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Abstract

The goal of this paper is to establish a parabolic model for Gini Coefficient estimation. With the help of computer simulation and
programming, this paper develops a new method of Gini Coefficient estimation and provides statistic support for the administrative
and the decision-making departments of the government to scientifically measure the income gaps and to adjust the distribution

policy and macroeconomic policy.
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1 Introduction

The Gini coefficient which developed by Corrado Gini
in1912 is a measure of statistical dispersion intended to
represent the income distribution of a nation's residents,
and is the most commonly used measure of inequality. Its
range is [0, 1], and the lower the value the distribution of
wealth among social members more uniform. And the 0.4
is usually used as the income distribution gap between the
warning lines [1]. Even a little mistake of one percentage
in mathematics can cause a great error which may mislead
the economists and decision-making departments of the
government into misjudgement of the gaps in the income
distribution and may further influence the adjustment of
income distribution policies and macro-economic policies.
Therefore, it is essential to choose a suitable algorithm
with relatively smaller error based on the data collected.
The Gini coefficient is widely used. The literature [2]
shows explicitly how the overlapping of groups impacts
between-group inequality by generalizing a result on the
group-wise decomposition of the Gini index to more than
two groups. The literature [3] shows the ranking of income
distributions, symmetric under the same transformation, by
S-Gini consistent social evaluation functions and majority
voting coincide if and only if the inequality index under
consideration is the Gini coefficient. The spatial Lorenz
Curve and Gini coefficient can be used to analysis the Gini
Coefficient of agricultural production, revealing how the
agricultural specialization changed and analyzing the status
of a certain city in the agricultural specialization of the
whole province [4]. The Gini coefficient is also can be
used to design the company salary system in order to
improve the staff's work enthusiasm and reduce their
turnover rate [5]. Estimation of Gini Coefficient is an
approximate calculation [6-8]. There have been many
traditional methods, such as the trapezoidal method, the
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rectangle method, and the Gini calculation method. How-
ever, the Simpson method or the parabola method, which
plays an important role in approximate calculation, has
never been mentioned in the literatures.

The purpose and innovation point of this paper is to
propose a new mathematical model for estimation of Gini
Coefficient: the parabola method. Moreover, computer
programming of the mathematical model is developed to
perform automation of Gini Coefficient estimation so as to
offer statistical support to the administrative and decision-
making departments of the government to make scientific
judgment of the gaps in income distribution and right
adjustments of distribution policy and macro-economic

policy.
2 Parabolic Model for Gini Coefficient Estimation

The trapezoidal method and the rectangle method [9, 10]
divide Lorenz Curve into several sections and replace the
curve with straight line in every section. In other words,
they replace the Lorenz Curve with linear function. When
the Lorenz Curve has a relatively large degree of curvature,
the error in Gini Coefficient estimation may be enlarged
and will obviously underestimate the Gini Coefficient.

In order to improve the accuracy, it is practical to
replace Lorenz Curve with the quadratic function of
| :ap2 +bp+c in a small range. Exactly, we replace a
section of the original Lorenz Curve with the correspon-
ding section of a parabolic curve, whose symmetric axis is
parallel to the y axis. This method is called Parabolic
Method.

Lemma 1 Three non-collinear points can determine
only one parabola.

Lemma 2 The parabola y = ax® +bx-+c over [Xo, Xo+h]
which is determined by three non-collinear points: (Xo,
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Vo), (%th/2, yi), (%+h, y,) can form a curve-edge
trapezoid with the area of

Xg+h 1
s= J.XO (ax® +bx +c)dx = gh(y0 +4y, +Y,) 1)

The area of such a trapezoid is only related with the y
coordinates of the three points respectively and the length
of the interval mentioned above.

To further generalize the above conclusion: let
0=2Xy <X <X, <..<X, =1be a partition of [0, 1] which
divides [0, 1] into n intervals (n is an even number) with
equal length. The length of every interval is 1/n, and the
function value corresponding to every division point is Yy,
Y1 Y2 ,..., Yn respectively. The curve of y=f(x) is also
divided into n parts with division points Mg, M; M,,..., M,
respectively. As a result, the parabolas determined
respecttively by three non-collinear points of (Mg, My, My,
Mz, M3 My. ... My, My My) can form different curve-edge
trapezoids with the area respectively of :

O]

Sﬂ

1
— (ynfz + 4ynfl + yn)
= 3n
Where n is an even number. If we add together the areas
of the above n/2 trapezoids, we can get the total area as

1 1
I OO0 o Yo+ 205 Yo b+ Y, )
+A(Y, + Y3+ + Y )]

The above formula is the Parabolic Formula for
definite integral approximate calculation, or known as
Simpson Formula.

From the above mathematical expression, we can get
the formula of parabolic method for Gini coefficient
calculation.

®)

Theorem: If we divide the total population into n
groups from the lowest income to the highest income (n
must be an even number), the population of every group is
1/n of the total population, let Iy, I, Is,...,I, denote the
proportion of income of every group in the total income of
all members respectively, then

G:l—sin[uz(yz+y4+~-+yn_2)+4(yl+y3+---+yn_l)] 4
Where

yi:ZI:Ik (i=12,..,n)
Bgzled on the proof [9], we knowG =1-2S; where

Sg can be calculated with Formula (3). Note that
Yo =0,y, =1, then we can get Formula (4).

(®)

3 Estimation flow of Parabolic Methods
for Gini Coefficient

We use parabolic method to estimate the Gini coefficient.
The estimation flows please see Figure 1.
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FIGURE 1 Gini coefficient estimation flow.

In Figure 1, the data will be inputted by using user
interface. The stage of data processing is a preparation for
Gini Coefficient calculations. The output data are discrete
points which returned from the stage of data processing. As
output data given here are discrete, it is impossible to draw
the Lorenz Curve precisely. The Lorenz Curve drawn here
is formed by connecting the scattered points. At last, the
fitted curve will be evaluated by using the parabolic model.

4 Examples and Analysis

4.1 IDEAL SITUATION OF INCOME
DISTRIBUTION

Suppose there are n members in the sample space, and the
income of the lowest one is a units of some currency, and
the difference between two adjacent members is one unit.
Obviously, this is an ideal structure of income distribution,
so the total income of all the members is:

A=Y A

=a+(@+D)+(@+2)+---+[a+(n-2)]+[a+(n-1)]

(6)
= 2[2&1+ (n-1)]
2

Among all the members, the rate of income of ith
member compared with the total income of all members is

A .
I, =—<i<n),
A
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Then we can list all these n numbers according to their
incomes from the lowest to the highest. Please see Table 1.

TABLE 1 Sorted incomes of the n numbers

Income Per. of Per. of Cumulative Cumulative Per.
No. . Per. of
(A) | Population| Income . of Incomes
Population

1 a 1 a

1 a — — — —
n A n A
1 a+1 2 2a+1

2 a+l — —_— —
n A n A
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1 a+?2 3 3(a+D
3 a+2 - -
n A n A
a+(n-2) n-1 n-1
n-1 |a+(n-2) - —| — |—[2a+(n-2)]
n A n 2A
a+(n-1
n |a+(n-1) - ar-y 1 1
n A

4.2 GINI COEFFICIENT IN IDEAL SITUATION OF INCOME DISTRIBUTION
The Gini coefficient calculation formula with Parabolic Method is as follows:

2
1-—[R+2(y, +y, +-

G= +Y ) A, Y, ety )]
3n
2a+1 4a +6 -
= ——{1+ 2[ 4+t 3)]
3n

a 3(a+D
+4[— + + ot (2a+n-2)} @)

A 2A

n

2 2 . 2K

3n

k=1

n
where = E[Za +(n-1)] (8)
We can use
Zk ——n(n +1)(2n +1)
k=1 (9)
to refine the formula:
G- 2n (n-2)n
= f—{1+ (l-a +———(2a- 1)+—(n 2)(n=Yn
3n A 4A
D) a3 (e D(n 2}
3A

(10)

At last, we can get the result, the optimal value of
Gini coefficient is 1/3 theoretically. See Equation (11).

1
limG = 1—— —+-)=
( ) 3

n—oo

If a=1, n=100, A=5050, and put the values of
B,l; into the estimation flow of Gini coefficient cal-
culation, the value of Gini coefficient got by the Parabolic
method is 0.33, It is close to the warning value 0.4. The

(11)

1-—{l+—) —[2a+(2k _1)]+iz
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n

2

_1[2a +(2k — 2T

n

_3_ 1+—Z[(2a 1)k+2k]+— [(1-2)+(2a-3)k +2K’]

k=1

income distribution curve using the Gini coefficient

discussed above is shown as Figure 2.
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FIGURE 2. Income distribution curve using Gini coefficient.

As we can see from Figure 2, the experimental curve is
almost a perfect parabola. So it is feasible to forecast the
income using our model design and implement.

5 Conclusions
The first contribution is that it has introduced a new

mathematic model for Gini coefficient estimation-Parabola
Model. When the Lorenz Curve has a relatively large



COMPUTER MODELLING & NEW TECHNOLOGIES 2014 18(12C) 585-588 Niu Xiaoqi, Chang Baoping

degree of curvature, this Parabola Model has a higher  Acknowledgments
accuracy than other models. The second contribution is to
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