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a b s t r a c t

The distribution of Chinese family names is investigated based on data of the fifth national
census of China in 2000, including 7329 Chinese family names and 1.28 billion people. The
cumulative distribution function (CDF) of family name in multiple scales is presented and
the correlation between distribution and scale is discussed. The fitting results show that
CDFs at the scales of country, province, city and county all follow stretched exponential
truncated power law, while the fitting parameters vary greatly. A characteristic index
is proposed to measure the extent the distribution is stretched-exponential-like. The
index increases as the scale goes down, indicating that the distribution at lower scale
is more stretched-exponential-like, and the distribution at higher scale is more power-
law-like. Such correlation between distribution and scale is verified by investigating how
the distribution changes as the scale is expanded county by county. Furthermore, the
correlation is qualitatively explained by artificially constructing multiple scales with a
partition process.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Family name distribution, which can reveal living habits such as habitation andmigration, has been investigated inmany
countries and regions [1–11]. The frequency distributions of family name in most countries have a form of power-law,
f (n) ∝ n−γ , where n is family size defined as the number of people sharing the same family name, and γ is a scaling
exponent. The exponents are around 2 for most countries, for example, γ = 1.75 for Japan, γ = 1.94 for the United
States and γ = 2.16 for Norway [3]. For Korea, the distribution depends on whether the regional origin of family name
is considered, that is, the cumulative distribution without regional origin is logarithmic and that with regional origin is
power law [4]. For China, researches based on the top 100 popular family names show that the Zipf plot is exponential and
it is maintained since the Song Dynasty [3,5]. However, the conclusion for China is limited since only the top 100 popular
names are included. In fact, there are 7329 family names according to the fifth national census of China in 2000. What is the
distribution for all Chinese family names? Does the distribution of less popular family names show similar features with
that of popular ones?

Although there are many researches on family name distribution, most of them are based on data of country or city, and
few involve multiple scales. China has a large population of 1.28 billion inhabiting an area of 9.6 million square kilometers,
which is divided into 31 provinces (including municipalities), which are subdivided into 341 cities, and further subdivided
into 2861 counties. What are the family name distributions in the scales of country, province, city and county respectively?
What are the differences among the distributions in these scales? Is there any explicit correlation between distribution and
scale? These questions will be addressed in this paper.

The rest of the paper is organized as follows. In Section 2, we fit the cumulative distribution in the scales of country,
province, city and county respectively. To discriminate the distributions in multiple scales, we put forward a characteristic
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Fig. 1. Log–log plot of P(n) vs n for China. Data (circles) can be well fitted by P(n) = a ·n−b
·e−(n/nc )d (line) with fitting parameters a = 1.014±0.011, b =

0.2132±0.0021, nc = (1.148±0.0700)×106, d = 0.3585±0.0045. The asymptotic p-value of KS test is 0.85. The dashed line presents n0 = 2.81×105

and P(n0) = 0.039.

index in Section 3. In Section 4, we measure the distributions in the four scales by the index, and accordingly we suppose
and verify a general correlation of distribution with scale. A qualitative explanation is given in Section 5.

2. Family name distributions in multiple scales

The data set in this work is based on the fifth national census of China in 2000 (the populations in Hong Kong, Macao
and Taiwan are excluded). The data are obtained from the identity information system of China which constructed by
the National Citizen Identity Information Center. The data set lists family size of each family name in all county-level
administrative divisions (county for short). Detailed information on family name distribution for all the 31 provinces and
the median values for the cities and counties are shown in Table 1.

Cumulative distribution of family names represents the proportion of family names whose sizes are no less than n,
denoted by P(n). Empirical cumulative distribution function (CDF) for Chinese family names evidently follows a truncated
power law as shown in the log–log plot (Fig. 1). In order to include the rapidly decreasing tail, a stretched exponential is
adopted as the crossover function. So we fit the data with a stretched exponential truncated power-law function[12] in the
following form,

P(n) = a · n−b
· e−(n/nc )d (1)

where b is the power exponent, nc is the cutoff size of power law behavior and d is the stretch parameter of the stretched
exponential crossover function. The goodness-of-fit of CDF shows that it can pass the Kolmogorov–Smirnov (KS) test [13].
The fitting result indicates that CDF of Chinese family names is a truncated power law with a stretched exponential tail,
implying that the upper part of the distribution is power-law-like while the lower part is stretched-exponential-like as
shown in Fig. 1.

At the other three scales, all CDFs of family names can be well fitted by stretched exponential truncated power law
functions just as Eq. (1). But the fitting parameters vary greatly among provinces, among cities and among counties, so
the corresponding median values are presented in Table 1. Different parameters of CDF can represent quite different
distributions even if they are all stretched exponential truncated power laws. The cutoff size of power law nc is often treated
as a crossover point and is used to characterize crossover behavior of truncated power law functions. By comparing nc at the
scale of country, province, city and county, we can see a difference of one or two orders of magnitude between two adjacent
scales in turn as shown in Column 6 of Table 1. Considering that the population sizes also have a difference of one order of
magnitude between two adjacent scales as shown in Column 3, the nc needs to be re-scaled to characterize the difference
of CDFs. Furthermore, the values of power exponent b are also quite different at the four scales as shown in Column 5. So an
integrated index including more than one parameters is needed to discriminate the stretched exponential truncated power
law functions in multiple scales.

3. A characteristic index for stretched exponential truncated power law distribution

Stretched exponential truncated power law distribution shows a crossover from power law to stretched exponential
behavior. Whether the whole distribution function is more power-law-like or more stretched-exponential-like can be
judged by the relative importance of the power law factor n−b and the stretched exponential factor e−(n/nc )d . According
to

dP(n)
dn

= a · n−b−1
· e−(n/nc )d ·


−b − d ·


n
nc

d


(2)
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Table 1
Family name distributions at the scales of country, province, city and county.N denotes the population size,Nf the number of family name, p the asymptotic
p-value of KS test.

Items Nf N(106) a b nc(103) d n0 P(n0) p

Country 7329 1280 1.01 0.21 1148 0.36 281000 0.039 0.85

Province (median) 2991 37.45 0.64 0.18 67.41 0.37 8795 0.09 0.70

Tibet 2470 2.54 1.16 0.42 67.41 0.90 29151 0.01 1.00
Guangdong 2991 79.08 0.62 0.24 793.36 0.60 169616 0.02 0.46
Hubei 4058 59.44 0.56 0.23 300.80 0.53 61546 0.03 0.50
Hainan 1798 8.08 0.64 0.25 76.19 0.50 19354 0.03 0.80
Sichuan 4330 86.60 0.83 0.24 236.78 0.43 60923 0.03 1.00
Guangxi 2872 49.17 0.58 0.22 293.01 0.51 56446 0.03 0.48
Fujian 2162 33.68 0.57 0.22 308.15 0.52 60574 0.04 0.63
Anhui 4451 65.15 0.83 0.24 165.33 0.42 45981 0.04 1.00
Hunan 3331 67.61 0.48 0.20 356.67 0.53 56626 0.04 0.43
Guizhou 3333 38.49 0.57 0.22 158.90 0.48 30461 0.04 0.14
Jiangxi 2607 43.75 0.53 0.20 262.87 0.59 41048 0.05 0.55
Shan1xi 3326 32.99 0.64 0.20 53.15 0.36 11019 0.06 0.65
Henan 4282 100.94 0.67 0.19 105.29 0.34 19992 0.06 0.95
Zhejiang 2415 45.89 0.55 0.18 206.59 0.54 27436 0.06 0.39
Jiangsu 3116 72.66 0.61 0.17 123.46 0.41 14245 0.09 0.90
Xinjiang 3500 18.95 0.85 0.21 19.67 0.37 4377 0.09 0.93
Chongqing 2360 31.98 0.51 0.16 86.97 0.46 8795 0.09 0.41
Shangdong 3429 92.89 0.63 0.16 70.04 0.33 7729 0.10 0.57
Yunnan 4350 42.69 0.90 0.19 10.59 0.28 2573 0.10 1.00
Shan3xi 3329 37.10 0.60 0.15 17.92 0.32 1579 0.13 0.79
Hebei 3405 68.73 0.66 0.15 20.66 0.28 1986 0.13 0.90
Heilongjiang 2764 37.45 0.64 0.14 18.83 0.31 1451 0.14 0.93
Shanghai 1614 13.68 0.78 0.17 29.15 0.43 3246 0.14 0.99
Neimenggu 3634 23.52 0.77 0.16 5.22 0.28 700 0.15 0.87
Jilin 2718 26.57 0.59 0.13 10.54 0.30 612 0.17 0.62
Liaoning 2698 41.92 0.60 0.12 16.09 0.31 738 0.18 0.70
Gansu 3191 25.96 0.70 0.12 3.45 0.27 168 0.23 0.63
Beijing 1997 11.89 0.90 0.08 0.71 0.25 8 0.58 0.97
Qinghai 2905 5.01 0.78 0.07 0.26 0.26 2 0.79 0.57
Tianjin 1657 9.10 0.88 0.04 0.23 0.22 1 1.00 0.90
Ningxia 2044 5.86 0.72 0.03 0.15 0.23 1 1.00 0.68

City (median) 1330 3.19 0.67 0.13 3.25 0.35 252 0.21 0.86

County (median) 614 0.37 0.91 0.08 0.26 0.33 3 0.66 0.97

the relative importance should bemeasured by the relativemagnitude of b and d ·( n
nc

)d. So the effect of the power law factor

on the distribution and that of the stretched exponential factor are equal when n = nc ·
 b
d

 1
d , which is denoted by n0. That

is, for n < n0, the power law factor has more effect, while for n > n0, the stretched exponential factor has more effect. Since

P(n0) = a ·


nd
c ·

b
d

· e
−

b
d

(3)

represents the proportion of family names whose sizes are no less than n0, it can be used to measure the extent the
distribution is stretched-exponential-like. So P(n0) can be taken as a characteristic index of the stretched exponential
truncated power law distribution.

In order to verify the validation of P(n0) as a characteristic index, we divide the whole data of the country into two parts
by the separatrix of n0 = 2.81 × 105 and P(n0) = 0.039 as shown in Fig. 1. We fit the part of n < n0 with a power law
P(n) = a′n−b′

, the fitting parameters are a′
= 1.342, b′

= 0.27. The fitting can pass the KS test with p = 0.19. For the

part of n > n0, we fit it with a stretched exponential P(n) = a′e−( n
nc )d

′

, the fitting parameters are a′
= 1.47 and d′

= 0.54.
The fitting can also pass the KS test with p = 0.30. It indicates that the distribution of the 96.1% less popular family names
follows a power law, and the distribution of the 3.9% popular family names follows a stretched exponential law. So n0 can
be taken as the crossover point from power law to stretched exponential and P(n0) can be used as an characteristic index.
Specifically, the larger P(n0) is, the more the whole distribution is stretched-exponential-like, and the smaller P(n0) is, the
more the whole distribution is power-law-like.

4. Correlation between distribution and scale

By the characteristic index P(n0), we can discriminate family name distributions in multiple scales and describe the
correlation between distribution and scale. As it is shown in Table 1, the value of P(n0) for the country is 0.039, while the
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Fig. 2. Histograms of P(n0) for provinces, cities and counties. (a) For 31 provinces, there are 22 provinces with P(n0) > 0.039. (b) For 341 cities, there are
328 cities with P(n0) > 0.039 and 90 cities whose distributions are stretched exponential since their P(n0) = 1. (c) For the 2861 counties, there are 2795
counties with P(n0) > 0.039 and 1367 counties whose distributions are stretched exponential with P(n0) = 1.
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Fig. 3. Log–log plot of P(n0) vs S. Circles are the values of a single fitting and dots are the average values of 50 fittings.

median values of P(n0) at the scales of province, city and county are 0.085, 0.21 and 0.66 respectively. That is, the values of
P(n0) at the lower scale are larger than that at the higher scale. The conclusion can also be seen from the histogram of P(n0)
as shown in Fig. 2, where the histogram for cities are more skewed to the right than that for provinces, and that for counties
are more skewed to the right than that for cities. So the extent that the distribution is stretched-exponential-like increases
in a descending order from country to province, city and county. It is worth noting that the above conclusion is statistical,
not for each province, city or county.

A supposition can be inferred from the preceding results that the distribution of family names at lower scale would be
more stretched-exponential-like, and that at higher scale would be more power-law-like. The scale used above means the
level of administrative division and there is a hierarchical relationship among them. That is, the country consists of provinces,
and each province consists of cities and so on.

To verify the correlation between distribution and scale more generally, we investigate how the distribution changes as
the scale is expanded county by county.We start from a randomly chosen county as region R1. Thenwe expand this region by
adding the nearest county to get region R2. We continue the process and get region R3, R4, and so on, until the final one R2861
which includes all the Chinese counties. We define scale of a region as the number of inclusive counties and let S denote it,
then we have S ∈ [1, 2861]. The corresponding CDFs at all these scales are well fitted by a stretched exponential truncated
power law function, and the corresponding values of P(n0) are obtained. The dependence of P(n0) on scale S is shown in
Fig. 3, from which we can find the supposition holds. In other words, the higher the scale is, the more the distribution is
power-law-like.
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Table 2
Family name distributions in constructed multiple scales. m denotes the number of divisions, the variables with prime denote those for one division, and
the others are the same as Table 1.

m N ′

f N ′(106) a b nc(103) d n′

0 P(n′

0) p

1 7329 1279.36 1.01 0.21 1147.60 0.35 280125 0.039 0.85
10 5400 127.94 0.85 0.22 124.67 0.35 30940 0.051 0.98
50 3950 25.59 0.79 0.21 20.64 0.34 4687 0.077 0.98

100 3399 12.79 0.79 0.20 8.71 0.33 1813 0.097 0.99
200 2913 6.40 0.79 0.19 3.46 0.32 633 0.133 1
400 2496 3.20 0.80 0.17 1.29 0.31 192 0.184 1
800 2146 1.60 0.83 0.15 0.43 0.30 47 0.270 1

1600 1836 0.80 0.89 0.12 0.12 0.28 7 0.452 1
3200 1559 0.40 1.07 0.08 0.02 0.25 1 1.000 0.99

5. A qualitative explanation

To give a qualitative explanation for such a correlation, we artificially construct family name distribution in multiple
scales by successively dividing the whole Chinese population into smaller and smaller parts. We expect this correlation
between distribution and scale remains during this partition process.

The population of each family name is divided intom parts almost equally, so the scale of each part is 1/m. In particular,
when a family size n is less than m, they will be randomly allocated to the m parts. Then, we can have the corresponding
CDF of this scale. The CDFs at all the scales can be well fitted by stretched exponential truncated power law function, and
the fitting results are shown in Table 2. It is obvious that the characteristic index P(n0) monotonically increases with m,
indicating that the correlation really remains.

This evidence can be qualitatively explained by analyzing the relationship between CDF for the whole country P(n) and
that for any one part P(n′). After partition, the new family size in a part is n′

= ⌊
n
m⌋ or ⌈

n
m⌉. Consequently, the new CDF of

family names P(n′) can be obtained by a transformation of P(n). Firstly, P(n) is shifted to the left by lgm in the log–log plot,
since the average family size in a part is 1/m of that of the whole country. Then, the parts of n < m are cut off for they are
mingled into n′

= 1. Finally, the remaining part is stretched upward with a multiplication of lg Nf
N ′
f
at n′

= 1 to compensate

the loss of the number of family names resulting from cutting. This transformed distribution curve is quite similar to the
actual P(n′). Given a larger m, we need to shift P(n) more to the left and upper during the transformation. As a result, the
part of power law shrinks more and P(n′

0) is much greater than P(n0).
This analysis can also infer that the correlation between distribution and scale is mainly caused by the specific shape

of CDF for the whole country. As long as the CDF for a larger scale takes the form of a truncated power law, a partition
process will lessen the ratio of the power-law part to the CDF for a small scale. In contrast, when family names follow solely
a power-law distribution, the distribution should keep the same as the whole population is divided into smaller parts as
demonstrated in the case of Japan [1]. We performed a partition process for a supposed power-law distribution of family
names and verified this supposition.

6. Conclusion

In this paper, we focus on the family name distribution for all the 7329 Chinese family names. The fitting results show
that CDFs at the scales of country, province, city and county all follow a stretched exponential truncated power law. At a
given scale, the part of less popular family names (n < n0) can bewell fitted by a power law, while the part of popular family
names (n > n0) can be well fitted by stretching exponential. Thus we have a crossover point n0 which separates the CDF
of family names into two parts. The proportion of the stretched exponential part can be measured by a characteristic index
P(n0). Estimating the values of P(n0) for the scale of country, province, city and county respectively, we find that family
name distribution at lower scale is more stretched-exponential-like, and distribution at higher scale is more power-law-
like. A general supposition is put forward that P(n0) decreases as the scale is expanded part by part. This kind of correlation
is verified by successively dividing the whole population into smaller and smaller parts. This scale-dependency of family
name distribution will be meaningful to other issues of statistics and worthy for further research.
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