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ABSTRACT

Based on the review of various methods of estimating Gini coefficient, the paper applies a quintile rule to estimate Gini
coefficient of rural areas, urban areas and the whole country using the grouped income data of urban and rural residents.
Besides, the paper uses the curve-fitting method to roughly estimate Gini coefficient from eye-catching Hurun Rich List
and the latest poverty line. The result shows that the estimation of Gini coefficient using quintile rule is small for both
urban and rural area, while the value of the whole country is obviously larger, which is above the warning line of 0.4. It
is indicated that the wealth gap mainly comes from the gap between urban and rural areas. On the other hand, the esti-
mation of Gini coefficient using curve-fitting method is as large as more than 0.7, which implies that the wealth gap is
highlighted from the analysis of the lowest and highest part of the wealth distribution. All in all, China’s current gap
between the poor and the rich is serious. The reform of the income distribution needs to speed up to ensure social har-

mony and stability.
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1. Introduction

The lItalian statistician Gini first introduced inequality
index in 1912 in [1]. The index was not designed for de-
scribing wealth disparities originally, but offered a statis-
tic for depicting the dispersion of a random variable
which was not related with the measure unit. Later, Dal-
ton (1920) applied the index to study the problem of in-
come distribution in [2], and the index was named Gini
coefficient.

In the two-dimensional coordinate plane, where
abscissa is the cumulative percentage of population and
ordinate is the cumulative percentage of wealth, the
curve formed by the scatter points is hamed as Lorenz
curve as shown in Figure 1. If Lorenz curve is closer to
the diagonal line, the distribution of wealth is closer to
perfect equality; while if Lorenz curve is closer to the
polygonal line, the distribution of wealth is closer to
perfect inequality. Gini coefficient is the ratio of the area
between perfect equality line and Lorenz curve to the
area between perfect equality line and perfect inequality
line.

The United Nations suggests Gini coefficient to reflect
the gap between the wealthy and the poor (GBWP) fol-
lowing Table 1.

Copyright © 2013 SciRes.

Usually, 0.4 is considered as the “picket line” of the
income disparity. If Gini coefficient is above the “picket
line”, polarization of wealthy and poor may easily cause
the class antagonism and social unrest. The Gini coeffi-
cients of the main developed countries are between 0.24
and 0.36, and the United States’ is a little higher to 0.4.

China’s Gini coefficient was 0.412 in 2000, and the
value climbed up to 0.465 in 2004 as reported by Na-
tional Statistic Bureau (NSB). In June 2006, China Eco-
nomic Weekly reported, “Our nation’s Gini coefficient is
close to 0.5”. Since then, China’s Gini coefficient was
not reported again. On 18" January, 2013, NSB released
the Gini coefficients from 2003 to 2012, which were
0.479, 0.473, 0.485, 0.487, 0.484, 0.491, 0.490, 0.481,
0.477 and 0.474.

[3] borrowed Naffziger standard equation, and added
two parameters considering Chinese realities, to calculate
the Gini coefficients of 1980 and 1988, and they were
0.25 and 0.30. [4] estimated the Gini coefficients for
1993 and 1997, which were 0.375 and 0.39. [5] calcu-
lated the Gini coefficients of 1988 and 1995 based on the
household sampling survey, and the values were 0.382
and 0.445. The study empirically analyzed Chinese in-
come distribution from some aspects, and perfectly re-
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Figure 1. Lorenz curve.

Table 1. Gini coefficient and GBWP.

Gini Coefficient GBWP

Below 0.2 Perfect equality
0.2-0.3 Relatively equality
03-04 Relatively reasonable
04-05 High income disparity
Above 0.5 Great income disparity

vealed the degree and the trend of Chinese income-dis-
parity. But they only calculate the coefficients for two
years and did not give the calculating method in detail.
China Household Finance Survey and Research Center of
Southwestern University of Finance and Economics pub-
lished a report “China Household Income Inequality Re-
port”. The report showed that the Gini coefficient of
household income was 0.61 in 2010, far above the global
average value.

2. Review of the Estimation Methods of Gini
Coefficient

Firstly, we review some estimation methods of Gini co-
efficient which have been used in practice.

2.1. Direct Calculation Method

Direct calculation method was mentioned when Gini
introduced the inequality index, and he also offered spe-
cific algorithm which did not depend on Lorenz curve. It
can directly measure the degree of income-disparity. The
equation is as follows:
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where |Yj —Y;| isthe absolute value of a pair of samples,
n is the sample size and u is the average value of income.

2.2. Grouping Method

[6] proposed a calculating method based on group data:
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where X is the total wealth, x is the wealth of Group i,
f, is the frequency of Group i. The two equations above
are under the conditions of equal frequency group data
and unequal frequency group data respectively.

2.3. Curve Fitting Method

As summarized in [7], by using some known points of
Lorenz curve, Lorenz curve function L(x) can be fitted,
which is denoted as L (x). Then, Gini coefficient can be
integrated as follows:

G:2xf:(x—ﬁ(x))dx 4)

2.4. Distribution Function Method

Suppose a single resident’s wealth Y follows a distribu-
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tion which has a probability density function f(y).
After estimating the unknown parameters of the distribu-
tion, Lorenz curve can be estimated using the following
equation.

)= L 1)y ®

Incorporating Equation (5) in Equation (4), and then
the Gini coefficient can be determined.

The distribution function of the wealth has different
forms in different scholars’ researches. [8] adopted gen-
eral Beta distribution, [9,10] chose Pareto distribution,
and [11] considered that log-normal distribution might be
better.

2.5. Decomposition Method

Calculating Gini coefficient by decomposition method
always depends on some known Gini coefficient values
of separated groups. Hence, decomposition method is not
an independent method for calculating the coefficient,
but a method to decompose the coefficient and study the
relationship among Gini coefficients of different groups.

[12] pointed out that Gini coefficient cannot be de-
composed completely. Gini coefficient contains not only
the intra-group differences, but also the inter-group dif-
ferences and the interaction term. It can be expressed as
follows:

GziWiGi+lb+g(fi) (6)

where G is Gini coefficient of the whole group, G; is
Gini coefficient of Group i, W, isthe weightof G;, I,
is the inter-group difference, and &( f;) is the interac-
tion term which indicates the overlapping of income dis-
tributions of different groups.

[13] introduced a decomposition method for Gini co-
efficient in his book—Income Distribution in Less De-

veloped Counties.

|Y1 _Y2|

G=PR* —1G+P2

v ~GZ+PlP2o

@
Y =RY, +PyY, (8)

where G is Gini coefficient of the whole group, G, and
G, are Gini coefficients of urban and rural groups, P,
and P, are population proportions, Y, and Y, are
urban and rural average income per head. The implicit
assumption of this method is that there is not overlapping
of urban and rural income distribution. However, it can-
not happen in actual situation, so there exist errors.

3. Two New Methods

Two new methods will be introduced in the rest part of
the paper. And the methods mentioned above may be
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referenced in the new methods.

3.1. Quintile Rule Method

Firstly, Quintile Rule is introduced as in [14]: let f be a
polynomial of degree not bigger than 5 such that

f(a)=f(b)=0 and h:%(b—a).Then

jf d=12—5h

[3f a+h)+2f(a+2h)+2f(a+3h)+3f(a+4h)]
©)

The formula derivation can be seen in [14]. Based on
Quintile Rule, the calculation method will be explained
for calculating Gini coefficient in 2010. The data used in
this research is shown in Tables 2 and 3, which is ex-
tracted from China Statistical Yearbook published by
NSB.

The population proportion of the five groups by in-
come percentile can be considered approximately same.
Thus, Quintile Rule method can be applied to calculating
Gini coefficient. Let L(x) be the function of Lorenz
curve, the calculation process is summarized in Table 4.

Combining the equation G = ZIS[X— L(x)]dx and

Equation (9), Gini coefficient can be calculated.
Gini coefficient of urban residents’” income:

x%(3>< 0.1106 +2x0.1730+2x0.1996 +3x 0.1755)

~0.2784
Gini coefficient of rural residents’ income:

x%(3x0.1006+ 2x0.1671+2x0.1946 +3x0.1729)

~ 0.2680

Then, in order to get the national Gini coefficient, de-
composition method will be used. By referencing to [13],
national Gini coefficient can be estimated based on Gini
coefficients of urban and rural residents’ income.

Y —Y
G-= puz.YY_U.Gu+PrZ-%-Gr+F{JR'¥ (10)

Y =PY, +PY, (11)
u'u rr

where P, and P. are proportions of urban and rural
population (49.95% and 50.05% in 2010), Y, and Y,
are urban and rural per capita annual income (19109.4
and 5919.0 yuan in 2010). Then the estimation of na-
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Table 2. Basic condition of urban households by income percentile (2010).

Lower Middle Middle Upper Middle . Highest
Lowest Income Low Income High Income
. Income Income Income Income
Item National ~ Households  Households Households
Households  Households  Households Households
(10%) (10%) (10%)
(20%) (20%) (20%) (10%)
Number of Households 65,607 6569 6570 13,144 13,103 13,121 6553 6548
Surveyed (household)
Average Household Size , g4 3.29 3.20 3.02 2.82 2.70 2.61 251
(person)
?;Jacn;"p'ta Annual Income 51033 45 6703.70 10247.04 13970.99 1892072  25497.81 3425464 5643517
Source: NSB, China statistical yearbook.
Table 3. Basic condition of rural households by income quintile (2010).
Item Low Income  Lower Middle Income  Middle Income  Upper Middle Income  High Income
Households Households Households Households Households
Average Number of Usual Residents 452 4.95 4.00 371 3.30
Per Household (person)
Per Capita Annual Income (yuan) 3566.19 5101.71 6986.42 9702.07 18327.39
Source: NSB, China statistical yearbook.
Table 4. Calculation process.
Urban Households Rural Households
Households Percentage
Income Percentage L(x) x—L(x) Income Percentage L(x) x—L(x)
0.2 0.0894 0.0894 0.1106 0.0994 0.0994 0.1006
0.4 0.1376 0.2270 0.1730 0.1336 0.2329 0.1671
0.6 0.1735 0.4004 0.1996 0.1725 0.4054 0.1946
0.8 0.2241 0.6245 0.1755 0.2217 0.6271 0.1729

tional Gini coefficient in 2010 is 0.4015, obviously big-
ger than both of urban and rural Gini coefficients, which
reflects the remarkable gap of wealth between urban and
rural areas.

In the same way, Gini coefficients from 2003 to 2009
are also calculated presented in Table 5.

The results show that urban, rural and national Gini
coefficients don’t fluctuate a lot recent years. National
Gini coefficient even began to decline from 2006, which
might be irreconcilable with people’s feeling. But the
rural Gini coefficient is not far from the result of [15], so
the estimation values are somewhat rational. The reasons
why the values of Gini coefficients seem smaller than
people’s feeling may be: firstly, the proportions of popu-
lation in five groups are not equal exactly; secondly, the
samples of urban and rural households are not represen-
tative, i.e. choosing specific samples artificially; lastly,
the hypothetic function of Lorenz curve may be far dif-
ferent with the actual one. In spite of this, it can be seen
from the smaller urban and rural Gini coefficients but
bigger national value that the income gap between urban
and rural residents are still big. Thus, it is urgent to pro-
mote farmers’ income to narrow the income gap.
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Table 5. Gini coefficient from 2002 to 2010 by quintile rule.

Year Urban_ (_Sini Rural_qini Nationz_iI_Gini
Coefficient Coefficient Coefficient
2002 0.2737 0.2640 0.4004
2003 0.2802 0.2732 0.4112
2004 0.2916 0.2660 0.4113
2005 0.2979 0.2638 0.4132
2006 0.2949 0.2650 0.4151
2007 0.2876 0.2665 0.4147
2008 0.2905 0.2608 0.4131
2009 0.2830 0.2711 0.4114
2010 0.2784 0.2680 0.4015

3.2. Estimation Method Based on Hurun Report
and Poverty Line

Every year, regularly published Hurun Report is always
attractable. When people surprise the rich’s great wealth,
they should think about what the proportion of the total
wealth the rich have actually. And the wealth gap can
also be seen from them, so they have big contribution to
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national Gini coefficient. Therefore, we try to estimate
Gini coefficient based on the Hurun Report, i.e. the rich
and their wealth. The basic idea is estimating the propor-
tion of the rich population and the proportion of their
wealth, and then a point in the tail of Lorenz curve can be
confirmed. In the same way, a point in the head can also
be confirmed from the poverty line. According to various
kinds of assumption about the forms of Lorenz curve, the
function of Lorenz curve can be estimated, and then Gini
coefficient will be calculated.

China Private Wealth Report 2010 published by
Forbes showed that the private wealth of China had
reached to 100 trillion yuan. About 383 thousand people
had more than 10 million yuan for investing, which
amounted to 22.4 trillion yuan. In Hurun Report, 1363
persons (about one millionth of the national population)
held the wealth of 5.34 trillion yuan in 2010. At the end
of 2010, the total population of China was 1.3409 billion
(urban population was 669.78 million and rural popula-
tion was 671.13 million). So, 0.02856% of the people
had 22.4% of the wealth and 1.016 millionth of the peo-
ple held 5.34% of the wealth.

On the other side, the standard of poverty alleviation
in 2010 was 1274 yuan and the population under the
standard was 26.88 million. Later, the new standard of
poverty alleviation was 2300 yuan, and then the poverty
population reached 128 million. Suppose that the stan-
dard of poverty alleviation was the maximum per capita
income, it could be obtained that 2.0046% of the popula-
tion possessed no more than 0.03425% of the wealth and
more than 9.546% of the population held only 0.2944%
of the wealth.

From the estimation above, four points of Lorenz
curve can be roughly confirmed, which are (0.020046,
0.0003425), (0.09546, 0.002944), (0.9997144, 0.776),
(0.999998984, 0.9466). Besides, it is sure that (0, 0), (1,
1) are also in Lorenz curve. Then, Lorenz curve can be
fitted using these points. According to the estimation of
the points, the actual Lorenz curve is under the fitting
curve, and the actual Gini coefficient will also be larger
than the value based on the fitting Lorenz curve.

The shape of Lorenz curve can be imagined from the
above figure, and Gini coefficient may be large. In the
following part, curve fitting method will be applied to
estimate Gini coefficient.

Frequently-used curves include polynomial curve, ex-
ponential curve, power function curve, etc., and the quin-
tile rule method can be seen as polynomial curve fitting
in fact. As shown in Figure 1, Lorenz curve is increasing
and convex to the below, and lies in the area constituted
by diagonal line, X axis and X =1. Therefore, it is sup-
posed that Lorenz curve has the following function form.

L(x)=x-y-x*(1-x)",a, >0 (12)
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The unknown parameters «,f,y can be estimated
using the data points in Figure 2.

a =1.00031, §=0.181933, =0.987721

Substitute the parameter estimations into Equation
(12):

0.181933

L(x)=x—-0.987721- x"*% (1-x) (13)

The fitting curve can be seen in the following figure.

It can be seen from Figure 3 that the curve fits the
points very well. According to Equation (4), Gini coeffi-
cient of the fitting Lorenz curve can be calculated.

G =2x [}(x-L(x))dx =0.7659

The actual Gini coefficient may be larger than 0.7659.
China Household Finance Survey and Research Center of
Southwestern University of Finance and Economics re-
ported that Gini coefficient of household income was
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Figure 2. Scatter diagram of lorenz curve.
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Figure 3. Lorenz curve fitting.
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0.61 in 2010, which was smaller than the estimation in
this paper. It looks grandiloquent that Gini coefficient
exceeds 0.7, while it may be not so large actually, or it
might cause social unrest. Because we estimate the Gini
coefficient based on the start part and the end part of the
wealth distribution, it is unavoidably to overestimate the
value. The estimation of Gini coefficient in the paper
mainly reflects the great gap between two ends of the
wealth distribution of China. Thus, the result only has
academic significance. Although the estimation is rough,
it indicates the huge gap between the rich and the poor in
China, which is potentially harmful to sustainable devel-
opment of economy and the social stability.

4. Conclusions

The paper reviews some kinds of frequently-used meth-
ods for estimating Gini coefficient, including direct cal-
culation method, grouping method, curve fitting method,
distribution function method and decomposition method.
The urban, rural and national Gini coefficients from 2002
to 2010 are estimated by quintile rule based on the group
data of urban and rural household income in NSB’s Sta-
tistical Yearbook. The results show that the urban and
rural Gini coefficients are small, but the national Gini
coefficients are significantly bigger, which implies that
the gap between the rich and the poor mainly due to the
gap between urban and rural areas.

In the second new method, some points in Lorenz
curve are estimated firstly from Hurun Report and the
poverty line. Then, curve fitting method is applied to
estimated Lorenz curve and Gini coefficient. The result
of estimated Gini coefficient is 0.76, which indicates the
great gap between the rich and the poor. Although the
actual Gini coefficient of China may not be so large, it
still reflect the severity of the polarization between the
rich and the poor. Therefore, after 18" CPC National
Congress, the reform of income distribution should speed
up, and the reasonable income distribution should be
guaranteed when residents’ income doubles in the future,
to make sure that the society is harmonious and stable.
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