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A THEORETICAL FRAMEWORK FOR DETERMINING
THE APPROPRIATE LEVEL OF SUBSIDY IN ECONOMY

A framework has been developed for determining the subsidy that, in the long run, serves to
equalize the per capita income shares across income classes. The framework characterizes the income
dynamics by the Markov process and uses the principle of maximum entropy for selecting among al-
ternative subsidy schemes. The study provides a means to forecast the per capita income shares at any
instant of time and serves as an objective tool to decide on the appropriate level of subsidy.
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1. Introduction

We consider an economy where frictional unemployment persists and a tax-
subsidy scheme is to be implemented. We assume that the initial number of income
earners is known and that the presence of frictional unemployment limits the search
for a better paid job. We assume that the government strives to achieve a balance in
the fiscal operations within the economy. We also assume that taxes and subsidies are
the only instruments regulating the economy. Further, we assume that the tax bases
and tax rates are given and that the tax rates are sufficiently fair that tax non-
compliance is insignificant. The population of income earners is stratified into three
states according to their earnings. These states are: low-income earners, middle-
-income earners and high-income earners [19]. The stratification is a reflection of in-
come inequality in the economy. We use the per capita income shares as a proxy for

lDepartment of Mathematics, University of Benin, P.M.B. 1154, Benin City, Nigeria, e-mail ad-
dress: augustine.osagiede@uniben.edu, virtue.ekhosuehi@uniben.edu



20 A. A. OSAGIEDE, V. U. EKHOSUEHI

income inequality and as the mean income [6]. We describe the dynamics of this phe-
nomenon using the per capita income shares [12]. We adopt a quartile-based definition
to classify income [1], rather than using natural breaks in the income data or the pov-
erty line. This is because such a quartile-based definition is more objective. We intend
to achieve a twofold objective, viz.: to derive a closed-form continuous-time represen-
tation for the per capita income shares and to develop a yardstick for selecting a subsi-
dy plan among alternative subsidy schemes. The continuous-time representation of the
per capita income shares is an econometric model that enables policy makers to fore-
cast the state of the transient per capita income shares at any instant of time. We ac-
complish this task by formulating a continuous-time Markov chain under this tax-
subsidy setting. The continuous-time Markov chain model is analogous to a birth-and-
-death process [9], wherein the rates at which births and deaths occur are defined to be
the subsidy and the income loss through income tax, respectively, per financial year.
Taxes and subsidies are economic regulatory instruments [18]. The yardstick for
choosing an optimal subsidy plan that will achieve uniformity in the per capita income
shares in the long-run is based on the principle of maximum entropy. The concept of
entropy is well-known in the literature [8, 16, 21, 23]. The entropy of a k state system
is given by

H= _Ci P In P (1)

i=1

where p, is the probability that the system is in state i and c is a constant. Details on

the derivation and the properties of the entropy function are found in [21]. Entropy has
found applications in the measurement of income inequality2 [11, 17]. In this study,
we adopt equation (1) to achieve this goal. We believe that our method constitutes
a plausible tool to describe the dynamics of income inequality so as to enable policy
makers to make projections within a tax-subsidy setting regarding per capita income
shares, and also enables them to determine an optimal subsidy for the economy. These
are useful economic contributions. Thus the danger inherent in first trying-out a subsi-
dy scheme is avoided. Our approach is not only of interest to mathematical econo-
mists, but also to politicians and policy makers, as it satisfies the requirement of using
objective methods in decision making rather than relying on subjective means, such as
personal experience or intuition.

?In such applications, the entropy formula is either based on Eq. (1) or expressed in terms of its max-

k k
imum value as Ink — {—z p; In pi] = Z p; Inkp; , as ¢ = 1. This expression is known as redundancy.
i=1 i=1
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2. Related work

One of the targets of any economy is the equitable distribution of income [10]. To
achieve this target, attempts have been made by governments to bridge the income ine-
quality gap among the various strata of the population through tax-subsidy policies [2].
Nonetheless, income inequality continues to persist. For this reason, it has become
a subject of interest [11, 20]. Boadway and Wildasin [3] presented conditions under
which it is useful to include public provision and subsidy in a policy mix and stated
that taxation of wages can be used to deal with inequalities arising from random
shocks to industries, regions, or occupations. Tuckman and Brosch [22] considered
a model of income share in which all income earners are divided into n equal sized
groups. They proposed that policies which increase income from labor have an equal-
izing effect on income distribution. We remark here that the approach in [22] would
pose some challenges when the number of income earners is a prime number.

Several methods have been applied to describe the dynamics of income inequality.
Bressler [4] identified methods such as the Lorenz—Gini approach and the Paglin ap-
proach as descriptive measures of income inequality. These two descriptive approach-
es differ in that average income is used in the Paglin approach, whereas actual income
is used in the Lorenz—Gini approach. Levine and Singer [13] obtained a closed-form
integral expression for the area under the Lorenz curve and then determined the effect
of taxes on the income distribution and the resultant effect on income inequality.
Esteban [7] noted that the descriptive task of fitting density functions to empirical data
on income is not very inspiring.

Jana et al. [11] employed the maximum entropy approach to determine the opti-
mal reduction in income inequality through taxation. Chakravarty [6] provided
a social welfare function that mimics the entropy measure of inequality based on the
mean income of the population. Cappellari and Jenkins [5] modelled income transi-
tions between two states — poor and not poor — using a first-order, discrete-time
Markov model. McCall [15] also used the discrete-time Markov model to study
earnings mobility for those of working age. The states of the system were catego-
rized into three groups: low earnings covered by social security, non-low earnings
covered by social security and uncovered earnings (i.e., individuals not covered by
social security). Lillard and Willis [14] used an econometric model to study earnings
mobility, using the poverty line as a benchmark to distinguish between states, and
then compare the results with those obtained by a Markov chain model of income
mobility.

It is important to mention that this study differs from the discrete-time approach
presented elsewhere [5, 15], since it models the evolution of per capita income shares
as a continuous-time process. We derive ways to represent the dynamics of income
inequality as a discrete-state, continuous-time Markov process.
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3. Methodology

Let us consider an economy in which people are to be classified according to their
income (measured in units of the local currency). Let €2 be a set of incomes in the

economy at the baseline moment with sample points, o,, r =1, ..., |.Q| Let {AY, be
partitions of €2 such that: A NA =¢, i# | and U}, A =. The quartile-based
classification of per capita income shares on €2 is defined as:

0, <Q=>mechA, Q<u<Q=>mcecAand o 2Q =0 A

where Q, is the pth quartile of 2, p=1, 2, 3. We define the partitions, {A}., , as
follows: A is the low-income class, A, is the middle-income class and A, is the
high-income class. Denote the number of income earners by |Q|.The per capita in-
come share of the ith class at the baseline moment is the proportion

ZV(U,EA @
1
|A|ZVJ‘AJ Z‘v’wreAj a)r

where p,(0) is the per capita income for class i from the mean income, |A| is the

pi(o): 1 J’I 6{112’3} (2)

number of income earners in class i. The choice of p,(0) is in line with the Paglin

approach [4, 6]. We use a quartile-based classification of income to ensure that the
economic regulatory instruments of taxes and subsidies are not geared towards target-
ing a specific individual.

We create a suitable platform for income redistribution, based on these two eco-
nomic regulatory instruments, among the classes of income earners using the Markov
chain framework. We consider a tax-subsidy plan for a financial year. We assume
a scenario where the low-income earners are exempted from income tax, while the
high-income earners are excluded from subsidy. So the low-income earners benefit
from subsidy without income tax, the middle-income earners pay income tax and en-
joy subsidy, and the high-income earners pay income tax, but do not benefit from sub-
sidy. It is possible to exclude high-income earners from subsidy, since income ine-
quality is associated with income segregation [19]. We assume that the possible
income changes in class i may either lead to an increase through subsidy to an income
level in the next higher class i + 1, or a decrease as a result of income tax to an income
level in class i—1 just below it, provided i-1, i, i+1 {1, 2, 3}. Let v, denote the
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rate at which the process (an income earner) leaves class i. Let p; be the time-
homogeneous transition probability from class i to j resulting from the economic
regulatory instruments. We assume that at any moment in an interval (t, t+ 6t) of the

financial year, a subsidy is time-invariant and non-differentiated between the benefi-
ciaries, and that the income loss through income tax is known. The transient per capita
income share of class i is given as the probability of being in class i at time t given

the tax-subsidy plan. We denote this income share as p; (t, a|ﬁ2, ;). « is the subsi-

dy (i.e., the amount spent on subsidy per year) and £, and g, are the annual budgeted

revenues from the income taxes levied on class 2 and class 3, respectively. Consider-
ing the probability of transitions in the interval (t, t+ ot), based on the birth-and-death

process [9], the transient income per capita share of class i at time t + 5t is given by
pt+3t alB,, B) = put a| By, B)A-VipLSt) + Py (L @By, B)V, Pait
P, (t+3t a|By, By) = (L, @[ By B)A-V, Pyt =V, P,,61)
+p(t, a| By, BVipLSt+ Pyt B, BV Pyt

P, (t+0t, a|ﬂ2 , B) = ps(t, 01|ﬂ2, B)(L—V5P5,6t) + Py (t, 0(|ﬁ2 s Ps)V, Pyt

In matrix notation, the differential equations describing the transient per capita in-
come shares are given as:

d —Vi Py, Vi Py, 0
ap(ta 0{|ﬂ2 ) ﬂs) = P(t, 0‘|ﬂ2 ) ﬂ3) Vy Py _(Vz Py +V, p21) V; Pos
0 V3 P35, —V3 P35,

and at t =0, the vector of proportions at the baseline moment is given as:
3
P(0) ={(|01(0), P,(0), P:(0)): > pi(0) =1, p,(0)20,i=1, 2, 3}
i=1

where

d

d d d
Ep(ta a|,82, ﬂa):[a p. (¢, 0{|ﬂ2, 2y apz(ta a|ﬁ2a Bs) aps(ta 0!|,32a /Bs)}
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is a row vector of the rates of change of the per capita income shares with respect to
time for a given choice of income generated through taxation,

P(t, a|ﬂ21 B) =[p,(t, a|ﬁ2’ Bs) Pt a|ﬁ2’ Bs) st a|182’ 5l

is a row vector of the per capita income shares at time t for a given choice of income
generated through taxation, and the matrix

—V1Pi2 Vi Pyp 0
V, Py _(Vz Py +V, p21) V5 Pas
0 V303, —V3 05,

is the Markov generator.
Since subsidy leads to an increase in income and income tax causes a decrease in
income, we set the subsidy such that ¢ =v,p,=V,p,, and tax levels such that

B =V Pyiyy- We do this because we assumed that the subsidy is time invariant and
non-differentiated between the beneficiaries (i.e., the low- and middle-income earn-
ers). It is possible to achieve this by subsidizing amenities in areas occupied by the
low- and middle-income earners as income inequality is associated with income seg-
regation [19]. For g, # £, it means that the middle-income earners and the high-

-income earners do not pay equal tax. Thus we obtain the generator matrix, denoted by

Q(a|p,, ). as follows:

—-a a 0
Q(a|ﬁz’ B)=|p —(a+B) «
0 ﬂs _ﬁ3

We therefore state a method for projecting the per capita income shares at any
time instant in the following proposition.

Proposition 1. The transient per capita income shares are given by the vector
P(t, «|B,, B,) as follows:

P(t, a|ﬂ2,ﬂ3)=P(O)[ Lcr—1t Glexp(—yot)+%ezexp(—mt)]
Vo)1 7/0(7/0_71) 71(71_70)
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where
ro=5@a+f,+ fy+ (= ) +Aa,
1= @a+ f+ =B~ B +4ap,)
BB apy o’
Co=|BL af a’
Bl apy o’
(Bs=ro)la+B,—7,)—ap; a(Bs = 7o) o’
G, = Bo(Bs—70) (@=7)(Bs=70) ala-y,)
Bobs ACESD) (a=y)a+pB,-r,)—ap,
and
(ﬂ3_71)(a+ﬂ2_71)_aﬂ3 a(ﬂ3_71) az
G,= Bo(Bs—11) (a=1)(Bs—1) ala—r)
Bos Bila-rn)  (a-p)a+pf,—-n)-ap,

Proof. Taking the s transform of P(t, a|,82, 5s),
Mo ais i 65) zj:exp(—st)P(t, alp,, Bt

we have

S+a -a o T*
3)

Motup () =PO)| =4, s+(a+p) -a
0 _ﬁa S"'ﬂg
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where M Pl ) (s) is the s— transform of P(t, a| By, ;). The determinant of the
S+a -a 0
matrix | -8, s+(a+p,) —a |, denoted by |Q(s)|, is given by
0 —ps S+ p,
|Q(S)| =5(s’ +(2a +5,+ B))s +a tafy+ BB =5(s+7,)(s+7)
Therefore,
M (5)——P(0)
P(t.a|By.5s) |Q(S)|
(s+B)(s+a+B,)—ap; a(s+ ) a’
x Bo(s+ ;) (s+a)(s+5,) a(s+a)
Bl Bi(s+a) (s+a)(s+a+B,)-af,

Using the method of partial fractions, we obtain

1 1 1
P(t,a|f,.fs) VoS 0 Voo — 1) +9) ' 1 =7)(+59) i

We thus express Eq. (4) as

Mo .ls, ) (5)

=P(0) x f wexp(—st)[ 1 C,+ 1 G, exp(=y,t) +;G2 exp(—ylt))dt
0 Yol 7o(o—7) n(=7)

Therefore, the transient per capita income shares are given in matrix-vector form as

P(t, a|ﬁzi Bs)
(®)

1 1 1
= P(O)( Co + Gl exp(_7ot) +—Gz exp(_71t)j
Yol Yo(Vo—71) n(n-7)

This completes the proof.
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It can be easily seen that P(t, a|B,, B,)e=1 for all p(t, a|B,. B)=0,
i=1, 2,3,where e isa 3x1 vector of ones. This is because

1
Yol

Ce=e
and the row sums of matrices G, and G, are respectively equal to zero as

a’ +apy+ B, fy—a+ B, + B5)1, +7/§ = (az +aofs+ B,5) —%((2& +5, +ﬁ3)2

+(2a+ B, +ﬂ3)\/(ﬂ2 _ﬂs)z +4ap, )+%((2a+ﬁ2 +ﬂ3)2 +2Qa+ B, + Bs)

(B~ B +4ap, + Qa+ B, + ) ~ 4" +af,+ B5)) =0

and

a’+afy+ s~ Qa+ B+ B+ = (o’ +ap, +ﬂ2ﬁ3)_%((2a+ﬂz + /)

-(a+pB, +ﬁ3)\/(ﬁz _ﬂ3)2 +4ap, )"'%((205"':82 +ﬂ3)2 —2Q2a+ B, + B3)

X \/(ﬂz _ﬁs)z +dap, +(2a + S, +183)2 _4(052 +af, +ﬂ2ﬂ3)) =0

Next, we consider the long-run situation. In order to derive the entropy measure
for the per capita income shares in the long-run, it is obvious that we need to obtain

the steady-state solution !im P(t, a|,82 , ;). From Eq. (5), we have

1 Bl af o’
PO)| 8., ofy o (6)

Yo7
o BBy afs a’

!'_[2 P(t, (Z|ﬂ2 , Bs) =

Now, for each income class i, we have

0<limp(, alp,, p;)<1.
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It follows that

3
0<-> limp,(t, @[, A)nlimp,(t a|B,, B,)<In3
i=1
So, if we define c= % the entropy in Eq. (1) becomes
n

1 <. i
H = _EZ!HQ pi (¢, 0{|ﬁ2, ’B3)In!ljl pi(t, a|ﬁ2 » Bs) (7)
i=1
where 0<H <1. The upper bound for H is attained when

lim p.(t, @[, ) =limp,(t, alf,. ) =lmp,(t alf,. £) =1

This represents the case where equal per capita income shares among the income
classes in the economy is achieved at the steady-state. The lower bound is attained
when

!Lrg P, (t, 05|ﬂ2, Bs) = !Lr?o P, (t, a|ﬂ2’ B) =0, !Lrg P, (t, 0‘|ﬂ21 B)=1

This situation would exist when only the high-income class earn income reaches the
steady-state. For intermediate values, the entropy measures the extent of income inequality
which is present at the steady-state. We now make the following proposition.

Proposition 2. In this tax-subsidy framework, uniform per capita income shares
are attained in the long-run when and only when the taxes from each of the middle-
and high-income classes are respectively equal to the subsidy.

Proof. When the taxes from each of the middle- and high-income classes are equal
to the subsidy, then

B, ;‘ﬂ3 —a (8)

We determine the subsidy « in such a way that the entropy index

H=-2Slimp, ¢ alg,, A)IN A als,, £)
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is maximized subject to

> limp t als,, £)=1

!'_[2 P (t, a|ﬁ2 , B3) 20
This is attained when
. . . 1
!Lrg p.(t, a|ﬁz , By) = !Lnol P, (t, a|182 , Py) = !Lrg P, (t, a|ﬁz ' Bs) :§

Thus the long-run equitable per capita income shares are achieved when

BB of a®
L PO\ B8 o @ =F : 1} ©)
Yo?1 5 3 3 3

BB of «a

Solving the system given by Eq. (9), we obtain S, =«. Similarly, from Eq. (8),

a = f,. Conversely, when the baseline trend of income inequality persists, i.e.,

!Lnol p.(t, Ol|ﬂ2, Bs) < !Lrg P, (t, a|ﬂzv Bs) < !Lrg Py (t, a|:82’ Bs)

then B,B, < af, <a’. Therefore, B, <a and S, <a. Again when B, >a and S, > «a,
then

!I_Q;] p.(t, 0‘|:B2 s Bs) > !'_D;] P, (t, 0‘|ﬂ2 s Bs) > !'_D;] Py (t, a|ﬁ2 » Bs)

In either of the converse scenarios when S, #a or S, # «, there are uneven per

capita income shares. This is a contradiction. Hence, g, = , = a. This completes the
proof.

In practice, when the following monotone pattern,

!Lnol p.(t, Ol|ﬂ2, B) > !Lnol P, (t, 0!|,B2, B) > !Lrpc Py (t, a|ﬁzv B)
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holds, it indicates excessive taxation of both the middle- and the high-income earners,
so much so that the low-income earners are ultimately enriched through subsidy.

Proposition 2 therefore reveals that uniform per capita income shares are attaina-
ble when the total loss of income through taxation equals the total gains through sub-
sidy. This reflects balance in the fiscal operations. The yardstick for choosing an op-
timal subsidy plan that tends towards achieving uniformity in the per capita income
shares in the long-run is based on the principle of maximum entropy. This yardstick is
given in the corollary below.

Corollary. Given a family of subsidies, 2>_,the policy option is determined by se-

lecting a* € 2., where:
2 1/2 3 2 1/2
)2 |

4. Simulation

P alf ) P (ta*(f, )3

3
”\JL”{;

We illustrate the use of our approach on the basis of the following hypothetical
example. Suppose the government of a region is considering a tax-subsidy policy in
a financial year wherein the low-income earners are excluded from income tax and
both the low- and the middle-income earners benefit from a subsidy re-investment
program. The government budget statement for the region requires that 6 million naira
will be collected as income tax from the middle-income earners, while 8.4 million
naira will be collected from the high-income earners. Based on evidence obtained so
far, there is no clear cut distinction among the income earners in the region. The cur-
rent tax bases (in million Naira) for 111 income earners in the region are as follows:

13/02]15|14]21)09(33]|25(15]21(25|19|1.7]0.9
31[07]|06|17| 48 |15]|44/80[24|00]40]|17|25|24
19/12]40|52| 33 |34[23]|11[95]|43|28[24|16[34
32(22]32(21[110(27[39[29]99|16|35|31[50]|23
3523184132 |32[23|39(26|23]13[24|28]|1.0
2368|1732 | 31 |43]14|35]40|43]41]|14]23]|25
20(37]|28|31| 30 [18]23|37|37|40]19]|21|37]|16
36126[123[19] 27 |22]149]125]127]16]20[91]26

For the subsidy re-investment program, the government seeks a budgetary alloca-
tion that will bridge the income inequality gap in the future. The task is to distinguish
between the income earners so as to guide the government on the implementation of
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the tax-subsidy policy and to decide on the budgetary allocation for the subsidy re-
investment program for the financial year.

For the initial analysis, we partition the income earners into three classes using the
quartiles. We carry out all our computations in the MATLAB environment. We com-
pute the quartiles as Q, =1.9, Q, =2.5 and Q, =3.5(in million naira). The incomes

are therefore classified as:

13]02[15[14]09[15[19][17][09]0.7][06
17]15] 0 [17]19]12]11]16]16]18]16]| A | |A|=31;
13[10|17]14|14[18|19]16]19

21]33[25[21]25[31[26]24]25[24]33
342328243432 ]22]32] 2 [21]27
29[31]23]23[32]32]23]26]23]24]28] €A ||A|=50
23[32[31[27]23]25] 2 |28]31] 3 |23
21]26[23[27]22]25

4948448 [ 4 Jo1] 4 [52]95[43]11
39(99[35] 5 [35]41[39]|68[43[35[36]| <A ||Al=30
4 [43]4137[37]37] 4 [37

The sizes of the income classes are unequal because the low income earners con-
sist of those amongst the 25% of lowest earners, while the upper 25% are high income
earners. Thus, the largest group of income earners is the middle income earners, in
which the income lies between the 25% and the 75% quartiles of the income distribu-
tion. This partitioning is in line with quartile-based income classification. The sche-
matic representation of the partitioning of the income data is shown in Fig. 1.
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Number if income earners

B oo height
- partition by quartile
- partition by quartile

Fig. 1. Pictorial view of the class of income earners

Using this approach, the income earners to be affected by the government policy
are clearly distinguished. Then we use Eq. (2) to compute the per capita income shares
at the baseline moment. We obtain: P(0)=[0.1503 0.2900 0.5597]. P(0) indicates
that, on average, the income of one high-income earner exceeds the sum of that of an
income earner in the middle-income class and another one in the low-income class.
Thus, income inequality exists in the region. Notice that £, # £, thus we cannot have

a = f, = ;. To determine the subsidy plan, we consider the following possible values
for a: a=p4,=6, a=£,=84, a=(B,+/,)/2=7.2 (in million naira) and then
employ the corollary. For a financial year, we consider the time scale on a monthly
basis so that tz%, % ..., 1L (in years). We compute the entropy values by applying
Eq. (7), as well as the Euclidean distance norm defined in the corollary, for the dy-
namics of the per capita income shares resulting from the classification. The results
are shown in Figs. 2 and 3.
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Fig. 2. Entropy value of the per capita income shares
corresponding to various values of « for the financial year

The figures show that allocating 7.2 million naira to the subsidy in the financial
year is the best option. This is because it gives the highest entropy value and the min-
imum Euclidean distance norm throughout the financial year compared to the other
options considered (except in the first quarter of the year when a subsidy budget of
6 million naira gives the lowest values of the Euclidean distance norm). Therefore,
this is a practical way to determine subsidy, rather than a mere subjective allocation.
Nonetheless, perfect equality may not exist in the economy, even when 7.2 million
naira is allocated to the subsidy. This is because the mean per capita income shares are
used. Furthermore, the mean per capita income shares do not have a uniform distribu-
tion, as the maximum entropy value of H =1 is not attained.
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Fig. 3. Euclidean distance from the uniform distribution
corresponding to various values of « for the financial year

5. Conclusions

This study complements the existing literature on mathematical economics by
providing an insight into the classification of income earners by quartiles. Our ap-
proach to the dynamics of income inequality is novel, as we provide a new representa-
tion for the evolution of per capita income shares based on a tax-subsidy plan within
the framework of a continuous-time Markov chain. We have provided a guide to the
determination of the subsidy budget based on the concept of the entropy of income
inequality used in economic theory. However, further work may be undertaken so as
to incorporate additional macroeconomic indicators and political factors that may af-
fect the use of economic regulatory instruments in the redistribution of income.

Acknowledgements
We thank the Editor and the reviewers for helpful comments which greatly improved the earlier
manuscript.
References

[1] BAKARE A.S., Measuring the income inequality in Nigeria: the Lorenz curve and Gini coefficient
approach, American Journal of Economics, 2012, 2 (1), 47-52.



A theoretical framework for determining the appropriate level of subsidy in economy 35

[2] BoaDWAY R., MARCHAND M., SATO M., Subsidies versus public provision of private goods as in-
struments for redistribution, The Scandinavian Journal of Economics, 1998, 100 (3), 545-564.
[3] BoADwAY R.W., WILDASIN D.E., Optimal tax-subsidy policies for industrial adjustment to uncertain
shocks, Oxford Economic Papers, 1990, 42 (1), 105-134.
[4] BRESSLER B., The measurement of income inequality revisited, Review of Social Economy, 1978, 36
(2), 212-216.
[5] CAPPELLARI L., JENKINS S.P., Modelling low income transitions, Journal of Applied Econometrics,
2004, 19 (5), 593-610.
[6] CHAKRAVARTY S.R., An axiomatisation of the entropy measure of inequality, Sankhya: The Indian
Journal of Statistics, Series B, 1982, 44 (3), 351-354.
[7] EsteBAN J., Income-share elasticity and the size distribution of income, International Economic Re-
view, 1986, 27 (2), 439-444.
[8] EkHOSUEH! V.U., OsAGIEDE A.A., The entropy-theoretic stability index for manpower systems, Inter-
national Journal of Operations Research, 2012, 9 (3), 120-128.
[9] IBe O.C., Markov processes for stochastic modelling, Elsevier Academic Press, Burlington 20009.
[10] I'yoHA M.A., Macroeconomics: Theory and policy, revised ed., Mindex Publishing, Benin City 2004.
[11] JANA P., MAazuMDER S.K., DAs N.C., Optimal taxation policy maximum entropy approach, Yugoslav
Journal of Operations Research, 2003, 13 (1), 95-105.

[12] KuzNETs S., Economic growth and income inequality, The American Economic Review, 1955, 45
(1), 1-28.

[13] LEVINE D.B., SINGER N.M., The mathematical relation between the income density function and the
measurement of income inequality, Econometrica, 1970, 38 (2), 324-330.

[14] LiLLarD L.A., WiLLIS R.J., Dynamic aspects of earning mobility, Econometrica, 1978, 46 (5), 985-1012.

[15] McCALL J.J., A Markovian model of income dynamics, Journal of the American Statistical Associa-
tion, 1971, 66 (335), 439-447.

[16] McCLEAN S., ABODUNDE T., Entropy as a measure of stability in manpower system, Journal of Op-
erational Research Society, 1978, 29 (9), 885-889.

[17] MussaARrD S., SEYTE F., TERRAZA M., Decomposition of Gini and the generalized entropy inequality
measures, Economics Bulletin, 2003, 4 (7), 1-6.

[18] NauLT B.R., Equivalence of taxes and subsidies in the control of production externalities, Manage-
ment Science, 1996, 42 (3), 307-320.

[19] ReARrRDON S.F., BiscHoFF K., Income inequality and income segregation, American Journal of Soci-
ology, 2011, 116 (4), 1092-1153.

[20] RoTHscHILD K., Some notes on Weintraub’s eclectic theory of income shares, Journal of Post
Keynesian Economics, 1985, 7 (4), 575-593.

[21] SHARMA J.K., Operations research: theory and applications, 4th Ed., Macmillan Publishers India,
Ltd., New Delhi 2009.

[22] TuckmaN H.P., BRoscH G., Changes in personal income and their effect on income shares, Southern
Economic Journal, 1974, 41 (1), 78-86.

[23] VassiLiou P.-C.G., Entropy as a measure of the experience distribution in a manpower system,
Journal of Operational Research Society, 1984, 35 (11), 1021-1025.

Received 18 June 2014
Accepted 19 March 2015



