter-regional FDI spillover effects. FDI seems to 

inter-regional spillover effects during the period under study. Moreover, according to 

our estimation results, incorporating inter-regional spillover effects of FDI into the 
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regression model substantially raises the estimated speed of convergence among the 

growth. The major findings of the study in this chapter basically confirm the Chinese 

can conclude that a policy of promoting FDI can be justified since according to our 

estimation results, Chinese provinces appear to benefit not only from provincial FDI 

inflows, but also from FDI inflows into other Chinese provinces.  
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 TABLES OF CHAPTER 5 

Table 5.1 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 27 Chinese provinces, 1991-2005. Number of observations: 80 

Regression No. 1 Regression No.2 

Variables Coef. Std. Err. Variables Coef. Std. Err. 

ln(yi, t-1) 0.3447501 (0.1779507) ln(yi, t-1) 0.4108057* (0.1414386) 

ln(n+g+ ) -0.2683176* (0.0701089) ln(n+g+ ) -0.2743314* (0.0705862) 

ln(s) 0.1080717 (0.1359068) ln(s) 0.0754737 (0.1242932) 

ln(f) 0.0671108* (0.0326556) ln(f) 0.0627728 (0.0343913) 

Fi, t-1/Ni, t-1 0.0377389 (0.0658173) ln(Fi, t-1/Ni, t-1) 0.0075912 (0.0254605) 

d00 0.0688004 (0.1891618) d00 -0.0239196 (0.1915568) 

d05 0.5628688 (0.2547744) d05 0.4442847 (0.2539512) 
2R (within) 0.9818 2R (within) 0.9817 

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%. 

 
 
 
Table 5.2 
Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 27 Chinese provinces, 1991-2005. Number of observations: 80 

Regression No. 1 Regression No.2 

Variables Coef. Std. Err. Variables Coef. Std. Err. 

ln(yi, t-1) 0.197964 (0.1592452) ln(yi, t-1) 0.2892526* (0.1276724) 

ln(n+g+ ) -0.2250851* (0.061987) ln(n+g+ ) -0.2327566* (0.0626916) 

ln(s) 0.1943183 (0.1202721) ln(s) 0.1485435 (0.1103856) 

ln(f) 0.0435675 (0.029036) ln(f) 0.0394801 (0.0306881) 

Fi, t-1/Ni, t-1 0.0520559 (0.057399) ln(Fi, t-1/Ni, t-1) 0.006824 (0.0222813) 

lnE 1.16814* (0.2945985) lnE 1.150528* (0.2963927) 

d00 -1.572271 (0.4454146) d00 -1.659495 (0.4534692) 

d05 -1.824895 (0.6417116) d05 -1.932756 (0.6514386) 
2R (within) 0.9865 2R (within) 0.9863 

Notes: 1. Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
2. * -- significant at 5%.  
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6 REGIONAL GROWTH IN CHINA: ANALYSES WITH 

ENDOGENOUS SAVING AND INTER-REGIONAL CAPITAL 

MOBILITY 

 

ABSTRACT 

The study in this chapter is based on the Ramsey growth model. The study is motivated 

by the fact that the Solow growth model does not consider the saving behavior as 

endogenously determined inside the economy, and does not allow for capital mobility 

across the borders of economies. This study finds a faster speed of convergence among 

the Chinese provinces over the period 1981-2005  faster than the Solow model 

predicts. However, this finding accords with the basic prediction of the Ramsey model, 

especially when the model is modified to allow for capital mobility.  

 

 

6.1. Introduction 

The study in this chapter is motivated by two basic facts. The first is that the Solow 

growth model, on which the empirical analyses in prior chapters have been based, 

assumes an exogenous and constant saving rate of the economy. Although this 

assumption may greatly simplify the analysis, the assumed constant and exogenous 

saving rate may be unrealistic. In a sense, the exogeneity (and constancy) of the saving 

rate can be viewed as a shortcoming of the Solow growth model. In the study of this 

chapter, we will base our analysis on the Ramsey growth model, in which it is instead 

assumed that the path of consumption and hence the saving rate are determined by 

optimizing households and firms that interact on competitive markets.118 As a result the 

saving rate is no longer exogenous and does not necessarily have to be constant. In 

other words, compared with the Solow model, the Ramsey model endogenizes the 

saving behavior. In the theoretical framework of the Ramsey model, we could thus shift 

our attention from the saving rate itself to a host of underlying factors that influence 

the saving rate.  

 

The second fact that motivates this study is that the Solow model assumes a closed 

economy, where international capital mobility is not allowed. In the case of a study 

concerning the Chinese regions, however, this assumption of cross-region capital 
                                                        
118  The optimizing behavior of the firms can be incorporated into the decisions of the optimizing 

households. In other words, the model can be as well developed in alternative environments. The 
separation of functions between households and firms is not central to the analysis.  
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immobility is not very realistic. Intuitively, we would expect that capital moves fairly 

freely across the borders of the Chinese regions  much more freely than across the 

borders of different countries. In the study of this chapter, we take account of capital 

mobility and investigate its impact on growth and convergence across the different 

regions in China. The reason we put the issues of endogenous saving behavior and 

capital mobility together in the same chapter is that both issues can be dealt with 

within the same theoretical framework  the Ramsey growth model.  

 

The rest of this chapter is organized as follows. Section 6.2 gives a brief description of 

the Ramsey growth model, focusing on empirical implications of the model. Section 6.3 

extends the basic Ramsey model by distinguishing two types of capital. The purpose of 

this extension is to provide the necessary foundation for later analysis of growth and 

convergence when partial capital mobility across economies is taken account of. In 

Section 6.4, we carry out our empirical analysis and present the empirical results. In 

Section 6.5, the extended Ramsey model is reconsidered to allow for partial capital 

mobility across the regions. We will see in this section how allowing for capital mobility 

alters the speed of convergence among the Chinese regions. Section 6.6 contains a 

tentative analysis on the investment environment. Section 6.7 reconsiders the model by 

allowing for time-varying intertemporal preferences; we will see in this section how this 

change in the basic assumption makes a difference in the results of our analysis. 

Section 6.8 concludes.  

 

6.2. The Ramsey-Cass-Koopmans Model 

We begin by briefly reviewing the Ramsey Model. The model was first constructed by 

Ramsey (1928) and later refined by Cass (1965) and Koopmans (1965). We focus on the 

 

 

In the basic Ramsey-Cass-Koopmans Model,119 we assume there are a large number of 

identical firms in the economy. Each has access to the production function 

)',( LAKFY , which satisfies the conditions of constant returns to scale and 

diminishing returns to each of the inputs and the Inada condition with respect to 

capital K and labor L. The firms hire workers and rent capital in competitive factor 

markets, and sell their output in a competitive output market. Firms take the level of 
                                                        
119 See, for example, Barro and Sala-i-Martin (1995), or Romer (2006), for a detailed description of the 
model.  
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technology, 'A , as given, which grows exogenously at rate g. There are also a large 

number of identical households. The size of each household grows exogenously at rate 

n. Each member of the household supplies one unit of labor at every point in time. In 

addition, the household rents whatever capital it owns to firms. The firms maximize 

profits. The households own the firms, so any potential profits the firms earn accrue to 

the households. 

 

Each household wishes to maximize overall utility, U, as given by 

(6.1) dteetcuU tnt

0
)]([  

where we have normalized the initial size of the household at time 0 to unity, and c(t) is 

per capita consumption at time t. We assume the instantaneous utility u(c) is increasing 

in c and concave and satisfies the Inada conditions. Finally,  is the discount rate; the 

greater is , the less the household values future consumption relative to current 

consumption. The instantaneous utility u(c) is assumed to take the form 

(6.2) 
1

)()]([
1tctcu , 0 , 0)1( gn  

This functional form is necessary for the economy to be able to converge to a steady 

state.120  

 

It can be shown that the maximizing behavior of the households and firms jointly 

determines the evolution of capital per unit of effective labor, k , defined as 

)/( gtLeKk , and consumption per unit of effective labor, c , defined as gtecc / , by 

the following two equations:121 the budget constraint 

(6.3) kgnckfk )()(   

and the Euler equation 

(6.4) ])(')[/1(/ gkfcc .  

Therefore, the steady-state values of c  and k  are determined by setting c  and k  to 

zero. Equation (6.4) and the condition 0c  imply that the steady-state value of k  is 

given by 

                                                        
120 The reason why we have the requirement 0)1( gn  is that it ensures the lifetime utility does 

not diverge. If this condition does not hold, the household can attain infinite lifetime utility and its 
maximization problem does not have a well-defined solution.  

121 See, for example, Barro and Sala-i-Martin (1995), or Romer (2006), for a detailed derivation of the two 
equations.  
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(6.5) gkf )(' *  

 

If we further assume a Cobb-Douglas production function of the form 

(6.6) 1)( gtLeAKY , 10 ,  

where A is a fixed technology parameter, and work in units of effective labor, i.e. define 

)/( gtLeYy  and )/( gtLeKk , then the intensive form of the production function is 

(6.7) kAkfy )(  

Thus with equation (6.5) and equation (6.7), the steady-state value of k  can be written 

as 

(6.8) 
1

1

*

g
Ak   

The steady-state value of y  is  

(6.9) 
1

1
1

*

g
Ay  

Approximating around the steady state, we have  

)](ln[ln)(ln * tyy
dt

tyd
, which implies 

(6.10) )(lnln)1()(ln 1
*

2 tyeyety  

where )( 1ty  is output per unit of effective labor at some initial point of time and 

)( 12 tt . The speed of convergence, , depends on the parameters of technology 

and preferences. For the case of a Cobb-Douglas technology, the formula for  is given 

by122  

(6.11) 
2/1

2 )()(142 gngg  

in which 0)1( gn  

 

Rewriting equation (6.10) in per capita terms and noting that gtetyty )()( , we get 

(6.12) )(ln)1()(ln)(ln 12
*

12 ettgyetyety  

in which *y  is given by equation (6.9).  

                                                        
122 Appendix 2A of Barro and Sala-i-Martin (1995) gives a detailed derivation of equation (6.11). Chapter 2 

of Romer (2006), by using a clever and much easier method, obtains essentially the same equation.  
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6.3. The Extended Model with Two Types of Capital 

In order to build the necessary foundation for taking account of capital mobility across 

economies, now we construct a Ramsey model with two types of capital. In this section, 

we follow Barro, Mankiw, and Sala-i-

the model. 

 

Now output is produced with three inputs, physical capital, human capital and a non-

reproducible factor  raw labor. The production is Cobb-Douglas: 

(6.13) 1)( gtLeHAKY , 0 , 0 , 1  

Y is output, K is the stock of physical capital and H is the stock of human capital. L is 

the quantity of raw labor and A is a fixed technology parameter. Raw labor grows 

exogenously at a constant rate n and the effectiveness of raw labor grows constantly at 

an exogenous rate of g. If we work in units of effective labor, with )/( gtLeYy , 

)/( gtLeKk and )/( gtLeHh , then the intensive-form production function is given by 

(6.14) hkAy  

The households own the three inputs and rent them to firms at competitive rental 

prices. Firms pay a proportional tax at rate  on output. In units of effective labor, the 

(after-tax) instantaneous profit for the firm is give by 

(6.15) hRkRwhkA hk)1(  

where  effective labor, w  is the wage 

rate per unit of effective labor, kR  is the rental price of physical capital and hR  is the 

rental price of human capital. We assume the firm seeks to maximize the present value 

of its profits, but since the firm rents capital and labor services and has no adjustment 

Therefore, the problem of maximizing the present value of profits reduces to a problem 

of maximizing instantaneous profit at each time without regard to outcomes at other 

times. Thus the firm equates the marginal products to the rental prices. 

(6.16a) kyhkARk /)1()1( 1  

(6.16b) hyhkARh /)1()1( 1  

(6.16c) hRkRhkAw hk)1(  

These conditions imply that 0  in equation (6.15), as it must be the case in 

equilibrium.  



 

 

135

 

Infinitely-lived households maximize their lifetime utility 

(6.17) dteetcuU tnt

0
)]([ ,  

where 
1

)()]([
1tctcu , with 0 , 0)1( gn  

 

We have normalized the initial size of the household at time 0 to unity, and c(t) is per 

capita consumption at time t. The households own the physical and human capital and 

also have the net stock of debt, d , per unit of effective labor. They receive income from 

wages and rentals and spend this income on accumulation of physical capital, 

accumulation of human capital, and consumption. The budget constraint is123 

(6.18) dgnrchgnRkgnRwdhk hk )()()(  

where r is the real interest rate, and gtecc / . Households can borrow or lend at the 

real interest rate r on the domestic bond market. However, in a closed economy, the 

debt is zero for the representative household, and r is determined by the equilibrium of 

saving and investment at the national level.  

 

Inserting conditions in (6.16) into the budget constraint (equation (6.18)) yields 

(6.19) dgnrchkgnhkAdhk )())(()1(  

Households maximize utility from equation (6.17) subject to equation (6.19), given 

0)0(k , 0)0(h , and )0(d .  

 

In a closed economy, 0d  and the real interest rate r must equal the net returns on 

the two types of capital, )( kR  and )( hR . This in turn implies that // hk  (see 

(6.16a) and (6.16b)).124 The budget constraint from equation (6.19) can be rewritten in 

terms of a broad capital stock, hkz  

                                                        
123 

appear in the equation. Equation (6.18) assumes physical capital and human capital depreciates at the 
same rate . It is also assumed that none of the taxes collected are remitted to households, though the 
results would not change if these revenues showed up as lump-sum transfers or as government services 
that did not affect productivity or interact with choices of consumption. See Barro, Mankiw, and Sala-i-
Martin (1995).  

124 If initially // hk
adjustment costs or irreversibility constraints. If instead, physical or human capital is (realistically) 
assumed to be irreversible, then the model will involve transitional dynamics.  
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(6.20) czgnzAz )(~)1(  

where )()(~ AA .  

 

neoclassical model, except that the production function is less concave: the capital 

share is now , which corresponds to physical and human capital, rather than 

physical capital alone. The Euler equation that characterizes the solution is 

(6.21) )]()(~)1)[(/1(/ 1 gzAcc  

Equations (6.20) and (6.21) (plus the needed transversality condition) describe the 

transition of the economy toward the steady state.  

 

Following the same procedure as in Section 6.2, we obtain the steady-state value of the 

broad capital stock (per unit of effective labor): 

(6.22) 
1

1

* )(~)1(
g

Az  

By using the condition // hk , we obtain the steady-state values of the physical 

capital and human capital per unit of effective labor: 

(6.23) ** zk , and ** zh  

The steady-state value of output per unit of effective labor is given by 

(6.24) 
11

1
* ))(1(~

g
Ay  

Approximating around the steady state, )](ln[ln)(ln * tyy
dt

tyd
. Equation (6.10) 

above still describes the adjustment process from an initial position toward the steady 

state:  

(6.10) )(lnln)1()(ln 1
*

2 tyeyety  

where )( 1ty  is output per unit of effective labor at some initial point of time and 

)( 12 tt . The speed of convergence, , which depends on the parameters of 

technology and preferences, is given by  

(6.25) 
2/1

2 )()(142 gngg  
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where 0)1( gn . 

 

6.4. Empirical Analysis and Results 

6.4.1. The Setup of the Empirical Model 

The basic equation our empirical analysis is based on is equation (6.12) above, with the 

steady-state value of output per unit of effective labor given by equation (6.24): 

(6.12) )(ln)1()(ln)(ln 12
*

12 ettgyetyety  

where 

(6.24) 
11

1
* ))(1(~

g
Ay  

Inserting equation (6.24) into equation (6.12) gives 

(6.26) )1ln(
1

)1()(ln)(ln 12 etyety )ln(
1

)1( ge  

Ae ~ln
1

1)1( )()ln(
1

)1( 12 ettge  

In terms of the conventional notation of a panel data model, we can rewrite equation 

(6.26) as 

(6.27) itit
j

j
itjtiit vuxyy ~

2

1
1,  

where  )(ln 2tyyit , )(ln 11, tyy ti , 

e , 
1

)1(1 e , 
1

)1(2 e , 

)1ln(1
itx , )ln(2 gxit , 

Aeui
~ln

1
1)1( , 

)()ln(
1

)1(~
12 ettget  

and itv  is the idiosyncratic error term that varies across economies (countries or, in the 

present study, regions within a country) and also across time periods and is assumed to 

have a mean equal to zero. Since the elasticities of output with respect to physical and 

human capital,  and , are assumed to be constant across all the economies and over 

all the time periods, the term )ln(
1

)1( e  is simply a constant and thus 

enters as part of the time intercept in the specification expressed by equation (6.27). In 
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contrast, the technology shifter A~  is time-invariant for any certain economy but is 

different across economies, so the term Ae ~ln
1

1)1(  is the term of economy-

specific individual effect that varies across economies but remains constant over time 

for any one economy. Parameters  and  are parameters appearing in the (lifetime) 

utility function and are thus related to preferences. The Ramsey model takes  and  

as exogenous and does not look into the potential underlying factors that influence the 

values of  and . For the moment, we assume that  and  vary over time as well as 

across economies. Therefore, the term involving  and , which is )ln( g , 

enters equation (6.27) as one of the explanatory variables. The term )1ln( , since it is 

also assumed to vary over time and across economies, enters equation (6.27) as another 

explanatory variable. It  in the context of this 

study should be interpreted in a broad sense. In fact,  includes various elements 

besides taxation that may affect the incentives to accumulate capital, such as the risk of 

expropriation by the government, strong labor unions, transaction costs, etc.  

 

The major difficulty lying in the empirical analysis is that we have no idea how the 

variables ,  and  vary across the Chinese regions, and over time for any certain 

region because none of these variables is observable. Generally, there are two ways to 

deal with this difficulty. One way is to assume that the variables ,  and  (or at least 

some of them) are uncorrelated with the initial per capita output and the technology 

shifter A~ , so that we can subsume the terms involving ,  and  into the 

idiosyncratic error itv . By doing this, however, we run the risk of causing the omitted-

variable problem because it is possible (and even highly likely) that the initial per capita 

output or the technology parameter A~  is correlated with some or all of the variables , 

 and . Alternatively, we could allow for the correlation between the initial per capita 

output or the technology parameter A~  on the one hand, and the variables ,  and  

on the other hand, by assuming that ,  and  are time-constant for any certain 

Chinese region, so that we can subsume the terms involving ,  and  into the 

individual effect term iu . By doing this, we allow for the correlation between any of the 

three variables ( ,  and ) and the explanatory variables  (the logs of) the initial 

per capita output and the technology shifter A~ , but at the same time run the risk of 
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being unrealistic because the variables ,  and  may in actuality vary over time for 

any given region.  

 

Our final choice is that we assume the variables related to preferences, that is,  and 

, each keep constant over time for any certain Chinese region during the time under 

study, though they are still allowed to vary across the Chinese regions. This is a 

reasonable assumption in the sense that 25 years during 1981-2005, which is the entire 

time period under study in the present analysis, is not a period long enough for 

preferences to vary very greatly over time. It may also be reasonable to assume that 

preferences do not vary across the Chinese regions as well, since culture, legal systems 

and institutions are relatively homogeneous within one single country. Nevertheless, 

we allow for cross-region variations in  and , while keeping  and  constant over 

time for any specific region. As a result, we effectively subsume the term 

)ln(
1

)1( ge  into the individual effect iu  alongside with 

Ae ~ln
1

1)1( .  As to the variable , there is no good reason to assume that it 

remains constant over time for any certain region. In fact, the reason to include the 

term )1(  into the model in the first place is to account for influences (coming from 

sources other than technology and preferences) that vary both across regions and over 

time. Therefore, we subsume the term )1ln(
1

)1( e  into the idiosyncratic 

error itv , tolerating the potential correlation between )1(  and the initial per capita 

output or the technology shifter.  

 

With the modifications above, equation (6.27) simplifies to a regression of (the log of) 

the current per capita output on (the log of) the initial per capita output, a time-

constant, region-specific individual effect and time intercepts (time dummy variables).  

 

6.4.2. Data and Samples 

The data are all collected from various issues of the officially published Chinese 

Statistical Yearbooks (1980-2006) and Comprehensive Statistical Data and Materials 

on 55 Years of New China. The data are mainly on the regional total and per capita 

GDP, total regional population and the regional population of all working people, for 31 

provinces in China during the period 1981-
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autonomous regions and 4 municipalities, Beijing, Tianjin, Shanghai and Chongqing, 

  

 

For the panel data approach, the entire period of 1981-2005 is divided equally into five 

short time spans. The choice of the length of the time span is in a sense arbitary, but 

annual time lengths are too short to be appropriate for studying growth and 

convergence, because disturbances may loom large in very short periods. Therefore, 

just as in prior chapters, the entire data period 1981-2005 is divided into five periods of 

equal length: 1981-1985, 1986-1990, 1991-1995, 1996-2000, and 2001-2005. With this 

setup, the idiosyncratic errors along the time dimension are five calendar years apart 

and hence may be less influenced by business cycle fluctuations and less likely to be 

serially correlated than they would be in a yearly data setup. Also, since we have five 

time periods, we need to include four time dummy variables in our panel data 

regressions. We use d90, d95, d00, and d05 respectively to denote the four time 

dummy variables for the four time periods 1986-1990, 1991-1995, 1996-2000, and 

2001-2005.  

 

6.4.3. The Regression Results 

We run the regression based on a simplified version of equation (6.27). The regression 

results are summarized in Table 6.1. 125  The estimated coefficient on ln(yi, t-1) is 

0.6033096, with the 95% confidence interval being (0.472077, 0.7345422). This 

estimated coefficient is very significantly lower than unity, indicating a very high speed 

of convergence  the implied   is 0.126331. This very high speed of convergence  

means that approximately, y  moves 12.6% of the remaining distance toward the 

steady-state value *y  each year, and it takes only about 5.5 years for y  to get halfway to 

its steady-state value. Similar (but different) regressions where the investment rate and 

the labor growth rate are controlled for (see Table 2.11 and Table 2.16 of Chapter 2) 

yield an estimated coefficient on ln(yi, t-1) of about 0.70 and an implied  of about 0.08. 

With this slower (but still very fast) speed of convergence 0.08, it takes approximately 

8.6 years for y  to get halfway to its steady-state value *y .  

 

The difference between the slower implied speed of convergence (when the rates of 

investment and labor growth are controlled for) and the faster implied speed of 

                                                        
125 This is in fact Table 2.10 in Chapter 2, where we merely mentioned the results in passing, without going 

into the details.  
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convergence (when the rates of investment and labor growth are not controlled for) can 

be understood as suggesting a negative correlation between the initial per capita output 

ln(yi, t-1) and the investment rate, and/or a positive correlation between ln(yi, t-1) and the 

labor growth rate, once the region-specific individual effects are controlled for. If for 

the moment we take the labor growth rate as exogenous and constant, as the Ramsey 

model theoretically assumes, then it must be that the initial per capita output ln(yi, t-1) is 

negatively correlated with the investment rate, once the region-specific individual 

effects are controlled for. In the theoretical framework of the Ramsey model, where the 

consumption behavior and hence the saving rate are endogenously determined, this 

finding is roughly equivalent to saying that, for any specific Chinese province in the 

process of moving toward its steady state, a higher value of per capita output tends to 

be accompanied by a lower saving rate. 

 

We can check this inverse relationship empirically by looking into the (partial) effect of 

the initial per capita output on the investment rate, controlling for the region-specific 

individual effects. Thus we regress (the log of) the investment rate on (the log of) the 

initial per capita output by the fixed effects panel data method, and the regression 

results are summarized in Table 6.2. From Table 6.2, we see very clearly a significantly 

negative partial effect of the initial per capita output on the investment rate. The 

estimated coefficient on ln(yi, t-1) is -0.2018884, with the 95% confidence interval being 

(-0.3874581, -0.0163187). This result of the regression shows that when the region-

specific individual effects are partialled out, a 1% increase in the initial per capita 

output will lower the investment rate by about 0.2%.   

 

In the Ramsey model, saving is endogenously determined by the optimizing behavior of 

the micro economic agents. Heuristically, the saving behavior can be ambiguous 

because it involves the offsetting impacts from a substitution effect and an income 

effect. As capital per unit of effective labor rises, the decline in marginal product lowers 

the rate of return on saving. The reduced incentive to save (an intertemporal 

substitution effect) tends to lower the saving rate as the economy develops. On the 

other hand, when capital (and output) per unit of effective labor is far below its steady-

state level, households tend to consume a lot in relation to income (because households 

tend to smooth consumption); hence, as capital (and output) per unit of effective labor 

moves toward its steady-state level, consumption tends to fall in relation to income, 

and the saving rate tends to rise. This is an income effect that tends to raise the saving 

rate as the economy develops. The transitional behavior of the saving rate depends on 
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whether the substitution effect or income effect dominates. Generally, in the Ramsey 

model with optimizing consumers, the saving rate can follow a complicated path that 

includes rising and falling segments as the economy develops and approaches the 

steady state. The results simplify, however, for a Cobb-Douglas production function: it 

can be shown that depending on the values of the parameters, the saving rate falls 

monotonically, stays constant, or rises monotonically, as y  rises.126 

 

In the Ramsey model with a Cobb-Douglas production function as expressed in 

equation (6.13), it can be shown that the steady-state saving rate is127 

(6.28) 
g

gns ))((*  

The transitional pattern of the saving rate can be shown to depend on whether *s  is 

greater than, equal to, or less than /1 . If /1*s , that is to say, if the parameters 

satisfy 
1))((

g
gn

, or equivalently, 
gn )1())((

, then the 

saving rate stays constant during the transition at the value /1 . In this case, the 

accumulation constraint in equation (6.20) can be written as 

(6.29) zgnzAsz )(~)1(  

and128 the steady-state capital per unit of effective labor is 

(6.30) 
1

1

*
~)1(

gn
Asz  

The speed of convergence as expressed in equation (6.25) reduces 

to ))(1( gn . This is exactly the speed of convergence that the Solow 

model predicts.  

 

Alternatively, if the steady-state saving rate *s  is greater than (or less than) /1 , then 

the saving rate is always above (or below) /1  and rises (falls) throughout the 

transition from a low initial value of output per unit of effective labor toward the steady 

state. This is to say that, in the case where /1*s , or equivalently, 

                                                        
126 See, for example, Appendix 2B, Barro and Sala-i-Martin (1995). 
127 Additionally, the transversality condition implies that *s .  
128 Note that in equation (6.29), the saving rate is defined in relation to the after-tax output. This definition 

is different from t Barro, Mankiw, and Sala-i-Martin (1995). 
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gn )1())((
, the saving rate is always above the steady-state saving 

rate *s  (though it falls) as a low initial y  moves to its steady-state value *y . Thus, in 

the case 
gn )1())((

, the Ramsey model predicts a higher speed of 

convergence than the Solow model. Therefore, our finding above of the inverse 

relationship between the initial per capita output and the saving rate in the case of the 

Chinese provinces and regression results in Table 6.2, according to the Ramsey model, 

indicate a higher speed of convergence than the Solow model predicts. In the Solow 

model, where the saving rate is assumed to be exogenous and constant, the 

theoretically predicted speed of convergence is given by ))(1( gn  in the case 

of only one type of capital (physical capital), and ))(1( gn  in the case of 

two types of capital (physical capital and human capital). According to results of our 

earlier analysis in Chapter 2,129 when we consider only the physical capital, the implied 

value of  from our regression results is about 0.4, which well accords with the 

empirically commonly accepted value of , and when we consider both physical capital 

and human capital, the implied values of  and  are about 0.3 and 0.12, respectively. 

If we take these implied values of  and  as (close to) the true values and use them to 

calculate the speed of convergence , then in both cases (with and without human 

capital) we obtain a theoretically predicted  of about as high as 0.06.130 From the 

analysis above, we have known that, in the case of a decreasing saving rate while a low 

initial y  moves to its steady-state value *y , the Ramsey model predicts a higher speed 

of convergence than the Solow model does. Since we do not have much idea about the 

likely values of the parameters, especially those of  and , we cannot directly 

calculate the speed of convergence theoretically predicted by the Ramsey model, as 

expressed in equation (6.25) or equation (6.11). However, from our regression in Table 

6.1, we see that the empirically implied value of the speed of convergence (which is 

0.126331) in the framework of the Ramsey model is well above either the theoretically 

predicted values (which are about 0.06) or the empirically implied values (which are 

about 0.08~0.09) of the speed of convergence in the framework of the Solow model.  

 

                                                        
129 See Table 2.11 and Table 2.16 in Chapter 2 for details.  
130 We assume n=0.02, and (g+ )=0.08.  
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6.5. Speed of Convergence in the Case of Partial Capital Mobility 

If, in the extended Ramsey model with two types of capital, the economy is instead 

assumed to be open with perfect capital mobility and households can borrow and lend 

on world capital markets at the going (world) interest rate, then it can be shown that a 

small open economy will jump instantaneously to its steady-state levels of output, 

physical capital, and human capital per unit of effective labor, and will remain there 

forever. The predicted rate of convergence is thus infinite and this result conflicts 

sharply with the empirical evidence discussed earlier.131 In order to deal with this 

problem, Barro and Sala-i-Martin (1995) and Barro, Mankiw, and Sala-i-Martin (1995) 

build an extended Ramsey model of an open economy that allows for partial capital 

mobility. In this model, they assume that the amount of debt, d , cannot exceed the 

quantity of physical capital, k . This assumption introduces an asymmetry between the 

two types of capital: physical capital can be used as collateral for international 

borrowing, whereas human capital cannot. So in this model, the important assumption 

is that domestic residents cannot borrow with human capital or raw labor as collateral, 

and that foreigners cannot own domestic human capital or raw labor. The model, in 

particular, rules out any international migration of labor. It can be shown that with 

such a basic setup, the model predicts a speed of convergence that can be expressed as 

follows: 

(6.31) 
2/1

2 )()(142 gnggopen  

where )1/( , and again 0)1( gn .  

The speed of convergence determined from equation (6.31) is the same value that 

would arise in a closed economy if it had the broad capital share , rather than 

)( . Since )1/( , it follows from 1  that . In other words, the 

credit-constrained open economy works like a closed economy with a broad capital 

share that is less than )( . Therefore, the credit-constrained open economy has a 

higher rate of convergence than the corresponding closed economy.  

 

If again we assume a constant saving rate, which happens when the values of the 

parameters satisfy ])1()(/[)( gn , then equation (6.31) simplifies to 

                                                        
131 The infinite speed of convergence can be eliminated by introducing adjustment costs and irreversibility 

conditions for physical and human capital. However, such modifications do not eliminate the 
counterfactual prediction that convergence rates would be rapid in an open economy with perfect capital 
mobility. See Barro, Mankiw, and Sala-i-Martin (1995). 
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(6.32) ))(1( gnopen  

Using results from Chapter 2 (again see Table 2.11 and Table 2.16 of Chapter 2), the 

theoretically predicted speed of convergence by this open-economy version of the 

Ramsey model is about 0.085, provided the saving rate is constant (i.e. 

])1()(/[)( gn ).132 This theoretically predicted value of the speed of 

convergence is very close to the empirically implied values of the speed of convergence 

in regressions in Table 2.11 and Table 2.16 of Chapter 2. However, our empirical finding 

above concerning the Chinese provinces has indicated an inverse relationship between 

the initial value of per capita output and the investment rate (once the individual effects 

are partialled out). That is, for any specific province, as the economy develops from an 

initial position toward the steady state, the saving rate tends to decline rather than stay 

constant. From our earlier analysis, we have seen in such a case the Ramsey model 

predicts a higher speed of convergence than it predicts in the case of a constant saving 

rate (or than the Solow model does). Therefore, this time the Ramsey model with 

partial capital mobility should predict a speed of convergence higher than 0.085. Again, 

since we do not have an idea about the values of the parameters, we cannot directly 

calculate the predicted speed of convergence from equation (6.31). However, it is 

soothing to see our empirically implied value of , 0.126331, as shown in Table 6.1, is 

well above 0.085.  

 

6.6. A Tentative Analysis on the Impact of Investment Environment 

)1(  in our earlier modeling. In our 

analysis based on equation (6.27), (the log of) )1(  should enter as an explanatory 

variable, but since  is assumed to vary across provinces and over time and since we 

cannot very well observe it, we are forced to subsume the term 

)1ln(
1

)1( e  into the error term. By doing this, we have to tolerate the 

potential correlation between )1(  and the initial per capita output or the technology 

shifter A~ .  

 

If we can find an appropriate proxy variable for )1( , we can hope to control for at 

least a part of the various elements summarized in )1( , and thereby mitigate the 

potential problem of omitting )1(  from the regression equation. However, finding an 

                                                        
132 Again, we assume n=0.02, and (g+ )=0.08. 
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appropriate proxy variable depends on how we view )1( . We argue here that )1(  

encompasses comprehensively a wide variety of elements influencing the incentives to 

save and invest. These 

government, strong labor unions, transaction costs, etc. For example, part of  can be 

understood as measuring the magnitude of transaction costs  those that are incurred 

either in the process of acquiring inputs (hiring labor and renting physical capital and 

human capital) or in the process of selling out the output. Generally, we can identify 

several sources of the elements influencing the investment incentives. One possible 

source is the natural conditions of the provinces such as endowments of various natural 

resources and geographical features, but since these natural features do not tend to 

change much over time  at least over the period of 25 years under our study, we do not 

think of these natural conditions as an important source of the elements that determine 

the changes in investment incentives over time. Another source of the influencing 

elements is infrastructure, such as roads, railways and airports. It may also include 

telephones and the Internet, etc. The conditions of such infrastructure vary not only 

across provinces, but also over time. Therefore, we can argue that conditions of the 

infrastructure of a province influence the level of its  (by, say, influencing transaction 

costs). Still another (more important) source of elements that affect the incentives to 

invest is the policy and institutional environment of a province, such as preferential 

policies of the central government, regulations of the local governments, and access to 

financial institutions. Needless to say, this policy and institutional environment varies 

across provinces and also over time.  

 

Since variables concerning the various elements that affect investment incentives are 

generally not directly measurable, we will use proxy variables to control for the 

investment environment as much as possible. There are a lot of candidate proxy 

variables to choose from, but owing to missing data, our choice of the proxy variables is 

constrained.  

 

We still use equation (6.26) as our regression equation (subsuming the term involving 

)ln( g  into the individual effect iu  alongside with the term involving A~ln ), but 

include into it three control variables that stand as proxies for the investment 

environment. The first of these control variables is openness to foreign trade, denoted 

by F. It is calculated as the ratio of total provincial foreign trade (exports plus imports) 
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to provincial GDP. We argue that a greater degree of openness to foreign trade of a 

province reflects better infrastructure and more salutary policy and institutional 

environment in this provi Infras

Infras

control variable, denoted R, is the share of investment in non-state-owned enterprises 

in the total investment.133 We argue that the share of investment in non-state-owned 

enterprises generally would reflect the flexibility of government policy and the 

accessibility to, say, financial institutions in a certain province.  

 

We first include each of the three control variables in turn into the regression, and the 

results are summarized in Tables 6.3, 6.4 and 6.5. Two features of the regression results 

are prominent. One is that none of the three variables have been shown to have any 

significant partial effect on )ln( ity . The estimated coefficient on each of these variables 

is not significant. The second feature is that the inclusion of any one of these control 

variables only slightly changes the estimated coefficient on ln(yi, t-1), and hence changes 

the implied value of the speed of convergence   very slightly. Next, we include all of the 

three control variables into the regression together, and the regression results are 

shown in Table 6.6. Again, none of the estimated coefficients on the three variables are 

significantly different from zero, though they are shown to be positive. The inclusion of 

the three control variables only slightly increases the estimated coefficient on ln(yi, t-1), 

and hence only slightly increases the implied value of the speed of convergence . An F-

test shows that the results of our regression in Table 6.6 do not reject the null 

hypothesis that the coefficients on the three control variables are all zero. The reasons 

why we get such regression results may be complicated. One possible reason is that, 

once by using the fixed effects panel data method we have controlled for the province-

specific individual effects, other time-varying elements that may affect the investment 

environment become relatively less important. Another reason for getting these results 

may simply be that our choice of the proxy variables is not a very good one.134  

 
                                                        
133 Since our panel data method involves time periods of a 4-year span, the values of these variables are 

averages over the years in each time period.  
134 As an alternative, instead of including the three control variables, we could include in the regression a 

ulated 
in Démurger et al. (2002) (see Table 11 of Démurger et al. (2002)) for our regression. The results are 
summarized in Table 6.9. It is clear from a comparison between Table 6.9 and the few earlier tables 
(Tables 6.3, 6.4, 6.5 and 6.6) that the substitution of the preferential policy index variable for the three 
proxy variables does not change the results of the regression in any important ways.    
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6.7. The Model Reconsidered  Allowing for Time-Varying Intertemporal 

Preferences 

Coming back to equation (6.26), we have assumed in Section 6.4 that the parameters 

for preferences,  and , do not vary over time for any given region throughout the 

entire time period, though they are allowed to vary across different regions. This 

assumption has simplified our analysis above but may not be very realistic. Although 

the Ramsey model takes  and  

preferences are affected by many factors. Thus over time, potentially with so many 

actually change a great deal. In this section, we make an attempt to control for the 

potentially time-varying intertemporal preference parameter . 

 

The optimizing behavior of the households and firms in the Ramsey model requires 

consumption (per unit of effective labor) to follow a path expressed by equation (6.4)  

the Euler equation: 

(6.4) ])(')[/1(/ gkfcc  

Rearranging equation (6.4) gives: 

(6.33) 
)('
)/(1)('

kf
cckfg  

The growth rate of total consumption is gnccCC )/(/ , and the profit-maximizing 

behavior of the firms requires that rkf )(' , where r  is the real interest rate. 

Inserting these facts into equation (6.33), we obtain 

(6.34) 
r

gnCCrg )/(1)(  

Substituting the right-hand side of equation (6.34) for )( g  in equation (6.26) 

yields  

(6.35) )1ln(
1

)1()(ln)(ln 12 etyety Ae ~ln
1

1)1(  

)ln(
1

)1( re )~1ln(
1

)1( re  

)()ln(
1

)1( 12 ettge  

where 
r

gnCCr )/(~  
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The growth rate of total (real) consumption CC /  can be calculated from our data set. 

The rate of population (labor) growth n  is also available from our data. If we assume 

03.0g  and 05.0 ,135 then r~ can be calculated from our data. Note that the real 

interest rate r  is to be obtained from the nominal interest rate and the inflation rate. If 

the real interest rate is assumed to be the same across the different provinces at a given 

time, then the term )ln(
1

)1( re  can simply be subsumed into the time 

intercept (the term t
~  in equation (6.27)). Therefore, equation (6.35) can be used as 

our panel data regression model. A problem with equation (6.35), however, is that we 

cannot calculate )~1( r  because we do not know the value of . Mathematically, 

)~1()~1( rr , when 0 , 0~r  and is sufficiently small. Substituting )~1( r  for 

)~1( r  in equation (6.35) gives us: 

(6.36) )1ln(
1

)1()(ln)(ln 12 etyety Ae ~ln
1

1)1(  

)ln(
1

)1( re )~1ln(
1

)1( re  

)()ln(
1

)1( 12 ettge  

Now equation (6.36) can be used to carry out a new round of regression analysis.136 The 

regression results are summarized in Table 6.7 and Table 6.8. In Table 6.7, we regress 

)ln( ity  on ln(yi, t-1) and )~1ln( r , while in Table 6.8 we regress )ln( ity  on ln(yi, t-1), 

)~1ln( r , and the three control variables we have constructed in the preceding section. 

Compared with results in earlier tables, we get a somewhat higher estimated coefficient 

on ln(yi, t-1), and hence a slower rate of convergence. According to these results, it will 

take a province about 6~7 years to get halfway to its steady state. The estimated 

coefficient on )~1ln( r  has the expected sign, though it is not significant. The inclusion 

of the three control variables does not change the regression results in any important 

ways. If we assume 30.0  and 12.0 ,137 then the implied value of  is close to 

0.04~0.05. Such a low value of  means marginal utility falls very slowly as 

                                                        
135 Therefore, (g+ )=0.08, as we assumed earlier.  
136  By replacing )~1ln( r  with )~1ln( r  in the regression equation, we are effectively creating a 

correlation between )~1ln( r  n the estimation of the 
coefficient on )~1ln( r  (and may also cause biases in the estimation of coefficients on other explanatory 
variables).  

137 This is based on regression results in Chapter 2. See Table 2.16 of Chapter 2.  
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consumption rises, and households are more willing to allow their consumption to vary 

over time than in the case of a higher . 

 

In general, the regression results in this section do not change the basic conclusions 

drawn from results of earlier sections. The biggest problem with regressions based on 

equation (6.36), however, is that the interest rates that are needed for the regressions 

can only be obtained from official interest rates of loans of financial institutions, which 

may or may not reflect the true levels of marginal returns to capital. Therefore, we 

should avoid reading too much into the results of the regressions in this section.  

 

6.8. Conclusion 

The study in this chapter has been motivated by the fact that the Solow growth model, 

on which our analyses in earlier chapters have been based, does not consider the saving 

behavior as endogenously determined inside the economy, and does not allow for 

capital mobility across the borders of economies. In this study, through our empirical 

analysis, we have found a faster speed of convergence among the Chinese provinces 

over the period 1981-2005  faster than the Solow model could predict. However, our 

consumption and hence the path of their saving are determined by their optimizing 

behavior. If we modify the Ramsey model to allow for partial capital mobility across 

economies, then our estimated speed of convergence gets even closer to the predicted 

value of the Ramsey model. In general, our finding about regional growth and 

convergence of the Chinese regions in this chapter does not show fundamental 

difference from those in earlier chapters. We see that the neoclassical growth models 

describe the growth behavior of the Chinese regions very well. At the end of this 

chapter, we have carried out a tentative analysis on the possible impact of the 

investment environment on growth and convergence across the Chinese provinces. 

However, our choice of the proxy variables suggests that once the time-constant, 

province-specific individual effects are partialled out, the investment environment does 

not seem to exert an important impact on growth and convergence across the provinces 

in China.  



 

 

151

TABLES OF CHAPTER 6 

Table 6.1   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.6033096    (0.06627) 
0.2829191    (0.0442913) 
0.875647     (0.0818811) 
0.7591294    (0.1476554) 
1.094362     (0.1766851) 
0.9599 
0.126331 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 6.2   Test for correlation between ln(yi, t-1) and ln(s)  
                 -- LSDV estimation with fixed effects  

Dependent variable: ln(s)  log of the investment rate 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
d90 
d95 
d00 
d05 

2R (within) 

-0.2018884   (0.0937092) 
0.2351705   (0.0626302) 
0.523316   (0.1157841) 
0.803656   (0.2087925) 
1.10193    (0.249842) 
0.7107 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 6.3   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
ln(F) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.5903636    (0.066165) 
0.0258992   (0.0151108) 
0.2605985   (0.0458216) 
0.8455432   (0.0830944) 
0.7453904   (0.1466771) 
1.081058   (0.1754239) 
0.9636 
0.131754 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 6.4   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
ln(Infras) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.5838018   (0.0697557) 
0.06683   (0.0740512) 
0.2876442   (0.0446343) 
0.8866024   (0.0828398) 
0.7780088    (0.149245) 
1.100624   (0.1769603) 
0.9614 
0.13455 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 6.5   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
ln(R) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.6040359   (0.0667129) 
0.0051638   (0.0335438) 
0.2817056   (0.0451689) 
0.8741825   (0.0827704) 
0.7555725   (0.1500596) 
1.089035   (0.1807643) 
0.9600 
0.12603 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 6.6   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 154  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
ln(F) 
ln(R) 
ln(Infras) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.5717067   (0.0698458) 
0.0293595   (0.0158469) 
0.0235752   (0.0347422) 
0.0693491   (0.0736155) 
0.256979   (0.0477901) 
0.8462034   (0.0855194) 
0.746907   (0.1508693) 
1.061456   (0.1801478) 
0.9644 
0.13978 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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Table 6.7   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 117  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 

)~1ln( r  
d90 
d95 
d00 
d05 

2R  
Implied  

0.6743608   (0.0653991) 
-0.0121954   (0.0133261) 
0.2093268   (0.0436528) 
0.7169171   (0.0847722) 
0.5982667   (0.1435236) 
0.9176429   (0.1719746) 
0.9754  
 0.0985 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 6.8   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 117  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 

)~1ln( r  
ln(F) 
ln(R) 
ln(Infras) 
d90 
d95 
d00 
d05 

2R  
Implied  

0.6481172    (0.069875) 
-0.0104863   (0.0139838) 
0.0078678   (0.0154528) 
-0.0222195   (0.0385619) 
0.0567947   (0.0693492) 
0.2119749    (0.046928) 
0.722652   (0.0881071) 
0.6282973   (0.1477798) 
0.9459038   (0.1778712) 
0.9770  
0.10842 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
 
 
 
Table 6.9   Test for convergence in panel data regression (LSDV) 
                 -- LSDV estimation with fixed effects  

Dependent variable )ln( ity  log GDP per working person in the end year 
Sample: 31 Chinese provinces, 1981-2005. Number of observations: 150  
Variables (LSDV estimation with fixed effects) 
ln(yi, t-1) 
PolicyIndex 
d90 
d95 
d00 
d05 

2R  
Implied  

0.5930415   (0.0677216) 
-0.0265326   (0.0242101) 
0.3020505    (0.047422) 
0.9165999    (0.092993) 
0.8209309   (0.1598915) 
1.156579   (0.1891445) 
0.9544 
0.13062 

Note: Standard errors are in parentheses. ln(yi, t-1) is the log GDP per working person in the initial year. 
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7 AN ALTERNATIVE THEORETICAL MODEL TO EXPLAIN 

EVELOPMENT 

 

ABSTRACT 

In this chapter, we focus on one of the important potential mechanisms through which 

China achieves its fast economic growth over the past few decades. We build a model 

based on comparative advantage and transaction efficiency, which we hope could 

provide some explanation to the unevenly distributed growth and the resulting inter- 

and intra-regional income inequality of the Chinese regions. The model shows that 

higher transaction efficiency tends to promote overall development of the economy and 

may also contribute to a reduction in income inequality between and within different 

regions of the economy.  

 

 

7.1. Introduction 

The analysis in this chapter aims to complement those analyses in earlier chapters. In 

this chapter we will build a theoretical model that is meant to be diametrically different 

the past few decades. In this model, we deliberately avoid explicit mentioning of 

technological progress and capital accumulation as factors that foster economic growth. 

Our aim in building the present model in this chapter is simply to reveal the fact that 

besides factors such as technological progress and capital accumulation, 138  other 

d growth and development over 

the past decades. Therefore, this chapter is an integral part of the present study in the 

sense that it aims to complement the analyses of the earlier chapters, which were based 

on the neoclassical growth framework, in distinguishing the various different factors 

that foster economic growth.  

 

The analyses in earlier chapters were all based on a theoretical framework of the 

neoclassical growth models, which take the exogenous progress of technology as the 

                                                        
138 Note that in the neoclassical growth models, long-run growth of per capita output depends only on 

technological progress while short-run growth can result from either technological progress or capital 
accumulation. 
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ultimate driving force for economic growth.139 However, in the case of China, its rapid 

economic growth and development over the past three decades is thought to be closely 

associated with its reforms and open-door policy initiated in 1978. Intuitively, besides 

technological fact

growth and development over the decades to structural, institutional and policy factors 

opening-up process to the outside world.  

 

The theoretical framework of the neoclassical growth models  though having been 

shown to be a powerful tool for estimating growth and predicting convergence in earlier 

chapters  rowth and 

development; the neoclassical framework does not go deep down into a full mechanism 

- n 

economic reforms and its ever-

distributed) growth and development. In Chapter 3 and Chapter 5, we have 

incorporated some open-economy features, such as openness to foreign trade and 

exposure to FDI, into the neoclassical growth framework and have seen that such 

openness does have positive impacts on economic growth. Though several potential 

channels have been mentioned through which foreign trade and FDI may have their 

impacts on growth, we have not, in those chapters, delved into any deep theoretical 

study on this issue.  

 

In the neoclassical growth models, long-run growth of per capita output depends only 

on technological progress while short-run growth can result from either technological 

progress or capital accumulation. However, as mentioned earlier, the neoclassical 

growth framework, which attributes short-run economic growth to technological 

progress and capital accumulation, does not provide a full account of the mechanism 

through which China has achieved successful growth and development in the past few 

decades. In this chapter, therefore, we will build up a model that is diametrically 

different from the neoclassical 

development over the past few decades. In this model, we will deliberately avoid 

                                                        
139 The endogenization of technological change in the neoclassical framework is difficult, because usually 

the standard competitive assumptions cannot be maintained, and/or the resulting growth rate would 
typically not be Pareto optimal. See Barro and Sala-i-Martin (1995). 
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modeling technological progress and capital accumulation in the hope that we could 

find alternative channels through which an economy could achieve growth and 

development. Specifically, we would focus on one of these alternative channels  

transaction efficiency  through which China might have achieved its fast economic 

growth and development over the past few decades. We will reconsider the old 

Ricardian model of comparative advantage. Following an infra-marginal analysis of the 

Ricardian model by Cheng, Sachs, and Yang (2000), we build an extended model based 

on comparative advantage and transaction efficiency, which we hope could provide 

some explanation to the unevenly distributed growth and the resulting inter- and intra-

regional income inequality of the Chinese regions over the decades.  

 

The rest of this chapter is organized as follows. Section 7.2 provides a brief description 

of -marginal analysis of the Ricardian Model, 

-changing effect of transaction efficiency. 

In Section 7.3, we build an extended model incorporating features of regional inequality 

into the framework in the hope that the model may provide a useful explanation to the 

In Section 7.4, we find empirical evidence to support the theoretical model we have 

constructed in the preceding section. Section 7.5 concludes.  

 

7.2. An Infra-Marginal Analysis of the Ricardian Model 

In this section, we present a brief description of -

marginal analysis of the Ricardian Model, which will form the basis of our theoretical 

model in the next section.  

 

There are two countries in the world, Country Home (H) and Country Foreign (F). Each 

country has only one factor of production, labor, and each country is able to produce 

two goods, x and y. Each 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:140 

1)()( ykyxkxU  

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 

                                                        
140 Note that the notations in this chapter are significantly different from those used in previous chapters.  
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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, 10 k . 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 10 k ); the 

rest is lost in transit. The transaction cost may result from different sources: costs of 

storage, costs of transportation, and costs of finding a transaction partner, to name only 

a few.  

 

Analogously, the utility function of the representative consumer in Foreign is: 

1)()( ykyxkxU  

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 xa  and ya  respectively in Home and are xa  and ya  respectively in 

Foreign. Therefore the production function for each consumer-producer in Home is:  

xx alxx /  and yy alyy / , with 1yx ll  

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

Home consumer-producer but exported to Foreign. xl  and yl  are the fraction of labor 

of the consumer-producer engaged in the production of good x and good y respectively. 

Analogously, the production function for the representative Foreign consumer-

producer is: 

xx alxx /  and yy alyy / , with 1yx ll  

For simplicity of analysis, we arbitrarily assume that Home has a comparative 

advantage in producing good x, that is: 

xa / ya  < xa / ya  

Intuitively, with a sufficiently high k  (close to 1), trade is possible and desirable 

between the two countries. On the other hand, if k  is sufficiently low, the two countries 

may find themselves better off remaining in autarky. Generally, there are three possible 

modes of division of labor between the two countries: (1) Each country is completely 

specialized in the production of the good where it has a comparative advantage, i.e. 

Home only produces good x and Foreign only produces good y; (2) One country is 
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completely specialized in the production of the good where it has a comparative 

advantage, while the other country produces both goods; (3) Each country remains in 

autarky, producing both goods.  

 

The general equilibrium is found in two steps. First, we 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. 

 

7.2.1. Equilibrium in Mode (1)  

In this mode of division of labor, Home will exclusively produce and export good x, and 

Foreign will exclusively produce and export good y. Therefore, for Home ,0,, yxx  and 

0,, yyx ; for Foreign ,0,, xyy and .0,, xxy  The decision-making of the 

representative consumer in Home is described by: 

1)( ykxMaxU  

subject to: xaxx /1 , xpy , where yx ppp / . 

Inserting the constraints into the utility function, we get: 

1)()/1( xkpxaU x  

Letting )ln()1()/1ln(ln xkpxaUu x , the maximization of u  (hence of U ) 

requires: 

0)1(
/1 xkp

kp
xax

, 

which implies: 

xa
x 1

, 

Inserting this result back into the constraints gives us: 

xa
x , 

xa
py 1

 

Analogously, the decision-making of the representative foreign consumer is described 

by: 

1
)( yxkMaxU  

subject to: ,/1 yayy  xpy . 

By the same trick we can obtain the following results: 
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yy a
y

a
y 1,  and 

yap
x 1

 

In equilibrium, LxLx  (and also LyLy ), from which we can solve for the 

equilibrium relative price p : 

 

 

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

1
1

La
kL

a
U

yx
, and 

1
1)1(

yx aLa
kLU  

 

7.2.2. Equilibrium in Mode (2) 

In this mode of division of labor, one country will specialize in producing the one good 

where it has a comparative advantage while the other country will produce both goods. 

This is further divided into two sub-modes: Mode (2a) and Mode (2b).  

 

7.2.2.1. 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 a 

comparative advantage). In Mode (2a), it can be seen for Home, ,0,,, yyxx  ,0, yx  

while for Foreign, ,0,, xyy  0,, xxy . The maximization problem for the Home 

consumer is now: 

1)( ykyxMaxU  

subject to: xx alxx / , yy aly / , 1yx ll , and .xpy  

Inserting the constraints into the utility function gives: 

1]/)1[()/( xkpalxalU yxxx  

where in order for Home to produce both goods, p must be such that: 

)/(/1/)/( yxyyxx kaapapapk  

Letting ]/)1ln[()1()/ln(ln xkpalxalUu yxxx , then the maximization of u  

(hence of U ) requires (taking x  as a function of xl ): 

0
/)1(

)1(
/ xkpal

kp
xal yxxx

 

Solving for x  and inserting the result back into the constraints, we get: 

x

y

aL
aL

p
/
/

1



 

 

160

)/( yx kaap , xx alx /)( , xax / , yx aly /)1( , and )/()( yx kaly . 

 

The utility maximization problem for the representative Foreign consumer is as 

follows: 

1
)( yxkMaxU  

subject to: yayy /1 , and xpy  

The first-order condition requires: 

xpa
p

xk
k

y/1
)1(

 

which in turn implies that: 

yx

y

aa
ka

x , 
ya

y  and 
ya

y 1
. 

In equilibrium, LxLx , therefore: 

La
Lka

lL
aa

ka
L

a
l

LxLx
y

y
x

yx

y

x

x  

1
La
Lka

l
y

y
x  if and only if 

y

y

aL
aL

k
/
/1

, thus we have to require that 

y

y

aL
aL

k
/
/1

 in order for xl  to be less than 1. 

In equilibrium, it is straightforward to see that the individual utility levels in Home and 

Foreign are respectively: 

1
1

yx aa
U , and 

12 1

yyx

y

aaa
ak

U . 

 

7.2.2.2. Mode (2b) 

In this mode of division of labor, Home only produces and exports good x, where it has 

a comparative advantage, while Foreign produces both good x and good y. In Mode 

(2b), for Home, ,0,, yxx  0,, yyx , while for Foreign, ,0,,, yyxx  0, yx . 

 

The utility maximization problem for the representative Home consumer is: 

1)( ykxMaxU  

subject to: xaxx /1  and xpy  
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The utility maximization problem for the representative Foreign consumer is: 

1)( yxkxMaxU  

subject to: xx alx / , yy alyy / , 1yx ll  and xpy . 

Following the same procedure as in Mode (2a), we can obtain the following results: 

yx akap / , ,
y

x

a
ly  

ya
y 1

, 
x

x

ka
lx , 

xa
x 1

, 
xa

x , 
yx

x

aa
ak

y
)1(

, and 
La

Lak
l

x

x
x

)1(
. 

In order for 10 xl  to hold, we have to require that:  

x

x

aL
aLk

/
/

1
 

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

1
2 )1(

yx

x

x aa
ak

a
U , and 

1
1

yx aa
U  

 

7.2.3. 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: 

1yxMaxU  

subject to: xx alx / , yy aly / , 1yx ll  

It is easy to see that in equilibrium: 

xax /  and yay /)1(  

Therefore in equilibrium, the individual utility level in Home is: 

1]/)1[()/( yx aaU  

Analogously, in equilibrium, for Foreign, we have: 

xax / , yay /)1(  

1]/)1[()/( yx aaU  
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7.2.4. The General Equilibrium 

Now we come to the important analysis on how individuals in the two countries choose 

among the different modes of division of labor and what the general equilibrium mode 

will be with different values of the transaction efficiency, k .  

 

First, consider Mode (2a). In order for Mode (2a) to be the general equilibrium 

structure, then at the (corner) equilibrium relative price )/( yx kaap , individuals in 

Foreign must prefer complete specialization in good y to autarky. Thus, the following 

condition must hold: 

112 11

yxyyx

y

aaaaa
ak

2/1

/
/

yx

yx

aa
aa

k  

Also, individuals in Home must prefer Mode (2a) to complete specialization in good x 

and to autarky, that is: 

y

x

y

x

xxyx a
akp

a
a

a
kp

aaa

11
)1(1

, 

which holds automatically; and 

11
11

yxyx aaaa
, 

which also holds automatically. 

 

Further, as noted earlier, in order for xl  to be less than 1 (i.e. the representative 

individual in Home produces both goods) we have to require that 
y

y

aL
aL

k
/
/1

. 

Therefore, in order for the (corner) equilibrium in Mode (2a) to be the general 

equilibrium, we have to require that: 

y

y

yx

yx

aL
aL

k
aa
aa

/
/1

/
/

2/1

 

Further, in order for 
y

y

yx

yx

aL
aL

aa
aa

/
/1

/
/

2/1

 to hold, we must have: 

L
L

aa
aa

yx

yx 1
2/1

. 
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Let 

2/1

0 /
/

yx

yx

aa
aa

k and 
y

y

aL
aL

k
/
/1

1 , then based on the analysis above, if 

L
L

aa
aa

yx

yx 1
2/1

 and if 
y

y

yx

yx

aL
aL

kk
aa
aa

k
/
/1

/
/

1

2/1

0 , the (corner) 

equilibrium in Mode (2a) will be the general equilibrium.  

 

Now consider Mode (2b). In order for Mode (2b) to be the general equilibrium 

structure, then at the (corner) equilibrium relative price yx akap / , Home individuals 

must prefer complete specialization in good x to autarky. Therefore, the following 

condition must hold: 

11

*

*2 1)1(

yxyx

x

x aaaa
ak

a
,

 
which exactly implies that: 

2/1

0 /
/

yx

yx

aa
aa

kk  

Also, individuals in Foreign must prefer Mode (2b) to complete specialization in good y 

and to autarky. Thus the following conditions must hold:  

y

x

y

x

yyyx a
ka

p
a
ka

apa
k

aa

11
11

, 

which holds automatically; and 

11
11

yxyx aaaa
 

which also holds automatically.  

 

Further, as noted earlier, in order for 10 xl  to hold, we have to require that:  

x

x

aL
aLk

/
/

1
 

Let 
x

x

aL
aL

k
/
/

12 , then if 
L
L

aa
aa

yx

yx 1
2/1

, and if 20 kkk , then the 

(corner) equilibrium in Mode (2b) is the general equilibrium.  
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order for the (corner) equilibrium in Mode (1) to be the general equilibrium structure, 

then at the equilibrium relative price 
x

y

aL
aL

p
/
/

1
, individuals in both countries 

must prefer complete specialization to autarky. Therefore, for Home, the following 

condition must hold: 

y

y

yxyx aL
aL

kk
aaLa

kL
a /

/111
1

11

 

For Foreign, instead, the following condition has to be met: 

x

x

yxyx aL
aL

kk
aaaLa

kL
/
/

1
11)1( 2

11

 

When 
L
L

aa
aa

yx

yx 1
2/1

, it is easy to see that 102 kkk , while when 

L
L

aa
aa

yx

yx 1
2/1

, we have 201 kkk . Therefore, The equilibrium in Mode (1) is 

the general equilibrium structure if:141 

)1,[ 1kk , when 
L
L

aa
aa

yx

yx 1
2/1

 

)1,[ 2kk , when 
L
L

aa
aa

yx

yx 1
2/1

 

 

Finally we are left with Mode (3), in which both countries are in autarky. Following 

essentially the same reasoning as above, it is not difficult to show that the (corner) 

equilibrium in Mode (3) becomes the general equilibrium whenever 00 kk .  

 

To sum up, we have so far obtained the following results: 

If 00 kk , then the general equilibrium structure is Mode (3), with both countries 

remaining in autarky; 

                                                        
141 For simplicity we have to assume 1, 21 kk . 
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If 
L
L

aa
aa

yx

yx 1
2/1

, and if 10 kkk , then the general equilibrium structure is 

Mode (2a), with Home producing both good x and good y while Foreign completely 

specializing in the production of good y; 

If 
L
L

aa
aa

yx

yx 1
2/1

, and if 11 kk , then the general equilibrium structure is 

Mode (1), with the two countries engaging in complete specialization according to their 

respective comparative advantage; 

If, instead, 
L
L

aa
aa

yx

yx 1
2/1

, and if 20 kkk , then the general equilibrium 

structure is Mode (2b), where Foreign produces both good x and good y while Home 

completely specializes in the production of good x; 

If 
L
L

aa
aa

yx

yx 1
2/1

, and if 12 kk , then the general equilibrium structure is 

Mode (1), with the two countries engaging in complete specialization according to their 

respective comparative advantage.  

The parameters are 

2/1

0 /
/

yx

yx

aa
aa

k , 
y

y

aL
aL

k
/
/1

1 , and 
x

x

aL
aL

k
/
/

12 . 

 

If 
L
L

aa
aa

yx

yx 1
2/1

 happens to hold, then we will have 210 kkk . This simply 

implies that under the condition 
L
L

aa
aa

yx

yx 1
2/1

, the two countries will either be 

in complete autarky or in complete specialization, depending on the value of the actual 

k : if ,0 0kk the two countries will remain in autarky; if 10 kk , the two countries 

will engage in complete specialization according to their respective comparative 

advantage. Mode (2) (i.e. Mode (2a) and Mode (2b)) simply cannot be the general 

equilibrium structure under the condition 
L
L

aa
aa

yx

yx 1
2/1

.  

 



 

 

166

The results above have revealed that when the transaction efficiency coefficient k  

increases from a low value to ,0k  and further to 1k  or 2k , 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 LL / ), 

the relative productivity (as indicated by yyxx aaaa /,/ ) of the two countries, and 

)1/( ). The major 

point of all this analysis is that the level of transaction efficiency k  really does matter in 

determining the pattern of division of labor and hence the pattern of trade between two 

countries. As a general result, the economy develops as the transaction efficiency k  

increases from a sufficiently low level to a sufficiently high level. In this simple model, 

the (exogenous) transaction efficiency is the final determinant for the level of 

development of the economy. Unlike in the neoclassical growth models, here in this 

lation to explain 

changes in the economy.  

 

7.3. Transaction Efficiency and Intra-Regional Inequality  A Theoretical 

Model 

In this section, we develop a theoretical model to show the impact of transaction 

efficiency on intra-regional inequality in the welfare (utility) level.  

 

Again, there are two countries, Home (H) and Foreign (F). The general specification of 

this model is the same as that of the Ricardian model in the preceding section. The 

difference is that now in the present model, Home is divided into two regions (e.g. a 

developed region versus a backward region, or the urban region versus the rural region, 

etc.), denoted H1 and H2 respectively. Individuals in the two regions are otherwise the 

same, except for their transaction efficiency with country Foreign (F). Individuals in H1 

are assumed to have a sufficiently high transaction efficiency coefficient k  such that the 

general equilibrium structure of 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 our analysis in Section 7.2, in order for Mode (1) between 

H1 and F to be the general equilibrium structure, we have to assume here 142 that 

                                                        
142 We will see later on that a further assumption concerning the value of k has to be added in order for the 

model to be workable.  
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y

y

aL
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1  if 
L
L
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yx

yx 1

2/1
1

and 
x

x
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aL

kk
/
/

1
1

1
2  if 

L
L

aa
aa

yx

yx 1

2/1
1

.  

 

In contrast, individuals in H2 are assumed to have such a low transaction efficiency 

coefficient 'k  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 10 . 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 (1d),143 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 (2ad), in which H2 produces both goods and sells good x to H1 in exchange for 

good y (originally produced in F) from H1; Mode (3d), in which H2 is completely self-

sufficient, producing both goods for itself and has no trade with H1 at all.  

 

Next we are going to find out 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).   

 

7.3.1. Equilibrium in Mode (1d) 

In Mode (1d), H2 exclusively produces good x and sells good x to H1 in exchange for good 

y (originally produced in F) from H1. 

 

The utility maximization problems for the representative individual in H1, H2 and F are 

respectively:144  

1
11111 )()/1( ddx yykxxaMaxU  

subject to: 11 xpy , ddd xpy 11  

 

1
222 )()/1( ddx yxaMaxU  

subject to: ddd xpy 22  

                                                        
143  
144 The subscript d in the following mathematical equations denotes the domestic market within country H. 

For example, dx1  denotes the quantity of good x a representative individual in H1 buys from H2.  
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1)/1()( yaxkMaxU y  

subject to: xpy  

For the representative individual in H1, inserting the constraints into the utility 

function gives: 

1
11111 )()/1( dddx xpxkpxxaU  

The first-order condition requires: 

0)1(
/1 1111 dddx xpxkp

kp
xxa

 

which implies: 

d
d

x
x

kp
p

a
x 11 )1(1

, px
kp
p

a
y d

d

x
11 )1(1

 

 

For the representative individual in H2, inserting the constraint gives: 

1
222 )()/1( dddx xpxaU  

The first-order condition requires: 

01
/1 22 ddx xxa

 

which implies: 

x
d a

x 1
2 , 

x

d
d a

py )1(
2  

 

For the representative individual in F, inserting the constraint gives: 

1)/1()( xpaxkMaxU y  

The first-order condition requires: 

0
/1

)1(
xpa
p

x y

 

which implies: 

yap
x 1

, 
ya

y  

 

In equilibrium, we must have LxLx 11  and 1122 LxLx dd . These two equations 

combined imply that: 
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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 dp , the domestic 

relative price dp  must be such that kppd . Inserting this back into the equation 

above and rearranging, we get: 

)()1( 21 LLa
Lap

y

x , 
)()1( 21 LLa

Lak
p

y

x
d  

and, 

1

21
1

))(1(
La

LLx
x

, 
1

1 La
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y

 

We can now calculate the utility levels of individuals in H1, H2 and F: 

1
11111 )()/1( dddx xpxkpxxaU  
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1
222 )()/1( ddx yxaU  
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1)/1()( yaxkU y  

 

1
21 1)()1(

yyyx

y
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k
1

21 1)()1(
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7.3.2. Equilibrium in Mode (2ad) 

In Mode (2ad), H2 produces both goods and sells good x to H1 in exchange for good y 

(originally produced in F) from H1. 
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The utility maximization problems for the representative individual in H1, H2 and F are 

respectively: 

 

1
11111 )()/1( ddx yykxxaMaxU  

subject to: 11 xpy , ddd xpy 11  

 

1

2
2

2
2

2
1

d
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x
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x

x y
a

l
x

a
l

MaxU  

subject to: ddd xpy 22  

 

1)/1()( yaxkMaxU y  

subject to: xpy  

Since H2 produces both goods, in equilibrium we must have: 

y

x
d a

ap  

Following the same procedure as above, we get: 
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In equilibrium, we must have LxLx 11  and 1122 LxLx dd . These two equations 

combined imply that: 
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Again, in equilibrium, we must have kppd , using this and inserting 
y

x
d a

ap  back 

into the equation above, we get: 
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Since H2 produces both goods, we must have 12xl , therefore: 
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Further, xl2  must hold (since  is the equilibrium labor input in the production of 

good x under autarky), which implies that 

2/1
1)1(

Lak
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y

y (With our earlier 

assumptions concerning k , it is easy to see that 1
)1(
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Lak
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It is now easy to obtain the utility levels of individuals in H1, H2 and F: 

1
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7.3.3. Equilibrium in Mode (3d) 

In Mode (3d), H2 is completely self-sufficient, producing both goods for itself and has no 

trade with H1 at all. Based on the relevant analysis in Section 7.2, it is now easy to find 

that in this case: 
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In equilibrium, the individual utility levels in H1, H2 and F are respectively: 
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7.3.4. The General Equilibrium 

Now we can turn to a discussion of the resulted general equilibrium structures based on 

the interactions of individuals in H1, H2 and F.  

 

First, consider the equilibrium in Mode (2ad). In order for the equilibrium in Mode 

(2ad) to be the general equilibrium structure, then at the equilibrium relative 

price
y

x

ak
ap 2 , individuals in F must prefer complete specialization in good y to 

autarky. Thus, the following condition must hold: 
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Comparing this result with our earlier requirement that 

2/1
1)1(

Lak
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y

y , under the 

assumptions we have made concerning the value of k , it is easy to see that:  
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Also, at 
y

x
d a

ap , individuals in H2 must prefer Mode (2ad) to complete specialization 

in good x and to autarky. That is:  



 

 

173

y

x
d

y

x

x

d

xyx a
a

p
a
a

a
p

aaa

11
)1(1

 

Which holds automatically, and 

11
11

yxyx aaaa
, 

which also holds automatically. 

Still, at 
y

x

ak
ap 2 and 

y

x
d a

ap individuals in H1 must prefer Mode (2ad) to Mode (3d) 

concerning trade with H2. Therefore, we should have: 
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which holds automatically. 

 

Therefore, in order for the (corner) equilibrium in Mode (2ad) to be the general 

equilibrium structure, we have to require that: 
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A prerequisite for the inequality above to hold is obviously: 
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which can be shown to hold automatically.  

 

Further, for 1
])1/[(2

])1/[(4 1
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 to hold, it is easy to show that we 

have to further assume that 
y
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, where 21 LLL . 

 

Now, in order for the (corner) equilibrium in Mode (1d) to be the general equilibrium 

structure, then at the corner equilibrium relative price 
)()1( 21 LLa

Lap
y

x , 

individuals in F must prefer complete specialization in good y to autarky. Thus, the 

following condition must hold: 
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With our earlier assumptions concerning k , it is easy to see that 0
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Therefore the condition 
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x  holds automatically.  

 

Also, for the equilibrium in Mode (1d) to be the general equilibrium structure, at 
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p
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d , individuals in H2 must prefer Mode (1d) to autarky, thus the 

following must hold:  
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Still, at 
)()1( 21 LLa

Lap
y

x and 
)()1( 21 LLa
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x
d individuals in H1 must prefer 

Mode (1d) to Mode (3d) concerning trade with H2. Therefore, we should have: 
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which holds automatically. 

 

Therefore, in order for the equilibrium in Mode (1d) to be the general equilibrium 

structure, we have to require that: 
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Now, consider the (corner) equilibrium in Mode (3d). In order for this to be the general 

equilibrium structure, we have to make a series of comparisons. 

 



 

 

175

First, at the corner equilibrium relative prices
1)1( La

La
p

y

x and 
1)1( La

Lakp
y

x
d , 

compare the utility levels of H1, H2 and F in Mode (3d) against the corresponding utility 

levels of H1, H2 and F in Mode (1d). In order for Mode (3d) to be the general equilibrium 

structure, the following must be required: 
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which holds automatically, and 

 

1
1

yx aa

1

1)1(
)1(11

La
Lak

aaa y

x

xxx
 

2/1
1)1(

Lak
La

y

y  

and 

1

1 1)1(
yx aLa

kL
1

1 1)1(

yyyx

y

aaaLa
La

k  

which holds automatically.  

 

Therefore, in order for Mode (3d) to be the general equilibrium structure, we have to 

require that: 

0
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To sum up, we have so far reached the following results: 

If 0

2/1
1)1(

0
Lak

La

y

y , the general equilibrium trade structure between H1 and 

H2 is Mode (3d), in which H2 is completely self-sufficient, producing both goods for 

itself and has no trade with H1 at all. 
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If 
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1 , the general 

equilibrium trade structure between H1 and H2 is Mode (2ad), in which H2 produces 

both goods and sells good x to H1 in exchange for good y (originally produced in F) from 

H1. 

If 1
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, the general equilibrium trade structure 

between H1 and H2 is Mode (1d), in which H2 exclusively produces good x and sells good 

x to H1 in exchange for good y (originally produced in F) from H1. 

 

7.3.5. Comparative Statics 

Under all of our earlier assumptions concerning the value of k , we can now carry out a 

comparative static analysis of the individual utility levels in H1, H2 and F with respect to 

the value of .  
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Obviously, when  increases within the interval ],0( 0 , 1U , 2U  and U  all remain 

unchanged.  
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First, at 0 , it is easily seen that there is no discontinuous jump for 1U , 2U  and U . 

Then when  increases continuously within the interval ),[ 10 , we can see that 1U  

decreases continuously, 2U  remains unchanged, and U  increases continuously.  

 

Finally, when 1
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2
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, the general equilibrium 

trade structure between H1 and H2 is Mode (1d). The individual utility levels in H1, H2 

and F are respectively: 
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First, it is easy to see that at 1, there is no discontinuous jump for 1U , 2U  and U . 

Then, when  increases continuously within the interval )1,[ 1 , we can see that 1U  

decreases continuously, 2U  increases continuously, and U  increases continuously.  

 

We can also 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 initially the 

transaction efficiency coefficient k  between H1 and F is so low that in equilibrium no 

trade is possible between H1 and F (that is Mode (3) between H1 and F). We can study 

how the individual utility levels in H1, H2 and F will change if k  jumps from such a low 

value k  to a sufficiently high value k (which meets all of our earlier assumptions and 

with which the general equilibrium mode of trade between H1 and F is Mode (1)).  

 

With the initial low value k , there is no trade between the two countries, and obviously 

there is no domestic trade between H1 and H2. Therefore, with any )1,0( , we always 

have: 
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Now, suppose the transaction efficiency coefficient k  between H1 and F jumps to a 

sufficiently high value k  (one that meets all of our earlier assumptions).  

 

Now at k , if  happens to be such that 0
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It is easy to show that with this upward jump in k  from k  to k , if 00 , then 1U  

unambiguously jumps upward, 2U  remains unchanged, and U  unambiguously jumps 

upward.  

 

Instead, at the new level of the transaction efficiency coefficient k , if  happens to be 
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It is also easy to show that with the upward jump in k  from k  to k , if 0 1 , then 

1U  unambiguously jumps upward, 2U  remains unchanged, and U  unambiguously 

jumps upward.  

 

Finally, at the new level of the transaction efficiency coefficient k , if  happens to be 
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It is easy to show that with the upward jump in k  from k  to k , if 11 , then 1U  

unambiguously jumps upward, U  unambiguously jumps upward, and 2U  remains 

unchanged (if exactly 1 ) or jumps upward  (if 11 ).  

 

Also, it is easy to see another related fact: if k  is now sufficiently high so that the 

general equilibrium trade mode between H and F is Mode (1), then a marginal increase 

in k  (one such that it does not cause the general equilibrium between H1 and H2 to shift 

from one mode to another) will leave individuals in F strictly better off, and individuals 

in H1 and H2 at least no worse off than before the increase in k . 

 

k  meets 

all our earlier assumptions so that with this value of k , the general equilibrium trade 

structure between H and F is Mode (1). The domestic transaction efficiency coefficient 

may fall into any one of the three intervals, ],0( 0 , ),[ 10 , and )1,[ 1 . 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. 1L  increases and 2L  decreases, with the total population of H 

fixed at 21 LLL 1L  on the individual 

utility levels of H1, H2 and F, holding both k  and  fixed. First, we have to note that a 

change in 1L  shifts the dividing points 0  and 1 . It is not difficult to show that: 
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If a marginal increase in 1L  is such an increase that it does not shift the general 

equilibrium trade structure between H1 and H2, then it is straightforward to see that 

this marginal increase in 1L  will make individuals in F strictly better off (if Mode (1d) or 

Mode (3d) is the general equilibrium structure between H1 and H2) or at least no worse 

off (if Mode (2ad) is the general equilibrium structure between H1 and H2), make 

individuals in H1 strictly worse off (if Mode (1d) or Mode (3d) is the general equilibrium 

structure between H1 and H2) or no better off (if Mode (2ad) is the general equilibrium 

structure between H1 and H2), and make individuals in H2 strictly worse off (if Mode 

(1d) is the general equilibrium structure between H1 and H2) or no better off (if Mode 

(2ad) or Mode (3d) is the general equilibrium structure between H1 and H2). 

 

At a sufficiently high level of k  and a given level145 of , suppose now there is such a 

discontinuous upward jump in 1L  that causes the equilibrium structure between H1 and 

H2 to shift from Mode (1d) to Mode (2ad). It is easy to see that 1U  unambiguously 

decreases, 2U unambiguously decreases, and U  unambiguously increases as a result. 

If instead this upward jump in 1L  has caused the equilibrium structure between H1 and 

H2 to shift from Mode (2ad) to Mode (3d), then as a result, 1U  unambiguously increases, 

2U  does not change, and U  unambiguously decreases.  

 

Table 7.1 at the back of this chapter provides a summary of all the comparative static 

analysis done above.146 From Table 7.1, we see, for example, if the transaction cost 

1 

H2, is already low enough (We can roughly interpret this as the fact that there are not 

further lifting the transaction barrier between the two parts will make the residents in 

may affect the welfare distribution of the residents residing in different areas of the 

same country.  

 

                                                        
145 For simplicity and without loss of generality, we leave out the possibility that the given  exactly equals 

one of the crucial values, 0  and 1 .  
146 To see a concrete interpretation of H1 and H2, and to have a feel for the comparative statics in Table 7.1 
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7.4. Empirical Evidence from the Chinese Regions 

In the theoretical model of Section 7.3, if we take H  the Home country, as any one 

Chinese region (province), take H1 as the developed part of the region (e.g. cities and 

towns, etc., of the region), take H2 as the backward part of the region (e.g. the remote 

countryside or the rural areas, etc., of the region), and take F as (at least a part of) the 

rest of the world outside China, then our theoretical model in the preceding section can 

be used to show the potential impact of (domestic and international) transaction 

efficiency on the intra- 1 2

its most developed or industrialized part and its backward or rural part. We now turn to 

our empirical analysis of the intra-regional inequality of the Chinese regions 

(provinces), based on the implications of the theoretical model in Section 7.3.  

 

7.4.1. The Regression Specification 

According to our preceding theoretical analysis, the regression specification here 

should serve the basic purpose of explaining (intra-regional) inequality by factors that 

are related to transaction efficiency. We use the following equation as the basic 

regression model:147 

itittit InfrasFIR )ln()ln()ln( 21  

IR 

households to that of the urban households of a given Chinese province. F is a certain 

measure of openness to foreign trade. Infras 

certain measure for the quality of infrastructure of the region (province). t  is the time 

intercept capturing the fact that time-specific nation-wide factors may enter to 

influence the level of IR. 

 

Since the welfare (utility) levels of individuals (households) cannot be directly 

measured, we cannot examine the relationship between transaction efficiency and the 

utility level as implied by the model in Section 7.3, nor can we construct a proper 

measure of the intra-regional inequality in terms of the utility levels. Therefore, we 

choose the (urban and rural) income levels to construct a measure of intra-regional 

inequality between the urban and rural parts of the region. By construction, the higher 

IR is, the lower the degree of inequality in income between the rural and urban parts of 

the region.  

 

                                                        
147 See below for a justification of this regression specification. 
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Transaction efficiency cannot be directly measured either. Therefore, we look for proxy 

variables for transaction efficiency. We use openness to foreign trade (F), calculated as 

the ratio of trade (exports plus imports) to GDP, as a proxy for international 

transaction efficiency. We argue that the variable F has a positive correlation with 

international transaction efficiency. For a similar reason, we use the length of highway 

per square kilometer to roughly gauge the general quality of infrastructure, and thus 

use it as a proxy variable for domestic transaction efficiency.  

 

7.4.2. Data and Variables 

The needed data are all obtained (or calculated) from the officially published Chinese 

Statistical Yearbooks (1980-2006) and Comprehensive Statistical Data and Materials 

on 55 Years of New China. The data comprise the following variables for 31 provinces 

(including municipalities and autonomous regions) during the period 1980-2004: per 

capita net income of rural households (anuual), per capita disposable income of urban 

households (anuual), length of highway per square kilometer, and the ratio of total 

foreign trade (exports plus imports) to GDP.  

 

The total chosen period of 1980-2004 is divided into five shorter periods of equal span: 

1980-1984, 1985-1989, 1990-1994, 1995-1999, and 2000-2004. Values of explanatory 

and explained variables are calculated as the averages over the corresponding period. 

With this setup, the error terms are five calendar years apart and hence may be less 

influenced by business cycle fluctuations and less likely to be serially correlated than 

they would be in an annual data setup. We use d89, d94, d99, and d04 to denote the 

four time dummy variables respectively for the four time periods 1985-1989, 1990-

1994, 1995-1999, and 2000-2004. These different time dummies reflect nation-wide, 

time-specific factors that may influence intra-regional inequality.  

 

7.4.3. Regression Results 

The regression results are summarized in Table 7.2. Since individual time-constant, 

region-specific effects are supposed to be closely related to the levels of transaction 

efficiency, and since our included explanatory variables, F and Infras, are supposed to 

be proxy variables for the myriad of factors that influence transaction efficiency, it is 

not appropriate, in this case, to apply fixed effects or random effects panel data 

regressions. Therefore, we apply the ordinary pooled OLS regression.  
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It turns out that both of the estimated coefficients on ln(F) and ln(Infras) are 

significantly positive. Therefore, according to our regression results, ceteris paribus, the 

more open a province is to foreign trade, the less inequality in income between its rural 

population and urban population; the better infrastructure a province has, the less 

inequality in income between its rural population and urban population.  

 

7.5. Concluding Remarks 

Spatial income inequality in China can be divided into two categories: differences in 

income between rural and urban areas, and differences between groups of provinces. 

Our theoretical model in Section 7.3, in which the whole economy is divided into two 

parts (a developed part and an underdeveloped part in the sense of transaction 

efficiency), can actually be applied in either context, though the empirical study in 

Section 7.4 only focuses on intra-province rural-urban differences. When the 

government of China began to launch its various economic reforms in 1978, new 

policies were often tried out in selected parts of the country, and after having been 

shown to be successful, were applied to the whole country. In particular, the strategy of 

opening up internationally has been very successful in the coastal regions, creating 

central and western regions of China, which  due to geographical as well as policy 

reasons  are less open internationally, are still relatively underdeveloped and show 

little sign of catching up with the coastal regions. Therefore, the division of the country 

into two parts in our model can take account of the difference in the level of 

international transaction efficiency between coastal regions and inland regions of 

China. On the other hand, the two-part structure of the economy in our model, as has 

been clearly shown in Section 7.4, can be applied to the study of income inequality 

between the rural and urban areas in China.  

 

Generally, according to our model, if domestic transaction efficiency (which can be 

viewed as a function of 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 China. In contrast, if international transaction efficiency (which can also be viewed 

as a function of legal, institutional and policy environment) is increased, then the 

welfare levels in both parts of China can be increased. These and other basic results 

(such as those listed in Table 7.1) of the model may have important policy implications 

for the Chinese government in its policy-making.  
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TABLES OF CHAPTER 7 

Table 7.1 

Fixed Parameters Changing Variable  Mode  

H1 & H2 

Mode 

H1 & F 

Utility Levels 

U1 U2 U* 

k , 1L , .etc  

148 

],0( 0  3d  1 = 

149 

= = 

),[ 10  2ad     1  =  

)1,[ 1  1d      1    

, 

1L , 

.etc
 

],0( 0  k  150 

(Upward jump 

from k  to k ) 

3d 3d  3 1  =  

),[ 10  3d 2ad  3 1  =  

)1,( 1
151 3d 1d  3 1    

),0( 0  k   

(Marginal 

increase from k  

to k ) 

     3d  1  =  

),( 10      2ad  1 =   =  

)1,( 1       1d  1        

k , 

, 

.etc
 

),0( 0  
1L  

(Marginal 

increase from 1L  

to 1L ) 

3d  1  =  

),( 10  2ad  1 = = = 

)1,( 1  1d  1    

for some  
1L  

(Upward jump 

from 1L  to 1L ) 

1d 2ad  1    

for some  2ad 3d  1  =  

 

                                                        
148  
149  
150  

 
151 For simplicity, the possibility that 0  or 1  is not considered wherever necessary.  
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Table 7.2 

             Pooled regression from a panel of four-year span data 
Dependent variable: ln(IR) 

Sample: 31 Chinese provinces, 1980-2004.  
Number of observations: 143  

Variables (Pooled cross-section regression) 
ln(F) 
ln(Infras) 
d89 
d94 
d99 
d04 
Constant 

2R  

0.0655205   (0.0150069) 
0.0985867   (0.0188213) 
-0.1341417   (0.054464) 

-0.4008493   (0.0583912) 
-0.442105    (0.0577418) 
-0.6117478   (0.0585605) 
-0.4982016   (0.0595199) 

0.5157 
Note: Standard errors are in parentheses. The use of robust standard errors does not change the significance of 

the variables ln(F) and ln(Infras).  
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8 A SUMMARY AND FURTHER STUDIES 

 

8.1. A Summary of the Present Study 

This short chapter provides a summary of the major results of the present study, and 

also highlights the new contributions the present study has made to the growth 

literature.  

 

The empirical analyses in Chapters 2 through 7 led to a series of results on regional 

growth and convergence across the Chinese provinces. The present study (except 

Chapter 7) is based on the neoclassical growth models (Mostly the Solow-Swan model 

and also the Ramsey-Cass-Koopmans model). There have been a large number of 

recent studies that test the implications of those models. Prominent examples are 

Mankiw, Romer, and Weil (1992), who use data of a cross-section structure, and Islam 

(1995), who uses data of a panel structure. Associated with such studies there has been 

considerable discussion of the meaning and interpretation of one central notion in the 

of as evidence in support of the neoclassical growth theory, while absence of 

convergence has been regarded as supportive of endogenous growth theories  the 

determination of long-run growth within the model, rather than by some exogenously 

growing variables like unexplained technological progress, is the reason for the 

name.152 The controversy has given rise to the concept of conditional convergence, 

which refers to convergence after the effects of different steady-state positions have 

been controlled for.  

 

Our present study on the growth of Chinese provinces has shown that the predictions of 

the neoclassical growth models are consistent with our empirical evidence. By 

implementing the fixed effects panel data approach, we find that labor growth and 

investment affect (per capita) income in the directions that the neoclassical growth 

models predict. The panel data approach in our study has also yielded an implied value 

of the elasticity of output with respect to capital )(  of about 0.3~0.4, very close to its 

normally accepted value. The implied speed of convergence by the panel data approach 

in our study is much higher than that obtained from a cross-section approach, owing to 

the fact that the panel data approach has the ability to control for permanent 

                                                        
152 The key property of endogenous growth models is the absence of diminishing returns to capital. The 

simplest (constant-saving-rate) endogenous grow AK  
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differences across the Chinese regions, as captured by the individual region-specific 

effects. The use of the panel data approach highlights 

term )0(A  as a determinant of the steady state level of (per capita) income: even with 

similar rates of saving and population growth, a province can directly improve its long-

run economic position by achieving improvements in the components of )0(A . 

 

Another important finding of the present study is on the relationship between openness 

and growth. We find a significantly positive effect of regional openness on regional 

growth across the Chinese provinces. Also, by controlling for the degrees of openness, 

we find an even higher speed of convergence among the Chinese provinces, than 

without controlling for openness. We also specifically look into the issue of the impacts 

of foreign direct investment on regional growth in China. We find that FDI tends to 

 spillover 

effects during the period under study: a Chinese province tends to benefit not only from 

its own provincial FDI inflows, but also from FDI inflows into other Chinese provinces. 

The major findings of the present study confirm the Chinese governme

about the role of foreign trade and FDI in the Chinese economy.  

 

The present study also includes an analysis of the potential impacts of structural 

productivity into three components  namely, growth resulting from structural shocks, 

capturing growth resulting from region-specific changes  provides us with a finer 

framework than the traditional one-sector Solow model for attributing growth and 

convergence to various sources. Within this framework, we have shown, among other 

findings, that during 1990-1999, structural shocks worked to widen the gap between 

rich provinces and poor ones in China, while structural transformation worked to 

narrow that gap. Moreover, after isolating growth in labor productivity due to 

structural factors, our investigation into the effects of investment, labor growth, and the 

degree of openness all confirms findings of prior analyses in earlier chapters of the 

present study.  

 

Two basic facts, however, motivate us to reconsider the growth and convergence issues 

in China. The first is that the Solow growth model assumes an exogenous and constant 

saving rate of the economy. Although this assumption may greatly simplify the analysis, 
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the assumed constant and exogenous saving rate may be highly unrealistic. The second 

fact is that the Solow model assumes a closed economy, where inter-economy capital 

mobility is not allowed. Therefore, in the present study, we also take account of 

endogenous saving and capital mobility and investigate their impacts on growth and 

convergence across the Chinese regions, and we tackle the issues of endogenous saving 

behavior and capital mobility together within the same theoretical framework  the 

Ramsey growth model. In general, our findings within this Ramsey framework about 

regional growth and convergence among the Chinese regions do not show fundamental 

differences from those of analyses in other parts of the present study. . 

 

The theoretical framework of the neoclassical growth models, which takes the 

exogenous progress of technology as the ultimate driving force for economic growth,  

though having been shown to be a powerful tool for estimating growth and predicting 

convergence among the Chinese regions  does not go deep enough to explain the 

mechanisms through which China has achieved rapid growth and development in the 

past three decades. In the case of China, its rapid economic growth and development 

over the past three decades is usually thought to be closely associated with its reforms 

and open-door policy initiated in 1978. Therefore, besides all the other empirical 

analyses contained in the present study, we also include a theoretical analysis aiming at 

regional income inequality. Generally, according to our theoretical model, if domestic 

transaction efficiency is increased, welfare inequality across different parts of the 

Chinese regions can be possibly reduced. In contrast, if international transaction 

efficiency is increased, then the welfare levels in all parts of the Chinese regions can be 

increased together. These basic results of the model may have important policy 

implications for the Chinese government in its policy-making.  

 

Generally, empirical analyses of the growth issues in China revolve around two major 

themes. The first is about the question of convergence. The second theme concerns the 

identification of growth determinants. These two themes are closely related in that each 

requires the specification of a statistical model of cross-region growth differences from 

which the effects of various factors on growth, including initial conditions, may be 

identified. The framework used throughout the present study is explicitly neoclassical 

and represents the basis for most empirical growth work. Even those studies that have 

attempted to produce evidence in favor of endogenous or other alternative growth 
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theories have generally used the neoclassical model as a baseline from which to explore 

deviations (Durlauf et al., 2005).  

 

As mentioned earlier, Mankiw, Romer, and Weil (1992), in a pioneering analysis, show 

how to construct a growth regression model that is linear in observable variables. Many 

cross-country studies have attempted to extend Mankiw, Romer, and Weil (1992) by 

including additional explanatory variables to the growth regression equation (equation 

(2.19) in Chapter 2). Such studies may be understood as allowing for predictable 

heterogeneity in the stead-state growth term g and/or initial technology term )0(A . 

Our analyses that include factors such as the openness or infrastructure variable as 

additional explanatory variables in the growth regression equation just essentially 

follow this method. Moreover, the fixed effects panel data method, as is used in Islam 

(1995), is a powerful tool for controlling for the individual )0(A s. 

Finally, the individual region-specific effects we have estimated through the fixed 

effects LSDV panel data approach can be regarded as a measure of relative total factor 

productivity (TFP) of the individual Chinese provinces. They indicate the relative 

efficiencies with which the individual provinces are able to convert other factors of 

production into output.153  

 

In general, the new contributions the present study has made to the growth literature 

can be briefly summarized as follows: 

(1) The present study on growth and convergence of the Chinese provinces has shown 

that the predictions of the neoclassical growth models are consistent with our 

empirical evidence. 

(2) The present study complements earlier cross-country growth studies by focusing on 

the growth and convergence of Chinese regions. Specifically, the study has 

produced major results that are strikingly similar to those of Islam (1995) obtained 

from three cross-country data sets. 

(3) The present study, by using different estimation procedures, has made a successful 

attempt to reconcile differences and controversies in empirical results among 

existing literature studying cross-country (-region) growth and convergence. 

(4) The present study, by including openness factors into the theoretical specification 

and the regression equation, reveals the role of openness in regional growth and 

                                                        
153 See, for example, Table 2.17 of Chapter 2.  
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convergence across the Chinese regions. The estimation results show a positive and 

large effect of openness on regional growth. 

(5) The present study, by explicitly including various potential effects of FDI into the 

model, studies these different effects of FDI on growth and convergence of the 

Chinese regions. 

(6) The present study, by considering and formulating spatial interdependence of the 

Chinese regions in the model, studies the pattern of spatial effects of openness to 

foreign trade and FDI on the growth of the individual Chinese regions. 

(7) The present study also contributes to the growth literature by testing whether 

structural shocks and structural transformation have a convergence effect on the 

overall growth of the labor productivities across the Chinese regions. 

(8) Also, the present study, by accommodating the assumptions of endogenous saving 

and inter-regional capital mobility, provides further justifications for a relatively 

high speed of convergence among the Chinese regions that we have found in earlier 

parts of the study. 

(9) The present study, seeing that the neoclassical growth models may not provide a 

different theoretical model to capture factors other than technological progress and 

recent decades. 

 

8.2. Directions for Further Studies 

The neoclassical growth model has been useful for systematic investigations of 

developing economies that experience rapid growth (Zheng, Hu, and Bigsten, 2009). 

The level of development, differences in production structure, and the capacity to 

absorb new technologies and improve efficiency are the main factors that may 

contribute to the remarkable yet uneven growth of the Chinese regions during the 

recent decades. The present study as a whole gets involved in all of the three 

dimensions, though to different degrees. Related further studies can thus be carried out 

along all of these three dimensions.  

 

Still, some recent studies indicate that differences in productivity better explain cross-

country income differences than do differences in capital accumulation (Islam, 2003a, 

b). Several authors have suggested that TFP should be the focus of growth research 
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(Prescott, 1998, Easterly and Levine, 2001, Klenow, 2001). The issue of productivity 

dynamics can be particularly interesting for China (Sakamoto and Islam, 2008). 

Therefore, as to the empirical methodology for further investigations of the Chinese 

economy, prospective studies may proceed in the direction Solow (2001, 2007) 

suggested and echoed in Islam (2003b, 2008)  taking TFP as the variable to be 

explained (the left-hand side variable) in a regression analysis. In Zheng, Liu, and 

Bigsten (2003), a two-stage procedure is employed to carry out the productivity 

analysis. In the first stage, productivity indexes are calculated while in the second stage 

the productivity analysis is carried out. There seems to have been a consensus between 

scholars of growth empirics and applied productivity analysts that designing better 

two-stage analysis to identify determinants of productivity and improving productivity 

 on this topic can fruitfully 

 

 

Moreover, throughout the present study, just as in many other studies on economic 

growth and development, we have assumed that aggregate output is generated by a 

Cobb-Douglas production function. The Cobb-Douglas specification is the only linearly 

homogenous production function with a constant elasticity of substitution in which 

-

Douglas specification is usually tho

 that the shares of income accruing to capital and labor are 

relatively constant over time. Probably for this reason most researchers have not 

questioned the use of a Cobb-Douglas production function to analyze issues of growth 

and development (Duffy and Papageorgiou, 2000). In the present study, we have 

already seen that the predictions of the neoclassical growth framework with a Cobb-

Douglas specification of the production function are consistent with the empirical 

evidence obtained from our analyses of the regional growth of the Chinese provinces. 

This consistency between theory and empirical evidence indicates that the Cobb-

Douglas production function is an adequate functional specification for the purposes of 

the present study. However, with the Cobb-Douglas production function, productivity 

estimates may be subject to the pitfalls of certain econometric methods (Islam, 1999). It 

would thus be interesting, and sometimes necessary, to extend the Cobb-Douglas 

functional specification to a more general form and see how this extension will shed 

new light on the empirical study of growth and convergence across the Chinese regions. 

Works such as Kmenta (1967) and Duffy and Papageorgiou (2000) may be instructive 

for empirical studies in such a direction.  
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