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ABSTRACT

China’s experience with high economic growth has undergone dramatic
change following the reforms initiated in 1978, which not only introduced eco-
nomic incentives, but also encouraged urbanization. Due to the rapid urbaniza-
tion that has taken place, it is particularly worth investigating the size distribu-
tion of Chinese cities. This study is thus an attempt to examine the size distri-
bution of China’s cities over the 1984-2008 period. The results indicate that
the size distribution of Chinese cities is more equal than would be predicted by
Zipf’s law. We also find that the size distribution of cities is more even for larger
cities than for smaller ones. According to our results, a possible explanation for
the more even distribution of large cities relative to the smaller ones is related
to China’s government expenditures and industrial structure. Finally, we find
that economic growth promotes population concentration, and that lower trans-
portation costs will promote population concentration.
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I. Introduction

Urbanization is a complex process by which a country’s organized communi-
ties become larger, more specialized and more efficient. Urbanization may result
from many factors of a demographic, economic, technological or environmental
nature. In the field of economics, urbanization creates a great number of job oppor-
tunities. It encourages surplus workers in rural areas to relocate to urban areas, thus
resulting in urbanization and the accompanying economic development. Urbaniza-
tion brings with it several consequences—both adverse and beneficial. It strongly
impacts the social population and the environment they are living in. Thus, urban-
ization is a highly relevant phenomenon that cannot be neglected.

Ever since the reforms that were initiated in 1978, China has experienced high
economic growth which has not only introduced economic incentives and opened
the economy to foreign trade and investment, but has also encouraged urbanization.
This can be seen in Table 1. Whilst China’s overall population has increased 1.38
times from 962.59 million in 1978 to 1,328.02 million in 2008, its urban population
has increased 3.5 times, from 172.45 million in 1978, to 606.67 million in 2008. In
1978 when the reforms began, China had 193 cities with only 17.92% of the total
population living in urban areas. By 2008, the number of cities had increased to
655, with 45.68% of the total population being located in urban areas. China imple-
mented a scheme for the development of the urban areas, which was based on the
guideline of “strict control of the large-sized cities, reasonable development of the
medium-sized cities, and aggressive development of the small-sized cities.” In the
1980s, the medium-sized cities and small-sized cities grew rapidly, and many sat-
ellite towns developed near the large-sized cities.

Rapid urbanization can also be observed by the increase in the number of cit-
ies. Chinese cities! are classified into five size categories according to their total
population. Table 2 shows the definitions and number of cities in each category and
the difference between the two periods, 1978 and 2008. As shown in Table 1, the
number of urban cities in China increased from 193 in 1978 to 655 in 2008. Having
experienced an increase in each category, in 1978 China had 10 super large-sized
cities, 19 very large-sized cities, 35 large-sized cities, 80 medium-sized cities and
49 small-sized cities. These numbers increased to 41, 81, 118, 151 and 264 in 2008.

1 There are three different administrative levels of cities in the Chinese urban system: county-level
cities, prefecture-level cities and central municipalities. Small settlements, such as towns and vil-

lages or lower administrative levels, are not treated as cities.
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Table 1. Urban population in China (1,000,000 people)

Year Total population Urban population Percentage urban Number of cities

1978 962.59 172.45 17.92 193
1980 987.05 191.40 19.39 223
1984 1034.57 240.17 23.01 295
1985 1058.51 250.94 23.71 324
1986 1075.07 263.66 24.52 348
1987 1093.00 276.74 25.32 382
1988 1110.26 286.61 25.81 430
1989 1127.04 295.40 26.21 449
1990 1143.33 301.95 26.41 466
1991 1158.23 312.03 26.94 477
1992 1171.71 321.75 27.46 517
1993 1185.17 331.73 27.99 570
1994 1198.50 341.69 28.51 622
1995 1211.21 351.74 29.04 640
1996 1223.89 373.04 30.48 665
1997 1236.26 394.49 31.91 666
1998 1247.61 416.08 33.35 664
1999 1257.86 437.48 34.78 665
2000 1267.43 459.06 36.22 659
2001 1276.27 480.64 37.66 657
2002 1284.53 502.12 39.09 641
2003 1292.27 523.76 40.53 653
2004 1299.88 542.83 41.76 655
2005 1307.56 562.12 42.99 656
2006 1314.48 577.06 43.90 656
2007 1321.29 593.79 44.94 656
2008 1328.02 606.67 45.68 655

Source: China Statistical Yearbook, 1999 and 2009 (NBS, 1985-2009), and authors’ calculations.
Note: Total population refers to the total number of people alive at a certain point of time within a
given area. The annual statistics on total population is taken at midnight, the 31st of December.
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Table 2. Number of cities for different sizes in 1978 and 2008

Size 1978 2008 Difference
Total number of cities 193 655 462
Super large-sized cities (above 2 million persons) 10 41 31
Very large-sized cities (between 1-2 million persons) 19 81 62
Large-sized cities (0.5-1 million persons) 35 118 83
Medium-sized cities (0.2-0.5 million persons) 80 151 71
Small-sized cities (less than 0.2 million persons) 49 264 215

Source: China City Statistical Yearbook (NBS, 2009).

Tables 1 and 2 indicate that China has experienced rapid urban growth over the
last 30 years.

An important consequence of urbanization is the change in the size distribu-
tion of cities. The central purpose of this study is to investigate the trend of the size
distribution of cities in China and factors that may contribute to the change in this
distribution. Auerbach (1913) first proposed that the size distribution of cities could
be represented by a Pareto distribution. Subsequently, Singer (1936) empirically
analyzed the size distribution of cities, followed by Zipf’s (1949) construction of
the theoretical foundation. In empirical studies, when cities are ordered by popula-
tion size, regressing the logarithm of their rank on the logarithm of their size yields
a slope coefficient, i.e., the Pareto exponent. The Pareto exponent is employed as a
measure of the population concentration of cities of different sizes. When the Pareto
exponent equals 1, we state that it satisfies Zipf’s law. To get an idea of how well
this works, consider the United States and how its cities are ordered in terms of the
size of their respective populations. According to Gabaix (1999), we show the plot
for the log of metropolitan area size against the log of rank (i.e., New York=1, Los
Angeles=2, etc.) for the 130 such areas listed in the Statistical Abstract of the United
States, 1993 in Fig. 1. The regression leads to the result that the slope of the fitted
line is equal to —1.003 and the R-squared is very close to 1, with a value of 0.986.

The related empirical studies in the literature can be classified into two major
categories. The first one is based on examining a single country, and the major issue
is to investigate whether the size distribution of cities follows Zipf’s law (for exam-
ple, Krugman, 1996 and Soo, 2007). The second category discusses the Pareto
exponent across countries and investigates the determinants of the Pareto exponent
(for example, Rosen and Resnick, 1980; Soo, 2005; Nitsch, 2005). However, there
are only a few studies that discuss the evolution of urban systems over time and
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Fig. 1. Plot of 130 American metropolitan areas listed in the Statistical
Abstract of the United States, 1993 (following Gabaix, 1999)
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that examine the factors which may influence the value of the Pareto exponent in
a single country.

Since China experienced rapid urbanization in the year 1978, it is worth inves-
tigating the size distribution of Chinese cities and discussing how the economic and
geographical factors affect the size distribution of the cities. Recently, several stud-
ies have examined the sizes of Chinese cities. For example, Song and Zhang (2002)
used data for Chinese cities for only the years 1991 and 1998 to investigate the size
distribution of Chinese cities and the changes that had taken place. However, there
are only a few studies (for example, Anderson and Ge, 2005) that investigate the
evolution of the size distribution of Chinese cities.

This paper has two purposes. First, we present the empirical results on the
Pareto exponent of China from 1984 to 2008. Second, we investigate the explana-
tions of the variation in the Pareto exponent. The remainder of the paper is orga-
nized as follows: Section 2 presents an overview of the previous literature and
examines the size distribution of cities with respect to the Pareto distribution. Sec-
tion 3 presents the empirical model, discusses the variables explaining the variation
in the Pareto exponent, and provides information regarding the data set. Section 4
discusses the empirical results. The last section concludes.
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II. Related literature

In 1913, Auerbach noted that the size distribution of cities could be represented
by a Pareto distribution. A number of studies have, since the time of Auerbach,
investigated whether the size distribution of cities follows a Pareto framework.
Among them, the first systematic empirical analysis of the size distribution of cities
was conducted by Singer (1936). He concluded that the size distribution of cities
follows a Pareto distribution, and the Pareto exponent can serve as a concise mea-
sure of population concentration. Zipf (1949), in his construction of a theoretical
foundation, proposed that there are two driving forces behind urban development:
(1) the force of diversification that causes population dispersal; (2) the force of uni-
fication, which enables population concentration. The Pareto exponent represents
the ratio of magnitude of the force of diversification divided by the magnitude of
the force of unification. If the force of diversification and force of unification are
virtually equal, we refer to it as Zipf’s law or the rank-size rule. In other words, low
values of the Pareto exponent imply that the city-size distribution has few large
cities and many small cities, which are less equally sized, while high values imply
a more equally sized city distribution.

Several studies have attempted to derive Zipf’s law (i.e., where the Pareto
exponent is equal to 1) theoretically for city-size distributions. Gabaix (1999), for
instance, indicates that if cities grow randomly with the same expected growth rate
and the same variance (Gibrat’s law), the limit distribution will converge to Zipf’s
law. Giesen and Stidekum (2011) attempt to analyze whether Zipf’s law holds for
the size distribution of German cities. They find that Gibrat’s law not only holds at
the national level in Germany, but also tends to hold in almost every region regard-
less of type. Moreover, they also find that both national and regional levels in Ger-
many tend to follow Zipf’s law. This is consistent with Gabaix’s (1999) theory.
However, Gan et al. (2006) find that Zipf’s law is a statistical phenomenon, and
therefore, it does not require an economic theory to determine city-size distributions.
The Pareto exponent has traditionally been estimated using the OLS estimator.
However, Gabaix and loannides (2004), using Monte Carlo simulations, found that
this estimator was biased in small samples and proposed using Hill’s estimator
(Hill, 1975). Gabaix and Ibragimov (2011) showed that a simple and practical
adjustment to the OLS estimator could correct the bias in small samples.

On the other hand, the related empirical studies in the literature can also be
classified into two major categories. The first category was to investigate Zipf’s law
on a single-country basis, for example, Krugman (1996) and Soo (2007). Krugman
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(1996) used 130 metropolitan areas listed in the Statistical Abstract of the United
States, 1993 and ranked them by population size before regressing the log of rank
on the log of population to obtain a slope equal to —1.003 (std. dev. 0.010) and
R?=0.986. He repeated the analysis for populations greater than 100,000, 250,000,
500,000, and 1 million, respectively, for the three years, 1890, 1940, and 1990. The
rank-size relationship is nearly linear in logarithmic form and the slope is very close
to —1. Soo (2007) performed a test of Zipf’s law using data for Malaysian cities
from 1957, 1970, 1980, 1991 and 2000 population censuses based on two estima-
tion methods—OLS and the Hill estimator. He found that, at the upper tail, cities
were becoming more equal in size to each other; that is, the Pareto exponent is
increasing over time, in contrast to the falling exponent when considering the
entire distribution.

The second category discusses the Pareto exponent for cross-country data and
investigates the factors that may influence the value of the Pareto exponent, that is,
the factors that cause population to disperse or alternatively concentrate. As in many
other cross-country studies, including Rosen and Resnick (1980), Soo (2005) and
Nitsch (2005), it has been pointed out that the Pareto exponent is significantly dif-
ferent from 1. Parr (1985) has shown evidence from 12 countries that the values of
the Pareto exponent tend to exhibit a U-shaped trend over time. The key empirical
article in comparisons across countries is Rosen and Resnick (1980), whose results
show that 32 out of 44 countries have Pareto exponents greater than unity and the
mean Pareto exponent is 1.136. They conclude that city sizes in most countries are
more evenly distributed than would be predicted by Zipf’s law. Their findings are
largely confirmed by Soo (2005), who uses a new dataset ranging from 1972 until
2001 for 73 countries that is combined with two estimation methods—OLS and the
Hill estimator. With either estimator, Zipf’s law is rejected for 53 out of 73 countries
using OLS, and for 30 out of 73 countries using the Hill estimator. The mean of the
Pareto exponent is approximately 1.11. As for the Hill estimator, the mean of the
Pareto exponent is 1.167, which is statistically different from the mean for the OLS
estimator. Nitsch (2005) applies meta-analytic procedures to summarize the empiri-
cal findings on Zipf’s law for cities. The meta-analysis combines 515 estimates
from 29 studies, covering a wide range of different territories and time periods. His
findings are that the Pareto exponent is on average larger than 1, and close to 1.1,
also implying that cities are on average more evenly distributed than suggested by
Zipf’s law. This finding is remarkably similar to the results from the cross-country
studies by Rosen and Resnick (1980) and Soo (2005).

The Pareto exponent is employed as a measure of population concentration
among cities of different sizes. If on the one hand obtaining the value for the Pareto
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exponent for different countries is interesting in itself, it ensures that there is great
interest in investigating the factors that may influence the value of the Pareto expo-
nent on the other. For instance, Rosen and Resnick (1980) found that the Pareto
exponent is positively related to per capita GNP and total population, but negatively
related to railway mileage density and land area. Subsequently, a cross-country
study by Alperovich (1993) using values of the Pareto exponent from Rosen and
Resnick (1980) found that it is positively related to per capita GNP, population
density, and land area, and negatively related to the government share of GDP, and
the share of manufacturing value added in GDP. Recently, Soo (2005) also indicated
that the variation in the values of the Pareto exponent is better explained by political
economy variables than by economic and geographical variables.

Recently, Song and Zhang (2002), using data for Chinese cities in 1991 and
1998, investigated the size distribution of Chinese cities and its changes. They found
that Chinese cities became more evenly distributed in the 1990s. This finding sug-
gests that the sizes of new cities made cities in the full sample appear more evenly
distributed. They also proposed some economic and institutional factors that may
affect the urban system and the patterns of urban growth. Differing from previous
investigations which were based on fixed sample data, Peng (2010) used rolling
sample regression methods in which the sample was changing with the truncated
point. He found that the Pareto exponent was almost monotonically decreasing in
the truncated point for the rolling rank regressions; the mean estimated coefficient
was 0.84 for the full dataset, which is not so far from 1.

Urbanization is a complex process by which a country’s organized communi-
ties become larger, more specialized and more efficient. Initially, the process of
production activities and economic development create a tribe. Then tribes evolve
into agricultural villages. After the industrial revolution, a great number of job
opportunities were created in urban areas encouraging workers in rural areas to relo-
cate to urban areas, thus resulting in urbanization and the accompanying economic
development. As more and more economic activities are concentrated in cities, it
will promote population concentration in urban areas, and therefore urban growth.

With regard to the city size distribution, Gabaix (1999) indicates that if cities
grow randomly with the same expected growth rate and the same variance (Gibrat’s
law), the limit distribution will converge to Zipf’s law. However, urban development
has a close relationship with the size of the country, natural resources, population
and economic growth. Thus, a number of studies used several economic variables
to investigate what factors may influence the city-size distributions, namely what
factors cause population to disperse or alternatively concentrate (Rosen and Resn-
ick, 1980; Alperovich, 1993; Soo, 2007). They found city-size distributions could



Zipf’s Law and City Size Distribution in China 533

be explained by per capita GNP, population density, government share of GDP, level
of industrialization, and railway mileage density. As mentioned above, Zipf’s law
is not only statistical but also has economic implications.

As in many other studies, this paper acknowledges the Pareto distribution as
being a good approximation to the size distribution of cities in the real world. More-
over, many theoretical works have attempted to derive Zipf’s law for city-size dis-
tributions. There are many empirical studies examining the size distribution of cit-
ies, of which a number of studies investigate cross-country or single country com-
parisons over different short periods. However, there have been very few studies
on the size distribution of cities in individual countries using long-term time series
data. Since China has faced rapid urbanization beginning in the 1980s, it is worth
investigating the size distributions of Chinese cities and discussing how economic
and geographic factors affect these distributions.

III. Model and data

The form of the size distribution of cities as first suggested by Auerbach (1913)
is based on the following Pareto distribution:

y=Ax"*, (1)

where x is the population of a city; y is the rank of the city as cities are ordered from
the largest to the smallest; 4 is the constant term; and « is the Pareto exponent. A
popular way to estimate the Pareto exponent is to run the following OLS log-log
rank-size regression:

log y=log A—a log x. (2)

According to Singer (1936) and Zipf (1949), we know that the Pareto exponent, a
(a>0), is employed as a measure of population concentration among cities of dif-
ferent sizes. Larger values of the Pareto exponent imply more equally sized cities.
On the other hand, smaller Pareto exponents mean less equal city sizes.

Although the above estimator is a popular means of estimating the Pareto
exponent, as Gabaix and loannides (2004) showed, this approach provides biased
estimates in small samples. Gabaix and Ibragimov (2011) derived a simple and
practical solution to correct this bias. They showed that a shift of 1/2 for the rank
is optimal and could cancel the bias up to a leading order. Therefore, it is better to
estimate equation (3) instead of equation (2):

log(y—1/2)=log A—a'log x. (3)
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They further showed that the standard error on the Pareto exponent is not the OLS
log-log rank-size regression standard error, but is asymptotically a'y/2/n, where n is
the corresponding sample size. The OLS log-log rank-size regression for equation
(2) considerably underestimates the true standard error of the Pareto exponent, too
often leading to the rejection of the true numerical value of the Pareto exponent.

The second purpose of this study is to explain the variations in the Pareto expo-
nent over time. We control for the variables that could influence the size distribution
of cities over time, including transport costs, land rent, scale economies, and level
of development, etc. The empirical model in our estimation will be:

0,=f(URDEN,, PCAR,, GOV,, 2ND/3RD,, PGDP,, u,), (4)

where 7 is the index for the year; URDEN is the population density of urban area;
PCAR is the per capita passenger cars; GOV is the percentage of the local govern-
ment’s expenditure in total government expenditure; 2ND/3RD is the ratio of man-
ufacturing output relative to services output; and PGDP is the index of per capita
gross domestic product calculated at constant prices and the year 1978 =100. The
dependent variable is the Pareto exponent obtained from equations (2) and (3).

As more and more economic activities are concentrated in cities, firms and
households start to suffer from higher land rents and more congestion. This provides
an incentive for firms and households to relocate from the congested centers to the
relatively uncluttered periphery. Thus, we use the variable URDEN to capture the
land rent. Higher population density of an urban area means higher land rent. It is
therefore expected that higher land rents will promote population dispersal and the
estimated coefficient of URDEN will be positive.

Furthermore, since firms want to earn maximal profits and the higher transport
costs imply higher distribution costs for firms, firms will as a result be motivated
to move away from core cities to peripheral areas where demand is relatively high
to reduce distribution costs. For households the measure of transport costs is simi-
lar to the degree of convenient transportation which thereby indicates the quality
of urban life. As mentioned above, the transport cost is captured by PCAR. Fewer
per capita passenger cars means a higher transport cost. We can therefore expect a
higher transport cost to cause population dispersal, and the coefficient of PCAR
will be negative.

Several empirical studies have attempted to examine the determinants of city
growth (Glaeser et al., 1995; Anderson and Ge, 2004). Anderson and Ge (2004)
stated that in the early stage of industrialization, manufacturing cities tend to expand
more quickly than service-oriented cities. As the economy industrialized, its struc-
ture begins to shift from a manufacturing to a service sector economic base. The
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service sector will create a great number of job opportunities and absorb a large
number of agricultural sector and manufacturing sector laborers. The service sector
may be more skill-intensive than the manufacturing industries and thus grow faster.
After industrialization, the service-oriented cities tend to expand more quickly than
manufacturing cities. Thus, Anderson and Ge (2004) used the ratio of manufactur-
ing output relative to service output to investigate how the manufacturing sector
and service sector affect urban growth. They found that the population growth is
negatively related to the ratio of manufacturing to service output, implying that
expansion of the service sector brings higher growth opportunities and attracts
more migrants.

Based on the past related literature, which indicates that industrial structure
in an economy may play an important role in urban growth, we use the ratio of
manufacturing to service output (2ND/3RD) to investigate the importance of the
manufacturing sector relative to the service sector for population dispersal or con-
centration.

Government expenditures can affect the quality of urban life, as higher gov-
ernment expenditures imply better public amenities and health care systems. They
give people incentives to relocate to large cities to enjoy a better quality of urban
life. This study adopts the local government expenditure in total government expen-
diture’ to measure the role and impact of governments on the city-size distribution.
The role and impact of government expenditures on the city-size distribution is
represented by GOV and its squared term GOV2, as the effect of GOV on population
concentration is non-linear. We can therefore expect that higher government expen-
ditures will promote population concentration and the estimated coefficients on
GOV will be negative, and the estimates of GOV?2 will be positive.

In initial phases of development, economic growth promotes population con-
centration. Core cities usually have sufficient resources, so production and popu-
lation tend to relocate to those core cities experiencing the highest economic devel-
opment. During phases of low levels of development, the population will become
more concentrated. In phases with high levels of development, the benefit to con-
centration at core cities begins to decline. Thus production and population tend to

2 Because the total government expenditures include the expenditure from the central government,
which has a wide variety of national expenditure, such as national defense, the administrative
expenses, and various operating expenses at the level of central government, we exclude the
expenditures from the central government to focus more on local issues. The expenditure of the
local governments focuses more on improving the quality of urban life, which is closer to our

intention in this study.
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relocate to peripheral cities to obtain more benefits. Thus, the high development
phases promote population dispersal. As mentioned above, the level of development
is measured by PGDP. We can therefore expect the estimated coefficient for PGDP
to be positive.

As noted earlier, we first estimate the Pareto exponent to measure the size
distribution of cities for each year. Second, we explain the variations in the Pareto
exponent over time. In the first stage, we use a data set for the Chinese city popu-
lation from 1984 to 2008 obtained from the China City Statistical Yearbook, China
Population Statistical Yearbook, and China Population and Employment Statistical
Yearbook (NBS, 1985-2003; 2004-2006; 2008-2009).

There are three different administrative levels of cities in the Chinese urban
system: county-level cities, prefecture-level cities and central municipalities. For
cities at the prefecture-level and above, information on both “Shiqu” (urban areas)
and “Diqu” (urban areas and rural areas) are reported. Regarding city population,
there are four categories in the China City Statistical Yearbook (NBS, 1985-2003)
including: (1) total population in Shiqu; (2) total population in Diqu; (3) non-agri-
cultural’® population in Shiqu; and (4) non-agricultural population in Diqu. Since
the data for the third category is the most complete, this paper uses data on the
non-agricultural population in urban areas (Shiqu) to measure the city size. Data
pertaining to the year 2006 are limited to the China Population and Employment
Statistical Yearbook (NBS, 2008-2009), which does not report data on non-agri-
cultural population in county-level cities, and thus we omit data for this year.

Regarding the sample selection, Rosen and Resnick (1980) suggested two
possible criteria to choose the cut-off for the sample of cities: (1) a fixed number
of cities; and (2) a fixed population size threshold. Wheaton and Shishido (1981)
also suggested a third criterion where the sample only accounts for some given
proportion of the country’s population. However, it is easy to see that the other
two criteria are problematic: the first being because the number of urban cities in
China has increased dramatically from 193 in 1978 to 655 in 2008. Thus, using the
first criterion to explore the size distribution of cities is inappropriate. Second, the
total population in China has increased from 962.59 million in 1978 to 1,328.02
million in 2008. Hence using the third criterion to explore the size distribution of
cities will cause the sample size to be quite different in each year. Thus the third
criterion is also inappropriate. In our study we use the second criterion to explore
the size distribution of cities. That the number of cities increases over time is an

3 The non-agricultural population is those engaged in non-agricultural vocations and children

brought up by non-agricultural workers.
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important feature of the Chinese urban system.

The threshold in our study is set at average size of Chinese cities for each year
(as shown in column 3 of Table 3). Table 3 provides a background summary of the
changes in the number and average size of Chinese cities from 1984 to 2008.

Data for the second stage regression, which seeks to uncover the factors that
influence the Pareto exponent, PCAR, GOV, 2ND/3RD and PGDP are obtained
from the China Statistical Yearbook (NBS, 1985-2009), and URDEN is obtained
from the China City Statistical Yearbook, China Population Statistical Yearbook,
and China Population and Employment Statistical Yearbook (NBS, 1985-2003;

Table 3. Summary statistics of Chinese city size (10,000 people)

Number of  Meancity  City size standard ~ Minimum city =~ Maximum city

Year cities size deviation size size
1984 295 37.3312 66.2299 0.67 672.57
1985 324 36.4970 65.0557 0.25 687.13
1986 348 35.0398 64.3861 0.04 698.73
1987 382 33.9460 63.5186 0.26 711.13
1988 430 32.3319 61.6566 0.29 722.86
1989 449 32.5383 61.9405 0.44 743.45
1990 466 32.2508 61.7009 0.31 749.65
1991 477 32.3167 61.6548 0.35 752.82
1992 517 31.7980 60.0030 0.41 756.1
1993 570 31.0692 59.3067 0.59 810.35
1994 622 30.8124 58.0956 0.47 82491
1995 640 31.2747 58.5645 0.51 833.8
1996 665 31.2468 58.3826 0.52 841.75
1997 666 32.0926 59.8207 0.54 868.79
1998 664 33.7423 64.3778 0.55 893.72
1999 665 33.5301 63.3881 1.44 923.19
2000 659 34.4962 65.5735 1.48 938.21
2001 657 35.9092 68.2602 1.56 983.84
2002 641 39.0441 72.3850 3.96 1003.08
2003 653 41.5796 77.6635 1.5825 1024.993
2004 655 43.6127 82.5349 1.5773 1079.997
2005 656 45.9547 87.2034 1.5679 1128.371
2007 656 48.1736 92.5890 1.61 1174.053

2008 655 49.0951 94.2752 1.6295 1192.237
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2004-2006; 2008-2009). Table 4 lists the definitions of the variables used in the
study, their descriptive statistics, and expected signs.

Table 4. Descriptive statistics

Variable Label Sing Mean Std.
Non-agricultural population in urban area X
The rank of the city Y

Total population of urban area divided by urban
area (population density of urban area)

Per capita passenger cars PCAR - 0.011645 0.009441
The percentage of the local government expendi-
ture in total government expenditure (%)

Square of the expenditure of the local government GO + 4628.47 874.5394
The ratio of manufacturing output relative to ser-
vices output

Indices of per capita gross domestic product PGDP — 481.8756 292.1119

URDEN + 268.6364 20.92824

GOV — 67.7166 6.693158

2ND/3RD  — 1.314409 0.158451

IV. Empirical results

In this section, we first present the empirical results for the Pareto exponent
from 1984 to 2008, and then follow the two regressions (i.e., Eq. (2) and Eq. (3))
described in Section 3. Lastly, we seek to explain the variation in the Pareto expo-
nent.

A. Pareto exponent for cities

We calculate the two previously mentioned measures for the entire period
from 1984 to 2008, and the results are displayed in Fig. 2. The Pareto exponents
for China’s cities are decreasing from 1984 to 1986 and then exhibit a slight upturn.
This implies that the size distribution of cities is relatively even. After 1994, the
value of the Pareto exponent was significantly greater than 1, implying that the size
distribution of Chinese cities is more equal than would be predicted by Zipf’s law.

In 1980, Chinese authorities announced a development scheme for its urban
areas at a national urban planning conference. It focused on how to balance urban
and rural development and how to avoid some of the disadvantages of urban devel-
opment. The urban developmental strategy indeed focused on controlling the large-
sized cities and encouraging growth of small-sized cities. The guideline for the
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Fig. 2. Evolution of estimations of the Pareto exponent estimated by
Eq. (2) and Eq. (3)
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scheme was based on the rule of “strict control of the large-sized cities, reasonable
development of the medium-sized cities, and aggressive development of the
small-sized cities.” To investigate the above scenario, we then drew a distinction
between large and small cities using a criterion of population size threshold. The
threshold in the study is set at the average size of Chinese cities for each year,
which means the threshold will shift from year to year. Cities with population
greater than the average size of Chinese cities are called large cities, and cities
with populations below the average are called small cities.

Fig. 3-1 and 3-2 both plot the Pareto exponent for large cities and small cit-
ies from Eq. (2) and Eq. (3), respectively. Unlike in Fig. 2, in Fig. 3-1 the Pareto
exponent only for small cities is decreasing from 1984 to 1986 and then exhibits a
slight upturn. Higher values imply that the size distribution of cities is becoming
more even. After 2002, the value of the Pareto exponent began to decrease again.
Overall, the Pareto exponents for small cities are less than 1. This implies that the
size distribution of Chinese cities is more uneven than would be predicted by
Zipf’s law. However, the Pareto exponent for large cities is more stable than that
for the full sample (Fig. 2) and small cities (Fig. 3-1). It is greater than 1 and
roughly about 1.4. This indicates that large cities are more evenly distributed than
would be predicted by Zipf’s law. Fig. 3-2 plots the result from Eq. (3); the trend
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Fig. 3-1 The Pareto exponents for large cities and small cities from Eq. (2)
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Fig. 3-2 The Pareto exponents for large cities and small cities from Eq. (3)
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for Eq. (3) is generally showing a similar pattern.

Table 5 summarizes the results for the Pareto exponent using Eq. (2) and Eq.
(3). Even though the two approaches have a similar evolution, there are subtle dif-
ferences between them. The OLS log-log rank-size regression estimated coeffi-
cients, the mean and standard errors of a, are more strongly downward biased in
small samples for large cities compared with the sample size comprising all cities
with small cities (a detailed result of the Pareto exponent in each year is given in
the Appendix).

Table 5. Descriptive statistics of Pareto exponents

All cities Large cities Small cities

! r !

a a a a a a

Mean | 0.984319 0.999963 | 1.376388 1.443987 | 0.613659 0.614719
Std. Dev. | 0.078382 0.077187 | 0.027292 0.024391 | 0.085946 0.085983
Min. 0.795526 0.812142 | 1.321747 1.395172 | 0.406435 0.406435
Max. 1.093388 1.109107 | 1.420635 1.481374 | 0.767428 0.768621
Obs. 24 24 24 24 24 24

Note: a is the estimated Pareto exponent using Eq. (2) and o is the estimated Pareto exponent using
Eq. (3).

In this study discussed above, we can see that the mean of the Pareto exponent
for large cities is larger than that for small cities, and the mean of all cities lies
between that for large cities and small cities. Overall, Chinese cities have become
more evenly distributed than before. Besides, these findings indicate that the size
distribution of cities is more even for large cities than for smaller cities. In the next
section we will investigate what caused the large cities to be more evenly distributed
than the smaller ones.

B. Explaining variation in the Pareto exponent

As discussed above, we find that large cities are more evenly distributed than
the smaller ones, and thus a secondary purpose of this study is to explore the deter-
minants of city-size distribution based on Eq. (4). In anticipating that the factors
determining the city-size distribution of large cities would be different from those
of small cities, we fitted the model differently to the large cities from small cities.

Table 6 presents the empirical results using Eq. (2) and (3) to estimate the
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Pareto exponent as the dependent variable. Columns (1), (2), (3) and (4) report the
results for large cities. Columns (5), (6), (7) and (8) report the results for small cities.
The factors determining the city-size distribution of large cities are quite different
from those for small cities. For large cities the five variables PCAR, GOV, GOV2,
2ND/3RD and PGDP yield significant estimates, but GOV, GOV2 and 2ND/3RD
turn out to be insignificant in the case of small cities. For small cities, the two
variables PCAR and PGDP yield significant estimates. The estimate for URDEN
is insignificant in both cases of large cities and small cities.

The variable URDEN is used to capture the land rent. The estimate for URDEN
is insignificant in the case of both large and small cities. This implies that in both
cases of large cities and small cities the land rent is not the main factor affecting the
city size distribution.

The coefficient of PCAR is negative and significant in the case of large cities
and small cities indicating that higher per capita passenger cars means lower trans-
port cost, and lower transport cost will promote population concentration.

The role and impact of government on city-size distribution is represented by
the pair GOV and its squares. The findings indicate that the coefficient of GOV is
negative, while the coefficient of GOJ2 is positive, and both are significant in the
case of large cities. This suggests that higher government expenditures will promote
population concentration in the case of large cities. The government expenditure
variable GOV and its squares, however, are insignificant in small cities. This implies
that in the case of small cities the government expenditure is not the main factor
that affects its city size distribution.

We use the ratio of manufacturing output relative to service output to investi-
gate how the manufacturing sector and service sector affect the size distributions
of Chinese cities. The result shows that the estimated coefficient of 2ND/3RD 1is
positive and significant in the case of large cities, implying that expansion of the
service sector would promote population concentration. That is, expansion of the
service sector will bring higher growth opportunities and attract more migrants in
the case of large cities. However, 2ND/3RD is insignificant in the case of small
cities.

The level of development is measured by PGDP; the result indicates that
PGDP is highly significant and positive in the case of large cities and small cities.
Accordingly, our findings provide support that in initial phases of development,
economic growth promotes population concentration. Since core cities usually have
sufficient resources, production and population tend to relocate to those core cities
experiencing the highest economic development, thus causing the population to
become more concentrated.
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V. Conclusions

In the urban economics literature, a number of studies have emerged seeking
to explain how and why the size distribution of cities differs across countries.
While many studies in the literature analyze the size distribution of cities for single
countries and in different periods, few investigate the size distribution of cities with
time series data for a single country. In this paper, we have attempted to examine the
size distribution of Chinese cities over the period from 1984 to 2008. We have also
formulated and estimated a model that is designed to explain the processes and
factors standing behind and shaping the size distribution of cities.

Two of these findings can be briefly summarized as follows. First, we present
the empirical results regarding the evolution of the Pareto exponent for China from
1984 to 2008. Furthermore, we find that the size distribution of large cities is more
stable and roughly about 1.4. However, compared to large cities, the size distribution
of small cities experiences some fluctuation, and is less than 1 and roughly about
0.7. The results therefore indicate that the size distribution of cities is more even for
large cities than for smaller cities. Overall the Chinese cities have become more
evenly distributed than before. These findings agree with those of Song and Zhang
(2002), who observed that the Chinese cities had become more evenly distributed.
The present study enhances Song and Zhang’s (2002) findings by providing a much
more detailed examination of Chinese cities. We explain the processes and factors
that lie behind and shape the distribution of city size. Furthermore, we investigate
what caused the large cities to be more evenly distributed than smaller cities.

Second, as discussed above, we find that both large cities and small cities have
two variables, PCAR and PGDP, that yield significant estimates. The coefficient
of PCAR is negative and significant. This implies that lower transport cost will
promote population concentration and hence city size will be more unevenly dis-
tributed. The level of development is measured by PGDP. As expected, at lower
levels of PGDP the relationship will be positive, which means in initial phases of
development, economic growth promotes population concentration.

In this paper, we find that the factors determining the city-size distribution of
large cities are quite different from those for small cities. The role and impact of
government on city-size distribution is represented by the pair GOV, and its squares
are significant in the case of large cities, but turn out to be insignificant in the case
of small cities. Since large cities usually have better public amenities, health care
systems and sufficient resources compared to small cities, population tends to relo-
cate to those large cities experiencing the highest quality of urban life.
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We also find that industrial structure in an economy play an important role in
city size distribution, especially in the case of large cities. Expansion of the ser-
vice sector would promote population concentration, that is, expansion of the ser-
vice sector will bring higher growth opportunities and attract more migrants in the
case of large cities. The estimate for URDEN is insignificant in both cases of large
cities and small cities. It implies that in both cases, the land rent is not the main
factor affecting the city size distribution. One reason for this result could be that
large cities have sufficient resources and better quality of urban life, so they have
higher growth opportunities than small cities. Thus, even if firms and households
suffer from higher land rents and more congestion, they still prefer to locate in
large cities.

In conclusion, transportation costs and the level of development have had a
significant effect on the size distribution of cities. A possible explanation for larger
cities being more evenly distributed than smaller cities is that the quality of urban
life and expansion of the service sector bring higher growth opportunities and
attract more migrants. Thus, government policy and industrial structure may play
an important role in finding ways to reduce the sizes of cities.
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Appendix: Results of OLS regression of Eq. (2) and (3)
(1) All cities

Year Cities a s.e a' s.e Cities a

1984 295  0.891483 0.017445 0.912649 0.075146 69 1.371986
1985 324 0.855572 0.019448 0.874545 0.068711 73 1.369760
1986 348  0.795526 0.020239 0.812142 0.061568 83 1.347026
1987 382  0.881673 0.016803 0.899211 0.065065 87 1.341184
1988 430  0.926931 0.015437 0.944195 0.064394 99 1.321747
1989 449  0.925869 0.015322 0.942543 0.062906 105  1.338571
1990 466 0916601 0.015264 0.932610 0.061097 108  1.341942
1991 477  0.920616 0.015031 0.936411 0.060635 110  1.351779
1992 517 0.947940 0.014798 0.963415 0.059922 120 1.371146
1993 570 0.985468 0.013887 1.000681 0.059275 130  1.380482
1994 622  1.007005 0.013489 1.021640 0.057932 139  1.406499
1995 640  1.022707 0.013286 1.037327 0.057988 145  1.407253
1996 665  1.037625 0.012536 1.052051 0.057695 152 1.410904
1997 666 1.032353 0.012873 1.046682 0.057358 153  1.420635
1998 664  1.033980 0.012245 1.048406 0.057539 149  1.382757
1999 665 1.074813 0.011673 1.089987 0.059776 139 1.403004
2000 659 1.074473 0.011733 1.089766 0.060035 149  1.389344
2001 657 1.058397 0.011619 1.073370 0.059222 146 1.385346
2002 641  1.093388 0.009790 1.109107 0.061953 142 1.410879
2003 653  1.039071 0.010653 1.053509 0.058304 149 1.393545
2004 655 1.035849 0.010696 1.050245 0.058034 149  1.382879
2005 656 1.019075 0.010635 1.033092 0.057043 152 1.393621
2007 656  1.022459 0.010266 1.036574 0.057235 149  1.358233
2008 655 1.024774 0.010307 1.038954 0.057410 145  1.352793
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(2) Large cities (3) Small cities
s.e o' s.e Cities a s.e o' s.e

0.018384 1.469795 0.250234 226  0.545552 0.016159 0.547335 0.051489
0.017860 1.463734 0.242279 251 0.485277 0.017809 0.486731 0.043448
0.016706 1.431691 0.222242 265 0.406435 0.017605 0.406435 0.035309
0.016003 1.422709 0.215711 295  0.516414 0.016263 0.517727 0.042629
0.014528 1.395172 0.198301 331  0.554503 0.016486 0.555750 0.043200
0.013464 1.410516 0.194670 344 0.546280 0.015922 0.547447 0.041742
0.013191 1.412789 0.192256 358 0.537051 0.015355 0.538159 0.040224
0.012951 1.422389 0.191795 367 0.542871 0.015058 0.543968 0.040156
0.011349 1.439019 0.185777 397  0.556253 0.015165 0.557284 0.039555
0.009522 1.445909 0.179343 440  0.593891 0.014547 0.594899 0.040108
0.008477 1.470606 0.176402 483  0.612767 0.013830 0.613732 0.039493
0.008080 1.469458 0.172579 495  0.621809 0.013888 0.622754 0.039585
0.007819 1.471223 0.168761 513  0.641909 0.013053 0.642849 0.040139
0.007673 1.481374 0.169369 513 0.629366 0.013320 0.630284 0.039354
0.008493 1.442117 0.167079 515  0.649928 0.013336 0.650889 0.040562
0.008348 1.466867 0.175954 526  0.714954 0.012820 0.716046 0.044153
0.007644 1.449642 0.167951 510  0.692238 0.012655 0.693269 0.043414
0.008627 1.445886 0.169228 511  0.687295 0.012532 0.688329 0.043063
0.009552 1.473551 0.174878 499  0.767428 0.010469 0.768621 0.048661
0.010292 1.452539 0.168287 504 0.691910 0.011392 0.692951 0.043652
0.009492 1.441455 0.167002 506 0.686553 0.011391 0.687582 0.043228
0.009188 1.451954 0.166550 504 0.670345 0.010882 0.671343 0.042291
0.010167 1.415038 0.163942 507 0.685314 0.010949 0.686345 0.043108
0.010691 1.410263 0.165627 510 0.691476 0.010928 0.692530 0.043368
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