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Abstract  Since the Reform and Opening-up policy had been implemented in 
1978, mainland China has experienced significant economic growth, with GDP 
rising on an annual average of about 10%. However, this growth miracle was far 
from being evenly distributed across space. It is, therefore, the aim of this paper 
to study the evolution of spatial disparities in economic development across the 
country between 1993 and 2012, a period which is characterized by all provinces 
having access to international markets and being open for international investors. 
We seek to answer the question of whether Central and Western Chinese 
provinces were catching up with the East. We define ‘catching up’ as a growing 
similarity among spatial units. Convergence processes might manifest in four 
dimensions, including (1) the spatial allocation of employment, value added 
generation and the fixed capital stock, (2) forms of technical change, (3) 
productivity patterns, and (4) income distribution. Results show that persistent 
phases of convergence appeared. However, in some cases the catching up of 
China’s less developed parts with the flourishing East was limited to only a few 
Western and Central Chinese provinces. A high degree of path-dependency in 
economic development prevented catching up from taking place in a more 
uniform manner. 
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1  Introduction 

Since the Reform and Opening up had been introduced in mainland China in 
1978, its transition from a centralised to a decentralised, market-oriented 
economy went alongside with remarkable GDP growth of almost 10% on an 
annual average. Regardless of this overall development, particularly in the 
Eastern coastal provinces first-mover advantages prevailed. As they were opened 
first to international markets it was easier for them to attract foreign direct 
investment, get access to foreign technology and specific know-how. This 
stimulated their competitiveness strongly compared to other provinces in the 
Central and Western parts of the country. An unbalanced spatial development 
across China challenged economic policy-making and starting with the Seventh 
Five-Year Plan (1986–1990), authorities tried to counteract this spatial mismatch. 
In 1992, the New Stage of the Reform and Opening-up Policy was implemented 
going alongside with the opening of China’s less developed Central and Western 
parts to international investors. To further spur economic growth in these areas, 
inter alia innovation-policies, such as tax breaks for innovating firms, were 
introduced. Moreover, in subsequent years several national-level regional 
development strategies were adopted which also aimed at accelerating economic 
growth in less developed parts. For instance, in 1999, the Western China 
Development Strategy was put in place; in 2003 a strategy to revitalize China’s 
North-eastern old industrial base was carried out and in 2004, the Rise of Central 
China Plan was set up. 

Motivated by these policy-efforts, this paper aims to study the evolution of 
spatial disparities in economic development across China. As spatial units we 
distinguish between the regional level and the level of provinces. Our analysis 
refers to a time span of 20 years, starting in 1993, when the country had just 
entered a stable growth path, after Deng Xiaoping’s Southern Tour in 1992. 

More specifically, we are interested in whether convergence processes within 
China could be observed and whether Western and Central parts of the country 
were catching up with the East as this had been one of the goals of Chinese 
economic policy. We define “catching-up” as a growing similarity among spatial 
units. Convergence processes can manifest themselves in various dimensions, 
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including: (1) the spatial allocation of employment, value added generation and 
the fixed capital stock, (2) forms of technical change, (3) productivity patterns, 
and (4) income distribution. From a methodological viewpoint, the first 
dimension of convergence processes refers to spatial inequality and concentration 
patterns, which are studied by means of the absolute Theil-Index (Theil, 1967). 
In this regard, we are interested in identifying the driving forces of spatial 
disparities, whether they stem from within or between regions. To capture the 
second dimension of convergence processes, we draw on the classical concept of 
the inverse relationship between the wage rate and the rate of profits (Sraffa, 
1960). We construct for each region an “efficiency schedule” (Foley and 
Marquetti, 1997; Foley and Michl, 1999), the intertemporal shifts of which 
enable us to figure out specific form of technical change and the degree of its 
bias as well as to address catching-up in terms of income distribution. We then 
turn to the level of provinces and also at this lower level of aggregation trace the 
evolution of spatial disparities in income distribution. Furthermore, at the level of 
provinces convergence processes in terms of productivity patterns and their 
evolution are investigated by means of a first-order Markov chain approach (e.g., 
Quah, 1993a, 1993b; 1996a, 1996b). We complement our empirical analysis with 
descriptive statistics and make use of Salter curves (Salter, 1960); see also 
Cantner and Krueger (2007) for the use and a detailed discussion of this 
graphical tool. 

The topic of spatial disparities in economic development across China and the 
issues of convergence processes and catching-up have attracted a substantial 
amount of research in recent years. Some of the works (e.g., Fan and Sun, 2008; 
Kanbur and Zhang, 2005; Cheong and Wu, 2013; Sakamoto and Islam, 2008) 
focus on spatial income inequalities and their evolution. Fan et al. (2011) add 
another dimension and additionally investigate non-income variables, such as 
illiteracy rates and infant mortality rates as indicators of spatial disparities in 
economic development. Approaching the question of spatial disparities from a 
more production-oriented perspective, for instance, Gao and Shi (2009), Gao and 
Yuan (2014), Huang et al. (2014), Wu and Zhao (2011) and Zhao (2015) study 
labour productivity dynamics. A third strand of the literature concentrates on 
convergence processes across China by looking at spatial disparities in capital 
accumulation and foreign direct investment (e.g., Liu et al., 2009; Shi and Zhao, 
2011; Yu and Li, 2013). Another range of papers (e.g., Bao et al., 2002; Hon et 
al., 2005; McKelvey and Bagchi-Sen, 2015; Tsui, 2007; Wan et al., 2007) linked 
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to our research topic identifies the sources of spatial disparities in economic 
development, such as differences in the infrastructure, factor endowments 
(including the availability of human capital and the skill-structure of the working 
population), economic policy measures and the institutional setting. Also, the 
innovative capacity and investment flows, as well as population density, 
migration flows and other demographic characteristics are found among the 
factors which account for path-dependent growth and contribute to spatial 
disparities in economic development across China. These works provide very 
diverse findings depending on the selected variables of the analysis, the method, 
the definition of spatial units, the envisaged time horizon and geographical area. 
Moreover, the empirical evidence does not give a single picture on whether 
spatial disparities have increased or decreased across the country. This gives 
further motivation to address in our empirical study a multitude of different 
dimensions in which convergence processes can manifest themselves. 

We add to the existing literature in several ways: First, we analyse a variety of 
different economic variables (i.e., value added, fixed capital, employment, 
capital productivity, labour productivity, unit wages and the gross profit rate), 
which allows obtaining a more full-fledged picture on catching-up and 
convergence processes. Second, we capture different spatial levels and do not 
restrict our focus to the national level. This proves beneficial in order to trace the 
origin of spatial disparities in an accurate way. Third, another originality of our 
paper lies in the mix of analytical tools we apply and adopt, which permits to 
conduct a precise investigation of spatial disparities. Finally, most of the existing 
studies so far have focused on spatial inequalities across China until the new 
millennium and on income disparities between the rural and urban and/or coastal 
and inland areas (Fleisher and Chen, 1997; Cheng and Li, 2006; Fan and Sun, 
2008; Yu and Xiang, 2014). Hence, two other strong points of our paper are, first, 
that we deliver data even for years after China joined the WTO in 2000 and after 
the global financial crisis and second, we apply a more comprehensive spatial 
taxonomy, following Fan and Sun (2008). 

Our empirical analysis exhibits a concise survey and illustration of the 
evolution of spatial disparities in economic development across China from a 
macro-perspective. Furthermore, our empirical findings can be used by economic 
policy-makers as a guideline for evaluating the success of previous policy 
strategies which were implemented to counteract spatial mismatches in economic 
development. The paper is structured as follows: Section 2 provides an overview 
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of the data which we use for our empirical analysis and of related preparatory 
work. Section 3 discusses the method used. Empirical findings are reported in 
Section 4 and finally, Section 5 concludes. Some additional empirical material 
can be found in the Appendix. 

2  Data 

We work on annual data spanning from 1993 to 2012. We restrict our empirical 
analysis to this time span due to the following reasons: First, the political turmoil 
in 1989 and the boycott from Western countries caused a retardation of the 
Reform and Opening-up process and only after Deng Xiaoping’s Southern Tour 
in 1992 the Chinese economy returned to a stable growth path. Hence, Mr. 
Deng’s tour in 1992 proved extremely important to China’s growth in subsequent 
years, from both a countrywide and a regional perspective. The fact that the 
country has experienced stable growth since then, provides thus a good starting 
point to investigate how this was distributed across regions and provinces, and to 
trace the evolution of spatial disparities in economic development. Second, most 
of the policy strategies to counteract spatial disparities in economic development 
across China were introduced in the period which we analyse. This gives further 
motivation to study potential catching-up and convergence processes in this time 
span, as empirical findings provide a sound guideline to policy-makers for 
evaluating whether these policy measures were effective. Third, the period from 
1993 until 2012 was characterised by all Chinese provinces having access to 
international markets and being open for international investors. In principle, 
these equal circumstances should have narrowed the spatial disparities in the 
development potential of regions and provinces. Concentrating on this time span 
offers thus a reliable basis to figure out whether this happened effectively. 

Regarding the definition of spatial units, we distinguish between the regional 
level and the level of provinces. We analyse 31, respectively 30 provinces, which 
are assigned to the three regions: East, Central and West according to a procedure 
commonly used in empirical studies about mainland China. More precisely, in 
large parts of the paper, we follow “the three economic belts-scheme” (Fan and 
Sun, 2008) based on the Seventh Five-Year Plan. The only difference to Fan and 
Sun (2008) is that Chongqing is not merged with Sichuan province for data on 
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employment, value added, labor productivity and the two distributive variables.1 
However, in the case of fixed capital and capital productivity we work with only 
30 provinces, instead of 31, as no separate data for Chongqing are available. For 
details on the assignment of individual provinces to the three regions, see 
Appendix, Table A1. 

Our primary data source is the National Bureau of Statistics of China. From 
its datasets we either directly take or derive our basic variables: 

• Employment is defined by the total number of employed persons for each 
province and each year. We are well aware of the fact that it would be 
preferable to use actual hours worked but we lack that information. 

• Value added is defined as the sum of valued added generated within the 
primary, secondary and tertiary sector for each province and each year. 

• Wages are derived from data on compensation of employees for each 
province and each year. Again, note that compensation of employees is the 
most accurate measure we have access to. 

Monetary variables (i.e., value added and wages) are initially expressed in 
current prices of RMB. To correct nominal values for price changes we deflate 
them by using specific GDP-deflators at the level of provinces where the base 
year—when the price indexes take a value of 100—corresponds to 1978. 

• For calculating the fixed capital stock for each province and each year, we 
apply the perpetual inventory method (Goldsmith, 1951). The basic 
estimation equation is: 

 1(1 ) .j j j
t t ttK K Iδ−= − +  (1) 

In equation (1) for a single province j with j = 1, …, J, j
tK  and 1

j
tK −  

correspond to the fixed capital stock in periods t and t−1; tδ  denotes the 
depreciation rate2 and j

tI  the level of investment. We use data of gross fixed 
capital formation coming from The Gross Domestic Product of China dataset for 
the period from 1993 until 2004. Data prior to 1993, which are required in order 
to build a consecutive time series for the estimation, are taken from The Gross 
Domestic Product of China (1952–1995). Finally, data after the year 2004 come 

                                                        
1 Chongqing, founded in 1997, is one of the municipalities directly under control of the 
Chinese Central Government (similar to Beijing and Shanghai). Before 1997 Chongqing 
belonged to Sichuan province. 
2 See Kurz and Salvadori (1995), Chapter 9, 262–264 for a discussion of the concept of 
depreciation and the related problematic character of ‘depreciation by evaporation’. 
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from China Statistics Yearbook (Shan, 2008). For deflating gross fixed capital 
formation, we use price indexes of gross fixed capital formation at the level of 
provinces provided by The Gross Domestic Product of China (1952–1995) and 
The Gross Domestic Product of China (1952–2004) for the years 1993 until 2004. 
For the remaining years (2005–2012) we use instead price indexes for investment 
in fixed assets. In determining the level of the depreciation rate, we follow Shan 
(2008) and take it to be 10.96%. 

3  Methods 

3.1  Absolute Theil-Index 
 
In order to obtain a better understanding of the forces underlying convergence 
processes both between and within the regions: East, Central and West, we 
calculate on an annual basis an inequality measure for the three variables: 
employment, value added and the fixed capital stock. We implement an index 
that allows us to quantify the overall economic inequality within China as well as 
the contribution of individual regions and provinces. 

As we work with data on the overall economy and are interested in 
developments at the economy-wide, rather than at the industry-level, we are 
restricted to the use of absolute indexes. Since absolute indexes are well- 
designed to answer this part of our research question, this is not a limitation, 
however. One of the main characteristics of absolute indexes is that the 
equidistribution of the underlying economic variable has to be used as the 
reference point by definition. This can be a disadvantage if the research units 
vary in area size and population density, as this could easily lead to a poor 
estimation of inequality and wrong policy conclusions.3 Yet, this reference point 
can also be seen as an advantage, as it sheds more light on the total inequality 
within China without suppressing inequality that originates from the 
concentration of population. Moreover, as our research purpose pertains to the 

                                                        
3 This can be explained by the following example referring to employment: Let there be only 
three provinces, with one double the population size of each of the other two. For absolute 
equality to hold, the number of hours worked must be identical in all three provinces despite 
the differences in population size. Thus, if in the larger province there would occur twice as 
many working hours as in the other two provinces, this would already indicate absolute 
inequality. However, this absolute inequality could originate in the differences of population 
sizes only. 
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dimension of inequality at the level of both regions and provinces and we wish to 
separate these effects entirely, an indispensable necessity for any index is the 
fulfilment of the decomposability criterion. This in turn implies that using 
weighting schemes or a different reference point to mitigate differences in area 
size and population density would lead to misestimating inequality as well. Then, 
inequality at the level of regions and provinces would no longer add up to total 
inequality and therefore would over- or underestimate inequality. 

The index best suited for our research purpose is thus the absolute Theil-Index 
(Theil, 1967), since it has the advantage of being decomposable in within-region 
and between-region components without any residual or overlapping terms 
(Shorrocks, 1980; Shorrocks and Wan, 2005). It is possible with this index to 
attribute total inequality to a weighted sum of inequality within the groups (i.e., 
across the provinces within one of the three regions) and the inequality arising 
between the group mean values (i.e., differences between the regions). This is an 
important distinction in order to pursue effective policy measures—not present in 
other studies to this extent—because it allows identifying the sources of 
within-inequality. In this regard, the absolute Theil-Index is superior to the 
Gini-Index, which is also commonly used in empirical studies but which cannot 
be decomposed without a residual. As this residual contains both within- and 
between-regional inequality, it is much harder to draw any conclusions using the 
Gini-Index rather than the absolute Theil-Index (Dagum, 1997). Lambert and 
Aronson (1993) even argue that the residual should not be interpreted at all. With 
the Gini-Index, only total inequality could be properly calculated whereas this is 
not true for the within and between components, thereby making it impossible to 
find answers if and to what degree inequality declined in China due to 
catching-up processes of Central and Western parts with the East. We also decide 
against the inverse of the Hirschman-Herfindahl-Index, which is equally 
decomposable (Acar and Sacaran, 1999) due to the fact that it is easily biased 
toward attributing relatively more weight to the inequality caused by 
between-group elements than within-group elements (Palan, 2017). 

Formally, for the absolute Theil-Index let ,L j
tε  correspond to the employment 

share (value added share ,V j
tε  and fixed capital share ,K j

tε , respectively) of a 
single province j, with j = 1, …, J at time t. Then it holds that 

,
1

1 ,ε ⋅
=

= ∑J j
tj
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where the dot-symbol ‘·’ in the superscript is used to indicate that the respective 
formula refers equally to employment L, value added V and fixed capital K. 
Given these definitions, the absolute Theil-Index is calculated as: 

, ,

1

1 ln( ).
J

j j
t t

j
J J

J
ε ε⋅ ⋅

=
∑  (2) 

The value of the absolute Theil-Index can range from zero (if all provinces 
have the same share, and hence there is equidistribution) to close to ln(J) (if 
production takes place in a single province only). 

As regards the decomposition of the index into its partial components, this is 
carried out following the standard procedure (see Shorrocks, 1980; and Cowell 
and Fiorio, 2011): the 31 (30) provinces are assigned to one of three subgroups Sr, 
where r = East, Central and West. For within-region inequality, at first the 
reference point within a region, 

rSn
′
 has to be defined. For an absolute index, 

this is equal to the inverse number of provinces belonging to that region. Thus, 
according to our spatial taxonomy the reference point for East is 1/12 and for 
Central 1/9; for West, the reference point in the case of employment and value 
added is 1/10 whereas for the fixed capital stock it is 1/9 as Chongqing and 
Sichuan are treated as a single province.4 

Next, for the within-region effects, it is required to account for differences in 
the magnitude of the three regions within the overall economy. We, therefore, 
assign proper weights to each region consisting of the regions’ shares in China’s 
overall magnitude. These are given by the number of all provinces belonging to a 
single region divided by the overall number of provinces in China (31 in the case 
of employment and value added; and 30 in the case of fixed capital). In our case, 
it holds that these empirical weights fit well the actual population shares of the 
three regions.5 Finally, the within-region effects are obtained for the three 
variables by calculating the differences between the shares of individual 
provinces and the share of the region to which these provinces belong and then 
summing up those differences for each region. 

In a further step, for the between-region effect, all differences within regions 
                                                        
4 The different reference points originate in the fact that each region consists of a different 
number of provinces (East consists of 12, Central of 9 and West of either 9 or 10) and that the 
variables under study should also be equally distributed at both the regional and provincial 
level in order to properly investigate both within and between regional inequality. 
5 Therefore, the lack of attributing further weights as a corrective factor seems to be of minor 
importance at the regional level. 
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are set equal to zero as we want to calculate the differences between regions only. 
Therefore, hypothetically for the three variables each province within a region is 
treated as having the same amount of employment, value added and fixed capital 
even though this is not the case for empirical data (as within and between 
inequality prevail at the same time). Thus, the hypothetical share of each 
province is the sum of employment (value added and fixed capital, respectively) 
within a region divided by the number of provinces belonging to that region. 
Then, for each province the difference between this hypothetical share and the 
reference point of the region a province belongs to, is calculated and the 
differences are finally summed up. 

With regard to the absolute Theil-Index, catching-up of the lagging provinces 
and regions implies a falling index level, whereas an increase stems from the fact 
that inequality rose, e.g. the lagging provinces are falling further behind and/or 
the driving provinces/regions could extend their lead. 
 
3.2  Derivation of Efficiency Schedule 
 
To figure out, whether convergence processes appeared in terms of technical 
change at the regional level we apply the concept of the ‘efficiency schedule.’ 
Then, we are able to study as well the evolution of disparities between regions in 
terms of productivity patterns and income distribution. The concept of the 
efficiency schedule (Foley and Marquetti, 1997), known also as ‘the real 
wage-profit rate schedule’ (Foley and Michl, 1999), is a version of Sraffa’s 
wage-profit relation (Sraffa, 1960) and builds on the idea of an inverse 
relationship between the wage rate and the rate of profits as put forth by Classical 
economists. This concept is also used for instance by Ferretti (2008) and Vaona 
(2011). Following largely the formal notation of Ferretti (2008), let r

tV  be the 
aggregate value added at time t in region r. According to its definition, r

tV  can 
be split into: 

,r r r
t t tV W Z= +  (3) 

where aggregate value added is the sum of the wage bill r
tW and total capital 

compensation r
tZ  (i.e., gross profits). In per-capita sizes, we have: 

r r r
t t t
r r r
t t t

W V Z
L L L

= − , (4) 

where r
tL  corresponds to total employment. Expanding then gross profits per 
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employed person by the fixed capital stock r
tK  we get: 

.
r r r r

t t t t
r r r r
t t t t

W V Z K
L L K L

⎡ ⎤
= − ×⎢ ⎥

⎣ ⎦
 (5) 

Factoring out /r r
t tK L  from equation (5), leads to: 

.r r r r
t t t tw z kπ= − ×  (6) 

Equation (6) formalises the inverse relationship between the wage rate and the 
rate of gross profits and r

tw  corresponds to unit wages, r
tπ  to labour 

productivity and r
tk  to the capital-labour ratio in region r at time t. 

 

 
Figure 1  Patterns of Technical Change 

Source: Authors’ own illustration based on Ferretti (2008). 
 

Plotting r r r r
t t t tw k zπ= − ×  in the w-z plane, as illustrated in Figure 1, the 

horizontal intercept of this linear relationship, where 0r
tw = , corresponds to the 

maximum gross profit rate (output-capital ratio /r r r
t t tV Kμ = ). The vertical 

intercept, where 0r
tz = , is determined by the maximum wage rate (labour 

productivity /r r r
t t tV Lπ = ). Shifts of the regional efficiency schedules over time 

enable us to draw inferences on the form of technical change in each region and 
to figure out spatial disparities therein. As illustrated in the left panel of Figure 1, 
a clockwise shift of the efficiency schedule around its horizontal intercept 
signalises purely labour-saving technical change (π increases to π ′ , while μ  
remains constant), whereas a counter-clockwise rotation around the vertical 
intercept implies purely capital-saving technical change (π  remains constant, 
while μ  increases to μ′ , see right panel of Figure 1). Apart from the cases of 
purely labour-saving and purely capital-saving technical change, one can 
distinguish the case of Hicks-neutral technical change, which reflects in a parallel 



582 Marlies Schütz, Han Li, Nicole Palan 

outward shift of the efficiency schedule. Moreover, Marx-biased technical 
change which is labour-saving and capital-using corresponds to a clockwise 
rotation of the efficiency schedule along the vertical and horizontal axis, such 
that labour productivity increases and capital productivity decreases. Decreasing 
(increasing) disparities between regions are then reflected in similar (different) 
forms of technical change to appear over time. 

In order to measure the extent to which technical change is biased in each 
region we follow Foley and Marquetti (1997) and investigate the relative degree 
of the bias, which is determined by percentage changes between two periods in 
(1) levels of labour productivity and (2) levels of capital productivity. An 
increasing similarity between regions then relates to growth rates and/or levels of 
capital and labour productivity to approach, increasing disparities would apply 
otherwise. Closely connected to the form and the relative degree of the bias of 
technical change, it is also interesting to investigate the evolution of the two 
distributive variables (i.e., unit wages and the gross profit rate) at the regional 
level. Catching-up in this respect manifests in declining differences in the levels 
of the gross profit rate and unit wages; a development in the opposite direction 
indicates increasing spatial disparities. 
 
3.3  First-Order Markov Chain Approach 
 
In a final step, we turn to the level of provinces in order to trace productivity 
differences also at this lower aggregation level. Therefore we apply a first-order 
Markov chain approach. The idea of using a first-order Markov chain approach 
to study spatial distribution dynamics has been advocated by Quah (1993a; 
1993b; 1996a; 1996b); it provides an alternative to the traditional study of beta- 
and sigma-convergence by means of regression analysis (e.g., Barro and 
Sala-i-Martin, 1991; 1992; and Sala-i-Martin, 1996). In this context, see e.g. 
Islam (2003) for a detailed discussion of the different approaches by which 
convergence is captured by the literature. One of the main advantages of this 
approach is that it does not provide some summary statistics on the distribution 
of the variables of interest but it focuses on the entire shape of the distribution, 
which we consider a strong point. Through analysing the shape of the distribution 
and its behaviour over time it is possible to draw inferences on convergence 
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processes and catching up. Moreover, the evolution of single spatial units 
compared to others with respect to the variables of interest can be investigated 
in-depth. 

For studying distribution dynamics of capital productivity and labour 
productivity for the J provinces, with j = 1, …, J, we first normalize capital 
productivity j

tμ  and labour productivity j
tπ  for each province by their 

national benchmark, given by the cross-section weighted means tμ  and tπ 6. 

Our variables of interest j
tμ  and j

tπ  are defined by: 

.
j

j t
t

t

μ
μ

μ
=  (7a) 

.
j

j t
t

t

π
π

π
=  (7b) 

Following the common notation, let tΦ  denote the cross-sectional 
distribution of our variables of interest at time t, where tΦ  for notational 
convenience variously refers to normalized capital productivity and labour 
productivity as defined in equations (7a)−(7b). The simplest way to describe the 
law of motion of the cross-sectional distribution between time t and t+s is given 
by a first-order autoregressive process (Durlauf and Quah, 1998; Bulli, 2001): 

*( ).t s tT+Φ = Φ  (8) 

In equation (8), T* is an operator which maps the transition of the distribution 
Φ  from time t to t+s. In the following, we treat Φ  as discrete, due to the 
relatively small data sample we use, which requires in a further step the 
discretisation of the parameter space of the variables of interest. This consists in 
defining a finite number of states n to represent their parameter space. In the 
extant literature there is no common procedure for this discretisation. Here we 
follow the procedure suggested by Quah (1996a) and define the single states by 
grouping the actual values of the set into quintiles. Beyond, we do not only 
investigate the case of five-states, but, as a check for robustness of how sensitive 
results are to the choice of grids, we also consider the case of four-states. The 
choice of grids for our set leads then to an almost uniform distribution of the 

                                                        
6 In the case of labor productivity this is weighted by employment shares and in the case of 
capital productivity by fixed capital stock shares, both at the level of provinces. 
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number of observations within each state. 
Given the specification of the n states, T* can be interpreted as a Markov 

transition probability matrix M of dimension n n× . Following Anderson and 
Goodman (1957) we use maximum likelihood estimates to determine the 
transition probabilities of matrix M. The law of motion of the distribution 
between two successive periods t and t+1 is then given by: 

1 .T
t tM+Φ = Φ  (9) 

In equation (9), for k,l = 1, …, n, a single element mkl of matrix M 
corresponds to the (conditional) probability for a single province to move from 
state k to state l between time t and t+1. Matrix M has the properties that all its 
elements mkl ≥ 0 and each single column of TM , where the symbol ‘T’ is used 
to indicate a transpose, adds up to 1. By investigating entries of the Markov 
transition probability matrix one can already infer a few characteristics of the 
distribution (e.g., persistence or the probability of catching up versus falling 
behind). Based on the common assumption that there is stationarity of the 
transitional probabilities over time or in other words, the transition mechanism is 
time-homogeneous,7 the distribution after s periods is given by: 

( ) .s T
t s tM+Φ = Φ  (10) 

Letting in a next step s → ∞ , this allows us to derive the ergodic (i.e., steady 
state) distribution:8 

.TM∞ ∞Φ = Φ  (11) 

If the ergodic vector ∞Φ  tends toward a single mass-point and the probability 
mass concentrates in the state where the national benchmark can be found, then 
there is convergence across space. On the contrary, if ∞Φ  approaches bi- or 
multi-modality, spatial disparities at the level of provinces in terms of capital 
productivity and/or labour productivity can be expected to accelerate in the long 
run. 

                                                        
7 To test for the validity of this assumption we perform a statistical Pearson χ2-test as 
suggested by Bickenbach and Bode (2003). 
8 Note that we did a robustness check and we proved the existence of the ergodic vector and 
the convergence of the Markov chain toward the ergodic vector for our variables of interest. 
Given its existence, the use of a first-order Markov chain seems justified with respect to both 
variables (i.e., labour and capital productivity). 
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4  Empirical Results 

4.1  Descriptive Statistics and Spatial Concentration Patterns 
 
In this section, we focus on potential convergence processes in terms of the 
spatial allocation of employment, value added generation and the fixed capital 
stock. Before that, we start with a few descriptive statistics (see Appendix, Table 
A2), using Salter curves for their illustration.9 Employment increased by about 
1.3% on an annual average across the Chinese economy. Value added generation 
grew at a markedly higher level and even more so did the fixed capital stock, 
with an annual average of 11% and 14.4%, respectively. For all three variables, 
East was characterised by the highest average annual share in the overall 
economy during the whole observation period, while Central was the second 
largest region and West was ranked third. As illustrated in Figure 2, which 
depicts Salter curves for the three variables, spatial heterogeneity was most 
pronounced for fixed capital shares throughout the observation period. This is 
reflected in the comparatively larger negative slopes of the curves. Still, for the 
other two variables, the degree of heterogeneity across provinces was not 
negligible either. With regard to value added shares (panel (a)), the fact that 
changes over time mostly amounted to an increase in the degree of heterogeneity, 
together with the observation that the slope in each sub-period is steepest at the 
upper tail of the ranking, signalises that key provinces could maintain their lead. 
For the other two variables, the direction of changes was, however, more 
ambiguous. 
                                                        
9 Salter curves (Salter, 1960) are a graphical tool to illustrate the degree of heterogeneity 
within a set for a specific variable at a particular point in time. Applied to our set of provinces, 
Salter curves for the three variables employment, value added and the fixed capital stock were 
constructed in the following way: we first divided the whole investigation period into four 
sub-periods (i.e., 93–98, 98–03, 03–08, 08–12). To obtain a Salter curve for each of the four 
sub-periods and for each variable, we calculated means at the level of provinces, given by the 
average annual share of each province within the aggregate value of the respective variable, 
which were then normalized by the share of the top province in each period. To construct then 
the Salter curve for the initial sub-period (93–98), normalized means for the respective 
variable are sorted in descending order and this ranking is maintained for constructing the 
Salter curves of the successive sub-periods. The heterogeneity between provinces for each 
variable at a specific point in time is reflected in the slope of the Salter curve, the larger the 
(negative) slope, the higher is the degree of heterogeneity. To analyze changes in the degree of 
spatial heterogeneity over time, the following holds: for sections of Salter curves of successive 
sub-periods lying below (above) that of the initial period, this represents an increase (decrease) 
in the degree of spatial heterogeneity (Cantner and Krueger, 2007).  
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Figure 2  Salter Curves for Normalized Employment, Value Added and Fixed Capital Stock 

Shares 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. Note that the steeper the slope of a Salter Curve the higher is the degree of 

heterogeneity within the ranking. Moreover, sections of a Salter Curve of a later sub-period 

lying below (above) the initial one indicate that heterogeneity in the sample increased 

(decreased). 
 

For employment shares (panel (b)), we observe, especially at the upper tail, 
both increases and decreases in spatial heterogeneity, whereas for fixed capital 
shares (panel (c)) these increases and decreases were not limited to the upper tail. 
In general, at the lower tail hardly any dynamics appeared, indicating persistence 
in the size of employment, value added generation and fixed capital stock shares 
of the least developed provinces. Results also show that for employment, and 
even more so for fixed capital stock shares, spatial disparities proved to be more 
fluctuating and less stable and dynamics in these two variables were hence fairly 
erratic compared to value added shares. 
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With regard to the absolute Theil-Index, overall inequality increased for 
employment until 2003, whereas a modest convergence process for China as a 
whole set in afterwards (see Table 1). If comparing results obtained for value 
added with those for employment, it is remarkable that index levels were almost 
the same at the beginning of the observation period. Yet, the inequality with 
respect to value added generation accelerated at a fairly higher level than for 
employment: by more than 14% over the whole investigation period (see Table 
2). Until the outbreak of the global financial crisis in 2007–2008, the 
development was even more pronounced. A decline is observable only in the 
course of the global financial crisis. Moreover, the discrepancy between 
employment and value added inequality sheds light on the fact that productivity 
differences between and within the regions were noteworthy. For the fixed 
capital stock, we observe a relatively sharp increase in inequality for China as a 
whole until 2000 and only after 2003 convergence set in (see Table 3). 

 
Table 1  Inequality in Employment Levels 

 Between-region Within-East Within-Central Within-West China (total) 

1993 0.0193 0.0953 0.0391 0.0841 0.2379 

1998 0.0214 0.1034 0.0445 0.0801 0.2495 

2003 0.0227 0.1055 0.0491 0.0764 0.2537 

2008 0.0299 0.1030 0.0457 0.0696 0.2482 

2012 0.0332 0.0979 0.0440 0.0646 0.2395 
Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

Table 2  Inequality in Value Added Levels 
 Between-region Within-East Within-Central Within-West China (total) 

1993 0.1016 0.1064 0.0157 0.0482 0.2718 

1998 0.1210 0.1190 0.0187 0.0449 0.3036 

2003 0.1368 0.1292 0.0163 0.0417 0.3239 

2008 0.1425 0.1342 0.0143 0.0415 0.3325 

2012 0.1257 0.1246 0.0142 0.0469 0.3114 
Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 
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Table 3  Inequality in Fixed Capital Stock Levels 

 Between-region Within-East Within-Central Within-West China (total) 
1993 0.0946 0.1385 0.0096 0.0327 0.2755 
1998 0.1516 0.1582 0.0151 0.0294 0.3543 
2003 0.1465 0.1728 0.0164 0.0323 0.368 
2008 0.1284 0.1617 0.0239 0.0339 0.3479 
2012 0.1058 0.1397 0.0327 0.0343 0.3125 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

The largest partial components in determining the overall level of the index for 
employment were the within-East and the within-West effects. In 1993 these two 
components contributed almost equally to the index level. However, as 
heterogeneity within West declined more remarkably over the whole 
investigation period, inequality within East remained the single largest 
contributor to the total value of the absolute Theil-Index in 2012. With regard to 
between-region inequality, this proved to be of minor importance compared to 
the within-region effects. For value added and the fixed capital stock, the drivers 
of the process were partly different, as the heterogeneity between the regions was 
of much higher relevance than for employment. Even though Fan and Sun (2008) 
investigate spatial inequality in per-capita GDP, our results for value added and 
fixed capital are partly in line with theirs as they also show that the 
between-region effect was of greater importance than the within-region 
component. By taking together the between-region effect and the within-East 
effect, on average more than 80% of total inequality can be explained—implying 
that the differences within Central and West were almost negligible regarding 
both variables. The importance in determining the whole index level of the 
within-East and the between-region effect for the fixed capital stock slightly 
deteriorated, whereas for value added it even increased. This could be a hint that 
firms did not invest in all locations within East equally (Wan et al., 2007). More 
in general, the dominance of the within-East effect can be explained by 
first-mover advantages of a few Eastern coastal provinces and urban areas. There 
the establishment of special economic zones largely attracted employment and 
investment in fixed capital, going alongside with a high potential to create value 
added (Dunford and Li, 2010). 
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As regards the question of whether catching up of Central and West with East 
was taking place in terms of the spatial distribution of the three variables, two 
facts are noteworthy: First, for all three variables, in a pairwise comparison, 
Central was always more similar to East than West was to East. Second, apart 
from one exception, taken over the whole investigation period, regions were 
always more similar at the beginning of the observation period than at the end, 
which however does not preclude that phases of convergence prevailed 
in-between. More in detail, our results show that for employment the 
between-region effect accelerated throughout and taken together with the fact 
that relative gaps in employment levels between Central and West to East 
steadily increased, this shows that no catching up for this variable appeared. This 
development was accompanied by rising divergence within East and Central until 
the early 2000s and only since then their provinces got more similar, whereas for 
West the within-region component steadily dropped. Different to employment, 
for value added generation and the fixed capital stock the increase in the 
between-region effect lasted until 2007, respectively 2000. Afterwards, the effect 
diminished, reflecting in phases of convergence between regions. This is 
supported by the observation that for value added after the global financial crisis, 
relative gaps between Central and West to East declined, signalising a modest 
catching up. For fixed capital, it was however primarily Central which was 
catching up from 2000 onwards with East, whereas for West this development 
was less profound. For both variables, it further gets evident that the within-West 
effect almost stayed constant throughout and the within-East effect has decreased 
since 2005. Provinces of Central were characterised by a decreasing similarity 
for fixed capital, and for value added the degree of inequality remained more or 
less the same. 
 
4.2  Spatial Disparities in Technical Change, Productivity Patterns and Income 
Distribution at the Regional Level 

 
In this section, we first of all report results from the geometric analysis of 
intertemporal shifts of the efficiency schedules for the three regions. Figure 3 
depicts three trajectories showing the evolution of capital and labour productivity 
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levels for East, Central and West. It becomes evident at a first glance that the 
form of technical change was similar across regions: Changes in production 
technologies were of a labour-saving and capital-using character in Central 
during all years of the observation period, in East with one exception 
(2003–2004), and in West from 1996 until 2012. West was the only region, where 
for more than a single year both labour- and capital-saving technical change 
appeared, shifting the efficiency schedule almost parallel outwards. 
 

 
Figure 3  Regional Patterns of Technical Change, 1993–2012 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 
 

An otherwise predominant clockwise shift of the efficiency schedule along the 
vertical and horizontal axis reveals a relatively stable path of Marx-biased 
technical change, going alongside with a steady increase in the capital-labour 
ratio. In line with Li and Lu (2011) and Yu and Xu (2014), our findings show that 
a continuous process of capital deepening took place at the regional level. 

For the relative degree of the bias of technical change (see Table 4), as 
measured by growth rates of capital and labour productivity, we find that there 
was a prolonged phase from 1993 until 2003 where the labour-saving bias was 
most pronounced in East and afterwards this situation prevailed in West. On the 
contrary, the relative degree to which technical change was capital-using was 
highest in Central from 2003 onwards and before that, from 1993 until 1998 in 
East and from 1998 until 2003 in West. 
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Table 4  Average Relative Degree of the Bias of Technical Change 

 Average Capital Productivity Growth Average Labour Productivity Growth 
 East Central West East Central West 

1993–1998 –3.41% –0.61% 0.91% 9.16% 7.96% 7.31% 
1998–2003 –1.96% –2.72% –3.7% 7.25% 6.33% 6.27% 
2003–2008 –0.84% –3.61% –1.61% 8.77% 9.52% 9.87% 
2008–2012 –2.65% –4.5% –2.43% 7.04% 8.62% 9.91% 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

Related to these observations, phases of convergence for both labour and 
capital productivity growth are evident at the regional level. In a pairwise 
comparison, capital productivity growth rates approached each other until the 
Asian crisis in 1998. Then, until the outbreak of the global financial crisis in 
2007–2008, differences between East and Central intensified and again decreased 
afterwards. Differences in growth rates between East and West increased at a 
lower level after the Asian crisis and on the whole have decreased since 2003. 
Despite of approaching growth rates until the Asian crisis, we observe that for 
levels of capital productivity spatial disparities increased until 1998. Then for 
about 10 years, a catching-up of Central and West with East prevailed, and 
during the remaining years heterogeneity again accelerated, particularly between 
East and Central, which however remained more similar than East and West. Our 
results are in line with Shi and Zhao (2011) who show that capital productivity 
improvements fostered regional convergence processes across China. Different to 
Gao and Shi (2009), for labour productivity growth we find that growth rates of 
Central and West approached that of East until 2003 and afterwards West and 
Central accounted for even higher labour productivity growth than East, 
irrespective of a few spikes. Phases of convergence in growth rates led also to a 
growing similarity of labour productivity levels and hence, catching up of 
Central and West with East took place: after a phase of divergence, the gap 
between Central and West to East has continuously decreased since 2003. 

Given the effects of technical change on productivity development, we may 
ask how it impacted on regional income distribution. As illustrated in Figure 4, 
the evolution of both unit wages and the gross profit rate exhibited considerable 
oscillations. On the whole, unit wages (upper panel) experienced an upward  
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Figure 4  Gross Profit Rate and Unit Wage Dynamics, 1993–2012 

Source: Authors’ own calculations based on Data from the National Bureau of Statistics of 

China, 2015. Note that the gross profit rate is measured in per cent and unit wages are 

measured in constant RMB per person employed. 

 
tendency in each region, and on the contrary, the gross profit rate (lower panel) 
showed a falling tendency. It is noteworthy that in the early 2000s each region 
saw a one-time drop in the level of unit wages, and the opposite development 
prevailed for the gross profit rate, which however can be attributed to a change in 
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the measurement method by the National Statistics Bureau of China (Zhang, 
2012). Even if it has been shown earlier that the form of technical change was 
similar across regions and went alongside with a process of capital-deepening, 
the actual gross profit rate throughout was characterised by significant spatial 
disparities at the regional level. Parallel to this, unit wage differentials between 
regions were neither negligible, despite the strong labour-saving bias of technical 
change within each of them. 

Related to the question of whether convergence processes arose for income 
distribution at the regional level, we observe the following: In a pairwise 
comparison, the gross profit rate of West has approached that of East since 2001 
and until the end of the observation period the gap remained always smaller than 
between Central and East. Comparing Central to East, the development was more 
ambiguous. In the early years, spatial disparities accelerated and even if gross 
profit rates developed into the same direction from 1998 until 2005, the gap 
remained more or less constant. In the course of the global financial crisis, the 
level of the gross profit rate of Central fell below that of East and spatial 
disparities again augmented. For unit wages the situation is clearer: even if West 
throughout was less similar to East than Central to East, West was catching up 
with East as the gap between levels of unit wages continuously declined. 
Between Central and East, the unit wage differential decreased during the first 
half of the observation period. After an upward jump in 2003, it again has 
decreased slightly since then. On the whole, income distribution across the 
country was thus characterised by decreasing imbalances at the regional level, 
particularly for unit wages this became obvious. 

 
4.3  Spatial Disparities in Income Distribution and Productivity Patterns at the 
Level of Provinces 
 
We now turn to the level of provinces in order to figure out whether convergence 
processes related to productivity measures and income distribution were 
accompanied by decreasing disparities within regions or just appeared between 
them. 

Starting with our two distributive variables, Table 5 and Table 6 illustrate the 
evolution of spatial heterogeneity of unit wages and the gross profit rate for 
provinces in each region by means of average annual coefficients of variation. It 
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deserves to be noted that heterogeneity at the level of provinces with regard to 
unit wages throughout was most pronounced within East and even increased over 
the years. In contrast to this, taken over the whole investigation period, unit wage 
differentials within West and Central dropped. Together with previous results, 
this shows that the catching up process of Central and West with East was thus 
not limited to few provinces in these two regions but resulted from an increasing 
similarity of the bulk of Central and Western provinces. However, as spatial 
disparities within East accelerated, this indicates that the level of unit wages of 
Western and Central provinces approached only the level of those Eastern 
provinces, where wages were lowest. For the gross profit rate spatial disparities 
decreased within both East and West, whereas provinces belonging to Central 
were characterised by increasing disparities. Combining results for the gross 
profit rate at the level of provinces with those at the regional level, the catching 
up of West with East went alongside with decreasing spatial disparities within 
them. Only for Central provinces, levels of the gross profit rates drifted apart and 
these increasing disparities within the region also showed in the fact that hardly 
any persistent phase of catching up with East prevailed, as discussed before. 

 
Table 5  Average Annual Coefficient of Variation for Unit Wages at the Level of Provinces 

 East Central West 
1993–1998 0.54 0.38 0.31 
1998–2003 0.57 0.39 0.32 
2003–2008 0.62 0.38 0.33 
2008–2012 0.61 0.3 0.28 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

Table 6  Average Annual Coefficient of Variation for the Gross Profit Rates at the Level of 

Provinces 

  East Central West 

1993–1998 0.35 0.24 0.48 
1998–2003 0.29 0.26 0.36 
2003–2008 0.28 0.33 0.33 
2008–2012 0.28 0.39 0.37 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 
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Turning next to results obtained from the first-order Markov chain approach, 
Table 7 and Table 8 show the corresponding transition probability matrices for 
labour and capital productivity. Transition probabilities are calculated by means 
of the pooled annual transitions from 1993 until 2012. We distinguish between 
two cases concerning the number of states, namely a five-state and a four-state 
case. It is worth stressing that for both cases results of the Pearson 2χ -test show 
that the assumption of time-homogeneity of transition probabilities is justified as 
the zero-hypothesis is not rejected and results prove to be highly significant. We 
focus our discussion on the five-state case as results for the four-state case are 
qualitatively of almost the same kind (see Appendix, Table A3 and Table A4). 

For both labour and capital productivity, there was high persistence or, in other 
words, a low degree of mobility between states, which reflects in elements on the 
main diagonal of the matrix (coloured in grey) being significantly higher than 
off-diagonal elements. This finding is supported by Cheong and Wu (2013) who 
apply the first-order Markov chain approach to the distribution of GDP-per 
capita among Chinese provinces. For both variables, elements on the 
main-diagonal at the two tails of the distribution are even higher, which reveals 
that if being highly or least productive relative to the national benchmark then 
this most likely remains the case. Still, for capital productivity, values on the 
main diagonal are slightly lower than for labour productivity, which indicates 
that during the observation period the former variable behaved slightly more 
dynamic than the latter. Interestingly, elements off the main diagonal display that 
the probability of moving from a higher to a lower state is always equal to or 
greater than the other way round, with the exception of moving from the 3rd to 
the 4th state for labour productivity, and from the 4th to the 5th state for capital 
productivity. This shows that in general catching up with the strongest provinces 
was less likely than falling behind. 

With respect to the ergodic distributions, the probability mass for both 
variables concentrates at the lower tail which means that in the long-run club 
formation among the least productive provinces can be expected to appear. This 
club of provinces which are most distant from the national benchmark are 
becoming more similar themselves but they will not converge toward the more 
productive provinces. Moreover, as there is no concentration of the probability 
mass in the state of the national benchmark (i.e., state 3), we find evidence that in 
the long-run for both labour and capital productivity no convergence across the 
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Chinese economy is to be observed. This reflects even more in the finding that 
the initial distributions of both variables display fairly higher relative frequencies 
in state 3 than the ergodic ones. However, given our previous results, which show 
that phases of convergence manifested at the regional level for both levels and 
growth rates of labour and capital productivity, the question is how this can go 
together. 

 
Table 7  Annual Transition Probability Matrix, 1993–2012, Labor Productivity, 5 States 

State Upper Bound 1 2 3 4 5 

1 0.6 0.94 0.06 0 0 0 

2 0.73 0.07 0.92 0.02 0 0 

3 1 0 0.03 0.92 0.04 0 

4 1.46 0 0 0.05 0.92 0.03 

5 ∞  0 0 0 0.03 0.97 

Initial Distribution 0.16 0.16 0.26 0.26 0.16 

Ergodic Distribution 0.33 0.29 0.14 0.12 0.12 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

Table 8  Annual Transition Probability Matrix, 1993–2012, Capital Productivity, 5 States 

State Upper Bound 1 2 3 4 5 

1 0.75 0.92 0.08 0 0 0 

2 0.92 0.15 0.79 0.06 0 0 

3 1.08 0 0.08 0.82 0.10 0 

4 1.29 0 0 0.08 0.89 0.03 

5 ∞  0 0 0 0.03 0.97 

Initial Distribution 0.23 0.20 0.27 0.10 0.20 

Ergodic Distribution 0.32 0.18 0.14 0.18 0.18 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

We therefore finally look more closely at the average annual number of 
provinces of each region belonging to each single state within the four 
sub-periods, as measured by relative frequencies. As reported in Table 9, it is 
noteworthy that for labour productivity in no year any Western province and only 
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for three years a single Central province, namely Shanxi was found in state 5. 
This state included mostly Eastern provinces. Conversely, just one Eastern 
province, Guangxi, was allocated persistently at the lower tail of the distribution, 
in state 1. Interestingly, the predominant states to which Western provinces were 
allocated throughout were either state 1 or state 2, whereas Central provinces 
were always closer to the national benchmark. 
 
Table 9  Average Annual Frequencies at the Level of Provinces, Labor Productivity, 5 States 

    1993–1998 1998–2003 2003–2008 2008–2012 
East State 1 0.08 0.08 0.08 0.08 
  State 2 0 0 0 0 
  State 3 0.12 0.07 0.1 0.17 
  State 4 0.33 0.27 0.27 0.33 
  State 5 0.47 0.58 0.55 0.42 
Central State 1 0.13 0.16 0.22 0.22 
  State 2 0.29 0.29 0.22 0.22 
  State 3 0.4 0.33 0.24 0.29 
  State 4 0.18 0.22 0.31 0.2 
  State 5 0 0 0 0.07 
West State 1 0.3 0.46 0.36 0.3 
  State 2 0.36 0.32 0.46 0.5 
  State 3 0.24 0.12 0.16 0.18 
  State 4 0.1 0.1 0.02 0 
  State 5 0 0 0 0 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

As to capital productivity (see Table 10), things are different: at the beginning 
of the observation period, the predominant state in which Eastern provinces were 
found was state 3 whereas toward the end this was state 4. As regards the 
allocation of Central provinces, the highest average annual relative frequencies 
are observed in state 4 and 5 during the early years, while later this concentration 
at the upper tail of the distribution disappeared, with most of them being either 
found in state 1 or state 5. For West, only a single province, namely Sichuan, was 
ever found in state 5 and the bulk of provinces toward the end were associated 
with state 1 and 2. Since at the beginning of the observation period most of them 
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belonged to state 3, this development shows that also for capital productivity 
there was club formation of Western provinces at the lower end of the 
distribution. 

 
Table 10  Average Annual Frequencies at the Level of Provinces, Capital Productivity, 5 
States 

    1993–1998 1998–2003 2003–2008 2008–2012 
East State 1 0.12 0.1 0.08 0.1 
  State 2 0.18 0.23 0.13 0.2 
  State 3 0.3 0.28 0.37 0.17 
  State 4 0.25 0.18 0.18 0.37 
  State 5 0.15 0.2 0.23 0.17 
Central State 1 0.11 0.09 0.22 0.29 
  State 2 0.16 0.13 0.02 0.16 
  State 3 0.2 0 0.11 0.09 
  State 4 0.29 0.47 0.31 0.13 
  State 5 0.24 0.31 0.33 0.33 
West State 1 0.4 0.22 0.38 0.42 
  State 2 0.24 0.27 0.38 0.36 
  State 3 0.22 0.33 0.13 0.13 
  State 4 0.02 0.07 0 0 
  State 5 0.11 0.11 0.11 0.11 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 

To sum up, with respect to labour productivity, convergence processes at the 
regional level were thus driven by a rather limited number of provinces and only 
few provinces in West and Central were catching -up with few Eastern provinces. 
The bulk of provinces even diverged, indicating club formation tendencies across 
the country. Remarkably, the convergence process for labour productivity did 
emerge not only because some Central and Western provinces were becoming 
more productive but also because some Eastern provinces fell behind. For capital 
productivity, our results reflect a similar development: Only a few highly 
productive provinces in West and in Central, which already at the beginning had 
been similar to Eastern ones, got even more similar to them. Moreover, another 
aspect of convergence in terms of capital productivity relates to the finding that 
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few Central and Western provinces moved to lower classes and hence 
approached Eastern provinces in terms of decreasing levels of capital 
productivity, driven by Marx-biased technical change. 

5  Conclusion 

This paper attempted to provide a better understanding of spatial disparities in 
economic development across China and our central research question was 
whether Western and Central provinces were catching up with the flourishing 
East. The driving forces of overall inequality in terms of the spatial allocation of 
value added generation, fixed capital and employment were partly different. 
Moreover, for employment inequality has decreased since 2000, whereas for the 
fixed capital stock this was the case from 2003 onwards. For value added, this 
development set in after the global financial crisis. Catching up of Central and 
West with East was limited to a few years and to value added and the fixed 
capital stock only. Results of shifts in the regional efficiency schedules show that 
disparities between regions proved to be modest in terms of the form of technical 
change. Related to this, persistent phases of convergence between the three 
regions got evident for both productivity growth rates and levels. It is interesting 
to note that even if at the regional level convergence processes are observed for 
both productivity measures, it got evident that they did not concern all provinces 
in each region in a uniform manner. Just a few key provinces in Central and West 
were becoming more similar to Eastern provinces. This development did 
however occur not only because the former got more productive but also because 
some provinces in each region fell behind and hence their increasing similarity 
was based on a setback in productivity. Moreover, our findings from the 
first-order Markov chain approach show that in general a lack of mobility 
between states prevailed and least productive provinces had little chance to 
catch-up with highly productive ones. 

With regard to income distribution, particularly for unit wages, spatial 
disparities decreased whereas for the gross profit rate the development was more 
ambiguous. At the level of provinces, unit wage differentials within Central and 
West decreased, yet as the contrary development prevailed within East this shows 
that catching up was only taking place with the low-wage Eastern provinces. 
Different to that, an increasing similarity between East and West for the gross 
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profit rate captured the majority of provinces within them. Not so for East and 
Central, where within the latter region provinces drifted continuously apart. 

With respect to future research, there are several issues which could enrich the 
understanding of uneven spatial economic development in China. It would be 
worthwhile to take explicitly into account the production structure of regions in 
order to study patterns of structural transformation within the economy. 
Moreover, technical change, as the impetus for economic growth, in the case of 
our paper was only treated at a rather aggregated level. For future research, it 
seems also promising to study it at a more disaggregated level and to combine its 
analysis with the role being played by (regional) innovation systems in China in 
context to uneven spatial economic development. 

As regards possible policy implications, we think that the issue of spatial 
disparities in China’s economy still poses great challenge for future policy-design. 
What might be considered as a sound guideline to policy-makers is the following: 
in order to develop a reliable understanding of spatial disparities, it is extremely 
important to look at the development of different economic variables, to address 
different spatial levels and to consider multiple dimensions of convergence 
processes. Such a multifaceted approach helps to treat specific economic 
phenomena not in isolation. Instead one can investigate their nature within a 
more systemic perspective. In line with other studies, our findings reveal that 
economic development is a path-dependent process, where first-mover 
advantages are largely shaping long-term developments. In the situation of China, 
this prevented that catching up with East affected the majority of Central and 
Western provinces but took only place between provinces which were already 
fairly well-developed, at least for some of the investigated variables. Hence, even 
in periods when the whole Chinese economy benefited from economic reforms 
and policy measures were implemented with the aim of directly stimulating 
economic development in lagging provinces and regions, the existing imbalances 
did not vanish completely. 
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Appendix 

Table A1  Spatial Taxonomy 

West Central East 

Chongqing and Sichuan Shanxi Beijing 

Xinjiang Inner Mongolia Tianjin 

Guizhou Jilin Hebei 

Yunnan Heilongjiang Liaoning 

Tibet Anhui Shanghai 

Shaanxi Jiangxi Jiangsu 

Gansu Henan Zhejiang 

Qinghai Hubei Fujian 

Ningxia Hunan Shandong 

   Guangdong 

    Guangxi 

    Hainan 

Source: Fan and Sun (2008). 

Table A2  Descriptive Statistics—Levels of Persons Employed, Value Added and the Fixed 
Capital Stock in Each Region, 1993–2012 

 Employment Level Value Added Fixed Capital Stock 

 East Central West East Central West East Central West 

1993 26004.28 21093.08 14443.2 8677.92 3950.09 2237.09 12457.17 5169.63 3097.58 

1994 26286.66 21375.03 14675.41 10095.16 4410.52 2482.33 15064.66 5819.11 3370.05 

1995 27304.43 21783.98 14814.28 11500.83 4928.42 2744.01 18013.05 6538.44 3665.17 

1996 27581.26 22087.7 14926.56 12864.15 5567.54 3023.31 21187.4 7395.53 4001.34 

(To be continued) 
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(Continued) 

 Employment Level Value Added Fixed Capital Stock 

 East Central West East Central West East Central West 

1997 27683.11 22509.22 15062.17 14316.11 6183.9 3319.73 24438.37 8346.93 4459.07 

1998 27813.99 22684.42 15105.99 15783.68 6740.57 3608.61 28067.22 9442.31 5093.19 

1999 27854.95 22885.19 15096.73 17313.78 7266.53 3867.32 33400.28 11200.15 5914.85 

2000 28508.34 23264.9 15155.62 19100.5 7908.34 4200.15 37141.76 12372.81 6671.87 

2001 28749.17 23283.77 15385.99 21021.59 8634.15 4576.71 41206.33 13676.29 7613.02 

2002 29104.81 23519.72 15545.95 23433.75 9499.87 5033.13 46027.54 15268.13 8643.57 

2003 29711.23 23711.08 15674.7 26508.08 10550.18 5587.01 52190.87 17380.91 9937.91 

2004 30730.12 24064.08 15834.04 30275.06 11950.56 6265.01 59445.6 20103.84 11380.97 

2005 31573 24476.38 15888.09 34363.64 13541.74 7014.47 69930.49 24210.49 13300.07 

2006 32256.28 24833.97 15740.89 39243.39 15393.13 7907.89 80332.78 28940.78 15410.49 

2007 33116.75 25198.61 15822.79 44991.76 17661.48 9028.26 92357.78 34985.24 17716.68 

2008 33739.31 25524.21 15993.36 50145.22 19977.35 10130.53 104987.64 41923.36 20287.65 

2009 34552.83 25886.81 16011.95 55706.08 22457.21 11434.37 121365.39 51015.17 23636.78 

2010 35281.02 26332.73 16124.53 62695.64 25582.05 13048.64 139923 61270.32 27963.5 

2011 35998.38 26739.95 16367.6 69379.26 28913.54 14917.59 159924.67 72491.08 32897.7 

2012 36327.45 27115.03 16559.64 75866.95 32093.32 16823.1 181295.11 84781.78 38731.83 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 
China, 2015. Note that and employment is expressed in 10thousand of persons employed and 
value added as well as the fixed capital stock are expressed in constant prices of million RMB, 
where 1978 = 100. 
 
Table A3  Annual Transition Probability Matrix, 1993–2012, Capital Productivity, 4 States 

State Upper Bound 1 2 3 4 

1 0.78696209 0.96428571 0.03571429 0 0 

2 1.00804441 0.05555556 0.88888889 0.05555556 0 

3 1.19872665 0 0.04195804 0.91608392 0.04195804 

4 ∞  0 0 0.04895105 0.95104895 

Initial distribution 0.23333333 0.36666667 0.13333333 0.26666667 

Ergodic distribution 0.31021898 0.199412 0.26404096 0.22632806 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 
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Table A4  Annual Transition Probability Matrix, 1993–2012, Labor Productivity, 4 States 

State Upper Bound 1 2 3 4 
1 0.62288143 0.95918367 0.04081633 0 0 
2 0.86721924 0.06122449 0.91156463 0.02721088 0 
3 1.24841687 0 0.03401361 0.95238095 0.01360544 
4 ∞  0 0 0.02702703 0.97297297 

Initial distribution 0.16129032 0.32258065 0.22580645 0.22580645 
Ergodic distribution 0.40511008 0.06122449 0.27007339 0.21603697 

Source: Authors’ own calculations based on data from the National Bureau of Statistics of 

China, 2015. 
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