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ABSTRACT 

 

Regional inequality in China has attracted immense attention. Many studies have been 

undertaken on this topic. Most of the studies are based on provincial level data but only a few 

have focused on intra-provincial regional inequality, so the objective of this study is to fill the 

void in the literature by using county-level data. It presents new evidence about the trends, 

determinants and consequences of intra-provincial inequality in China. For this purpose, a 

database of counties and county-level cities in all provinces covering the period from 1997 to 

2007 has been compiled. 

 

The thesis makes several contributions to the literature. First, the decomposition of inequality 

and convergence analysis is conducted for each province individually. Second, the disparity 

between city and county subgroups within each province is examined. Third, the determinants 

and effects of regional inequality within each province are also investigated. Fourth, this study 

covers a time period of 11 years, whereas similar studies in the literature cover only one or two 

years. The knowledge derived from this study may have implications for policy making in 

China and potentially other developing countries. 

 

According to this study, inequality amongst the county-level units increased enormously at all 

levels of spatial aggregation during the study period. About 60% of the overall inequality can be 

attributed to intra-provincial inequality. The results of convergence analysis show that 

convergence to the mean income is impossible for all the provinces, except Liaoning. Moreover, 

it is found that the county-level units tend to remain in their present income groups and it is very 

difficult for the poor county-level units to move to higher income groups. However, if the 

county-level units move out of their present income groups, then the counties are highly likely 

to move down to low income groups, whereas the cities have the tendency to move up. In the 

long run, the income distribution of the counties is right-skewed, that is, the mass of the income 

distribution of the counties is concentrated among low income groups. Because counties are 

larger in number, overall distribution is dominated by them, and thus the future overall income 

distribution for both cities and counties combined is right-skewed. 

 

The study of the determinants of regional inequality shows that intra-provincial regional 

inequality will increase as the primary sector declines. Foreign direct investment is shown to be 

negatively correlated with intra-provincial regional inequality, whereas international trade is 

found to have no statistically significant relationship with it. Moreover, it is found that regional 
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inequality is negatively correlated with domestic trade. Studies on the consequences of 

inequality show that intra-provincial regional inequality is positively correlated with the crime 

rate, whereas education is negatively correlated with it. 
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CHAPTER 1                              

INTRODUCTION 

Following the initiation of economic reform in 1978, China has experienced rapid growth and is 

often cited as a ‘miracle’ in economic development. Gross domestic product (GDP) increased 

from 365 billion Yuan in 1978 to 39.8 trillion Yuan in 2010, whilst GDP per capita increased 

from 381 Yuan to 29 762 Yuan in that period (State Statistical Bureau, 2011). In addition, GDP 

increased at an annual rate of 9.91% as measured at 1978 constant prices, whereas the annual 

growth rate of GDP per capita was 8.76%. 

 

The strong economic growth has not only benefited China, but has also driven economic growth 

of nearby countries (Saari, 2007). Moreover, China’s economic growth has contributed 

significantly to the decline of global inequality (Hung and Kucinskas, 2011) and global poverty 

(Dollar, 2007, Goh et al., 2009). World Development Indicators (World Bank, 2011) reports that 

only the East Asia and Pacific regions are consistently on track to meet the target of reducing 

the 1990 poverty rates by a half by 2015, as listed in the Millennium Development Goals 

(MDGs). In fact, the greatest reduction in poverty in the world has occurred in East Asia, and 

the decline was led by China. The number of people living on less than 2005 PPP $1.25 a day in 

China declined from 835 million in 1981 to 208 million in 2005, whereas the proportion fell 

from 84.0% to 15.9% (World Bank, 2011)1. It is a spectacular success and more than 620 

million people were lifted out of poverty in that period2. The poverty rate in China is expected 

to further drop to 5% by 2015 (United Nations, 2010). However, income inequality in China 

increased dramatically in this period. The Gini index, measured by income shares by percentiles 

of population, rose above the alarming level of 40 and reached 41.5 in 2005 (World Bank, 2011). 

Meanwhile, regional inequality has also increased considerably since the initiation of the 

economic reforms3. 

 

1.1. Adverse impacts of inequality 

It is argued that an increase in regional inequality is inevitable in promoting economic growth in 
                                                      
1 PPP is the abbreviation of purchasing power parity. 
2 However, Khan (2008) reports that the proportion of people living below absolute poverty in China is greater than 

other countries with comparable income per capita as measured by the PPP dollar. 
3 Readers may refer to Section 2.2 for an overview of the evolution of regional inequality in China. 
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the early stage of economic development and thus it is necessary to bear the pain of inequality 

in the process. The policy of ‘letting some people get rich first’, as advocated by Deng Xiaoping, 

is a materialization of this philosophy. However, the increase in inequality in China has exerted 

adverse impacts on the well-being of the people, the progress of poverty reduction, the 

economic growth, and also the social and political stability of China. 

 

For the impacts of inequality on well-being, Klasen (2009) reports that the growth of well-being 

in China between 1980 and 2004 was 90 percentage points lower than the growth of income per 

capita because of the substantial increase in inequality. In addition, the Human Development 

Index (HDI) of China was 0.663 in 2010, whereas the inequality-adjusted HDI (IHDI) was 

much lower being only 0.511 (United Nations Development Programme, 2010)4. This illustrates 

clearly the negative impact of inequality on overall human development. 

 

Many researchers report that inequality has an adverse effect on poverty reduction (Rupasingha 

and Goetz, 2007, Zhuang, 2008, Fosu, 2009). Wan (2008a) warns that the rise of inequality in 

China has contributed to the emergence of urban poverty and to the slowdown of poverty 

reduction. Wan’s view is supported by the study of Meng et al. (2005), who find that the 

growing inequality contributed to an increase in poverty in urban China. In fact, not only has 

urban poverty been affected, but Zhang and Wan (2006) also find that rural poverty increased in 

the second half of the 1990s because of the increase in inequality. Similarly, Wang et al. (2009) 

find that the increase in rural income inequality has impeded poverty reduction. Indeed, poverty 

reduction in China can be much more successful if the inequality level is lower. 

 

Many studies report that inequality is detrimental to economic growth (Alesina and Rodrik, 

1994, Persson and Tabellini, 1994, Alesina and Perotti, 1996, Deininger and Squire, 1998, 

Huang et al., 2009)5. Wan et al. (2006) show that there exists a negative relationship between 

inequality and growth in China in the short, medium, and long run. Similarly, using a 

macro-econometric model of China, Qin et al. (2009) also find that inequality has negative 

consequences on GDP and sectoral growth. Furthermore, they warn that inequality can exert 

negative impacts on macro-economic stability in China because it can cause consumption and 

investment to undulate. Jin et al. (2011) and Lou and Li (2011) also report that income disparity 

                                                      
4 IHDI is a measure of the level of human development in a society that accounts for inequality. HDI and IHDI are 

the same if there is perfect equality. The greater the inequality, the larger the difference between the two indices. 
5 Even though the mainstream literature suggests the negative correlation between inequality and growth, some 

authors argue that inequality does not have a significant impact, and others even advocate that inequality has a 

positive impact on growth (for example, see Forbes, 2000 and Gravier-Rymaszewska et al., 2010). 
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can substantially reduce consumption. 

 

It is argued that inequality can also lead to different kinds of social dysfunction, such as crime, 

racism, drug abuse, mental illness, and loss of social capital and trust in society (see Wilkinson 

and Pickett, 2009, for a survey). Furthermore, many studies report that inequality is correlated 

with political instability (Muller and Seligson, 1987, Alesina and Perotti, 1996, Acemoglu and 

Robinson, 2001, Dutt and Mitra, 2008). For the case of China, Zhuang (2008) warns that, ‘The 

persistence of inequality and rising gaps in income and consumption between the rich and poor 

would make reforms more difficult; trigger social tensions; and pose a clear and present danger 

to social and political stability and, therefore, to the very sustainability of the growth process 

itself.’ This argument is supported by the fact that the number of mass incidents in China 

(including protests, demonstrations and clashes with police) increased from 10 000 in 1993 to 

87 000 in 2005 (Wen, 2007a). Wang and Hu (1999) suggest that inequality may lead to 

economic and social instability, and may even affect the unity of China. Given that inequality 

has so many adverse impacts, a comprehensive study on inequality in China is justified so that 

policies can be formulated to mitigate inequality and ameliorate these adverse effects. 

 

1.2. Objectives and contributions 

There are different types of income inequality. Although it is difficult to ascertain which type of 

income inequality is more troublesome than others, some types of inequality are not 

investigated thoroughly. There are some studies of inequality amongst non-regional units (such 

as individuals or households) using survey data (for example, Khan et al., 1993, Khan and 

Riskin, 1998, Meng, 2004, Cao and Nee, 2005, Chi et al., 2011). However, these studies are 

unable to reflect the dynamic aspects of inequality in China due to the long and uneven intervals 

between the surveys. Moreover, most of these surveys are limited to only the rural sector or the 

urban sector, or just cover a few provinces. The data of many of the surveys are also generally 

not readily available. It is thus impossible to employ survey data to study inequality in all the 

provinces for an extended period of time. As a result, inequality studies based on regional units 

(whose data are readily available from government publications) are the most popular in the 

literature. Another merit of the studies on regional inequality is that they can show the disparity 

in economic development amongst the regions. The information obtained is indispensable for 

the policy-makers in formulating regional development policy. The focus of this thesis is 

centered on the regional inequality of economic development in China. 

 

The problem of regional inequality attracts the attention of researchers from different disciplines, 



 

4 

 

and many studies have been carried out to examine regional inequality in China. However, most 

of the studies have been based on provincial level data, while only a few studies have 

investigated inequality using county-level or prefectural level data6. There is no question that 

inequality studies based on provincial level data are very important and indispensable. However, 

policy implications derived from these provincial studies are only valid for formulating policies 

that rectify inequality amongst the provinces. Developing policies for alleviating inequality 

amongst the county-level units using the results derived from studies based on inter-provincial 

inequality is unrealistic. Moreover, regional inequality within a province is obscured by studies 

that are based on provincial level data. Therefore, many scholars argue that it is necessary to 

study regional inequality using county-level or prefectural level data (Wei, 1999, Wei and Fan, 

2000, Herrmann-Pillath et al., 2002a, Herrmann-Pillath et al., 2002b, Wei, 2002, Wei and Kim, 

2002, Wei and Ye, 2004, Yu and Wei, 2007, Wei and Ye, 2009, Akhmat and Bochun, 2010, Li 

and Wei, 2010).  

 

Surprisingly, although inequalities have increased dramatically at different spatial levels and are 

not limited to the provincial level only, most of the studies are still confined to the use of 

provincial level data. Even though a few studies have been conducted using county-level or 

prefectural level data, they are plagued by the problems of a short time-span and limited 

coverage7. Therefore, many important characteristics of the inequality amongst the county-level 

units remain unknown. There is virtually no information regarding intra-provincial regional 

inequality in the underdeveloped inland provinces. The patterns, trends, determinants and 

consequences of intra-provincial regional inequality are still unknown to academia. Therefore, it 

is impossible for policy-makers to rely on existing studies to formulate policies for alleviation 

of inequality amongst the county-level units within each province. 

 

The main objective of this thesis is to fill the void in the literature and provide a thorough 

examination of regional inequality in China using county-level data. An extensive investigation 

is conducted by examining the trends, determinants and consequences of regional inequality. 

First, it aims to provide an overview of the patterns and trends of regional inequality in China at 

different spatial levels. Second, it estimates the contributions of each of the spatial components 

to overall inequality in the country, combined with the study of the inequality between the 

counties and cities. Third, it analyzes the future evolution of regional inequality and assesses the 

possibility of convergence. Fourth, it examines the determinants of regional inequality, thereby 

                                                      
6 Readers may refer to Section 2.3 for a literature survey of inequality studies that are based on county-level data or 

prefectural level data. 
7 Readers may refer to Section 2.3 for a detailed discussion. 
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obtaining pragmatic policy implications. Finally, it evaluates the consequences of regional 

inequality by studying the impacts of inequality on crime rates in China. 

 

The thesis makes several significant contributions to the existing literature. First, all the 

analyses in this thesis are based on county-level data compiled from 1997 to 2007 for each 

province. Thus, decomposition and convergence analyses can be performed for each province 

individually. The attempt to compute and analyze intra-provincial regional inequality in all the 

provinces is an addition to current literature. Second, decomposition and convergence analyses 

are also performed on the cities and counties individually. This can contribute to the 

understanding of the disparity between city and county subgroups and also within the two 

subgroups. Third, the decomposition of inequality into the contributions of the cities and 

counties covers a time period of 11 years, whereas similar studies in the literature cover just one 

or two years. This study can also reveal the dynamics of the change in these contributions in 

greater detail. Finally, based on the intra-provincial regional inequality measures of each 

province, the determinants and the impacts of intra-provincial regional inequality are examined 

by using regression analysis with a panel data approach, which is not found anywhere else in the 

literature. 

 

Regional inequalities of different spatial groupings are studied in this thesis. Therefore, policy 

implications can be derived for each spatial level. The knowledge acquired from this study may 

prove valuable for policy making in China and potentially have implications for other 

developing countries. 

 

1.3. Outlines of the chapters 

There are eight chapters in this thesis. It can be divided into descriptive and empirical sections. 

The descriptive section provides the background information on regional inequality in China 

(Chapters 1 and 2). Empirical findings are presented in Chapters 3 to 7. Chapter 3 focuses on 

measurement of the intra-provincial regional inequality in each province and the inequalities 

amongst the county-level units in different spatial groupings. Chapter 4 continues to explore the 

patterns and trends of inequality in China using decomposition techniques. Chapter 5 seeks to 

understand the prospects of convergence in China. Research in Chapters 3 to 5 not only covers 

the intra-provincial inequality, but also includes inequalities at other spatial levels, namely, the 

economic zonal, the inland-and-coastal, and the national levels. Moreover, analyses are 

performed for the city and county subgroups individually. Chapter 6 focuses on the determinants 

of regional inequality. Chapter 7 examines the impact of inequality on crime rates in China. 
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Finally, the thesis rounds up with Chapter 8, which summarizes the empirical findings and 

provides some policy recommendations. 

 

Background information on inequality in China is provided in Chapter 1. It presents a review of 

some of the adverse impacts of inequality that motivate this study. Another section describes the 

objectives and the contributions. This is followed by a summary of the outline of each chapter. 

 

Chapter 2 continues to present additional background information on regional inequality. 

Information on administrative divisions and regional division schemes of China are provided. 

This is followed by an overview of the evolution of regional inequality in China. A literature 

survey of those inequality studies, which are based on county-level and prefectural level data, is 

also presented. 

 

Chapter 3 is the starting point for empirical studies in the thesis. It aims to examine the patterns 

and trends of regional inequality by measuring regional inequality in different spatial groupings 

at different spatial levels. Inequalities in the nation, the inland and coastal regions, the four 

economic zones, and the provinces are measured according to county-level data. The measures 

of regional inequality within each province derived in this chapter will be used for empirical 

studies in later chapters. Moreover, the county-level data is divided into the city and county 

subgroups. The inequalities of these two subgroups are calculated individually for each spatial 

grouping. 

 

Decomposition analysis is performed in Chapter 4 so as to study the patterns and trends of 

regional inequality in greater detail. Overall inequality, derived from Chapter 3, is decomposed 

into different spatial components by a three-tier decomposition, so as to evaluate the 

contributions of the spatial components to overall inequality. Another decomposition analysis is 

carried out for the decomposition of the change in inequality. This decomposition analysis is 

different from the one that is based on the absolute level of inequality. The decomposition of the 

change in inequality can identify the component that contributes considerably to the increase in 

inequality. It can provide more information on the evolution of regional inequality in the study 

period. Just like the measurement of inequality, the county-level data is then divided into the 

city and county subgroups, and another tier of decomposition is performed on these two 

subgroups so as to assess the disparity between the cities and counties and also the disparities 

within these two subgroups in each province. 

 

Chapter 5 examines the developing trends of regional inequality and evaluates the possibility of 

convergence amongst the county-level units. The convergence analysis is based on the 
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distribution dynamics approach using both the Markov transition matrix and stochastic kernel 

analysis. Convergence analysis is performed for each spatial grouping at different spatial levels. 

As in Chapters 3 and 4, the county-level data is then divided separately into city and county 

subgroups for convergence analysis. This can show the disparity between the cities and counties 

in the long run. Ergodic distributions are derived to assess the possibility of convergence in the 

future. Finally, conditional Markov transition matrices are used to evaluate the effects of the 

spatial factor (provincial border) and administrative status of the county-level unit (city or 

county) on transitional dynamics. 

 

The determinants of intra-provincial regional inequality within each province are examined in 

Chapter 6, with an emphasis on the impacts of industrialization and globalization. The 

intra-provincial regional inequality indicator for each province derived from Chapter 3 is used 

as the dependent variable in the regression analysis. A panel data approach is adopted and a 

system generalized method of moments (SGMM) technique is used to tackle the problem of 

endogeneity and control for provincial and time effects. Robustness tests are then performed for 

different specifications and various proxies of globalization. 

 

Chapter 7 examines the consequences of inequality by studying the impacts of intra-provincial 

regional inequality on crime rates in China. The intra-provincial regional inequality indicator for 

each province derived from Chapter 3 is used as an explanatory variable to evaluate the impacts 

of regional inequality on crime rates. Robustness tests are then performed for various 

specifications and different proxies of education and the crime rate. 

 

The thesis concludes in Chapter 8 with a summary of the empirical findings from all the 

chapters. Next, it provides some policy recommendations. This is followed by a discussion of 

the challenges faced by the Chinese government in implementing policies to alleviate inequality.  
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CHAPTER 2                               

REGIONAL INEQUALITY IN CHINA: A REVIEW 

This chapter provides some background information on regional inequality. It is necessary to 

clarify the spatial units used in this thesis and specify clearly the regional divisions before 

embarking on the discussion of regional inequality. Section 2.1 describes China’s administrative 

divisions and regional division schemes. Section 2.2 provides an overview of the history and 

evolution of regional inequality in China. Section 2.3 presents the results of a literature survey 

of inequality studies that are based on county-level data or prefectural level data. 

 

The focus of this research is on the regional inequality of economic development. It is worth 

noting that there is another strand of the literature which is based on household survey data rather 

than regional output data. However, the focuses of the studies, which are based on household 

survey data, are on the inequalities amongst individuals or households (non-regional inequalities), 

and not on the inequalities amongst regions. Many of these studies are also limited to the 

households in either the rural sector or the urban sector within a few provinces only. Therefore, 

these studies cannot provide a comprehensive picture of overall regional inequality in China. 

Furthermore, regional output data is deemed to be a better measure for regional economic 

development. Because of these reasons, Sections 2.2 and 2.3 only cover the studies which are 

based on regional output, while the literature using survey data is not included8.  

 

2.1. Regional divisions of China 

2.1.1. Administrative divisions 

Figure 2.1 shows the provincial level administrative divisions of China. China has 31 provincial 

level units (excluding the Special Administrative Regions of Hong Kong and Macau, as well as 

Taiwan), namely, 22 provinces (sheng), five autonomous regions (zizhiqu), and four 

                                                      
8 For the literature using household survey data, the readers may refer to Khan et al., 1993, Hussain and Lanjouw, 1994, 

Cheng, 1996a, Xie and Hannum, 1996, Aaberge and Li, 1997, Knight and Li, 1997, Khan and Riskin, 1998, Tsui, 1998a, 

Tsui, 1998b, Ravallion and Chen, 1999, Yang, 1999, Yao, 1999b, Coady and Wang, 2000, Murphy, 2000, Kung and Lee, 

2001, Fang et al., 2002, Gustafsson and Li, 2002, Morduch and Sicular, 2002, Walder, 2002, Zang, 2002, Knight and 

Song, 2003, Meng, 2004, Yao et al., 2004, Cao and Nee, 2005, Huang et al., 2005, Liu, 2005b, Wan and Zhou, 2005, 

Yao, 2006b, Meng, 2007, Sicular et al., 2007. 
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municipalities (zhixiashi). The four municipalities are Beijing, Tianjin, Shanghai and Chongqing. 

Each provincial unit is made up of prefectures (diqu), autonomous prefectures (zizhizhou), 

prefectural level cities (dijishi) and leagues (meng). These prefectural units can in turn be 

divided into county-level units. The county-level units are mostly made up of counties (xian), 

county-level cities (xianjishi) and city districts (shixiaqu). However, there are other county-level 

units that have the same administrative status as counties but under different names, such as 

autonomous counties (zizhixian), banners (qi), autonomous banners (zizhiqi), forestry areas 

(linqu) and special districts (tequ). Under the county-level, the next level is the township-level 

and finally there is the informal village-level. 

 

Provincial units in China can be grouped into several large spatial aggregations. It must be 

pointed out that the terminology is somewhat confusing in the literature. Different terms are 

used by different researchers to describe these aggregations. Some researchers refer to them as 

the ‘economic belts’ (for example, Hansen and Zhang, 1996, Gustafsson and Li, 1998, 

Herrmann-Pillath et al., 2002a), some refer to them as the ‘regions’ (for example, see Fan, 1995, 

Wei, 1996, Wei, 1998, Lee, 2000, Song et al., 2000, Zhang et al., 2001, Cai et al., 2002, Fang et 

al., 2002, Gustafsson and Li, 2002, Bhalla et al., 2003, Benjamin et al., 2005), while others refer 

to them as the ‘economic zones’ (for example, Yao and Zhu, 1998, Yao, 1999a, Yao and Zhang, 

2001b, Liu, 2006a). In this thesis, the term ‘economic zone’ or simply ‘zone’ is used to avoid 

any ambiguity. 

 

Before 2006, China was divided into three economic zones, namely, the eastern, central and 

western zones. The eastern zone is also termed as the ‘coastal’ region. The ‘inland’ region (some 

refer to it as the ‘interior’ region) is comprised of the central and western zones. However, the 

Chinese government started to divide China into four economic zones, namely, the eastern, 

central, western and the newly added north-eastern zones in the Eleventh Five-Year Plan (Li and 

Xu, 2008). 

 

Several regional development campaigns have been launched in different economic zones since 

2000 so as to foster development and economic growth in these zones (refer to Section 2.2 for 

details). The new four-zone division scheme is related to these regional development campaigns. 

Therefore, the four-zone division scheme is much better than the three-zone version because the 

new scheme can better reflect the progress and development of the regions involved. Figure 2.2 

illustrates the three-zone division scheme that was used before 2006, while Figure 2.3 shows the 

four-zone division scheme which has been in use since 2006. 
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Figure 2.1 Provincial Units in China 
Source: State Statistical Bureau (2010) 
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Figure 2.2 Three-Zone Division Scheme 
Source: Li and Xu (2008). Note: This division scheme was used before 2006. 
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Figure 2.3 Four-Zone Division Scheme 
Source: State Statistical Bureau (2006). Note: This division scheme has been in use since 2006. 
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It can be observed that the three-zone scheme is similar to the four-zone scheme. However, 

Guangxi was moved from the eastern zone to the western zone. Liaoning was moved from the 

eastern zone to the north-eastern zone. Jilin and Heilongjiang were moved from the central zone 

to the north-eastern zone. One of the main features of the new four-zone scheme is that all the 

provinces in the north-eastern part of China are aggregated into one single economic zone. 

2.1.2. Spatial levels and constituents 

Regional inequality can be examined at different spatial levels. It should be noted that the 

township-level data and the village-level data are generally not available from government 

publications for most of the regions in China. Therefore, regional inequalities at these two levels 

cannot be studied. In this thesis, the analyses are based on county-level data. Therefore, the 

lowest spatial level is the county-level, whereas the highest level is the national level.  

 

In this study, the regions in China are divided according to five hierarchical levels. The national 

level is the highest level. The next level is the inland-and-coastal level, then the economic zonal 

level, the provincial level and finally, the county-level, which is the lowest level in this study. 

The county-level is named as level 1, the provincial level as level 2, the zonal level as level 3, 

the inland-and-coastal level as level 4, and the national level as level 5. The constituents used in 

this study for all the spatial levels are as shown. 

 

� Level 1 (county-level): the constituents in this level are the counties and county-level cities, 

whereas the city districts are not included in this study. 

� Level 2 (provincial level): the constituents in this level are the provinces and the 

autonomous regions, whereas the municipalities are not included in this study. 

� Level 3 (economic zonal level): there are four constituents in this level, namely, the eastern, 

central, western and north-eastern economic zones. As mentioned earlier, the four-zone 

division scheme is better than the three-zone version, therefore, the four-zone division 

scheme is used in this study. The definition of each of the economic zones is based on the 

2006 China Statistical Yearbook (State Statistical Bureau, 2006). 

 

� Eastern zone: Hebei, Shandong, Jiangsu, Zhejiang, Fujian, Guangdong, Hainan, as 

well as the municipalities of Beijing, Tianjin and Shanghai. 

� Central zone: Anhui, Jiangxi, Henan, Shanxi, Hubei and Hunan. 

� Western zone: Inner Mongolia, Guangxi, Sichuan, Guizhou, Yunnan, Gansu, 

Qinghai, Ningxia, Xinjiang, Shaanxi and Tibet as well as the municipality of 

Chongqing. 
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� North-eastern zone: Heilongjiang, Liaoning and Jilin. 

 

� Level 4 (inland-and-coastal level): there are only two constituents in this spatial level, 

namely, the inland region and the coastal region. In the old three-zone division scheme 

used before 2006, the coastal region is the same as the eastern zone, while the inland region 

consists of the central and western zones. However, the provinces of the eastern zone in the 

new four-zone division scheme are different from those of the coastal region. Basically, the 

coastal region and the eastern zone in the four-zone division scheme are still very similar to 

each other and have many provinces in common. But, according to the four-zone division 

scheme, the coastal region now comprises of all the provinces in the eastern zone and 

another two provinces, namely, Guangxi and Liaoning. The decomposition of inter-zonal 

inequality, which is conducted in Chapter 4, requires that the inland region should be made 

up of all the provinces in the central, western, and north-eastern zones. Therefore, in this 

study, the coastal region is treated in the same way as the eastern zone, whereas the inland 

region is defined to comprise all the provinces in the central, western and north-eastern 

zone. The definition of the inland and coastal regions used in this study is slightly different 

from the official definition used in the past. However, the results of the analyses in the 

thesis can be viewed as a study of the disparity between the eastern zone and the other 

zones. 

� Level 5 (national level): this is the highest level in this study.  

 

The terms ‘county-level city’ and ‘city’ are used interchangeably in the thesis. The dataset used 

in this research is comprised of the data of the counties and county-level cities. Therefore, the 

term ‘county-level unit’ (CU) is used to refer to both counties and county-level cities. The term 

‘inter-county-level-unit inequality’, or simply ‘inter-CU inequality’ refers to the inequality 

amongst all the counties and county-level cities within a region. The term ‘intra-provincial 

regional inequality’ or simply ‘intra-provincial inequality’ refers to the inequality amongst the 

county-level units within a province (that is, the inter-CU inequality within each province). 

However, it is worth noting that the intra-provincial inequality can be based on the complete 

dataset, which is comprised of both the counties and cities, or it can be based on the county-only 

dataset, or the city-only dataset.  

 

The county-level units can be grouped into larger spatial groupings in higher spatial levels for 

analysis. There are four spatial levels for the grouping of the county-level units, namely, the 

provincial, economic zonal, inland-and-coastal, and national levels. The term ‘spatial grouping’, 

or simply ‘grouping’, refers to the grouping of the county-level units into the constituent in each 

spatial level. Therefore, each province is considered to be a spatial grouping of the county-level 
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units in the provincial level. The economic zonal level has four individual spatial groupings, 

namely, the eastern, central, western and north-eastern economic zones. The inland-and-coastal 

level has two individual spatial groupings, namely, the inland and coastal regions. However, at 

the national level, there is only one nation, and thus there is only one spatial grouping. 

 

2.2. An overview of regional inequality in China 

Many studies find that the economic reforms that started in 1978 have led to a substantial 

increase in regional inequality. But regional inequality is not a new issue in China. In fact, the 

country has been plagued by the problem of inequality since 1949, long before the 

commencement of the economic reforms (Tsui, 1991, Chen and Fleisher, 1996, Zhao, 1996, Wei, 

1998). Nevertheless, the driving forces behind the regional inequality differ greatly before and 

after the initiation of the reforms. The regional inequality before the onset of the economic 

reforms was mainly affected by national development policies, which were driven not only by 

economic considerations, but also international relations and national security. However, 

regional inequality after the onset of the reforms has been determined jointly by regional 

development policies and market forces. 

 

Figure 2.4 shows the evolution of regional inequality in China from 1953 to 1997. 

Inter-provincial inequality increased in the 1950s and reached a peak in 1960. However, 

regional inequality fell sharply in the 1960s and remained at a relatively low level until 1967, 

which marked the start of the Cultural Revolution. Regional inequality increased dramatically 

after 1972; it reached a peak in 1974 and stayed at a relatively high level until the start of 

economic reform in 1978. It fell gradually after the commencement of economic reforms, but 

increased again in the second half of the 1980s and up to 1997. Other studies reported similar 

results (Jian et al., 1996, Zheng et al., 2000, Zhao and Tong, 2000, Lu and Wang, 2002, Wu, 

2002, Tsui, 2007). 
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Figure 2.4 Regional Inequality in China from 1953 t o 1997 
Source: Reproduced from Wu (2004), p. 56. 

 

Back in the 1950s, China followed the Soviet model of economic development and focused on 

development in heavy industry. City-based industrialization was given the first priority, and it 

was implemented at the expense of agriculture (Chan, 1992). The government was responsible 

for providing jobs and food for the urban residents working in the industrial sector. An ‘unequal 

exchange’ between the agricultural and industrial sectors was thus induced so as to subsidize the 

industrialization process (Chan and Zhang, 1999). For that reason, the household registration 

(hukou) system was established in the 1950s to restrict the flow of labour from rural to urban 

areas (Chan and Zhang, 1999). Peasants were bound to the land with the implementation of the 

household registration system, thereby ensuring an adequate supply of labour for agricultural 

production. This policy led to an increase in the disparity between the urban and rural areas and 

it has become an intractable problem in China. Nowadays, China is still plagued by the high 

inequality between urban and rural areas even after more than 30 years of economic reform, and 

many studies have been conducted to analyze the disparity9. 

 

The bias against agricultural regions can also be observed by the flows of industrial investments 

under the planned economy. Jian et al. (1996) report that most industrial investment in the 1950s 

went to the provinces which were already engaged in industrialization at the start of the socialist 

period, bypassing the agricultural provinces. This led to the further widening of the gap between 

                                                      
9 For example, see Tsui, 1993, Kanbur and Zhang, 1999, Yang, 1999, Lee, 2000, Lu, 2002, Lu and Wang, 2002, Kanbur 

and Zhang, 2005, Wu and Perloff, 2005, Yao et al., 2005, Hertel and Zhai, 2006, Lu and Chen, 2006, Sicular et al., 2007, 

Li and Xu, 2008, Lin et al., 2008, Goh et al., 2009, Shen, 2009, Whalley and Yue, 2009, Chen et al., 2010, Liu, 2010, 

Sutherland and Yao, 2011. 
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the industrialized and the less-industrialized regions. 

 

With the escalation of the war in Vietnam in the 1960s, concentration of the industrial bases in 

the coastal provinces was deemed to be strategically unfavourable in case of conflict. Therefore, 

the Chinese government implemented the ‘Third Front’ policy in the 1960s. This is a strategy 

developed in response to the threat from the United States and its allies in Asia (Naughton, 1988, 

Demurger et al., 2002). China accelerated the construction of military and industrial complexes 

in the western provinces in 1964 in an attempt to spread industrialization to the inland region.  

 

Accordingly, this policy reduced inequality between the inland and coastal regions to some 

extent. Although some progress was made, the policy was far from being successful in closing 

the huge gap between the inland and coastal regions. Besides, the transfer of industrial 

capacities to the inland region, without taking comparative advantages into consideration, led to 

immense economic waste (Naughton, 1988, Tsui, 1991). In fact, many scholars claim that the 

government has been incapable of addressing inequality between the two regions (for example, 

see Donnithorne, 1972, Donnithorne, 1976, Pannell, 1988, Yang, 1990, Wei and Ma, 1996, Lu 

and Wang, 2002). 

 

The Sino-Soviet split led to the outbreak of the Sino-Soviet border conflict in 1969. The 

Chinese government realized the risk of a possible invasion of the inland provinces by the 

Soviet Union and thus the Chinese leaders started to repair relations with the western world. The 

Sino-American relation improved slowly after 1972. Consequently, China reduced its 

discrimination against investment flows to the coastal provinces from 1972 onward (Demurger 

et al., 2002). The policy reversal was accompanied by divergence across the Chinese provinces 

from 1972 to 1978.  

 

China started the economic reforms and open door policy in 1978. There are five important 

elements of China’s economic reforms as summarized by Jian et al. (1996): the shift from the 

commune system to the household responsibility system; the development of township and 

village enterprises (TVEs); the opening-up of certain special regions for foreign investment and 

trade; the migration of peasants to the coastal provinces as workers; the reduction of state 

controls on prices, inputs and outputs, as well as the promotion of non-state enterprises. Figure 

2.5 shows the evolution of provincial inequality in post-reform China from 1978 to 2007. 
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Figure 2.5 Regional Inequality in China from 1978 t o 2007 
Source: Reproduced from Villaverde et al. (2010), p. 80. 

 

In the beginning of the economic reforms, the coastal provinces, which have better 

infrastructure and factor endowments, were given a pivotal role as the ‘engine of growth’ under 

the policy of ‘letting some people get rich first’, as advocated by Deng Xiaoping. Three special 

economic zones (SEZs) were set up in Guangdong province in 1979, followed by another one in 

Fujian in 1980. These four SEZs were all set up in the south-eastern provinces in the coastal 

region. Another 14 cities (most of them are in the coastal provinces) were opened up in 1984. In 

addition, many Economic and Technological Development Zones were set up from 1979 to 

1994. Furthermore, in 1988, Hainan was separated from Guangdong province and established 

as a SEZ (see Demurger et al., 2002 for details of all the regional development policies from 

1979 to 1994). Exporting firms in the SEZs enjoy many special privileges, for example, the 

rights to retain foreign exchange earnings and import intermediate inputs without paying duties 

(Jian et al., 1996). The setup of SEZs boosted economic growth and those provinces with SEZs 

benefited greatly from the open-up policy. 

 

In the early period of economic reform, the coastal provinces could be broadly divided into two 

groups according to their economic development. The eastern and the north-eastern coastal 

provinces had a long tradition of industrialization and a strong industrial base. On the contrary, 

the south-eastern coastal provinces (Guangdong and Fujian) had relied on agriculture and 

agriculture-related industries; therefore they were poorer than their counterparts. Jian et al. 

(1996) report that the three industrial regions of Shanghai, Tianjin and Liaoning (all of them are 
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either in the eastern or the north-eastern coastal regions of China) had relatively higher growth 

than the other provinces during 1965 – 1978, and they were richer than the south-eastern 

provinces in 1978. 

 

However, the previously rich regions were not opened up in the first phase of the economic 

reforms. In the period of 1979 – 1984, all the SEZs were set up in the south-eastern provinces. 

These south-eastern provinces benefited greatly from these preferential policies and so grew 

faster than the eastern and north-eastern coastal provinces (Fan, 1995, Wei and Ma, 1996, 

Duncan and Tian, 1999, Naughton, 2002). Moreover, rural reforms were carried out successfully 

in many regions in China (Lo, 1990, Jian et al., 1996, Raiser, 1998, Naughton, 2002, Bhalla et 

al., 2003), resulting in a surge in agricultural productivity during 1978 – 1984 (Mukherjee and 

Zhang, 2007). As a result, many studies report that regional inequality declined immediately 

after the onset of the economic reforms. 

 

Jian et al. (1996) find that there was convergence of regional income from 1978 to 1990. 

However, they report that divergence was observed from 1990 to 1993. The divergence can be 

attributed to the substantial increase in disparity between the inland and coastal provinces. Chen 

and Fleisher (1996) also observe an increase in inequality between the inland and coastal 

regions after 1990. Raiser (1998) reports a decline in regional inequality from 1978 to 1985, and 

notes that the rate of convergence declined after 1985. Similarly, Tsui (1996) reports that 

inter-provincial inequality in China decreased after the start of the reform, however, inequality 

increased again in the second half of the 1980s. 

 

Regional inequality increased significantly after 1990 because the coastal provinces have 

enjoyed higher growth rates than the inland provinces (Chen and Fleisher, 1996, Jian et al., 1996, 

Tsui, 1996, Ying, 1999, Fujita and Hu, 2001). Many studies have been conducted to study the 

disparity between the inland and coastal regions (for example, Chen and Fleisher, 1996, Fleisher 

and Chen, 1997, Kanbur and Zhang, 1999, Ying, 1999, Yao and Zhang, 2001a, Yao and Zhang, 

2001b, Brun et al., 2002, Bhalla et al., 2003, Fu, 2004, Lin et al., 2004, Kanbur and Zhang, 2005, 

Liu and Li, 2006, Tsui, 2007, Goh et al., 2009, Chen and Groenewold, 2010, Hao and Wei, 

2010). Chen and Zheng (2008) argue that the uneven regional development policies in each 

province have contributed significantly to regional inequality. Lu and Wang (2002) conclude 

that regional inequality in China can be explained by the ‘differential growth of the provincial 

economies shaped by the coast-oriented and urban-biased development strategies as well as 

selective open-door policy.’ 

 

The biased regional development policy in China has attracted considerable criticism (Zhao and 
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Gu, 1995, Tang and Lu, 1996, Fan, 1997, Cheng and Zhang, 1998). The central government has 

recognized this problem and initiated several campaigns in an attempt to reduce the gap between 

the inland and coastal regions. In 1999, the ‘Campaign to Open up the West’ was launched to 

stimulate economic development in the western provinces (for details of the campaign and its 

impacts, see Goodman, 2004, and Golley, 2007). The State Council of China issued the 

document On Implementing the Strategy of Revitalizing the Northeast Old Industrial Base and 

Other Areas in 2003, which marked the commencement of the ‘Revitalize Northeast China’ 

campaign targeting the north-eastern provinces (Zhang, 2008). Finally, the ‘Rise of Central 

China’ campaign was initiated in 2004 to target the central provinces (Lai, 2007). These 

campaigns were launched to foster development in the western, north-eastern and central 

economic zones so as to reduce the disparity between them and the eastern zone. 

 

The government has invested heavily in environmental, energy, infrastructure, and resource 

projects in these zones, as the Chinese leaders believe that reducing regional inequality is an 

important step in building a ‘harmonious society’ (Chen and Zheng, 2008). It is worth noting 

that in the pre-reform era, all economic decisions were centralized and the government was in 

full control of economic development. However, following the economic reforms, market forces 

have become more and more powerful, making it increasingly difficult for the government to 

change the course of the economy (Chen and Zheng, 2008). The effectiveness of these 

campaigns in reducing inequality is yet to be studied and Chapter 3 presents the trend of 

regional inequality from 1997 to 2007.  

 

2.3. Studies based on county-level or prefectural level data 

While most of the studies mentioned in the previous section are based on provincial level data, 

regional inequalities that are based on county-level data or prefectural level data should not be 

overlooked. Regrettably, most of the studies on regional inequality in the literature are centered 

on inter-provincial inequality, while many aspects of inequality amongst the county-level units 

are still unknown because of the lack of research at this level. 

 

Provincial level data is commonly employed in inequality studies because it is readily available 

in the China Statistical Yearbook. Unfortunately, the data of the intra-provincial spatial units is 

not readily available and it is very difficult to compile. Therefore, there are only a few 

inequality studies that are based on county-level data or prefectural level data. Table 2.1 presents 

the summary of a literature survey focusing on the inequality studies in China based on 

county-level and prefectural level regional data. 



 

21 

 

Table 2.1 shows that nine studies are based on prefectural level data (Wei and Wu, 2001, 

Herrmann-Pillath et al., 2002a, Ho and Li, 2006, Fan, 2007, Li and Xu, 2008, 

Gravier-Rymaszewska et al., 2010, Hering and Poncet, 2010, Liu and Yin, 2010, Zhou and Zou, 

2010). Herrmann-Pillath et al. (2002a) investigate inter-prefectural inequality in 1993 and 1998, 

while Fan (2007) only studies the inequality in 2004. The other studies on prefectural level data 

cover longer time-spans. It is shown in Table 2.1 that most of these prefectural level studies 

have wide coverage with long time-spans. 

 

It should be noted that the county-level data is much better than the prefectural-level data in 

studying regional inequality because many provinces in the western economic zone have only a 

small number of prefectures (Herrmann-Pillath et al., 2002a). Although there are about 30 

studies of regional inequality based on county-level data, some of the county-level studies only 

cover one or two years (Veeck and Pannell, 1989, Knight and Song, 1993, Tsui, 1993, Fan, 1995, 

Lee, 2000, Song et al., 2000, Gustafsson and Li, 2002, Fan and Zhang, 2004, Yu, 2006, Zhang, 

2006, Yu and Wei, 2007, Yu et al., 2007, Li and Xu, 2008, Brajer et al., 2010, Wu and Zhu, 

2011). Two studies are found to cover four years. The first is the work of Gu et al. (2001), which 

only covers one province. Another work by Peng (1999) covers 1985, 1987, 1989, and 1991, but 

the data series is not consistent. The data for 1991 is compiled from a survey and it only covers 

the data of the affluent counties and cities, while the datasets for 1985, 1987 and 1989 are 

compiled from the publication of the Summary Statistics of the Rural Economy of Chinese 

Counties. 

 

Although the other county-level studies cover a longer time-span than the ones specified above, 

they suffer from the problem of limited coverage. Lin (2001) examines the inequality within  

the Guangdong province, whereas Weng (1998) and Lu and Wei (2007) just focus on the  

county-level units in the Pearl River delta of Guangdong. Sakamoto and Fan (2010) study 75 

county-level units in the Yangtze River delta, while Wei and Ye (2004) and Wei and Ye (2009) 

only examine the regional inequality in Zhejiang. Lyons (1998) studies Fujian, while the others 

focus on Jiangsu (Rozelle, 1994, Wei and Fan, 2000, Long and Ng, 2001, Huang and Leung, 

2002, Wei and Kim, 2002, Pu et al., 2005). These studies only cover one province or one region. 

It is worth noting that the regions covered in these studies are only Fujian, Guangdong, Jiangsu, 

Zhejiang and the Yangtze River delta. These regions are all in the eastern economic zone and are 

more developed than the other provinces. To date, studies on inequality amongst the 

county-level units in other underdeveloped provinces are not available. A careful review of the 

literature reveals that there are three studies which cover a long time-span and focus on more 

than one province (Wei, 1995, Jones et al., 2003, Zhou and Zou, 2010). These three studies all 

cover a time-span of about 10 years, but only cities are considered, while counties are excluded.
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Table 2.1 Inequality Studies Using County-Level and  Prefectural Level Data 
Authors Years Data used Major research 
    
Wu and Zhu (2011) 2003 1777 counties and county-level cities Inequality decomposition 
Brajer et al. (2010) 1995, 2004 45 cities Environmental study 
Gravier-Rymaszewska et al. (2010) 1997 - 2005 Use the prefectural level data in Li and Xu (2008) Determinants of growth 
Hering and Poncet (2010) 1995 - 2002 194 prefectural level cities in 28 provinces Determinants of income 
Liu and Yin (2010) 1999 - 2004 282 prefectures Determinants of output 
Sakamoto and Fan (2010) 1990 - 2005 75 cities, counties and districts in the Yangtze River delta Markov transition matrix 

analysis, kernel density 
distribution 

Zhou and Zou (2010) 1995 - 2004 About 600 county-level cities and prefectural level cities Kernel density distribution 
Wei and Ye (2009) 1978 - 2004 Counties, cities and districts in Zhejiang, but a major portion of the study 

focuses on ‘rural intercounty inequality’ which includes only counties and 
cities and excludes districts 

Determinants of growth, Markov 
chain analysis 

Li and Xu (2008) 1997 - 2005 1997 – 2005: Prefectural level data Decomposition of inequality 
2005 2005: Counties and cities, excluding districts Measurement of inequality 

Fan (2007) 2004 261 prefectural level cities Determinants of non-agricultural 
productivity and wages 

Lu and Wei (2007) 1978 - 2003 County-level units in the Pearl River delta in Guangdong Measurement of inequality 
Yu and Wei (2007) 1995, 2001 170 cities, counties and districts in the Greater Beijing Area Determinants of output 
Yu et al. (2007) 1997, 2002 36 counties in six provinces Decomposition of inequality 
Ho and Li (2006) 1984, 1990, 

1999, 2003 
1984: 300 prefectural level cities. 2003: more than 600 prefectural level 
cities  

Spatial clustering index, Markov 
transition matrix 

Yu (2006) 1995, 2001 170 cities, counties and districts in Greater Beijing Area Determinants of output 
Zhang (2006) 1993, 2000 1860 counties Determinants of growth 
Pu et al. (2005) 1978 - 2000 77 counties in Jiangsu Markov transition matrix 
Fan and Zhang (2004) 1996 County-level data of fifteen provinces Determinants of output 
Wei and Ye (2004) 1952-1998 75 counties, cities and districts in Zhejiang, but a major portion of the 

study focuses on ‘intercounty inequality’ which includes only counties and 
cities and excludes districts 

Spatial analysis 

Jones et al. (2003) 1990-2000 200 largest cities Determinants of growth 
Gustafsson and Li (2002) 1988, 1995 Counties data aggregated from rural household survey data in 18 Decomposition of inequality 



 

23 

 

provinces 
Herrmann-Pillath et al. (2002a) 1993, 1998 312 prefectures  Decomposition of inequality 
Huang and Leung (2002) Not specified 75 counties, cities and districts in Jiangsu Determinants of industrialization 
Wei and Kim (2002) 1950-1995 Counties and cities in Jiangsu Determinants of growth, 

decomposition of inequality 
Gu et al. (2001) 1980, 1985, 

1990, 1995 
99 counties, cities and districts in Guangdong Factor analysis, determinants of 

development factor 
Lin (2001) 1980 - 1990 31 counties, cities and districts in Guangdong Principal components analysis 
Long and Ng (2001) 1978 - 1996 75 counties, cities and districts in Jiangsu Measurement of inequality 
Wei and Wu (2001) 1988 - 1993 100 prefectural level cities and municipalities Determinants of inequality 
Lee (2000) 1994 2165 cities and counties Decomposition of inequality 
Song et al. (2000) 1985, 1991 1985: 106 cities. 1991: 479 cities Determinants of output 
Wei and Fan (2000) 1950-1995 Counties, cities and districts in Jiangsu Determinants of growth 
Peng (1999) 1985, 1987, 

1989, 1991 
1991: 1883 affluent counties and cities from survey. 1985, 1987, 1989: 
from Summary Statistics of the Rural Economy of Chinese Counties 

Determinants of growth 

Lyons (1998) 1978-1995 69 county-level units in Fujian Measurement of inequality 
Weng (1998) 1978 - 1992 20 cities and counties in the Pearl River delta in Guangdong Spatial analysis 
Fan (1995) 1982, 1990 Counties and cities in Guangdong, Fujian, Zhejiang, Anhui, Hunan Determinants of output 
Wei (1995) 1988 - 1990, 

1980 - 1990 
1988 – 1990: 434 cities. 1980 – 1990: 74 cities Determinants of growth 

Rozelle (1994) 1983 -1989 2 core counties in Jiangsu Decomposition of inequality 

Knight and Song (1993) 1987 2340 counties Determinants of income, 
investment, consumption, 
expenditure, revenue and 
surplus 

Tsui (1993) 1982 2306 cities and counties Decomposition of inequality 
Veeck and Pannell (1989) 1986, 1987 8 counties, data aggregated from survey data in Jiangsu Principal component analysis, 

cluster analysis 
Source: As cited in the table.    
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2.4. Conclusions 

Regional inequality has increased considerably since the initiation of economic reform. 

However, most studies are based on provincial level data, while intra-provincial inequality has 

not been examined thoroughly in the literature. The patterns, trends, determinants and 

consequences of inequality amongst the county-level units within many provinces are virtually 

unknown. Thus, it is impossible for the government to formulate a coherent policy to alleviate 

inequality for the country without information on intra-provincial inequality.  

 

In order to get a full grasp of the pattern and the trend of the inequality amongst the county-level 

units in China, the data has to be continuous and must have a long time-span. Only in this way 

is it possible to observe the changes and evolution of inequality. Besides, it is essential to have a 

wide coverage of provinces so that not only the rich provinces in the eastern zone are included, 

but also their poor counterparts in other economic zones. After an extensive review, it can be 

concluded that the studies in the literature, which are based on county-level data, are plagued by 

the problem of either short time-spans or limited coverage. To date, there is no study of regional 

inequality covering both cities and counties in all the provinces in China for a continuous long 

period of time.  
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CHAPTER 3                                 

TRENDS OF REGIONAL INEQUALITY IN CHINA 

3.1. Introduction 

Most of the studies on regional inequality in existing literature are based on provincial level data. 

Although some researchers employ county-level data in their studies, Section 2.3 shows that 

these studies are still plagued by either the problem of limited coverage or a short time-span. 

In-depth studies on intra-provincial regional inequalities are confined to the provinces in the 

eastern zone, while the intra-provincial regional inequalities within the provinces in other 

economic zones are virtually unknown. The study in this chapter contributes to the literature by 

examining the intra-provincial regional inequalities, based on county-level data, for the 

provinces in all the economic zones. This is the first time in the literature that the 

intra-provincial regional inequalities of many inland provinces are measured and tracked for a 

long period of time. In addition to presenting the intra-provincial regional inequality amongst 

the county-level units for each province, the inequalities in other spatial groupings are also 

shown. The intra-provincial regional inequality computed for each province in this chapter will 

also be used in the empirical studies in later chapters. 

 

This chapter is organized as follows. Section 3.2 describes several different measures of 

inequality. Section 3.3 provides a discussion of the data used in the analysis. The results are 

presented in Section 3.4. Section 3.4.1 shows the results for the complete dataset, which is 

comprised of both cities and counties. The dataset is then divided into the county subgroup and 

city subgroup so as to study the characteristics of these two subgroups individually. Section 

3.4.2 shows the measurement results of the inequality amongst the counties (that is, the 

inter-county inequality), whereas Section 3.4.3 shows the measurement results of the inequality 

amongst the cities (that is, the inter-city inequality). Section 3.4.4 provides a comparison 

between the complete dataset, the county-only dataset and the city-only dataset. This chapter 

concludes with Section 3.5. 

 

3.2. Measurement of inequality 

There are many different kinds of inequality measurements, but the most common ones are the 

Gini coefficient, Theil-T and Theil-L indices. These three measurements are selected in this 
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study because they all satisfy the Pigou-Dalton condition and the property of 

income-zero-homogeneity. The Pigou-Dalton principle suggests that a transfer of income from a 

rich person to a poor person should result in a decline of the inequality indicator so long as the 

transfer does not reverse the ranking of the two in the income distribution. The property of 

income-zero-homogeneity means that the value of the inequality measurement should remain 

unchanged when there is a scale change of the whole income distribution. It must be pointed out 

that many conventional inequality measures do not fulfill these conditions (Bourguignon, 1979). 

Therefore, only the Gini coefficient, Theil-L, and Theil-T indices are used in this study. 

 

Theil-T and Theil-L indices are often used in decomposition analysis because the two indices 

can be decomposed completely into the components of the subgroups (Bourguignon, 1979, 

Shorrocks, 1980, Shorrocks, 1984). However, the Gini coefficient cannot satisfy the property of 

additive decomposability, therefore it cannot be decomposed completely into the components of 

subgroups (Yao, 1999b). Nevertheless, the Gini coefficient is the most popular measure of 

inequality. 

 

The Gini coefficient is based on the Lorenz curve, which plots the cumulative share of income 

against the cumulative share of population from lowest to highest incomes. The 45-degree line 

of the Lorenz curve is the uniform (perfect) distribution line. The Gini coefficient is the ratio of 

the area that lies between the uniform distribution line and the Lorenz curve over the total area 

under the uniform distribution line. The value of the Gini coefficient ranges from 0 to 1. The 

value of 0 corresponds to perfect income equality and 1 corresponds to perfect income inequality. 

It should be noted that the Gini coefficient is highly sensitive to inequality in the middle portion 

of the income distribution and it cannot capture small changes in the corners of the Lorenz 

curve. 

 

There are many different formulae for the calculation of the Gini coefficient, and one of the 

formulae of population-weighted Gini coefficient is 
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where yi and yj are gross regional product (GRP) per capita in region i and region j respectively, 

ni and nj are population in region i and region j respectively, N is total population in all the 
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The formula of the unweighted Gini coefficient is 
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where Yi and Yj are regional GRP in region i and region j respectively, R is total number of 

regions, and ∑=
i
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Both Theil-L and Theil-T belong to the generalized entropy (GE) class of inequality measures 

(Shorrocks, 1980, Shorrocks, 1984). The formula for the GE(c) inequality index is: 
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where c is a sensibility parameter. The more negative c is, the more sensitive it is to income 

differences at the bottom of the income distribution. The more positive c is, the more sensitive it 

is to income differences at the top of the income distribution. It should be noted that GE(2) is 

half of the squared coefficient of variation; GE(1) is the Theil-T index, while GE(0) is the 

Theil-L index. The Theil-L index can also be referred to as the mean logarithmic deviation 

(MLD) and it is proved that this index is the only zero-homogeneous population-weighted 

measure. On the contrary, the Theil-T index can be simply referred as the Theil index and it is 

the only zero-homogeneous income-weighted measure (Bourguignon, 1979). The interpretation 

is straightforward: the higher the Theil-L and Theil-T indices, the more unequal the income 

distribution. In addition, both Theil-L and Theil-T have unweighted versions.  

 

The original formulae of Theil-L and Theil-T are: 
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where N is total population in all the regions, I i is the income for the i th individual,
 

µ  is the 
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mean of I i, and i = 1, 2, …, N. 

 

After some manipulations, the formulae of the Theil-L and Theil-T can be obtained in terms of 

regional GRP and population. The formula of Theil-L is 
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where ni  is the population in region i, N is the total population in all the regions, Yi is the 

regional GRP in region i, Y is the total regional GRP for all regions. 

Similarly, the formula of Theil-T is 
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The formulae of the unweighted Theil-L and Theil-T respectively are: 
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where R is the total number of regions, Y is the total regional GRP of all the regions, and Yi is 

the regional GRP in region i. It can also be observed that equations of the unweighted Theil-L 

(3.8) and Theil-T (3.9) can be derived from the Equations (3.6) and (3.7) respectively by 

replacing ni / N by 1 / R.  

 

Milanovic (2005) notes that inequality can be studied from two different perspectives. The first 

approach emphasizes the inequality of the people, and hence population is incorporated in the 

formula, for example, Equations (3.1), (3.6) and (3.7). The second approach is the unweighted 

measure and so it can only show the disparity in output amongst the different regions without 
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taking their population into consideration, for example, Equations (3.2), (3.8) and (3.9). It is 

deemed that the first approach is better because it can show the inequality amongst the people 

clearly. For that reason, population-weighted versions of the equations are used for inequality 

measurement in this study. 

 

3.3. Data issues 

Regional inequality can be studied using different indicators. Duncan and Tian (1999) note that 

it is important to distinguish between studies using livelihood and output indicators, as they can 

lead to different analysis results. Many inequality studies are based on expenditure, 

consumption, wage, earning, and household income data. These indicators are good measures 

for the livelihood and economic well-being of the people. On the contrary, output per capita is 

deemed to be a good measure of economic development for a region. Because the focus of this 

study is on the regional inequality in economic development, regional outputs per capita are 

used in this study. Gross regional product (GRP) per capita is selected as the indicator of 

economic development in this research because it is the most frequently used indicator of output 

and is more comprehensive than other measures, for example, the gross value of industrial and 

agricultural output (GVIAO) and the national income (NI). 

 

The present study is based on a dataset of real GRP per capita for the counties and county-level 

cities in China from 1997 to 2007. The former is selected as the beginning year because this is 

the year that Chongqing was separated from the Sichuan province. Chongqing was then 

upgraded to the administrative status of municipality. Thus, from this year onwards, individual 

data of Chongqing and Sichuan are available.  

 

There are three kinds of county-level units, namely, the counties, the county-level cities and the 

city districts (or simply ‘districts’) in the prefectural level cities and municipalities. However, 

the data of the city district is unavailable for some provinces in the earlier years of the study 

period. Moreover, in some cases, only an aggregated value of the city districts, rather than the 

data of each individual district, is available. Therefore, this study is based on the data of the 

counties and county-level cities only. Many studies that examine inequality amongst the 

county-level units do not include city districts but are based on the data of the county-level 

cities and counties only (for example, see Veeck and Pannell, 1989, Rozelle, 1994, Lee, 2000, 

Song et al., 2000, Gustafsson and Li, 2002, Wei and Kim, 2002, Jones et al., 2003, Yu et al., 

2007, Li and Xu, 2008, Brajer et al., 2010, Zhou and Zou, 2010, Wu and Zhu, 2011). In this 

study, the four municipalities, namely, Beijing, Tianjin, Shanghai, and Chongqing are not 
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included because most of the administrative regions in the municipalities are districts. 

 

The data is largely compiled from the Provincial Statistical Yearbook (State Statistical Bureau, 

1998 - 2008a) for each province. However, where the data is unavailable, the data from the 

China Statistical Yearbook for Regional Economy (State Statistical Bureau, 2004 - 2008) and 

from the Provincial Yearbook (State Statistical Bureau, 1998 - 2008b) for each province is used. 

Some cities and counties are dropped from the dataset because of incomplete information in the 

sources. All the county-level GRP data are adjusted for inflation by converting them to 1997 

constant prices. Since the deflator for each individual county-level unit is not available, 

provincial deflator is used for all the counties and county-level cities within a province. 

Therefore, the regional inequality within a province remains unchanged after the deflation 

process; however, the measures of inequality within other spatial groupings differ.   

 

Occasionally, there are some changes in the administrative divisions in China. Changes at the 

county-level may affect the GRP per capita of a region, which in turn can affect inequality 

levels. The common changes in administrative divisions include the change of the name of the 

county or city; the upgrade of the administrative status of a county to city or district; the 

upgrade of the administrative status of a city to district; and the change in boundaries of the 

county-level units, for example, the transfer of control of a town or village from one 

county-level unit to another. It should be noted that, except for the change in the name of the 

city and county, all the other changes in administrative divisions may affect the measurement of 

inequality. 

 

The official website for Administrative Divisions in China (http://www.xzqh.org) is checked to 

find out all the changes in administrative divisions that occurred during 1997 – 2007. First, all 

county-level units are checked for any name change in the study period and then they are all 

renamed according to their latest names in 2007. Second, every county-level unit is checked for 

any change in boundary. The change in boundary may affect the measurement of inequality. For 

example, the transfer of control of a town with a high GRP per capita from one rich county to a 

poor county may increase the GRP per capita of the latter, while significantly reducing the GRP 

per capita of the former; thereby giving a false impression of a decline in inequality. With the 

aim of keeping the data comparable, some modifications to the data are necessary to ensure that 

the changes in the GRP per capita can only be attributable to economic development rather than 

any administrative change. The approach suggested by Fan (1995) is adopted to tackle the 

problem of boundary changes amongst the county-level units. If the cities and counties have any 

boundary changes in the study period, then they are aggregated so as to ensure comparability 

across time. However, the aggregation is strictly for boundary changes that involve cities and 
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counties only, and no boundary change involving city districts is allowed. Accordingly, if there 

is a boundary change that involves city districts with any cities or counties, then these counties 

and cities are deleted from the database, in view of the fact that city districts are not included in 

this study. Similarly, if the counties or cities change their administrative status to city districts, 

then these cities and counties are deleted as well. The shortcoming of aggregation is the 

underestimation of inequality in the aggregated county-level units, although according to the 

website of Administrative Divisions in China, the changes in administrative divisions are 

infrequent and few in number across the research period. After these adjustments, the data 

becomes comparable and the analysis can unveil the changes in GRP per capita due to economic 

development, rather than reflecting the impacts of changes in administrative divisions. In one 

recent work, Sakamoto and Fan (2010), who study convergence at the county-level, also report 

their use of aggregation of some county-level units into larger regions, so as to tackle the 

problem of data unavailability. 

 

Several counties were upgraded to cities within the research period. Accordingly, these 

county-level units have different administrative statuses across the study period. In order to keep 

the data comparable in the study, the administrative statuses of all the cities and counties in the 

database are based on the latest classification, which is the administrative status in 2007. The 

same spatial entities should be used in the analysis for each year; otherwise, the measurement of 

inequality will be distorted by the changes in spatial entities. For instance, if a region which 

contributes a lot to overall inequality (the presence of this region would lead to a high level of 

inequality) is omitted because its data is not available for one year, then the calculated 

inequality indicator in this particular year may drop substantially. Therefore, it is necessary to 

use the same entities across the whole period of research. However, the data of some provinces 

are not available for some of the years; hence, the county-level units in these provinces cannot 

be included in the study even though the data of these provinces are available in other years. 

The total number of counties and county-level cities in the database is shown in Table 3.1.  
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Table 3.1 Number of Counties and County-level Citie s in Database 
Province Counties County-level cities 

Anhui 44 4 

Fujian 42 14 

Gansu 65 4 

Guangdong 41 22 

Guangxi 66 7 

Guizhou 66 9 

Hainan 10 6 

Hebei 112 22 

Heilongjiang 46 18 

Henan 76 20 

Hubei 39 24 

Hunan 67 16 

Inner Mongolia 68 11 

Jiangsu 21 27 

Jiangxi 68 10 

Jilin 18 17 

Liaoning 26 14 

Ningxia 8 0 

Qinghai 37 2 

Shaanxi 80 3 

Shandong 58 29 

Shanxi 85 11 

Sichuan 117 14 

Tibet 71 1 

Xinjiang 66 15 

Yunnan 106 9 

Zhejiang 34 21 

Total 1537 350 

 

The county-level units can be grouped into larger spatial groupings in higher spatial levels for 

analysis. There are four spatial levels for the grouping of the county-level units, namely, the 

national, inland-and-coastal, economic zonal, and the provincial levels. As mentioned earlier, 

because the data of some provinces are not available in some of the years, the county-level units 

within these provinces cannot be included in the measurement of inequality conducted at the 

national, inland-and-coastal, and economic zonal levels. Only the county-level units in 22 

provinces are included in these three levels of analyses, and they are: 

 

� Eastern zone: Hebei, Jiangsu, Zhejiang, Fujian, Guangdong and Hainan. The 
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municipalities of Beijing, Tianjin and Shanghai are excluded in this study. The 

province of Shandong is not included because of unavailability of data. 

� Central zone: Anhui, Jiangxi, Henan, and Hunan. The provinces of Shanxi and 

Hubei are not included because of unavailability of data. 

� Western zone: Inner Mongolia, Guangxi, Sichuan, Guizhou, Yunnan, Gansu, 

Qinghai, Ningxia and Xinjiang. The municipality of Chongqing is excluded in this 

study. The provinces of Shaanxi and Tibet are not included because of 

unavailability of data. 

� North-eastern zone: Liaoning, Jilin and Heilongjiang. 

 

The categorization of the zones is based on the 2006 China Statistical Yearbook (State 

Statistical Bureau, 2006). The dataset used in the study is comprised of 1485 counties and 

county-level cities every year. It is worth noting that, although the analyses conducted at the 

national, inland-and-coastal, and economic zonal levels are limited to the 22 provinces as 

mentioned above, the analysis conducted at the provincial level can be carried out for all 

provinces as long as the data of that province is available for that year. Therefore, the number of 

provinces reported in the results of the study of intra-provincial regional inequality (which is 

based on the measurement of inequality amongst the county-level units in each province) is 

larger than 22. 

 

Population data is compiled from the Provincial Statistical Yearbook (State Statistical Bureau, 

1998 - 2008a), Provincial Yearbook (State Statistical Bureau, 1998 - 2008b), and China 

Statistical Yearbook for Regional Economy (State Statistical Bureau, 2004 - 2008). It is a 

well-known fact that the provincial population data in China is based on the household 

registration system (hukou) population, whereas the number of temporary migrants is not taken 

into consideration. The temporary population would lead to a discrepancy between the actual 

and registered populations, but this is the only official data available from the government, and 

therefore virtually all studies in China (except the ones based on census or survey data) have to 

rely on it. 

 

The data of the actual population in 2000 for each county-level unit is available in the County 

Data of 2000 Census (2000 ren kou pu cha fen xian zi liao) (State Statistical Bureau, 2003), 

though no such information is available for the census in 2005, and the census data for 2010 is 

not yet available. Therefore, for the time being, it is impossible to adjust the population data by 

interpolation because the only data available is for 2000. Further adjustment can be made when 

the data becomes available in the future. 

 



 

34 

 

Another concern is the quality of output data in China. Many researchers (for example, see 

Chow, 1986, Wu, 1997, Rawski, 2001, Holz, 2006) have raised doubts about the reliability and 

accuracy of the GDP statistics. Despite this, just like in the case of the population data 

mentioned above, government publications are the only source of output data for the 

county-level units. Therefore, all researchers need to rely on official data when studying 

inequality in output amongst the county-level units. Recognizing these limitations, the data in 

official government publications still provide valuable information on both population and 

output. They are indispensable in studying regional inequality in China, although caution should 

be exercised in interpreting the results of all research that is based on these data. 

 

3.4. Results and discussions 

The analyses in Section 3.4.1 are based on the complete dataset, which is comprised of both 

counties and cities. The complete dataset is then divided into the county-only dataset and the 

city-only dataset. The analyses in Section 3.4.2 are based on the county-only dataset, whereas 

those in Section 3.4.3 are based on the city-only dataset. Each of these sections is further 

divided into two subsections. The first subsection shows the inequalities in different spatial 

groupings in the national, inland-and-coastal and economic zonal levels. The second subsection 

shows the measurement of inequality within each province. Basically, this is the intra-provincial 

regional inequality for each province. In order to save space, only the intra-provincial 

inequalities in the beginning (1997) and the end (2007) of the study period are shown. However, 

the inequalities computed for all provinces will be used in other empirical studies in later 

chapters, even if the results are not shown in this section. It should be noted that the data in the 

first subsection is limited to the 22 provinces as listed in Section 3.3, while the provinces that 

are shown in the second subsection are not limited to the 22 provinces. Basically, any province 

whose data are available in 1997 and 2007 is shown in the second subsection. Finally, Section 

3.4.4 provides a comparison of all datasets. Given that the Gini coefficient is the most popular 

measurement of inequality, the discussions in this section will be based mainly on the results of 

this coefficient. However, some sections will also present the results of Theil-T and Theil-L 

indices for comparison. There is only one county-level city in Ningxia, and this city is removed 

from the dataset because there is a boundary change in that city. Ningxia does not have any city 

and is comprised of counties only. Thus, Ningxia is excluded from the study in Section 3.4.3. 
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3.4.1. Inter-county-level-unit (inter-CU) inequalities 

3.4.1.1. Inter-CU inequalities within various spatial groupings 

Figure 3.1 shows that the inter-CU inequalities within all spatial groupings increased 

substantially from 1997 to 2007, and that there is a considerable difference in the growth rates 

of inequality for the spatial groupings. The Gini coefficient in the inland region was slightly 

lower than that of the coastal region (which is equivalent to the eastern zone) in 1997, but then 

the latter increased quickly, especially after 2004, whereas the former increased slowly. 

Accordingly, divergence in inequality can be observed for these two regions. 

 

Turning to the inequality in the economic zones, it can be observed that the eastern zone had 

lower inequality than the western zone in 1997. However, the increase in inequality in the 

eastern zone was so huge that it eventually exceeded the inequality in the western zone. The 

inequality in the central zone was lower than the inequality in the north-eastern zone in the 

beginning of the research period, but at the end, the inequality in the central zone was slightly 

higher than the north-eastern zone. In 2007, the eastern zone had the highest inequality, 

followed by the western zone. Both the central zone and north-eastern zone had relatively low 

levels of inequality. 

 

Table 3.2 shows the changes in inequalities in different spatial groupings. The percentage 

change at the national level is 19.1% for the Gini coefficient while they are recorded as 54.7% 

for Theil-T and 39.9% for Theil-L. The percentage change in the coastal region is much higher 

than that for the inland region. The growth rates of inequality differ significantly for the 

economic zones. The central zone had an enormous increase in inequality in that period, 

revealing an increase of 39.0% in the Gini coefficient, 96.9% for Theil-T and 93.3% for Theil-L. 

The eastern zone had the second largest increase, followed by the north-eastern zone. The 

western zone had just a 13.0% increase in the Gini coefficient, 53.7% for Theil-T, and 29.0% for 

Theil-L. 
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Figure 3.1 Inter-County-Level-Unit Inequalities for  Different Spatial Groupings 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Table 3.2 Changes in Inter-County-Level-Unit Inequa lities for Different Spatial Groupings 

 
Inequality 1997 2007 

Change from 
1997 to 2007 

% Change from 
1997 to 2007 

Nation Gini 0.342  0.407  0.065 19.1 

 
Theil-T 0.202  0.313  0.111 54.7 

 
Theil-L 0.194  0.271  0.077 39.9 

Inland Region Gini 0.292  0.351  0.059 20.1 

 Theil-T 0.143  0.226  0.083 57.6 

 
Theil-L 0.143  0.200  0.058 40.6 

Eastern Zone 
(Coastal Region) 

Gini 0.307  0.401  0.094 30.6 

 
Theil-T 0.159  0.293  0.134 84.2 

 
Theil-L 0.150  0.259  0.109 72.7 

Central Zone Gini 0.222  0.309  0.087 39.0 

 
Theil-T 0.085  0.168  0.083 96.9 

 
Theil-L 0.078  0.152  0.073 93.3 

Western Zone Gini 0.331  0.374  0.043 13.0 

 
Theil-T 0.187  0.287  0.100 53.7 

 
Theil-L 0.179  0.231  0.052 29.0 

North-Eastern Zone Gini 0.244  0.302  0.058 23.7 

 
Theil-T 0.098  0.149  0.051 51.9 

 
Theil-L 0.100  0.155  0.055 55.4 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

3.4.1.2. Intra-provincial inter-county-level-unit inequalities 

The inter-CU Gini coefficients in the provinces in 1997 and 2007 are shown in Figure 3.2 and 

Figure 3.3 respectively. It can be observed in Figure 3.3 that China can be roughly divided into 

the northern portion and the southern portion. Most of the provinces in the northern portion had 

relatively high levels of inequality, while the provinces in the southern portion had relatively 

low levels of inequality. Besides, it is shown that the inequality levels in Hainan were low in 

both 1997 and 2007. 
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Figure 3.2. Intra-Provincial Inter-County-Level-Uni t Inequalities in 1997 (Gini Coefficients) 
Source: Author’s calculation. Note: The municipalities are not included in this study. The data of Shandong, Hubei and Tibet are not available. 
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Figure 3.3. Intra-Provincial Inter-County-Level-Uni t Inequalities in 2007 (Gini Coefficients) 
Source: Author’s calculation. Note: The municipalities are not included in this study. 
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Table 3.3 shows the intra-provincial regional inequality for each province in 1997 and 2007. It is 

evident that the level of inequality increased in most provinces. It is thus difficult to observe 

their relative performance in inequality alleviation. To make the comparison easier, the 

inequality values are converted into relative inequality. The mean inequality for all provinces in 

1997 is calculated first, and then the intra-provincial inequality in each province is divided by 

this mean so as to compute the relative inequality for each province in 1997, with the same 

procedure being carried out for 2007. The results of the relative Gini coefficients are plotted in 

Figure 3.4.  

 

Table 3.3 Relative Intra-Provincial Inter-County-Le vel-Unit Inequalities 

  
Gini 

 
Relative Gini 

  
Province 1997 2007 Change 1997 2007 

Coastal Eastern 

Fujian 0.270 0.293 0.023 1.045 0.953 

Guangdong 0.257 0.253 -0.004 0.994 0.823 

Hainan 0.156 0.144 -0.012 0.602 0.468 

Hebei 0.229 0.333 0.104 0.887 1.084 

Jiangsu 0.375 0.469 0.094 1.451 1.524 

Zhejiang 0.230 0.256 0.026 0.890 0.831 

Inland 

Central 

Anhui 0.195 0.217 0.022 0.753 0.705 

Henan 0.267 0.317 0.050 1.033 1.031 

Hunan 0.177 0.259 0.082 0.684 0.841 

Jiangxi 0.163 0.253 0.090 0.629 0.823 

Shanxi 0.265 0.343 0.078 1.026 1.113 

Western 

Gansu 0.364 0.401 0.037 1.407 1.303 

Guangxi 0.204 0.218 0.014 0.788 0.708 

Guizhou 0.226 0.268 0.042 0.875 0.871 

Inner Mongolia 0.263 0.440 0.177 1.018 1.431 

Ningxia 0.361 0.299 -0.062 1.394 0.971 

Qinghai 0.291 0.372 0.081 1.123 1.209 

Shaanxi 0.247 0.410 0.163 0.955 1.333 

Sichuan 0.287 0.281 -0.006 1.108 0.913 

Xinjiang 0.379 0.443 0.064 1.463 1.439 

Yunnan 0.338 0.314 -0.024 1.306 1.020 

North 
-Eastern 

Heilongjiang 0.181 0.301 0.120 0.698 0.979 

Jilin 0.168 0.217 0.049 0.650 0.706 

Liaoning 0.316 0.283 -0.033 1.221 0.921 

  Mean Gini 0.259 0.308 0.049   
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

 

Figure 3.4 shows the severity and the evolution of intra-provincial regional inequality in each 

province very clearly. The horizontal axis is the relative Gini coefficient in 1997, while the 
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vertical axis is the relative Gini coefficient in 2007. The figure is divided into four quadrants. 

The provinces in the first quadrant are those which had above-average levels of inequality in 

both 1997 and 2007. The provinces in the second quadrant are those which had below-average 

inequalities in 1997 but above-average inequalities in 2007. Those that had below-average 

inequalities in both 1997 and 2007 are situated in the third quadrant. The provinces in the fourth 

quadrant are those which had above-average inequalities in 1997 but below-average inequalities 

in 2007. The evolution of intra-provincial inequality for each province can be observed clearly 

by looking at the quadrant in which it is situated. 

 

It can be observed that five provinces in the first quadrant are from the western zone. The 

provinces in the second quadrant are Hebei and Shaanxi which had below-average inequalities 

in 1997, but which ended up with above-average inequalities in 2007. There are ten provinces in 

the third quadrant, and these provinces had below-average inequalities in both years. The 

provinces within the central zone are either in the first quadrant or in the third quadrant, which 

implies that there was some persistence for intra-provincial inequality in these provinces over 

the study period. The provinces of the north-eastern zone are all under the horizontal axis which 

means that they had below-average inequalities in 2007. The provinces in the fourth quadrant 

performed relatively well on inequality reduction because they had above-average levels of 

inequality in 1997 and below-average levels of inequality in 2007. There is no apparent trend 

for the provinces in the eastern and western zones as they appear in all four quadrants. However, 

it should be pointed out that there are some limitations in the usage of this figure alone. For 

example, inequality in Fujian rose from 0.270 to 0.293 in the study period, but the relative Gini 

coefficient is 1.045 in 1997 and 0.953 in 2007. Although the performance of Fujian was very 

good according to the calculated relative Gini coefficient, its inequality actually increased 

slightly in this period. For this reason, the changes in absolute level of inequality are also 

provided in Table 3.3 for reference. 

  



 

42 

 

 

Figure 3.4 Relative Intra-Provincial Inter-County-L evel-Unit Inequalities in 1997 and 2007  
Source: Author’s calculation. Note: The zones of the provinces are shown. E is eastern zone, C is central zone, W is western zone, and NE is north-eastern zone.
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3.4.2. Inter-county inequalities 

3.4.2.1. Inter-county inequalities within various spatial groupings 

Figure 3.5 shows that inter-county inequality increased in all spatial groupings from 1997 to 

2007. The inter-county inequality within the inland region was higher than the coastal region. 

This finding is different from the one in the previous section, which is based on the data for both 

counties and cities. In 2007, the western zone was found to have the highest inter-county 

inequality, followed by the eastern zone, and then the north-eastern zone. Although the central 

zone registered a large increase in inequality, it still had the lowest inter-county inequality 

among the zones in 2007. 

 

Table 3.4 shows that the national Gini coefficient of inter-county inequality increased by 18.1% 

from 1997 to 2007. The coastal region had higher percentage growth than the inland region, but 

the inter-county inequality in the inland region was still higher than the coastal region in 2007. 

The central zone had the largest percentage increase amongst the four zones across the years. 

The increase was 39.4% for the Gini coefficient, 109.4% for Theil-T and 98.7% for Theil-L. 

The eastern zone had the second largest increase, followed by the north-eastern zone, while the 

western zone had the smallest increase. 
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Figure 3.5 Inter-County Inequalities for Different Spatial Groupings 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Table 3.4 Changes in Inter-County Inequalities for Different Spatial Groupings 

 
Inequality 1997 2007 

Change from 
1997 to 2007 

% Change from
 1997 to 2007 

Nation Gini 0.283 0.334 0.051 18.1 

 
Theil-T 0.132 0.203 0.072 54.3 

 
Theil-L 0.134 0.183 0.048 35.7 

Inland Region Gini 0.262 0.318 0.056 21.5 

 
Theil-T 0.113 0.196 0.083 73.3 

 
Theil-L 0.116 0.167 0.051 44.3 

Eastern Zone 
(Coastal Region) 

Gini 0.229 0.290 0.061 26.6 

 
Theil-T 0.086 0.143 0.057 66.8 

 
Theil-L 0.084 0.133 0.049 57.8 

Central Zone Gini 0.191 0.266 0.075 39.4 

 
Theil-T 0.059 0.124 0.065 109.4 

 
Theil-L 0.057 0.113 0.056 98.7 

Western Zone Gini 0.304 0.355 0.051 16.8 

 Theil-T 0.154 0.269 0.115 75.0 

 
Theil-L 0.150 0.209 0.059 39.2 

North-Eastern Zone Gini 0.219 0.273 0.054 24.7 

 
Theil-T 0.078 0.120 0.042 54.7 

 Theil-L 0.082 0.128 0.046 56.1 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

3.4.2.2. Intra-provincial inter-county inequalities 

The inter-county Gini coefficients for the provinces in 1997 and 2007 are shown in Figure 3.6 

and Figure 3.7 respectively. It can be observed from Figure 3.7 that the provinces, which had a 

high level of inter-county inequality in 2007, are all situated in the northern and north-western 

part of China. Most of them share the border with Inner Mongolia (except Xinjiang). However, 

Ningxia registered a decline in inter-county inequality even though it shares a border with Inner 

Mongolia. In addition, it is found that the levels of inter-county inequalities in Jilin, Fujian and 

Hainan were low in both 1997 and 2007, while Hubei had a low level of inequality in 2007. 
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Figure 3.6 Intra-Provincial Inter-County Inequaliti es in 1997 (Gini Coefficients) 
Source: Author’s calculation. Note: The municipalities are not included in this study. The data of Shandong, Hubei and Tibet are not available. 
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Figure 3.7 Intra-Provincial Inter-County Inequaliti es in 2007 (Gini Coefficients) 

Source: Author’s calculation. Note: The municipalities are not included in this study. 
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Table 3.5 shows the change in intra-provincial inter-county inequality for each province from 

1997 to 2007. Figure 3.8 shows that many provinces in the first quadrant are from the western 

zone; these provinces had above-average inequalities in both 1997 and 2007. Many provinces of 

the central zone are in the third quadrant, which means that these provinces had below-average 

inequalities in both years. The provinces in the north-eastern zone are all under the horizontal 

axis, and so these provinces had relatively low regional inequalities in 2007. Most of the 

provinces are in either the first or third quadrants, which implies that there was some persistence 

for intra-provincial regional inequality in many provinces over the study period. However, there 

is no apparent pattern for the provinces in the eastern zone. 

 

Table 3.5 Relative Intra-Provincial Inter-County In equalities 

  
Gini 

 
Relative Gini 

  
Province 1997 2007 Change 1997 2007 

Coastal Eastern 

Fujian 0.177  0.184  0.007 0.778 0.681  

Guangdong 0.227  0.239  0.012 1.002 0.887  

Hainan 0.135  0.136  0.001 0.594 0.502  

Hebei 0.194  0.287  0.093 0.854 1.064  

Jiangsu 0.189  0.241  0.052 0.832 0.892  

Zhejiang 0.264  0.280  0.016 1.164 1.037  

Inland 

Central 

Anhui 0.170  0.200  0.030 0.748 0.743  

Henan 0.199  0.260  0.061 0.876 0.965  

Hunan 0.184  0.253  0.069 0.811 0.938  

Jiangxi 0.163  0.244  0.081 0.720 0.905  

Shanxi 0.264  0.324  0.060 1.163 1.199  

Western 

Gansu 0.338  0.363  0.025 1.492 1.347  

Guangxi 0.196  0.223  0.027 0.864 0.827  

Guizhou 0.191  0.216  0.025 0.840 0.800  

Inner Mongolia 0.240  0.447  0.207 1.060 1.657  

Ningxia 0.361  0.299  -0.062 1.589 1.107  

Qinghai 0.236  0.248  0.012 1.041 0.920  

Shaanxi 0.246  0.416  0.170 1.086 1.543  

Sichuan 0.239  0.245  0.006 1.052 0.908  

Xinjiang 0.341  0.403  0.062 1.505 1.495  

Yunnan 0.279  0.279  0.000 1.229 1.035  

North 
-Eastern 

Heilongjiang 0.173  0.268  0.095 0.763 0.993  

Jilin 0.150  0.189  0.039 0.662 0.702  

Liaoning 0.289  0.230  -0.059 1.274 0.852  

  
Mean Gini 0.227  0.270  0.043 

  
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 
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Figure 3.8 Relative Intra-Provincial Inter-County I nequalities in 1997 and 2007 
Source: Author’s calculation. Note: The zones of the provinces are shown. E is eastern zone, C is central zone, W is western zone, and NE is north-eastern zone. 
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3.4.3. Inter-city inequalities 

3.4.3.1. Inter-city inequalities within various spatial groupings 

Figure 3.9 shows that inter-city inequality increased a lot in the study period for all spatial 

groupings. Although the inter-city inequality in the inland region increased in the research 

period, the increase was small compared to the coastal region. The coastal region had a dramatic 

increase in inequality and its Gini coefficient was higher than the national one in 2007. The 

eastern zone had the highest level of inter-city inequality in 2007, followed by the western and 

central zones, while the north-eastern zone had the lowest level of inequality. Surprisingly, the 

inter-city inequality in the north-eastern zone registered a decline from 2000 to 2004, however, 

the trend reversed and it increased from 2004 to 2007. 

 

Table 3.6 shows that the inter-city inequality in all spatial groupings increased considerably 

from 1997 to 2007. The percentage change for the national Gini coefficient was 27.4% within 

11 years. The growth rate of the inter-city inequality in the coastal region was much higher than 

the inland region. According to the measurements based on the Gini coefficient, the eastern zone 

had a prominent 39.0% increase, while the central zone had an increase of 30.0%. A moderate 

increase of 23.3% is observed in the north-eastern economic zone, while the western zone only 

had a 14.4% increase. 
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Figure 3.9 Inter-City Inequalities for Different Sp atial Groupings 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Table 3.6 Changes in Inter-City Inequalities for Di fferent Spatial Groupings 

 
Inequality 1997 2007 Change from 

1997 to 2007 
% Change from
 1997 to 2007 

Nation Gini 0.314 0.400 0.086 27.4 

 
Theil-T 0.164 0.285 0.121 74.1 

 
Theil-L 0.159 0.261 0.102 64.5 

Inland Region Gini 0.260 0.316 0.057 21.9 

 
Theil-T 0.111 0.169 0.058 52.6 

 
Theil-L 0.108 0.160 0.052 48.0 

Eastern Zone 
(Coastal Region) 

Gini 0.298 0.415 0.116 39.0 

 
Theil-T 0.144 0.296 0.152 105.4 

 Theil-L 0.144 0.290 0.146 101.1 
Central Zone Gini 0.238 0.309 0.071 30.0 

 
Theil-T 0.093 0.153 0.060 64.7 

 
Theil-L 0.088 0.152 0.064 72.7 

Western Zone Gini 0.298 0.341 0.043 14.4 

 
Theil-T 0.153 0.226 0.073 47.6 

 
Theil-L 0.149 0.190 0.041 27.6 

North-Eastern 
Zone 

Gini 0.222 0.274 0.052 23.3 

 
Theil-T 0.080 0.121 0.041 51.4 

 
Theil-L 0.078 0.124 0.046 58.6 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

3.4.3.2. Intra-provincial inter-city inequalities 

The inter-city Gini coefficients for the provinces in 1997 and 2007 are shown in Figure 3.10 and 

Figure 3.11 respectively. It can be observed that Jiangsu had a very high level of inter-city 

inequality in 2007. The other provinces with high inter-city inequality are Xinjiang, Gansu, 

Inner Mongolia and Hebei. They are all situated in the northern part of China. It is surprising to 

find that although Zhejiang is in the eastern zone, it had a relatively low level of inter-city 

inequality in 2007. Hainan had the lowest level of inter-city inequality in 2007. 
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Figure 3.10 Intra-Provincial Inter-City Inequalitie s in 1997 (Gini Coefficients) 
Source: Author’s calculation. Note: The municipalities are not included in this study. The data of Shandong, Hubei, Tibet and Ningxia are not available. 
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Figure 3.11 Intra-Provincial Inter-City Inequalitie s in 2007 (Gini Coefficients) 

Source: Author’s calculation. Note: The municipalities are not included in this study. The data of Ningxia and Tibet are not available. 



 

55 

 

 

Jiangsu had the highest level of inter-city inequality in 2007, as shown in Table 3.7 and Figure 

3.12. It can be observed that the provinces in the first quadrant are from both the eastern and 

western zones, and these provinces had above-average levels of inequality in both years. 

Provinces in the north-eastern zone are all under the horizontal axis, so all of them had 

below-average levels of inequality in 2007. However, no apparent trend can be observed for the 

provinces in the central zone.  

 

Table 3.7 Relative Intra-Provincial Inter-City Ineq ualities 

  
Gini 

 
Relative Gini 

  
Province 1997 2007 Change 1997 2007 

Coastal Eastern 

Fujian 0.240  0.276  0.036 1.193  1.094  

Guangdong 0.266  0.264  -0.002 1.324  1.045  

Hainan 0.084  0.111  0.027 0.416  0.441  

Hebei 0.173  0.303  0.130 0.861  1.198  

Jiangsu 0.347  0.428  0.081 1.726  1.693  

Zhejiang 0.146  0.185  0.039 0.727  0.732  

Inland 

Central 

Anhui 0.184  0.267  0.083 0.916  1.056  

Henan 0.219  0.252  0.033 1.091  0.997  

Hunan 0.126  0.210  0.084 0.626  0.831  

Jiangxi 0.136  0.239  0.103 0.674  0.947  

Shanxi 0.163  0.280  0.117 0.811  1.111  

Western 

Gansu 0.231  0.342  0.111 1.149  1.353  

Guangxi 0.228  0.163  -0.065 1.136  0.645  

Guizhou 0.115  0.169  0.054 0.571  0.670  

Inner Mongolia 0.281  0.375  0.094 1.401  1.486  

Qinghai 0.178  0.206  0.028 0.884  0.815  

Shaanxi 0.090  0.165  0.075 0.447  0.654  

Sichuan 0.212  0.244  0.032 1.054  0.967  

Xinjiang 0.338  0.363  0.025 1.683  1.439  

Yunnan 0.322  0.260  -0.062 1.601  1.031  

North 
-Eastern 

Heilongjiang 0.142  0.240  0.098 0.709  0.952  

Jilin 0.146  0.228  0.082 0.727  0.905  

Liaoning 0.255  0.236  -0.019 1.270  0.936  

  
Mean Gini 0.201  0.253  0.052 

  
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 
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Figure 3.12 Relative Intra-Provincial Inter-City In equalities in 1997 and 2007 
Source: Author’s calculation. Note: The zones of the provinces are shown. E is eastern zone, C is central zone, W is western zone, and NE is north-eastern zone.

Anhui (C)
Fujian (E)

Gansu (W)

Guangdong (E)

Guangxi (W)
Guizhou (W)

Hainan (E)

Hebei (E)

Henan (C)

Heilongjiang (NE)

Hunan (C)

Jilin (NE)

Jiangsu (E)

Jiangxi (C)

Liaoning (NE)

Inner Mongolia (W)

Qinghai (W)

Shanxi (C)

Shaanxi (W)

Sichuan (W)

Xinjiang (W)

Yunnan (W)

Zhejiang (E)

0.3

0.5

0.7

0.9

1.1

1.3

1.5

1.7

1.9

0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7

R
e

la
ti

v
e

 I
n

e
q

u
a

li
ty

 i
n

 1
9

9
7

Relative Inequality in 2007



 

57 

 

 

3.4.4. Comparison of the inter-county-level-unit inequality, inter-county 

inequality and inter-city inequality 

It can be observed from Table 3.8 that inter-county-level-unit inequality was higher than that for 

inter-city inequality, while inter-city inequality was in turn higher than the inter-county 

inequality in both 1997 and 2007. The percentage increase in inter-city inequality was very large 

(27.4% as measured by the Gini coefficient), and it was much larger than the increase in 

inter-county inequality (18.1% as measured by the Gini coefficient). The evidence shows that 

the inequality amongst the cities grew much faster than the inequality amongst the counties in 

the research period. 

 

Table 3.8 Inequality Changes and Percentage Changes  for the National 
Inter-County-Level-Unit Inequality, Inter-County In equality and Inter-City Inequality 

 
1997 2007 

Change from 
1997 to 2007 

% Change from 
1997 to 2007 

Inter-CU Gini 0.342 0.407 0.065 19.1 
Inter-CU Theil-T 0.202 0.313 0.111 54.7 
Inter-CU Theil-L 0.194 0.271 0.077 39.9 

     
Inter-County Gini 0.283 0.334 0.051 18.1 
Inter-County Theil-T 0.132 0.203 0.072 54.3 
Inter-County Theil-L 0.134 0.183 0.048 35.7 

     
Inter-City Gini 0.314 0.400 0.086 27.4 
Inter-City Theil-T 0.164 0.285 0.121 74.1 
Inter-City Theil-L 0.159 0.261 0.102 64.5 

Source: Author’s calculation. 

 

Table 3.9 shows that there was a sharp increase of inter-CU inequality from 1997 to 1998. The 

annual increase in the period from 1998 to 2002 was moderate for every year, but there was 

another sharp increase from 2002 to 2003. However, the increase between 2003 and 2004 was 

small. National inter-CU inequality remained constant from 2004 to 2005. Surprisingly, the 

inter-county inequality registered a decline in this period, but the percentage increase in 

inter-city inequality was enormous, with a value of 4%.  

 

The results in this section show that large discrepancies exist for the growth rates of the levels 

of inequality in the city and county subgroups. It pinpoints the fact that much information will 

be lost if the cities and counties are combined together in calculation, and thus it is necessary to 

analyze city and county information separately.  
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Table 3.9 Yearly Growth (%) of Gini Coefficient for  the National Inter-County-Level-Unit 
Inequality, Inter-County Inequality and Inter-City Inequality 

Percent Change (%) 1997- 
1998 

1998-
1999 

1999-
2000 

2000-
2001 

2001-
2002 

2002-
2003 

2003-
2004 

2004-
2005 

2005- 
2006 

2006- 
2007 

Inter-CU Gini  3.025 1.419 2.383 2.103 1.414 3.658 0.602 0.067 1.987 1.025 

Inter-County Gini  2.709 1.754 2.084 2.583 0.407 3.144 0.845 -0.323 2.015 1.631 

Inter-City Gini  2.953 0.803 3.050 1.459 2.497 4.523 1.196 3.969 2.926 1.170 
Source: Author’s calculation. 

 

3.5. Conclusions 

The results show that the inequality amongst the county-level units has increased enormously in 

the study period. Not only the results derived from the national level study, but the analyses 

conducted at the inland-and-coastal level, the economic zonal level and the provincial level all 

show that regional inequality increased substantially in different spatial groupings over the 

period 1997 - 2007. 

 

The study based on inter-CU inequality shows that the coastal region had a higher level of 

inequality than the inland region. The zonal level analysis shows that the eastern zone had the 

highest inequality in 2007, followed by the western zone, and then the central zone, while the 

north-eastern zone had the lowest level of inequality. These findings are the same as the study 

which is based on the city-only dataset. However, the study based on inter-county inequality 

reports entirely different findings. For the study which is based on the county-only dataset, 

inequality in the inland region is higher than that for the coastal region. Moreover, the study 

shows that the inequality in the western zone was the highest, followed by the eastern zone, and 

then the north-eastern zone, while the central zone had the lowest level of inequality. 

 

The similarity between the results based on the city-only dataset and those based on both cities 

and counties suggest that inequality in cities may play a major role in the overall inequality in 

China. Decomposition is implemented in the next chapter to show the contribution of the cities 

to overall inequality. Another observation is that both the eastern and western zones had high 

levels of inequality no matter whether the study is based on the complete dataset or the 

county-only dataset, or the city-only dataset. 

 

As far as intra-provincial regional inequality for each province is concerned, Jiangsu is found to 
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have the highest inter-city and inter-CU inequalities for 2007. Another observation is that most 

of the provinces that have high levels of inequality are in the northern part of China and are 

situated close to each other. In addition, it can be concluded that the provinces have different 

patterns of inequality even if they are in the same economic zone. The results imply that there is 

a need to formulate province-specific policies in order to reduce inequality. 

 

Finally, the discrepancy in the results obtained from the city-only dataset and the county-only 

dataset implies that the dynamics of inequality for the cities and counties are different. It is thus 

better to separate them and analyze them individually. Therefore, decomposition analyses are 

performed for the city and county subgroups in Chapter 4. Likewise, separate convergence 

analyses are performed for the city-only and county-only datasets in Chapter 5. 
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CHAPTER 4                        

DECOMPOSITION OF REGIONAL INEQUALITY IN 

CHINA 

4.1. Introduction 

The patterns and trends of inequality can be observed directly from inequality measurements. 

However, much more information can be extracted from the data using other analytical 

techniques. Decomposition techniques can be used to determine the contribution of each 

component to overall inequality. However, many studies on the decomposition of inequality are 

based on non-regional data, such as household survey data. Because most of the surveys are 

conducted among different households, it is impossible to observe the annual change between 

the surveys. Although some studies employ regional data which are available on a yearly basis, 

they are mostly based on provincial level data, and thus cannot provide any information on 

intra-provincial regional inequality. Even though some studies are based on county-level data, 

they all suffer from the problem of limited coverage or a short time-span. This study contributes 

to the literature by decomposing inequality amongst the county-level units, within the provinces 

in both the inland and coastal regions, for an extended period of time. Therefore, the trend and 

evolution of the contribution by each spatial component can be observed clearly. Finally, the 

decomposition of inequality into the city and county subgroups is conducted to examine the 

inequality between the two. 

 

The county-level data used in this study can provide an opportunity to examine the pattern and 

evolution of regional inequality in greater detail. Since county-level data is used in this research, 

it is feasible to decompose overall inequality into the intra-provincial and inter-provincial 

components. The intra-provincial component (which is basically the inter-CU inequality within 

a province) of each province reflects its contribution to overall inequality. Therefore, this makes 

possible the identification of the significance of each province. Hence, policy implications can 

be derived for the central government in allocating resources amongst provinces. Moreover, it is 

shown in previous chapter that the inequality level and the evolution pattern of inequality in 

each province vary greatly. Therefore, it calls for the formulation of province-specific inequality 

reduction policy for every province. The results obtained from the decomposition of 

intra-provincial inequality can provide pertinent information to the government for developing 

an integrated, tailor-made policy for each province individually. 
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The decomposition analysis in this chapter is carried out through a three-tier decomposition so 

as to examine the contributions of the components in different spatial levels. Another tier of 

decomposition is then performed for the cities and counties. In this way, the decomposition not 

only shows the percentage changes in the contribution of the different spatial components, but 

also unveils the inequality amongst the cities, the inequality amongst the counties, as well as the 

inequality between the cities and counties. 

 

The remainder of this chapter is composed of five sections. Section 4.2 presents a literature 

review of the studies which are related to the decomposition of inequality in regional output. 

Section 4.3 presents a discussion of the method of decomposition. Section 4.4 provides 

information on the data. Section 4.5 presents the empirical findings. Section 4.5.1 reports the 

decomposition based on different spatial levels, whereas Section 4.5.2 presents the results based 

on the decomposition of the intra-provincial regional inequality into city and county subgroups. 

Section 4.6 concludes with some policy suggestions. 

 

4.2. Literature review 

One of the major analytical tools used in the subject of regional inequality is the decomposition 

method. To date various techniques have been developed and introduced to decompose 

inequality. This study is based on the decomposition of inequality by subgroups. For most of the 

literature on regional inequality, the subgroups are defined as different spatial groupings. The 

common spatial groupings used in decomposition in the literature are the provinces at the 

provincial level, the economic zones at the economic zonal level as well as the inland and 

coastal regions at the inland-and-coastal level. The focus of this study is on the regional 

inequality measured by the gross regional product (GRP) per capita of the county-level units; 

hence, this literature review is mainly confined to the studies that use regional output in 

calculation. The studies are grouped according to the different spatial levels used in the 

decomposition and are discussed separately.  

 

4.2.1. Provincial level decomposition 

Tsui (1993) analyzes inter-CU inequality in gross value of industrial and agricultural output 

(GVIAO) per capita in 1982 and he decomposes overall inequality into two components, namely, 

the inter-provincial and intra-provincial components. Lee (2000) analyzes the data in 1994 and 

compares it with those of Tsui (1993). Lee (2000) finds that the contribution of inter-provincial 
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inequality to overall inequality increased from 1982 to 1994, while the contribution of 

intra-provincial inequality decreased. Herrmann-Pillath et al. (2002a) also study the 

contributions of the inter-provincial and intra-provincial inequalities to overall inequality, but 

their study is based on the inequality in GRP per capita amongst the prefectures. They find that 

the contribution of the inter-provincial inequality component to overall inter-prefectural 

inequality increased from 1993 to 1998, whereas the contribution of the intra-provincial 

inequality component to overall inter-prefectural inequality decreased. Similarly, Li and Xu 

(2008) study regional inequality in GRP per capita using prefectural level data from 1997 to 

2005, and find that the contribution of the intra-provincial component declined from 61.6% in 

1997 to 59.4% in 2005, while the contribution of the inter-provincial component increased from 

38.4% to 40.6% in this time period. Their results provide further empirical evidence supporting 

the findings of both Lee (2000) and Herrmann-Pillath et al. (2002a). Although overall inequality 

measures in the aforementioned studies are calculated using data compiled at different spatial 

levels, the conclusions are very similar, as all of them show that there was an increase in the 

contribution of the inter-provincial inequality and a decline in the contribution of the 

intra-provincial inequality. 

 

4.2.2. Zonal level decomposition 

The decomposition of inequality into the inter-zonal component and intra-zonal component is 

very common in the studies of inequality for China. Yao and Zhang (2001a), Bhalla et al. (2003), 

and Yao et al. (2005) all conduct research on the contributions of the inter-zonal inequality 

component and the intra-zonal inequality component to overall inequality using provincial level 

GRP per capita data. They all come to the same conclusion that the contribution of the 

inter-zonal inequality component increased, while the contribution of the intra-zonal inequality 

component decreased. Yao and Zhang (2001a) find that the contribution of the inter-zonal 

component was about 80% in 1997. Cai et al. (2002) study inter-provincial inequality in GRP 

per capita from 1978 to 1998 and they decompose overall inequality into three economic zones. 

They find that the eastern zone component contributed more than 60% to overall inequality, 

while the inter-zonal component contributed about 30% in 1978. However, the contribution of 

the inter-zonal component increased significantly and was around 60% in 1998. The 

contribution of the eastern zone component declined dramatically over this period. Therefore, 

they argue that club convergence was observed within the eastern zone. They also find that the 

contributions of the central and western zone components remained very small in this period. 

Bhalla et al. (2003), who use provincial level data in their study, show that the eastern zone 

contributed the most to overall provincial inequality. Li and Xu (2008) decompose 
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inter-provincial inequality into contributions of four different zones using data for GRP per 

capita from 1978 to 2005. They find that the eastern zone component contributed about 20% to 

overall inequality in 2005, while the sum of the contributions of components of central, western 

and north-eastern zones was only 10%. Moreover, they find that the contribution of the 

inter-zonal component increased from 40% in 1978 to about 70% in 2005. Therefore, they 

conclude that inter-provincial inequality was mainly caused by the disparity amongst the four 

economic zones. Gries and Redlin (2009) decompose inequality in provincial GRP per capita 

from 1978 to 2004. They show that the eastern zone component contributed the most to overall 

inter-provincial inequality back in 1978, however, the contribution of this component decreased 

sharply in this period. On the contrary, the contribution of the inter-zonal component increased 

dramatically and became the largest contributor to overall inequality in 2004. Villaverde et al. 

(2010) find that the contribution of the inter-zonal component increased considerably from 

below 20% in 1978 to about 50% in 2007, while the contribution of the intra-zonal component 

declined from 80% to about 50%. Liu (2006a) investigates regional inequality using the data of 

agricultural output (AO), rural non-agricultural output (RNAO) and gross value of rural social 

product (GVRSP) for the rural sector. Although the output data is not the same as the studies 

mentioned earlier, it is found that the contributions of the inter-zonal components for these three 

indicators increased in the period 1980 to 2002, while the contributions of the intra-zonal 

components decreased. 

 

Some other researchers study the decomposition of inequality at the zonal level using 

prefectural level and county-level data. Herrmann-Pillath et al. (2002a) study inter-prefectural 

inequality in GRP per capita and they decompose the overall inter-prefectural inequality into 

inter-zonal and intra-zonal components. They find that the contribution of the inter-zonal 

component to overall inter-prefectural inequality increased from 1993 to 1998, while the 

contribution of the intra-zonal component decreased. Other researchers use county-level data in 

their studies; Lee (2000) examines regional inequality using GVIAO per capita of the 

county-level units in 1994 and compares the results with those of Tsui (1993). Lee (2000) finds 

that the contribution of the inter-zonal component to overall inequality increased, while the 

contribution of the intra-zonal component decreased from 1982 to 1994. 

 

It can be concluded that no matter whether the studies are based on provincial level, prefectural 

level, or county-level data, and no matter whether the data is based on GRP per capita or other 

measures of regional output, there is a consensus that the contribution of the inter-zonal 

component to overall inequality has increased since the economic reforms. 
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4.2.3. Inland-and-coastal level decomposition 

It is a well-known fact that there exists a high disparity between the inland and coastal regions. 

Jian et al. (1996), Ying (1999), Tsui (2007) and Hao and Wei (2010) study the inequality in GRP 

per capita using provincial data. They all find that the contribution of the inequality between the 

inland and coastal regions component increased, while the contribution of the component of the 

inequalities within both the inland and coastal regions decreased over time. Fujita and Hu (2001) 

use GRP rather than GRP per capita in the calculation. However, they also come up with the 

same conclusion that there was an increase in contribution of the inequality between the inland 

and coastal regions component. Similarly, Hao and Wei (2010) decompose the inter-provincial 

inequality in GRP per worker and show that the contribution of the inequality between the 

inland and coastal regions component increased sharply from 1978 to 2004. They performed the 

analysis again without including the municipalities, but the results proved to be very similar to 

the original finding. 

 

4.2.4. Decomposition based on other spatial groupings 

Some researchers employ their own definitions in constructing spatial subgroups in 

decomposition. Herrmann-Pillath et al. (2002a) divide the provinces in China into seven 

‘macro-regions’, while similarly, Huang et al. (2003) divide the provinces into seven ‘areas’ in 

their research. Herrmann-Pillath et al. (2002a) examine inter-prefectural inequality in GRP per 

capita and find that the contribution of the inter-macro-region inequality component to overall 

inter-prefectural inequality decreased from 1993 to 1998. Huang et al. (2003) study 

inter-provincial inequality in GRP from 1991 to 2001 and find that the contribution of the 

component of the inter-area inequality to overall inter-provincial inequality increased, while the 

contribution of the intra-area inequality to overall inequality decreased. Huang et al. (2003) thus 

conclude that inter-area inequality is the major driving force that explains the increase in overall 

inter-provincial inequality. It seems that Herrmann-Pillath et al. (2002a) and Huang et al. (2003) 

reach different conclusions, as the former authors find that the contribution of 

inter-macro-region inequality decreased, while the latter finds that the contribution of the 

inter-area inequality component increased. However, their results cannot be compared directly 

because the data that they used are different. First, the time-span is not the same. Second, the 

study of Herrmann-Pillath et al. (2002a) is based on prefectural level data, whereas the study of 

Huang et al. (2003) is based on provincial level data. Third, Herrmann-Pillath et al.(2002a) used 

GRP per capita data in the analysis, whereas Huang et al. (2003) used provincial GRP data 

rather than GRP per capita. Moreover, their method of categorization of the provinces into seven 
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groups is not the same.  

 

The aforementioned studies show that economic development in China is very uneven amongst 

the regions. Moreover, it is shown that spatial groupings play a major role in inequality and thus 

it is necessary to study inequality with more attention paid to spatial factors. The methodology 

of decomposition of inequality by subgroups provides the tools to study the contributions of the 

different spatial components to overall inequality. Details of the method are presented in next 

section. 

 

4.3. Methods 

4.3.1. Types of decomposition methods 

The decomposition of inequality can be applied to study the contribution of each component to 

overall inequality. Overall inequality can be decomposed into several components and the 

contribution of each component can be computed accordingly. This is an excellent tool in 

determining the relative significance of each component. A ranking of the levels of importance 

can be derived for all components and this information is valuable in determining the order of 

priority for each component in policy making. 

 

The most common approaches used in the literature are the decomposition by subgroups 

(Shorrocks, 1980, Shorrocks, 1984) and the decomposition by income sources (Yao, 1997a, Yao, 

1999b). Decomposition by subgroups can be applied to survey or regional data (for example, 

see Tsui, 1993, Cheng, 1996b, Yao and Liu, 1998, Kanbur and Zhang, 1999, Yang, 1999, Ying, 

1999, Lee, 2000, Cai et al., 2002, Huang et al., 2003, Kanbur and Zhang, 2005, Sicular et al., 

2007, Wan, 2007, Li and Xu, 2008, Lin et al., 2008, Gries and Redlin, 2009, Liu, 2010), while 

decomposition by income sources are mostly used with survey data to determine the 

significance of each income component (for instance, Khan et al., 1993, Rozelle, 1994, Cheng, 

1996a, Khan and Riskin, 1998, Gustafsson and Li, 2001, Liu and Sicular, 2009, Zhou, 2009, 

Fang and Rizzo, 2011). Theil-T and Theil-L indices are mostly used in the decomposition by 

subgroups (Theil, 1967, Theil, 1972, Shorrocks, 1980, Cowell, 2000), while the Gini coefficient 

is used in the decomposition by income sources (for instance, Cheng, 1996a, Yao, 1997a, Yao, 

1999b). 

 

There are some other decomposition techniques which can decompose overall inequality into 
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different factor components (Shorrocks, 1982). For example, Cheng and Li (2006a) suggest a 

new interpretation for the decomposition of the Theil index when income is expressed as 

multiplicative components. One recent technique incorporates regression analysis in 

decomposition and it is termed the ‘Regression-Based Decomposition’ (for details, refer to 

Blinder, 1973, Oaxaca, 1973, Shorrocks, 1999, Fields and Yoo, 2000, Morduch and Sicular, 

2002, Wan, 2002, Wan, 2004). This decomposition technique can provide information on the 

determinants of income inequality by including different explanatory variables in the regression 

analysis. It has gained popularity in recent years and several studies are based on this technique 

or its variants (for instance, Meng, 2004, Wan and Zhou, 2005, Wan and Zhou, 2006, Tsui, 2007, 

Wan et al., 2007, Lu, 2008, Lu and Zhao, 2008, Yue et al., 2008, Deng and Li, 2009, Liu and 

Sicular, 2009, Zhang and Eriksson, 2010, Chi et al., 2011, Wu and Zhu, 2011, Yu et al., 2011, 

Zhao et al., 2011). However, Liu (2010) notes that linear assumption is necessary for this 

approach, and it is hard to compare the results obtained from different models which use 

different variables in estimation. Besides, the determinants of inequality are fully explored in 

Chapter 6 using the system generalized method of moments (SGMM) approach. It would be 

redundant if the Regression-Based Decomposition was to be used in this chapter to study the 

determinants of regional inequality, thus, only the decomposition of inequality by subgroups is 

used in the analysis. 

 

4.3.2. Decomposition of inequality by subgroups 

The decomposition of inequality by subgroups is used to determine the contributions of the 

subgroups to overall inequality (Theil, 1967, Theil, 1972). First, overall inequality is calculated 

based on all the entities. Second, the entities, which are used in the measurement of inequality, 

are then divided into two or more subgroups. These subgroups can be defined by spatial 

relationship, quantifiable data, or qualitative information. Overall inequality for all the entities is 

then decomposed into the weighted sum of the inequalities existing within these subgroups (the 

intra-subgroup component) and the inequality existing between these subgroups (the 

inter-subgroup component) (for a detailed discussion, please refer to Bourguignon, 1979, 

Shorrocks, 1980, Shorrocks, 1984). 

 

There are two major properties of the decomposability of the inequality measure, namely the 

properties of aggregativity and additive decomposability. Aggregativity means overall inequality 

can be expressed as a function of the subgroups’ aggregate characteristics and inequalities 

within these groups. Additive decomposability imposes further constraints on decomposability, 

and it requires that overall inequality can be expressed as the sum of the inequality existing 
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between subgroups and a weighted sum of the inequalities within these subgroups. Theil-T and 

Theil-L indices are often used in the decomposition of inequality by subgroups because both 

indices can be decomposed completely into the inter-subgroup component and the 

intra-subgroup component (Bourguignon, 1979, Shorrocks, 1980, Shorrocks, 1984). On the 

contrary, the Gini coefficient cannot satisfy the property of additive decomposability, so it 

cannot be decomposed completely into the two components (Yao, 1999b). Therefore, the Gini 

coefficient has seldom been used in this kind of exercise (Bourguignon, 1979). It must be 

pointed out that many conventional inequality measures cannot satisfy the condition of 

aggregativity or additive decomposability, for example relative maximum range and relative 

mean deviation cannot satisfy the condition of aggregativity, while Atkinson’s measure cannot 

satisfy the condition of additive decomposability. In fact, only the variance, square of the 

coefficient of variation, Theil-T and Theil-L can satisfy the condition of additive 

decomposability (Bourguignon, 1979). However, variance cannot satisfy the condition of 

income-zero-homogeneity, and its value would change when all incomes are multiplied by the 

same scalar. Although the square of the coefficient of variation satisfies the condition of 

income-zero-homogeneity, it is rarely used in the literature. Therefore, Theil-L and Theil-T 

indices are used in the decomposition of inequality for this study as they can fulfill the 

conditions of income-zero-homogeneity, aggregativity, additive decomposability and the 

Pigou-Dalton requirement (as discussed in section 3.2). 

 

The decomposition process can be carried out in successive tiers, so that the relationship 

between the various components can be investigated. The decomposition of overall inequality in 

China can be performed in two directions. One of them is the decomposition of the inequality 

measured at any hierarchical level into the inter-subgroup component and the intra-subgroup 

component at a higher hierarchical level. The decomposition of inequality can be performed 

vertically in several tiers so as to understand the contribution percentage of these hierarchical 

levels to overall inequality in China. The other set of decomposition can also be implemented 

amongst the constituents within the same level. This horizontal way of decomposition can show 

the contribution of each individual constituent to overall inequality within the same hierarchical 

level. 

 

As mentioned in Section 2.1.2, in order to carry out the decomposition in successive tiers, the 

coastal region is considered as having the same provinces as the eastern zone, while the inland 

region consists of the provinces in the central, western and north-eastern zones. It is slightly 

different from the definition that defined the coastal region as including all the provinces in the 

eastern zone and two others, namely, Guangxi and Liaoning. However, these two ways of 

categorization are very similar. Nevertheless, the result derived in this chapter can be viewed as 
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a study of the disparity between the eastern zone and the other zones. 

 

There are five spatial levels in the decomposition. Level 1 is the county-level; level 2 is the 

provincial level; level 3 is the zonal level; level 4 is the inland-and-coastal level; and level 5 is 

the national level. Let ��
�,� be the inequality index for the kth region at level j. The subscript i 

and superscript j represent different spatial levels, where j is always higher than i by one spatial 

level. The measurement of inequality is based on population and GRP data compiled at level i 

which is represented by subscript i, and represents inequality as measured amongst the level i 

units. Superscript j represents the level of the spatial grouping that is used in the measurement 

of inequality. Every spatial grouping in level j is made up of the level i units. Generally, there 

are several spatial groupings in each level (except level 5, which is the national level, and so it 

has only one entity), and the kth region is one of the many spatial groupings at spatial level j. For 

example, the inter-CU inequality within the ath province can be represented by ���,�. The 

subscript 1 (county-level) shows that the inequality measurement is based on the county-level 

units; while the superscript 2 (provincial level) shows that the county-level units are grouped 

into province, and the inequality measurement refers to the inequality amongst the county-level 

units within a province. The a behind the comma in the superscript refers to the ath province. 

Similarly, zonal level is level 3 and thus, the inter-provincial inequality within the bth economic 

zone can be represented by	��
,�. It should be noted that the overall inequality of the whole 

nation based on county-level data is represented by ���. There is no region notation after the 

number 5 in the superscript, because superscript 5 represents the whole nation and it is the only 

spatial grouping at the national level. 

 

The inequality of the inter-subgroup component measured at any level i can be decomposed into 

the sum of the intra-subgroup component and inter-subgroup component measured at a higher 

spatial level j. Overall inter-CU inequality for China (��� ) can be decomposed into the 

intra-provincial component and the inter-provincial component (��� ). The intra-provincial 

component is equal to the weighted sum of the inter-CU inequalities within all the provinces in 

the dataset. The inter-CU inequality within the ath province is represented by ���,. 
 

��� � ∑ ������� 	���, � ���              (4.1) 

 

where a = 1 to 22 since there are 22 provinces in this study, Wa is the weight for the ath 

province. 

 

The weights of the Theil-L and Theil-T are not the same. Population weight is used in Theil-L 
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and income weight is used in Theil-T (Gustafsson and Li, 2002). 

 

The weight of Theil-L for region i = 
N

n i

 

 

The weight of Theil-T for region i = 
Y

Yi

 

 

where ni  is the population in region i, N is the total population in all the regions, Yi is the 

regional GRP in region i, Y is the total regional GRP of all regions. So Wa , the weight for the ath 

province, is 
N

na

 
for Theil-L and 

Y

Ya  for Theil-T where na is the population in the ath 

province and Ya is the provincial GRP in the ath province. 

 

Similarly, the inter-provincial inequality (���) can then be decomposed into the sum of the 

intra-zonal component and the inter-zonal component (�
�). The intra-zonal component is equal 

to the weighted sum of the inter-provincial inequalities within all the zones. The inter-provincial 

inequality within the bth zone is represented by	��
,�. 
 

��� � ∑ ���
��� 	��
,� � �
�              (4.2)  

 

where b = 1 to 4 since there are four economic zones, Wb is the weight for the bth zone.  

 

In the third tier of decomposition, the inter-zonal inequality (�
�) can be further decomposed into 

the sum of the component of the inequalities within the inland and coastal regions, and the 

component of the inequality between the inland and coastal regions (���). The component of the 

inequalities within the inland and coastal regions is equal to the weighted sum of the inter-zonal 

inequalities within the inland and coastal regions. The inter-zonal inequality within the cth 

region is represented by �
�,�. 
 

�
� � ∑ ������ 	�
�,� � ���               (4.3) 

 

where c = 1, 2, since there are two regions, namely the inland and the coastal regions, and Wc is 

the weight for the cth region.  

 

Substitute (4.3) into (4.2), 
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��� � ∑ ���
��� 	��
,� � ∑ ������ 	�
�,� � ���.           (4.4) 

 

Substitute (4.4) into (4.1), 

 

��� � ∑ ������� 	���, � ∑ ���
��� 	��
,� � ∑ ������ 	�
�,� � ���.        (4.5) 

 

The contribution of the various spatial components to overall inter-CU inequality in China can 

be derived from Equation (4.5). The percentage of contribution of each component can then be 

found by dividing the value of each individual component by overall inequality. Overall 

inter-CU inequality can be decomposed into the spatial components at four levels. This form of 

decomposition is the vertical decomposition, which can be applied across different 

administrative levels.  

 

All components in Equation (4.5), except ���, are the weighted sum of the inequality measured 

at a lower level. These intra-subgroup components can be further decomposed into their 

constituents within each level. The value of each constituent unit is the inequality of that entity 

times its weight. For example, the weighted sum of the inter-CU inequalities within all the 

provinces, which is made up of the contributions of 22 provinces, can be decomposed into the 

contribution of each province. This can identify major contributors to overall inequality for each 

spatial grouping. 

 

Similarly, the intra-provincial regional inequality (that is, the inter-CU inequality within each 

province) can be further decomposed into three components within each province, namely, the 

components of the inter-county inequality, the inter-city inequality, and the inequality between 

city and county subgroups. The information can reveal the disparity between the cities and 

counties within each province. Accordingly, intra-provincial development policy can be 

formulated for each province. 

 

4.4. Data 

Wan (2008a) suggests that China’s regional inequality can be divided into two dimensions: the 

east-central-west divide and the rural-urban inequality. The latter contributes over 70% to 

overall inequality, while the former contributes about 30%. However, the data for rural and 

urban areas within the county-level units are not available, therefore, it is impossible to study 
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the inequality between the rural and urban areas at the county-level. Tsui (1993) and Lee (2000) 

treat the cities as urban areas, and the counties as rural areas in their analysis. They decompose 

overall inter-CU inequality into the contributions of the ‘intra-rural’, ‘intra-urban’ and 

‘rural-urban’ components. The same approach will be used in the research in this chapter, except 

that in order to avoid any ambiguity, the components are renamed as the inter-county inequality, 

inter-city inequality and inequality between city and county subgroups. 

 

The data used in this chapter is basically the one which is used in Chapter 3, with one minor 

difference. All the aggregations which contain both county-level cities and counties are 

excluded from the analysis in this chapter because if the aggregation is made up of both cities 

and counties, it is impossible to decompose overall inequality into the components of 

inter-county inequality, inter-city inequality and inequality between city and county subgroups. 

4.5. Results and discussions 

This section is divided into two subsections. The first presents the results based on 

decomposition of overall inequality into different spatial components. The second shows the 

results based on further decomposition of intra-provincial inequality into the components of the 

inter-county inequality, the inter-city inequality, and the inequality between city and county 

subgroups.  

4.5.1. Decomposition of inequality into spatial components 

Table 4.1 shows the three-tier decomposition of inequality. The first tier is the decomposition of 

overall inter-CU inequality into the intra-provincial component (that is, the weighted sum of the 

inter-CU inequalities within all the provinces) and the inter-provincial component as shown in 

Equation (4.1). The contribution of each component is expressed as a percentage of the overall 

inter-CU inequality. The second tier is the decomposition of inter-provincial inequality into the 

intra-zonal component (that is, the weighted sum of the inter-provincial inequalities within all 

the zones) and the inter-zonal component as shown in Equation (4.2). The contribution at this 

level is expressed as a fraction of the inter-provincial inequality. The third tier is the 

decomposition of the inter-zonal inequality into the component of inter-zonal inequalities within 

the inland and coastal regions (that is, the weighted sum of the inter-zonal inequalities within 

the inland and coastal regions) and the component of the inequality between the inland and 

coastal regions as shown in Equation (4.3). The contributions of the components are expressed 

as a percentage of the inter-zonal inequality. 

 



 

72 

 

Table 4.1 shows that in the first tier decomposition, the contributions of the component of the 

inter-CU inequalities within all the provinces and the component of the inter-provincial 

inequality to overall inter-CU inequality remained relatively constant in this period. It is 

interesting to note that the contribution of the component of inter-provincial inequality 

decreased slightly from 1997 to 2007 using Theil-T in calculation, but it increased slightly when 

Theil-L was used in calculation, but the difference is small. It is also found that the 

contributions of the two components remained more or less the same over the study period. On 

the contrary, the contribution of the component of the inter-provincial inequalities within all the 

zones to overall inter-provincial inequality increased substantially using both Theil-T and 

Theil-L, as shown in the second tier decomposition. In 1997, the contributions were about 26% 

for Theil-T and 28% for Theil-L. These contributions increased enormously to reach about 48% 

for both indices in 2007, while the contribution of the inter-zonal inequality component 

decreased significantly. In 2007, the contributions of the component of inter-provincial 

inequalities within all the zones and the component of inter-zonal inequality were very similar. 

 

Finally, the third tier decomposition shows the contributions of the component of inter-zonal 

inequalities within the inland and coastal regions, in addition to the component of the inequality 

between the inland and coastal regions to overall inter-zonal inequality. It can be observed that 

the changes in contributions are relatively small. The contribution of the component of the 

inter-zonal inequalities within the inland and coastal regions dropped about 4%, whereas the 

contribution of the component of inequality between the inland and coastal regions increased 

slightly. The contribution of the component of inequality between the inland and coastal regions 

to overall inter-zonal inequality reached about 90% by 2007. 

 

Table 4.2 shows the overall result of the decomposition into different spatial components using 

Equation (4.5). The contribution of each component is expressed as a percentage of the overall 

inter-CU inequality. Figure 4.1 shows the decomposition for Theil-T, whereas Figure 4.2 shows 

the result for Theil-L. Although there are some minor differences in the percentage contribution 

derived from the two indices, the magnitude and trend are similar. The component of inter-CU 

inequalities within all the provinces contributed the most to overall inter-CU inequality and was 

about 60% in 2007. The magnitude of the contributions of the component of inter-provincial 

inequalities within all the zones and the component of the inequality between the inland and 

coastal regions were very similar in 2007. According to the measurement based on Theil-T, the 

contribution of the component of inter-provincial inequalities within all the zones was 19% in 

2007, and the contribution of the component of inequality between the inland and coastal 

regions was 18%. The component of inter-zonal inequalities within the inland and coastal 

regions contributed the least to overall inequality, being about 2% in 2007. 
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Table 4.1 Three-Tier Decomposition of Inter-CU Ineq uality into Spatial Components 

   
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

First  tier 
decomposition 

Theil-T 
Inter-CU inequalities within all the provinces (%) 59.49  57.84  57.04  57.58  57.53  56.79  56.77  57.28  59.75  60.56  60.74  

Inter-provincial inequality (%) 40.51  42.16  42.96  42.42  42.47  43.21  43.23  42.72  40.25  39.44  39.26  

Theil-L 
Inter-CU inequalities within all the provinces (%) 57.19  55.55  54.93  55.70  55.71  54.67  54.14  54.08  55.98  56.56  56.46  

Inter-provincial inequality (%) 42.81  44.45  45.07  44.30  44.29  45.33  45.86  45.92  44.02  43.44  43.54  

              

   
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Second  tier 
decomposition 

Theil-T 
Inter-provincial inequalities within all the zones (%) 26.19  22.98  22.75  25.80  26.61  28.27  29.67  33.02  42.70  45.71  48.90  

Inter-zonal inequality (%) 73.81  77.02  77.25  74.20  73.39  71.73  70.33  66.98  57.30  54.29  51.10  

Theil-L 
Inter-provincial inequalities within all the zones (%) 28.28  24.38  23.44  26.27  26.92  28.06  29.11  32.94  41.85  44.95  48.26  

Inter-zonal inequality (%) 71.72  75.62  76.56  73.73  73.08  71.94  70.89  67.06  58.15  55.05  51.74  

              

   
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Third  tier 
decomposition 

Theil-T 

Inter-zonal inequalities within the inland and coastal 
regions (%) 14.07  14.94  14.91  12.63  12.02  11.98  10.89  10.70  10.71  9.10  10.03  

Inequality between the inland and coastal regions (%) 85.93  85.06  85.09  87.37  87.98  88.02  89.11  89.30  89.29  90.90  89.97  

Theil-L 

Inter-zonal inequalities within the inland and coastal 
regions (%) 17.34  18.49  18.40  15.66  14.97  14.93  13.72  13.51  13.49  11.60  12.56  

Inequality between the inland and coastal regions (%) 82.66  81.51  81.60  84.34  85.03  85.07  86.28  86.49  86.51  88.40  87.44  

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Table 4.2 Decomposition of Inter-CU Inequality into  Spatial Components 
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Theil-T Inequality between the inland and coastal regions (%) 25.70  27.62  28.24  27.50  27.42  27.28  27.09  25.55  20.59  19.46  18.05  

 
Inter-zonal inequalities within the inland and coastal 
regions (%) 

4.21  4.85  4.95  3.98  3.75  3.71  3.31  3.06  2.47  1.95  2.01  

 
Inter-provincial inequalities within all the zones (%) 10.61  9.69  9.77  10.94  11.30  12.21  12.82  14.11  17.19  18.03  19.20  

 
Inter-CU inequalities within all the provinces (%) 59.49  57.84  57.04  57.58  57.53  56.79  56.77  57.28  59.75  60.56  60.74  

             
             
Theil-L Inequality between the inland and coastal regions (%) 25.38  27.40  28.16  27.55  27.52  27.74  28.05  26.63  22.14  21.14  19.70  

 
Inter-zonal inequalities within the inland and coastal 
regions (%) 

5.32  6.22  6.35  5.12  4.85  4.87  4.46  4.16  3.45  2.77  2.83  

 
Inter-provincial inequalities within all the zones (%) 12.10  10.84  10.57  11.64  11.92  12.72  13.35  15.13  18.43  19.53  21.01  

 
Inter-CU inequalities within all the provinces (%) 57.19  55.55  54.93  55.70  55.71  54.67  54.14  54.08  55.98  56.56  56.46  

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Figure 4.1 Decomposition of Inter-CU Inequality int o Spatial Components (Theil-T) 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Figure 4.2. Decomposition of Inter-CU Inequality in to Spatial Components (Theil-L) 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Table 4.3 shows the changes in contributions of the spatial components to overall inter-CU 

inequality. It can be observed that the contribution of the component of the inter-CU inequalities 

within all the provinces to overall inter-CU inequality remained fairly constant in the research 

period. The contribution of inter-provincial inequalities within all the zones increased, while the 

contributions of the component of inequality between the inland and coastal regions and the 

component of the inter-zonal inequalities within the inland and coastal regions were found to 

decrease. According to the measurement based on Theil-T, the percentage increase in the 

contribution of the inter-provincial inequalities within all the zones was about 9% in the 

research period, while the component of the inter-zonal inequalities within the inland and 

coastal regions had a decline of 2% and the component of the inequality between the inland and 

coastal regions had a decline of 8%. This finding highlights the importance of monitoring the 

increase in inequality amongst the provinces within the economic zones. 

 

Table 4.3 Changes in Contributions (%) of Spatial C omponents to Inter-CU Inequality 

  
1997 
(%) 

2007
 (%) 

% Change from 
1997 to 2007 

Theil-T 
Inequality between the inland and coastal 
regions 

25.70 18.05 -7.65 

 
Inter-zonal inequalities within the inland and 
coastal regions 

4.21 2.01 -2.19 

 
Inter-provincial inequalities within all the 
zones 

10.61 19.20 8.59 

 
Inter-CU inequalities within all the provinces 59.49 60.74 1.25 

     
Theil-L 

Inequality between the inland and coastal 
regions 

25.38 19.70 -5.68 

 
Inter-zonal inequalities within the inland and 
coastal regions 

5.32 2.83 -2.50 

 
Inter-provincial inequalities within all the 
zones 

12.10 21.01 8.91 

 
Inter-CU inequalities within all the provinces 57.19 56.46 -0.73 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

Decomposition techniques can be applied to analyze the change in inequality itself. This is 

different from the conventional decomposition of inequality. The decomposition of change in 

inequality can provide detailed information concerning the contributions of the changes in 

different components to the increase in overall inequality. Both approaches provide important 

information on the evolution of inequality. The conventional approach shows the significance of 

the component to the absolute level of inequality, while the decomposition of change in 

inequality provides detailed information on the driving forces behind the increase in overall 

inequality. 

 

The results of the decomposition of the change in overall inter-CU inequality over the period 
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1997 – 2007 are shown in Table 4.4. The increase in the component of inter-CU inequalities 

within all the provinces contributed substantially to the change in overall inequality in the study 

period (63% for Theil-T and 55% for Theil-L), followed by the increase in the component of 

inter-provincial inequalities within all the zones (35% for Theil-T and 43% for Theil-L). 

Comparing Table 4.3 with Table 4.4, it can be shown that the component of inequality between 

the inland and coastal regions registered a decrease in contribution to overall inequality in Table 

4.3, whereas Table 4.4 shows that 4% (for Theil-T) of the increase in overall inequality can be 

explained by the increase in the inequality between the inland and coastal regions. This 

information is quite revealing. It suggests that the inequality between the inland and coastal 

regions increased in the study period, but that the increase was not as dramatic as the other 

components, leading to a decline in its total contribution. Therefore, this component should not 

be overlooked just because it had a decline in total contribution. On the contrary, the results of 

the decomposition of the change in inequality shows that effort should also be made to mitigate 

the inequality between the inland and coastal regions. 

 

 

Table 4.4 Decomposition of Change in Inter-CU Inequ ality (1997 – 2007) into Changes in 
the Spatial Components  

Change in component 
Contribution to 

increase in 
inequality index 

Contribution to 
increase in 

inequality index (%) 

 
Theil-T Theil-L Theil-T Theil-L 

Inequality between the inland and coastal regions 0.005 0.004 4.072 5.447 

Inter-zonal inequalities within the inland and 
coastal regions 

-0.002 -0.003 -1.999 -3.426 

Inter-provincial inequalities within all the zones 0.039 0.034 34.892 43.338 
Inter-CU inequalities within all the provinces 0.070 0.042 63.035 54.641 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

4.5.2. Decomposition of inequality into spatial components and the three 

intra-provincial components  

All the county-level units in a province can be further divided into city and county subgroups, 

and an additional tier of decomposition can be performed to study the contribution of the city 

and county subgroups to the intra-provincial regional inequality. However, it should be noted 

that the decomposition of inequality into city and county subgroups cannot be conducted for 

Ningxia because there is only one county-level city in Ningxia, and there is also a change in the 

boundary of this city which makes the data incomparable. This city is thus removed from the 
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dataset and so Ningxia does not have any city. Thus, it is impossible to conduct decomposition 

of inequality into city and county subgroups for Ningxia and so it is excluded from the analysis. 

 

This section presents the results of the decomposition of the intra-provincial component (that is, 

the weighted sum of the inter-CU inequalities within all the provinces). This component can be 

further decomposed into three intra-provincial components, namely, the inter-county inequality 

component, the inter-city inequality component, and the component of inequality between the 

city and county subgroups in each province. The results are shown in Table 4.5. Figure 4.3 

shows the decomposition using Theil-T in calculation, whereas Figure 4.4 shows the 

decomposition using Theil-L. It can be observed that the component of the inter-county 

inequalities within all the provinces contributed the most to the overall inequality, making this 

23% for Theil-T and 31% for Theil-L in 2007. The changes in contributions of these 

components are shown in Table 4.6, where it can be observed that the changes of the three 

intra-provincial components were very small and they remained fairly constant over the whole 

period. 

 

Table 4.7 shows the contributions of the changes in different spatial components and the three 

intra-provincial components to the increase in overall inequality. As shown in Table 4.7, the 

contribution of the change in inter-county inequalities within all the provinces was 25% for 

Theil-T and 33% for Theil-L; the contribution of the change in inter-city inequalities within all 

the provinces was 26% for Theil-T and 13% for Theil-L; while the contribution of the change in 

the inequalities between city and county subgroups within all the provinces was 12% for 

Theil-T and 9% for Theil-L. It is worth noting that Table 4.6 shows that the component of the 

inequalities between city and county subgroups within all the provinces registered a decline in 

total contribution, while Table 4.7 shows that the increase in this component still contributed 

12% (as measured by Theil-T) to the increase in overall inequality. Similarly, Table 4.6 shows 

that the changes in contributions for the other two intra-provincial inequality components 

remained constant, however, the increases in these two components contributed more than 50% 

(as measured by Theil-T) to the change in overall inequality in the research period. Therefore, 

these components should not be overlooked and effort should also be made to mitigate the three 

intra-provincial inequality components.
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Table 4.5 Decomposition of Inter-CU Inequality into  Spatial Components and the Three Intra-Provincial Components 

  1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 

Theil-T Inequality between the inland and coastal regions (%) 25.70  27.62  28.24  27.50  27.42  27.28  27.09  25.55  20.59  19.46  18.05  

 Inter-zonal inequalities within the inland and coastal regions (%) 4.21  4.85  4.95  3.98  3.75  3.71  3.31  3.06  2.47  1.95  2.01  

 Inter-provincial inequalities within all the zones (%) 10.61  9.69  9.77  10.94  11.30  12.21  12.82  14.11  17.19  18.03  19.20  

 Inter-county inequalities within all the provinces (%) 22.23  21.64  21.92  22.07  22.24  21.19  20.47  20.83  22.25  22.66  23.31  

 Inter-city inequalities within all the provinces (%) 20.85  20.79  20.19  20.69  20.47  20.88  21.39  21.41  22.26  22.75  22.62  

 
Inequalities between city and county subgroups within all the provinces 
(%) 16.41  15.41  14.93  14.82  14.83  14.72  14.92  15.04  15.24  15.15  14.81  

             

Theil-L Inequality between the inland and coastal regions (%) 25.38  27.40  28.16  27.55  27.52  27.74  28.05  26.63  22.14  21.14  19.70  

 Inter-zonal inequalities within the inland and coastal regions (%) 5.32  6.22  6.35  5.12  4.85  4.87  4.46  4.16  3.45  2.77  2.83  

 Inter-provincial inequalities within all the zones (%) 12.10  10.84  10.57  11.64  11.92  12.72  13.35  15.13  18.43  19.53  21.01  

 Inter-county inequalities within all the provinces (%) 29.66  28.87  29.12  29.44  29.81  28.80  28.22  28.32  29.92  30.38  30.57  

 Inter-city inequalities within all the provinces (%) 12.61  12.71  12.33  12.91  12.49  12.51  12.39  12.24  12.49  12.74  12.72  

 
Inequalities between city and county subgroups within all the provinces 
(%) 14.93  13.96  13.49  13.35  13.41  13.36  13.52  13.52  13.56  13.43  13.17  

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Figure 4.3 Decomposition of Inter-CU Inequality int o Spatial Components and the Three Intra-Provincial  Components (Theil-T) 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Figure 4.4 Decomposition of Inter-CU Inequality int o Spatial Components and the Three Intra-Provincial  Components (Theil-L) 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Table 4.6 Changes in Contributions (%) of Spatial C omponents and the Three 
Intra-Provincial Components to Inter-CU Inequality 

  
1997 
(%) 

2007
 (%) 

% Change from 
1997 to 2007 

Theil-T 
Inequality between the inland and coastal 
regions 

25.70  18.05  -7.65 

 
Inter-zonal inequalities within the inland and 
coastal regions 

4.21  2.01  -2.19 

 
Inter-provincial inequalities within all the 
zones 

10.61  19.20  8.59 

 
Inter-county inequalities within all the 
provinces 

22.23  23.31  1.08 

 
Inter-city inequalities within all the provinces 20.85  22.62  1.78 

 
Inequalities between city and county 
subgroups within all the provinces 

16.41  14.81  -1.60 

     
Theil-L 

Inequality between the inland and coastal 
regions 

25.38  19.70  -5.68 

 
Inter-zonal inequalities within the inland and 
coastal regions 

5.32  2.83  -2.50 

 
Inter-provincial inequalities within all the 
zones 

12.10  21.01  8.91 

 
Inter-county inequalities within all the 
provinces 

29.66  30.57  0.92 

 
Inter-city inequalities within all the provinces 12.61  12.72  0.11 

 
Inequalities between city and county 
subgroups within all the provinces 

14.93  13.17  -1.75 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

Table 4.7 Decomposition of Change in Inter-CU Inequ ality (1997 - 2007) into Changes in 
the Spatial Components and the Three Intra-Provinci al Components 

Change in component 
Contribution to 

increase in 
inequality index 

Contribution to 
increase in 

inequality index (%) 

 
Theil-T Theil-L Theil-T Theil-L 

Inequality between the inland and coastal regions 0.005 0.004 4.072 5.447 

Inter-zonal inequalities within the inland and 
coastal regions 

-0.002 -0.003 -1.999 -3.426 

Inter-provincial inequalities within all the zones 0.039 0.034 34.892 43.338 

Inter-county inequalities within all the provinces 0.028 0.025 25.277 32.876 

Inter-city inequalities within all the provinces 0.029 0.010 25.875 12.985 

Inequalities between city and county subgroups 
within all the provinces 

0.013 0.007 11.882 8.780 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 
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Further analysis can be performed to reveal the details of each province. Decomposition can be 

conducted horizontally amongst the provinces so as to reveal the contribution of each province 

individually. Moreover, the three intra-provincial components can also be decomposed into 

different provinces. Table 4.8 shows the results using Theil-T in calculation, while Table 4.9 

shows the results using Theil-L. The contributions of the components of inter-county inequality, 

inter-city inequality, and inequality between city and county subgroups in a province are 

expressed as a percentage of the weighted sum of the inter-CU inequalities within all the 

provinces. The values in the CU columns are decomposed into the three intra-provincial 

components, and so it is equal to the sum of the values in the columns of Co, Ci and Co-Ci. 

Except for some minor differences, the results based on Theil-T and Theil-L are similar. 

Therefore the subsequent discussions will focus on the results based on Theil-T. 

 

Table 4.8 shows that in 2007, Jiangsu contributed the most to inter-CU inequality. This finding 

is in agreement with the work of Sakamoto and Fan (2010), who find that Jiangsu contributed 

considerably to the income disparity within the Yangtze River delta and that the contribution is 

growing. Table 4.8 shows that the provinces that contributed considerably to overall inequality 

in 2007 are Hebei, Jiangsu, Zhejiang, Henan, and Inner Mongolia. Each of these provinces 

contributed more than 5% to the weighted sum of the inter-CU inequalities within all the 

provinces. It is worth noting that these provinces are situated close to each other. It pinpoints the 

fact that spatial factors play a major role in inequality in China. Inter-county inequalities within 

Hebei, Henan and Inner Mongolia contributed substantially to overall inequality, while the 

component of the inter-city inequality in Jiangsu contributed enormously (19% for Theil-T). 

The inter-city inequalities within Fujian, Guangdong, Hebei, Zhejiang, Henan, and Xinjiang 

also contributed greatly to overall inequality. Most of these provinces belong to the eastern zone. 

It shows that the great disparity amongst the cities in the eastern zone further reinforced overall 

inequality. The inequalities between city and county subgroups in Fujian, Hebei, Jiangsu, 

Zhejiang, Henan, and Xinjiang all contributed significantly to overall inequality. Similar to the 

case of inter-city inequality, these provinces mostly belong to the eastern zone. 
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Table 4.8 Decomposition of Weighted Sum of the Inte r-CU Inequalities within All the Provinces in 1997 and 2007 (Theil-T) 

   
Theil-T 1997 Theil-T 2007 

   
CU Co Ci Co-Ci CU Co Ci Co-Ci 

Coastal 
 Eastern 

Fujian 6.76  1.23  2.78  2.75  4.13  0.64  1.86  1.63 

Guangdong 6.47  2.28  3.72  0.47  3.01  1.32  1.68  0.00 

Hainan 0.27  0.09  0.05  0.13  0.12  0.05  0.04  0.02 

Hebei 7.33  3.57  1.39  2.37  10.46  4.98  2.96  2.52 

Jiangsu 23.31  1.21  14.40  7.70  30.09  1.39  18.96  9.74 

Zhejiang 6.62  2.98  1.86  1.78  5.32  2.39  1.78  1.15 

Inland 

Central 

Anhui 2.58  1.54  0.36  0.68  1.20  0.88  0.18  0.14 

Henan 8.94  3.21  1.99  3.75  9.43  4.19  2.05  3.18 

Hunan 2.74  2.24  0.38  0.13  3.29  2.46  0.54  0.29 

Jiangxi 1.14  0.90  0.18  0.05  1.94  1.33  0.44  0.16 

Western 

Gansu 2.02  1.55  0.08  0.39  1.92  1.32  0.14  0.46 

Guangxi 2.47  1.98  0.47  0.02  1.32  1.19  0.12  0.00 

Guizhou 1.28  0.72  0.08  0.48  1.28  0.64  0.14  0.49 

Inner Mongolia 2.04  1.33  0.42  0.28  7.66  6.79  0.85  0.02 

Qinghai 0.49  0.25  0.03  0.22  0.81  0.21  0.06  0.55 

Sichuan 7.51  4.26  1.15  2.09  4.42  2.82  0.71  0.89 

Xinjiang 4.99  2.38  1.78  0.83  4.69  2.02  1.63  1.04 

Yunnan 5.13  2.45  1.08  1.59  2.72  1.62  0.43  0.67 

North-eastern 

Heilongjiang 1.75  0.92  0.48  0.35  2.31  0.84  0.86  0.61 

Jilin 0.82  0.30  0.38  0.14  1.05  0.40  0.61  0.03 

Liaoning 5.16  1.76  2.00  1.40  2.70  0.75  1.18  0.77 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. CU: Inter-CU inequality. Co: 
Inter-county inequality. Ci: Inter-city inequality. Co-Ci: Inequality between city and county subgroups. 
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Table 4.9 Decomposition of Weighted Sum of the Inte r-CU Inequalities within All the Provinces in 1997 and 2007 (Theil-L) 

   
Theil-L 1997 Theil-L 2007 

   
CU Co Ci Co-Ci CU Co Ci Co-Ci 

Coastal Eastern 

Fujian 3.76  0.99  1.11  1.65  3.10  0.74  1.01  1.35  

Guangdong 6.05  2.57  3.04  0.44  4.42  2.04  2.37  0.01  

Hainan 0.31  0.12  0.04  0.14  0.19  0.09  0.06  0.04  

Hebei 6.20  3.47  0.86  1.87  9.44  5.37  1.87  2.20  

Jiangsu 13.78  1.46  6.83  5.49  15.25  1.66  7.21  6.38  

Zhejiang 3.94  2.09  0.91  0.95  3.13  1.65  0.86  0.62  

Inland 

Central 

Anhui 2.95  2.01  0.22  0.72  2.64  2.08  0.27  0.29  

Henan 10.45  4.57  1.58  4.30  10.52  5.57  1.53  3.42  

Hunan 3.60  3.02  0.42  0.17  5.36  4.13  0.74  0.49  

Jiangxi 1.86  1.52  0.25  0.09  3.44  2.59  0.57  0.28  

Western 

Gansu 5.07  4.24  0.08  0.75  4.50  3.55  0.11  0.83  

Guangxi 3.45  2.84  0.58  0.03  2.57  2.34  0.22  0.01  

Guizhou 3.36  2.06  0.13  1.16  3.59  2.04  0.27  1.29  

Inner Mongolia 2.53  1.83  0.37  0.33  5.17  4.65  0.50  0.02  

Qinghai 0.75  0.46  0.02  0.27  0.96  0.39  0.02  0.55  

Sichuan 10.36  6.35  1.23  2.79  7.31  4.96  0.86  1.49  

Xinjiang 4.70  2.72  1.14  0.84  5.14  2.91  1.05  1.18  

Yunnan 8.61  5.19  1.04  2.38  5.67  3.94  0.52  1.21  

North-eastern 

Heilongjiang 1.93  1.18  0.40  0.35  3.63  1.77  0.94  0.92  

Jilin 0.92  0.38  0.38  0.16  1.04  0.42  0.58  0.04  

Liaoning 4.84  2.19  1.42  1.22  2.66  0.97  0.97  0.71  
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. CU: Inter-CU inequality. Co: 
Inter-county inequality. Ci: Inter-city inequality. Co-Ci: Inequality between city and county subgroups. 
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Table 4.10 shows the changes in contributions of the three intra-provincial components of the 

provinces to the weighted sum of the inter-CU inequalities within all the provinces across the 

study period. First, examining Jiangsu, it can be observed that the component of the inter-CU 

inequality in Jiangsu had the largest increase in contribution (7% for Theil-T), which in turn can 

be attributed to the increase in the inter-city inequality component (5% for Theil-T). However, 

the contribution in inter-county inequality did not have any significant change, while the 

inequality between city and county subgroups increased moderately (2% for Theil-T). The 

component of the inter-CU inequality in Inner Mongolia had the second largest increase in 

contribution (6% for Theil-T), a feature explained by the increase in contribution of the 

inter-county inequality component (5% for Theil-T). However, the results based on Theil-L 

show that the component of the inter-CU inequality in Hebei had the largest increase in 

contribution (3% for Theil-L), mostly due to the increase in the contribution of the inter-county 

inequality component. Inner Mongolia had the second largest increase in contribution using 

Theil-L in calculation. 

 

For the results based on Theil-T, the component of the inter-CU inequality in Guangdong had 

the largest decrease in contribution (3% for Theil-T), explained by the decline in contribution of 

the inter-city inequality component (2% for Theil-T) and a modest decline in the inter-county 

inequality component (1% for Theil-T). The component of the inter-CU inequality in Sichuan is 

found to have the largest decrease in contribution in Theil-L (3% for Theil-L). It can be 

attributed to the decline in the contributions of the component of inter-county inequality (1% for 

Theil-L), as well as to the component of inequality between city and county subgroups (1% for 

Theil-L). 

 

Table 4.11 presents the results of the decomposition of the change in overall inter-CU inequality 

into the changes in the three components of intra-provincial inequality for each province, 

whereas Figure 4.5 shows the information on a map of China. According to the calculations 

based on Theil-T, the increase in the inter-CU inequality in Jiangsu is found to contribute 26% 

to the change in overall inequality in China. The increase in inter-city inequality accounted for 

17%, while the increase in the inequality between the city and county subgroups accounted for 

8%. It implies that more than one quarter of the increase in inter-CU inequality in China over 

the study period can be attributed to the increase in the intra-provincial inequality in Jiangsu 

alone. Furthermore, it can be observed that the increases in the inter-CU inequalities in Hebei 

and Inner Mongolia also contributed significantly to the overall inequality. These three 

provinces combined contributed about 47% to the increase in overall inequality as measured by 

Theil-T. It means that if the levels of the inter-CU inequalities in these provinces remained 

unchanged in the study period, then overall increase in inequality in China would be reduced by 
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nearly one half.  

 

Calculations can be performed to show the relative significance of the three components of 

intra-provincial inequality in every province. This information is important in formulating 

province-specific policies for mitigating inequality within each province. The contributions of 

the components of the inter-county inequality, the inter-city inequality, and the inequality 

between city and county subgroups in every province are expressed as a percentage of the sum 

of these three components. It should be noted that the results shown in Table 4.12 and Table 4.13, 

which use the intra-provincial inequality (that is, the inter-CU inequality of each province) as 

the base in calculation, are very different from those in Table 4.8, Table 4.9 and Table 4.10, 

which use the weighted sum of the inter-CU inequalities within all the provinces as the base in 

their calculations. The results in Table 4.12 and Table 4.13 should be used in formulating 

province-specific policies within a province, while the results in Table 4.8, Table 4.9 and Table 

4.10 can be used in establishing an order of priority for resource allocation amongst the 

provinces. 

 

Table 4.12 shows the significance of the components of inter-county inequality, inter-city 

inequality, and inequality between city and county subgroups in each province. Take Hainan 

(which had the lowest level of intra-provincial regional inequality in China in both 1997 and 

2007 as shown in Section 3.4.1.2) as an example, the component of inter-county inequality 

contributed 35% to the intra-provincial inequality of Hainan in 1997, while it increased to 44% 

in 2007 for Theil-T. The contribution of inter-city inequality increased from 19% to 36%, while 

the inequality between city and county subgroups decreased from 47% to 21%. The contribution 

of the inter-city component increased substantially in this period. This information is valuable 

because it can provide a guideline for the provincial government in formulating 

province-specific policies to tackle the problem of regional inequality within its jurisdiction. 

 

Table 4.12 can also provide additional information on the characteristics of the provinces in 

each zone. Based on the measurement of Theil-T, in 2007, the component of the inter-county 

inequality contributed more than 50% to the intra-provincial regional inequalities in Anhui, 

Hunan, Jiangxi, Gansu, Guangxi, Guizhou, Inner Mongolia, Sichuan and Yunnan, all being in 

the central and western zones. The component of the inter-city component contributed more 

than 50% to the intra-provincial regional inequalities in Guangdong, Jiangsu and Jilin, all being 

in the eastern zone, except for Jilin. The component of inequality between city and county 

subgroups contributed 67% to the intra-provincial regional inequality in Qinghai, which is in the 

western zone. 
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Table 4.10 Changes in Contributions (%) of Intra-Pr ovincial Components to Weighted Sum of the Inter-CU  Inequalities within All the Provinces 

   
Theil-T % change from 1997 to 2007 Theil-L % change from 1997 to 2007 

   
CU Co Ci Co-Ci CU Co Ci Co-Ci 

Coastal Eastern 

Fujian -2.63  -0.59  -0.92  -1.12  -0.66  -0.25  -0.10  -0.30  
Guangdong -3.46  -0.96  -2.04  -0.47  -1.63  -0.53  -0.67  -0.43  
Hainan -0.15  -0.04  -0.01  -0.11  -0.12  -0.03  0.02  -0.10  
Hebei 3.13  1.41  1.57  0.15  3.24  1.90  1.01  0.33  
Jiangsu 6.78  0.18  4.56  2.04  1.47  0.20  0.38  0.89  
Zhejiang -1.30  -0.59  -0.08  -0.63  -0.81  -0.44  -0.05  -0.33  

Inland 

Central 

Anhui -1.38  -0.66  -0.18  -0.54  -0.31  0.07  0.05  -0.43  
Henan 0.49  0.98  0.06  -0.57  0.07  1.00  -0.05  -0.88  
Hunan 0.55  0.22  0.16  0.16  1.76  1.11  0.32  0.32  
Jiangxi 0.80  0.43  0.26  0.11  1.58  1.07  0.32  0.19  

Western 

Gansu -0.10  -0.23  0.06  0.07  -0.57  -0.69  0.03  0.08  
Guangxi -1.15  -0.79  -0.35  -0.02  -0.88  -0.50  -0.36  -0.02  
Guizhou 0.00  -0.08  0.06  0.01  0.23  -0.02  0.14  0.13  
Inner Mongolia 5.62  5.46  0.43  -0.26  2.64  2.82  0.13  -0.31  
Qinghai 0.32  -0.04  0.03  0.33  0.21  -0.07  0.00  0.28  
Sichuan -3.09  -1.44  -0.44  -1.20  -3.05  -1.39  -0.37  -1.30  
Xinjiang -0.30  -0.36  -0.15  0.21  0.44  0.19  -0.09  0.34  
Yunnan -2.41  -0.83  -0.65  -0.92  -2.94  -1.25  -0.52  -1.17  

North-eastern 

Heilongjiang 0.56  -0.08  0.38  0.26  1.70  0.59  0.54  0.57  
Jilin 0.23  0.10  0.23  -0.11  0.12  0.04  0.20  -0.12  
Liaoning -2.46  -1.01  -0.82  -0.63  -2.18  -1.22  -0.45  -0.51  

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. CU: Inter-CU inequality. Co: 
Inter-county inequality. Ci: Inter-city inequality. Co-Ci: Inequality between city and county subgroups. 
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Table 4.11 Decomposition of Change in Inter-CU Ineq uality (1997 – 2007) into Changes in the Three Intr a-Provincial Components 

  
Change in 
component 

Theil-T Theil-L 

   
CU Co Ci Co-Ci CU Co Ci Co-Ci 

Coastal Eastern 

Fujian -0.25  -0.23  0.18  -0.19  0.75  0.06  0.40  0.30  
Guangdong -1.87  -0.21  -1.15  -0.50  0.08  0.36  0.34  -0.62  
Hainan -0.08  -0.01  0.02  -0.09  -0.05  0.01  0.06  -0.12  
Hebei 10.00  4.68  3.56  1.76  9.80  5.67  2.47  1.67  
Jiangsu 26.35  1.08  16.91  8.37  10.45  1.19  4.49  4.77  
Zhejiang 1.94  0.86  1.04  0.04  0.54  0.27  0.40  -0.12  

Inland 

Central 

Anhui -0.73  -0.16  -0.08  -0.50  1.00  1.25  0.22  -0.47  
Henan 6.47  3.72  1.36  1.39  5.85  4.48  0.75  0.61  
Hunan 2.67  1.79  0.51  0.36  5.44  3.84  0.87  0.73  
Jiangxi 2.09  1.31  0.57  0.22  4.15  2.95  0.78  0.43  

Western 

Gansu 1.11  0.59  0.16  0.36  1.63  0.95  0.11  0.57  
Guangxi -0.41  -0.10  -0.30  -0.02  0.14  0.56  -0.39  -0.02  
Guizhou 0.80  0.32  0.15  0.32  2.30  1.07  0.33  0.89  
Inner Mongolia 10.94  10.22  0.99  -0.27  6.60  6.59  0.46  -0.44  
Qinghai 0.86  0.08  0.07  0.71  0.82  0.11  0.02  0.69  
Sichuan -0.57  0.21  -0.03  -0.75  -0.38  0.73  -0.06  -1.04  
Xinjiang 2.64  0.87  0.88  0.89  3.44  1.86  0.45  1.13  
Yunnan -0.90  0.12  -0.44  -0.58  -1.11  0.37  -0.46  -1.02  

North-eastern 

Heilongjiang 2.06  0.44  0.95  0.67  4.41  1.81  1.27  1.33  
Jilin 0.91  0.35  0.65  -0.09  0.74  0.29  0.61  -0.15  
Liaoning -0.97  -0.62  -0.15  -0.20  -1.68  -1.21  -0.12  -0.35  

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. CU: Inter-CU inequality. Co: 
Inter-county inequality. Ci: Inter-city inequality. Co-Ci: Inequality between city and county subgroups. 
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Figure 4.5. Contributions (%) of Change in Inter-CU  Inequality 
Source: Author’s calculation. Note: The municipalities are not included in this study. Using Theil-T as measures of inequality and change in national inter-CU inequality from 1997 to 2007 as base. The data of 
Shandong, Hubei, Ningxia, Shanxi, Shaanxi and Tibet are not available.  
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Table 4.12 Decomposition of Intra-Provincial Inequa lities in 1997 and 2007 

   
        Theil-T  Theil-L 

    
1997 

 
 2007  

 
1997 

  
2007 

 

   
Co Ci Co-Ci     Co Ci Co-Ci        Co Ci Co-Ci Co Ci Co-Ci 

Coastal Eastern 

Fujian 18.21  41.07  40.72  15.54  45.04  39.42  26.30  29.66  44.03  24.00  32.48  43.52  

Guangdong 35.32  57.47  7.21  43.93  55.96  0.11  42.52  50.23  7.25  46.23  53.65  0.11  

Hainan 34.58  18.61  46.81  43.88  35.63  20.49  39.37  14.63  46.00  47.07  32.35  20.59  

Hebei 48.68  18.99  32.33  47.64  28.25  24.11  56.03  13.86  30.11  56.96  19.78  23.26  

Jiangsu 5.20  61.79  33.02  4.63  62.99  32.37  10.59  49.56  39.85  10.87  47.27  41.86  

Zhejiang 45.07  28.06  26.87  44.90  33.54  21.56  52.98  23.01  24.02  52.66  27.41  19.93  

Inland 

Central 

Anhui 59.74  13.86  26.40  73.34  15.11  11.55  68.08  7.43  24.49  78.92  10.21  10.87  

Henan 35.86  22.24  41.90  44.47  21.78  33.75  43.72  15.13  41.15  52.96  14.51  32.54  

Hunan 81.50  13.86  4.63  74.72  16.39  8.89  83.83  11.59  4.59  77.07  13.81  9.12  

Jiangxi 79.55  15.79  4.66  68.81  22.95  8.24  81.99  13.37  4.64  75.28  16.66  8.06  

Western 

Gansu 77.01  3.87  19.12  68.85  7.47  23.68  83.59  1.54  14.87  78.94  2.51  18.56  

Guangxi 80.06  19.05  0.88  90.35  9.36  0.29  82.31  16.89  0.80  90.97  8.73  0.30  

Guizhou 56.34  6.31  37.35  50.57  11.08  38.36  61.46  3.98  34.56  56.67  7.38  35.95  
Inner 
Mongolia 65.43  20.73  13.84  88.68  11.04  0.29  72.36  14.52  13.12  90.03  9.63  0.33  

Qinghai 50.25  5.57  44.18  25.20  7.39  67.41  61.55  2.15  36.30  40.53  2.26  57.21  

Sichuan 56.78  15.31  27.90  63.73  16.10  20.17  61.26  11.84  26.90  67.86  11.70  20.44  

Xinjiang 47.76  35.59  16.65  42.98  34.83  22.19  57.83  24.26  17.91  56.57  20.47  22.96  

Yunnan 47.80  21.17  31.03  59.64  15.74  24.62  60.24  12.07  27.69  69.47  9.14  21.40  

North-eastern 

Heilongjiang 52.47  27.51  20.02  36.23  37.25  26.52  61.15  20.91  17.94  48.70  25.80  25.50  

Jilin 37.17  45.79  17.04  38.05  58.70  3.25  41.28  41.34  17.38  40.30  56.04  3.67  

Liaoning 34.09  38.78  27.13  27.80  43.71  28.49  45.25  29.43  25.31  36.65  36.60  26.75  
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. Co: Inter-county inequality. Ci: 
Inter-city inequality. Co-Ci: Inequality between city and county subgroups. 
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Table 4.13 shows the percentage changes in contributions of the components of the inter-county 

inequality, the inter-city inequality, and the inequality between city and county subgroups in the 

provinces from 1997 to 2007. According to the measurement based on Theil-T, Inner Mongolia 

had a dramatic increase of 23% in the contribution of the inter-county inequality component to 

intra-provincial inequality, whereas Qinghai had a decrease of 25%. The provinces which saw 

significant increases in the contribution of the inter-city inequality component to 

intra-provincial inequality are mostly in the eastern and north-eastern zones, whereas the 

provinces in the western zone had minor increases or even decreased. The provinces in the 

eastern zone all registered decline in the inequalities between the city and county subgroups. 

Qinghai had a sharp increase in the contribution of inequality between city and county 

subgroups (23% for Theil-T), while Hainan, Anhui, Inner Mongolia and Jilin all registered a 

dramatic decline in the contribution of that component. 

 

4.6. Conclusions 

Important information can be obtained from the decomposition of inequality based on 

county-level data. The intra-provincial regional inequalities (that is, the inequalities amongst the 

county-level units within the provinces) were found to contribute about 60% to overall 

inequality in 2007, whereas the increases in the intra-provincial regional inequalities contributed 

63% to the overall increase in regional inequality from 1997 to 2007. Thus, the intra-provincial 

regional inequality is the crux of the problem of regional inequality in China. 

 

Moreover, it is found that the contribution of the component of inter-provincial inequalities 

within all the zones increased significantly from 1997 to 2007, while the contributions of the 

other components remained relatively constant or even registered a decline in this period. 

Therefore, the government should focus on the intra-provincial regional inequality, which is the 

largest contributor to overall inequality, followed by the component of inter-provincial 

inequalities within all the zones.
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Table 4.13 Changes in Contributions (%) of the Thre e Intra-Provincial Components to Intra-Provincial I nequalities 

   

Theil-T % change  
from 1997 to 2007 

Theil-L % change  
from 1997 to 2007 

   
Co Ci Co-Ci Co Ci Co-Ci 

Coastal Eastern 

Fujian -2.67  3.97  -1.30  -2.30  2.81  -0.51 

Guangdong 8.61  -1.51  -7.10  3.71  3.42  -7.13 

Hainan 9.30  17.02  -26.32  7.70  17.71  -25.41 

Hebei -1.04  9.27  -8.22  0.93  5.92  -6.85 

Jiangsu -0.56  1.21  -0.65  0.29  -2.29  2.00 

Zhejiang -0.17  5.47  -5.30  -0.32  4.41  -4.09 

Inland 

Central 

Anhui 13.60  1.25  -14.85  10.84  2.79  -13.63 

Henan 8.61  -0.46  -8.15  9.24  -0.62  -8.62 

Hunan -6.79  2.53  4.26  -6.76  2.23  4.53 

Jiangxi -10.75  7.16  3.58  -6.71  3.28  3.43 

Western 

Gansu -8.16  3.60  4.56  -4.65  0.97  3.68 

Guangxi 10.29  -9.70  -0.60  8.66  -8.17  -0.50 

Guizhou -5.77  4.77  1.00  -4.79  3.40  1.39 

Inner Mongolia 23.25  -9.70  -13.55  17.68  -4.89  -12.79 

Qinghai -25.04  1.82  23.23  -21.02  0.11  20.91 

Sichuan 6.95  0.78  -7.73  6.60  -0.14  -6.46 

Xinjiang -4.78  -0.75  5.53  -1.26  -3.79  5.05 

Yunnan 11.84  -5.42  -6.41  9.22  -2.93  -6.29 

North-eastern 

Heilongjiang -16.24  9.74  6.50  -12.44  4.89  7.56 

Jilin 0.87  12.91  -13.79  -0.99  14.70  -13.71 

Liaoning -6.29  4.93  1.36  -8.60  7.17  1.43 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. Co: Inter-county inequality. Ci: 
Inter-city inequality. Co-Ci: Inequality between city and county subgroups.
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The decomposition analysis can provide information to the central government in determining 

the action to be taken for each spatial level. Based on the results, the central government can 

also identify the order of priority for the provinces. The order of priority should be established 

so as to target the provinces which contribute the most to inequality, or to change in inequality. 

The results of the decomposition of the change in inequality, based on Theil-T, shows that 

immediate actions are needed in three provinces, namely, Jiangsu, Inner Mongolia, and Hebei. 

Together, these three provinces contributed 47% to the increase in overall inequality from 1997 

to 2007. 

 

It is shown that each province has its own characteristics and patterns of evolution of regional 

inequality. Thus, it is necessary for the provincial government to formulate province-specific 

policy for the county-level units in every province individually, so as to alleviate inequality. The 

contributions of the three intra-provincial components can be used as a guideline for 

formulating policies within a province. The provinces in the central and western zones should 

focus on inter-county inequality, while the provinces in the eastern zone should concentrate on 

both inter-county and inter-city inequalities. The provinces in the north-eastern zone should 

focus on inter-city inequality. The provinces of Fujian, Jiangsu, Henan, Guizhou, and Qinghai 

should also take inequality between city and county subgroups into consideration. However, 

decomposition analysis can only provide a vision of the past, but cannot provide a forecast into 

the future. Therefore, convergence analyses are carried out to predict the future evolution of 

regional inequality in China, and the results are shown in Chapter 5. 
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CHAPTER 5                          

CONVERGENCE AND TRANSITIONAL DYNAMICS IN 

CHINA 

5.1. Introduction 

One major issue in inequality study is to examine if there is any possibility of convergence in 

regional income and hence predict whether inequality will increase in the future. Some 

researchers (Bishop and Gripaios, 2006, Higgins et al., 2006) investigate the convergence in the 

US and UK using county-level data. However, convergence studies using county-level data in 

China are rare, and most of the studies are based on provincial level data. The studies which are 

based on county-level data are restricted to the provinces or regions in the eastern zone, or only 

the cities. Thus, the possibilities of convergence of the county-level units in many other parts of 

China still remain largely unknown. The study in this chapter contributes to the literature by 

exploring future evolution of inequality and the underlying transitional dynamics using 

county-level data. Convergence analyses are conducted for the provinces and other spatial 

groupings individually. In addition, except the PhD thesis by Cheng (1998), the technique of 

stochastic transition kernel has not been adopted in other studies of the convergence of 

county-level units in China. 

 

Given the huge irregularity in the economic development among inland and coastal regions, 

economic zones and provinces, the underlying transitional dynamics can be very different. 

Hence, research on convergence should not be restricted to the national level. It is important to 

study income distributions within inland and coastal regions, economic zones, as well as the 

provinces. Therefore, the studies of convergence in this chapter are carried out for various 

spatial groupings. Moreover, the county-level data is divided into the city-only and county-only 

datasets, and convergence analyses are performed for these two datasets separately so as to 

reveal the different nature of transitional dynamics. 

 

This chapter is organized as follows. Section 5.2 presents the background information about 

economic convergence and also provides a review of convergence studies in China. Section 5.3 

examines the methods, whereas section 5.4 introduces the data used in this chapter. Section 5.5 

presents the results of the analyses. Section 5.5.1 reports the empirical findings for various 

spatial groupings. Section 5.5.2 presents the results of convergence analyses based on the 
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city-only and county-only datasets. Section 5.5.3 reports the results of the analyses of Markov 

transition matrices conditional on spatial factor and administrative status. This chapter 

concludes with section 5.6. 

 

5.2. Literature review 

The study of convergence continues to be a popular topic in development economics and many 

theories have been developed. Kuznets (1955) suggests that income inequality will increase in 

the initial phase of industrialization. It will reach a peak and then start to decline. He speculates 

the possibility of an inverted-U relationship existing between inequality and economic 

development. Kuznets suggests that the increase in household income inequality in the 

beginning is driven by the structural shift from agriculture to manufacturing, and the 

concentration of savings at the top of the income distribution. The gradual shift of population 

from the low-income agricultural sector to the high-income industrial sector leads to an increase 

in income inequality. Kuznets also proposes that inequality can be reduced by compositional 

effects and institutional transformations resulting from sociological and political dynamics. 

These factors will become much more powerful in the later stage of economic development, and 

therefore income inequality will level off and then the trend will reverse. The work of Kuznets 

inspired Williamson (1965), who studies regional inequality using cross-section approach and 

time series analysis. He also finds that there is an inverted-U relationship between regional 

inequality and economic development. Alonso (1980) also suggests that regional inequality will 

increase with economic development initially and the trend will reverse after the point of 

inflection is reached.  

 

Another major contribution to the study of convergence was made by Solow (1956) and Swan 

(1956). The neoclassical model of Solow and Swan predicts that conditional convergence is 

possible. Poor economies tend to grow faster than their rich counterparts. That is, the lower the 

initial level of income, relative to the steady state position, the higher the growth rate. This 

property can be derived from the assumption of decreasing returns to capital in the Solow and 

Swan model. Another prediction of the model is that the growth will cease eventually if there is 

no improvement in technology (Barro and Sala-i-Martin, 2004). This is a very influential model 

in convergence study. 

 

The endogenous growth theory, proposed by Romer (1986) and Lucas (1988), holds that 

convergence is not guaranteed and trends in inequality can persist, for increasing returns to scale 

of the factors of production can lead to divergence. For example, the stock of human capital is 
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deemed to be a major determinant of economic growth, and if the return to technological 

investment increases with the stock of accumulated knowledge, then the differences in 

technological levels across the regions can lead to an exacerbation of regional inequality (Lucas, 

1988, Romer, 1990). 

 

The new economic geography theory (Krugman, 1991a, Krugman, 1991b, Krugman and 

Venables, 1995, Fujita et al., 1999) incorporates economic geography and traditional location 

theories in the research, and is popular among scholars from the disciplines of regional studies 

and geography. This approach takes geography, agglomeration, economies of scale, effects of 

increasing returns to scale, imperfect competition, localized spillovers, transportation costs, and 

other factors into consideration. Using models with labour migration, Krugman (1991b) 

proposes that a core-periphery pattern can emerge and inequality can persist over time. 

Krugman and Venables (1995), using models based on vertically-linked industries, suggest that 

if labour is immobile, then the concentration of industries in some regions can lead to an 

increase in wages in these regions, which can reduce the effect of agglomeration. A core 

message from this line of research suggests that economic convergence can be affected by many 

factors; therefore, convergence is not a certainty. All these theories examine convergence in 

different perspectives using different models and are based on different assumptions. However, 

no consensus has been achieved. 

 

5.2.1. Research methods 

There are many different approaches used in convergence analysis. Some of the studies are 

based on time series techniques such as cointegration tests and unit root tests (Bernard and 

Durlauf, 1995, Oxley and Greasley, 1995, Bernard and Durlauf, 1996, Hobijn and Franses, 2000, 

Lim and McAleer, 2004, Pesaran, 2007). Some follow the concepts of σ-convergence and β

-convergence (Barro and Sala-I-Martin, 1991, Barro and Sala-I-Martin, 1992), while others 

employ the distribution dynamics approach (Quah, 1993a, Quah, 1996a, Quah, 1996c). 

 

Since convergence is a popular topic in the literature, many studies have been undertaken to 

examine the possibility of economic convergence in China using different approaches. A 

literature review of the important researches is therefore provided, with the results of these 

studies being presented separately according to the approaches used in the analysis. 
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5.2.1.1. Time series approach 

There are several studies of convergence in China using the time series approach. Zhang et al. 

(2001) apply time series techniques and find that economic reforms worsened the gap between 

the eastern zone and the other zones, although income convergence is observed within the 

eastern and western zones. Pedroni and Yao (2006) study convergence in regional income and 

find evidence of divergence after the initiation of economic reform. Westerlund et al. (2010) 

revisit the work of Pedroni and Yao (2006) and investigate convergence using a longer data span. 

They conclude that divergence does exist in China and it can be attributed to the increase in 

both province-specific disparities and disparities between groups of provinces. Lau (2010) 

examines convergence using an exponential smooth auto-regressive augmented Dickey-Fuller 

unit root test, and finds that inter-provincial inequality in China has widened significantly since 

the start of economic reform. Liu and Wang (2010) investigate income convergence using time 

series methods and report that no nationwide convergence exists. Moreover, they identify small 

convergence clubs in their study. Matsuki and Usami (2011) find that the convergence of 

provincial outputs per capita exists within each of the three economic zones.  

 

5.2.1.2. σ-convergence and β-convergence 

Bothσ-convergence and β-convergence approaches are popular research techniques and are 

frequently used in convergence studies. The σ-convergence approach is widely used in the 

literature (for instance, Lyons, 1991, Chen and Fleisher, 1996, Tsui, 1996, Raiser, 1998, Zheng 

et al., 2000, Chang, 2002, Li et al., 2008, Duan, 2008, Zou et al., 2008, Zhou and Zou, 2010). It 

is based on the observation of the trend of the measures of dispersion. If the standard deviation 

or the coefficient of variation declines over time, it means that the dispersion amongst the 

regions decreases, and this is taken as a sign of convergence. 

 

The study of β-convergence is based on regression analysis. Growth is used as the dependent 

variable, while the initial level of income for each region is used as the explanatory variable. 

The interpretation is based on the coefficient of the initial level of income. A statistically 

significant and negative coefficient indicates the existence of convergence. The β-convergence 

approach can be further divided into two sub-categories, one without additional explanatory 

variables is called the ‘absolute convergence’, and another with additional explanatory variables 

is termed the ‘conditional convergence’. Absolute convergence implies an equalization of 

incomes across different regions, while conditional convergence implies only that each region 
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will move towards its own steady state income level. It should be noted thatβ-convergence is a 

necessary but not sufficient condition for σ-convergence. 

 

Theβ-convergence approach is the most common in the literature on convergence in China (for 

example, Chen and Fleisher, 1996, Jian et al., 1996, Gundlach, 1997, Raiser, 1998, Tian, 1999, 

Chen and Feng, 2000, Choi and Li, 2000, Dacosta and Carroll, 2001, Yao and Zhang, 2001a, 

Yao and Zhang, 2001b, Cai et al., 2002, Yao and Zhang, 2002, Weeks and Yao, 2003, Wu, 2004, 

Duan, 2008, Hao, 2008, Li and Xu, 2008, Zou et al., 2008, Villaverde et al., 2010, Gries and 

Redlin, 2011, Marti et al., 2011). Chen and Fleisher (1996) examine regional income inequality 

in China using the β- convergence approach, and they find that convergence is conditional on 

foreign direct investment (FDI), human-capital investment, employment growth, location and 

physical investment share. Jian et al. (1996) apply bothσ-convergence and β-convergence 

approaches in their study and their results show that provinces displayed convergence 

immediately after the economic reforms. However, regional incomes have diverged since 1990, 

but convergence can still be observed amongst the coastal provinces. Gundlach (1997) examines 

regional convergence of output per worker and finds that the estimated rate of convergence is 

2.2%. Raiser (1998) finds that absolute convergence existed in China over the period 1978 - 

1992. Tian (1999) shows that the convergence of provincial GRP is conditional on domestic 

trade, foreign trade and location. Similarly, Chen and Feng (2000) find evidence of conditional 

convergence amongst provinces in China from 1978 to 1989. Using OLS, shrinkage and LSDV 

methods, Choi and Li (2000) find that growth convergence existed in China over the period 

1978 – 1994. Dacosta and Carroll (2001) find that there was a conditional convergence of 

provincial GRP per capita from 1978 to 1996 using the β-convergence approach. Yao and 

Zhang (2001a) conduct an in-depth research of convergence in China using different methods, 

such asβ-convergence regression, the unit root test and the decomposition of the Gini 

coefficient. They find evidence of divergence in China. Yao and Zhang (2001b) find that the 

provinces in China converged into three convergence clubs. There was a tendency of 

convergence within each club, but there was a tendency of divergence between the three clubs. 

Cai et al. (2002) also use β-convergence regression and find that conditional convergence 

existed amongst provinces in China from 1978 to 1998. Yao and Zhang (2002) find that 

convergence is conditional on the distance from the eastern zone. Using the generalized method 

of moments (GMM) estimators, Weeks and Yao (2003) report that convergence existed during 

the pre-reform era, but provincial income has diverged since the initiation of economic reform. 

Wu (2004) investigates the convergence in China from 1953 to 1995 and finds that weak 

convergence existed over the period 1953 – 1957, divergence was found over the period 1958 – 

1975, followed by a period of convergence from 1976 to 1990 and then divergence started from 
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1991 to 1995. Duan (2008) examines the relationship between population mobility and 

convergence. The results of the study show that population mobility reduced inequality within 

the eastern zone, but increased regional disparity of the whole nation, as well as the inequalities 

within the central and western zones. Hao (2008) finds that conditional convergence existed 

over the period 1985 – 2000. The results also show that two convergence clubs, with strikingly 

different growth behaviors, are found in China. Li and Xu (2008) find that conditional 

convergence existed from 1991 to 2005. Zou et al. (2008) study bothσ- and β-convergence. 

They find evidence of conditional convergence in China, and that capital deepening, human 

capital and infrastructure have contributed significantly to overall inequality. Villaverde et al. 

(2010) find that absolute convergence existed in China from 1978 to 1990; followed by 

divergence from 1990 to 2004; and then convergence from 2004 to 2007. However, divergence 

is observed for the overall period 1978 – 2007. Their results are consistent with the findings of 

Wu (2004). Using the β-convergence regression, Gries and Redlin (2011) find that conditional 

convergence existed in China from 1991 to 2004. Marti et al. (2011) study the convergence of 

industrial value added amongst provinces in China using both σ -convergence and β

-convergence approaches. They study the convergence in two periods, namely, 1995 - 2000 and 

2001 – 2006. Evidence of absolute convergence can be found in these two periods. 

 

5.2.1.3. Distribution dynamics 

Althoughβ-convergence is frequently employed in the study of convergence, this method is 

subjected to many criticisms. By drawing an analogy of the cross-section regression tests of the 

convergence hypothesis with those of the classical Galton’s fallacy, Quah (1993b) shows that 

these cross-section tests are misleading. Li (2003) shows that, even if the coefficient on the 

initial level of income is negative, however, it is perfectly consistent with the absence of 

convergence. The fact of the coefficient being negative is a necessary but not sufficient 

condition for convergence. Cheshire and Magrini (2000) claim that the β -convergence 

approach is a poor test of the hypothesis in neoclassical growth models. Quah (1993a) suggests 

that both σ- and β-convergence cannot show the dynamic changes clearly. In fact, the studies 

of σ- and β-convergence can only provide a summary of statistics for the evolution of 

income distribution but not the details of mobility, and hence identical summary statistics can be 

derived from two distributions with entirely different mobility.  

 

Quah (1993a, 1996a, 1996c) proposes a new method in the study of convergence. This approach 

employs the discrete Markov transition matrix and stochastic kernel in the study of income 
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distribution dynamics, and it can avoid the drawbacks of the classical σ- and β-convergence 

approaches. Since then, many researchers have employed this method in the study of income 

distribution (for example, Jones, 1997, Fingleton, 1999, Magrini, 1999, Rey, 2001, Bickenbach 

and Bode, 2003, Epstein et al., 2003, Li, 2003, Gallo, 2004, Le Gallo, 2004, Sakamoto, 2007, 

Bosker and Krugell, 2008, Geppert and Stephan, 2008, Sakamoto and Islam, 2008). Some 

researchers use distribution dynamics to study convergence in China (Li, 2003, Pu et al., 2005, 

Ho and Li, 2006, He and Zhang, 2007, Herzfeld, 2008, Sakamoto and Islam, 2008, Zhu et al., 

2008, Wei and Ye, 2009, Sakamoto and Fan, 2010, Villaverde et al., 2010, Zhou and Zou, 2010). 

 

Li (2003) studies the economic growth pattern of China by the discrete Markov transition 

matrix approach and finds that there was a small reduction in income disparity across 30 

Chinese provinces. The decline of income dispersion was so small over the period 1978-1998 

that Li (2003) concludes that it is very unlikely for the provinces to converge to the mean 

income. However, the author argues that there is a strong tendency for the provinces to converge 

within each economic zone. Pu et al. (2005) investigate the spatial-temporal dynamics of 

regional convergence for the county-level units in Jiangsu province over the period 1978 - 2000. 

They calculate spatial Markov transition probabilities for the regions and find that the mobility 

of the region is influenced by spatial factors. A region has the tendency to move to a higher 

income group if it is surrounded by rich regions and it has the tendency to move to a lower 

income group if it is surrounded by poor regions. Using the Markov transition matrix and spatial 

clustering index, Ho and Li (2006) study the distributional dynamics of the cities in China. They 

find that the cities in eastern China have enjoyed more favorable mobility than the ones in the 

central and western zones. He and Zhang (2007) employ the spatial Markov chain and 

stochastic kernel density approach in their research. They note that the distribution dynamics are 

related to proximity effects, and a region tends to become richer if it is close to other rich 

regions. Herzfeld (2008) studies inter-regional output distribution in Russia and China using the 

Markov transition matrix and kernel density estimation. The author finds that the income 

distribution in China has changed from multimodality in the beginning of the 1980s to 

unimodality. Sakamoto and Islam (2008) use the Markov transition matrix approach in the study 

of convergence amongst the provinces. They find that the income distribution became bi-modal 

during 1952 to 2003. Besides, they show that the dynamics in the pre-reform period and 

post-reform period are very different. Zhu et al. (2008) use the Markov transition matrix to 

study convergence of total factor productivity (TFP) for the provinces in China over the period 

1978 - 2004, and they conclude that there was no convergence in that period. Wei and Ye (2009) 

examine convergence within the Zhejiang province using the Markov chain approach. Their 

research is based on county-level data rather than provincial data. They show that the 
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southwestern region in Zhejiang performed worse than its coastal counterpart. Sakamoto and 

Fan (2010) investigate distribution dynamics of 75 cities and counties in the Yangtze River delta 

(YRD) over the period 1990 – 2005. They find that the income distribution changed from 

bi-modal to right-skewed, and predict that the county-level units in the YRD can converge in the 

long run. Villaverde et al. (2010) use the stochastic kernel to study convergence in China and 

they find that over the period 1978 to 2007, the persistence in the ranking of income levels was 

very high, even though there was some considerable mobility before 1990. Zhou and Zou (2010) 

examine convergence using prefectural level and county-level city data. They use kernel density 

estimation and find that the shape of the distribution of GRP per capita for all the cities 

(including both prefectural level and county-level cities together) changed from uni-modal in 

1995 to multi-modal in 2004. They also find that the shape of the distribution of the prefectural 

level cities also changed from uni-modal to multi-modal. However, the distribution of the 

county-level cities remained as uni-modal. 

 

Although the studies mentioned earlier are based on different approaches and techniques, the 

findings are very similar. It can be concluded that most of the studies suggest that weak 

convergence existed in the pre-reform period, while divergence has been found after the 

initiation of economic reform. However, if the post-reform period is further divided into smaller 

time intervals, it can be shown that convergence existed in the early stage of economic reforms, 

followed by a divergence period starting from the mid-1980s to about 2004, which was 

followed by convergence. Besides, most of the studies suggest that convergence is not possible 

for the whole nation, but small convergence clubs are found in many different spatial groupings. 

It is worth noting that nearly all of the studies are based on provincial level data. Moreover, 

most of the studies in the literature are based on the methods of time series techniques, σ- and 

β- convergence approaches. Therefore, the distribution dynamics of the county-level units have 

not been examined thoroughly. 

 

5.3. Analytical Framework 

The distribution dynamics approach is gaining popularity in convergence analysis. It is adopted 

in this study because it has many virtues. First, this approach does not merely focus on the study 

of income growth but also includes an analysis of the underlying income distribution. Second, it 

can clearly show the mobility of the county-level units. Moreover, it can make a forecast and 

show the proportion of entities in different income groups for a number of years ahead and even 

in the long run. 
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The distribution dynamics approach can be further divided into the discrete Markov transition 

matrix approach and the stochastic kernel approach. The two approaches are closely related to 

each other. The conventional Markov transition matrix approach is discussed first, and then the 

stochastic kernel approach is described. 

 

Relative income is assumed to follow a finite first-order Markov chain with stationary transition 

probabilities. First, a state space of m non-overlapping states is defined (i = 1, …m) and each 

state represents an interval of relative income values. Let t
ry  be the relative income, which is 

measured by the ratio of the gross regional product (GRP) per capita of the county-level unit r 

to the mean GRP per capita, at time t. If the sequence { 0
ry , 1

ry , …} satisfies the relation 
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for all intervals, states and county-level units, then it is called a discrete-time Markov chain 

process (Kemeny and Snell, 1976, Geppert and Stephan, 2008). Equation (5.1) means that the 

probability for a county-level unit r to move from state i at time t to state j at time t+1 depends 

only on the county-level unit’s state i at time t but not on states at previous points in time. If the 

transition probability, ijP , is independent of t, then it is called a time stationary Markov chain. 

 

The Markov chain process can be described as 

 

tt DMD ⋅=+1                 (5.2) 

 

where M is a m x m matrix of transition probabilities (that is, ijP ), tD  represents distribution 

at time t, and 1+tD  represents distribution at time t+1. 

M assumes the following form. 
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M can be constructed by calculating the elements, ijP , in the matrix by 

 

∑
=

=
m

j
ij

ij
ij

n

n
P

1

                 (5.4) 

 

where ijn  is the number of transitions from state i to state j. ijP  is the transition probability 

that a county-level unit will transit from state i to state j in next period. 

By the repeated use of Equation (5.2), the distribution at any time t + k can be derived. 

 

tkkt DMD ⋅=+                 (5.5) 

 

where kM  is the product of k identical transition matrices M. 

 

If the transition matrix M is irreducible (cannot be divided into closed subsets), while the 

transition probabilities are constant over time (that means all states are aperiodic), and if there 

are no absorbing states (recurrent), then the ergodic (steady state) distribution ∗D can be 

derived (Geppert and Stephan, 2008) as 

 

tk

k

DMD ⋅=
∞→

∗ lim
.
               (5.6) 

 

Ergodic distribution shows the distribution when k is equal to infinity. Therefore, the ergodic 

distribution can be used to predict the future income distribution, and it can show the possibility 

of convergence in the future. 

 

One major consideration in the discrete Markov transition matrix approach is the demarcation. 

The total number of states of analysis and the grid values which are used to demarcate these 

states should be selected properly. A large number of states can provide more details in the 

distribution dynamics analysis. However, if the total number of states is too large, then it may 

render the Markov transition matrix approach infeasible. A balance has to be struck between 

these two factors. The selection of the grid values is also very important in the Markov 

transition matrix approach. There are two common approaches in the demarcation of the states. 

One approach is to set the grid values by uniform proportion so that initially the proportion in 

each state is more or less the same. Another approach is to set the grid values by fixed length so 
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that each state has uniform interval length (except the two tails). The first approach is preferred 

if the sample size is small as this approach can ensure that adequate transition episodes are 

available for the analysis. The second approach is preferred for the comparison of results 

obtained from different subsets of data. For example, the complete dataset, which is comprised 

of cities and counties, can be divided into the city-only and county-only datasets, and the 

Markov chain analysis can then be implemented for each dataset individually. However, for 

comparison purpose, it is necessary to ensure that the same demarcation scheme is used for both 

the analysis of the city-only and county-only datasets. It is worth noting that in this study, the 

sample size is large and it is not required to use the demarcation scheme that is based on 

uniform proportion. Besides, demarcation based on fixed intervals can also facilitate the 

comparison between different spatial groupings. Therefore, all the analyses in this chapter are 

based on fixed interval demarcation. 

 

Quah (2001) proposes the use of annual transitions in convergence analysis because in that way, 

the sample size can be larger and the estimation results more reliable. Thus, the Markov 

transition matrix analysis is based on the data of annual transition of relative GRP per capita in 

each county-level unit from 1997 to 2007. Each county-level unit is categorized into one of the 

five states according to its relative GRP per capita, which is the ratio of the GRP per capita to the 

mean GRP per capita of the sample considered. The demarcation is selected to be close to the grid 

values used by Li (2003) in order to facilitate a comparison, and small modification is made to 

ensure that the intervals in states 2, 3 and 4 have the same length. The classification and 

demarcation scheme of the relative incomes are shown in Table 5.1.  

 

Table 5.1 Demarcation of States 

State Income Group Relative Income 

1 Lowest income <= 0.5 

2 Low income > 0.5 and <= 0.85 

3 Average income > 0.85 and <=1.2 

4 High income > 1.2 and <= 1.55 

5 Highest income > 1.55 
 

 

The stochastic kernel approach can be viewed as an extension of the discrete Markov transition 

matrix approach with a continuous infinity of relative income states. It can avoid the problem of 

demarcation. The kernel estimator is defined as follows: 
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����� � 	 ��� 	∑ ��� !"� ��
���                                                  (5.7) 

 

where K is the Epanechnikov kernel function, h is the bandwidth, n is the number of 

observations, and Xi is an observed value of the variable. The bandwidth is chosen optimally 

according to Silverman’s suggestion (Silverman, 1986). 

 

However, the estimation of the stochastic kernel density can be seriously affected if the income 

distribution has a long tail because undersmoothing may appear in areas with only a few 

observations, while oversmoothing may occur in areas with plenty of observations (Silverman, 

1986). This is an important issue in this study, because in China, the income distributions tend 

to have a long right tail. In order to solve this problem, kernels of variable bandwidth can be 

employed to take the sparseness of data into consideration; and so the adaptive kernel method 

with flexible bandwidth is employed in this research. A pilot estimate is computed first to 

determine the density and then the bandwidth is rescaled by a factor that reflects the density at 

that point (for details, see Silverman, 1986).  

 

Suppose that the evolution of the income distribution is first order, time invariant, and further 

assume that the income distribution at time t +τ depends on t only and not on any previous 

distribution, then the relationship between the distributions of relative GRP per capita at time t 

and time t +τ can be represented as: 

 

�#$%�&� � 	' (%)
* �&|���#���,�                                            (5.8) 

 

where �#��� is the density function of the distribution of relative GRP per capita at time t, and 

(%�&|�� is the transition probability kernel which maps the income distribution from time t to t 

+τ, and �#$%�&� is theτ-period-ahead density function of z conditional on x. (see Johnson, 

2000, Johnson, 2005, and Juessen, 2009 for details). The ergodic density, given that it exists, 

can be found by: 

 

�)�&� � 	' (%)
* �&|���)���,�                                             (5.9) 

 

where �)�&� is the ergodic density function. 

 

The estimation outcome of the stochastic kernel approach is usually presented in contour map 

form, and the probability values of the transitions are not available for further examination. 
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Therefore, the transitional dynamics of the stochastic kernel approach are more difficult to 

interpret than those from the discrete Markov transition matrix approach. Thus, this study is 

mainly based on the conventional discrete Markov transition matrix approach. However, the 

analysis of the stochastic kernel is also performed for the nation. 

 

5.4. Data 

For the distribution dynamics approach, the use of county-level data is far superior to using 

provincial level data. Given that the change from a central planning economy to a free market 

economy in China is not yet complete, it is better to employ the latest data to portray recent 

dynamics. However, it is infeasible to carry out the research based on the distribution dynamics 

approach by using only the most recent provincial level data because the number of observations 

at the provincial level would be very small if the time-span was short. A small number of 

observations will make performing the Markov transition matrix analysis impossible. So, there 

is always a dilemma in data selection for the research conducted at the provincial level, and a 

balance must be struck between the number of observations and the period of research. 

 

However, this research is based on county-level data which is made up of about 1500 

county-level units in every year. Therefore, the Markov chain analysis can be implemented 

satisfactorily, even with a few years’ data, because of the large number of observations for every 

year. For that reason, the use of county-level data can allow us to focus only on the recent data, 

thereby allowing examination of the latest distribution dynamics. 

 

5.5. Results and discussions 

5.5.1. Convergence within spatial groupings 

As mentioned in Section 2.1.2, China can be divided into two regions, namely, the coastal 

region and the inland region. In this research, the coastal region is considered as having the 

same provinces as the eastern zone, while the inland region consists of the provinces in the 

central, western and north-eastern zones. It is slightly different from the conventional definition. 

However, the two ways of categorization are very similar and results in this chapter can also be 

viewed as a comparison of transitional dynamics between the eastern zone and all other zones. 

The Markov transition matrices are estimated for different spatial groupings along with the 
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ergodic distributions. Additionally, a stochastic kernel is estimated for the nation and it can also 

be viewed as a test of robustness to determine if the intervals of demarcation are selected 

properly. 

 

5.5.1.1. Convergence within the nation 

The income distributions of county-level units in China in 1997, 2002 and 2007 are shown in 

Figure 5.1. It can be observed that the income distribution has become increasingly unequal. The 

proportion in the income state 1 increased gradually in the study period. It shows that more and 

more county-level units experienced a decline in relative income and thus they migrated to the 

lowest income group in the income distribution. 

 

The evolution of the income distribution in the future can be observed from the ergodic 

distribution. Figure 5.1 shows that state 1 of the ergodic distribution has the highest proportion. 

The proportion in state 2 is also very high. It means that many of the county-level units will 

migrate to low income states in the future. As the peak of the ergodic distribution is not in state 

3 (the interval which contains the mean), it can therefore be concluded that convergence to the 

mean income is impossible in the long run. 

 

The finding is consistent with those of Li (2003) and Sakamoto and Islam (2008). Li (2003) 

finds that the peak in the ergodic distributions is in state 2, which has a range of relative incomes 

from 0.5 to 0.85, and so concludes that it is unlikely for the provinces to converge to the mean 

income. Sakamoto and Islam (2008) find that the income distribution has become bi-modal by 

using the data from 1952 to 2003 and that the highest peak in the ergodic distribution is in the 

lowest income state. Although these studies are based on provincial data, their findings are the 

same as this study, which is based on county-level data.  
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Figure 5.1 Income Distributions and Ergodic Distrib ution for the Nation 
Source: Author’s calculation. 
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It is worth noting that the congregation of the entities around the low income states does not 

mean that there is a drop in the absolute incomes of the cities or counties. Since relative income is 

used in calculation, the mobility of the county-level units can be affected by the change in their 

own income levels and the mean income level. If there is a substantial increase in the mean 

income, the entities will drop to lower income groups even if their absolute income levels 

remain unchanged or even increase. It indicates that the disparity in China has been increasing 

because the decline in the relative income of many of the county-level units means that many 

entities have lagged more and more behind and could not catch up with their counterparts over 

the study period. The congregation of entities at the low end of the ergodic distribution signifies 

that in the future, more and more entities will become relatively poorer and the income levels of 

many entities will be far below the average. 

 

Transitional dynamics can be examined by studying the Markov transition matrix in Table 5.2. 

The values of the diagonal elements are extremely high, especially at the two ends of the 

distribution, implying considerable persistence in the income distribution. This finding is 

consistent with the recent work of Villaverde et al. (2010), who also claim that persistence was 

very high in China over the period 1978 – 2007. 

 

Table 5.2 shows that the diagonal elements of state 1 and state 5 are 0.9402 and 0.9449 

respectively. This means that the county-level units which belong to the lowest income group and 

the highest income group have an extremely high probability of remaining in their income states. 

Although many regions in China have achieved a satisfactory growth rate by international 

standards, the high probability of staying in state 1 means that the poor county-level units cannot 

migrate to higher income states easily. These poor county-level units tend to remain poor (in a 

relative sense) in the future, therefore, special attention should be paid to them. The diagonal 

elements are 0.8877 for state 2, 0.8209 for state 3 and 0.7919 for state 4. Apparently, the entities in 

the low income group (state 2) are also very difficult to move. The cities and counties in the high 

income group (state 4) can change state relatively more easily and they only have a 0.7919 

probability of remaining in the same state. 

 

Table 5.2 Transition Matrix and Ergodic Distributio n for the Nation 
State 1 2 3 4 5 

1 0.9402  0.0587  0.0011  0.0000  0.0000  
2 0.0621  0.8877  0.0496  0.0002  0.0004  
3 0.0004  0.1104  0.8209  0.0650  0.0033  
4 0.0007  0.0081  0.1135  0.7919  0.0858  
5 0.0000  0.0005  0.0075  0.0472  0.9449  

Ergodic 0.3363  0.3222  0.1430  0.0734  0.1251  
Source: Author’s calculation. 
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Further information on transitional dynamics can be obtained by comparing probabilities of 

moving up and down for states 2, 3 and 4. The probability value of moving down from state 2 to 

state 1 is 0.0621. The probability of moving up for state 2 is 0.0502, which is equal to the sum 

of the probabilities of moving up from state 2 to states 3, 4 and 5 (equal to 0.0496 +0.0002 + 

0.0004). The difference between the probabilities of moving down and up can be computed, 

with the probability of moving down being taken as negative. It is -0.0119 (equal to 0.0502 – 

0.0621) for state 2. This means that entities in state 2 have a higher chance to move down if they 

move out of state 2. This comparison can only be carried out for states 2, 3, and 4 because it is 

impossible for the entity to move down beyond state 1 or move up beyond state 5. The net 

probability of moving up is -0.0425 for state 3, while it is -0.0365 for state 4. The finding is 

alarming, for it shows that all the entities in states 2, 3, and 4 are likely to move down to lower 

parts of the income distribution. This fact, coupled with the high persistence in state 1, indicates 

that the proportion of the lower parts of the income distribution will increase over time. This 

validates the shape of the long-run ergodic distribution that is shown in Figure 5.1.  

 

Figure 5.2 shows the stochastic kernel for the nation over 1997-2007. The density mass is 

concentrated along the 45-degree diagonal line, implying considerable persistence in the income 

distribution. This fact can be observed more clearly in Figure 5.3, which shows the contour plot 

of the stochastic transition probability kernel of relative incomes in the range 0.2-1.6. The 

convergence process will be slow, even though it is possible when there is a high concentration 

of probability mass along the diagonal. On the contrary, faster rates of convergence can be 

achieved if most of the probability mass is concentrated parallel to the axis of relative GRP per 

capita at time t. It is apparent from Figure 5.3 that convergence in China is a slow process and it 

will take a long time to achieve. The finding of the high persistence in Figure 5.3 is in 

agreement with the conclusion derived from the Markov transition matrix shown in Table 5.2.  
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Figure 5.2 Stochastic Kernel for the Nation 
Source: Author’s calculation. 
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Figure 5.3 Contour Plot for the Nation 
Source: Author’s calculation. 
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Figure 5.4 shows the ergodic distribution computed from the stochastic kernel approach. It 

provides a forecast into the future and shows that a uni-modal convergence of the income 

distribution can be achieved in the long run. However, the entities will converge to a value 

slightly below 0.5 in relative income, which is far below the mean (the value of the mean is 1). 

This signifies that even though convergence is possible, many entities will congregate around 

the lower part of the income distribution. 

 

It is of interest to compare the ergodic distribution derived from the Markov transition matrix 

approach with the one from the stochastic kernel approach. Figure 5.1, which is based on the 

Markov transition matrix approach, shows that the peak of the ergodic distribution is in state 1, 

which is defined as a relative income of 0.5 and below. The proportion in state 1 is about 0.33. 

Similarly, in Figure 5.4, the area enclosed under the curve from 0 to 0.5 is about one-third of the 

overall area underneath the curve. However, Figure 5.1 shows a small peak in state 5, while 

Figure 5.4 does not show any trace of it. This difference can be explained by studying the area 

under the curve in the long right tail in Figure 5.4. For the discrete Markov transition matrix 

approach, state 4 is defined as an interval with relative income from 1.2 to 1.55, while state 5 

includes the entities with their relative income higher than 1.55. Given that the income 

distribution has a long tail in the upper end as shown in Figure 5.4, the area enclosed under the 

curve from 1.55 to the far right end of the income distribution is therefore larger than the area 

under the curve from 1.2 to 1.55. Thus, both the discrete Markov transition matrix approach and 

the stochastic kernel approach convey the same message regarding the future evolution of 

income distribution. 

 

It can be observed that the findings of the stochastic kernel approach are consistent with those of 

the Markov transition matrix approach in every aspect. The stochastic kernel analysis can be 

viewed as a test of robustness and it shows that the demarcation scheme used in the discrete 

Markov transition matrix approach works perfectly. Therefore, the same scheme of demarcation 

is used for all analyses throughout this chapter. The calculation of the net probability of moving 

up cannot be carried out for the stochastic kernel approach because the probability values of the 

elements in the transition probability kernel are generally not available. Hence, subsequent 

analyses in this chapter are based on the Markov transition matrix approach given the fact that 

mobility can be better studied by using this approach. 
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Figure 5.4 Ergodic Density for the Nation 
Source: Author’s calculation. 
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5.5.1.2. Convergence within other spatial groupings 

Li (2003) divides the provinces into three economic zones, and shows that the provinces have a 

strong tendency of convergence within each economic zone. It is of interest to examine the 

convergence pattern of the county-level units within the economic zone as well. In this study, 

convergence analyses are performed for different spatial groupings so as to provide a 

comprehensive understanding of the transitional dynamics and convergence patterns within the 

different spatial groupings. 

 

Table 5.3 shows the Markov transition matrices for different spatial groupings. The values of the 

diagonal elements are extremely high in every matrix. Therefore, it shows that persistence is 

high in all spatial groupings. Moreover, it is observed that the diagonal elements in states 1 and 

5 are higher than the other elements in the diagonal in all matrices. It implies that the persistence 

in the lowest income group and highest income group is more pronounced than the other income 

groups. 

 

Convergence analysis is performed for each province individually in this study. However, the 

number of county-level units in Hainan and Ningxia are small, so the Markov transition matrix 

analysis cannot be applied reliably for these two provinces individually and thus these two 

provinces are not included in the study. The transition matrices and the ergodic distributions of 

all the provinces are shown in Table 5.4. 

 

It is worth noting that high persistence is found in the Markov transition matrices of all the 

provinces, except Anhui and Jilin. Strong evidence of persistence can be observed in the lowest 

income groups in many provinces. Table 5.5 shows that all provinces in the eastern zone have 

high probabilities of remaining in state 1. The highest one being Fujian with a probability of 

0.9839. Quite the opposite, the probability values in Anhui and Jilin are low with a value of only 

0.5000. 
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Table 5.3 Transition Matrices and Ergodic Distribut ions for the Coastal Region, Inland 
Region and Economic Zones 

 State 1 2 3 4 5 

Coastal 
Region 
 

1 0.9495  0.0505  0.0000  0.0000  0.0000  
2 0.0662  0.9059  0.0280  0.0000  0.0000  
3 0.0000  0.1034  0.8514  0.0452  0.0000  
4 0.0000  0.0000  0.0940  0.8172  0.0888  
5 0.0000  0.0000  0.0040  0.0441  0.9519  

 Ergodic 0.4482  0.3419  0.0925  0.0413  0.0761  
       

Inland  
Region 

1 0.9399  0.0590  0.0005  0.0000  0.0005  
2 0.0383  0.9054  0.0546  0.0017  0.0000  
3 0.0008  0.0895  0.8382  0.0682  0.0032  
4 0.0008  0.0047  0.1455  0.7324  0.1166  
5 0.0005  0.0016  0.0075  0.0588  0.9316  

Ergodic 0.2169  0.3320  0.2001  0.0887  0.1623  
       

Central 
Zone 

1 0.9375  0.0625  0.0000  0.0000  0.0000  
2 0.0236  0.9242  0.0513  0.0008  0.0000  
3 0.0000  0.0776  0.8652  0.0572  0.0000  
4 0.0000  0.0056  0.1476  0.7604  0.0864  
5 0.0000  0.0026  0.0026  0.0447  0.9500  

 Ergodic 0.1423  0.3773  0.2423  0.0873  0.1508  
       

Western 
Zone 

1 0.9459  0.0541  0.0000  0.0000  0.0000  
2 0.0420  0.8986  0.0579  0.0005  0.0010  
3 0.0000  0.1113  0.8153  0.0719  0.0015  
4 0.0000  0.0024  0.1226  0.7767  0.0983  
5 0.0000  0.0000  0.0054  0.0612  0.9333  

 Ergodic 0.2525  0.3254  0.1714  0.0978  0.1529  
       

North-Eastern 
Zone 

1 0.8736  0.1154  0.0110  0.0000  0.0000  
2 0.0710  0.8664  0.0585  0.0021  0.0021  
3 0.0078  0.1016  0.8125  0.0729  0.0052  
4 0.0000  0.0054  0.1505  0.7688  0.0753  
5 0.0000  0.0063  0.0252  0.0692  0.8994  

 Ergodic 0.2186  0.3650  0.2205  0.1012  0.0947  
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

Table 5.4 Transition Matrices and Ergodic Distribut ions for the Provinces 
Province State 1 2 3 4 5 

Fujian 

1 0.9839  0.0161  0.0000  0.0000  0.0000  
2 0.0148  0.9593  0.0259  0.0000  0.0000  
3 0.0000  0.0732  0.8699  0.0569  0.0000  
4 0.0000  0.0000  0.1333  0.8500  0.0167  
5 0.0000  0.0000  0.0000  0.0444  0.9556  

 Ergodic 0.3703  0.4031  0.1428  0.0610  0.0229  
       

Guangdong 

1 0.8545  0.1455  0.0000  0.0000  0.0000  
2 0.0114  0.9470  0.0379  0.0038  0.0000  
3 0.0000  0.0519  0.8636  0.0844  0.0000  
4 0.0000  0.0000  0.1449  0.7391  0.1159  
5 0.0000  0.0000  0.0114  0.0568  0.9318  

 Ergodic 0.0256  0.3273  0.2625  0.1425  0.2422  
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Hebei 

1 0.9341  0.0659  0.0000  0.0000  0.0000  
2 0.0550  0.8956  0.0455  0.0038  0.0000  
3 0.0000  0.1235  0.8364  0.0401  0.0000  
4 0.0000  0.0000  0.1049  0.8210  0.0741  
5 0.0000  0.0000  0.0000  0.0625  0.9375  

 Ergodic 0.3155  0.3776  0.1509  0.0714  0.0846  
       

Jiangsu 

1 0.9565  0.0435  0.0000  0.0000  0.0000  
2 0.0596  0.9272  0.0132  0.0000  0.0000  
3 0.0000  0.0261  0.9565  0.0174  0.0000  
4 0.0000  0.0000  0.1111  0.8889  0.0000  
5 0.0000  0.0000  0.0000  0.0111  0.9889  

 Ergodic 0.4634  0.3381  0.1716  0.0269  0.0000  
       

Zhejiang 

1 0.9322  0.0678  0.0000  0.0000  0.0000  
2 0.0634  0.9225  0.0141  0.0000  0.0000  
3 0.0000  0.0263  0.9211  0.0526  0.0000  
4 0.0000  0.0000  0.0538  0.8615  0.0846  
5 0.0000  0.0000  0.0000  0.1087  0.8913  

 Ergodic 0.2749  0.2941  0.1574  0.1538  0.1198  
       

Anhui 

1 0.5000  0.5000  0.0000  0.0000  0.0000  
2 0.0144  0.8633  0.1223  0.0000  0.0000  
3 0.0000  0.1000  0.8250  0.0750  0.0000  
4 0.0000  0.0000  0.0909  0.7841  0.1250  
5 0.0000  0.0000  0.0110  0.0659  0.9231  

 Ergodic 0.0064  0.2239  0.2739  0.1889  0.3069  
       

Henan 

1 0.7843  0.2157  0.0000  0.0000  0.0000  
2 0.0475  0.9075  0.0450  0.0000  0.0000  
3 0.0000  0.1024  0.8439  0.0488  0.0049  
4 0.0000  0.0000  0.0511  0.8905  0.0584  
5 0.0000  0.0000  0.0000  0.0240  0.9760  

 Ergodic 0.0660  0.2999  0.1317  0.1383  0.3641  
       

Hunan 

1 0.8596  0.1404  0.0000  0.0000  0.0000  
2 0.0455  0.9161  0.0385  0.0000  0.0000  
3 0.0000  0.0569  0.8696  0.0736  0.0000  
4 0.0000  0.0000  0.1641  0.7891  0.0469  
5 0.0000  0.0000  0.0000  0.0333  0.9667  

 Ergodic 0.1186  0.3663  0.2478  0.1111  0.1563  
       

Jiangxi 

1 0.8462  0.1538  0.0000  0.0000  0.0000  
2 0.0230  0.9042  0.0728  0.0000  0.0000  
3 0.0000  0.1081  0.8301  0.0618  0.0000  
4 0.0000  0.0000  0.1022  0.8656  0.0323  
5 0.0000  0.0000  0.0208  0.0625  0.9167  

 Ergodic 0.0637  0.4262  0.2870  0.1609  0.0623  
       

Gansu 

1 0.9010  0.0990  0.0000  0.0000  0.0000  
2 0.0688  0.9109  0.0202  0.0000  0.0000  
3 0.0000  0.0811  0.8378  0.0676  0.0135  
4 0.0000  0.0000  0.0882  0.8088  0.1029  
5 0.0000  0.0000  0.0000  0.0316  0.9684  

 Ergodic 0.2295  0.3302  0.0824  0.0757  0.2822  
       
       
       
       



 

120 

 

       

Guangxi 

1 0.8043  0.1957  0.0000  0.0000  0.0000  
2 0.0175  0.8952  0.0873  0.0000  0.0000  
3 0.0000  0.0917  0.8165  0.0826  0.0092  
4 0.0000  0.0068  0.0753  0.8219  0.0959  
5 0.0000  0.0000  0.0110  0.0989  0.8901  

 Ergodic 0.0242  0.2708  0.2401  0.2376  0.2274  
       

Guizhou 

1 0.7333  0.2667  0.0000  0.0000  0.0000  
2 0.0144  0.9496  0.0360  0.0000  0.0000  
3 0.0000  0.1651  0.7890  0.0459  0.0000  
4 0.0000  0.0112  0.1124  0.7416  0.1348  
5 0.0000  0.0000  0.0000  0.0667  0.9333  

 Ergodic 0.0359  0.6646  0.1412  0.0524  0.1060  
       

Inner Mongolia 

1 0.8889  0.1111  0.0000  0.0000  0.0000  
2 0.0741  0.8852  0.0370  0.0037  0.0000  
3 0.0000  0.1654  0.7638  0.0630  0.0079  
4 0.0000  0.0000  0.1600  0.6900  0.1500  
5 0.0000  0.0000  0.0000  0.0565  0.9435  

 Ergodic 0.2743  0.4114  0.1014  0.0544  0.1585  
       

Qinghai 

1 0.9091  0.0909  0.0000  0.0000  0.0000  
2 0.0629  0.8742  0.0566  0.0000  0.0063  
3 0.0000  0.2368  0.6842  0.0789  0.0000  
4 0.0000  0.0185  0.2407  0.7222  0.0185  
5 0.0000  0.0000  0.0000  0.1029  0.8971  

 Ergodic 0.3246  0.4691  0.1208  0.0482  0.0373  
       

Sichuan 

1 0.8115  0.1885  0.0000  0.0000  0.0000  
2 0.0324  0.9352  0.0308  0.0016  0.0000  
3 0.0000  0.0980  0.8408  0.0612  0.0000  
4 0.0000  0.0099  0.0693  0.7624  0.1584  
5 0.0000  0.0000  0.0044  0.0622  0.9333  

 Ergodic 0.0764  0.4445  0.1368  0.1014  0.2409  
       

Xinjiang 

1 0.9482  0.0518  0.0000  0.0000  0.0000  
2 0.0558  0.8712  0.0730  0.0000  0.0000  
3 0.0000  0.0969  0.8316  0.0663  0.0051  
4 0.0000  0.0110  0.0879  0.7582  0.1429  
5 0.0000  0.0000  0.0000  0.1031  0.8969  

 Ergodic 0.2688  0.2496  0.1737  0.1254  0.1824  
       

Yunnan 

1 0.9297  0.0703  0.0000  0.0000  0.0000  
2 0.0288  0.9255  0.0433  0.0024  0.0000  
3 0.0000  0.0696  0.8864  0.0403  0.0037  
4 0.0000  0.0000  0.0928  0.8351  0.0722  
5 0.0000  0.0000  0.0000  0.0559  0.9441  

 Ergodic 0.1425  0.3470  0.2277  0.1169  0.1659  
       

Heilongjiang 

1 0.8500  0.1333  0.0167  0.0000  0.0000  
2 0.0652  0.8652  0.0696  0.0000  0.0000  
3 0.0068  0.1233  0.7397  0.1164  0.0137  
4 0.0083  0.0000  0.1083  0.7833  0.1000  
5 0.0000  0.0000  0.0119  0.0833  0.9048  

 Ergodic 0.1499  0.3050  0.1713  0.1703  0.2035  
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Jilin 

1 0.5000  0.5000  0.0000  0.0000  0.0000  
2 0.0067  0.9396  0.0537  0.0000  0.0000  
3 0.0000  0.0894  0.8293  0.0732  0.0081  
4 0.0000  0.0000  0.2821  0.6667  0.0513  
5 0.0000  0.0000  0.0270  0.0811  0.8919  

 Ergodic 0.0071  0.5272  0.3165  0.0851  0.0642  
       

Liaoning 

1 0.9070  0.0930  0.0000  0.0000  0.0000  
2 0.0412  0.8454  0.1031  0.0103  0.0000  
3 0.0097  0.0680  0.8350  0.0874  0.0000  
4 0.0000  0.0333  0.1667  0.6500  0.1500  
5 0.0000  0.0000  0.0370  0.1111  0.8519  

 Ergodic 0.1498  0.2613  0.3253  0.1310  0.1326  
Source: Author’s calculation. 

 

Table 5.5 Probabilities of Staying in State 1 for t he Provinces 

Region Zone Province 
Prob. of staying in 

state 1 

Coastal Eastern 

Fujian 0.9839 
Guangdong 0.8545 
Hebei 0.9341 
Jiangsu 0.9565 
Zhejiang 0.9322 

Inland 

Central 

Anhui 0.5000 
Henan 0.7843 
Hunan 0.8596 
Jiangxi 0.8462 

Western 

Gansu 0.9010 
Guangxi 0.8043 
Guizhou 0.7333 
Inner Mongolia 0.8889 
Qinghai 0.9091 
Sichuan 0.8115 
Xinjiang 0.9482 
Yunnan 0.9297 

North-eastern 
Heilongjiang 0.8500 
Jilin 0.5000 
Liaoning 0.9070 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. 

 

 

Mobility is shown in Table 5.6 for different spatial groupings. The table is based on the 

difference between the sum of probability values of moving up, and the sum of probability 

values of moving down for each state in the transition matrix, with the probability of moving 

down being taken as negative in the calculations. It can be observed that most of the probability 

values in the table are negative. It implies that the entities have a higher probability to move 

down to a lower income group than moving upwards, although they are more likely to remain in 

the same states because of the high persistence. The coastal region (that is, the eastern zone) and 

the north-eastern zone have negative values in all three states. The inland region, the central zone 

and the western zone have positive value in state 2, but negative values in both states 3 and 4. 

Moreover, it can be observed that many of the net probabilities in states 3 and 4 for the 
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provinces are negative. Hebei, Inner Mongolia, and Jiangsu all have negative values in all states. 

It should be noted that the results of the decomposition of the change in the inter-CU inequality 

in Section 4.5.2 also shows that these provinces contributed an enormous amount (47% as 

measured by Theil-T) to the increase in overall inequality from 1997 to 2007. Both the results of 

this section and that in Section 4.5.2 show that these provinces have a considerable influence 

upon the inequality in China. 

 

Table 5.6 Net Probabilities of Moving Up for Differ ent Spatial Groupings 

  State 2 State 3 State 4 

Nation Nation -0.0119 -0.0425 -0.0365 

Region 
Coastal -0.0382 -0.0582 -0.0052 
Inland 0.0179 -0.0189 -0.0344 

Economic  
Zone 

Central 0.0286 -0.0204 -0.0669 
Western 0.0174 -0.0379 -0.0267 
North-eastern -0.0084 -0.0313 -0.0806 

Province 

Fujian  0.0111 -0.0163 -0.1167 
Guangdong  0.0303 0.0325 -0.0290 
Hebei  -0.0057 -0.0833 -0.0309 
Jiangsu  -0.0464 -0.0087 -0.1111 
Zhejiang  -0.0493 0.0263 0.0308 
Anhui  0.1079 -0.0250 0.0341 
Henan  -0.0025 -0.0488 0.0073 
Hunan  -0.0070 0.0167 -0.1172 
Jiangxi  0.0498 -0.0463 -0.0699 
Gansu  -0.0486 0.0000 0.0147 
Guangxi 0.0699 0.0000 0.0137 
Guizhou  0.0216 -0.1193 0.0112 
Inner Mongolia  -0.0333 -0.0945 -0.0100 
Qinghai  0.0000 -0.1579 -0.2407 
Sichuan  0.0000 -0.0367 0.0792 
Xinjiang 0.0172 -0.0255 0.0440 
Yunnan  0.0168 -0.0256 -0.0206 
Heilongjiang  0.0043 0.0000 -0.0167 
Jilin  0.0470 -0.0081 -0.2308 
Liaoning  0.0722 0.0097 -0.0500 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. The net probability of moving up is calculated as the difference 
between the sum of probabilities of moving up and the sum of probabilities of moving down, with the probability of moving 
down being taken as negative in calculation.  

 

In summary, the transition matrices for the different spatial groupings in various spatial levels 

show that it is very likely the county-level units will remain in the same state, but it has a much 

higher probability to move downwards to lower income states if it moves. The use of the 

Markov transition matrix approach is very useful as it can show the probabilities of moving 

upwards and downwards for each entity in every state. As a result, this information can be used as 

a guideline in establishing an order of priority in the inequality alleviation program. The cities or 

counties that have the higher probability of going downwards should be given higher priority than 

those that have the higher probability of going upwards, other things being equal. 
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The ergodic distributions are estimated for different spatial groupings in various spatial levels. 

The results are shown in Figures 5.5 to 5.11. Many of them have peaks in state 1 or 2; this 

indicates that the county-level units cannot converge to the mean income in all these spatial 

groupings. The only exception is the Liaoning province, which has its peak in state 3. In contrast 

to Li’s findings (2003), no evidence of convergence to the mean income was detected within any 

economic zone. Although Li (2003) shows that provinces tend to converge within the economic 

zones using provincial level data, the conclusion is very different if county-level data is 

employed in the research.  

5.5.2. Transitional dynamics of cities and counties 

The county-level units can be categorized into cities and counties. It is important to know 

whether cities have an advantage over the counties in economic development in order to shed 

light on any disparity between the two. This section examines the transitional dynamics and 

ergodic distributions of the cities and counties separately at different spatial levels. The complete 

dataset is divided into two datasets; one contains only cities, while the other contains only 

counties. Analyses based on the discrete Markov transition matrix approach are performed for 

these city-only and county-only datasets individually for all the spatial groupings at the national, 

inland-and-coastal and economic zonal levels. However, the analysis cannot be performed for 

each province individually because the sample sizes of the city-only and the county-only 

datasets for each province are very small. Thus, it renders the use of discrete Markov transition 

matrix approach impractical. 

 

The ergodic distributions of the city-only and county-only datasets are calculated individually for 

each spatial grouping for different spatial levels. The demarcation of intervals is based on the 

complete dataset (the one with all counties and cities) so as to facilitate comparison. Therefore 

relative income is measured as the ratio of the income of a county-level unit to the mean income 

of all the county-level units in that spatial grouping. 

 

Table 5.7 shows that persistence is apparent in many spatial groupings. The probability of 

staying in state 1 in central zone is zero for the city-only dataset because no city in the central 

zone is in state 1. The probability of staying in state 1 in the western zone is zero for the 

city-only dataset, while the probability of moving from state 1 to state 2 is 100%. It means that 

all the cities in the western zone that start in state 1 will move to state 2 in the following year. 
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Figure 5.5 Income Distributions and Ergodic Distrib ution for the Coastal Region 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. 
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Figure 5.6 Income Distributions and Ergodic Distrib ution for the Inland Region 
Source: Author’s calculation. Note: The inland region includes the central, western, and north-eastern zones. 
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Figure 5.7 Ergodic Distributions for the Economic Z ones 
Source: Author’s calculation. 
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Figure 5.8 Ergodic Distributions for the Provinces in the Eastern Zone 
Source: Author’s calculation. 
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Figure 5.9 Ergodic Distributions for the Provinces in the Central Zone 
Source: Author’s calculation. 
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Figure 5.10 Ergodic Distributions for the Provinces  in the Western Zone 
Source: Author’s calculation. 
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Figure 5.11 Ergodic Distributions for the Provinces  in the North-Eastern Zone 
Source: Author’s calculation. 
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Table 5.7 Transition Matrices and Ergodic Distribut ions of Cities and Counties for Different Spatial G roupings 

 
                                City County 

 
 State 1 2 3 4 5 1 2 3 4 5 

Nation 

1 0.8353  0.1647  0.0000  0.0000  0.0000  0.9427  0.0562  0.0011  0.0000  0.0000  
2 0.0412  0.8824  0.0745  0.0000  0.0020  0.0646  0.8883  0.0466  0.0002  0.0002  
3 0.0000  0.1009  0.8165  0.0807  0.0018  0.0005  0.1128  0.8220  0.0611  0.0036  
4 0.0000  0.0079  0.1010  0.8139  0.0772  0.0010  0.0082  0.1200  0.7805  0.0903  
5 0.0000  0.0000  0.0060  0.0412  0.9528  0.0000  0.0010  0.0092  0.0544  0.9354  

 
Ergodic 0.0738  0.2953  0.2119  0.1512  0.2678  0.3759  0.3316  0.1358  0.0617  0.0950  

            

Coastal 
Region 

1 0.9487  0.0513  0.0000  0.0000  0.0000  0.9496  0.0504  0.0000  0.0000  0.0000  
2 0.0465  0.9147  0.0388  0.0000  0.0000  0.0704  0.9040  0.0257  0.0000  0.0000  
3 0.0000  0.0833  0.8627  0.0539  0.0000  0.0000  0.1133  0.8458  0.0410  0.0000  
4 0.0000  0.0000  0.0845  0.8404  0.0751  0.0000  0.0000  0.1059  0.7882  0.1059  
5 0.0000  0.0000  0.0054  0.0327  0.9619  0.0000  0.0000  0.0000  0.0758  0.9242  

  Ergodic 0.2876  0.3171  0.1475  0.0835  0.1644  0.4930  0.3529  0.0800  0.0309  0.0432  
  

           

Inland 
Region 
  

1 0.5556  0.3333  0.1111  0.0000  0.0000  0.9417  0.0577  0.0000  0.0000  0.0005  
2 0.0137  0.9224  0.0639  0.0000  0.0000  0.0399  0.9043  0.0540  0.0018  0.0000  
3 0.0029  0.0501  0.8525  0.0885  0.0059  0.0005  0.0957  0.8360  0.0651  0.0028  
4 0.0000  0.0069  0.1134  0.7423  0.1375  0.0010  0.0041  0.1550  0.7295  0.1104  
5 0.0000  0.0012  0.0072  0.0469  0.9447  0.0010  0.0019  0.0077  0.0683  0.9211  

  Ergodic 0.0078  0.2026  0.2312  0.1531  0.4053  0.2468  0.3530  0.1981  0.0806  0.1215  
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    City     County   
  State 1 2 3 4 5 1 2 3 4 5 

Central 
Zone 

1 0.0000  0.0000  0.0000  0.0000  0.0000  0.9375  0.0625  0.0000  0.0000  0.0000  
2 0.0000  0.9103  0.0897  0.0000  0.0000  0.0252  0.9252  0.0486  0.0009  0.0000  
3 0.0000  0.0703  0.8203  0.1094  0.0000  0.0000  0.0787  0.8719  0.0494  0.0000  
4 0.0000  0.0000  0.1279  0.7674  0.1047  0.0000  0.0073  0.1538  0.7582  0.0806  
5 0.0000  0.0000  0.0000  0.0288  0.9712  0.0000  0.0058  0.0058  0.0640  0.9244  

  Ergodic 0.0000  0.1365  0.1742  0.1490  0.5404  0.1706  0.4227  0.2533  0.0742  0.0791  

Western 
Zone 

1 0.0000  1.0000  0.0000  0.0000  0.0000  0.9467  0.0533  0.0000  0.0000  0.0000  
2 0.0000  0.9315  0.0685  0.0000  0.0000  0.0435  0.8974  0.0575  0.0005  0.0010  
3 0.0000  0.0550  0.8257  0.1101  0.0092  0.0000  0.1163  0.8144  0.0685  0.0008  
4 0.0000  0.0000  0.0952  0.8175  0.0873  0.0000  0.0029  0.1275  0.7693  0.1003  
5 0.0000  0.0000  0.0051  0.0460  0.9488  0.0000  0.0000  0.0056  0.0679  0.9266  

  Ergodic 0.0000  0.1587  0.1975  0.2248  0.4191  0.2762  0.3383  0.1695  0.0885  0.1275  
  

           

North-eas
tern Zone 

1 0.7500  0.2500  0.0000  0.0000  0.0000  0.8889  0.0988  0.0123  0.0000  0.0000  
2 0.0619  0.8454  0.0825  0.0000  0.0103  0.0733  0.8717  0.0524  0.0026  0.0000  
3 0.0055  0.0492  0.8634  0.0820  0.0000  0.0100  0.1493  0.7662  0.0647  0.0100  
4 0.0000  0.0000  0.1494  0.7816  0.0690  0.0000  0.0101  0.1515  0.7576  0.0808  
5 0.0000  0.0097  0.0194  0.0388  0.9320  0.0000  0.0000  0.0357  0.1250  0.8393  

  Ergodic 0.0631  0.2244  0.3451  0.1654  0.2019  0.2938  0.4230  0.1643  0.0724  0.0466  
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 



 

133 

 

The dynamics can be observed more clearly by studying the probabilities of staying in states 1 

and 5, as well as the net probabilities of moving up for states 2, 3, and 4. The results are shown 

in Table 5.8. Counties have a much higher probability of staying in state 1 than cities. On the 

contrary, cities have the higher probability of staying in state 5. Another important finding is 

that the cities always have the higher net probability of moving up than the counties, with the 

only exception being state 4 of the coastal region. Most of the values of the net probability of 

moving up are negative for the counties. The analysis of the county-only dataset shows positive 

net probabilities of moving up only in state 2 of the inland region, central zone and western 

zone. On the contrary, the net probabilities of moving up are positive for the cities in many 

spatial groupings. This represents the cities as enjoying an advantage over counties in economic 

development because the cities have the higher probability of breaking away from state 1 than 

the counties, and they also have the higher chance to move upwards in the three middle states. 

In addition, they have the higher probability of remaining in state 5 than the counties. Therefore, 

in the long run, the cities will congregate around the high income states, whereas the counties 

will congregate around the low income states. 

 

Table 5.8  Probabilities of Staying in States 1 and  5, Net Probabilities of Moving Up of 
Cities and Counties for Different Spatial Groupings  

 

 

Prob. of 
Staying 
in State 

1 

Prob. of 
Staying 
in State 

5 

Net 
Prob. of 
Moving 

up for 
State 2  

Net 
Prob. of 
Moving 

up for 
State 3  

Net 
Prob. of 
Moving 

up for 
State 4  

Nation 
      Cities and Counties 0.9402 0.9448 -0.0119 -0.0425 -0.0365 
City-Only 0.8352 0.9527 0.0352 -0.0183 -0.0317 
County-Only 0.9426 0.9353 -0.0175 -0.0485 -0.0390 

 
      

Coastal 
Region 

Cities and Counties 0.9495 0.9519 -0.0382 -0.0582 -0.0052 
City-Only 0.9487 0.9618 -0.0078 -0.0294 -0.0094 
County-Only 0.9496 0.9242 -0.0447 -0.0723 0.0000 

 
      

Inland 
Region 

Cities and Counties 0.9398 0.9315 0.0179 -0.0189 -0.0344 
City-Only 0.5555 0.9447 0.0502 0.0413 0.0171 
County-Only 0.9417 0.9210 0.0158 -0.0283 -0.0496 

 
      

Central 
Zone 

Cities and Counties 0.9375 0.9500 0.0286 -0.0204 -0.0669 
City-Only 0.0000 0.9711 0.0897 0.0390 -0.0233 
County-Only 0.9375 0.9244 0.0243 -0.0294 -0.0806 

 
      

Western 
Zone 

Cities and Counties 0.9459 0.9333 0.0173 -0.0379 -0.0267 
City-Only 0.0000 0.9488 0.0684 0.0642 -0.0079 
County-Only 0.9467 0.9265 0.0155 -0.0470 -0.0301 

 
      

North-eastern 
Zone 

Cities and Counties 0.8736 0.8993 -0.0084 -0.0313 -0.0806 
City-Only 0.7500 0.9320 0.0309 0.0273 -0.0805 
County-Only 0.8888 0.8392 -0.0183 -0.0846 -0.0808 

Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region 
includes the central, western, and north-eastern zones. The net probability of moving up is calculated as the difference 
between the sum of probabilities of moving up and the sum of probabilities of moving down, with the probability of moving 
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down being taken as negative in calculation. 

 

The ergodic distributions for the city-only and county-only datasets are shown in Figure 5.12 to 

Figure 5.15. A high proportion of counties are observed in the low income states 1 and 2, 

whereas the cities tend to congregate around the high income states. Most of the county-only 

ergodic distributions are found to be right-skewed, while many of the city-only ergodic 

distributions are left-skewed. This finding supports previous results on transitional dynamics of 

cities and counties, which suggests that the cities tend to move up to high income groups, while 

counties tend to move downwards. This demonstrates that the administrative status between 

cities and counties exerts a great influence on the transitional dynamics of the income 

distributions at various spatial levels. 

 

Figures 5.12 to 5.15 show that the peaks of many ergodic distributions are not in state 3. It 

implies that the cities cannot converge to the mean income of the cities in many spatial 

groupings. Similarly, convergence to the mean income for the counties is also impossible. 

Surprisingly, Figure 5.15 shows that the peak of the ergodic distribution for the cities in the 

north-eastern zone is in state 3, which implies that the cities in the north-eastern zone can 

converge to the mean income of the cities in the long run. However, convergence to mean 

income is impossible for the eastern, central and western zones. In summary, it is unlikely that 

convergence to the mean income can be achieved for the cities and counties. 

 

If a comparison is made between the ergodic distributions of the complete dataset and the 

county-only dataset, it can be observed that they are similar. This is because the number of 

counties is far greater than that of the cities in every spatial grouping, and so the transitional 

dynamics in the complete dataset are always dominated by the counties. Convergence to the 

mean income for all the county-level units cannot be achieved because of the poor performance 

of the counties, which have a tendency to congregate to the lower part of the distribution. Hence, 

more resources should be allocated to the counties in order to attain the objective of 

convergence in the future. 
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Figure 5.12 Ergodic Distributions for County-Only D ataset for Nation, Inland and Coastal Regions 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Figure 5.13 Ergodic Distributions for City-Only Dat aset for Nation, Inland and Coastal Regions 
Source: Author’s calculation. Note: The coastal region is treated the same as the eastern zone. The inland region includes the central, western, and north-eastern zones. 
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Figure 5.14 Ergodic Distributions for County-Only D ataset for Economic Zones 
Source: Author’s calculation. 
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Figure 5.15 Ergodic Distributions for City-Only Dat aset for Economic Zones 
Source: Author’s calculation. 
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5.5.3. Effects of spatial factor and administrative status 

It is suggested that transitional dynamics in China are significantly affected by spatial factors. 

Pu et al. (2005) and He and Zhang (2007) find that regions have a higher tendency of moving 

down to low income groups if they are surrounded by poor regions. On the contrary, regions 

have a higher tendency to move upwards if they are surrounded by rich regions. With the use of 

the county-level dataset, it is possible to study whether the spatial factor (provincial border) 

plays an important role in inequality dynamics. The Markov transition matrix conditional on the 

provincial border is constructed so as to study this effect. This method is introduced by Quah 

(1996b) to study the influence of the nation on transitional dynamics. He creates a transition 

matrix based on the transitions from Europe-relative incomes to nation-relative incomes, to 

determine if the nation is important for explaining inequality dynamics in Europe. 

 

The conditional Markov transition matrix does not quantify the transitions over time, but it 

quantifies the effects of conditioning. First, the relative incomes of all the entities are calculated 

based on the mean of the population (that is, the unconditioned relative incomes). Then the 

entities are divided into subgroups according to the condition. The conditioned relative income 

for each entity is then calculated based on the mean of the subgroup that the entity belongs to. 

The conditional Markov transition matrix is then constructed based on the transition from the 

states of the unconditioned relative incomes to the states of the conditioned relative incomes. 

The idea is that, if the conditional Markov transition matrix is the same as the identity matrix, it 

means that the unconditioned relative income states are the same as the conditioned relative 

income states, thereby implying the transitional dynamics are not related to the condition. On 

the contrary, if the conditional Markov transition matrix is very different from the identity 

matrix, it means that the condition accounts for a substantial amount of transitional dynamics. 

 

The approach of the conditional Markov transition matrix is adopted in this section to evaluate 

the impact of provincial border on transitional dynamics. First of all, the county-level units were 

grouped into provinces, and the province-conditioned relative income data series were 

constructed. The Markov transition matrix conditional on the provincial border was estimated 

by relating the unconditioned relative income data (that is, the relative income data which is 

based on the national mean) to the province-conditioned relative income data (that is, the 

relative income data which is based on the mean of each province). Table 5.9 shows the Markov 

transition matrix conditional on the provincial border. It can be observed that this matrix is 

markedly different from the identity matrix. Therefore, it means that provincial border accounts 

for a considerable amount of the income distribution dynamics. This finding is consistent with 
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those of other researchers (Pu et al., 2005, He and Zhang, 2007). Furthermore, the diagonal 

value for state 1 is 0.2972, while the peak of the unconditioned state 1 is 0.6369 which lies in 

the province-conditioned state 2. It means that 29.72% of the poorest entities (relative to the 

national mean) continue to be the poorest ones as measured by the provincial standard (relative 

to the provincial mean), while 63.69% of them are in state 2 as measured by the provincial 

standard. This suggests that many provinces are very poor, and they are mainly made up of very 

poor county-level units as measured by the national standard. The provincial means of these 

provinces are lower than the national mean, and therefore the county-level units in state 1 

(relative to the national mean) move upwards to state 2 (relative to the provincial mean which is 

much lower than the national mean) within a province. This demonstrates that there is a wide 

disparity amongst the provinces. 

 

The possibility of convergence to mean income within a province can also be examined from 

the province-conditioned state 3 column. If all the elements in this column are close to unity, it 

does not matter whether the entities are poor or rich (relative to the national mean), they will 

move to state 3 (relative to the provincial mean) in their respective province, thereby 

convergence is achieved within each province. However, it can be observed that every element 

in the province-conditioned state 3 column is much smaller than unity, which indicates that it is 

hard for the entities in a province to converge to the provincial mean. This finding is consistent 

with those in Section 5.5.1.2. 

 

Table 5.9 Markov Transition Matrix Conditional on P rovincial Border 

  
Province-Conditioned 

 
State 1 2 3 4 5 

 
1 0.2972 0.6369 0.0586 0.0074 0.0000 

 
2 0.0880 0.4536 0.3336 0.0952 0.0296 

Unconditioned 3 0.0389 0.2709 0.3145 0.2223 0.1534 

 
4 0.0006 0.1751 0.3075 0.2550 0.2618 

 
5 0.0000 0.0254 0.1645 0.2125 0.5975 

Source: Author’s calculation. 

 

Cheng and Li (2006b) examine the relative performance of the prefectural level cities and the 

county-level cities. They find that administrative status has substantial impact on the 

performance of the cities. Section 5.5.2 shows that the administrative status (city and county) 

has considerable impact on the transitional dynamics. Undoubtedly, administrative status plays a 

major role in future economic development. The impact of the administrative status on the 

transitional dynamics can be further examined by the conditional Markov transition matrix 

approach.  

 

The mean income for all the cities was calculated first, and then the income of each city was 
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divided by this mean to get the status-conditioned relative income data series for the cities. 

Similarly, the mean income for all the counties was computed, and the status-conditioned 

relative income data series for the counties was constructed by dividing the income of each 

county by the mean of the counties. The Markov transition matrix conditional on status was then 

constructed by relating the unconditioned relative income data to the status-conditioned relative 

income data. The Markov transition matrix conditional on administrative status is shown in 

Table 5.10. 

 

Table 5.10 Markov Transition Matrix Conditional on Administrative Status 

  
Status-Conditioned 

 
State 1 2 3 4 5 

 
1 0.5491 0.4509 0.0000 0.0000 0.0000 

 
2 0.0974 0.4519 0.4506 0.0000 0.0000 

Unconditioned 3 0.0000 0.1990 0.2120 0.5717 0.0173 

 
4 0.0000 0.2302 0.1120 0.0130 0.6448 

 
5 0.0000 0.0000 0.1751 0.1616 0.6633 

Source: Author’s calculation. 

 

It can be observed that the Markov transition matrix conditional on administrative status is 

significantly different from the identity matrix. This means that conditioning on administrative 

status accounts for a substantial amount of the inequality dynamic in China. Another 

observation is that all the elements in the status-conditioned state 3 column are not close to unity. 

The highest value is 0.4506 for the unconditioned state 2. It is 0.0000, 0.2120, 0.1120, 0.1751 

for the unconditioned states 1, 3, 4 and 5 respectively. It means that the counties, regardless of 

the income level (relative to the national mean), have a much higher tendency to move away 

from the mean income state of the counties and to migrate to other states (because the elements 

in status-conditioned state 3 column is very small). Similarly, the cities will also move away 

from the mean income state of the cities. This corroborates the conclusion in the previous 

section that shows it is very difficult for the cities to converge to the cities’ mean, and very 

difficult for the counties to converge to the counties’ mean. 

 

In summary, both conditional Markov transition matrices show that the county-level units 

within a province cannot converge to the provincial mean, the cities cannot converge to the 

cities’ mean, and counties cannot converge to the counties’ mean. Moreover, the two conditional 

matrices are very different from the identity matrix. Therefore, it means that provincial border 

and administrative status account for a considerable amount of the inequality dynamics in China. 

The results highlight the importance of studying each province individually in convergence 

analysis. Moreover, the city and county subgroups should also be studied individually. 
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5.6. Conclusions 

This research investigates the issue of convergence within different spatial groupings at various 

spatial levels, namely, the national, the inland-and-coastal, the economic zonal and the 

provincial levels. High persistence is found in many Markov transition matrices. It implies that 

the entities tend to remain in their present income groups. 

 

Cities and counties are found to have different transitional dynamics. The former generally have 

the higher tendency to move upwards than the latter. Moreover, the cities are found to have the 

higher probability of staying in state 5, while the counties have the higher tendency of staying in 

state 1. Given that the counties dominate the sample, the transitional dynamics of the overall 

distribution are consistent with those of the counties. 

 

Many of the cities’ ergodic distributions are left-skewed, while those of the counties are 

right-skewed. The overall ergodic distributions, which are highly influenced by the counties, are 

also right-skewed for most of the spatial groupings. Convergence to the mean income is 

virtually impossible in all the provinces (except the province of Liaoning). Furthermore, 

convergence is found to be impossible for the city subgroups and the county subgroups in 

different spatial groupings (except the cities in the north-eastern zone). Moreover, it is shown 

that both spatial factor (provincial border) and the administrative status of county-level units 

(city and county) play major roles in the transitional dynamics. 

 

At a first glance, the conclusion seems to be pessimistic. If the transitional dynamics remain 

unchanged, then the predictions derived from the ergodic distributions in this chapter will 

become true in the future. Therefore, it calls for further research to examine the causes of 

inequality. The study of the determinants of intra-provincial regional inequality is conducted in 

the next chapter to investigate the factors that can exacerbate inequality. The findings can 

provide pragmatic policy recommendations to reverse the trend in the future. 
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CHAPTER 6                                           

THE IMPACTS OF INDUSTRIALIZATION AND 

GLOBALIZATION ON REGIONAL INEQUALITY IN 

CHINA 

6.1. Introduction 

Inequality has escalated in unison with the remarkable economic growth. The noteworthy 

increase in income inequality poses a question mark on the benefits of economic growth and 

calls for further exploration of the dynamics behind the scenes. It is of interest to know if 

industrialization and globalization are also responsible for the increase in regional inequality in 

China10.  

 

This chapter contributes to the literature by studying the determinants of intra-provincial regional 

inequality for all the provinces in China from 1997 to 2007. Intra-provincial regional inequality, 

which is measured as the Gini coefficient of the county-level units in each province, is used as 

the dependent variable in regression analysis. The remainder of this chapter is structured as 

follows. Section 6.2 presents a review of the literature which is related to the impacts of 

industrialization and globalization on inequality. Section 6.3 presents the discussions of the 

econometric model. Section 6.4 introduces the data used in this chapter. Section 6.5 presents the 

results and interpretations. Section 6.6 concludes with some policy recommendations. 

 

6.2. Literature review 

6.2.1. Industrialization and inequality 

Industrialization in China can be examined by the growth of the secondary industry. It is worth 

noting that the economic activities in China can be categorized into three strata of industries, 

namely, the primary industry, which refers to agriculture, forestry, animal husbandry and fishery 

and services in support of these industries; the secondary industry, which refers to mining and 

quarrying, manufacturing, production and supply of electricity, water and gas, and construction; 

                                                      
10 The word ‘globalization’ could mean different things. It refers to economic globalization in this study and it is 

measured by the scope of foreign direct investment (FDI) and foreign trade.  
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and the tertiary industry, which refers to all other economic activities not included in the 

primary or secondary industries (State Statistical Bureau, 2010). Figure 6.1 shows that since 

1978, the proportion of the primary industry value-added to GDP has declined from 28.2% to 

about 10%, while the share of the secondary industry has remained more or less the same, being 

47.9% in 1978 and 46.9% in 2010. The proportion of tertiary industry increased substantially 

from 23.9% in 1978 to 43.0% in 2010 (State Statistical Bureau, 2011). 

 

Although the proportion of secondary industry in 2010 has remained at about the same level as 

that in 1978, the GDP of the secondary industry increased from 174.5 billion Yuan in 1978 to 

18.6 trillion Yuan in 2010 (State Statistical Bureau, 2011). Tertiary GDP also surged in this 

period. It was 87.25 billion in 1978 and increased to 17.1 trillion in 2010. Figure 6.2 shows that 

GDP per capita has increased alongside the secondary and tertiary industries GDP. Furthermore, 

it can be observed that the curve of the secondary industry GDP is similar to the curve of GDP 

per capita. This indicates that industrialization and the strong development in the tertiary 

industry are related to the economic development of China. 

 

Kuznets (1955) argues that inequality increases with industrialization in the early stages of 

economic development. Many researchers report that industrialization in China has increased 

output but has also led to a surge in inequality (Rozelle, 1994, Rozelle, 1996, Tsui, 1996, Yao, 

1997b, Golley, 2002, Yang, 2002, Huang et al., 2003, Wan, 2004, Kanbur and Zhang, 2005, Tsui, 

2007, Pradhan, 2009). Rozelle (1994) points out that policies that helped agriculture could 

reduce inequality, while those that promoted rural industrialization would increase inequality. In 

another article, Rozelle (1996) claims that the increase in inequality could be attributed to the 

expansion of the industrial sector. Tsui (1996) finds that the secondary industry sector has 

played a central role in the rise of regional inequality using factor decomposition. Golley (2002) 

suggests that industrial development has occurred at a very uneven pace across the provinces in 

China, leading to industrial agglomeration, which has been accompanied by an increase of 

regional disparities in GRP per capita and growth rates. Yang (2002) suggests that in the 

pre-reform period, massive amounts of resources were extracted from the agricultural sector so 

as to accelerate the pace of industrialization and this strategy has led to an increase in inequality 

in China. Huang et al. (2003) find that unevenness in distribution of secondary industry amongst 

the provinces accounted for half of the overall inequality in China from 1991 to 2001. Kanbur 

and Zhang (2005) report that the increase in the ratio of heavy industry to gross output is 

positively correlated with inequality, especially, in the period from 1952 to 1978. Tsui (2007) 

shows that the difference in provincial share of secondary industry sector to national total led to 

disparity in growth, which in turn exacerbated inter-provincial inequality in China. Pradhan 

(2009) also shows that industrialization affected income inequality in China during 1952 – 
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2005. 

 

It should be noted that the township and village enterprise (TVE)11 sector plays a major role in 

rural industrialization in China. Mukherjee and Zhang (2007) argue that nonfarm economic 

growth in rural China has been mostly driven by the development of the TVEs. Several 

researchers study the impacts of rural industrialization on inequality by examining the effects of 

TVEs, and they report that the unequal development of TVEs exacerbated regional inequality in 

China (Yao, 1997b, Zhang, 1999, Wan, 2004). 

 

6.2.2. Globalization and inequality 

Economic globalization can be measured in different ways, but the most common practice in the 

literature is to measure globalization by FDI and international trade. It is well known that FDI 

can boost economic growth. FDI can increase the capital stock of the recipient country, and also 

lead to technological progress, which is important to long term economic growth. De Mello 

(1997) suggests that the impact of FDI on growth can be explained by the efficiency spillovers 

to domestic firms. FDI can increase the value-added content of the FDI-related production, and 

also generate increasing returns in domestic production through positive externalities and 

productivity spillovers. Moreover, FDI is a source of human capital augmentation by knowledge 

transfers through labour training, skill acquisition and diffusion. FDI can bring in new 

production and managerial technologies as well as advanced organizational arrangements. Many 

cross-country studies suggest that FDI can boost economic growth (for example, Borensztein et 

al., 1998, Basu and Guariglia, 2007). For the case of China, Tian et al. (2007) find that the 

provinces with high FDI ratio will have faster technology updating and higher economic growth. 

In addition, FDI has also facilitated greatly the transformation of the collective and the 

state-owned enterprise (SOE) sectors (Fleisher et al., 2010). 

                                                      
11 The commune and brigade enterprises, which operated under the system of rural collective enterprises, were 

renamed as TVEs after the start of economic reforms (Zhang, 1999). The development of the TVE sector has always 

received strong support from local governments because ‘TVEs are often the single most important source of local 

governments’ revenue’ (Zhang, 1999). Therefore, the TVEs have always ‘operated in a much more market-oriented, 

deregulated, environment than the traditional state-owned enterprise (SOE) sector’ (Ho et al., 2002). For that reason, 

the TVEs could adapt flexibly to new opportunities in the economy and consequently they have experienced 

enormous success in reaping the benefits of the reforms. The share of industrial output of the state sector declined 

from 78% in 1978 to 37% in 1994 (Hare and West, 1999), while the output of the TVE sector had increased sharply 

since 1978 (Yao, 1997, Hare and West, 1999, Mukherjee and Zhang, 2007). The share of TVEs in total industrial 

output increased from 22% in 1978 to 42% in 1993 within the non-state sector (Mukherjee and Zhang, 2007). 

However, the disparity in development of the TVE sector led to an increase in regional inequality. 
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According to the State Statistical Bureau (2010), FDI increased enormously after 1978 with the 

total amount of FDI being US$ 4.10 billion in the period of 1979-1984. After that, it increased 

immensely from US$1.96 billion in 1985 to US$105.7 billion in 2010 (State Statistical Bureau, 

2011). Figure 6.3 shows the relationship between FDI and GDP per capita. It can be observed 

that FDI increased with GDP per capita. 

 

The increase in FDI has led to a surge in imports and exports in China (Zhang and Song, 2000). 

Many studies suggest that international trade can boost economic growth (for example, Young, 

1991, Edwards, 1993, Greenaway and Sapsford, 1994, Greenaway et al., 2002), while Wei 

(1995) argues that international trade is good for economic growth because it can ‘expose 

exporting firms to the rigor of international competition as well as to new techniques in 

marketing and processing.’ Many studies on the relationship between international trade and 

economic growth in China report that trade exerts a positive impact on economic growth (for 

example, Tian, 1999, Chen and Feng, 2000, Dacosta and Carroll, 2001, Yao and Zhang, 2001a, 

Yao and Zhang, 2001b, Liu et al., 2002, Yao and Zhang, 2002, Yao, 2006a, Kei and Yao, 2008, 

Li et al., 2010a, Li et al., 2010b, Lau, 2010, Gries and Redlin, 2011). 

 

International trade increased from US$20.6 billion in 1978 to US$115.4 billion in 1990, and 

then surged to US$2.97 trillion in 2010 (State Statistical Bureau, 2011). Figure 6.4 shows the 

amount of international trade, which is measured as the total value of exports and imports. This 

figure illustrates that there is a strong correlation between GDP per capita and international 

trade. 

 

Domestic trade can also stimulate provincial economic growth. Tian (1999) finds that domestic 

trade, which is measured as the total value of retail sales in each province, exerts a positive 

impact on economic growth. Domestic trade is depicted in Figure 6.5, along with the GDP per 

capita as a comparison. The curve of the total retail sales of consumer goods is very similar to 

the curve of GDP per capita, especially in the period before 2003. The total amount of retail 

sales of consumer goods was only 156 billion Yuan in 1978. It increased to 830 billion Yuan in 

1990 and was 15.7 trillion in 2010 (State Statistical Bureau, 2011). 
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Figure 6.1 Primary, Secondary and Tertiary Industri es as Shares of GDP in China 
Source: China Statistical Abstract 2011 (State Statistical Bureau, 2011).
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Figure 6.2 Secondary, Tertiary Industries GDP and G DP Per Capita 
Source: China Statistical Abstract 2011 (State Statistical Bureau, 2011). 
Note: Secondary and tertiary industries GDP (100 million Yuan, current prices) – left vertical axis. GDP per capita (Yuan, current prices) – right vertical axis.

0

5000

10000

15000

20000

25000

30000

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

1
9

7
8

1
9

7
9

1
9

8
0

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

Secondary Tertiary GDP Per Capita



 

149 

 

 

Figure 6.3 FDI and GDP Per Capita 
Source: China Statistical Abstract 2011 (State Statistical Bureau, 2011). 
Note: FDI (100 million USD, current prices) – left vertical axis. GDP per capita (Yuan, current prices) – right vertical axis.
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Figure 6.4 Total Value of Exports and Imports and G DP Per Capita 
Source: China Statistical Abstract 2011 (State Statistical Bureau, 2011). 
Note: Total value of exports and imports (100 million USD, current prices) – left vertical axis. GDP per capita (Yuan, current prices) – right vertical axis.
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Figure 6.5 Total Retail Sales of Consumer Goods and  GDP Per Capita 
Source: China Statistical Abstract 2011 (State Statistical Bureau, 2011). 
Note: Total retail sales of consumer goods (100 million Yuan, current prices) – left vertical axis. GDP per capita (Yuan, current prices) – right vertical axis.
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Since 1978, China’s economy has become more and more globalized in terms of FDI and trade. 

The Chinese government has established many preferential policies aimed at attracting FDI 

(Demurger et al., 2002). Many special economic zones (SEZs), and open cities have been 

established to attract foreign investors. It is shown that both FDI and international trade have 

contributed to economic growth in China. However, they have also exerted their impacts on 

regional inequality. Dowrick and DeLong (2003) point out that, ‘openness to the world economy 

does appear to provide a significant boost to growth, but it does not necessarily promote 

convergence.’  

 

It is debated whether the poor could benefit from globalization. Some argued that globalization 

could bring about a harmful effect on developing countries (Rodrik, 1997, Stiglitz, 2002). 

Pan-Long (1995) show that FDI aggravates inequality in the East and Southeastern Asian 

countries. Lindert and Williamson (2003) also find that globalization has led to an increase in 

inequality in China and other newly trading and industrializing countries. Lee (2006) examines 

the impact of globalization on income inequality and finds that income inequality in Europe has 

been exacerbated by FDI. Basu and Guariglia (2007) find that FDI can increase inequality using 

a panel of 119 developing countries. Dreher and Gaston (2008) show that globalization has 

exacerbated inequality in the OECD countries12. 

 

On the contrary, many researchers argue that globalization can reduce inequality (Dollar, 2001, 

Wei and Wu, 2001, Dollar and Kraay, 2002, Chen et al., 2010). Dollar (2001) suggests that it is 

not globalization which is responsible for the increase in inequality in China, but rather the 

unevenness in levels of integration. He reports that ‘…within China we see the same pattern that 

we observe globally: locations that are integrating with the global economy growing rapidly while 

disconnected locations are left behind.’ He claims that globalization can benefit the poor regions 

and therefore, if it is properly managed, it can promote convergence. 

 

Despite the difference in conclusions of these studies, it seems that the common consensus is that 

globalization can increase the output of a region. However, globalization can work in two 

opposite directions. On the one hand, inequality can be reduced if globalization is targeted at the 

poor and underdeveloped regions (this is suggested by the pro-globalization side of the debate). 

On the other hand, inequality increases if globalization further reinforces the economic growth of 

the already globalized regions (this is suggested by the anti-globalization side). It is thus 

interesting to study the impacts of globalization on China and also understand the underlying 

direction of influence. 

                                                      
12 OECD is the abbreviation of the Organisation for Economic Co-operation and Development. 



 

153 

 

 

There are many studies on the impact of globalization on China’s inequality. Only a few studies 

suggest that globalization can reduce inequality (Wei and Wu, 2001, Chen et al., 2010). Wei and 

Wu (2001) investigate the relationship between openness and the rural-urban inequality in 

Chinese cities. They find that a large increase in trade leads to a faster reduction in rural-urban 

inequality. Chen et al. (2010) find that exports are negatively correlated with rural-urban 

disparity. 

 

However, other studies report that globalization is a major driving force behind the increase in 

inequality. Nissanke and Thorbecke (2006) write that, ‘China is a prime example of a country in 

which regional inequalities increased dramatically under the influence of the globalization 

process that brought about large flows of FDI to the coastal provinces but largely by-passing the 

inland provinces.’ Wei et al. (2009) identify that FDI is responsible for the differences in 

regional growth. However, they suggest that the uneven distribution of FDI, rather than FDI 

inflows per se, is the cause of the increase in regional inequality in China. Li and Wei (2010) 

report that globalization is the dominant mechanism causing inequality because FDI, which they 

claim is the most important driving force of growth, is distributed very unevenly in China. 

Similarly, many researchers report that FDI has a significant impact on inequality in China (for 

example, Sun and Chai, 1998, Fujita and Hu, 2001, Sun and Parikh, 2001, Ng and Leung, 2002, 

Zhang and Zhang, 2003, Fu, 2004, Nissanke and Thorbecke, 2006, Ran et al., 2007, Tsui, 2007, 

Wen, 2007b, Wan, 2008a, Wei et al., 2009, Li and Wei, 2010, Tian et al., 2011).  

 

It is worth noting that not only the uneven distribution of FDI can lead to an increase in regional 

inequality, but FDI can also exert different impacts on growth in different regions. Sun and Chai 

(1998) report that the impacts of FDI on economic growth were much stronger in the eastern 

zone, while the effects were weak in the inland region. Wen (2007b) finds that the strength of 

the impacts of FDI on income growth varied dramatically amongst the three economic zones, 

thus contributing to further exacerbation of regional inequality in China. Moreover, Tian et al. 

(2011) find that the productivity of domestic firms in the peripheral inland region has been 

adversely affected by the FDI in the growth pole on the coast. Thus, they suggest that FDI 

contributes to the widening regional inequality in China. 

 

Most of the studies mentioned earlier suggest that FDI would increase inequality. However, 

according to some recent studies, FDI is found to exert little or no effect on inequality. Some 

even find a negative correlation between FDI and inequality. For example, Gries and Redlin 

(2009) find that disparity in FDI is negatively correlated with income inequality. Cai et al. (2010) 

investigate the determinants of income inequality, and they find that the effect of FDI was not 
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significant. Yu et al. (2011) examine the impacts of the stock of FDI on regional inequality 

using Shapley value regression-based decomposition. They find that the stock of FDI 

contributed only 2% to overall regional inequality.  

 

Another major component of globalization is international trade and many studies have been 

conducted to examine its impacts on regional inequality in China. Many researchers find that 

inequality increased with the exposure to international trade (Xu and Zou, 2000, Fujita and Hu, 

2001, Zhang and Zhang, 2003, Fu, 2004, Wan, 2008a, Gries and Redlin, 2009, Pradhan, 2009, 

Cai et al., 2010). Furthermore, some studies report that international trade is a major driving 

force behind the marked inequality between the inland and coastal regions. Kanbur and Zhang 

(2005) find that a higher trade ratio increased inequality, particularly, the inland-coastal disparity 

in the reform period. Fu (2007) shows that the uneven distribution of trade in the inland and 

coastal regions has led to the widening of the income gap between these two regions. Hao and 

Wei (2010) also report that trade has increased the inequality between the two regions. Melchior 

(2010) argues that international trade has caused an increase in regional disparity in China 

because foreign trade is conducted through the coastal provinces. 

 

Similar to the FDI, trade is found to have different impacts on the growth rate in each economic 

zone (Sun and Parikh, 2001, Zou et al., 2008). Sun and Parikh (2001) find that the effects of 

exports on economic growth varied dramatically amongst the three economic zones. They report 

that export growth had a positive impact on GRP growth in the eastern zone, but its impact was 

significant and negative for the central zone, while no significant relationship was found for the 

western zone. Similarly, Zou et al. (2008) find that the ratio of export to GRP is positively 

correlated with the provincial growth rate in the developed province, while it is negatively 

correlated with the growth rate in the less-developed province. The differences in impacts of 

international trade on growth for the different regions may further aggravate regional inequality. 

 

In summary, most of the studies report that the distribution of FDI and foreign trade are very 

uneven and most of them have concentrated on the coastal provinces. Moreover, FDI and trade 

are found to exert different impacts on the economic growth of different regions. These factors 

have exacerbated regional inequality in China, especially, the inequality between the inland and 

coastal regions. 
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6.3. Methods 

The model is: 

 

-�.��# � /�0�# � 1� � 1# � 2�#             (6.1) 

 

where -�.��# is the Gini coefficient for province i at time t, /�  is the k x 1 vector of the 

coefficients on 0�#, 0�# is the matrix for the provincial characteristics, 1� is the fixed effect for 

province i, 1# is the time dummy, and 2�# is the idiosyncratic disturbance. The idiosyncratic 

disturbances are uncorrelated across the provinces, but they may have province-specific patterns 

of serial correlation and heteroskedasticity (Roodman, 2006). 

 

Several estimation methods are considered. Ordinary least squares (OLS) is used first to provide 

a preliminary study of the determinants. Fixed effects (FE) and random effects (RE) models are 

then employed to provide better estimation. A comparison between the two models is then 

performed by using the Hausman specification test, while the two-way effects model is used to 

examine the time effects. Generalized method of moments (GMM) estimator is then applied to 

handle possible endogeneity of the regressors (see Holtz-Eakin et al., 1988, Arellano and Bond, 

1991, Arellano and Bover, 1995, Blundell and Bond, 1998). The problem of endogeneity is 

especially common in the case of research on the determinants of inequality, as the problems of 

simultaneity bias, reverse causality and omitted variables, may lead to endogeneity. One example 

is government expenditure for supporting underdeveloped areas. It can be expected that higher 

expenditure will lead to a reduction in inequality (the dependent variable); however, higher 

inequality may also lead to higher expenditure (the explanatory variable). GMM estimation can 

overcome the endogeneity bias, and control for fixed effects and time effects. Furthermore, it can 

be used for unbalanced panels and multiple endogenous variables. Because of these attractive 

features, the popularity of the GMM estimators has grown substantially (Roodman, 2009). 

 

The difference GMM (DGMM) method is established by Arellano and Bond (1991). The 

assumption of the model is that 2�# is not serially correlated and the explanatory variables are 

weakly exogenous, that is, they are not correlated with future error terms. The method involves 

the removal of the individual effects by first-differencing of the equation. The first-differences of 

the suspected endogenous explanatory variables are instrumented using internally generating 

instruments (that is, the lagged values in levels) to cope with the possible endogeneity of the 
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explanatory variables. Current values are used as instruments for the exogenous variables. 

Lagged values for at least one period can be used as instruments for predetermined variables 

which are not correlated with present and future values of the error term but correlated with past 

values of the error term. Lagged values for at least two periods are used as instruments for all the 

endogenous variables which are correlated with past and present values of the error term, but are 

not correlated with the future error term (see Hao, 2006 for details). 

 

There are some problems for the DGMM method. First of all, any time invariant variable would 

disappear in DGMM because of first-differencing. Second, Blundell and Bond (1998) claim that 

if the variables are persistent over time, then the lagged levels are correlated weakly with the 

first-differences, and so they are weak instruments for the first-differenced equations. In that case, 

the DGMM estimator would have poor finite sample properties. The coefficients will be biased 

for small samples if the series are near unit root processes. Binder et al. (2005) show that the 

DGMM estimator will break down if the data series have unit roots. 

 

System GMM (SGMM) is developed by Arellano and Bover (1995) and Blundell and Bond 

(1998). By exploiting reasonable stationarity restrictions on the initial condition processes, 

SGMM expands DGMM by including an equation in levels in estimation, and instruments this 

equation by differences. For variables with random walk characteristics, prediction of current 

levels based on past changes may be better than prediction of current changes based on past levels 

(see Roodman, 2006, p.27). Therefore, SGMM is better than DGMM for variables that are close 

to be random walk and when the instruments are weak (Bond, 2002, Roodman, 2006, Roodman, 

2009). Blundell and Bond (1998) show that SGMM is more efficient than DGMM by using 

Monte Carlo simulations. The biases due to the near unit root processes can be reduced 

significantly by SGMM. Blundell and Bond (2000) demonstrate the use of SGMM in studying 

the dynamic production function with persistent panel data. Another advantage of the SGMM 

framework is that time-invariant variables can also be included in the estimation.  

 

There are some other considerations in the use of SGMM. Two-step GMM is used in this research 

because it is robust to heteroskedasticity and this estimator is asymptotically efficient. However, 

there is a downward bias in the standard errors of the two-step estimator (Arellano and Bond, 

1991). A small sample correction for the two-step standard errors is thus developed to cope with 

this problem (Windmeijer, 2005). Therefore, in this chapter, the two-step estimator with corrected 

errors is used. 

 

There are two approaches of transformation for GMM, namely, the first-difference and the 

orthogonal deviations approaches. For each missing value, the first-difference approach will 
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generate two gaps after the transformation. The orthogonal deviations approach can overcome 

this problem by subtracting the average of all future available observations from the 

contemporaneous one (Arellano and Bover, 1995, Roodman, 2006).  

 

The formula is 3�,#$�∗ ≡ 67�#/�7�# � 1� :3�# ; �
<"=
∑ 3�>>?# @       (6.2) 

 

where 3�# is any variable before transformation, 3�#∗  is the transformed variable, and 7�# is 

the number of future observations. 

 

It can be computed for any observation (except the last one in the data series) regardless of gaps in 

the original data. Only future values are used in the orthogonal deviations transformation and so 

the lagged values do not correlate with the error terms in the orthogonal deviations equation, 

therefore the lagged values can be used as instruments (Roodman, 2006). Moreover, the 

orthogonality among the transformed errors is preserved, thus if there is no autocorrelation in 2�#,  

and if it has constant variance, the transformed errors should have the same characteristics 

(Arellano and Bover, 1995). For the reason that the inequality dataset in this research is an 

unbalanced one, orthogonal deviations transformation is found to be much more useful. 

 

Another problem in using GMM is instrument proliferation. Several studies have revealed that the 

bias of GMM will be increased as more instruments are introduced in the calculation (Tauchen, 

1986, Ziliak, 1997). The fact is further demonstrated by Windmeijer (2005) using Monte Carlo 

tests. Two techniques can be applied to reduce the number of instruments in GMM. The first 

approach is to limit the lags of the instruments and the second one is to combine the instruments 

into smaller sets by collapsing the blocks in the instrument matrix (Roodman, 2006, Roodman, 

2009). Both approaches are adopted in order to alleviate the problem of instrument proliferation. 

 

The consistency of the GMM estimator depends on the validity of using the lagged values as 

instruments. The Sargan test of over-identifying restrictions is suggested by Arellano and Bond 

(1991), Arellano and Bover (1995), and Blundell and Bond (1998) to determine the validity of the 

instruments. It tests the overall validity of the instruments. The null hypothesis is that the 

residuals and the instrumental variables are not correlated. The Hansen test is another test of 

over-identifying restrictions. Both tests will be used in order to ensure the validity of the 

instruments. Another important test is the serial correlation test, that is the AR(2) test, which tests 

whether second order serial correlation exists in the errors in the transformed equation. However, 

all the residuals are interrelated if orthogonal deviations are used in the transformation, but 

because the orthogonality among the transformed errors is preserved after the orthogonal 



 

158 

 

deviations transformation, the autocorrelation test is run on residuals in difference even if 

orthogonal deviations are used in estimation (Roodman, 2006). 

 

One assumption of GMM is that there is no correlation across provinces in the idiosyncratic 

disturbances. Time dummies are thus added to prevent contemporaneous correlation which is the 

most common form of cross-individual correlation. No prior information is available for the 

exogeneity of the variables, it is thus inappropriate to treat the explanatory variables as strictly 

exogenous or predetermined. Therefore, all the variables are treated as endogenous, which means 

that all the explanatory variables are assumed to be correlated with the present and past error 

terms, but not correlated with the future error terms. 

 

6.4. Data 

Intra-provincial regional inequality amongst the county-level units, which is measured by the 

Gini coefficient in every province, is used as the dependent variable in the regression analysis, 

while the explanatory variables are based on the provincial macroeconomic characteristics. The 

Gini coefficient for each province is calculated based on the procedure reported in Section 3.2. 

All the provinces and autonomous regions in China are included in this study; however, the four 

municipalities are not included. The dataset used in this chapter is an unbalanced panel dataset 

from 1997 to 2007, as some of the data is unavailable. The data series of all the explanatory 

variables are compiled from the China Statistical Yearbook (State Statistical Bureau, 1998 - 

2010). All the data are adjusted for inflation by converting them to 1997 constant prices using 

provincial consumer price index (CPI) as the deflator. However, national CPI in 1998 is used as 

deflator for Tibet because the provincial CPI of Tibet in 1998 is not available from the China 

Statistical Yearbook. 

 

The explanatory variables used in the baseline model are: 

1. Secondary Proportion: Secondary sector GRP / provincial GRP  

2. Tertiary Proportion: Tertiary sector GRP / provincial GRP  

3. FDI: FDI / provincial GRP 

4. Exports and Imports: Total value of exports and imports / provincial GRP 

5. Retail Sales : Retail sales of consumer goods / provincial GRP 

6. GRP pc: Real GRP per capita (1000 Yuan) 

7. Transport : Transportation infrastructure (1000km) 

8. Inflation: Provincial CPI (price base of previous year is treated as 100)  

9. Gov. Exp.: Government expenditure for supporting underdeveloped areas / provincial 
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GRP 

10. Econ. Signif.: Provincial GRP / national GDP 

11. Edu. Fund: Educational funding / provincial GRP 

 

� Variables 1 and 2 (Secondary Proportion, Tertiary Proportion) are used to examine the 

effects of the secondary and tertiary industries. The first variable is used to examine the 

impacts of industrialization. It is worth noting that the development of the tertiary industry 

sector in China has been very fast in recent years. The share of the tertiary industry outputs 

to provincial GRP was 43.0% in 2010, while the secondary industry outputs to provincial 

GRP was 46.9% (State Statistical Bureau, 2011). The development in tertiary industry may 

also affect regional inequality. Therefore, the share of the tertiary industry outputs to 

provincial GRP is also included in this study.  

 

� Variables 3 and 4 (FDI, Exports and Imports) are used to assess the effects of globalization. 

The indicator of FDI is based on the recommendations in Measuring Globalisation: OECD 

Handbook on Economic Globalisation Indicators 2005 (OECD, 2005). It is expressed as a 

percentage of provincial GRP. International trade is measured as the proportion of total 

value of exports and imports to provincial GRP, many other researchers (Xu and Zou, 2000, 

Zhang and Zhang, 2003, Wan et al., 2007, Hao and Wei, 2010) use this variable as a measure 

of globalization in studying regional inequality in China. However, it is worth noting that 

Measuring Globalisation: OECD Handbook on Economic Globalisation Indicators 2005 

(OECD, 2005) suggests the use of total exports only, without the value of imports, in 

measuring globalization. Therefore, the data series of the proportion of total exports to 

provincial GRP were compiled for the robustness tests. In addition, the data series of the 

total value of exports and imports per capita, as well as total exports per capita, were also 

compiled for the robustness tests.  

 

� Variable 5 (Retail Sales) is domestic trade, and it is included as a comparison to 

international trade. It is measured as the proportion of retail sales of consumer goods to 

provincial GRP. 

 

� Variable 6 (GRP pc) is the real GRP per capita for all the cities and counties in a province. 

It is used to determine if a rich province would also have a high level of inequality or not. It 

is worth noting that the regional inequality indicator used in this study refers to the 

inequality amongst the cities and counties within a province excluding the districts. 

Therefore, in order to capture the effect of income more precisely, the data series of the 

real GRP per capita for each province is calculated by using the data of all the cities and 
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counties in that province, excluding the districts.  

 

� Variable 7 (Transport) is transportation. Krugman and Venables (1995) investigate the 

relationship between globalization and inequality of nations by studying how globalization 

affects gain from trade and location of manufacturing. They show by a simple model that if 

the transportation cost falls below a threshold value, then a core-periphery pattern will 

emerge, and the periphery nations will have a drop in real income. However, convergence 

will be achieved if the transportation cost drops further. Their results prove that regional 

inequality can be affected by transportation. He and Duchin (2009) study the impact of 

transportation infrastructure on regional development in China and they claim that ‘a 

major impediment to economic development, especially in the poor, remote Western 

region, is the shortage of a transportation infrastructure.’ They suggest the government 

should invest heavily in transportation infrastructure and optimize its spatial distribution. 

Chen and Groenewold (2010) find that an increase in the infrastructure provision in the 

inland region can reduce the disparity between the inland and coastal regions. Similarly, 

Fan et al. (2011) suggest that infrastructure investment, especially the improvement of 

roads and railways in the lagging regions, may reduce regional inequality. 

 

However, Gries and Redlin (2009) find that transportation can aggravate inequality. Some 

other researchers conduct studies to examine the relationship between transportation 

infrastructure and inequality by studying its impact on growth or output (Fleisher and 

Chen, 1997, Demurger, 2001, Yao and Zhang, 2001b, Fan et al., 2004, Fan and Zhang, 

2004, Yao and Wei, 2007, Fan and Chan-Kang, 2008, Li and Xu, 2008, Zou et al., 2008, 

Lau, 2010). However, the dependent variables used in all these studies are growth or 

output, rather than inequality itself. Moreover, except the study carried out by Fan and 

Zhang (2004), most of these studies are based on provincial level data. Therefore, it is of 

interest to examine the impact of transportation infrastructure on the intra-provincial 

regional inequality amongst the county-level units.   

 

It is worth noting that there are three common modes of transportation within a province in 

China, namely, the highway, railway and the waterway. It is inappropriate to add the length 

of these three modes of transportation together in estimating the transportation infrastructure, 

because the transportation capacities are different for these three modes of transportation. 

The approach used by Yao and Wei (2007) and Wei et al. (2009) is adopted for handling this 

problem. The railways and waterways are converted into equivalent highways, and then the 

transportation infrastructure in a province is computed by adding up the length of the 

highways and the equivalent highways. The conversion ratios are 1.0 for highways, 4.27 



 

161 

 

for railways and 1.06 for waterways. This is a good estimation of the transportation 

infrastructure in a province because the conversion ratios are derived from the volumes of 

transport per mile by these three modes of transportation. The data series of the 

transportation infrastructure was compiled and was used in the regression analysis. 

 

� Variable 8 (Inflation) is inflation. Lau (2010) shows that high inflation is detrimental to 

economic growth, and many researchers suggest that there is a correlation between income 

inequality and inflation (Sachs, 1989, Beetsma and Ploeg, 1996, Al-Marhubi, 1997, Xu 

and Zou, 2000, Desai et al., 2005). It is of interest to study if high inflation in China will 

lead to a further increase in intra-provincial inequality. For this purpose, the provincial CPI 

is included.  

 

� Variable 9 (Gov. Exp.) is government expenditure for supporting underdeveloped areas and 

this data is available in the China Statistical Yearbook. It is worth noting that Wan (2008b) 

states that the effects of fiscal transfers on inequality are negligible and sometimes they are 

regressive at the provincial level. Fang and Rizzo (2011) also claim that government 

transfers have been ineffective in inequality reduction in rural China. However, the 

impacts of government expenditure on intra-provincial regional inequality are not studied. 

Therefore, government expenditure for supporting underdeveloped areas is included in the 

research. 

 

� Variable 10 (Econ. Signif.) is ‘Economic significance’. It is basically the share of 

provincial GRP to national GDP. It is included so as to observe whether the high output 

provinces would have high inequality, or the other way round. 

 

� Variable 11 (Edu. Fund) is educational funding. Education is deemed to have a positive 

impact on economic growth and income. Barro (1991) shows that economic growth is 

positively correlated with human capital using cross-section data. Similarly, Li and Xu 

(2008) find that education is an important factor driving regional economic growth. Shindo 

(2010) studies the impact of education subsidies on regional economic growth in Liaoning 

and Jiangsu in China, and concludes that education subsidies can boost economic growth 

and improve overall welfare. Many other studies based on survey data also find education 

has a positive impact on income (for instance, see Gustafsson and Sai, 2009). However, it 

is reported that education is related to inequality. For example, Fu (2007) finds that human 

capital is a major determinant of the disparity between the inland and coastal regions. Goh 

et al. (2009) find that the disparity in income from 1989 to 2004 can be largely explained 

by the difference in educational level. Fleisher et al. (2010) report that increases in 
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investment in human capital in underdeveloped areas in China can reduce regional 

inequality. It is worth noting that many scholars study the relationship between income 

inequality and educational level, however, most of these studies are based on household 

survey data, and therefore, these studies cannot reveal any information regarding the 

impacts of education on regional inequality. It is of interest to study the impact of human 

capital on regional inequality, hence educational funding in each province (this data is 

available in the China Statistical Yearbook) is included in the analysis. Moreover, two data 

series have been compiled and used in robustness tests to evaluate the impact of education. 

They are the number of secondary school enrolments, and the number of secondary school 

graduates. 

 

Table 6.1 shows the descriptive statistics for the explanatory variables used in the baseline 

model. 

Table 6.1 Descriptive Statistics 

 

 

6.5. Results and discussions 

The correlation between intra-provincial regional inequality and the proportion of secondary 

industry is shown in Figure 6.6. It can be observed that the Gini coefficient is positively 

correlated with the secondary industry proportion. The correlation between globalization and 

intra-provincial regional inequality can be observed from Figure 6.7 and Figure 6.8. It can be 

observed that regional inequality is negatively correlated with FDI, while international trade is 

positively correlated with it. This observation suggests that although FDI and international trade 

are major components of globalization, they have different impacts on inequality. 

 

Variable Obs Mean    Std. Dev. Min Max 

Gini 279 0.283 0.072 0.141 0.469 

Secondary Proportion 297 0.450 0.081 0.198 0.600 

Tertiary Proportion 297 0.369 0.044 0.254 0.556 

FDI 294 0.013 0.012 0.000 0.062 

Exports and Imports 297 0.240 0.320 0.040 1.875 

Retail Sales 295 0.342 0.044 0.219 0.455 

GRP pc 297 9.552 5.566 2.215 33.681 

Transport 297 0.084 0.047 0.013 0.257 

Inflation 295 101.358 2.149 96.800 106.644 

Gov. Exp. 270 0.003 0.004 0.000 0.017 

Econ. Signif. 297 0.033 0.027 0.001 0.114 

Edu. Fund 297 0.046 0.015 0.025 0.123 
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Figure 6.6 Intra-Provincial Regional Inequality and  Proportion of Secondary Industry GRP to Provincial  GRP 
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Figure 6.7 Intra-Provincial Regional Inequality and  Ratio of FDI to Provincial GRP 
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Figure 6.8 Intra-Provincial Regional Inequality and  Ratio of Total Value of Imports and Exports to Pro vincial GRP 
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The explanatory variables used in the baseline model are first checked for multicollinearity by 

the variance inflation factor (VIF). The results are shown in Table 6.2. The maximum value is 

4.52 and the mean VIF is 2.43 which is much lower than 10, so it can be concluded that 

multicollinearity is not serious in the specification. 

   

Table 6.2 Variance Inflation Factor (VIF) 

Variable VIF 
Econ. Signif. 4.52 

Exports and Imports 3.26 

Gov. Exp. 2.74 

GRP pc 2.66 

Edu. Fund 2.49 

FDI 2.46 
Secondary Proportion 2.38 
Tertiary Proportion 2.25 

Transport 1.49 

Retail Sales 1.35 

Inflation 1.15 

Mean VIF 2.43 
 

 

Ramsey RESET test is then used to test if the model is mis-specified. The F-statistic and p-value 

are 0.5 and 0.684 respectively, and thus the null hypothesis of no mis-specification is not 

rejected. However, the null hypothesis of no heteroskedasticity is rejected by the Breusch-Pagan 

/ Cook-Weisberg test for heteroskedasticity with a p-value of 0.0001. As a result, the standard 

errors are corrected for heteroskedasticity in the OLS by using robust standard errors.  

 

The modified Wald statistic for groupwise heteroskedasticity is 822.25 with a p-value of 0.0000. 

It indicates that there is heteroskedasticity in the FE model. Therefore, the standard errors are 

corrected for heteroskedasticity in the FE. The standard errors in the RE model is also corrected 

for heteroskedasticity. The Hausman test is then used to choose between RE and FE estimators. 

The p-value of the Hausman test is 0.0074, and so FE is better than RE. Two-way FE with time 

dummies is also included for comparison. 

 

Table 6.3 shows the results for OLS, RE, FE, two-way FE and SGMM. There is no time dummy 

in the preliminary models of OLS, RE and FE. Time dummies are then added to the two-way FE 

and SGMM. The coefficients of the variables of Secondary Proportion and Tertiary Proportion 

are both statistically significant and positive in the two-way FE model. Indeed, the coefficient of 

Secondary Proportion is significant in every model, while that of the Tertiary Proportion is 

significant in all the models except the OLS. The coefficients of FDI and Edu. Fund are 
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significant and negative in the RE, FE and two-way FE models, while the coefficient of GRP pc 

is positive. The coefficients of Retail Sales and Transport are significant and positive in the 

two-way FE model. 

 

 

Table 6.3 Regional Inequality, Industrialization an d Globalization 

 
OLS  RE  FE  Two-way 

FE  SGMM  

Secondary Proportion 0.518 *** 0.558 *** 0.574 *** 0.669 *** 0.708 ** 

 (0.062)  (0.073)  (0.082)  (0.096)  (0.269)  
Tertiary Proportion 0.144  0.311 *** 0.308 *** 0.409 *** 1.020 * 
  (0.122)  (0.078)  (0.075)  (0.098)  (0.503)  
FDI 0.186  -0.651 *** -0.627 *** -0.579 *** -3.526 ** 
  (0.503)  (0.200)  (0.203)  (0.218)  (1.497)  
Exports and Imports 0.016  0.007  0.007  -0.003  0.030  
  (0.018)  (0.022)  (0.020)  (0.020)  (0.033)  
Retail Sales -0.481 *** 0.102  0.175 ** 0.122 * -0.393 ** 
  (0.091)  (0.065)  (0.067)  (0.068)  (0.166)  
GRP pc 0.001  0.003 ** 0.003 ** 0.004 *** 0.011 * 
  (0.002)  (0.001)  (0.001)  (0.001)  (0.006)  
Econ. Signif. -0.006  -0.670 * -0.230  -0.626  -1.028  

 (0.273)  (0.404)  (0.534)  (0.502)  (2.035)  
Transport 0.226 ** 0.062  0.060  0.241 *** 0.574 ** 
  (0.091)  (0.061)  (0.062)  (0.092)  (0.244)  
Inflation -0.002  0.000  0.000  -0.000  -0.036 ** 
  (0.002)  (0.001)  (0.001)  (0.001)  (0.014)  
Gov. Exp. 9.705 *** 0.617  -1.856  -2.378  -0.076  

 (1.735)  (1.404)  (1.535)  (1.676)  (4.538)  
Edu. Fund 0.303  -0.825 *** -0.884 *** -0.972 *** 0.808  

 
(0.483)  (0.249)  (0.229)  (0.263)  (2.147)  

Constant 0.309  -0.085  -0.128  -0.144  3.195 ** 

 
(0.197)  (0.094)  (0.095)  (0.120)  (1.24)  

           
Number of 
observations: 

251  251  251  251  251  

R2 0.510    0.604  0.632    
Adjusted R2 0.488    0.586  0.600    
Number of 
instruments:         32  
AR(2) p-value 

        0.107  
Sargan p-value 

        0.285  
Hansen p-value 

        0.998  
Notes. The dependent variable is intra-provincial regional inequality measured by the Gini coefficient in each province. 
Standard errors (in parentheses) are asymptotically robust to heteroskedasticity. AR(2) is Arellano-Bond test for AR(2) in 
first-differences. Both Sargan and Hansen are tests of the overidentifying restrictions. 

* Significance at the 10% level. ** Idem, 5% level. *** Idem, 1% level. 

 

The adjusted R-square is 0.488 for OLS, 0.586 for FE and it increases to 0.600 for two-way FE. 
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Although the explanatory power of the two-way FE is quite good in terms of adjusted R-square 

for panel data estimation, it may still be plagued by the problem of endogeneity. Therefore, 

GMM estimates are also provided. 

 

All the data series are first tested for unit root using the Fisher ADF and Fisher PP test. However, 

most of the data series fail these two tests, hence, SGMM is used. Two-step GMM with 

small-sample correction for the two-step standard errors (Windmeijer, 2005) is employed. This 

two-step estimator is asymptotically efficient and robust to any pattern of cross-correlation and 

heteroskedasticity (Roodman, 2006). Since the panel dataset is unbalanced, the transformation of 

orthogonal deviations is used in order to minimize the number of gaps in the transformed 

equations. All the explanatory variables are treated as endogenous because there is no prior 

knowledge regarding exogeneity of these variables. In order to tackle the problem of instrument 

proliferation, the instruments are combined into smaller sets by collapsing blocks in the 

instrument matrix. Additionally, the number of instruments is minimized by limiting the number 

of lags. Only lag two of the explanatory variables is used as instrument for the transformed 

equations, and only the present value is used as instrument for the time dummies. 

 

The result of the SGMM estimation is shown in the last column of Table 6.3. Autocorrelation 

AR(2) test, Sargan test and Hansen test are performed to ensure the validity of the instruments. 

All the tests are passed and it implies that the instruments used in the model are valid. 

Compared with the two-way FE results, the Edu. Fund becomes insignificant, while Inflation 

becomes significant. The coefficient of Retail Sales changes its sign from positive to negative in 

the SGMM estimation. However, most of the coefficients of the variables retain their 

significance and sign in both the two-way FE and the SGMM models. It shows that the analysis 

results are fairly robust for a variety of models. 

 

The coefficients of Exports and Imports, Econ. Signif. and Edu. Fund are insignificant in the 

SGMM estimation. The coefficient of Gov. Exp. is insignificant. This finding agrees with those 

suggested by other researchers (Wan, 2008b, Fang and Rizzo, 2011). The coefficient of the 

Secondary Proportion is positive and so is the coefficient of the Tertiary Proportion, implying 

inequality increases with the decline of agriculture. This finding is in agreement with other 

studies (Rozelle, 1994, Yao, 1997b, Huang et al., 2003, Tsui, 2007, Goh et al., 2009, Liu and 

Sicular, 2009, Chen and Groenewold, 2010, Fang and Rizzo, 2011). The returns of the 

secondary and tertiary industries are higher than the return of primary industry. Coupled with 

the uneven distribution of industrialization and development across the regions, an expansion of 

these sectors would increase inequality. 
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The coefficient of FDI is significant and negative. This finding provides empirical evidence 

supporting the idea of Dollar (2001), who suggests that globalization can reduce inequality. The 

result also corroborates the findings of Gries and Redlin (2009). However, this result differs 

from some other studies (for instance, Ng and Leung, 2002, Zhang and Zhang, 2003, Wan et al., 

2007). It is worth noting that those studies, which suggest that FDI would increase inequality, 

are all based on provincial level data. On the contrary, the results derived from county-level data 

in this study suggest that FDI can alleviate intra-provincial regional inequality.  

 

The discrepancy in conclusions between the studies using provincial level data and county-level 

data can also be observed from the studies on trade. Many studies based on provincial level data 

show that trade would increase inequality (for example, Xu and Zou, 2000, Zhang and Zhang, 

2003, Kanbur and Zhang, 2005, Fu, 2007). However, Wei and Wu (2001) reach an opposite 

conclusion using prefectural level city and municipality data, and show that trade would reduce 

urban-rural income inequality. 

 

Although FDI may increase inter-provincial inequality, it is negatively correlated with 

intra-provincial regional inequality. The results in this section pinpoint that policy formulation 

at the county-level should not be based on research carried out at the provincial level, and vice 

versa. Research on regional inequality should be carried out at various spatial levels so as to 

formulate pragmatic policies for each level.  

 

According to the SGMM results, the proportion of retail sales of consumer goods to provincial 

GRP is negatively correlated with regional inequality. It should be noted that the variable of 

retail sales of consumer goods refers to the sum of retail sales of commodities sold by wholesale 

and retail trades, catering services, publishing, post and telecommunications and other services to 

urban and rural households for household consumption and to social institutions for public 

consumption. Most of these services do not require high skilled labour and so the expansion of 

these sectors can absorb the unskilled and surplus labour. Consequently, the backward regions 

within a province can enter these businesses easily and this can considerably improve the living 

standards of the poor. The promotion of domestic trade in the underdeveloped regions can 

increase the outputs of these poor regions quickly, thus mitigating intra-provincial inequality. 

 

As shown in Table 6.3, the coefficient of GRP pc is significant and positive. This result implies 

that the inequality levels in the rich provinces are higher than the poor provinces. Many 

campaigns have been launched in the poor provinces to promote economic development so as to 

reduce inequality. However, the result in this study suggests that, when governments try to 

formulate policy for inequality alleviation, they should not only focus exclusively on the poor 
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provinces, but should also take the rich provinces into consideration. This calls for the design of 

a comprehensive and coherent strategy in managing inequality in all the provinces. 

 

The results also show that the coefficient of transportation infrastructure is significant and 

positive. This finding is consistent with those of Gries and Redlin (2009). It is worth noting that 

Martin and Rogers (1995) report positive relationship between infrastructure and industrial 

concentration. The regions with agglomerated industries, tend to be richer and have much 

higher tax revenues, so they can finance the construction of new infrastructure, which in turn 

will attract more industries. This circularity can lead to a further increase in regional inequality, 

therefore, the finding calls for a concerted strategy of equalizing access for all the regions. It is 

thus necessary for the government to provide better access for the poor regions by improving 

their transportation infrastructure. 

  

It is often suggested that income inequality and inflation are positively correlated (for instance, 

Sachs, 1989, Beetsma and Ploeg, 1996, Al-Marhubi, 1997, Desai et al., 2005). Contrary to 

expectations, it is shown that inflation is negatively correlated with regional inequality. 

Generally, inflation has a much greater impact on regions relying on secondary and tertiary 

industries than those relying on primary industries. Therefore, the people in the urban areas 

might be experiencing larger reductions in their real incomes. The county-level units with a high 

level of urbanization, which are generally richer, will thus become poorer in real terms, while 

the county-level units with a low level of urbanization will be less affected and remain more or 

less the same; hence, inflation has an equalizing effect on regional income distribution. 

 

The results in Table 6.3 are robust to a wide range of estimators. However, it is of interest to 

examine whether the results are also robust to different choices of proxies and specifications. 

Some scholars use only the value of exports as a proxy for international trade. Therefore, the 

variable of Exports, which is measured as the proportion of total value of exports to provincial 

GRP, is used in the robustness tests to examine its impacts on regional inequality. SGMM 

estimators are used in the robustness tests, and the results are shown in Table 6.4. 

 

The variable of Exports and Imports is replaced by Exports in the robustness tests. In addition, 

because the variables of GRP pc and Econ. Signif. are somewhat similar, it is pertinent to check 

if the results are robust if one of them is removed in the robustness tests. Column (1) does not 

include the variable of GRP pc, while column (2) does not include Econ. Signif. Column (3) is 

constructed by including both GRP pc and Econ. Signif. 

 

The AR(2), Sargan and Hansen tests are performed for all the specifications. The results show 
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that the instruments are valid for all the specifications in Table 6.4. Column (1) shows that the 

coefficients of the Secondary Proportion, Tertiary Proportion, Exports and Transport are 

significant and positive, while the coefficients of the FDI and Inflation are significant and 

negative. Retail Sales is found to be insignificant. The results in Column (2) show that Exports, 

GRP pc and Inflation all lose their significance as compared with the baseline model in Table 

6.3. Column (3) shows that both coefficients of Secondary Proportion and Tertiary Proportion 

are significant and positive. The coefficient of FDI is significant and negative, whereas the 

coefficient of Exports is insignificant. For the other control variables, coefficients of GRP pc 

and Transport are both significant and positive. On the contrary, coefficients of Retail Sales and 

Inflation are significant and negative. 

Table 6.4 Robustness Test (I) for Regional Inequali ty, Industrialization and Globalization  

 
(1)  (2)  (3)  

Secondary Proportion 0.906 ** 0.673 * 0.702 ** 

 (0.359)  (0.352)  (0.277)  
Tertiary Proportion 0.680 * 0.608 * 0.995 ** 

 (0.375)  (0.306)  (0.456)  
FDI -2.001 ** -3.117 ** -3.513 ** 

 (0.891)  (1.509)  (1.306)  
Exports 0.242 * 0.085  0.016  

 (0.137)  (0.221)  (0.058)  
Retail Sales -0.424  -0.405  -0.461 *** 

 (0.346)  (0.337)  (0.149)  
GRP pc   0.008  0.012 ** 

   (0.008)  (0.006)  
Econ. Signif. -3.120    -1.238  

 (2.175)    (1.597)  
Transport 0.618 ** 0.762 ** 0.620 ** 

 (0.250)  (0.356)  (0.245)  
Inflation -0.023 * -0.018  -0.034 *** 

 (0.013)  (0.014)  (0.012)  
Gov. Exp. 1.399  5.467  -0.338  

 (5.540)  (5.060)  (4.823)  
Edu. Fund -1.703  0.230  0.672  

 (1.308)  (1.727)  (1.788)  
Constant 2.191 * 1.593  3.067 *** 

 
(1.221)  (1.135)  (1.063)  

       
Number of observations: 251  251  251  
Number of instruments: 30  30  32  
AR(2) p-value 0.127  0.127  0.111  
Sargan p-value 0.058  0.277  0.349  
Hansen p-value 0.950  0.905  0.999  

Notes. SGMM estimator is used in regression analyses. The dependent variable is intra-provincial regional inequality 
measured by the Gini coefficient in each province. Standard errors (in parentheses) are asymptotically robust to 
heteroskedasticity. AR(2) is Arellano-Bond test for AR(2) in first-differences. Both Sargan and Hansen are tests of the 
overidentifying restrictions. 

* Significance at the 10% level. ** Idem, 5% level. *** Idem, 1% level. 
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In summary, the robustness tests in Table 6.4 show that the variables of Secondary Proportion, 

Tertiary Proportion, FDI, and Transport retain their significance in all the specifications. 

Inflation also retains its significance in almost all of the specifications. It is thus shown that the 

results are robust for various choices of proxies of international trade and a variety of 

specifications. 

 

However, all the measurements of international trade in Tables 6.3 and 6.4 are based on the 

proportion of provincial GRP. It is of interest to test if the results are robust if the data series are 

on a per capita basis. The data series of the total value of exports and imports per capita (1000 

Yuan) and the data series of the value of exports per capita (1000 Yuan) were compiled for the 

robustness tests. Another two data series were also compiled for the evaluation of the effects of 

education on intra-provincial regional inequality in the robustness tests, these being the number 

of the secondary school enrolments, and the number of secondary school graduates. All these 

two data series of education are in ratio form and they are compiled by dividing the data series 

by provincial population13. The results of the robustness tests are shown in Table 6.5. 

 

Different proxies of education and international trade are used in the robustness tests to examine 

their impacts on regional inequality. The AR(2), Sargan and Hansen tests are conducted for all 

the specifications, it is shown that the instruments are valid. The educational variable of 

Secondary School Enrolments is added to column (4). Moreover, Exports pc is used as the proxy 

for international trade. Column (4) shows that the coefficients of the Secondary Proportion and 

Transport are significant and positive, whereas the FDI is significant and negative. The 

coefficient of the Secondary School Enrolments is negative but it is not significant. 

 

In column (5), the educational variable of Secondary School Enrolments is replaced by 

Secondary School Graduates. Many variables become significant in column (5). The 

coefficients of Secondary Proportion, Tertiary Proportion, GRP pc and Transport are all 

significant and positive. The coefficients of FDI and Inflation are significant and negative. 

However, the coefficient of the educational variable of Secondary School Graduates is negative 

but not significant. 

  

                                                      
13 It is better to use the number of population who are of secondary school enrolment age as denominator in the 

calculation. However, because the data is not available, the number of the total provincial population is used in 

calculation. 
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Table 6.5 Robustness Test (II) for Regional Inequal ity, Industrialization and Globalization 

 
(4)  (5)  (6)  

Secondary Proportion 1.025 * 0.996 * 0.972 * 

 (0.547)  (0.519)  (0.539)  
Tertiary Proportion 1.049  1.053 * 1.052 * 

 (0.699)  (0.582)  (0.603)  
FDI -3.261 * -3.297 ** -3.274 ** 

 (1.689)  (1.535)  (1.543)  
Exports pc -0.0005  -0.001    

 (0.003)  (0.003)    
Exports and Imports pc     -0.001  

     (0.002)  
Retail Sales -0.237  -0.187  -0.181  

 (0.227)  (0.271)  (0.276)  
GRP pc 0.007  0.010 ** 0.009 ** 

 (0.005)  (0.004)  (0.004)  
Econ. Signif. -0.783  -0.801  -0.532  

 (1.435)  (1.302)  (1.316)  
Transport 0.519 * 0.698 ** 0.664 ** 

 (0.298)  (0.310)  (0.281)  
Inflation -0.027  -0.027 * -0.026 * 

 (0.017)  (0.014)  (0.014)  
Gov. Exp. -3.692  2.497  2.735  

 (9.096)  (6.656)  (7.299)  
Edu. Fund 1.151  0.736  0.936  

 (1.590)  (1.175)  (1.167)  
Secondary School Enrolments -3.122      

 (2.484)      
Secondary School Graduates   -4.820  -4.661  

   (7.634)  (7.649)  
Constant 2.390 * 2.162 * 2.125 * 

 
(1.397)  (1.111)  (1.145)  

 
      

Number of observations: 251  251  251  
Number of instruments: 34  34  34  
AR(2) p-value 0.124  0.104  0.116  
Sargan p-value 0.101  0.153  0.112  
Hansen p-value 0.993  0.992  0.988  

Notes. SGMM estimator is used in regression analyses. The dependent variable is intra-provincial regional inequality 
measured by the Gini coefficient in each province. Standard errors (in parentheses) are asymptotically robust to 
heteroskedasticity. AR(2) is Arellano-Bond test for AR(2) in first-differences. Both Sargan and Hansen are tests of the 
overidentifying restrictions. 

* Significance at the 10% level. ** Idem, 5% level. *** Idem, 1% level. 

 

The proxy of international trade is then changed to Exports and Imports pc in column (6). It can 

be observed that the results in columns (5) and (6) are very similar. The coefficients of the 

Secondary Proportion and Tertiary Proportion are significant and positive. The coefficient of 

FDI is significant and negative, whereas the coefficient of Exports and Imports pc is negative 

but insignificant. The results of the other control variable show that coefficients of the GRP pc 
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and Transport are significant and positive, whereas the coefficient of Inflation is significant and 

negative. The coefficient of the educational variable of Secondary School Graduates is found to 

be negative but insignificant. 

 

The results show that all the proxies of education are negative but insignificant in all the 

specifications. It means that education does not play a major role in intra-provincial regional 

inequality amongst the cities and counties. Moreover, the variables of international trade, which 

are based on per capita basis, are also insignificant in all the specifications. The coefficients of 

Secondary Proportion and Transport are significant and positive in all the specification, while 

the coefficient of the FDI is significant and negative. Tertiary Proportion, GRP pc and Inflation 

retain their significance in many of the specifications.  

 

In summary, the results in the baseline model in Table 6.3 are robust to various choices of 

proxies of globalization and a wide range of specifications as shown in Tables 6.4 and 6.5. It can 

be concluded that industrialization and development in the tertiary industry are positively 

correlated with regional inequality. FDI is negatively correlated with it, whereas international 

trade is found to have no statistically significant relationship with regional inequality. 

 

6.6. Conclusions 

This study investigates the impacts of industrialization and globalization on intra-provincial 

regional inequality in China. One of the major findings is that regional inequality will increase 

as the primary sector declines. Therefore, the government can reduce regional inequality by 

stimulating growth in the primary industry sector. This is also suggested by the recent work of 

Montalvo and Ravallion (2010). However, it is inappropriate to restrict the development of the 

secondary and tertiary industries in redressing inequality because the development in these two 

sectors can greatly increase the incomes of the poor. Chen and Groenewold (2010) warn that 

improving the gap of output per capita may not necessarily improve the welfare gap. Restricting 

the development of the secondary and tertiary industries can make the people in the poor 

regions become worse-off even though regional inequality is reduced. Basically, the increase in 

inequality stems not from industrialization and development in the tertiary industry per se, but 

rather from the unevenness in distribution of the secondary and tertiary industries. 

 

This study also finds that international trade does not seem to have any significant impact on 

inequality, whereas FDI displays a negative correlation with intra-provincial regional inequality 

in China. The results based on the county-level data are different from those based on the 
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provincial level data. Therefore, it pinpoints the importance of studying regional inequality at 

different spatial levels. 

 

Industrialization, development in the tertiary industry, and globalization can greatly increase the 

output of the underdeveloped regions if they are targeted specifically at those regions. On the 

contrary, inequality will be reinforced if they are targeted at the rich regions. The crux of the 

problem of regional inequality in China is the unevenness in the distribution of industrialization 

and globalization. Therefore, the government should take these factors into consideration in 

formulating policies for inequality alleviation. Moreover, the government should not abandon 

globalization, industrialization and development in tertiary industries, but they should spread 

them into the disadvantaged regions and ensure the poor can benefit from them. 

 

Several policy implications can be drawn from this study. First, FDI should be encouraged by 

the government, especially for the poor regions. More preferential administrative policies, tax 

incentives, and better transportation infrastructure should be provided to the underdeveloped 

regions in order to attract more FDI. Second, the government should promote retail trade and 

other industries which can absorb the unskilled and surplus labour. Finally, when the 

government tries to increase outputs by promoting industrialization and further development in 

the tertiary industries, it should ensure that the benefits can spread far into the poor regions 

within a province.  

 
  



 

176 

 

CHAPTER 7                         

CONSEQUENCES OF INEQUALITY: CRIME RATES IN 

CHINA 

7.1. Introduction 

China has experienced an economic miracle since the commencement of economic reforms in 

1978. However, inequality has increased dramatically in different dimensions. The increase of 

inequality may lead to various kinds of disastrous consequences which in turn may hamper 

economic growth. Yao et al (2005) warned that the ‘skewed income distribution has many 

undesirable consequences; it can lead to social unrest, rising crime [italics added], moral 

degradation, corruption, and regional conflict.’ Han (2008) also suggests that ‘rapid economic 

growth in China is accompanied by economic disparity, corruption, crime [italics added], and a 

great deal of frustration among China’s citizens. These social problems threaten the country’s 

further development, social stability, and harmony.’ The increase in crime rate is deemed to be 

one of the negative consequences of the rising regional inequality. 

 

Bourguignon (1999) claims that ‘the social and economic efficiency cost of any increase in 

inequality and poverty which goes through higher criminality may be very substantial.’ The cost 

of crime can be very high. It includes the amounts spent on the legal system, the expenditures 

on policing, prisons and courts; health-care costs and potential years of life lost through murder 

or disability; and private security expenditures. The indirect costs include the discounted value 

of property damaged or lost, reductions in investment, productivity, employment, and rates of 

social and human capital accumulation (Fajnzylber et al., 2000). It is worth pointing out that not 

only can crime increase the cost to society, but it can also reduce economic growth, as Gordon 

et al. (2009) show that a high level of crime is detrimental to growth. 

 

The cost of crime is a crucial measure to determine its impact on the economy. However, 

official statistics on the cost of crime are not available for China. Fajnzylber et al. (2000) report 

that the cost is about 5% of the gross domestic product (GDP) for the United States and other 

developed countries, while the cost of crime ranges from 2.5% to 11.4% for the countries in 

Latin America. Although China is a developing country, China’s GDP was US$ 5.88 trillion in 

2010 (State Statistical Bureau, 2011). Thus, if the lowest value of 2.5% for the developing 

countries in Latin America is used to calculate the cost of crime in China, it would amount to 

the enormous sum of US$ 147 billion in 2010. 
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Many studies have reported that China’s crime rate has increased dramatically along with the 

noteworthy rise in economic growth (Bakken, 1993, Dai, 1995, Rojek, 1996, Dutton, 1997, Liu 

and Messner, 2001, Hu et al., 2005, Liu, 2005a, Huang and Chen, 2007, Chen and Yi, 2009, Wu 

and Rui, 2010). The transition from the central planning system to a market economy leads to 

the collapse of long-established social organization and traditional forms of status relations. 

Consequently, crime rates have increased significantly because of the lack of social integration. 

Moreover, the legal and market-oriented economic systems are not perfect yet, leaving many 

people marginalized in the process of economic reform. This leads to an increase in the 

unevenness of income distribution which further increases the crime rate. Therefore, it is crucial 

to study the relationship between income inequality and the crime rate. 

 

The objective of this chapter is to investigate the relationship between regional inequality and 

the incidence of crimes in China. Many existing studies are undertaken using data from the 

developed countries, while relatively little study has focused on China. This analysis can shed 

new light on the relationship between regional inequality and crime rates in the developing 

countries which are transforming from central planning economies to market-oriented 

economies. 

 

This chapter is structured as follows. Section 7.2 presents the literature review. Section 7.3 

offers a review of the evolution and trend of crime rates in China. Section 7.4 presents the 

research methods. Section 7.5 describes the data. Section 7.6 presents the findings and 

discussions. Section 7.7 concludes and discusses policy implications. 

 

7.2. Literature review 

A large pool of literature of different disciplines including sociology, criminology and 

economics, has been published on crime. There are several theories, based on different 

perspectives, that link crime to economic development (Friday, 1998). Durkheim proposed that 

anomie, the breakdown of social norms and values, can lead to an increase in the crime rate 

(Durkheim, 1893, Durkheim, 1897). For example, Kennedy et al. (1998) suggest that inequality 

is mediated through a weakening of social capital, which is associated with an increase in the 

rate of violent crime. Many variants of Durkheim’s theory were proposed in the last century. For 

example, Merton (1938) proposes the strain theory and he suggests that crimes emerge because 

there is a lack of legitimate means to attain common social goals for the poor. It implies that the 

inequality of opportunity is a driving force of crime. Fajnzylber et al.(2000) suggest that ‘in 
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countries with higher income inequality, individuals have lower expectations of improving their 

social and economic status through legal economic activities, which would decrease the 

opportunity cost of participating in illegal endeavors. Pessimistic perceptions of economic 

improvement through legal activities could also lead to a lessening of the moral dilemma 

associated with breaking the law.’ It is worrying that China has a very high level of inequality of 

opportunity as reported by Zhang and Eriksson (2010). They find that the increase in income 

inequality in China mirrors an increase in inequality of opportunity, and they suggest that it is 

necessary to provide equal employment opportunities and education for the people living in the 

disadvantaged regions. Ali and Zhuang (2007) highlight the importance of equality of 

opportunity in policy planning, and they suggest that it is crucial for the developing countries to 

pursue the goal of ‘inclusive growth’, which is defined as growth with equal access to 

opportunities for the people. Zhuang (2008) argues that ‘inclusive growth’ is an essential 

element in the creation of a harmonious society in China. 

 

The modernization theory, which is also based on Durkheim’s theory, attributes the increase in 

crime rate to the economic and social transformation in the process of modernization, and 

proposes that crime rate and economic growth are positively correlated. Another classic theory 

is based on Marxian perspective, which suggests crime is associated with the exploitation of 

labour and the unevenness in income distribution (Hopkins and Wallerstein, 1981). It is evident 

that income inequality can breed social discontent and thereby lead to an increase in crime rates. 

For example, Zackey (2007) presents a case study of illegal deforestation in southwest China, 

and reports that the peasants justified their illegal activities by pointing to the ‘increasing 

inequalities, their lack of economic opportunity, and the absence of economic support from the 

(corrupt) government.’ Deprivation theory holds that inequality is a major cause of crime, as 

deprivation causes frustration and therefore increases violence (Hagan and Peterson, 1995). 

Bourguignon (1999) claims that ‘crime and violence are likely to be a socially costly by-product 

of, among other factors, uneven or irregular economic development process.’ 

 

In the economic literature, Becker (1968) developed an economic model of crime in 1968. 

Ehrlich (1973) expanded this model and incorporated into it both punishment and reward factors. 

Basically, the model suggests that crime can be affected by socio-cultural factors, crime 

deterrence policy factors and economic inequality. Some other studies have attempted to explain 

crime using economic or rational choice theory as well (for instance, see Block and Heineke, 

1975, Piliavin et al., 1986, Cornwell and Trumbull, 1994, Chiu and Madden, 1998). According 

to this approach, the decision to commit a crime is determined by the expected returns. 

Therefore, higher economic growth will lead to a decline in the crime rate because the people 

will commit less crime if they have better economic prospects (Neumayer, 2003). 
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Bourguignon (1999) claims that ‘Simple economic theory shows how property crime and, more 

generally, all the violence associated with illegal activity may partly be the consequence of 

excessive inequality and poverty.’ The economic reasoning relating economic inequality to 

crime is sound. If the inequality level is high and if the people cannot change their income 

statuses easily because of the lack of opportunities in the society, then the number of property 

crimes will increase accordingly, as there is no other legal way to change the structure of the 

income distribution. A high level of income inequality also means that the opportunity cost is 

low for committing crime (Fleisher, 1966, Ehrlich, 1973, Chiu and Madden, 1998, Kelly, 2000). 

 

Many empirical studies are conducted to examine the relationship between inequality and crime. 

Fleisher (1966) finds that inequality has a major impact on crime. Ehrlich (1973) shows that an 

increase in income inequality will lead to an increase in crimes against property. Using 

cross-national analysis, Krohn (1976) proves that crime and inequality are positively correlated. 

Blau and Blau (1982) show that positive correlation exists between inequality and rates of 

criminal violence using the data on the largest 125 American metropolitan areas. Using 

meta-analysis, Hsieh and Pugh (1993) find that both poverty and income inequality are 

associated with violent crime. Fowles and Merva (1996) find that wage inequality is correlated 

with crime. Kennedy et al. (1998) incorporate income inequality in studying the relationship 

between social capital and violent crime. They find that income inequality is strongly correlated 

with firearm violent crime. Bourguignon (1999) reports positive correlation between inequality 

and the level of crime. Lee and Bankston (1999) find that economic inequality and homicide 

rates are positively correlated. Kelly (2000) shows that inequality has a profound impact on 

violent crime. Fajnzylber et al. (2002a) report that crime rates and inequality are positively 

correlated using a panel of 37 countries for robberies and 39 countries for homicides. In another 

article, Fajnzylber et al. (2002b) analyzed the data from the developing and developed countries 

over the period of 1970-1994 and they find that income inequality can increase crime rates. 

Lederman et al. (2002) find that a rise in inequality will lead to an increase in the incidence of 

violent crimes, while an increase in economic growth will reduce it. Messner et al. (2002) study 

the relationship between income inequality and homicide. Using cross-sectional analyses, they 

find that inequality is positively correlated with homicide rates. Imrohoroglu et al. (2004) report 

that inequality is strongly correlated with crime rates. Soares (2004) also reports that inequality 

is positively correlated with the crime rate, while growth and education are negatively correlated 

with it. Pickett et al. (2005) report that positive correlation between income inequality and the 

number of homicides exists. 

 

Many studies mentioned earlier suggest that inequality increases crime rates, however, 
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Neumayer (2003) finds that inequality is not a statistically significant determinant of homicide 

using data from the World Health Organization (WHO). Similarly, Neumayer (2005) shows that 

inequality does not exert a significant impact on crime rate using the data from the International 

Criminal Police Organization (Interpol). Guillaumont and Puech (2006) also find that inequality 

does not have any significant impact on crime.  

 

In the case of China, Liu (2005a) studies the patterns of crime from 1978 to 1999 and finds that 

economically motivated crimes have increased at a faster rate than less or non-economically 

motivated crimes. In another article, Liu (2006b) shows that property crimes have increased 

faster than violent crimes. Both studies show that crime rates in China have been driven mostly 

by expanding economic motivation, which accompanies the change in economic structure from 

a planned economy to a market-oriented economy. Cao and Dai (2001) examine the relationship 

between inequality and crime in China. They argue that the widened income inequality, 

especially the disparity between the rural and urban areas, is one of the main causes of the 

upsurge in crime rates. Lo and Jiang (2006) report that the rise in income inequality in China 

has been accompanied by an increase in crime rates. They argue that income and social 

inequality has deprived peasants of equal access to employment, education and other 

opportunities. This has led to a further increase in the crime rate. 

  

Other researchers perform regression analyses to examine the relationship between inequality 

and crime rate in China (Hu et al., 2005, Xie and Jia, 2006, Huang and Chen, 2007, Edlund et 

al., 2008, Chen and Yi, 2009, Shi and Wu, 2010, Wu and Rui, 2010). Hu et al. (2005) examine 

the impact of inequality on crime rates in China over the period 1978 - 2003. Three different 

proxies of inequalities are used in their study, namely, national Gini coefficient, income 

disparity between rural and urban residents, and Theil index for the three economic zones. They 

find that all the different measures of inequality are strongly correlated with crime rates. Xie and 

Jia (2006) examine the impacts of economic development and regional disparity on crime rates 

using cross-sectional data for the provinces in 2004. They find that there is a significant 

relationship between crime rates and regional disparity. Huang and Chen (2007) investigate the 

relationship between crime rates and national Gini coefficient, rural-urban divide, intra-rural 

inequality as well as intra-urban inequality. They conclude that all the proxies of inequality are 

positively correlated with crime rates in China in the period 1978 – 2005. Edlund et al.(2008) 

examine the impacts of the sex ratio on crime rates in China using rural-urban income inequality 

as one of the control variables together with the sex ratio, and find that inequality is positively 

correlated with crime rates. Chen and Yi (2009) investigate the impacts of the rural-urban divide 

on crime rates between 1988 and 2004. They find positive correlation between rural-urban 

divide and crime rates. Shi and Wu (2010) examine the impacts of rural-urban divide and 
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floating population on crime rates. They find that disparity between the rural and urban sectors 

is positively correlated with crime rates. Wu and Rui (2010) compute the Gini coefficient based 

on grouped income data in each province over the period 1988 – 2006, and find that the Gini 

coefficient is positively correlated with crime rates. 

 

It is worth noting that, except for the works of Hu et al. (2005) and Xie and Jia (2006), no study 

is based on regional inequality. Shi and Wu (2010) use the variable of ‘regional disparity’ in 

their study, but actually, this variable is the difference between the national income and the 

provincial income (or consumption) for each province. Therefore, the results derived from their 

study do not reveal any information on the relationship between the crime rate and regional 

inequality within each province. Unfortunately, there is no literature on the relationship between 

crime rates and intra-provincial regional inequality to this date. The present study contributes to 

the literature by examining the determinants of crime rates with a focus on intra-provincial 

regional inequality, which is based on county-level units in each province. 

 

7.3. Crime rates in China 

The data on crime rates is based on the number of approved arrests in each province. This 

indicator reflects the total number of arrests approved by the people’s procurators office in each 

year. Figure 7.1 shows the mean provincial crime rates in China from 1997 to 2007. It can be 

observed that the mean provincial crime rate increased with GDP per capita in the study period. 

Provincial crime rate increased from 4.76 per 10 000 persons in 1997 to 7.42 in 2007. It can be 

observed that there is a peak in 2001, after which the crime rate fell in 2002 and 2003. However, 

the decline did not last long and crime rate increased again from 2003 to 2007. 
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Figure 7.1 Mean Provincial Crime Rate and GDP Per C apita 
Source: State Statistical Bureau (2010) and author’s calculation based on Law Yearbook of China (Supreme People's Court, 1998 - 2008) and Procuratorial Yearbook of China (Chinese Supreme People's 
Procuratorate, 1998 - 2008). 
Note: Crime rate is defined as approved arrests per 10 000 persons – left vertical axis. GDP per capita (Yuan, current prices) – right vertical axis.
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The crime rates in the municipalities, namely, Beijing, Tianjin, Shanghai, and Chongqing, are 

very high. These outliers can greatly affect the provincial mean crime rates of the economic 

zones. Therefore, they are separated from the economic zones and combined together to form 

the group of municipalities. The mean crime rate is calculated for each economic zone and the 

group of municipalities. Figure 7.2 shows that the group of municipalities has the highest level 

of crime rate among the economic zones. The north-eastern zone had the second highest crime 

rate in 1997, reached a peak in 2001 and then fell monotonically up to 2007. The eastern zone 

had a small peak in 2001. The crime level declined for two years and increased to the end of the 

study period. The western zone reached a maximum in 2001, but remained relatively unchanged 

for the remainder of the period. In 2007, the second highest group was the eastern zone, 

followed by the western and the north-eastern zones. The central zone had the lowest crime rate 

for the whole period. The north-eastern zone changed its ranking from the second highest in 

1997 to the second lowest in 2007, while the eastern zone changed to second highest in 2007. 

 

The results obtained from the measurement of the Gini coefficient in Chapter 3 are very similar 

to those of crime rate analyses. The eastern zone had the highest level of inequality and crime 

rate in 2007, while the western zone had the second highest level of inequality and crime rate. 

This similarity between the level of inequality and crime in the economic zones suggests the 

existence of causality between the two. However, it is impossible to make a conclusion based on 

this information alone. Econometric techniques are used to explore this issue further. 

 

The changes in mean crime rates from 1997 to 2007 for the nation and the four economic zones 

are shown in Table 7.1. The percentage change for the nation was 55.7% in the study period, and 

all the zones registered an increase in crime rates. Although the group of municipalities had the 

highest levels of crime rate in both 1997 and 2007, the percentage change was much lower than 

the eastern zone which registered an 81.4% increase. The central zone had a considerable 

increase in crime rate, with a value of 80.1%. The western zone had an increase of 43.3%, 

which is about half of that of the eastern zone. The north-eastern zone had the lowest percentage 

increase with only 21.3% across the whole period. 
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Figure 7.2 Mean Provincial Crime Rates for the Econ omic Zones and the Municipalities 
Source: Author’s calculation based on Law Yearbook of China (Supreme People's Court, 1998 - 2008) and Procuratorial Yearbook of China (Chinese Supreme People's Procuratorate, 1998 - 2008). 
Note: Crime rate is defined as approved arrests per 10 000 persons. The municipalities of Beijing, Tianjin, Shanghai and Chongqing are separated from the economic zones and combined into the group of 
municipalities. 
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Table 7.1 Changes in Mean Provincial Crime Rates fo r the Nation, Economic  
Zones and the Municipalities 

 
1997 2007 Change 

% Change from 
1997 to 2007 

Nation 4.76 7.42 2.65 55.71 

Municipalities 7.13 10.83 3.70 51.96 

Eastern Zone 4.88 8.85 3.97 81.43 

Central Zone 3.13 5.64 2.51 80.05 

Western Zone 4.55 6.52 1.97 43.34 

North-Eastern Zone 5.25 6.37 1.12 21.29 
Source: Author’s calculation based on Law Yearbook of China (Supreme People's Court, 1998 - 2008) and Procuratorial 
Yearbook of China (Chinese Supreme People's Procuratorate, 1998 - 2008). 
Note: Crime rate is defined as approved arrests per 10 000 persons. The municipalities of Beijing, Tianjin, Shanghai and 
Chongqing are separated from the economic zones and combined into the group of municipalities. 
 

 

Figure 7.3 and Figure 7.4 show crime rates in each province in 1997 and 2007 respectively. The 

provinces in the eastern zone have had a surge in crime rates, while many of the provinces in the 

central and western zones have also registered a considerable increase in crime rates. It can be 

observed from Figure 7.4 that all the provinces which had very high levels of crime rates in 

2007 are in the eastern zone. 

 

Because all the provinces have an increase in their crime rate, it is difficult to compare their 

performance in fighting crime. Therefore, the crime rate in each province is divided by the mean 

crime rate to compute the relative crime rate, which makes comparison easier. The relative 

crime rates for the provinces are shown in Figure 7.5 for 1997 and 2007. Most of the 

municipalities, except Chongqing, are found in the first quadrant, it implies that the 

municipalities had above-average crime rates in both 1997 and 2007. Beijing and Shanghai are 

observed to have a high level of crime in both years. Zhejiang had a surge in crime rates and had 

the highest level of crime in China in 2007. Guangxi is in the second quadrant and it had a level 

of crime below the average value in 1997, however, crime then increased and its crime rate was 

higher than the average in 2007. All the provinces in the central zone are in the third quadrant. It 

suggests that their crime rates were below average for both years. Hainan, Heilongjiang and 

Jilin are in the fourth quadrant. It implies that these provinces performed well relative to other 

provinces in fighting crime. They had above-average crime rates in 1997, but ended up with 

below-average crime rates in 2007. Most of the provinces are in the first and third quadrants, 

implying that there was some persistence in the crime level over the study period. Ningxia and 

Shaanxi are not included in the figure because their crime rates are not available for the year 

1997. 
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Figure 7.3 Crime Rates in China in 1997 
 
Source: Law Yearbook of China (Supreme People's Court, 1998 - 2008) and Procuratorial Yearbook of China (Chinese Supreme People's Procuratorate, 1998 - 2008).  
Note: Crime rate is defined as approved arrests per 10 000 persons. The data of Ningxia and Shaanxi are not available. 
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Figure 7.4 Crime Rates in China in 2007 

Source: Law Yearbook of China (Supreme People's Court, 1998 - 2008) and Procuratorial Yearbook of China (Chinese Supreme People's Procuratorate, 1998 - 2008).  
Note: Crime rate is defined as approved arrests per 10 000 persons. 
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Figure 7.5 Relative Crime Rates for the Provinces i n 1997 and 2007 
Source: Author’s calculation based on Law Yearbook of China (Supreme People's Court, 1998 - 2008) and Procuratorial Yearbook of China (Chinese Supreme People's Procuratorate, 1998 - 2008). 
Note: Crime rate is defined as approved arrests per 10 000 persons. The municipalities of Beijing, Tianjin, Shanghai and Chongqing are separated from the economic zones and combined into the group of 
municipalities. The zones of the provinces are shown. E is eastern zone, C is central zone, W is western zone, NE is north-eastern zone and M is the group of the municipalities. 
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Table 7.2 shows the change in crime rate for each province from 1997 to 2007. However, crime 

rate data for 1997 is not available for Ningxia and Shaanxi, so it is impossible to include them in 

the table. Zhejiang had a considerable increase in crime rate with a value of 144.1%, followed 

by Hunan with a value of 120.5%. Hebei had an increase of 120.3%, while Shanxi had 112.5%. 

These provinces, which had more than 100% of increase in crime rates, are all in the eastern 

zone or central zone. The provinces in the north-eastern zone had the least increase in crime. 

Jilin had the lowest increase at only 3.5%. The analysis shows that each province has its own 

characteristics, which lead to different growth rates of crime. 

Table 7.2. Changes in Crime Rates from 1997 to 2007  for the Municipalities and Provinces 

Zone Province / Municipality 1997 2007 Change 
% Change from 

1997 to 2007 

Municipalities 

Beijing 9.76 14.53 4.77 48.88 

Tianjin 6.63 9.43 2.80 42.15 

Shanghai 8.46 14.15 5.69 67.24 

Chongqing 3.65 5.21 1.55 42.57 

Eastern Zone 

Fujian 6.31 9.56 3.25 51.55 

Guangdong 6.84 11.51 4.67 68.16 

Hainan 5.49 7.03 1.54 28.09 

Hebei 3.15 6.94 3.79 120.25 

Jiangsu 3.69 6.90 3.21 87.03 

Shandong 2.51 4.98 2.48 98.75 

Zhejiang 6.16 15.03 8.87 144.05 

Central Zone 

Anhui 2.47 3.93 1.46 59.32 

Henan 3.91 6.30 2.39 60.98 

Hubei 3.42 5.12 1.70 49.90 

Hunan 2.94 6.49 3.54 120.49 

Jiangxi 2.60 4.65 2.06 79.17 

Shanxi 3.45 7.34 3.89 112.52 

Western Zone 

Gansu 3.67 4.37 0.69 18.89 

Guangxi 4.40 7.65 3.24 73.68 

Guizhou 4.76 7.18 2.42 50.88 

Inner Mongolia 3.39 5.65 2.26 66.74 

Qinghai 4.63 5.62 0.99 21.38 

Sichuan 3.31 4.39 1.08 32.50 

Tibet 4.43 7.24 2.81 63.43 

Xinjiang 6.18 8.53 2.35 38.05 

Yunnan 6.17 8.43 2.27 36.77 

North-eastern Zone 

Heilongjiang 5.12 5.95 0.83 16.12 

Jilin 5.42 5.61 0.19 3.45 

Liaoning 5.22 7.56 2.34 44.88 

 
Mean 4.76 7.42 2.65 55.71 

Source: Author’s calculation. Crime rate is defined as approved arrests per 10 000 persons. The municipalities of Beijing, 
Tianjin, Shanghai and Chongqing are separated from the economic zones and combined into the group of municipalities. 
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7.4. Methods 

Following the models used by other researchers (Huang and Chen, 2007, Edlund et al., 2008, 

Chen and Yi, 2009, Shi and Wu, 2010), the model used in this study is: 

 

AB	�CD�EF�#� � /�0�# � 1� � 1# � 2�#           (7.1) 

 

where CD�EF�# is the crime rate for province i at time t, /� is the k x 1 vector of the coefficients 

on 0�#, 0�# is the matrix for the provincial characteristics, 1� is the fixed effect for province i, 1# 
is the time dummy, and 2�# is the idiosyncratic disturbance. The idiosyncratic disturbances may 

have province-specific patterns of serial correlation and heteroskedasticity, but they are 

uncorrelated across the provinces (Roodman, 2006). 

 

There are many studies which have attempted to unveil the determinants of crime rate using 

regression analysis (for instances, see Glaeser and Sacerdote, 1999, Fajnzylber et al., 2000, 

Fajnzylber et al., 2002a, Fajnzylber et al., 2002b, Lederman et al., 2002, Neumayer, 2003, 

Neumayer, 2005, Guillaumont and Puech, 2006, Edlund et al., 2008, Chen and Yi, 2009, Huang 

and Chen, 2007, Shi and Wu, 2010, Wu and Rui, 2010). The study of the determinants of crime 

rates is plagued by several econometric issues, for example, endogeneity, heteroskedasticity, and 

non-stationary variables. The system generalized method of moments (SGMM) estimator, which 

is developed by Arellano and Bover (1995) and Blundell and Bond (1998), is used to tackle these 

issues. 

 

Endogeneity is a critical issue in estimation. The inclusion of the deterrence variable in the 

model may cause endogeneity. It can be expected that higher expenditure on deterrence (the 

explanatory variable) will lead to a reduction in crime rate (the dependent variable); however, a 

higher crime rate may also lead to higher expenditure (Levitt, 1997, Levitt, 1998). Similarly, 

Gordon et al. (2009) find that low criminality can lead to a decline in inequality. The problem of 

reverse causality is a thorny issue in estimation. Therefore, SGMM estimation is used so as to 

overcome the endogeneity bias. Because there is no prior knowledge regarding exogeneity of 

the explanatory variables, all the explanatory variables are treated as endogenous. 

 

Blundell and Bond (1998) report that it is better to use SGMM if the variables are non-stationary 

and they use Monte Carlo simulations to show that the biases due to the near unit root processes 

can be reduced greatly. Blundell and Bond (2000) demonstrate the use of SGMM with persistent 

data series in studying the dynamic production function. All the variables in this study were 
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tested for unit root using the Fisher PP and Fisher ADF test. However, most of the variables 

could not pass these tests indicating that many variables are non-stationary. Therefore, the 

SGMM estimator is used to tackle this issue. In order to tackle the problem of heteroskedasticity, 

two-step SGMM is used in the study. This estimator is asymptotically efficient but there is a 

downward bias in the standard errors (Arellano and Bond, 1991). Therefore, a small sample 

correction for the two-step standard errors developed by Windmeijer (2005) is applied in the 

study.  

 

The Chinese government has launched several campaigns in order to combat crime. These 

campaigns have been launched nationwide from time to time, and may result in a surge in crime 

rates in some of the years; therefore, time dummies are used to capture these 

provincial-invariant but time-specific shocks. Moreover, time dummies can also prevent the 

contemporaneous correlation which is a very common form of cross-individual correlation. 

 

The orthogonal deviations approach is used in this research to tackle the problem of gap 

enlargement in the panel data after the transformation of the variables (Arellano and Bover, 1995, 

Roodman, 2006). The problem of instrument proliferation is addressed by limiting the lags of the 

instruments. Therefore, only lag two of the explanatory variable is used as the instrument for the 

transformed equations, and only the present value is used as instrument for the time dummies. 

Moreover, the technique of collapsing the blocks in the instrument matrix (Roodman, 2006, 

Roodman, 2009) is also adopted to reduce the number of instruments. 

 

The Sargan test of over-identifying restrictions is suggested by Arellano and Bond (1991),  

Arellano and Bover (1995), and Blundell and Bond (1998) to determine the validity of the 

instruments after GMM estimation. It tests the overall validity of the instruments and the null 

hypothesis is that the residuals and the instrumental variables are not correlated. The Hansen test 

is another test of over-identifying restrictions. Both tests will be used to ensure the validity of the 

instruments. Another important test is the serial correlation test, that is the AR(2) test, which tests 

whether second order serial correlation exists in the errors in the transformed equation. The 

autocorrelation test is run on residuals in difference even if orthogonal deviations are used in 

estimation (Roodman, 2006). 

 

7.5. Data 

The data on crime rates is compiled from the Law Yearbook of China (Supreme People's Court, 

1998 - 2008) and the Procuratorial Yearbook of China (Chinese Supreme People's Procuratorate, 
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1998 - 2008). These yearbooks are published in Chinese and the reports on crime rates of all the 

provinces are compiled in one section. The data on crime rates is based on the number of 

approved arrests released annually in these reports. Many researchers use the same set of data in 

studying the relationship between inequality and crime rates in China (Edlund et al., 2008, Chen 

and Yi, 2009, Shi and Wu, 2010, Wu and Rui, 2010). However, the data is not available for all 

years, and so the dataset is an unbalanced panel. It is worth pointing out that some studies have 

suggested that the official crime statistics in China may be plagued by under-reporting (He and 

Marshall, 1997) and even under-recording by the police (Yu and Zhang, 1999). In any case, 

government publications are the only sources of information available, and virtually all studies 

on crime rates in China are based on them (Hu et al., 2005, Liu, 2005a, Liu, 2006b, Huang and 

Chen, 2007, Edlund et al., 2008, Chen and Yi, 2009, Shi and Wu, 2010, Wu and Rui, 2010). The 

government publications are indispensable in studying crime rates in China, although caution 

should be exercised in interpreting the results. Chen and Yi (2009) suggest using the variable of 

the total number of prosecutions in each province as another proxy of crime rate, and this 

variable is also used in the robustness tests in this study. 

 

The regional inequality data is based on intra-provincial regional inequality measured by Gini 

coefficients for each province. It is used as the explanatory variable in the regression analysis. 

The Gini coefficient for each province is calculated based on the procedure reported in Section 

3.2. All the provinces and autonomous regions in China are included in this study; however, the 

four municipalities are not included. The other explanatory variables used in this chapter are 

compiled from the China Statistical Yearbook (State Statistical Bureau, 1998 - 2010). All the 

data are adjusted for inflation by converting them to 1997 constant prices using the provincial 

consumer price index (CPI) as the deflator. However, the provincial CPI of Tibet in 1998 is not 

available from China Statistical Yearbook, so national CPI in 1998 is used as deflator for Tibet. 

The dataset used in the regression analysis is an unbalanced panel dataset from 1997 to 2007, as 

some data is unavailable for some of the years. 

 

The explanatory variables used in this study include both deterrence and macroeconomic 

variables. The deterrence variable is the expenditure for the public security agency, procuratorial 

agency, court and judicial agency. Macroeconomic variables include inequality, employment, 

economics, and education. The focus of this study is on inequality, and two variables of 

inequality are used in estimation. The variables of inequality include the intra-provincial 

regional inequality in each province as mentioned earlier, and the disparity between the rural 

and urban areas, which is measured as the ratio of consumption in the urban areas to those in the 

rural areas. 

Many scholars report that negative correlation exists between the deterrence variable and the 
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crime rate. Using data on the number of executions for murder in the United States, Ehrlich 

(1975a) shows that the death penalty has a significant impact on crime rates. Witte (1980) 

reports that crimes can be deterred by both expected certainty and severity of punishment. Levitt 

(1997) finds that an increase in the number of police officers can reduce the number of crimes. 

Corman and Mocan (2000) report that the number of burglaries and robberies can be reduced by 

an increase in the size of the police force. For the case of China, Chen and Yi (2009) study the 

effect of deterrence using total expenditure for the public security agency, procuratorial agency, 

court and judicial agency. They find that the coefficient is significant and positive in only one 

specification, and not significant in another specification. Wu and Rui (2010) find the 

coefficient of this variable is not significant. Edlund et al. (2008) use the proportion of police 

expenditure to government expenditure as proxy, and they also find that there is no relationship 

between police expenditure and crime rates. In this study, the deterrence variable is also 

included to assess its impact on crime; however, it is impossible to investigate the effect of 

capital punishment because the number of capital punishment in each province is not reported in 

government publications. Moreover, it is impossible to obtain the total number of police officers 

in each province. Therefore, the deterrence variable used in estimation is the total expenditure 

for the public security agency, procuratorial agency, court and judicial agency. Based on the 

theory proposed by Becker (1968), an increase in the expenditure should reduce the number of 

crimes. 

 

It should be noted that there are only two data series which are related to police expenditure in 

the government publications. One of them is the expenditure for the armed police force 

(wuzhuang jingcha budui) and the other is the total expenditure for the public security agency, 

procuratorial agency, court and judicial agency. However, the responsibilities of the armed 

police force in China are to respond to riots, terrorist attacks or other emergencies. They are also 

responsible for providing protection to government officials, properties and buildings. Other 

responsibilities include border control, traffic policing, firefighting services, and forest patrol. 

Some of them even participate in mining and construction works. Therefore, the expenditure on 

the armed police force is not a suitable proxy variable. The other data series which is available 

in government publications is the total expenditure for the public security agency, procuratorial 

agency, court and judicial agency. Chen and Yi (2009) and Wu and Rui (2010) use this data 

series in their studies when investigating its impact on crime rates. However, this data includes 

not only the expenditure on police, but also the expenditures on procuratorates and courts. 

Unfortunately, all studies have to be based on this data series despite their inherent 

imperfections; therefore, caution should be exercised when interpreting the results. 

 

A number of studies focus on the relationship between educational levels and crime rates, 
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although the empirical findings are ambiguous. Ehrlich (1975b) reports that education is 

positively correlated with crime rates in the United States, whereas Freeman (1991), Wong 

(1995), Fajnzylber et al. (2002a) and Lochner and Moretti (2004) find that education is 

negatively correlated with crime rates. Turning to China, Huang and Chen (2007), Shi and Wu 

(2010) and Wu and Rui (2010) find that education is negatively correlated with crime rates, 

while Edlund et al. (2008) find that education does not exert any significant impact on crime 

rates. In this study, the data series of educational funding are included so as to investigate the 

impacts of education on crime. The number of higher secondary school enrolments is also 

included in the analysis. Additionally, the variable of higher secondary school graduates is used 

in the robustness tests. The number of higher secondary school enrolments and graduates are in 

ratio form, and they are compiled by dividing the data series by the provincial population14. 

 

Another important factor is employment, and several studies investigating its impact on crime 

have been carried out (for example, Fleisher, 1966, Wong, 1995, Raphael and Winter-Ebmer, 

2001, Imrohoroglu et al., 2004, Huang and Chen, 2007, Edlund et al., 2008, Chen and Yi, 2009, 

Shi and Wu, 2010, Wu and Rui, 2010). Fleisher (1966), Wong (1995) and Raphael and 

Winter-Ebmer (2001) report that unemployment rates are positively correlated with crime rates, 

while Imrohoroglu et al. (2004) find that the impact of unemployment on crime rates is 

negligible. Huang and Chen (2007) and Edlund et al. (2008) report that positive correlation 

between unemployment and crime rates exists in China. Surprisingly, Shi and Wu (2010) find 

that the correlation is negative. However, Chen and Yi (2009) and Wu and Rui (2010) report 

that unemployment rates do not have any significant impact on crime rates. Two variables of 

employment are used in this study, namely, the urban unemployment rate15 and the ratio of 

employed persons in urban areas to total employed (Fu, 2004 also use this proxy in studying 

regional inequality). The second variable is included not only for the purpose of studying the 

impact of employment on crime rates, but also for the purpose of examining the effect of 

disparity in employment opportunity between the rural and urban sectors. It is of interest to 

know whether this disparity will lead to an increase in crime. 

 

The increase in gains from committing crimes can encourage people to engage in crime, 

whereas the increase in opportunity cost of crime is likely to deter it. Therefore Fleisher (1966) 

argues that the impact of income on crime rates is ambiguous because both the gains and 
                                                      
14 It is better to use the number of population who are of higher secondary school enrolment age as denominator in 

calculation. However, because the data is not available, the number of the total provincial population is used in 

calculation. 
15 Starting from the 2003 China Statistical Yearbook, the urban unemployment rate has been made available. 

However, the rural unemployment rate is not reported. 
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opportunity cost of crime tend to increase with the rise in income. Moreover, high income 

means that people can pay more to protect their possessions by increasing private expenditure 

on crime prevention. Therefore, empirical findings on the impact of income on crime rates show 

contradictory results. For example, Fleisher (1966) finds negative correlation between average 

family income and crime rates, while Ehrlich (1973) finds the median family income is 

positively correlated with crime rates. Fajnzylber et al. (2002b) also report that average income, 

as measured by GNP per capita, is positively correlated with crime rates. For the case of China, 

Chen and Yi (2009) find that disposable income per capita is positively correlated with crime 

rates. Shi and Wu (2010) also report that positive correlation between GRP per capita and crime 

rates exists. However, Edlund et al. (2008) cannot find any significant relationship between 

income per capita and crime rates, and similarly, Wu and Rui (2010) also report there is no 

relationship between crime rates and lagged GRP per capita. In order to evaluate the impact of 

income on crime rates, provincial GRP per capita is used in this study. 

 

Other macroeconomic variables used in this study include inflation, which is measured by the 

consumer price index (CPI); and economic significance, which is measured by the ratio of 

provincial GRP to national GDP. China’s high growth rate is often quoted in the literature of 

development economics; it is of interest to assess the impact of growth on crime rates in a 

transitional economy like China. The results in Chapter 6 shows that secondary industry plays a 

major role in the economic growth and regional inequality in China, therefore emphasis is given 

to the growth rate of the secondary industry sector. However, the growth rates for the other two 

sectors, namely, the primary and tertiary sectors are also used in the analysis. 

 

Many other scholars include the urbanization variable in their models in order to determine 

empirically if there is a relationship between crime rates and urbanization in China (Huang and 

Chen, 2007, Edlund et al., 2008, Chen and Yi, 2009, Shi and Wu, 2010, Wu and Rui, 2010). 

Most of these studies show that positive correlation between urbanization and crime rates exists. 

However, the findings of Edlund et al. (2008) are somewhat ambiguous. They find evidence 

supporting the relationship in the baseline models, but the coefficient of urbanization loses its 

significance when additional variables are included in the robustness tests. Following Shi and 

Wu (2010) and Wu and Rui (2010), the proportion of non-agricultural population to provincial 

population is used in the estimation in this analysis. Table 7.3 shows the variables used in this 

study, while Table 7.4 presents the descriptive statistics of the variables. 
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Table 7.3 Variables Used in Estimation  
Dependent Variables 

 
Crime: Approved arrests per 10 000 persons CRIME 

Prosecution: Number of prosecutions per 10 000 persons PROS 

Inequality Variables 
 

Gini coefficient: Intra-provincial regional inequality for each province GINI 
Urban to rural consumption ratio: Urban household consumption expenditure / 
rural household consumption expenditure 

URC 

Employment Variables 
 

Urban unemployment rate: Urban unemployment rate (%) UNEMPL 
Urban employment ratio: Ratio of employed persons at year-end in urban areas 
to total employed persons in both urban and rural areas 

UER 

Deterrence Variable 
 

Deterrence expenditure: Expenditure for the public security agency, procuratorial 
agency, court and judicial agency / government expenditure (%) 

DETER 

Educational Variables 
 

Higher secondary school enrolments: Number of enrolments in regular higher 
secondary schools / provincial population (%) 

EDUENR 

Higher secondary school graduates: Number of graduates in regular higher 
secondary schools / provincial population (%) 

EDUGRAD 

Educational funding: Educational funding / provincial GRP (%) EDUFUND 

Economic Variables 
 

Primary GRP growth: Gross regional product indices at constant prices (with 
preceding year = 100)  

GDPPI 

Secondary GRP growth: Gross regional product indices at constant prices (with 
preceding year = 100) 

GDPSI 

Tertiary GRP growth: Gross regional product indices at constant prices (with 
preceding year = 100) 

GDPTI 

Inflation: provincial consumer price index (price base of previous year is treated 
as 100) 

CPI 

GRP per capita: Provincial real GRP per capita (1000 Yuan) GRPPC 

Economic Significance: Provincial GRP / national GDP (%) ECOSIG 

Urbanization: Number of non-agricultural population / provincial population (%) URBAN 
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Table 7.4 Descriptive Statistics 
Variable Obs. Mean Std. Dev. Min Max 

CRIME 293 6.006 2.100 2.465 15.029 

PROS 294 6.316 2.547 2.111 18.412 

GINI 279 0.283 0.072 0.141 0.469 

URC 297 3.239 0.832 1.771 8.900 

UER 270 0.268 0.101 0.115 0.585 

UNEMPL 184 3.869 0.618 2.510 6.500 

DETER 270 6.433 1.159 3.877 10.273 

GDPPI 297 104.595 3.233 83.326 113.600 

GDPSI 297 113.574 4.289 104.300 134.879 

GDPTI 297 111.104 2.247 105.100 118.114 

CPI 295 101.358 2.149 96.800 106.644 

URBAN 297 28.130 9.971 13.805 52.021 

GRPPC 297 9.552 5.566 2.215 33.681 

ECOSIG 297 3.291 2.743 0.100 11.378 

EDUENR 297 1.322 0.536 0.268 2.572 

EDUGRAD 297 0.348 0.163 0.061 0.836 

EDUFUND 297 4.608 1.461 2.457 12.290 

 

7.6. Results and discussions 

It is evident in Figure 7.6 that intra-provincial regional inequality and the crime rate in each 

province are positively correlated. In order to study this relationship further, other control 

variables are added to the baseline models and different specifications are tested. Robustness 

tests are then performed to check the results, using different proxies of education and crime 

rates.  

 

Results of the SGMM estimation are shown in Table 7.5. All the specifications are tested for 

AR(2), Sargan and Hansen tests. The results show that all the tests are passed and thus the 

instruments are valid in all specifications. It is shown in Column (1) that the coefficients of 

GINI and URC are significant and positive, while the coefficient of EDUENR is significant and 

negative. The coefficients of the other explanatory variables are insignificant.
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Figure 7.6 Crime Rate and Intra-Provincial Regional  Inequality 
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Table 7.5 Crime Rates and Regional Inequality 
(1)  (2)  

GINI 5.837 ** 9.020 ** 

 
(2.380)  (3.690)  

URC 0.643 ** 0.678  

 
(0.232)  (0.574)  

UER -0.986  2.114  

 
(3.786)  (9.848)  

DETER 0.722  0.596  

 
(0.522)  (0.544)  

GDPPI 
 
 -0.078  

  
 (0.085)  

GDPSI -0.022  -0.178  

 
(0.095)  (0.118)  

GDPTI 0.101  -0.083  

 
(0.213)  (0.126)  

CPI 
 
 0.629 * 

  
 (0.328)  

URBAN 
 
 -0.032  

  
 (0.129)  

GRPPC 0.034  0.091  

 
(0.183)  (0.213)  

ECOSIG 0.308  0.354  

 
(0.230)  (0.283)  

EDUENR -4.883 *** -4.660 ** 

 
(1.379)  (1.831)  

EDUFUND -0.077  -0.024  

 
(0.195)  (0.296)  

Constant 6.780  -7.121  
(31.453)  (24.527)  

Number of observations: 223  223  
Number of instruments: 29  35  
AR(2) p-value 0.460  0.719  
Sargan p-value 0.160  0.233  
Hansen p-value 0.996  1.000  

Notes. SGMM estimator is used in regression analyses. The dependent variable is natural log of approved arrests per  
10 000 persons. Standard errors (in parentheses) are asymptotically robust to heteroskedasticity. AR(2) is Arellano-Bond 
test for AR(2) in first-differences. Both Sargan and Hansen are tests of the overidentifying restrictions. 

* Significance at the 10% level. ** Idem, 5% level. *** Idem, 1% level. 

 

In column (2), the variables of the growth rate of the primary industry sector (GDPPI), inflation 

(CPI) and urbanization (URBAN) are then added to the baseline model. The coefficients of 

GDPPI and URBAN are found to be insignificant, whereas the coefficient of CPI is significant 

and positive. The coefficients of GINI and EDUENR are still significant, while the URC 

becomes insignificant in column (2). 

  

It should be noted that the coefficient of the GINI is found to be significant and positive in all 

the specifications in Table 7.5, while the coefficient of education is found to be significant and 



 

200 

 

negative. The result is robust to different specifications, and it can be concluded that a positive 

correlation exists between regional inequality and the crime rate, while a negative correlation 

exists between education and the crime rate. 

 

Robustness tests are performed by replacing the proxy of education from the number of higher 

secondary school enrolments (EDUENR) to higher secondary school graduates (EDUGRAD). 

Moreover, the variable of the urban unemployment rate (UNEMPL) is included in the analysis. 

It is worth noting that the data of UNEMPL is only available from the China Statistical 

Yearbook for recent years. Therefore the robustness tests, as shown in Table 7.6, focus only on 

the latest data and the time-span is different from those of Table 7.5.  

 

All the specifications in Table 7.6 are tested for AR(2), Sargan and Hansen tests. The results 

show that all the tests are passed and so the instruments are valid in all the specifications. 

Column (3) shows that the coefficient of EDUGRAD is significant and negative. It shows that 

the result is robust. Moreover, GINI, UER, UNEMPL and DETER are all significant and positive. 

In the next robustness test, the variables of CPI and GRPPC are added to the model. The results 

are shown in column (4). In this specification, the variable UER is no longer significant, while 

the other variables retain their significance. Finally, URBAN and EDUFUND are added to the 

model as shown in column (5). The result shows that DETER become insignificant, but the 

other variables retain their significance. 

 

It can be observed from Table 7.6 that the coefficients of UER and DETER are significant and 

positive in some of the specifications. However, the coefficients of UNEMPL and GINI are 

significant and positive in all the specifications. Although the proxy of education is changed to 

the number of higher secondary school graduates, the results show that this educational variable 

also displays a negative correlation with crime rates in all the specifications. The results are in 

agreement with those of Table 7.5. The coefficients of GINI and education are found to be 

significant in all the specifications in both tables. The results are robust to a wide range of 

specifications, different choices of sample periods and various choices of proxies. 
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Table 7.6 Robustness Test (I) for Crime Rates and R egional Inequality  
(3)  (4)  (5)  

GINI 5.010 ** 5.099 ** 5.577 * 

 
(2.324)  (2.426)  (3.182)  

URC 0.448  0.328  0.229  

 
(0.549)  (0.480)  (0.869)  

UER 12.104 *** 4.684  2.247  

 
(4.207)  (8.281)  (14.248)  

UNEMPL 0.578 * 0.809 ** 0.732 * 

 
(0.332)  (0.361)  (0.406)  

DETER 1.322 ** 1.274 ** 1.269  

 
(0.609)  (0.571)  (0.754)  

GDPSI -0.050  -0.024  -0.038  

 
(0.092)  (0.090)  (0.092)  

CPI 
 
 0.419  0.259  

  
 (0.383)  (0.441)  

URBAN 
 
 

 
 0.041  

  
 

 
 (0.099)  

GRPPC 
 
 0.067  0.011  

  
 (0.207)  (0.249)  

EDUGRAD -9.588 ** -9.683 *** -8.381 * 

 
(3.736)  (3.154)  (4.716)  

EDUFUND 
 
 

 
 0.077  

  
 

 
 (0.687)  

Constant 7.764  -36.750  -18.616  
(12.722)  (43.124)  (50.421)  

Number of observations: 129  129  129  
Number of instruments: 19  23  27  
AR(2) p-value 0.414  0.769  0.839  
Sargan p-value 0.274  0.532  0.439  
Hansen p-value 0.677  0.772  0.766  

Notes. SGMM estimator is used in regression analyses. The dependent variable is natural log of approved arrests per  
10 000 persons. Standard errors (in parentheses) are asymptotically robust to heteroskedasticity. AR(2) is Arellano-Bond 
test for AR(2) in first-differences. Both Sargan and Hansen are tests of the overidentifying restrictions. 

* Significance at the 10% level. ** Idem, 5% level. *** Idem, 1% level. 

 

Finally, the dependent variable of the crime rate, which is measured as the approved arrests per 

10 000 population, is replaced by the number of prosecutions per 10 000 population. This 

approach is suggested by Chen and Yi (2009) and it is used in the robustness tests. The results 

are shown in Table 7.7. All the specifications in Table 7.7 are tested for AR(2), Sargan and 

Hansen tests. The results show that all the specifications pass these tests and so the instruments 

are valid. The results obtained from Table 7.7 are very similar to those in Table 7.5 and Table 7.6. 

Column (6) shows that the coefficients of GINI, UNEMPL and DETER are significant and 

positive, while the coefficient of EDUGRAD is significant and negative. In column (7), the 

explanatory variables of URBAN and EDUFUND are included. The results show that UEMPL 

loses its significance. The coefficients of GINI and DETER are significant and positive, whereas 
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EDUGRAD is significant and negative. 

 

It can be observed that even though the dependent variable of crime is changed from the number 

of approved arrests to the number of prosecutions, the results are similar to those obtained in 

Table 7.5 and Table 7.6. The coefficients of DETER and GINI are significant and positive in all 

the specifications in Table 7.7. On the contrary, education is found to be negatively correlated 

with crime rates. The results are in agreement with those of Tables 7.5 and 7.6. Therefore, the 

results are robust to various specifications, different time-span of study, and various proxies of 

crime rate and education. 

 

Table 7.7 Robustness Test (II) for Crime Rates and Regional Inequality 
(6)  (7)  

GINI 5.993 * 7.785 **   

 
(3.359)  (3.227)  

URC 0.171  0.024  

 
(0.349)  (0.643)  

UER 3.525  2.975  

 
(9.529)  (12.820)  

UNEMPL 1.109 ** 0.793  

 
(0.480)  (0.495)  

DETER 0.958 * 1.225 **   

 
(0.523)  (0.534)  

GDPSI -0.093  -0.038  

 
(0.144)  (0.085)  

CPI 0.261  0.275  

 
(0.282)  (0.325)  

URBAN 
 
 0.016  

  
 (0.078)  

GRPPC 0.166  0.117  

 
(0.161)  (0.213)  

EDUGRAD -11.289 *** -11.237 ** 

 
(3.479)  (4.221)  

EDUFUND 
 
 -0.006  

  
 (0.485)  

Constant -9.586  -14.793  
(35.657)  (39.901)  

Number of observations: 129  129  
Number of instruments: 23  27  
AR(2) p-value 0.912  0.986  
Sargan p-value 0.914  0.424  
Hansen p-value 0.973  0.894  

Notes. SGMM estimator is used in regression analyses. The dependent variable is natural log of number of prosecutions 
per 10 000 persons. Standard errors (in parentheses) are asymptotically robust to heteroskedasticity. AR(2) is 
Arellano-Bond test for AR(2) in first-differences. Both Sargan and Hansen are tests of the overidentifying restrictions.  

* Significance at the 10% level. ** Idem, 5% level. *** Idem, 1% level. 
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According to the baseline model and the robustness tests, the coefficient of intra-provincial 

regional inequality is found to be significant and positive in all the specifications, whereas the 

coefficient of the ratio of urban to rural consumption is significant and positive in one 

specification. This finding supports previous research which links inequality and crime rates 

(Fajnzylber et al., 2000, Fajnzylber et al., 2002a, Fajnzylber et al., 2002b, Lederman et al., 2002, 

Hu et al., 2005, Huang and Chen, 2007, Edlund et al., 2008, Chen and Yi, 2009, Shi and Wu, 

2010, Wu and Rui, 2010). If the inequality level is high, it implies that the potential gains from 

committing crime are high, while the opportunity cost is low. Therefore, the increase in 

economic inequality will encourage more and more people to engage in crime. Given most of 

the crimes in China are property crimes (Hu et al., 2005), it is not surprising to find that 

inequality is positively correlated with the crime rate.  

 

It can be observed that education is negatively correlated with crime rates. This finding is 

consistent with many earlier studies (Freeman, 1991, Wong, 1995, Lochner and Moretti, 2004, 

Huang and Chen, 2007, Shi and Wu, 2010, Wu and Rui, 2010). It suggests that the government 

should allocate more resources for the provision of education services so as to prevent crime. 

 

For the other control variables, the coefficient of urban unemployment rate is found to be 

significant and positive in many specifications. This finding is in agreement with other studies 

(Neumayer, 2005, Huang and Chen, 2007, Edlund et al., 2008). This suggests that the 

government should stimulate employment in the urban areas. The coefficient of the ratio of 

urban employed persons to total employed persons in both rural and urban areas is significant and 

positive in one specification in Table 7.6. It implies that inequality in employment opportunities 

between the two sectors also contributes to an increase in the crime rate. However, the result 

does not imply that the government should reduce employment opportunities in the urban areas 

so as to reduce the ratio, but it does suggest that the government should create more 

employment opportunities for people in rural areas. Table 7.4 shows that the mean of the ratio of 

the urban employed persons to total employed persons in both rural and urban areas is below 0.5, 

and being only 0.268, means that the number of employed persons in the rural areas is larger than 

the urban areas in many provinces. However, given the relatively much larger population in the 

rural areas, the employment opportunities provided in the rural areas is far from sufficient. 

Therefore, the government should create more employment opportunities in the rural areas. In 

that way, the ratio of urban employed persons to total employed persons in both rural and urban 

areas can be reduced, which can in turn lead to a decline in the crime rate. The findings of the 

urban unemployment rate and the ratio of urban employed persons to total employed persons in 

both rural and urban areas both highlight the fact that the government should create more 

employment opportunities in both the rural and urban areas so as to reduce crime.  
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The coefficient of inflation, which is measured by CPI, is found to be significant and positive in 

one specification. This is because the poor suffer more in an inflationary period, while the rich 

suffer less, given that rich people have much more wealth at their disposal to overcome a crisis. 

Consequently, an increase in inflation will drive more poor people into criminal activities as a 

means of survival. 

 

The coefficient of the ratio of the expenditure for the public security agency, procuratorial 

agency, court and judicial agency to provincial GRP is significant and positive in some of the 

specifications. Chen and Yi (2009) report similar finding in their study. It should be noted that 

Fajnzylber et al. (2000) and Fajnzylber et al. (2002b) also report that the number of police 

officers is positively correlated with robbery rates using the SGMM estimator. The positive 

relationship between the deterrence variable and the crime rate may be due to the reverse 

causality effect or the inherent imperfections of the data series. As the expenditure data series 

used in this study also includes the expenditures on procuratorates and courts, therefore, caution 

should be exercised in interpreting this result. 

 

7.7. Conclusions 

China is a transitional economy and radical changes have taken place in the economic system 

since the initiation of economic reform. The transition from a centrally planned economic 

system to a free market system creates many socioeconomic problems, and one of the pressing 

issues is the considerable increase in crime. This increase in crime rates is a major concern in 

China because the cost of criminal behaviour is extremely high. Moreover, the increase in crime 

rates is detrimental to economic growth, and it may create discontent among the population 

which may in turn lead to social instability and even political upheaval. 

 

It is observed that both regional inequality and the crime rate have increased considerably in 

China, but these pressing issues have tended to be overlooked. It is notable that to date no study 

that focuses on the relationship between intra-provincial regional inequality and crime rate in 

China has been undertaken. This study explores this topic thoroughly by empirically analyzing 

two kinds of inequality, namely, the intra-provincial regional inequality and the inequality in 

consumption between the urban and rural sectors. Furthermore, also examined is the inequality 

in employment opportunities between these two sectors.  

 

The results show that intra-provincial regional inequality is positively correlated with the crime 
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rate, whereas education is negatively correlated with it. The results are robust to alternative 

specifications, various choices of sample periods and changes in the proxies of crime rate and 

education. Moreover, the coefficients of inflation, unemployment rate, government expenditure 

for the public security agency, procuratorial agency, court and judicial agency, in addition to the 

inequalities in consumption and employment between the rural and urban sectors are found to 

be significant and positive in some of the specifications. 

 

Several policy implications can be drawn from this study. First, the government should allocate 

more resources to mitigate rural-urban inequality and intra-provincial regional inequality. 

Second, the government should formulate pro-poor policies so as to provide more education to 

the poor. Primary and junior secondary school education is now very common in China, but the 

government should also ensure equal access to higher secondary school education for the people, 

especially, the poor living in the underdeveloped regions. Third, the government should always 

keep inflation in check while promoting economic growth. Finally, the government should 

create more employment opportunities in both urban and rural areas. One suggestion is that the 

government can stimulate employment by increasing investment in transportation infrastructure 

and promoting retail trade in the backward regions. Both factors are found to be negatively 

correlated with regional inequality. The decrease in inequality can further reduce the crime rate. 
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CHAPTER 8                           

CONCLUSIONS 

Many studies have been undertaken to examine regional inequality in China, but most of the 

studies in the literature are based on provincial level data. The policy implications derived from 

these provincial level studies are thus only valid for formulating policy for alleviating regional 

inequality amongst the provinces. It is impractical to formulate policy for mitigating regional 

inequality amongst the county-level units by using the results derived from the studies based on 

inter-provincial inequality. Relying on provincial level data in research cannot provide any 

information on intra-provincial regional inequality. Therefore, many important characteristics of 

intra-provincial regional inequality remain unknown. 

 

Moreover, Herrmann-Pillath et al. (2002a, 2002b) note that the provincial unit is not an optimal 

unit of analysis because the administrative borders of the provinces may not coincide with the 

boundaries of economic areas; therefore they suggest using intra-provincial data in analysis. 

However, work based on county-level data is scarce in the literature. This study attempts to fill 

the void by investigating regional inequality in China using county-level data. A thorough 

investigation of regional inequality is conducted by examining the trends, determinants and 

consequences of the intra-provincial regional inequality. The knowledge derived from this study 

may prove valuable for formulating development policies in China, and potentially also has 

implications for other developing countries. This chapter provides a summary of the findings in 

each chapter. It then provides some policy recommendations.  

8.1. Summary of the findings 

The core work in this thesis begins in Chapter 3 which presents the inequality measures for 

different spatial groupings. The intra-provincial inequality within each province, that is, the 

inequality amongst the county-level units within each province, is derived. This generated an 

inequality series that was used in empirical studies in later chapters. It is found that the levels of 

inequality in the nation, the coastal and inland regions, the four economic zones, and most of the 

provinces increased over the study period. The levels of inequality amongst the county-level 

units in the eastern and western zones were higher than that in the other zones over the study 

period. The results show that the provinces with a high level of inequality are mostly situated in 

the northern part of China. The provinces are observed to have very different patterns of 

inequality, even if they are in the same economic zone. Moreover, it is found that Jiangsu had 

the highest level of intra-provincial regional inequality in 2007. 
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The results of the decomposition of inequality are presented in Chapter 4. It is found that the 

contribution of inter-provincial inequalities within all the zones increased significantly from 

1997 to 2007. Although the contribution of the component of inter-CU inequalities within all the 

provinces remained more or less the same in that period, it contributed about 60% (based on the 

Theil-T index) to the overall inequality in 2007. It means that a major proportion of the overall 

inequality can be explained by intra-provincial regional inequality. According to the 

measurements based on the Theil-T index, increases in intra-provincial regional inequalities 

contributed 63% to the increase in overall inequality over the study period, whereas the 

provinces of Jiangsu, Hebei and Inner Mongolia combined contributed 47%. The county-level 

data is then divided into city and county subgroups. Further decomposition based on the Theil-T 

index shows that the inter-county inequality component contributed a much higher proportion 

than the inter-city inequality component, whereas the component of the inequality between the 

city and county subgroups contributed the least to the intra-provincial regional inequality. The 

results from the decomposition also suggest that each province has its own characteristics and 

evolution pattern of inequality. Thus every provincial government needs to formulate its own 

province-specific policy to mitigate inequality. The decomposition of the intra-provincial 

regional inequality for each province shows that provinces in the central and western zones 

should focus on the alleviation of inter-county inequality, while provinces in the north-eastern 

zone should concentrate on inter-city inequality. The provinces in the eastern zone should focus 

on both inter-county and inter-city inequalities. The provinces of Fujian, Jiangsu, Henan, 

Guizhou, and Qinghai should pay attention to the inequality between city and county subgroups. 

 

Chapter 5 examines the possibility of convergence amongst the cities and counties using the 

Markov transition matrix and the stochastic kernel techniques. The major finding in this chapter 

is that a high persistence is found in many spatial groupings, which implies that the poor 

county-level units tend to remain poor (in a relative sense) making it very difficult for them to 

migrate to higher income groups. The cities and the counties are found to have very different 

transitional dynamics. If the county-level units move out of their present income groups, then 

the counties are highly likely to move down to low income groups, whereas the cities have the 

tendency to move up, though most of the county-level units tend to remain in their present 

income groups because of the high persistence. In the long run, the income distribution of the 

counties is right-skewed. Because the counties are larger in number, overall distribution is 

dominated by them, and thus the future overall income distribution for the cities and counties 

combined is right-skewed. Convergence analysis is performed for each province individually. It 

is found that convergence to the mean income is impossible for all the spatial groupings (except 

for the Liaoning province). Moreover, convergence to the mean income is found to be 
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impossible for the city subgroups and the county subgroups in all spatial groupings (except for 

the cities within the north-eastern zone). Finally, the results derived from the conditional 

Markov transition matrices show that both the spatial factor (provincial border) and the 

administrative status of the county-level unit (city or county) play major roles in the transitional 

dynamics. 

 

The results of Chapter 4 show that 60% of the overall inequality can be attributed to 

intra-provincial regional inequality. It can be concluded that the intra-provincial regional 

inequality is the crux of the problem of regional inequality in China, necessitating further study 

of intra-provincial inequality. The determinants of intra-provincial regional inequality are 

investigated in Chapter 6 so as to derive policy implications for mitigating regional inequality 

within each province. The study focuses on the impacts of industrialization and globalization. It 

is found that regional inequality is positively correlated with the proportion of the secondary 

industry sector GRP to provincial GRP, and the proportion of the tertiary industry sector GRP to 

provincial GRP. It implies that intra-provincial regional inequality will increase as the primary 

sector declines. In addition, FDI is shown to be negatively correlated with intra-provincial 

regional inequality, whereas international trade is found to have no statistically significant 

relationship with regional inequality. The results also show that domestic trade is negatively 

correlated with regional inequality, whereas the transportation infrastructure is positively 

correlated with it. 

 

Chapter 7 examines the consequences of inequality by studying the impacts of intra-provincial 

regional inequality on crime rates in China. The results show that intra-provincial regional 

inequality is positively correlated with the crime rate, whereas education is negatively correlated 

with it. Inflation, the unemployment rate, in addition to the inequalities in consumption and 

employment between the rural and urban sectors are also found to be positively correlated with 

the crime rate. 

8.2. Policy recommendations and prospects 

It is found that regional inequality increased greatly over the study period. The decomposition 

of regional inequality further shows that intra-provincial regional inequality is the crux of the 

problem of regional inequality in China. Moreover, the convergence studies show that the 

inequalities in many provinces will become increasingly exacerbated over time as convergence 

to the mean income is found to be virtually impossible for all the provinces (except the province 

of Liaoning). It is argued that inequality can affect the livelihood of people, lead to social 

instability and even cause political upheaval (Alesina and Perotti, 1996). Therefore, it is 
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necessary to formulate appropriate development policies so as to reverse the trend and alleviate 

the adverse impacts of the rising inequality. This is recognized by the Chinese government. In 

the 17th Congress of the Communist Party of China, President Hu Jintao strongly urged officials 

to pay more attention to income inequality (Tisdell, 2009). The Twelfth Five Year Program for 

China’s Economic and Social Development, which establishes the framework for the 

development polices from 2011 to 2015, was formulated with a people-centered approach. One 

of the main focuses in this approach is to create a fair and harmonious society in China. In 

recent years, the government has shifted its focus of attention from economic growth towards 

social harmony by introducing different policies which center on equality (Blazey and Gillies, 

2009). The findings in this thesis provide further support for the policy shift in China. 

 

The study on the determinants of regional inequality suggests that intra-provincial regional 

inequality is positively correlated with the proportion of secondary industry GRP to provincial 

GRP, and also the proportion of tertiary industry GRP to provincial GRP. Given that the 

secondary and tertiary industry sectors produce much higher output than the primary sector, it is 

a difficult choice for the government to make. Douglass (2009) points out the dilemma faced by 

the Chinese government is how to ‘reduce income disparities, which is necessary for social 

stability, while at the same time maintaining high rates of economic growth, which is necessary 

for political legitimacy.’ However, Chen (2010) shows that a more equal distribution can be 

obtained in China without sacrificing growth in the long run. Therefore, the government should 

not give up industrialization and development of the tertiary sector because restricting the 

development of both the secondary and tertiary sectors may make the poor become worse off, 

even though regional inequality can be reduced (Chen and Groenewold, 2010). However, the 

government should ensure that industrialization and development of the tertiary industry sector 

can spread to the underdeveloped areas within each province. 

 

It is found that intra-provincial regional inequality is negatively correlated with FDI. The 

government should thus promote FDI inflows, especially for the provinces in the inland region. 

The provincial government should also implement polices to divert the benefits of FDI to the 

disadvantaged regions within a province. It is also found that intra-provincial regional inequality 

is negatively correlated with domestic trade. Similarly, Melchior (2010) suggests that regional 

inequality in China can be reduced by stronger domestic trade integration. However, Poncet 

(2005) reports that China’s domestic market fragmentation along provincial borders was great 

and has become more severe over time. Domestic trade protection can be attributed to the 

policies implemented by the provincial government that aim at maximization of fiscal revenues 

and socio-economic stability preservation. This highlights the difficulties faced by the central 

government in promoting domestic market integration. It calls for the development of a 
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coherent policy by the central government to reduce interventionism in each province, thereby 

promoting domestic trade and reducing inequality. 

 

Transportation infrastructure density is found to be positively correlated with intra-provincial 

regional inequality. Similar to the argument advanced for industrialization, the government 

should not give up building transportation infrastructure, but it is necessary to ensure that the 

benefits of a better transportation system can be spread to the underdeveloped regions within a 

province. The provincial government needs to make systematic and sustained efforts to build 

transportation infrastructure in the disadvantaged regions. The construction of transportation 

infrastructure not only can create more employment opportunities for the poor (it can lead to a 

decline in the crime rate as shown in the study of the consequences of inequality), but it can also 

facilitate FDI inflows, domestic trade, industrialization, and development in the tertiary industry 

sector in the underdeveloped regions. 

 

However, the Chinese government has to face some daunting challenges in the formidable task 

of alleviating inequality. Breslin (2007) suggests that it is getting increasingly difficult for the 

central government to direct and control economic activity because of the increase in power of 

the market. Chen and Zheng (2008) even argue that nowadays in China, ‘market mechanisms 

have a far greater influence on the economy than the government does.’ There is no question 

that market forces will play a more prominent role in the future, especially, with the acceleration 

of economic reforms in the financial sector. Therefore, the success of mitigation of inequality 

relies on the government’s ability to adapt to those changes in the future. 

 

Breslin (2007) also suggests that it is becoming more and more difficult for central government 

to direct the economy because of the increase in decentralization of powers to local authorities. 

The central government may find it difficult to implement policies aimed at mitigating regional 

inequality because of the resistance from local governments. Some local governments may opt 

to focus on promoting economic growth rather than strive for equality. Besides, the coastal 

provinces have enjoyed better economic performance than their poor counterparts for a long 

time. Any attempt to reduce regional inequality by resource reallocation from the rich regions to 

the poor ones, or to change the focus of regional development strategies may provoke discontent 

and lead to economic friction between the provinces. For that reason, the central government 

needs to draw up a coherent strategy to address these thorny issues. It is necessary for central 

government to coordinate the actions of the provinces and establish a coherent framework for 

mitigating regional inequalities; while provincial governments need to formulate 

province-specific development policies which can promote equality and growth within the 

provinces, but also in line with the framework of central government. 
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