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The Empirical Size Distribution of Chinese Cities



Guohua Peng∗



ABSTRACT In this paper we find that Gibrat's law does not hold while Zipf's law holds only over certain sub-sample size ranges in the upper tail of Chinese city size distribution. Furthermore, using a rolling sample method, the estimated Pareto coefficient is almost monotonously decreasing in the truncated sample population. Goodness-of-fit tests show that there is no theoretical distribution can provide good fit to the Chinese city data, however.
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1. Introduction



The well known Zipf's law concerning the size distribution of cities has been widely investigated across countries and over time. In the upper tail of city size distribution a Pareto distribution could be a good approximate to the data and Zipf's law appears when the shape parameter of the distribution equals to 1 as Zipf (1949). Many researchers have provided theoretical explanations for the Zipf's law such as Gabaix (1999), Eeckhout (2004) among others. Gabaix (1999), a significant contribution, shows that the distribution of city size will converge to Zipf's law under the proportional growth process (Gibrat's law). He also suggests that the deviations from an exponent of 1 would be the case of deviation from Gibrat's law. Eeckhout (2004), another important contribution, using the Census 2000 data for the entire size distribution shows that the lognormal distribution arises from Gibrat's law for all cities, and Zipf's law can be a
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statistical phenomenon in the upper tail of the lognormal distribution with its power coefficient sensitive to the truncation point. Although Gibrat's law is a condition of Zipf's law both in Gabaix (1999) and Eeckhout (2004), these two explanations are very different that in Gabaix (1999) the reason of estimated power coefficients deviation from 1 is of violation Gibrat's law while in Eeckhout (2004) it is of the change of truncation point. Ioannides and Overman (2003) provide empirical evidence to support the validity of Gabaix (1999) while Eeckhout (2004) himself has robust evidence of the lognormal distribution. In this paper we test the validity of Zipf's law for cities using recent city data of China which is very interesting because of its rapid urbanization with the largest population in the world. Although Chinese urbanization percent is steadily increasing in recent years, a striking feature of China is the low proportion of the population (about 30%) resides in cities comparing to that of developed countries (for instance 80% in the United States).The main channel of urbanization process in China is not the birth of new cities but expansion of existing ones during this period, however. First, in order to remedy the OLS bias the improved OLS estimation proposed by Gabaix and Ibragimov (2006) is adopted in this paper. Using a rolling sample method which has an advantage of explicitly uncovering the variation pattern of exponent coefficients, it finds that the Pareto exponent is decreasing in the truncated point except for the very upper tail of a full sample size about 650 cities each year, which is in accordance with Eeckhout (2004). Goodness-of-fit tests suggest that the underlying distribution is not lognormal, however. Although the Pareto exponent is not significant different from 1 when the truncation point is about in the range of 400 to 600, goodness-of-fit tests show that the corresponding sub-sample is not Pareto distribution even Zipf's law holds. Second, parametric and non-parametric methods are performed to test whether Gibrat's law is hold. The results are that the growth is not independent of size. This paper is organized as follows: Section 2 describes the data and the methods. Section 3 presents the results of Zipf's law, and section 4 performs the parametric and non-parametric regressions of growth on size. Section 5 concludes.
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2. Data and methods



2.1 Data This paper uses a recent data set of Chinese city population from 1999 to 2004 obtained from the Chinese Urban Statistical Yearbooks (State Statistical Bureau, 2000-2005). The Yearbooks report three administrative levels of cities such as province-level, prefecture-level and county-level. Whether a settlement is defined as a city is up to the political and economic criteria and it is very difficult for a non-city place to become a city in China which can't be reported in the Yearbooks even if its population is larger than those of places treated as cities. This is only the probable case for some counties or towns bigger than small cities so it will not affect heavily the upper tail of city size distribution, however. There are two types of population information in the Yearbooks: Shiqu, that is urban area, and Diqu, that is urban area plus rural area belong the city's jurisdiction. This paper uses the population of Shiqu where most of the people of a city reside. Our sample period begins from 1999 to 2004 because before 1999 the Yearbooks don't have data of county-level cities. Another consideration is that during this period there are few new cities entering the system, for example, there are 926 cities or about 95 percent in 1999 identical with those in 2004. And the third reason is to provide newer evidence on Zipf's law due to Soo (2005). Table 1 reports the descriptive statistics of Chinese city size. The number of cities recorded in the Yearbooks is about 650, from the least number of 592 cities in 2000 to the largest 664 cities in 20011. The minimum city size is from 9,000 persons in 2003 to 16,000 persons in 2004. And the largest city size is from 11,272,200 persons in 1999 to 12,891,300 persons in 2004, which is the same city named Shanghai located in Yangzi River delta in the east of China. The urbanization percent is steadily increasing from 25.50 to 31.82, that is, about 93.9 million more persons live in existing cities during these years. Nevertheless, as mentioned above, a striking feature of China is the low proportion of the population resides in cities comparing to developed countries such as the United States where 80% of the population live in urban agglomerations.
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The reason why the number of cities is different in each year especially in 2000 is not death or birth of cities but missing data in the Yearbooks. 3



2.2 Methods Zipf's law also called rank size rule, states that the population size P( r ) of a city in the decreasingly ordered sequence of n cities with their population P(1) ≥ " ≥ P( r ) ≥ " ≥ P( n ) is inversely proportional to the rank of the size of the city (r). Zipf's law is obtained when estimated power coefficient of Pareto distribution is equal to 1. An OLS regression of the log rank r on the log size P( r ) gives a test of Zipf's law:



ln r = C − β ln P( r ) + ε r



(1)



The estimated β is not significant different from 1 suggests that Zipf's law is hold. We use OLS method to test Zipf's law with a rolling sample method. That is, as usual we estimate exponent coefficient



β by OLS, in addition, we will repeat the estimation process



using a moving truncation point, that is, the start point of each sub-sample is fixed at the largest city and the truncation point moves down one city every time, so the sub-sample size is increasing one each time. For example, in table 1 the full sample size is 654 in 2004, these cities will be ordered decreasingly from the largest city of Shanghai (12,891,300 persons) to the smallest city named Shaoshan (16,000 persons) where is the birth place of chairman Mao. The first sub-sample size of the regression (1) is n1 , the 15 largest cities for instance; then the second sub-sample is



n2 = n1 + 1 , the 16 largest cities, the third is n3 = n2 + 1 , or 17 largest cities, and so on, until the last sub-sample is 654 cities which is just the full sample size. We will get 640 (=654-15+1) estimated exponent coefficients of



β for 640 times of repeating regressions with such rolling



sample method. The advantage of the rolling sample method is that it could explicitly show the variation pattern of exponent coefficients. As mentioned above, the variation pattern is very different based on different theoretical explanations, Gabaix (1999), for example, suggests that the variation of estimated power coefficients is due to bigger variance while Eeckhout (2004) thinks it is because of underlying lognormal distribution. It is well known that the OLS estimated coefficient and the standard error are strongly biased downward in small samples, thus leading one to reject Zipf's law much too often, Gabaix and 4



Ioannides (2004). Fortunately, there is a remedy for this problem provided by Gabaix and Ibragimov (2006). They show that a shift of 0.5 for the rank is optimal and could cancel the bias up to a leading order. Furthermore, the standard error on the Pareto exponent equals to (2 / ni )



0.5



βˆ , where ni is the corresponding sub-sample size. Therefore, the regression (1)



becomes regression (2):



ln(r − 0.5) = C − β ln P( r ) + ε r



(2)



The constant term could be written as K = ln ni + β ln P( ni ) , where ni is the i-th sub-sample size, and P( ni ) is the population of the smallest city included in the i-th regression, or the population of the truncation point city, (see Eeckhout, 2004, for details). It is of interest to point out that the constant C is not the expected size of the largest city which will not change in the rolling sample process, on the contrary, the constant C is related to the sample size and to the population of the truncation point city which will be changing in the process of sample rolling. We will return to it below.



3. Results



We estimate the equation (2) using the rolling sample method with the beginning sub-sample size of 15 for each year separately, and get 649, 578, 650, 641, 636, and 640 exponent coefficients respectively. Table 2 reports the parts of results. When the estimate sub-sample is the top 100 cities, the value of the Pareto exponent is about 1.80 (1.81 for 1999, 1.83 for 2000, 1.81 for 2001, 1.85 for 2002, 1.78 for 2003, and 1.79 for 2004). With the rolling sample size increasing, the estimated Pareto exponent decreases until the truncation point reaches the end of the full sample, where the value of the Pareto exponent is about 0.80 (0.88 for 1999, 0.84 for 2000, 0.83 for 2001, 0.80 for 2002, 0.82 for 2003, and 0.85 for 2004). Figure 1 illustrates the relationship between the Pareto exponent and truncation point from the 15th largest city to the smallest city for each year. A first glance at the figure suggests that the Pareto exponent is negatively related to the sub-sample size. Actually, the value of the estimated β is monotonously decreasing in the truncation point unless the sub-sample size is not too small (less than 90).
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Numbers in parentheses in table 2 are standard errors corrected by Gabaix and Ibragimov (2006). The statistical significance of the Pareto exponent shows that β is significantly greater than 1 when the sub-sample size is less than 300 and β is significantly less than 1 when the sub-sample size is just the full sample size. There are two ranges within which the Pareto exponent is not significantly different from 1 at 10% level which is illustrated in figure 1: The smaller sub-sample size of less than 36 (on the left of the red vertical dashed line) and the larger sub-sample size around 350 to 600 (between the two red vertical solid lines). Precisely, the ranges of sub-sample size with the Pareto exponent not significantly different from 1 are from 15 to 35 and from 352 to 642 for 1999, from 15 to 36 and from 338 to 549 for 2000, from 15 to 34 and 365 to 602 for 2001, from 15 to 30 and from 372 to 574 for 2002, from 15 to 31 and from 373 to 599 for 2003, from 15 to 31and from 410 to 625 for 2004. This represents in table 3. Therefore, Zipf's law holds not for the full sample size but only for some ranges of the sub-sample size1. This is interesting that the estimated Pareto exponent could be greater than 1, less than 1 or not different from 1 due to the change of sample size for the same country and for the same year. Thus, whether Zipf's law holds or not for one country depends on the selection the sample size: It does hold for some ranges but will not for others. Figure 2 shows a plot of log rank against log population for the full sample of each year like Gabaix (1999). The scatter plot which is apparently not in a line but like an arch suggests that the Pareto exponent is varying with the sub-sample size. Our results show that the variation pattern of Pareto exponent is in accordance with Eeckhout (2004) unless the sub-sample size is not too small. Thereby, we expect the underlying distribution is lognormal for the full sample size. Surprisingly, the empirical distribution tests strongly reject the hypothesis that the full sample size distribution is lognormal with the zero p-values for the adjusted statistics of Lilliefors test and Anderson-Darling test for each year. This suggests that the phenomenon of decreasing Pareto exponent in the truncated sample population does not depend on the lognormal distribution. In fact, the full city data in China reject every distribution including Pareto distribution. Gan, Li and Song (2006) reach the same results for the 1985 and the 1999



1



Urzua (2000) also points out that Zipf's law can only hold for some certain sample size. Moreover, using the



LM test derived by Urzua (2000), we reject the hypothesis of Zipf's law for every sub-sample size.



6



Chinese city data. This is contrast to Anderson and Ge (2005) who show that lognormal distribution is a good approximation to the empirical city size distribution of China. For the values of the constant term of the regression (2), their variation patterns are also strong. As discussed in section 2, the value of the constant term is not equal to the size of the largest city but depends on the truncation point. The estimated constant is almost decreasing in the truncated sample size and the value computed using the equation of K = ln ni + β ln P( ni ) has a very similar changing mode. Numbers in square brackets are computed constant K in table 2. Figure 3 comparing the variation patterns of the estimated constant to the computed constant shows that they are very close to each other. Soo (2005) find that if the Pareto exponent is greater than 1 then the constant term is greater than the largest city size. Our results suggest that this is not always the case. In Chinese city data of 2004, for instance, the natural logarithm of the population of the largest city Shanghai is 7.16 (=ln(1289.13)) which is less than the smallest value of the estimated constant (8.45) whereas the Pareto exponent is significantly less than 1.



4. Does Gibrat's law hold?



Zipf's law always correlates with Gibrat's law in the theoretical and empirical literature. We now proceed to test whether Chinese city population growth is proportionate using both parametric and nonparametric regressions of growth on size. The traditional parametric test of Gibrat's law is OLS regression of growth rate on city size. Because the growth rates reported in the Chinese Urban Statistical Yearbooks are those of Diqu (urban area plus rural area), we computed the growth rates of Shiqu population directly as follows: GR = P2004 / P1999 − 1 , where P1999 and P2004 are the population size in 1999 and 2004 respectively. The regression result is:



GR = 0.53 − 1.12 E (−03) P1999 (0.05) (4.93E (−04))



(3)



(n=626), standard errors are in parentheses. The estimated coefficient on population size is significantly different from 0 with a p-value of 0.02, which suggests that the growth rate of the 7



population is negatively related with the size of a city. In other words, the Gibrat's law does not hold for Chinese cities. When the variables take logarithms the result is similar (n=526):



ln GR = −0.04 − 0.48ln P1999 (0.18) (0.05)



(4)



In the case of the following regression:



GR = C + ( P1999 + P2004 ) / 2 + ε



(5)



the coefficient on average size comes out insignificant: 1.91E(-04) (4.56E(-04)) . However, when using logarithms of both growth rate and average size, the coefficient on logarithm of average size becomes significant again: -0.22 (0.06). The nonparametric estimate which can demonstrate the complete description of growth varying with size is a contrast to the parametric regression which only gives an average relationship between growth rate and population size. Thus, the nonparametric kernel estimate of growth is performed below. Following Ioannides and Overman (2003) and Eeckhout (2004), the kernel estimate is proceed with the normalized growth rate which is the difference between the growth rate and the sample mean divided by the standard deviation. We use the Nadaraya-Watson method and the Epanechniov kernel with the optimal bandwidth. Figure 4 shows the plots of growth and the scatter plot of growth against city size. It is apparently that the growth rate is not stable across all city sizes. In line with the parametric regression, the kernel estimate growth is lower for the upper part of the distribution and is higher for the lower part. Hence, Gibrat's law would not seem to hold for Chinese city growth process. This could be one of the reasons that the city data in China reject every distribution including Pareto distribution and lognormal distribution. This could be the result of the Chinese migration restriction policy. The household registration system (Hukou), which has been implemented since the foundation of the People's Republic of China, is a barrier to the population mobility of regions especially the migration from rural areas to urban areas. According to this policy most of the people can only reside in the place where they were born by the permission of the Hukou. This restriction policy has become loose since the Open Door Policy was set in 1978. However, the migration to big cities is still limited seriously.
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For example, many graduates from colleges have to leave big cities such as Beijing or Shanghai because they can not get a local Hukou. Thus, the population growth rates are lower in big cities than those of smaller ones. The Chinese migration restriction policy obviously violates free population mobility which is the condition of proportionate growth process in the literature such as Eeckhout (2004), Gabaix (1999) and Rossi-Hansberg and Wright (2005). This is partly the reason that Gibrat's law does not hold in China.



5. Conclusion



With a rolling sample method, this paper illustrates that Chinese city size distribution in recent years is very different from those of other countries. In particular, Gibrat's law does not hold for the Chinese case, and the Zipf's law only holds over certain sub-sample size ranges of Chinese city size distribution. In addition, using a rolling sample method, the estimated Pareto coefficient is monotonously decreasing in the truncated sample population unless the sub-sample size is not too small. Goodness-of-fit tests show that there is no theoretical distribution including lognormal and Pareto distributions can provide good fit to the Chinese city data, however. This suggests that whether Zipf's law holds or not at least for Chinese cities depends on the selection of the sample size: It does hold for some ranges but will not for others.
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Table 1: Summary statistics of Chinese city size (10,000 persons)



Mean Median Maximum Minimum Std. Dev. Urbanization % Sample size



1999



2000



2001



2002



2003



2004



48.38 18.2 1127.22 1.5 92.61 25.50 663



56.02 21.21 1136.82 1.5 99.60 26.17 592



54.17 19.86 1262.41 1.4 100.76 28.18 664



57.39 22.3 1270.22 1 104.04 29.26 655



61.30 23.95 1278.23 0.9 110.20 30.83 650



63.24 27.25 1289.13 1.6 111.29 31.82 654



Sources: Chinese Urban Statistical Yearbooks (State Statistical Bureau, 2000-2005)
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Table 2: Results of OLS regression of equation 2 1999



n



C



100



12.75



2000 β



1.81



C ***



12.91



2001 β



1.83



C ***



12.90



2002 β



1.81



C ***



2003 β



13.23



1.85



C ***



12.95



2004 β



1.78



***



C



β



13.02



1.79***



[12.66] （0.26） [12.82] （0.26） [12.82] （0.26） [13.15] （0.26） [12.89] （0.25） [12.95] （0.25） 200



11.33



1.54***



11.88



1.63***



11.87



1.61***



12.08



1.64***



12.02



1.61***



12.09



1.62***



[11.07] （0.15） [11.66] （0.16） [11.59] （0.16） [11.81] （0.16） [11.74] （0.16） [11.82] （0.16） 300



9.84



1.24**



10.05



1.26



10.32



1.30***



10.53



1.33***



10.50



1.31***



10.78



1.36***



[9.47] （0.10） [9.51] （0.10） [9.9] （0.11） [10.12] （0.11） [10.07] （0.11） [10.45] （0.11） 400



9.17



1.09



9.01



1.03



9.29



1.08



9.37



1.09



9.46



1.09



9.74



1.15*



[8.91] （0.08） [8.69] （0.07） [8.96] （0.08） [8.99] （0.08） [9.12] （0.08） [9.37] （0.08） 500



8.83



1.01



8.62



0.95



8.83



0.98



8.83



0.97



8.98



0.99



9.17



1.02



[8.63] （0.06） [8.37] （0.06） [8.58] （0.06） [8.53] （0.06） [8.67] （0.06） [8.86] （0.06） full



8.28



0.88**



8.17



0.84***



8.21



0.83***



8.13



0.80***



8.26



0.82***



8.45



0.85***



[6.85] （0.05） [6.72] （0.05） [6.78] （0.05） [6.48] （0.04） [6.39] （0.05） [6.88] （0.05）



Notes: Numbers in [] are the constant computed by K = ln ni + β ln p( n ) as Eeckhout (2004); Numbers in () i are corrected standard errors as Gabaix and Ibragimov (2006). n is the sub-sample size of regression, and the full sample size is 663 for the year of 1999, 592 for 2000, 664 for 2001, 655 for 2002, 650 for 2003, and 654 for 2004. ***



significant at 1%, ** significant at 5%, * significant at 10%, significantly from 1 for β.



Table 3: Ranges of β not significantly different from 1 at 10% level 1999



2000



2001



2002



2003



2004



sub-sample



15-35 &



15-36 &



15-34 &



15-30 &



15-31 &



15-31 &



range



354-642



338-549



365-602



372-574



373-599



410-625



12



2.0



1.8



1.8



1.6



1.6



Pareto Exponent



Pareto Exponent



2.0



1.4 1.2
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0.8 0



0
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0



100 200 300 400 500 600 700 Rolling Sample Size (2004)



Figure 1. The variation pattern of Pareto exponent with the rolling sub-sample size Note 1: The sub-sample sizes between the two red vertical solid lines and on the left of the red vertical dashed line are the ranges within which Pareto exponent is not different from 1 at 10% level.
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Figure 3. The Variation Patterns of Estimated Constant (C) and the Computed Constant (K) with the Rolling Sub-Sample Size
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