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Abstract: 

Many scholars have argued that the huge increase in regional inequality in China can be attributed 

greatly to the disparity in industrialization. This paper contributes to the literature by providing 

empirical evidence on the transitional dynamics of industrial output by employing a new framework 

of distribution dynamics analysis, namely the Mobility Probability Plot (MPP), and a database 

compiled at the county-level. The new framework can address several inadequacies of the traditional 

display tools in the distribution dynamics literature, while the database is made up of counties and 

county-level cities in 22 provinces in China. Stochastic kernel analyses are performed for the nation, 

the economic zones and the provinces individually so as to provide an in-depth understanding of the 

evolution and convergence of industrial output. This study fills the gap in the literature and provides 

information on mobility of the county-level units, which can greatly aid the policy making process. 
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1. Introduction 

China has experienced dramatic economic growth since the initiation of economic reforms in 1978. 
Gross domestic product (GDP) of China increased from 365 billion Yuan in 1978 to 51.89 trillion 
Yuan in 2012, while GDP per capita in China increased from 381 Yuan to 38420 Yuan (State 
Statistical Bureau, 2013). In that period, GDP per capita increased at an annual real rate of 8.8%, 
whilst the annual growth rate of GDP was 9.9%. The real growth rate of the primary sector in this 
period was 4.6% which was dwarfed by the growth rates of the secondary sector (11.5%) and the 
tertiary sector (10.9%)1. The annual growth rate of GDP is very close to the growth rate of 
secondary sector in that period, which hints a possible link between the two. It is widely postulated 
that industrialization has strongly promoted economic growth, for example, Yu (2012) studied 
industrialization in China and claims that the impressive economic growth can be attributed mainly 
to the successes in structural transformation and industrial upgrading. 
 
However, regional inequality in China has also increased dramatically in that period. Basically, the 
increase in inequality can be attributed mainly to the extremely unbalanced industrial development 
in China. This fact is demonstrated by Cheong and Wu (2014) and Huang, et al. (2003), who show 
that the disparity in industrial output (value-added) is the largest contributor to regional inequality. 
Given that an increase in inequality in China can exert adverse impacts on the well-being of the 
people (Klasen, 2009), the progress of poverty reduction (Fosu, 2009; Rupasingha & Goetz, 2007; 
Zhuang, 2008), the economic growth (Alesina & Perotti, 1996; Alesina & Rodrik, 1994; Deininger 
& Squire, 1998; Huang, et al., 2009; Persson & Tabellini, 1994), and also the social stability 
(Cheong & Wu, 2013a), therefore, it calls for a thorough examination of the disparity, evolution and 
convergence of industrialization in China. However, most of the studies on inequality in industrial 
output have been based on provincial level data, and thus the policy implications derived from these 
studies are valid for formulating policies at the provincial level only. Hence, many scholars argue 
that it is necessary to include county-level or prefectural level data in research (Akhmat & Bochun, 
2010; Herrmann-Pillath, et al., 2002a, 2002b; Li & Wei, 2010; Wei, 1999, 2002; Wei & Fan, 2000; 
Wei & Kim, 2002; Wei & Ye, 2004; Wei & Ye, 2009; Yu & Wei, 2007), however, because of the 
difficulty in data preparation, 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 (for only a particular year) and limited coverage  
(only for a few provinces). 

1 All 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; and the tertiary industry, which refers to all other economic activities not included in the 

primary or secondary industries (State Statistical Bureau, 2013). 
1 

 

                                                 



Given that the existing literature cannot provide policy-makers relevant county-level information on 
industrialization in mitigating regional inequality. Therefore, this study aims to fill the gap in the 
literature by examining inequality of industrial output through performing county-level transitional 
dynamics analysis. The database used in this study is made up of counties and county-level cities in 
22 provinces, and includes more than 20000 county-level data from 1997 to 2010. To the best of our 
knowledge, this is the most comprehensive research ever undertaken at the county-level for 
investigating disparity and convergence of industrial output in China by using distribution analysis. 
Stochastic kernel analysis is carried out for the nation, the economic zones2 and the provinces 
individually so as to provide an in-depth understanding of the evolution and convergence of industrial 
output in China. Moreover, this paper also proposes a new analytical framework for interpreting 
mobility probability which can be used in conjunction with the contour map or three-dimensional 
plot. The proposed new framework offers additional insights and greatly enhances the traditional 
distribution dynamics analysis (Quah, 1993a, 1993b, 1996a, 1996b, 1996c, 1997). Besides, by 
adopting the new framework, this study can provide a comparison of transitional dynamics of the 
four economic zones. This can thus reveal the effectiveness of regional development campaigns in 
mitigating regional inequality. Finally, this paper evaluates the possibility of convergence in 
industrial output for every individual province. The findings foster better understanding of the role 
of industrialization and provide relevant information for formulation of regional industrial policies in 
alleviating intra-provincial regional disparity.  
 
The remainder of the article is organized as follows: Section 2 presents the literature review; 
Section 3 presents the data preparation procedure; Section 4 provides a discussion of the 
methodology and proposes a new framework of presentation for distribution dynamics analysis; 
empirical results are presented in Section 5; finally, conclusions and perspectives for future 
researches are provided in Section 6. 

2. Literature Review 

Kuznets (1955) suggests that industrialization would lead to an increase in inequality in the early 
stages of economic development. His argument is widely accepted and many researchers suggest 
that industrialization in China has exacerbated regional inequality (Golley, 2002; Kanbur & Zhang, 
2005; Pradhan, 2009; Rozelle, 1994, 1996; Tsui, 2007; Tsui, 1996; Wei, 1998; Yang, 2002). It is 
worth noting that in the early stage of economic reforms, the township and village enterprise (TVE) 
sector played a prominent role in industrialization in rural China and many researchers also find that 
the unequal development in that sector had led to an increase in regional inequality (Wan, 2004; Yao, 

2 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. 
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1997; Zhang, 1999). These studies all confirm that industrialization in China is positively correlated 
with inequality. 
 
However, other researchers focus on the study of inequality in industrial output and study its impact 
on overall regional inequality. Huang, et al. (2003) performed a decomposition of the Gini 
coefficient by using provincial data from 1991 to 2001, and they find that the inequality in the 
secondary industry sector is the primary contributor to the inequality in total regional economic 
development. This finding is supported by that of Cheong and Wu (2014), who show that the 
inequality in the secondary industry sector is the principal contributor to regional inequality at all 
the spatial levels (namely, the provincial, economic zonal, inland-and-coastal, and national levels) 
during the period from 1997 to 2010. The authors even show that national inequality in China can 
be lowered by half if industrialization were distributed evenly. 
 
Although the importance of understanding the inequality in industrial output is well established, no 
research has been conducted to study the distribution dynamics of industrial output at the 
county-level. In fact, many researchers have employed distribution dynamics approach in studying 
convergence and evolution of different economic characteristics in China (He & Zhang, 2007; He, 
2010; Herrerías, 2012; Herrerías, et al., 2010; Herzfeld, 2008; Ho & Li, 2006, 2010; Li, 2003; Liao 
& Wei, 2012; Liu & Zou, 2011; Pu, et al., 2005; Sakamoto & Fan, 2010, 2013; Sakamoto & Islam, 
2008; Villaverde & Maza, 2012; Villaverde, et al., 2010; Wang, 2011; Wang & Zhu, 2013; Wei & 
Ye, 2009; Zhou & Zou, 2010; Zhu, et al., 2008). However, most of these researchers have focused 
on the inequality in per capita income or GDP, though some of them have employed distribution 
dynamics analysis in studying the inequality in other socioeconomic issues. For example, Zhu, et al. 
(2008), Wang (2011) and Herrerías (2012) examine the convergence of productivity, while Wang 
and Zhu (2013) use distribution dynamics approach to investigate city-size distribution which is 
measured by urban or nonagricultural population in each city. Sakamoto and Fan (2013) even use it 
to study the evolution of four value-added components, namely the compensation of employees, 
operating surplus, depreciation of fixed assets, and net tax on production. 
 
Another noteworthy feature of this strain of research is that most of these studies are based on 
provincial data, though there are a few exceptions, for example, Sakamoto and Fan (2010) examine 
the transitional dynamics of 75 cities and counties in the Yangtze River delta. In fact, the coverage 
in all the present county-level distribution dynamics studies is either limited to the county-level 
units within a few provinces of the eastern economic zone (Liao & Wei, 2012; Wei & Ye, 2009) or 
only cities, without considering counties (Ho & Li, 2010; Wang & Zhu, 2013; Zhou & Zou, 2010). 
It should be noted that none of these distribution dynamics studies is based on industrial output. 
Regrettably, because of the unavailability of literature, distribution dynamics of industrial output at 
the county-level remains virtually unknown to the academic communities. Thus, the aim of this 
paper is to study the evolution and convergence of industrial output in China by using a 
county-level database which is compiled from 22 provinces situated in all the economic zones. 
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3. Data 

The municipality of Chongqing was separated from Sichuan in 1997 and since then the data of 
Chongqing and Sichuan have been made available individually. Therefore, 1997 is selected as the 
beginning year of the database. The data used in this study are population and gross regional 
product (GRP) in the secondary industry sector of the counties and county-level cities from 1997 to 
2010. The county-level database was compiled from the Provincial Statistical Yearbook of each 
province (State Statistical Bureau, 1998 - 2011a). More than 300 Provincial Statistical Yearbooks 
were used in the first stage of data compilation. But because of inconsistency and incompleteness of 
the county-level data, the China Statistical Yearbook for Regional Economy (State Statistical 
Bureau, 2004 - 2008) was then used for data checking and verification. However, if an 
inconsistency was found between the data of the Provincial Statistical Yearbook of each province 
and those from the China Statistical Yearbook for Regional Economy, then the Provincial Yearbook 
for each province (State Statistical Bureau, 1998 - 2011b) was checked to determine which data is 
correct. More than 100 Provincial Yearbooks were used in that checking process. In sum, more than 
400 yearbooks were employed in the data preparation process. Optical recognition techniques and 
spreadsheet programming were then used to transform voluminous amount of data in the printed 
publications into electronic data. To the best of our knowledge, this is the most complete database 
ever constructed for the investigation of distribution dynamics of GRP at the county-level. 
 
It is worth noting that the county-level units in China can be categorized into districts, counties and 
county-level units. Unfortunately, individual data of each district is not available for many 
provinces, especially, in the beginning of our study period, so districts are not included in the 
analysis. Accordingly, the municipalities of Beijing, Tianjin, Shanghai and Chongqing are not 
included because most of the county-level units within these municipalities are districts. The 
provinces included in this study are: 
 

a) Eastern zone: Hebei, Jiangsu, Zhejiang, Fujian, Guangdong and Hainan. The 
municipalities of Beijing, Tianjin and Shanghai are excluded in this study. The province of 
Shandong is not included because of unavailability of data. 
b) Central zone: Anhui, Jiangxi, Henan, and Hunan. The provinces of Shanxi and Hubei are 
not included because of unavailability of data. 
c) 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. 
d) North-eastern zone: Liaoning, Jilin and Heilongjiang. 
 

Relative secondary industry GRP per capita (SGRPPC) can be computed by the GRP in the 
secondary industry sector of a county-level unit divided by its population and the regional mean. 
This value is then deflated by the provincial secondary industry deflator so as to convert the value 
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to 1997 constant prices. Because deflator index for each individual county-level unit is not available, 
so provincial deflator was used in the process. However, there is one thorny issue in the compilation 
of this database, namely the change in administrative divisions at the county-level. From time to 
time, the government will introduce boundary changes to the county-level units, which can distort 
the distribution dynamics analysis. For example, the transfer of the ownership of a high output town 
from a high output county to a low output county will result in a sudden decline in disparity. 
Therefore, the data needed to be adjusted accordingly to ensure that the data are all comparable 
across time. The website of Administrative Divisions in China (http://www.xzqh.org) is used to 
identify boundary change for every county-level unit from 1997 to 2010. Whenever there is a 
boundary change which involves two county-level units, then these units were aggregated. This 
approach is first suggested by Fan (1995) , however, since district is not included in the database, 
any boundary change which involves a county-level unit and a district will result in the deletion of 
this data, though this kind of administrative change is infrequent in the study period. The data are 
comparable across time after adjustment and so the analysis can thus reveal the distribution 
dynamics better. 

4. A New Analytical Framework 

There are many different approaches used in convergence analysis. Some of the previous studies are 
based on time series techniques such as cointegration tests and unit root tests (Bernard & Durlauf, 
1995, 1996; Hobijn & Franses, 2000; Lim & McAleer, 2004; Oxley & Greasley, 1995; Pesaran, 
2007). Some follow the concepts of σ-convergence and β-convergence (Barro & Sala-I-Martin, 
1991, 1992), while others employ the distribution dynamics approach. 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) also 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, while 
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 distribution but not the details of mobility, and hence identical summary statistics can 
be derived from two distributions with entirely different mobility. For that reason, distribution 
dynamics approach is gaining popularity because it has a number of advantages over the other 
approaches. Distribution dynamics analysis takes transitional dynamics into consideration and can 
show the mobility probability of the county-level units. Moreover, it can also provide a forecast of 
future distribution based on historical data. 
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The distribution dynamics approach can be further divided into the traditional Markov transition 
matrix analysis and the stochastic kernel approach. However, one controversial issue of the Markov 
transition matrix approach is the demarcation of states because the selection of grid value in that 
process is somewhat arbitrary. The stochastic kernel approach can circumvent the problem of 
demarcation as it can be viewed as an extension of the traditional Markov transition matrix 
approach with a continuous infinity of states.  
 
The first step of the stochastic kernel approach is the construction of a kernel density function. This 
function is then combined with transition data so as to compute the transition probability kernel 
function. Finally, the ergodic density function, which shows the long-run steady state, can be 
worked out. 
 
The kernel estimator is defined as follows: 

𝑓𝑓(𝑥𝑥) =  1
𝑛𝑛ℎ

 ∑ 𝐾𝐾(𝑥𝑥−𝑋𝑋𝑖𝑖
ℎ

)𝑛𝑛
𝑖𝑖=1                                                   (1) 

where K is the Epanechnikov kernel function, h is the bandwidth, n is the number of observations, 
and Xi is an observed value of relative SGRPPC. The bandwidth is chosen optimally according to 
the procedures proposed by Silverman (1986). It should be noted that Quah (2001) suggests using 
annual transitions in convergence analysis because in that way, the sample size can be larger and 
thus the estimation results would be more reliable. Therefore, the analysis in next section is based 
on the data of annual transition of relative SGRPPC of all the county-level units. 
 
However, the estimation of the stochastic kernel density can be seriously affected if the distribution 
has a long tail because under-smoothing may appear in areas with only a few observations, while 
over-smoothing may occur in areas with many observations. This is a critical issue because the 
distributions of many socioeconomic indicators tend to have a long tail. In order to solve this 
problem, kernels of variable bandwidth should be used to take sparseness of data into consideration. 
Therefore, the adaptive kernel method with flexible bandwidth is employed in this research. This 
method involves two steps: first, a pilot estimate is computed 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 distribution is first order, time invariant, and further assume that 
the distribution at time t +τ depends on t only and not on any previous distribution, then the 
relationship between the distributions of relative SGRPPC at time t and time t +τ can be 
represented as: 

𝑓𝑓𝑡𝑡+𝜏𝜏(𝑧𝑧) =  ∫ 𝑔𝑔𝜏𝜏
∞
0 (𝑧𝑧|𝑥𝑥)𝑓𝑓𝑡𝑡(𝑥𝑥)𝑑𝑑𝑥𝑥                                            (2) 

where 𝑓𝑓𝑡𝑡(𝑥𝑥) is the density function of the distribution of relative SGRPPC at time t, and 𝑔𝑔𝜏𝜏(𝑧𝑧|𝑥𝑥) 
is the transition probability kernel which maps the distribution from time t to t +τ, and 𝑓𝑓𝑡𝑡+𝜏𝜏(𝑧𝑧) is 
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theτ-period-ahead density function of z conditional on x. (see Johnson, 2000; Johnson, 2005; and 
Juessen, 2009 for details). 
 
The ergodic density is the long-run steady state which will emerge when τ is infinite. Based on 
formula (2), the ergodic density function, given that it exists, can be found by: 

𝑓𝑓∞(𝑧𝑧) =  ∫ 𝑔𝑔𝜏𝜏
∞
0 (𝑧𝑧|𝑥𝑥)𝑓𝑓∞(𝑥𝑥)𝑑𝑑𝑥𝑥                                             (3) 

where 𝑓𝑓∞(𝑧𝑧) is the ergodic density function. 
 
For the stochastic kernel approach, the probability values of the transitions are not available for 
further examination; therefore, estimation result is usually presented in contour map form or 
three-dimensional plot. Both of them show the conditional density of the county-level unit's 
probability of transition (displayed by its height with the notion that the greater the height, the 
higher the probability) from a particular value of relative SGRPPC towards other values after 
transition. It should be noted that because the values used in the analysis are all measured relative to 
the mean, therefore, if a county-level unit has a relative SGRPPC value larger than one, it implies 
that this county-level unit's SGRPPC is higher than the average, while if the relative SGRPPC value 
is smaller than one, then that county-level unit's SGRPPC is lower than the average. Given that the 
diagonal line of the contour map and three-dimensional plot lies on the same values of relative 
SGRPPC before transition and after transition, it follows that if most of the probability mass lies 
above the diagonal for a particular value of relative SGRPPC, then those county-level units should 
have a higher probability of moving up in the distribution. On the contrary, if most of the 
probability mass lies below the diagonal, then these county-level units should have a higher 
probability of moving down. Therefore, generally speaking, convergence to the mean SGRPPC is 
more likely to happen when a large portion of the probability mass of the below-average SGRPPC 
county-level units (those relative SGRPPC smaller than one) lies above the diagonal, and a major 
portion of the probability mass of the above-average SGRPPC county-level units (those relative 
SGRPPC greater than one) lies below the diagonal. In that way, the above-average county-level 
units will tend to move downward in the distribution, whereas the below-average ones will tend to 
move upward, thereby making convergence to the mean SGRPPC possible. 
 
However, sometimes it is very difficult to determine where most of the probability mass lies by 
observing the contour map and the three-dimensional plot by eye. Therefore, Hyndman (1996) and 
Hyndman, et al. (1996) put forward a new density estimator and two visualization tools, namely the 
stacked conditional density plots and the highest density region (HDR) plots, in an attempt to make 
interpretation easier. Although the use of HDR plot alleviates the problem of visualization to some 
extent, it cannot improve interpretation under a number of circumstances. For example, if there are 
two peaks in the conditional density strip and if the highest one lies on one side of the diagonal 
whereas another slightly lower peak lies on the other side of the diagonal. Another case is when the 
density is somewhat constant for a long range of data in the conditional density strip. In these 

7 
 



examples, it is very hard to interpret where the largest portion of the probability mass lies even if 
the HDR plot is employed.  
 
Besides, all the general display tools of the stochastic kernel approach, namely the contour map, the 
three-dimensional plot, the HDR plot and the stacked conditional density plot, cannot present 
comparison results clearly in a combined figure. Basically, if one would like to compare the 
transitional dynamics of two or more periods, it is always useful to superimpose the plots of different 
periods into one figure so as to make comparison easier. However, the three-dimensional nature of 
the stacked conditional density plot and the three-dimensional plot just do not allow superimposing 
because the one situated at the front will always block the view of the one situated at the back. 
Similarly, superimposing HDR plots for different periods within one figure is infeasible as the one 
on top will always hide the one underneath from view. Therefore, contour map (which is made up of 
lines) is the only possible candidate for superimposing. However, even so, it is impossible to present 
two contour maps in one figure clearly because the combined figure will have too many contour lines 
after superimposing, which makes comparison very difficult. One may argue that by reducing the 
number of contour lines in each map, it is possible to combine several maps into one figure; 
however, it means that some data points have to be deleted. Basically, the use of this approach 
cannot be done without loss of information, and still, it cannot be applied when one wants to 
superimpose a large number of contour maps at the same time. 
 
Yet another improvement is suggested by Foster and Rothbaum (2012). They propose the use of 
mobility curve which is based on a population-weighted measure of mobility across cutoff values. 
However, it is difficult to observe the mobility of those entities which are few in number, especially 
for the entities located at the far end of the distribution. This problem is more pronounced for China 
as the distribution of the relative SGRPPC usually has a very long right tail with only a few entities 
at the far end. 
 
We thereby propose a new framework for analyzing transitional dynamics. Basically, it is an 
extension of the approach adopted by Cheong (2012) and Cheong and Wu (2012, 2013b) who 
calculated the net probabilities of moving upward in the distribution for different states while they 
performed the traditional Markov transition matrix analyses. The net probability of moving up 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. Therefore, for the 
stochastic kernel approach, the sum of upward mobility probabilities, pu(x), at x can be calculated 
as: 

 𝑝𝑝𝑢𝑢(𝑥𝑥) = ∫ 𝑔𝑔𝜏𝜏
∞
𝑥𝑥 (𝑧𝑧|𝑥𝑥)𝑑𝑑𝑧𝑧               (4) 

 
It is worth noting that pu(x) is also the sum of probabilities above the diagonal for a particular value 
of x. The sum of downward mobility probabilities, pd(x), can be computed as: 
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 𝑝𝑝𝑑𝑑(𝑥𝑥) = ∫ 𝑔𝑔𝜏𝜏
𝑥𝑥
0 (𝑧𝑧|𝑥𝑥)𝑑𝑑𝑧𝑧               (5) 

 
Similarly, pd(x) is the sum of probabilities below the diagonal for a particular value of x. Therefore 
net upward mobility probability, p(x), at x is: 
𝑝𝑝(𝑥𝑥) = 𝑝𝑝𝑢𝑢(𝑥𝑥) −  𝑝𝑝𝑑𝑑(𝑥𝑥)               (6) 
 
The mobility probability plot (MPP) is thus defined as 

𝑝𝑝(𝑥𝑥) = ∫ 𝑔𝑔𝜏𝜏
∞
𝑥𝑥 (𝑧𝑧|𝑥𝑥)𝑑𝑑𝑧𝑧 −  ∫ 𝑔𝑔𝜏𝜏

𝑥𝑥
0 (𝑧𝑧|𝑥𝑥)𝑑𝑑𝑧𝑧                 (7) 

 
The MPP plots the net upward mobility probability against relative SGRPPC. It is expressed in 
percentage (%). The value of net upward mobility probability ranges from -100 to 100. A positive 
value means that the units have a net probability of moving upward, while a negative value means 
that the units have a net probability of moving downward. The MPP can thus show the distribution 
of the probability mass. A value larger than zero means most of the probability mass lies above the 
diagonal, while a value smaller than zero means most of the probability mass lies under the 
diagonal. 
 
This new framework has many advantages over the common display tools. First, it can provide a 
more direct and better visual representation of the net upward mobility. Second, it can offer precise 
information on the distribution of the probability mass. As mentioned earlier, the traditional display 
tools cannot pinpoint clearly where the largest portion of the probability mass locate, while MPP 
can indicate whether most of the probability mass lies above the diagonal or not. Third, since the 
MPP is a curve, thus many MPPs can be superimposed together in the same figure. This can make 
the comparison of transitional dynamics in different periods much easier. Fourth, mobility 
probability of a particular group of county-level units can be identified by examining the MPP. The 
new framework can pinpoint which group has a higher probability of moving up and which group 
has a higher probability of moving down, therefore, it can provide critical information for 
developing long-term policy for the county-level units. In summary, MPP is a very powerful tool in 
presenting distribution dynamics analysis results. Not only it can offer valuable information, which 
is not directly visible from the traditional contour map and the three-dimensional plot, but it can 
also greatly improve visual presentation, thereby facilitating interpretation of the transitional 
dynamics. The new framework is employed with other display tools in the following section which 
serves as an illustration of how the MPP can be applied in distribution dynamics analysis. 

5. Results and Discussions 

The transitional dynamics of the county-level units across 1997-2010 is shown in Figure 1 as 
three-dimensional plot and Figure 2 as contour map. The contour map is basically an overhead view 
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of the three-dimensional plot. These two types of display tools are the most common in the 
stochastic kernel analysis literature. According to Figure 1, the width of the transition probability 
kernel is very narrow and the density mass is concentrated along the 45-degree diagonal line, 
implying considerable persistence in the relative SGRPPC distribution. This fact can be observed 
more clearly in Figure 2, which shows the contour map of the stochastic transition probability 
kernel of relative SGRPPC across the range 0 to 2. It should be noted that the convergence process 
will be very slow when there is a high concentration of probability mass along the diagonal, while 
faster rates of convergence can be achieved if most of the probability mass is concentrated parallel 
to the axis of relative SGRPPC before transition (that is the horizontal axis which is labelled as t). It 
is thus apparent from Figure 1 and Figure 2 that convergence in China is a slow process and it will 
take a long time to achieve. 
 
In order to gain an understanding of the transitional dynamics, one can examine the distribution of 
the probability mass in the three-dimensional plot and the contour map. Since the SGRPPC values 
are calculated relative to the regional mean (the value of the mean is one), therefore if most of the 
probability mass lies above the diagonal in the below-average portion (that is the portion with range 
0 to 1), while most of the probability mass lies below the diagonal for the above-average portion 
(that is the portion with values greater than one), then it can be expected that the probability of 
convergence to the mean SGRPPC is high. However, because the persistence is so strong and since 
most of the probability mass is concentrated along the diagonal, therefore, it is very hard to 
determine where the greatest portion of the probability mass lies by observing Figure 1 and Figure 2 
by eye. The new framework of MPP can tackle this problem effectively and offer a direct 
interpretation of the probability mass. The MPP of all the county-level units across 1997 to 2010 is 
shown in Figure 3. It can be observed that the MPP curve is below zero for the range 1 to 5 
implying that the above-average county-level units have a net probability of moving down in the 
distribution, though they are more likely to remain in roughly the same SGRPPC level because of 
the high persistence. However, the MPP shows that the units in the range from 0.2 to 1 also have a 
net probability of moving down and only those units under 0.2 have a net probability of moving up. 
Therefore, it means that most of the county-level units in China with a relative SGRPPC value 
above 0.2 would tend to register a decline in their relative SGRPPC, while the units with relative 
SGRPPC values below 0.2 would likely to register an increase. Therefore, when the policy makers 
formulate long-term industrial development policy for rural China, they could focus mainly on 
those counties and county-level cities with a relative SGRPPC value in the range 0.2 to 1 since 
these below-average units are extremely susceptible to a further decline in their relative SGRPPC. 
MPP can pinpoint precisely the group of county-level units which need special attention and it can 
thus help the policy makers in formulating a priority list for the county-level units. 
 
In fact, MPP not only can indicate the exact value of relative SGRPPC, but the information derived 
from MPP can also reveal important information on the ergodic distribution. Figure 4 shows that a 
uni-modal relative SGRPPC distribution can be achieved in the long run. However, the entities will 
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converge to a value around 0.2 in relative SGRPPC, which is far below the mean. This signifies that 
even though convergence is possible, many entities will congregate around the lower part of the 
distribution. It can be observed that the ergodic distribution basically impart the same information 
on transitional dynamics as offered by the MPP. As mentioned earlier, the MPP shows that the units 
with relative SGRPPC values lower than 0.2 tend to move upward in the distribution, while the 
ones with relative SGRPPC values greater than 0.2 tend to move down, therefore, a lot of the 
county-level units will migrate and congregate around 0.2 in the long run as indicated by the peak 
of the ergodic distribution. 
 
It is of interest to examine the transitional dynamics in different periods so as to provide an 
understanding of the impacts of time on the evolution of distribution dynamics. Three datasets are 
constructed for that purpose; they are based on the transitions in three periods, namely 1997-2000, 
2000-2005 and 2005-2010. The first dataset has three transition episodes (that is 1997 to 1998, 1998 
to 1999, and 1999 to 2000), whilst each of the other datasets has five transition episodes. Stochastic 
kernel analyses are performed for each of these datasets individually so as to compute the 
transitional dynamics of each period. The comparison can be made much easier if it is possible to 
superimpose the contour maps or the three-dimensional plots of the different periods together in one 
figure, however, as mentioned in previous section, it is infeasible to do that. Therefore, MPP is used 
and Figure 5 shows the MPPs of the three periods. It can be observed that for most of the time, the 
MPP of the period 1997-2000 is above zero for the entities with relative SGRPPC values from 0 to 
3.7 implying that in the first period, many county-level units had a net probability of moving 
upward in the distribution and thus an increase in their relative SGRPPC. In the second period 
(2000-2005), the MPP shows that the units with relative SGRPPC from 0 to 0.2 had a net 
probability of moving up in the distribution, while the units with relative SGRPPC values greater 
than 0.2 had a net probability of moving down. The second period signifies a time that many of the 
county-level units registered a decline in relative SGRPPC, with the exception of those county-level 
units which had a very low level of industrial output. The MPP of the last period (2005-2010) 
shows that the entities with relative SGRPPC values lower than 0.5 had a net probability of moving 
upward in the distribution, while those with relative SGRPPC values higher than 0.5 had a tendency 
to move down. It seems that there was a great improvement at the lower end as the units with 
relative SGRPPC values from 0.2 to 0.5 also had a net probability of moving upward as compared 
with the second period. Moreover, the net probability of moving down also declined significantly 
for those units with relative SGRPPC values from 0.5 to 1. Therefore, the third period exhibited a 
higher tendency of convergence to the mean than the second period. 
 
It should be noted that the biased regional development policy in China has attracted heavy 
criticism (Cheng & Zhang, 1998; Fan, 1997; Tang & Lu, 1996; Zhao & Gu, 1995). 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 (and Golley, 2007; for details 
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of the campaign and its impacts, see Goodman, 2004). 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. It is thus of interest to examine the 
transitional dynamics of different economic zones so as to provide an understanding of the impacts 
of these campaigns on distribution dynamics of the county-level units. The whole dataset is divided 
into four datasets, namely the eastern, central, western and north-eastern economic zonal datasets. 
Stochastic kernel analyses are then performed for each of these datasets individually.  
 
MPPs and the ergodic distributions of the four economic zones are shown in Figure 6 and Figure 7 
respectively. It can be observed from Figure 6 that all the MPPs intersect the horizontal axis with 
values of relative SGRPPC smaller than 1. The MPPs of the eastern, central and the north-eastern 
zones cross the horizontal axis in the range of 0.4-0.5, whilst the MPP of the western zone intersects 
the horizontal axis at around 0.1. The MPP of the eastern zone intersects the axis around 0.5 which 
is the highest amongst the four economic zones; it implies that the government in the eastern zone 
had done a much better job than the other zones in promoting industrial growth for the low 
industrialized regions with relative SGRPPC values lower than 0.5. Figure 6 also indicates that it is 
very difficult for the units of the western zone to move upward in the distribution. It can be 
observed that except the units with very low relative SGRPPC (that is below the value of 0.1), many 
of the units in the western zone tended to register a decline in the relative SGRPPC. Furthermore, 
for all the values of relative SGRPPC greater than 0.2, the MPP of the western zone stays below the 
horizontal axis and its net upward probability remains within the range from -20% to -40%. The 
high net downward mobility probability of the units of the western zone suggests that many of the 
units in that zone would move downward in the distribution and congregate around the value of 0.1, 
therefore, it can be expected that a very significant peak should lie somewhere around the value of 
0.1 in the ergodic distribution of the western zone. This fact can be confirmed by Panel (c) of Figure 
7. In contrast, the MPP of the north-eastern zone stays a little bit above the horizontal axis for the 
values of relative SGRPPC in the range 0.6-1.5. Hence, it can be expected that the ergodic 
distribution of the north-eastern economic zone should be more dispersed than the western zone, 
while the peak of the north-eastern zone's ergodic distribution should not be as apparent as the one 
of the western zone. Actually, the shapes of the ergodic distributions and the locations of the peaks, 
which can be observed from Figure 7, are all in line with the expectations drawn from the 
interpretation of MPP. The ergodic distribution of the western zone as shown in Panel (c) of Figure 
7 has a height of 0.170 which is much higher than the other zones implying the peak of the western 
zone is more pronounced than the others. In contrast, Panel (d) shows the height of the peak of the 
north-eastern zone is only 0.012 and the distribution is more dispersed. 
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It can be observed that the peaks of the ergodic distributions in Figure 7 lie roughly at the same 
relative SGRPPC values as where the MPPs and the horizontal axis intersect in Figure 6. All the 
peaks of the ergodic distribution are situated far under the mean, though the peak of the eastern 
zone's ergodic distribution is closer to the mean than the other zones. However, since none of the 
peaks of the four ergodic distributions lie around the value of one, which is the value of the mean, 
therefore, it implies that convergence to the mean SGRPPC is impossible for all the economic 
zones. 
 
Figure 8 shows the MPPs of the economic zones in different periods. The changes in transitional 
dynamics of the eastern and central zones are very similar to those occurred at the national level. 
Compared the first and the second periods, most of the units in these two zones had a higher upward 
mobility probability in the first period than the second period. Moreover, many of the county-level 
units had net downward mobility probability in the second period; however, things had improved in 
the third period. In contrast, the western and the north-eastern zones present a very different 
evolution pattern of distribution dynamics as it can be observed that in the second period, the MPPs 
of these two zones moved upward rather than moved downward. In the third period, the MPP of the 
western zone dropped considerably implying that many of the county-level units would register a 
decline in their relative SGRPPC. The effect was widespread and it affected all the units with 
relative SGRPPC values larger than 0.2. Yet the impact on the north-eastern zone is a little blurred 
as the MPP dropped in the range from 0-0.8 but rose in the range 0.8-1.4. However, it can be 
concluded that the government in the north-eastern zone had done a good job in promoting 
industrial development for the below-average units as the MPPs of the north-eastern zone lie above 
the horizontal line for most of the values in all the periods.  
 
In order to give a more in-depth analysis of the transitional dynamics, the whole dataset is divided 
into 22 provincial datasets for further investigation. However, with the aim of facilitating the 
comparison of provinces within an economic zone, the average used in the provincial analysis is 
based on the mean of the economic zone in which the province is situated. Figure 9 shows the MPPs 
of the provinces within the four economic zones. All the MPPs lie above the horizontal axis when 
the relative SGRPPC is zero, which is a good sign as it means the units with the lowest relative 
SGRPPC would have a very high tendency to move upward. However, most of the MPPs cross the 
horizontal axis with relative SGRPPC values smaller than one, implying that many below-average 
units had difficulty in moving up to the mean. It can also be observed that the provinces exhibit 
different characteristics in transitional dynamics. However, in order to save space, our discussions 
are limited to a few selected provinces which have special features in transitional dynamics, though 
readers are encouraged to study the MPPs of those provinces that they are interested in. 
 
In fact, a great deal of important information can be obtained from observing the movement of MPP. 
For example, Panel (a) of Figure 9 shows that the MPP of Hainan lies above the horizontal axis in 
the range of 0-0.12, but then it moves under the axis from 0.12 to 0.25 and reaches a minimum 
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around 0.17. After that, the MPP rises and reaches the maximum at 0.49. Actually, it remains above 
the horizontal axis till 0.60, however, the MPP stays under the horizontal axis after 0.60 and reaches 
a minimum at around 1.24. The information gathered from the MPP is valuable for formulating 
county-level policies in industrial development. For instance, the MPP shows that there is a 
maximum at 0.49, so it means those county-level units, with a relative SGRPPC roughly equal to 
0.49, perform quite well as they enjoy high net upward mobility probability. However, attention 
should be paid to those county-level units with values of relative SGRPPC in the range 0.12-0.25, 
for which the MPP lies below the horizontal axis, implying that these low industrialized units tend 
to drop further downward in the distribution. Another concern for Hainan is the MPP reaches -100 
around the region of 1.24. This means that the county-level units in Hainan just could not transit 
through the threshold of 1.24. As a matter of fact, whenever the relative SGRPPC value of a 
county-level unit reached this level, then it would have a decline in relative SGRPPC which would 
bring it downward in the distribution. It implies that there might be a development trap in Hainan 
and therefore, policy makers should take this information into consideration and focus specifically 
on the units with values of relative SGRPPC greater than 0.6. 
 
It can be observed that the shapes of the MPPs of the provinces are very different even if the 
provinces are situated in the same economic zone, however, Panel (b) of Figure 9 shows that the 
shapes of the MPPs of the provinces within the central zone are quite similar to each other implying 
that the county-level units of the central zone had comparable transitional dynamics. Panel (c) 
shows that several provinces within the western zone require special attention, for example, the 
MPPs of the provinces of Guizhou and Gansu lie below the horizontal axis for all the values of 
relative SGRPPC greater than 0.14. It means that many of the units in these provinces would 
register a decline in their relative SGRPPC. Ningxia is another province which deserves attention. 
The MPP of Ningxia lies below the horizontal axis from 0.25 to 1.24, while it lies above the axis 
with relative SGRPPC values greater than 1.24. It means that the low output units would tend to 
move downward in the distribution, while the high output units would tend to move further upward, 
thereby implying convergence to the mean is very difficult for that province. In contrast, the 
transitional dynamics of the Jilin province facilitated convergence greatly as can be observed from 
Panel (d). The MPP of Jilin lies above the horizontal axis from 0 to 1, and then lies below the 
horizontal axis with values greater than one (though a small part is above the axis around 1.4). It 
means the below-average units would tend to move upward in the distribution, whereas the 
above-average units would tend to move downward, therefore one can expect convergence to the 
mean can be achieved in the long run. This fact can be demonstrated by Panel (u) of Figure 10 
which shows the ergodic distribution of the Jilin province. It can be observed that the peak of the 
ergodic distribution situates around one which is the mean, therefore, the shape of the ergodic 
distribution is in line with expectations derived from the MPP. 
 
Indeed, Jilin is one of the exceptions to the general pattern. Referring to Figure 10, the peaks of 
most of the provinces' ergodic distributions situate far below the mean, with only three exceptions, 
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namely, Guangxi, Jilin and Liaoning. It means that convergence to the mean is unattainable in many 
provinces. Another fact which can be observed from Figure 10 is that most of the ergodic 
distributions have only one peak (uni-modal), however, Hainan, Liaoning, and Zhejiang have two 
peaks in the ergodic distribution (bi-modal). In fact, the shapes of the ergodic distributions of Inner 
Mongolia, Hunan, and Yunnan are also bi-modal, though their smaller peaks are not evident. It 
should be noted that Guangxi has a multi-modal ergodic distribution with three peaks. These 
findings suggest that convergence clubs have existed in many provinces. 

6. Conclusions 

The results in previous section show that the county-level units in each province have their own 
specific characteristics. As a matter of fact, the transitional dynamics of the county-level units in 
one province is completely different from those in another province even if the two provinces are 
situated in the same economic zone. Therefore, it is improper to develop county-level policy by 
relying on the findings derived from the provincial level data. However, due to the difficulty in data 
preparation, most of the studies are still based on data compiled at the provincial level. The aim of 
this paper is to examine the transitional dynamics of the county-level units' industrial output by 
using a new framework of distribution dynamics analysis, namely the Mobility Probability Plot 
(MPP). This study fills the gap in the literature and provides valuable information on mobility of the 
county-level units, which can greatly aid the policy making process. 
 
The new framework can address several inadequacies of the traditional display tools in the 
distribution dynamics literature. It can also greatly improve visual presentation and facilitate 
interpretation. For example, it can provide precise information on the distribution of the probability 
mass and offer a better visual representation of the net upward mobility. The new framework can 
also indicate the probability of movement for each entity. Moreover, many MPPs can be 
superimposed together in the same figure, which can make comparison much easier. In fact, the 
MPP can be incorporated into the traditional distribution dynamics approach easily and enhance the 
analysis greatly. 
 
In this study, stochastic kernel analyses are performed for the nation, the economic zones and the 
provinces individually so as to provide an in-depth understanding of the evolution of county-level 
industrial output. Based on the ergodic distributions computed in previous section, it is found that 
convergence to the mean is impossible for most of the groupings, with the exception of a few 
provinces. However, Huang, et al. (2003) and Cheong and Wu (2014) find that overall regional 
inequality in China can be attributed largely to the inequality in industrial output, while this study 
points out that convergence of industrial output to the mean is impossible for most of the groupings, 
therefore, it implies that regional inequality in China will be exacerbated further and China will 
continue to be plagued by this problem in the years ahead. 
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Actually, firms tend to agglomerate because of the benefits derived from increasing returns to scale, 
transport costs, knowledge spillovers and the pooling of specialized skills (Marshall, 1920; Redding, 
2010). Agglomeration is also subject to the forces of marketization and globalization (He, et al., 
2008). Given that there are many virtues of agglomeration, therefore, the next task is to evaluate the 
benefits and costs of industrial agglomeration so as to determine whether it is worthwhile to have 
government intervention. If the benefits of industrial agglomeration outweigh the costs, then the 
government should not impose constraints on agglomeration but should counteract the effect of 
industrial agglomeration by formulating policy to boost primary and tertiary outputs in the 
underdeveloped regions. It is hoped that, in this way, regional inequality can be alleviated without 
affecting industrial development. 
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Figure 1 Three-dimensional plot of transition probability kernel for relative SGRPPC of all counties and 

county-level cities with annual transitions, 1997-2010 
Source: Authors’ calculation. 
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Figure 2 Contour map of transition probability kernel for relative SGRPPC of all counties and county-level  

cities with annual transitions, 1997-2010 
Source: Authors’ calculation. 
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Figure 3 Mobility Probability Plot (MPP) for relative SGRPPC of all counties and county-level cities with annual 

transitions, 1997-2010 
Source: Authors’ calculation. 

 
 

 
Figure 4 Ergodic distribution for relative SGRPPC of all counties and county-level cities with annual transitions, 

1997-2010 
Source: Authors’ calculation. 

  

-30

-10

10

30

50

70

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

19 
 



 
Figure 5 Mobility Probability Plot (MPP) for relative SGRPPC of all counties and county-level cities with different 

periods 
Source: Authors’ calculation.  

 

 

 
Figure 6 Mobility Probability Plot (MPP) for relative SGRPPC of all counties and county-level cities within different 

economic zones 
Source: Authors’ calculation. 
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(a) Eastern        (b) Central 

  
(c) Western        (d) North-Eastern 

  
Figure 7 Ergodic distributions for relative SGRPPC of counties and county-level cities for each economic zone with 

annual transitions, 1997-2010 
Source: Authors’ calculation. 
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(a) Eastern        (b) Central 

 
(c) Western        (d) North-Eastern 

 
Figure 8 Mobility Probability Plot (MPP) for relative SGRPPC of all counties and county-level cities within different 

economic zones across different periods 
Source: Authors’ calculation. 
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(a) Eastern        (b) Central 

 

(c) Western        (d) North-Eastern 

 
Figure 9 Mobility Probability Plot (MPP) for relative SGRPPC of all counties and county-level cities within different 

provinces 
Source: Authors’ calculation. 
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   (a) Hebei      (b) Jiangsu    (c) Zhejiang     (d) Fujian 

 

 (e) Guangdong      (f) Hainan    (g) Anhui      (h) Jiangxi 

 

 (i) Henan           (j) Hunan   (k) Inner Mongolia    (l) Guangxi 

 

 (m) Sichuan      (n) Guizhou   (o) Yunnan         (p) Gansu 

 

 (q) Qinghai       (r) Ningxia    (s) Xinjiang        (t) Liaoning 

 (u) Jilin           (v) Heilongjiang 

 

Figure 10 Ergodic distributions for relative SGRPPC of counties and county-level cities for each province with annual 
transitions, 1997-2010 

Source: Authors’ calculation. 
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