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1 Introduction

During the process of economic growth, what are dynamic characteristics of
income distribution? How to explore the sources and mechanics of growth
convergence or divergence across countries and regions? Does the poor region
grow faster than the rich? Will the income difference across countries and
regions decrease over time? These questions have attracted more and more
attention and have been the focuses of macroeconomics for decades. Since the
rise of endogenous growth theory in mid-1980s, empirical and theoretical studies
on economic growth and income distribution have mushroomed. Based on large
sample cross-sectional data or panel data, extensive empirical studies have been
done to test the long-term tendency of economic growth and income distribution,
disclosing the dynamic evolution of income distribution around world and the
driving forces behind the evolution (Sala-i-Martin, 2002; Quah, 2006).

Rural-urban migration is a main feature of modern economic growth.
Significant changes in income distribution have been evidenced in many
countries during the path of urbanization and economic transition. The Industrial
Revolution in the late 18" century created a new time in the history of urban
development. The socialization of economic activities and the specialization of
production stimulated quick mobilization of capital, population, knowledge and
firms into cities, and therefore the cities gradually became the growth pole in
modern economic development. Kuznets (1966) suggests that fraction of urban
population tends to increase with the economic growth in some rich countries.
Chenery & Syrquin (1980), using cross-sectional data, also prove that the
fraction of urban population increase with per capita GNP. Lucas (1998)
emphasizes that human capital and its externality are the engines of growth, and
cities play an important role of accumulating human capital and exerting its
external effects as much as possible. China is experiencing fast growth and
dynamic transition, which may drastically influence income distribution. We
therefore investigate the income dynamics at city level to shed light on the
sources of national income evolution.

Since early 1990, the center of Chinese economic reform and development has
been transferring to urban and industrial sectors gradually. Urban population
increased from 350 million in 1995 to 540 million in 2004, and the share of
urban population increased from 29% to 42% (NBS, 2006). On the one hand, the
urban-rural income disparity has been widening. According to the statistical
results published on Green book of China’s Rural Economy, the income ratio
between urban and rural residents increases to 3.22:1 in 2005, against 2.5:1 in
1996. On the other hand, the increase of residents’ income across cities is
unbalanced. According to our calculation, the Gini coefficient of per capita GDP



116 Hao Zhou, Wei Zou

at cities remains above 0.35 during 1995-2004. The Ginis increases by 4 percent
for Prefectural-Level cities (Diji Shi, including higher level cities in our
calculation) and tends to rise consistently for County-Level cities (Xianji Shi)
(refer to the 2" section of the paper for detail). Income disparity across cities has
become a main source of Chinese regional income inequality. However, most
studies are based on macro and provincial data, very few research has been done
using micro-data at city-level to pursue the economic transition and income
dynamics.

The neoclassical theory of economic growth (Solow, 1956; Swan, 1956)
provides foundation for most empirical studies on income disparity across
countries/regions. Abramovitz (1986) & Baumol (1986), in their pioneering
analyses, firstly apply growth regression method to explore evidence of
convergence of economic growth and per capita income across countries.
Following the leading work of Mankiw, Romer & Weil (1992) and Barro &
Sala-i-Martin (1992), growth regression based on cross-sectional data has been
the workhorse in empirical growth literature. Because the convergence
hypothesis emphasizes a long-run relation between growth rate and initial level
of output, regression based on cross-sectional data is subject to substantial
estimation problems induced by measurement biases, omitted variables,
auto-correlation and variable endogeneity, and therefore cannot provide accurate
empirics on economic growth and income distribution. Thereafter, many
researchers use modern econometric methods to modify the traditional growth
convergence regression from every side. Some use time-series data to
systematically test across-region growth convergence (Bernard & Durlauf, 1995;
Evans, 1996); some apply cross-country growth regression to investigate
convergence across regions within a particular country; others apply spatial
econometric method used in economic geography to examine growth
convergence across regions. Now, panel data, time-series data, spatial
econometric method have been widely-used regression approaches in economic
growth and convergence (Caselli, Esquivel & Lefort, 1996; Islam, 1995; Bernard
& Durlauf, 1995; Rey & Montouri, 1999).

Nevertheless, Quah (1996, 1997) and Durlauf & Quah (1998) challenge the
regression approach. They argue that conclusions based on conventional
regression can only shed light on the behavior of the representative unit, and
provide no information on the intra-distribution dynamics in the process of
growth convergence. Therefore, they propose the distribution dynamic approach
as an alternative. This method takes income distribution across countries or
regions as probability distribution, examines how the cross-sectional distribution
of per capita output changes over time directly through the shape and the
intra-distribution dynamics of income distribution. As an essentially
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nonparametric estimation method, it represents a radical departure from the
traditional regression approach. In recent years, many researchers adopt
distribution dynamic approach to examine income distribution across countries,
and produce new explanations to cross-country income gap (Quah, 2006;
Sala-i-Martin, 2006; Jones, 1997; Kumar & Russsell, 2002; Bourguignon &
Morrisson, 2002; Leonida & Montolio, 2004; Beaudry et al., 2003). These
studies bring a promising way in the empirics of income distribution and
long-run economic growth.

Across-region and urban-rural income disparity tends to increase with the
rapid growth of the national economy. How to measure and analyze the extent of
income inequality? How to find Chinese evidence of across-region convergence
or divergence in the path of economic transition? These questions have long
attracted academic attention worldwide. Under framework of ‘“conditional
convergence” and “club convergence”, some researchers classify Chinese
provinces to several growth clubs and test the speeds of convergence in
developed club and developing club (Xu & Li, 2006; Peng, 2006; Wang, 2004;
Cai & Du, 2000; Zou & Zhou, 2007; Dayal-Gulati et al., 2000; Demurger et al.,
2002; Aziz & Duenwald, 2001). Other researchers use decomposition approach
to investigate the effects of different growth factors (physical capital, human
capital, infrastructure, economic openness) on growth and per capita income gap
across-region (Zou & Zhou, 2007; Xu & Su, 2004; Chen & Feng, 2000; Li et al.,
1998).

However, there are two drawbacks in the current literature on income
inequality and growth. First, Most studies adopt growth regression approach to
examine across-region income gap and explore its sources from different
perspectives. Using scalar index to measure inequality, these studies tend to be
static, and thus cannot give comprehensive information on national income
distribution and how the distribution changes over time. Only a few papers (Xu
& Shu, 2004; Aziz & Duenwald, 2001, Zou & Zhou, 2007) use distribution
dynamic approach to investigate China’s growth difference across regions, yet
they focus on the period between mid-1970s and mid-1990s. Few researches has
been done on the income dynamics since mid-1990s, a time period with fast
economic growth and widening income gap. Second, most studies use provincial
panel data, and few attempts has been found to compile micro-data to take into
account the effect of urbanization. As Zou & Zhou (2007) find out, urban
industrial sectors have become the driving forces of economic reform and growth.
The accelerating urbanization and enlarging income gap of urban residents
should be playing an important role in income dynamics nation-wide.

In this paper, we intend to delineate the dynamic evolution of urban income
distribution with micro-data so that we can set up a micro-foundation for income
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dynamics across regions and provinces of China. We investigate the distribution
and evolution of per capita GDP at city level (including Prefectural-Level and
County-Level cities) in period of 1995-2004. We find that the distribution of per
capita GDP across all cities has turned from an apparent unique-peak distribution
in 1995 into an “emerging multiple-peak” one in 2004, and the main force
driving this income dynamics originates from Prefectural-Level cities. Using
income dynamics approach, we will also measure and analyze the change in the
incidence of urban poverty, and find out that the ratios of people living below
absolute poverty line have dramatically declined in cities of all levels.

The remainder of the paper is organized as follows. In Section 2, we document
the stylized facts of Chinese urban economic growth and income level during the
period of 1995-2004, and measure the extent and change of income inequality
across cities. Section 3 focuses on the dynamic evolution of per capita GDP at
city-level, and adopts income distribution dynamics approach to analyze urban
poverty ratio and its change. In Section 4, we use bootstrap to sample
representative provinces from eastern, central and western China, and select
Shandong, Hubei and Sichuan as representative samples. We then examine
income distribution and its dynamic evolution across cities in the intra-province
and inter-province dimensions respectively, and compare urban poverty ratio
among these provinces. Section 5 concludes.

2 The Growth of per Capita GDP and Income Distribution in
Urban Chinese: Stylized Facts (1995-2004)

All city-level data used in the paper come from China City Statistics Yearbook
(1996-2005). The yearbook classifies all cities into four groups: municipalities
under direct control of central government (Zhixia Shi), vice-provincial cities
(Fushenji Shi), Prefecture-Level cities (Diji Shi), County-Level cities (Xianji Shi).
Considering number of samples and without generality, we classify all cities into
Prefectural-Level cities and County-Level cities. Because of particularity of
Beijing, Shanghai and Tianjin, the paper drops them out of sample. In addition,
Chongqing is included in Sichuan and all vice-provincial cities are included in
Prefectural-Level cities. According to the Yearbook, the city numbers of each
year is different because administrative region may change with time. The
number of cities is 632, 653, 639, 643, 658, 656, 687, 651, 649 and 649 in the
annual sample of 1995-2004 respectively. The GDP and population of
Prefectural-Level cities only covers municipal district and the data of
County-Level cities covers its entire jurisdiction. For consistency, the paper
adjusts GDP based on the price level of 1990.
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2.1 China’s Urban per Capita GDP(1995-2004)

The paper uses data from China City Statistics Yearbook to measure per capita
GDP and its distribution among all cities, Prefectural-Level cities and
County-Level cities. At national level, urban per capita GDP rose to 9 870 yuan
in 2004 from 4 139 yuan in 1995, growing by 238%. At the same time, per capita
GDP of Prefectural-Level cities rose to 11 997 yuan from 5 867 yuan, and per
capita GDP of County-Level cities rose to 8 245 yuan from 3 316 yuan, growing
by 204% and 249% respectively. County-Level cities grow at a higher rate, and it
turns out that the per capita GDP ratio of Prefectural-Level cities to
County-Level cities is narrowing apparently (see Table 1). The per capita GDP
ratio between these two sub-groups of cities declines from 1.77 in 1995 to 1.46 in
2004, furthermore, 2003 evidences the bottom of the ratio (1.29) in the recent
decade.

Table 1 Chinese urban per capita GDP (1995-2004)

Per capita Per capita GDP Per capita GDP Ratio of per
Year GDP(All (Prefectural-Level (County-Level . p
. . .. capita GDP
1) cities), yuan cities), yuan cities), yuan 3)(4)
@) 3) “)
1995 4139.3010 5867.214 0 3315.7170 1.769 5
1996 45022280 6366.093 0 3661.4140 1.7387
1997 49283180 6 784.624 0 3953.6470 1.716 0
1998 5410.059 0 7 340.730 0 4384.968 0 1.674 1
1999 5777.738 0 7828.1110 4 668.521 0 1.676 8
2000 6332.1070 82734190 5081.687 0 1.628 1
2001 7001.080 0 8 966.306 0 5574.068 0 1.608 6
2002 7467.904 0 9323.469 0 6127.773 0 1.5215
2003 7935.710 0 9 083.639 0 7 055.844 0 1.287 4
2004 9 870.053 0 11 997.490 0 8245.566 0 1.4550

Source: China City Statistics Yearbook (1996-2005). All data are adjusted to the price level of 1990.

In addition, according to provincial data from China Statistics Yearbook,
average per capita GDP is 6 676 yuan in 2004. Thus, per capita GDP in cities of
all levels is much higher than the national average. If we set per capita GDP of
20 yuan per day as a benchmark, then the number of cities whose per capita GDP
is below the benchmark drops from 560 in 1995 to 308 in 2004. Therefore,
China’s urban economic growth has been remarkable during the recent 10 years.

Fig. 1 describes the tendency of per capita GDP at city-level during the period



120 Hao Zhou, Wei Zou

1995-2004. It shows that the time series of per capita GDP is almost a line not
only for all cities, but also at levels of Prefectural-Level cities and County-Level
cities. This means that urban economic growth is stable and smooth during the
period. A kink is found in 2003, when national economic activities suffered from
SARS and a series of natural disasters, such as typhoon and drought. Shortly
after this, macro adjustment helped the economic recovery. It should be noted
that per capita GDP of County-Level cities did not experience the shock. To
some extent, the reason is that the central government implemented exemption of
taxes and charges in rural area to relieve peasants’ burden and stimulate
agricultural economy in this year.

per capita GDP/day, yuan (RMB)
34 —— All cities /

9t ————- Prefectural-Level cities /
=== County-Level cities 4

N

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Year

Fig. 1 Chinese Urban per Capita GDP/day (1995-2004)

Now, we use percentile comparisons to display several prominent features of
urban per capita GDP. First, the gap of urban per capita GDP increases
significantly. In particular, the ratio of 95/5 percentile increases from 7.46 in
1995 to 9.24 in 2004, growing by 23.86%. The ratio of 75/25 percentile seems to
be stable with a growth of only 0.17%, but it experiences fluctuations twice. In
addition, the ratios of 60/40 percentile and 65/35 percentile grow by 3% and
5.6% respectively. Therefore, the widening of urban per capita GDP is universal.
Fig. 2 also shows the same scattering tendency. Second, gap of urban per capita
GDP declined during 2001-2003. In the period, the ratios of 95/5, 90/10, 85/15,
80/20, 75/25, 70/30, 60/40 percentile declined, the ratio of 65/35 percentile rose
alone. We calculate Gini coefficient, the ratio of 95 percentile to 5 percentile, CV
and Theil index in below. All indexes describe the same tendency. This situation
may benefit from the Western Development Project started in 2000. During
20002003, the central government invests 730 billion yuan to launch 50 main
projects in western region through administrative measures; 400 billion yuan of
financial transfer payment and 360 billion yuan of construction funds have been
mobilized to Western China. The annual growth rate in western region reaches
8.5% during the period, which helps to narrow the regional gap of growth.
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Fig. 2 Changes in the Percentile Ratios (1995-2004)
2.2 Inequality of per Capita GDP at City Levels

In order to measure the extent of urban economic growth and income inequality,
the paper adopts Gini coefficient, the ratio of 95 percentile to 5 percentile,
Coefficient of Variation (CV) and Theil index. Using urban per capita GDP, we
calculate these four indexes of all cities, Prefectural-Level cities and
County-Level cities. The results are presented in Table 2. In general, the Gini
coefficient of all cities remains above 0.35 in second half of 1990s, and increases

Table 2 Chinese Urban per Capita GDP Inequality (1995-2004)

All cities Prefectural-Level cities County-Level cities
Gini CV  Theil P95/P5 Gini CV Theil P95/P5 Gini CV  Theil P95/P5
1995 036 0.86 0.24 746 035 0.81 0.22 7.88 032 074 0.19 6.49
1996 035 083 023 729 034 078 0.21 773 031 072 0.18 5.73
1997 036 0.81 0.23 796 034 0.80 0.22 7.89 032 064 0.17 6.80
1998 0.35 0.83 0.23 740 035 0.85 0.23 857 031 0.62 0.16 6.01
1999 036 084 023 747 036 085 024 832 032 064 0.17 6.01
2000 0.37 0.89 0.26 849 038 0.92 0.27 9.89 033 065 0.18 691
2001 037 086 0.25 855 037 088 025 956 033 066 0.18 7.14
2002 0.37 0.86 0.24 830 038 090 0.26 8.87 033 0.67 0.18 6.58
2003 0.34 0.69 0.20 7.71 0.33 0.65 0.18 7.73 034 071 020 7.08
2004 038 087 025 924 039 090 027 950 034 071 020 7.15

Source: China City Statistical Yearbook (1996-2005). All data are adjusted to the price level of 1990.
The higher the values of Gini, CV, Theil index and P95/P5 (the 95/5 percentile ratio) are, the more
inequality is measured.

Year
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faster after 2000. Gini coefficient of Prefectural-Level cities is found lower than
that of all cities in 1995, but exceeds the average level of all cities in 2004. Gini
coefficient of County-Level cities has been below that of Prefectural-Level cities
and that of all cities. Moreover, Gini coefficient of County-Level cities increases
at lower rate. CV and Theil index also show the similar tendency, although the
measurements are different in value.

Fig. 3 presents the evolution of urban per capita GDP per day more explicitly
based on the data in Table 2. We find several main features. First, during
1995-2004, the economic inequality at all-city level turns out to be relatively
stable in 1995-1998, yet an obvious rising tendency can be discerned during
1998-2002. Second, each coefficient measuring income inequality declines
abruptly in 2003, and rebounds to general level in 2004. The drop in inequality in
2003 is an anecdote due to many shocks." Third, the extent of inequality of
County-Level cities has been much lower than that of Prefectural-Level cities or
that of all cities, but it keeps increasing overtime. Fourth, the inequality of
Prefectural-Level cities traces the similar path to that of all cities. Noticeably, the
extent of inequality of Prefectural-Level cities has been higher than that of all
cities sine 1998 (with 2003 as an exception). Therefore, the main force driving
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Fig. 3 Differences in Chinese Urban per Capita GDP/day (1995-2004)

' It is well known that SARS brought a measurable impact on economic activities and urban
life in 2003. Moreover, China experienced some serious natural disasters in this year. For
examples, the typhoon Du Juan, the most powerful in 24 years hit the Pearl River Delta area,
and ravaged southern coastal provinces, including Hainan, Guangdong and Guangxi provinces.
Most of southern area and northeastern suffered from the effects of the rare drought, and
Anhui, Jiangsu and Hebei experienced flood. The direct economic loss from the flood reached
to 18.17 billion yuan (NBS, 2004). Therefore, output of these regions declined. Because these
provinces were relatively rich, these nature disasters narrowed the income gap at city-level.
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the widening of income gap at all-city level originates from the enlarging
inequality of Prefectural-Level cities.

Most of Chinese industrial sectors are located in Prefectural-Level cities, and
the ratio of agricultural output to GDP remains very small in these cities. On the
contrary, this ratio is relatively large in County-Level cities. For example, in
2004, the ratio of agricultural output to GDP is above 20% in 162 (44%) of
County-Level cities, but below 10% in 187 (67%) of Prefectural-Level cities. If
we consider Prefectural-Level cities in each province in 2004, then the ratio of
agriculture in GDP is the highest in Guangxi (12.62%), while the ratio in most
other provinces is below 5%. Urban industry has been the focus and
break-through points of economic reform since mid-1990s, we thus concentrate
our research in the period of 1995-2004, when the growth in agriculture is
relatively stable, and the economic growth and inequality in urban areas present
drastic changes so that the income distribution dynamics in economic transition
in China can be captured in a more precise way.

3 The Dynamics of Urban Income Distribution (1995-2004)

According to the stylized facts of urban income distribution documented above,
we will apply Kernel density function (Silverman, 1986) to measure the
evolutionary dynamics of per capita GDP at city-level and explore whether
Chinese urban income distribution experiences polarization and/or stratification
(see Appendix). In addition, we examine the change in urban poverty with the
rapid growth.

We adopt the same smoothing parameters (bandwidth) used by Sala-i-Martin
(2006) to establish Kernel density and depict dynamics of income distribution.
Figures 4, 5 and 6 depict the distribution dynamics of per capita GDP per day in

N —— 1995

oost i | e 1998
i\ —memem 2001
CA ——— 2004

006t |/ Y

Lo o) 5

Kernel density
(=]
2

002} i

0 10 20 30 40 50 60 70
Per capita GDP/day: yuan (RMB)
bandwidth = 2.298

Fig. 4 Distribution Dynamics of Chinese Urban per Capita GDP
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cities. Fig. 4 reports the income distributions of all cities for 1995, 1998, 2001
and 2004. Figures 5 and 6 correspond to income dynamics of Prefectural-Level
cities and County-Level cities in the same four years.

Because Kernel density graphs can describe in an accurate and visual way the
proportion of population with certain level of income in total population, we thus
apply income distribution dynamics to measure urban poverty in China. The
World Bank sets $1/day and $2/day as absolute poverty line and relative poverty
line respectively. Considering difference in subsistence standards across cities,
we set 10 yuan/day and 20 yuan/day as absolute and relative poverty lines for
cities. Corresponding to a vertical line of per capita GDP per day, say 10
yuan/day, the area of region below the curves of income distribution and above
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horizontal axis indicates the population whose daily income is no higher than 10
yuan, i.e. living in absolute poverty in our measurement. Relative urban poverty
is measured similarly with the vertical line corresponding to 20 yuan/day. We can
therefore infer the urban poverty incidence and its change overtime.

Fig. 4 looks similar to normal distribution and shows that the distribution of
per capita GDP per day in cities has changed during 1995-2004. The income
distribution of all cities turns out to be a unique-peak curve with mean of 8 yuan
(per capita GDP per day) in 1995. However, two new features in the distributions
of 1998 and 2001 are evident. First, the distribution of all cities shifts to the right
and the mean of per capita GDP per day increases gradually. Second, there are
multiple peaks emerging in higher-income subsection. The situation suggests
there is tendency of stratification in income distribution of cities. In 2004, the
income distribution of all cities shifts to the right even further away, and the
enlarged right tail suggests more people are living with higher income, while the
fluctuations on right tail exhibits the emerging co-existence of multiple peaks.

Both Prefectural-level cities and County-level cities experience significant
changes in income distribution of per capita GDP per day during 1995-2004, but
they differ in the extent and pattern of changes. The income distribution of
Prefectural-Level cities in 1995 is a unique-peak bell-shaped distribution, so is
the income distribution of County-Level cities. However, the mean of
Prefectural-level cities’ per capita GDP per day is higher than that of County-
level cities. The per capita GDP per day are located in 0-30 yuan section for
most Prefectural-level cities, and in 0—20 yuan section for most County-Level
cities. With economic growth, more Prefectural-level cities shift to higher-
income section, and the initial unique-peak curve tends towards multiple-peak
ones in the year of 2001 and 2004. For example in 2004, four peaks
corresponding to 0—40 yuan, 40-60 yuan, 70-90 yuan and 90-100 yuan
subsections co-exist. As a contrast, although the income distribution shifts to the
right, there seems no evident right peak with only an insignificant hump around
40 yuan of per capita GDP per day.

As the locations of most industrial sectors, the divergence in growth occurs
among Prefectural-Level cities due to differences in initial conditions,
infrastructure, human capital accumulation as well as government policies, which
in turn, results in tendency of stratifications and local polarizations in income
distribution. On the contrary, there is no difference in initial conditions and low
proportions of industry in County-Level cities. Noticeably in Fig. 6, the number
of County-level cities with per capita GDP per day above 40 yuan increases
sharply from only 2 in 2001 to 31 in 2004. It turns out that the income
distribution of County-level cities significantly shifts to the right overtime, but
there is no significant tendency for stratification or multiple-peak distribution.

Moreover, Fig. 4, Fig. 5, and Fig. 6 visually describe the changes of urban
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poverty rate during 1995-2004. Back in 1995, the daily income of most urban
people are within the range of 0-40 yuan, and more than 56% of urban residents
live below the poverty line of 10 yuan income per day, yet in 2004, the daily
income of most urban people are within the range of 10-60 yuan, and the rate of
absolute poverty in all cities drops dramatically to about 11%. With rapid growth
of industrial sectors, Prefectural-level cities evidence fast poverty alleviation, its
poverty rate drops from 32% in 1995 to 8% in 2004 by our calculation. As for
County-level cities, per capita GDP per day of most of its residents shifts from
the 0-20 yuan section in 1995 to 5-40 yuan section in 2004. Accordingly, its
poverty rate decreases from 73% in 1995 to 15% in 2004 by our calculation (see
Table 3 for details).

Table 3 The Number, Proportion and Poverty Rate of per Capita GDP/day Less than 10 yuan

County-Level cities Prefectural-Level cities All cities
Year Number Proportion Number Proportion Poverty rate
1995 305 0.73 64 0.32 0.5639
1998 208 0.51 49 0.22 0.3741
2001 137 0.35 46 0.16 0.1777
2004 55 0.15 23 0.08 0.1156

Source: China City Statistical Yearbook (various years).
Note: Calculated by the authors. Poverty rate is defined as proportion of urban residents living with
per capita GDP per day no more than10 yuan.

4 Dynamics of Urban per Capita GDP: A Sample of
Representative Provinces (1995-2004)

Analysis above shows income dynamics of per capita GDP of all cities,
Prefectural-Level cities and County-Level cities in China during 1995-2004,
respectively. In order to further explore the inter-province and intra-province per
capita GDP dynamics at city-level, we will sample representative provinces and
investigate the income distribution dynamics of urban residents, respectively.
Our sampling follows three steps. First, we calculate the mean of urban per
capita GDP of each province in 1995. Second, we use bootstrap method to
calculate 25-quantile, 75-quantile and median of per capita GDP. Third, we select
representative provinces based on the comparison of provincial data with
national average, and a consideration of population size in each province.

Table 4 describes urban per capita GDP per day of each province in 1995.
Noticeably, the urban per capita GDP per day of Ningxia and Qinghai are
abnormally high given that the two provinces belong to underdeveloped western
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region. Further examination shows that the two provinces’ urbanization level is
also relatively low. In China City Statistical Yearbook, there are only three cities
(Xining, Geermu and Delinha) in Qinghai, and only four cities (Yinchuan,
Shizhuishan, Qingtongxia and Wuzhong) in Ningxia. Therefore, the relatively
high urban per capita GDP per day present a sharp comparison with the low
income level in these two provinces.

Table 4 The Mean Urban per Capita GDP/day of Each Province in 1995

Province per capita GDP per day (yuan) Urban population (ten thousand)
Hebei 10.953 1 2 081.25
Shanxi 8.2457 1103.62
Inner Mongolia 8.9556 723.85
Liaoning 10.597 5 3 340.76
Jilin 6.725 4 1483.87
Heilongjiang 7.6718 1903.12
Jiangsu 15.3650 3831.19
Zhejiang 13.945 4 2 685.05
Fujian 14.585 6 1 250.08
Jiangxi 6.879 5 1 296.94
Shandong 11.812 2 4788.16
Henan 9.9755 2 487.12
Hubei 9.5289 322452
Hunan 8.484 3 1 957.67
Guangdong 12.940 3 3758.87
Guangxi 9.979 8 1282.74
Hainan 7.200 1 284.44
Sichuan 7.0859 3227.96
Guizhou 4.841 1 894.88
Yunnan 8.6107 793.13
Shaanxi 6.781 8 936.58
Gansu 8.0349 722.87
Qinghai 11.2277 81.57
Ningxia 10.085 8 137.65
Xinjiang 9.404 5 474.03

Source: The data are calculated by the authors and the raw data are from China City Statistical
Yearbook.
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Table 5 presents the 25-quantile, 75-quantile and median of all cities with 5%
significance calculated with bootstrap method. Then, we directly compare these
data with the mean of per capita GDP per day of each province. Taking into
account population size, economic development level and geographical location,
as well as the situation that the per capita GDP per day of Shandong, Hubei and
Sichuan in 1995 are 11.81 yuan, 9.53 yuan and 7.09 yuan respectively, we select
them as representative of high-, mid- and low-income regions respectively.
Figures 6, 7 and 8 describe the distribution of per capita GDP per day of the three
provinces in 1995, 1999 and 2004 respectively.

Table 5 The 75, 50, 25-Quantiles of Urban per Capita GDP per Day in 1995

Quantile Sr?lrlnngtl)ienrg Observation  Deviation S;i?i?éi 95%i§t()er£2?1€nce
75 quantile 1000 12.812 4 0.068 0 0.4369 [11.9550 13.669 8]
50 quantile 1000 8.542 6 0.003 8 0.2190 [8.1128  8.9724]
25 quantile 1000 5.7099 0.0314 0.166 4 [5.3833  6.036 4]

Source: The data are calculated by the authors and the raw data are from China City Statistical
Yearbook.

We can find some the following main features based on comparing the income
distribution of the three provinces. First, the urban income distribution of each
single province is more concentrated than the one of all cities. Different from the
multiple-peak distribution of all cities, the urban distribution of each province
has fewer peaks during 1995-2004, even though there are emerging
stratifications. For example, in Shandong province, where per capita GDP is
higher, a triple-peak distribution can be discerned in 1995, and the gap between
the emerging right-peak (corresponding to per capita GDP per day of around 33
yuan) and the significant left-peak (corresponding to per capita GDP per day of
around 8 yuan) is large. While in 1999, the gap between right- and left-peaks
narrows (corresponding to per capita GDP per day of 36 yuan and 12 yuan
respectively). Furthermore in 2004, the urban income distribution curve shifts to
the right, and the gap between the right- and left-peaks is reduced again. This
dynamics suggests that there is convergence of urban income within single
province and a narrowing tendency of intra-provincial income disparity.

Second, per capita income in the cities of the three provinces increases
significantly, yet the growth rate and income levels are different. In relatively
developed Shandong province, the income distribution presents three peaks, the
left- and middle-peaks are located around per capita GDP per day of 8 and 20
yuan, while the emerging right peak corresponds to a level of 32 yuan. Its income
distribution shifts to the right and forms twin-peaks in 2004, corresponding to 27
yuan and 60 yuan respectively. While in Hubei, the representative of mid-income
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region, its twin-peaks in 1995 correspond to lower income (about 8 yuan and 18
yuan) in 1995, and shifts to the right gradually towards higher income (around 13
yuan and 40 yuan respectively). Sichuan, a typical western developing province,
presents twin-peaks (corresponding to around 5 yuan and 18 yuan respectively)
in its income distribution in 1995, and moves towards a unique-peak
(corresponding to around 15 yuan) distribution in 2004.

Third, the urban income dynamics of three representative provinces reflect the
evolution of urban income disparity among eastern, central and western areas. In
1995, the income distribution of per capita GDP per day in urban Shandong tends
to be right-skewed, which is a result of the policy “let part of the people be rich
first”. In the middle-income subsection (around 10-20 yuan), there is only slight
difference between urban Shandong and Hubei, while Sichuan lags behind
farther away. In 1999, although income distribution of urban Shandong shifts to
the right with a longer right tail and more significant right peak, in the
middle-income subsection, the income gap among urban Shandong, Hubei and
Sichuan tends to shrink. In addition, income gap between twin peaks declines
both in Shandong and Hubei, representing evidence for convergence of urban per
capita income at intra-provincial level.

Fourth, urban poverty alleviation in each province is remarkable with
economic growth. Taking into account different subsistence levels in different
cities, we set 5 yuan/day, 10 yuan/day and 20 yuan/day as standards (the vertical
lines in the figures) to investigate the rate of poverty incidence (the proportion of
urban poor population) and its change. We find that in the three provinces in
1995, a considerable proportion of urban residents live below poverty line
corresponding to 10 yuan/day. Especially, the population proportion living with
no more than 10 yuan/day is about 50% in Sichuan. We can even discern a
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considerable proportion of people living with no more than 5 yuan/day in
Sichuan, which shows a much higher urban poverty incidence in western China.

With economic growth in cities, income distribution shifts to the right in three
provinces, and urban poverty incidence declines sharply, especially in Sichuan.
In 2004, per capita GDP per day in all Shandong cities are higher than 5 yuan,
and very few urban residents lives with daily income of no more than 10 yuan.
Most urban residents in Hubei and Sichuan live with daily income higher than 5
yuan, and those living with daily income of lower than 10 yuan decrease
significantly. Therefore in the period of 1995-2004 there is a continuous decline
in urban poverty incidence and the reduction of poverty in western regions turns
out to be faster, which provides a foundation for sustainable development and

inter-provincial income convergence.
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5 Conclusion

Income distribution dynamics approach initiated by Quah (1993, 1996, 1997) and
Sala-i-Martin (2006) provides a brand new view to explore growth convergence
and income evolution across regions in economic growth. The approach has the
advantage of establishing income distribution based on Kernel density function,
investigating its shape and change overtime in more explicit way.

The paper applies income distribution dynamics approach to examine the
shape and evolution of Chinese per capita incomes at city level in 1995-2004.
We find following conclusions. First, the income distribution of all cities has
changed from an apparent unique-peak curve in 1995 into an “emerging
multiple-peak” distribution in 2004, and the driving force of the change
originates from the income gap of Prefecture-Level cities. Second, there are
significant differences in the income distribution dynamics of Prefecture-Level
cities and Country-Level cities. The income distribution of Prefecture-Level
cities has evolved to an apparent “multiple-peak™ curve in 2004 from the
unique-peak one in 1995, while the income distribution of Country-Level cities
remains to be characterized by unique-peak shape. Third, the intra-province
income distribution of each representative province shows a shift from
unique-peak to twin-peak curves. This trend is especially apparent in the
advanced eastern provinces, less obvious in the middle provinces, and budding in
the western provinces. In recent years, the leading position of the advanced
eastern provinces has been strengthened, but the urban income gap between the
central and western region has declined. Fourth, the proportions of people that
live below absolute poverty line have dramatically declined at cities of all levels,
and the alleviation of urban poverty turns out to be the most successful in
Western regions.

The policy implications from our research are straight-forward. First, we
should accelerate urbanization orderly. Although the income disparity and
polarization of Prefecture-level cities drive the expanding of national urban
income gap, the income distribution of County-Level cities has been stably
shifting to the right and presenting a unique-peak shape. Therefore, the
development of small- and medium-sized County-Level cities has been of
important significance to promote improvement of traditional agriculture and
raise residents’ income. Second, cities in eastern regions have been leading in
economic growth for decades, nevertheless, the income gap between central and
western regions have been shrinking these years, mostly due to the
implementation of the Western Development Program. Therefore, more
investment in technological adoption, transport and other infrastructures,
education and human capital are needed to stimulate urban construction in inland
China. Third, although we have made great achievements in urban poverty
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alleviation, there are still a considerable proportion of urban residents living with
no more than 10 yuan per day, especially in County-Level cities and western
regions. More constructions of urban public utilities and social security system
should be in agenda to alleviate urban poverty.
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Appendix

Kernel Density

Mathematically, the kernel estimator f(x) is defined as f(x) = L},Z k(x ;l X; j
nm o

where
x;= data,

N = number of data points,

h = window width/smoothing parameter,

K = kernel/weighting function(assumed to be the normal distribution in this
paper).

The window width was chosen following the suggestion in Silverman (1986)
to be given by 7 =0.94N""°, where 4 =min (standard deviation, inter-quartile
range/1.34).
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