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Decomposition of Income Inequality both by Professions and by Income Sources

Takeshi Mori and Tbshiaki Tachibanaki
Kyoto University

Abstract

The purpose of this paper is to decompose income inequality based on two different
dimensions in pature. One is sample’s personal characteristics, and the other is income
sources. Empirical investigation is attempted to data in Japan. Although there ave
several studies which attempted decomposing income inequality either based on
personal charaeteristics including several different personal characteristics, or based on
income sources in Japan, this is the first attempt at least in Japan, which decomposed
income inequality by combining the different dimensions in nature. We find based on
this rigorous estimation method that several personal characteristics and/or particular
income sources work as either equalizing factors for total income inequality or
inequahzing factors.
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1. Introduction

There are basically two approaches to investigate empirical decomposition of
income inequality. The first is to decompose samples into several sub-samples based
on various demographic categories or qualifications such as age, profession, sex, etc.,
and estimate the relative contributior of decomposed inequality by categories or
qualifications to total inequality measure. The second is to decompose total income
into various sources such as wages, interest incomes, transfer incomes etc., and to
estimate the relative contribution of decomposed inequality by sources. The second
one pays attention to the fact that the sum of various source incomes is equal to total
income. Takayama(1976), and Toyoda and Wago(1977) are the examples of the first
approach, and Atoda and Tachibanaki(1985) is the example of the second approach
in Japan. ‘

The purpose of this study is to combine the first and the second approaches, and
thus to decompose the total income iﬁequality measure by both the first and the
second criteria, ie., by categories and sources. We use the method which was
developed by Shorrocks(1999) for our purpose, and applies it for the following three

measures; the relative variance, the Gini, and the Theil measures.

2. Estimation Method

2.1 Data

It is necessary to use income data which contain two informatioh, as explained
previously. The first is various demographic characteristics of samples, and the
second is not only total income but also income sources such as wages, interest
incomes, etc. We use thé (National Living Standard Survey) by the former
Ministry of Welfare( currently the Ministry of Welfare and Labor). The 1998 data
are used mainly, while the 1992 data are used supplementarily in order to commit
to a time-series comparison.

The data describe the foliowing demographic information: age, profession, family
size, number of income earnings. We use here the criterion of profession, and its
criterion divides samples into five sub-samples, regular employees, employees with
limited duration of contract or working hours, daily employees, self-employed, and
others. Also they provide the following six income sources; earnings(ie., wages),
enterprise incomes, farmer incomes, interest incomes, transfer incomes by social

security system, and other sources.
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2.2 Three Inequality Measures

1t i1s well-known that a particular inequality measure has merits and demerits
to show the true story of income inequality We apply the following thyee
measures; (1)Relative Variance, (2)Gini coefficients, (3)Theil measure. It is
expected that the resuit based on these three measures can show the stable,
balanced and reliable story of empirical measures of income inequality fairly well.

3. Decomposition of the Shapley Value

Shorrocks(1999) proposed a decomposition method which can decompose income
inequality by both demographic characteristics and income sources, based on the
Shapley value(1953). Since it is not easy to understand for non-specialists why the
Shapley value is useful to decompose inequality by two different criteria, we
describe a brief explanation by applying the concept of coalition game theory
and/or- of albeit game theory. We owe coalition game and/or albeit game to
Okada{1996).

3.1 Shapley Value
The example below will be useful to understand why the Shapley value is useful
to interpret the decomposition method adopted here.
Suppose there are three persons called A,B,C, who plan to work individually
and/or jointly. We know the following initial conditions,
(1) Each person(i.e., persons A,B,C, respectively) can earn A:60(thousands yen),
B:40, and C:20, when each person works separately and independently.
(2) Two persons earn the following if they work together. A and B: 200, A and C:
150, and B and C: 100.
(3) Three persons earn(ie., A, B, and C) 240 if they work together. .
The Shapley value determines the way, “who works together or separately?, and
how total earnings should be allocated to each person?”
For simplicity we write each coalition(i.e., a combination of who works together)
in the following manner.

(1) one person coalition: {A},{B},{C}

'(2) two persons coalition: {A,B},{A,C},{B,C}
(3) three persons coalition: {A,B,C}
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Total earnings are described below for each coalition. v is called characteristic
function at the game theory,

v(A)=60, v(B)=40, +(()=20
v(A,B)=200, v(A,C)=150, v(B,C)=100
v(A,B,C)=240

The Shapley value can be obtained in the following way. First, we calculate the
marginal contribution of each person. For example, the marginal contribution of
person A to three persons coalition is equal to 140G.e., 240-100). B

If three persons form three persons coalition under the order of A, B, and C, the
marginal contribution of each person is written as follows,

v(A)—0=60 ,

v(A,B)—v(A)=200—60=140

v(A,B,C)—v(A,B)=240~200=40

Table 1 shows various marginal contributions for all possible orders. Since it is
impossible to commit to any order under uncertainty, we regard the average of
each player's marginal contribution as a prior evaluation, which is called the
Shapley value. It is easy to show the following Shapley value( ) under this

example.

¢ A=11 5, ¢ B=80) ¢ C=45

This suggests that each person’s earning is 115 for person A, 80 for person B, and
45 for pexson C.

The Shapley value is the expected value of each person’s marginal contribution
in the framework of coalition game. Let us define the Shapley value formally. We
consider a coalition game (N, v) with N players(or participants) and v(ie.,
marginal contribution). |

=-Nin-SHY
d i (V)=2Z ;e scn G-Di@-5)! 1)(1: )

* {V(S)-v(S-{i}}

where ¢ ;(v) is the ith person’s (i= A, B, C) Shapley value.
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3.2  Dats Analysis by Shapley value

After understanding the essence of the Shapley value, the next step is to show
that it is useful and applicable for two dimension’s decomposition of income
inequality. We use again an example for this purpose.

Table 2 is prepared for the illustrative purpose, which consists of 20 person’s
income figures, and of their three different income sources (ie., ¥y, ¥°. ¥ ).
Needless to say, total income y is equal to (y'+ y*+y®). Also we consider a
hypothetical classification, say criterion X, for demographic characteristics. It can
be age or profession. There are three different groups for this criterion.

First, we evaluate decomposition by income sources, ie, ¥ (=1, 2, 3) . The
relative variance is used for the illustrative purpose as an inequality measure.
Table 2 shows that the relative variance for total income y is 0.113, and 0.123 for
income source y'. The next step is to take the sum of two income sources, i.e., y+y?,
y+y?, y>+y®, and calculate respective relative variance. Then, we consider all
orders regarding y', ie., y'— y>y°, y'— y*—y" ete. This enables us to calculate
the marginal contribution of each ¥, and to obtain the Shapley value for each y'.
The result shows that ¢ (y)=—2.130, ¢ (7)=1.629, and ¢ (*)=0.614. Since the
sum of the above three is equal to 0.113, which is equivalent to the original
relative variance, we find that the decomposition here is right.

Second, we are now concerned with decomposition b3.7 demographic
characteristics. Our example due to a hypothetical criterion X; can indicate the
estimation procedure in the simplest way. Table 3 shows the Shapley values only
for samples which have qualifications X;=1. Based on the same method, Tables 4
and 5 present the Shapley values for X;=2, and X,=3, respectively.

It is necessary to calculate the Shapley values for all combinations such as (1,
2), (1, 8), (2, 3), and (1, 2, 3) for X,. This enables us to calculate the marginal
contribution of each characteristic, and to obtain the a-verage of the marginal
contributions. Table 6 is the estimated relative variances for all combinations, and
‘Table 7 is the result of the Shapley values based on Table 6.

Table 8 is the final result in the case in which the decomposition by both
income sources and demographic classification is made. The table suggests that
X,=2 is the largest, while X;=1 is the negative value, implying that samples which
belong to X;=2 have the largest inequality, while samples which belong to X;,=1
have the lowest inequality. The result based on income sources suggests that y* is
the source which gives the largest inequality, while y* is the source of the lowest
inequality. It is noted that the largest source y° again shows the largest inequality
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for samples in X,=2.

4. Empirical Results for Decompositions by Two Dimensions, Profession and Income
source _

Table 9, 10 and 11 show the estimated results based on the three measures, ie.,
relative variance, Gini coefficient, and Theil measure. It is quite impressive to
notice that three different measures do not produce any significantly different

- result regarding the implication of decompositions of total income inequality. Thus,
we interpret our result based only on the estimated by relative variance.

Figures, which can indicate the essence of our study more intuitively, are
presented. Figure 1 shows the relative contribution by age class.

This figure suggests that income inequality is fairly stable for samples whose
ages are between 20 and 40 years old. It increases, however, fairly rapidly at the
age 40s, and its increase continues with high speed at the age 50s until the age
70s. This implies that the degree of income inequality for younger and middle age
generations is not so large, while the one for older generations is quite large.

“There has been a dispute over empirical observations on income distribution in
Japan regarding its time-series change over the past 30 years. One school
proposes, for example Tachibanaki(1998), that the degree of income inequality has
been increasing, and that it reaches a fairly high level. The other school does not
accept this proposition. One of the disputes is concerned with the cause of a
widening frend in income differentials; the aging trend in population age
structure facing in Japan is likely to be one of the main causes.

The empirical result in this paper clearly supports this cause because an
increasing share of aged people in the total population, which is a symbol of the
aging trend, reinforces an increasing trend in income inequality considerably in
view of the very wide income differentials among older generations. Thus, this
study sheds light on the issue of income distribution in Japan.

An interesting subject related to this is the reason why income differentials
among older generations are so wide. Three possible candidates can be suggested.
One is the institutional feature of industrial relations in Japan; the seniority
system, implying that wage payments increase with employees’ age with a
considerably sharp degree. Older generations can receive considerably high wages
based on this system. Second, the nature of the life-cycle saving hypothesis, which
is one of the most plausible hypothesis for the very high saving rate in Japan,
supports high wealth holdings among older generations. Third, it is possible to
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raise another reason which is related to the second reason; since older generations
fear their future public pension benefits in view of the anticipated financial
difficulty in the system caused by the aging trend, they tend to save a lot from .
their incomes. A high degree of propensity to bequeath to next generations is
another cause related to this.

One important reason for wider income differentials among older generations
is its statistical feature; part of older generations do not have any wage earnings
because they have already retired, while part of them continue to receive wage
earnings from working activity. We show later that some older generations receive
extremely high incomes from their executive positions at enterprises, as seen in
Figure 2. This distribution between non-working and working can explain one of
the causes of wider income differentials among older generations. A future work,
which separates samples between non-working and working would be desirable to
confirm this explanation. |

The second concern is decomposition of total income inequality by professions.
Figure 2 presents such results. We can see the following observations. First, the
most apparent profession, which can contribute to the largest income difference, is
self-employed workers. Daily workers follow it.

It is quite natural that income levels are so different among self-employed
workers because very successful self-employed workers can receive extremely high
earnings for various reasons. Venture entrepreneurs, successful medical doctors,
writers, professional sport players, etc. are examples. Unsuccessful self-employed
workers such as small shops, retail traders, farmers, however, cannot earn high
incomes, as we know them in the real world. Since economic activity of self-
employed requires risky tasks and at the same time is determined by luck, it is
natural to see the fact that income differentials among self-employed are quite
large.

The traditional self-employed workers in Japan were dominated by farmers,
retail traders, etc. Income levels of these professions were relatively Iow on
average, although there were a small number of rich farmers and retail traders.
The share of these occupations within self-employed category has been in a
decreasing trend. Thus, the story for ambitious venture entrepreneurs, successful
various professions such as sport players, writers, musicians, etc. rather than for
farmers and retail traders is now crucial for the determination of income levels of
self-employed workers.

Second, the relative contribution of being employees to the total income

—193—



inequality is minor except for samples whose ages are older than 70 years. The
minor role of employees for income inequality is not surprising in view of the
Japanese way of wage determination because fairly higher equality among
employees was regarded as a principal rule, although its feature is losing
popularity currently. It was believed in the past that equal treatment for
employees concerning their wages and promotion possibilities at Japanese firms
was useful to draw the highest work motivation and incentive from nearly all
employees. It is obvious that such a principle contributed to narrowing wage
differentials among employees.

This feature, ie., equal treatment, however, is moving towards emphasis on
merit system. This system recommends that employees’ wages and promotion
possibilities should be determined by their productivity and thus contributions to
the firm. The difference in wages among employees shows a widening trend
currently because the system is dominant in many firms.

The exception for employees whose ages are older than 70 years comes from
. the fact that some employees in this group receive very high earnings, possibly
because they are executives (i.e., top managers) at firms. This is one of the causes
of the very wide income differentials among older employees, as described
previously.

Third, we examine decomposition by income sources, whose result is shown in
Figure 3. There are several interesting observations which ean be derived from
this figure,

First, the influence of both enterprise incomes and property incomes( ie.,
interest incomes) is quite large to determine the degree of total income inequality.
In particular, the role of property incomes such as interests, dividends, rents, ete.
is the largest for nearly all age classes for 60s and 70s. Households, who have high
asset values such as financial assets and real assets, are quite advantageous in
receiving higher incomes because they can receive interests, dividends, rents, etc.

Atoda and Tachibanaki (1991) also obtained the similar result based on the
different estimation method, proposing that the influence of property incomes is
very large. Atoda and Tachibanaki speculated that wealth tax might be necessary
to reduce the role of property incomes in the determination of total income
inequality. Since we have to take into account various factors and effects of this
tax based on both efficiency and equity grounds, we do not discuss this issue
further.

Second, the relative contribution of wage incomes is negative for all age
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classes except for extremely older observations (i.e., over 70 years old). This is
related to the previous finding such that wages are distributed fairly equally.
Wage incomes act as an income source which contributes to reducing the degree of
total income inequality in Japan. This is an important fact finding,

Third, 2 more impressive result appears in the role of transfer incomes such
as public pensions, medical insurance payments, unemployment compensations,
supplementary benefits, etc. because its sign is negative for older samples.
Naturally, older people receive these payments much more frequently and with
considerably higher amounts than younger and middle age people. Social security
system in Japan works as a system which contributes to reducing the degree of
total income inequality. We are able to confirm that social security system in
Japan works quite fairly and appropriately.

Fourth, we performed the similar decomposition analysis for 1992 data as 1998
data which were discussed with great length in this paper. Since the result for
1992 data is not so different from the one for 1998 data regarding the effect of
decomposition by both profession and income sources. Thus, we do not provide any
explanation.

One supplemental result is shown by Table 12 to investigate a time-series
change in total income inequality from 1992 to 1998. It indicates that three
measures, namely relative variance, Gini and Theil, describe a very minor
increase in the degree of total income inequality. Income distribution in Japan in
the 1990s was moving towards more inequality, although its degree towards
inequality was very minor or nearly negligible.

5. Concluding Remarks

The paper presented theoretical implications of the decomposition analysis
developed by Shorrocks(1999), and an empirical analysis based on hypothetical
data for the illustrative purpose. We hope that readers find the first part useful to
understand decomposition method considered here.

The second part presented empirical evidence in Japan This is the first
attempt in Japan, which decomposed total income inequality based on two
dimensions, namely profession (or occupation) and income source.

Several worth-while findings in Japan may be summarized as follows. First,
the degree of total income inequality is unchanged for younger and middle age
populations, while it increases fairly drastically for older generations.
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Second, income differentials by self-employed and daily workers are quite large,
while the ones by employees are fairly small These findings regarding the
difference in professions are consistent with the common knowledge in Japan.

Third, the role of enterprise incomes and property incomes is fairly large to
determine fotal income inequality. The role of wage earnings is negative for all
samples except for over 70 years old samples, and also the one of transfer incomes
is negative for older generations. The latter finding regarding wage earnings and
transfer incomes is impressive because these two income sources play an

important role in reducing the degree of total income inequality.
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Table 1. Marginal Contributions for Albeit Game

Possible order A -B C

ABC 6 14 4
ACB A ] 9 9
BAC 16 4 4
BCA 14 4 6
CAB 13 9 2
CBA 14 ] 2
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Table 2. Shapley Decomposition by Income Sources for Hypothetical Data

Original data

Calculated data

total income characteristics 1

y y' vy v x
person 180 160 20 0 1
person 200 200 0 0 1
person3 161 130 0 31 2
persond 2186 216 )] 0 1
persond 196 170 0 26 3
persond 211 200 11 0 1
person’ 140 140 0 0§ 2
persond 184 184 0] 0 1
person9d 240 200 0 40 3
personl0 06 g6 0 0 1
personil 28 28 0 0 2
personi2 200 200 0 0 1
personid 300 300 0 0 3
personl4 266 260 6 0 2
personid 162 162 0 0 1
personi6 130 130 0 0 i
personi? 200 150 25 25 2
personiB 140 140 0 0 1
personid 130 110 0 20 1
Lperson20 182 182 0 0 1
mean [ 178.1 167.9 31 7.1
variance V(y) 3584.305 3461.67 52.095 171.25
relative variancel 0.1 13| 0.1 2280' 5.4209' 3.3972'

l V1y2 y1y3 VZV3
personl 180 160 20
person2 200 200 0
persond 130 161 31
persond 218 216 0
personb 170 . 196 26
person§ 211 200 11
person’ 140 140 0
personf 184 184 0
persond 200 240 40
person () 96 86 0
personii 28 28 0
personl2 200 200 0
personl3 300 360 0
personl4 266 260 6
personld 162 162 0
personl6 130 130 0
personl? 175 175 50
personiB 140 140 )
personl9 110 130 20
person20 182 182 ]
mean [ 1¥a! 175 10.2
variance Viy) 3545.37 3481.16 2428

relative variance. 0.12125 0.11367 2.33372

Result
_5’1 V2 Va

vy 0122796 —-0.00155 —0.00825
vy 0122796 -0.00067 —0.00913
viy'y® 529964 5.420888 —-0.00825
vyl -2.22072 5.420888 -3.08717
vy'y? ~328353 -0.00067 3.397196
vy'y' -2.22072 -1.06348 3.397196
Shapley value | -2.12084] 1.629235] _ 0.6136
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Table 4. Shapley Decomposition by Income Sources based on Characteristics 1
(X,;=2) for Hypothetical Data '

X=2 total income ‘ characteristics1
y y' % oy X,
person3d 161 130 0 31 2
person? ol 140 0 of 2
personli 28 28 0 0 2
personi4 266 260 6 0' 2
personl7 200 150 25 . 25} 2
mean K 159 141.6 62 11.2
variance V(y) 7664 67828 1172 2397
relative vaﬁancemmm
Result
yl y2 y3

vvly® 0.338285 ~0.00135 -0.03378
v'y'y? 0.338285 0005579 -0.04071
viy'y® ~2.71198 3.048907 -0.03378
viy'y' | -1.33445 3048907 -1.41131
vy'y? -1.6133 0005579 1.910874
voyy' -1,33445 -0.27327 1.910874

Shapley value | ~1.05293} 0.972391{ 0.383696

Table 5. Shapley Decomposition by Income Sources based on Characteristics 1
(X,;=3) for Hypothetical Data

X=3 total income ' charucteristics 1
v v’ y y’ X,

persond 196 170 0 26 3

person9 . 240 200 0 40 3

person13 300§ 300 0 OI 3

mean [/ 2453333 223.3333 0 22

variance V(y) 2725333 4633.333 0 412

relative variancel 0.04528' 0.092894' OI ‘0.851 24'

Result
y‘l yZ y.'i

vivy® 0.092894 0 -0.04761
vy 0092894 0 -0.04761
vay'y? 0.092894 0 -0.04761
yy'ly' ~0.80596 0 085124
vy'y? ~080596 @ 0 085124
yivRy' -0.80596 0 085124

Shapley value | —0.35653] of 0.401813
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‘Table 3. Shapley Decomposition by Income Sources based on Characteristics 1
(X;=1) for Hypothetical Data

X1 total income ‘ characteristics 1
Y ‘ y1 y2 Va X,

personl 180] 160 20 0 1
personZ2 200 200 0 0 1
persond 216 218 0 0 1
person6 211 200 11 0 1
person8 184 184 0 D 1
personi0 96 96 0 0 1
personi? 200 200 0 0 1
personld : 162 162 0 0 1
personi6 130 130 0 o} 1
personi8 140 140 0 0 1
person19 130 110 0 20 1
person20 182 182 0 0 1
[mean 7 160.25 165 2583333 1.666667
variance V(y) 1424568 1508.727 40.08333 33.33333
relative variancd 0.049731] 0.055417] 6.006243] 12}

Result

y' y y®

v yy® 0.055417 0.001577 —0.00726
vy 0.055417 0.001417 -0.0071
viy'y® -5.84925 6.006243 -0.00726
vy -3.49478 6.006243 -2.46173
viy'y? -11.9517 0.001417 12
Yviy' -3.49478 —8.45548 12

Shapley value | —-4.12994] 0.593568] 3.586106

—201—



