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ABSTRACT

Statistical methods of measuring the distribution of income have been
investigated as far as computing facility is available, The data set utilized
in this study is the sub-sample income data of the agricultural sedentary
population of Ethiopia excluding Tigrai and Eritrea, The data were collected
by the Central Statistics Authority and covers a period of one year, from
May 1981 to April 1982,

In particular, among others, emprical results for four inequality measures,
namely, Gini cofficient, Theil's entropy index, Relative mean deviation and
logartlmic variance have been obtained. moreover the liability of the lognormal and
the pareto distributions as a mathematical discription of the 1:ome data under
consideration have been checked. Based on the computed results, some conclusions

are made,
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1e1 Objective of the Study

The most common indicator of economic development is
the per capita income, However, such a measures is believed
to be less satisfactory in a number of ways one of which
ds its inability to take into account the distributional

aspect of income among a soclety,

In the 1ast several decade studies on the relationship
of economlc growth and income disftribution at different
stages of economic development have been undertaken,
Lrthur{1985), One of the best known is the works of Simon
Kuznets, after with certain extensive supports, has postu~-
lated an inverted u-shaned hypothesis exists between
economic growth and dincome distribution, That is, the
distribution of income to be more unequal in the early

stage of economic growth, increases as the economy progresses,

and becoming low at a higher stages,

There are a number of factors affecting the distri-
bution of income, Sundrum, (1974). But, the study of
factors alffecting distribution of income and in adddi-tdoh,
ibs changes overtime ds mostly bandicapped by severe lack
of data, This problem may be highly aggravated in develop~
ing countries than developed countries, and hence many

objectives regarding the study of income distribution

are of limited scope.



Llthough verious studics have been carried in
different parts of the worid, Toth developing and
developed countries, here in EZthiopia, it may be due to
scarhity of well compiled data, very little of such type o¢

study is conducted,

When dealing with measurement issues, the study of
income distribution among a society rely on many concepts

from statistica, Thus, the objective of this paper is:

i) To apply wvarious statistical.measures of income
distribution fto the existing income data set of
Ethiopila

il) 7To identify the relevance of the lognormal and
the pareto distribution as a mathematical description

of the income data under consideration,

Chapter two is devoted to description of methods that
could possibly be applied in the study of income distrbution,
Source and an overview oi the data are given in Chapter
three: Chapter four deals with Results and Chapter five is

coniined to Discussion and Conclusion.
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There are a number of stetistical measures of income
inescurality each capturding . a different characterstic of the

social state and possessing deslrable properties as a

yvardstic 8f dnequality,

The inecuality measures, in general, are classified
as pogitive measures and normative measures, The main
difference between these two clsases of measures is that,
the latter make explicit use of social welfare function
while the Tormer do not. Undox social welfare function,
2ll the possible states of society are ranked in order of
sooiety}s preference, Cowell (1977). However, in some ways
the positive measures may be viewed as noermative measures

under certain specific assunpntions of the social welfare
1% D

function,

The positive measures include such és Range, Mean
deviation, veriance, coefficient of variation, logarthmic
variance, variance ef logarthms, Ginl Coefficient. This1ls
entropy idndex etc,whercas the normative measures dnclude

Drlton'las index and Aditinksonts index,

Therefore, in this Chepter, preperties of the measures
in capturing inequality of dincome and their estimation are

considered. Moreover, two theoretical distributions, the

losznormal and pareto distributions, liabillity as a mathe~



mevical descriptions of income data, estimation of their

how %o test theirx suibsebility and application
them dn relation to measuring inegqualitly are discussed

in the last S ection of this Chanter, However, imﬁlementation
these measures to our income data depends on the nature

of fhe data, idimportancy of the measures and availability

of computer facility,

241s Somo Simple Moasuros . '

The simplest measure of inecuality is the Range which
is based on comparing the extreme wvalues of the distribution,
The problem with the Range is that by cdncentrating on
extreme values only it misses the important features of
the digtribution, It might be satisfactory in a closed
society where everyone;s income ia Ffairly lmnown. Another
vay of looking at the distribution is by cemparing each
income with the mean income level, that is, by Relative
mean deviation, The disadvantage of this measure is that
it is not sensitive to transiers of dincome from poor to
rich as long as both lie in the same side of the mean

income level since the transfer would add ane gap and reduce

another gap by exactly +the same amount.

Variance, the common statistical measure of wvariation,
is also used as inequality weasure, Variance as inequality

measure has an attractive property when dealing with transfex



of dncome from the poorer to a richer person., This transfer
cdefinitely alter the variance, This propoerty has to be the
minimum property that has to be possed by inequality

measures, H, Dalton, 1920,

However, even if the variance satisfies the condition
pointed above,; it d1s unsatisfactory measure of inequality
because if everyone;s income is doubled; the shape of the
distribution will remain unchanged. Also since, the
variance depends on the unit of observation one distri-
bution may show much greater relative Qariation than
another and still end up having a lower variance., This
difficulty is overcomed by standardizing the wvariance i,e,
by taking the Coefficient of variation. The coefficient of
variation is liable for cepturing income transfer, But,;an
equal amount of transfer at any income level reduces the
measured ilneguality by the same amount. Thus, it may
reasonably argued that the coefficient of variation is

good at capturing inequality among high income groups,

Contrary to capturing inequality among high income
groups, there appears to be good reason to suggest ineqguality
measure that are more effective in reducing inequality for
income transfers when effected in low income bracketls,

The logarthmic variance and variance of logarithms of income
appear to overcome this problem, The difference between
these two measures lies in that the former is defined

relative to the logarithm of dncome while the latter is
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Lolingd relative to the mezn of losmarithm of dincome,
fgouming there 2re n »noonle and observation on income
is on individual basis then the logarthmic wvariance, v,

I : . 4 R n
and variance of logarithms of income Vi 8Fe defined as
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where

P

is income of an individual

et

is overall mean income

il
*

is mean of logarithms of inconme,

These two measures attach greater importance to
transfers in low dincome brackets, In other words, a
transier of dincome in low diacome brackets reduces v or V4
more than a transfer in high income bracketa do. One
other advantage of talking logarithm, unlike the wvariance
o actual values is that it eliminates the arbiftwary of
units and therefore of absolute levels, since a change of
units, which tekes the form of multiplication of the
absolute values, comes out in a logarithm form as an

addition of a constant and goes out when pair wise

differences are taken,

However, it ds possible Tor v or V4 te rise even
when there is a rich to poor transfer in high income
bracket which is not a desirable property to be possesed by

ineguality measures.
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4 Coefficient

The most comnmonly ngad Inequallity neasnre ig the Gind
foefficlient attributed to Gini (1212), and nuch aralysed
by Hiceci (1912) and latzr Hy Palton (1902N), VYnetema {10'19),
Aitinkson (1970), Newbery (19%0), Sheshiniski {15Y"} snd
others., One way of looking it is interms of the Lorenz
Curve; wherebwv the percontage of vopulation arrangsd from
the poorest to the richegt ave represented on the horizontsl
zxis and the percentage 02 lacvome gnjoved by the pomnulation
pronortion is shown on the vertical axis, If the glven per-
centapge of population receive the same proportion of income,
then there would be a linz of equality gpeciflied by =z 45
degree, NHehce the f8ini Zoefflcient 18 equal to the ratio
¢f the area under the Lorsns Curve to the area under the
line of esguality which g half,

The Gini Coefficient oan be obtained fyom the followiling
formula when ohgervaticns on ipncome are made/renocrtzsd for

n individuals

- i n
o o= n b = |K1~Xi| {2.“-1)
n X i=1 3=1
where ¥ i3 ovavyall mean incone

Xi ig incom=s of individual 1

XJ is incons o7 individual j
Iin case of prouped data, +the finl Coefficilent lower and
uprzar hounds are given by

k E_nfﬂj

lower b H G = 2 s - z,2.2
lowexr bound L ik j§i - iui %f { 23
n %
k- I ,ng
upper bound: G = fi_ + ¥ b 5 Ai{ui-z] 12,2,7)
" i=1 j§=1 n° ¥ i
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wIlere K is nunher of clagses oY grouns

ninnd n1 are wuaubar of nersgone in groun 1 and

group j respeciivaly

u, and u1 are nean income of group 1 and group j

[

i
respectively
% ig overall mean iacome

Qi is lower 1linit of group 1

A, is propnorition of the population in group 1

i

petting incoane Qi.

Formulas (2.2,2) end (2.2,3) are derived by using

the assumptions in Jection 2,% to bhe discussed later,

The Compromise value for the Gini which works for

most theoretical distributions, is approximated by:

Y= /20 9 n 2.2.4
n VE: w ¥ 1/ r 4 )

L

The expression given above is found in Cowell,(l977)

There are meny criticizms oi the Gini coefficient.

~
@

Simon Kuznets argued the standaxrd Ginl coefficient is

a summary that can conceal as much as it reveals and can
obscure some of the major underlying factors that influence
income distribubtion overtime, Llso where rslationships

among the distribution of gifferent economic variables are
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ot their probsbilities and 17 ve want to be able te add up
the daformation wvalues of the wedSsape regarding independent
ovents we want h fto have the properiy.

h(pip.) = h {pi) + h(pj), i # J which can be satisfied

J
if h dis =a funqtion of the form h=-Log p.

bggregating the information values of n events into
a gsingle number describes whether the entire system is
more or less orderly, The aggragation is done by taking
the weighted sum of the information values for the n
poassible events, where the weights being the respective

probabilities, This average is known as the entrepy of

the system ,i,e,

B
D = LA
Entronpy b 91 'i}
i=1 I
n
=5 v, lo» p 12,3,1)
1=3 i i

Theils states that the zbovefcrwula can provide a useful

ineguality measure,

Reinterpretation of the 1n possible events as n
noonle in the population and theprobability,pi, as the share

of an dindividual in the population, say s allew us to

i’

utilize the enitropy as a tool of ingauality measura,

lMoreover, if all people get an even share s, equals 1/n.

i
This value-0f s,  provide the meximum value of the entrepy.

1
Therefore, the Theills entropy index is given by the
maximum value of the entropy minus the actual entropy

that could be obtained from the data . IMHence; for n



incividuals, dncome datla Theil}s entiropy dindex is given
by nooyoy n _
T Iy o g B Sy
n -
FogE B wem ]
n
= iglﬂi[loasi—lop(—}1
. £
= ﬁizl[f}_ Lo '—_;i-} (2.2.2)
X '
wvhere Xi is income o0f an individual 1

X 18 overall maan incone,

Transfer of income from rich to poor decreases T,
The reduction in T depends on the ratio nf the rich man
income share to the poor man income share. Thus, if
transfer of ilncome at any income level is at same ratio

the reduction in T dis the samne,

24k Social Welfare Iunction Based Inequality Measures

Lnother way of measuring ineguality is in connection with
the social welfare function. The two important classes of
ineguality measures derived based on the secial welfare
function are the Daltor(D_) and Atinkson (4;) inequality
measures where E dig the inequality aversien parameter which

describes the strength of our yvearning for equality vis-a-

vig uniformly higher income for all 'Cowell,(1977).



Dalton views dincqguality as low far the actual average
utility falls shors of potentiel average social utility
(If all incomes were distributed ecually), Atinkson
criticized the use of DE on +tlre ground that it is sensitive

+

to the level from which the utility is meaured.

Given five properities of social welfare functioﬂ?,
that ares
1) 8ocial welfare Function (SVWF) is individuplistic and
' non~decreasing
2) 8UF is symmetric, d.e. the value of SWF dnmes not
depend on the particular assignment of lables tq
menbers of the population
3 S is'additiVe
L) 8WF is strictly concave - the weifare weights decreases
as X, increases
%) SWF has constant eolasticity, or constant relative
inequality aversion if utility function U(xi) can
be written as
U(xi) = 1 _31=E x die income of man i

1-% "1 i
then we can obtain l%?and 4 p from the fellowling formulas

n. = -“'-""-*"-—‘*"'— Satke
¥ 1 (2.4.1)

Details are glven in Cowell,(1977)



no, col
a = 1e (3 SvieET (7.4.2)
i KO R |
i=1
whara ¥ ip income of iugdividual 1
i

i is overall nean ircone

F ig inequality sversion parameter

L given as (2.4,1) is omly for ¥ < 1, ¥or ®>1 it is

R
petter to use 4 which is bounded between 0 and 1, For
F-1
1-R =1~F ; .
E=1 i+ iz recommendad %o replace Xi and X by lor Ai

and log %, resnectively, Cowell (1877},

2ebe Estimation of Inedquality Measures from grouped

income data

Ve have seen basic ineqguality measures and estimating
them, But, most of the formulas are applicable when

income data are gilven as individual recerds. In real
vorld situation dncome data are svallable in grouped form.
In such cases the formulas given in the preceeding Bections,

except for the Gini coefficient, cannot be applied.

Therefore the following approach may be utilizad Tex

grouped income data,

Suppose that for a pariticular pepulation, the

theorotical density function which gives the proportion



o¥ nopulation that has an income in infinitestimal

interyal x to x + dx is known. fLgain lot us suppose

that the desired inecuality measure, or ordinally

ecuivalent transformation of the desired inequality
measure can be written in the form
o3

Xo= f n{Iyf{¥yax
(o]

~
o
-
<
v
]
~t

where h{X} ig the deglired invounality measure

£{¥) 18 the thecreitical density funciion

For individusal records of income data, for n people
in the population, eauation (2.5.7) reduces to its

eguivalent form as

e
1]
=

e I
i
Y

-~ A

wt

[N
fi
fud

For grouped data, as given by equation (2,5.1), the
value of J may be estimated by fititing a theoretical

distribution that could possibly describe the income

4

data, However, this apnroach mayrnotbe possible for reason
that the theoretical distribution is a poor fit to the
income data at hand., Therefore, no reliable estimates of
ineguality measure is obtained, If such a failarity is

atvtained, overcoming this problem is to fit the parocto

density function in cach group, and J will have the form



s oox f T memyagvyer (5,6,

whare k is numher 27 olamges/crouns

]

is lower boundary of rroup 1

£

§+1 is upper hovnidavyof eroup i

Lgain dn case of grouped income data it is possible
to obitain the lower and upper bounds of ineguality
meagures, These bound can also be used as a test criterion
foxr guitability of theoretical distribution as a good fit
to income data. This concept is to be discussed when we
are dealing with theoretical distributien in the next

Bection,

The lower bhound of an ineqguality measure ofor
grouned data is obitained by the following assumptions.
I the class intervels and aversge dnceme within class or
sroup is given, we assume that everyone in each class
zets the average income in that class il.e. we assume
that there is no ineguality within classes, If there are
ng people in class i, n people in the populatien, and
these people are clagsified in k classes, then the lower

bound, say JL of an ineguality measure is given by



L
JI = % ‘.“_,"‘{uj) {2,509
’ =1 ~ :
whare £ is provortion of reople in groun i,

i

h(ui) ig the desired ineguality measure as a

function of the average groun income ui.

And to comnwute the unner bound, say Ju, we assumne there ig
maximun lnequality within each class, subject tc the con-
dition that the gssumed avernge income within the c¢class 1is
asual to the observed average incorne of each c¢lass, Ffo we
aggume that in class i everyone pgets either the lowast or
the nigzhegt income in that class,. If we let the wroportion
A, of the neople in class 1 giueck at the lower limit of

1

clages i, and 1-11 on the upper unit of eclass 1, then,

S
H
[ -

EATALTRACTRRICREVRLIC PR (2.5.5)

i=1

where, A according to the agsumption given above, can

i )
be shown %o bso
S My

Ay = )
i i+1-71

ang hea} is the desired inenuslity measure definad on the

upper and lower boundarisas of each group,



2ol s Theoretical Distributions
s e i s P

There are ftwo digtribuwitdions that their application
in measuring incquality of idincome is widespread. These
are the lognormal and the paretn» distributions. The
lognormal distribution is said to e close approximation
in low income range while pareto is said to be a good F£it

in the upper income range, fLitchison & Brown, (1963).

2e641 Lognormal distribution

Three types of lognormal distribuiion are ddentified;
two parameter, three parameter and four parameter log-
normal distributions, The distribution functions and
thed® svatistical properties ave given in Attchisen and
Brown (1963). However, in this paper the two parameter
lognormal distribution, statistical propertlies, method of
estlmation of the parameters and test of lognormality 1s
considered, Moreover, the reeson behind why the log-
normal distribution is considered as mathematical

-}

descriptien of dincome data is discussed,

Let x be a positive weriate defined in the interval

©

(O, w} such that y= Log x is normally distributed with
mean u and variance &2 , Then x is said to be doinormally
distributed with parameters p and §2 and its distribution

function is given by

X . .
[ 2 i ) : i % p
AEH; 1,85y S §;§=§ exn{- —==—(los ¥-u)} } dX {2.6.1,1)
0O T

e 2l
£1



The distribution possascg moment of any order
:rising from the properties of moment generating funchion
7 ofhe . 1 d4 Liaag -3 T . -th .
o thwe normal disdribution, Ience, the j moment about

the origin denoted by u, is
o

r x3a cxy
4]

=
[£]

e8]

7 o aniyy

[ o]

6311+%j:@62 (2,6,1,2)

fl

Therefore, the mean p and variance g2 of the two

perametér Lognormal distribution is thus,

o = onthe? (7.6.1.3)
2u+s? 82
B2 = "M (¥ _1n
= Cl?‘n?‘ {9'16-1-4)
2 .
where n2 = 97y

The moment about the mean mey readly found from the
moment about the origin. In pariicular, the third and
fourth moments about the mean, denoting by u; and u;

regpectively are

v _ a4, & 4
g = @ (n +3n"} £2.6,.1.8)
4 12 190 ¢ I
M, = o (n " 48n +15n3+16n3+3n4) (2,6,1.8)



In ecomomic Zdat«e shew fracuency curves are the rule
rasther than e¢xcontion, The losnoxmal distribution wvhich

. - . PYITA
is ghewed has malnly,(gowell, 1347, four reasons to be

[
o}
)
i}
i..l.
Q
D
H
o}

d as a mathematical description of income data
Pirst, lognormal. distribubion has a lot of conveénient
properties such as its simple relation with the normal
curve, symmetical Lomenz Curves, non-intersectinglorensz
Curves, easy interpretation of parameters and reservation
under log-linear transiormation., JSecond, under certain
izinds of random proceas
eventually turns to be approximately lognormal, This idea
here is that the change in peoples income can be linked to
a systematic process where by, in cach moment of time a
personxs income dncreases or decreases by a certain
nroportion, the exact proéortionate increase or decrease
beling determiﬁed by chance, If the distribution of these
proPortiOﬂgteincrement)or decrement folleaws the normall
law, then the overall distribution of income approaches
lognormality, provided enough time is allowed for the
process to operate, Third, There is still some notion of
individual utility or social welfare associated with
logaxvithin of dincomej; it would he nice to claim that
although dincomes do not follow the normal distribution,

tutility! or lwelfare! does, Tourth. the lognormal provides

a reasonable sort of fit to many actual set of data,
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t

liselinood, rmethod of acments, method of guantilez and

gyraghical wnethods,

Let xl,xo,...,xn be samnle nhservations of size n
1

&= 2
el

from A(u,dz). Then the j  samnle moment about the origin

denoting by m, and the respectlve samvle moment about the

1

mepn denoting by m3 arve giver by

4 11 j
n, = — L ¥ {(2,2,1.,92}
i oy i
n .
R Rk (%.6,1.10)
3 n o, i i ol
i=1
we cah also write .
¥ = o
mi
n
2 ..1 - - 2
V = —— F§ (%,-%)
X nﬂliwl i
N v} t
T emememe : ’-?Jo=o .
. -3 LZ {2,6.,1.,11)
and 1% we take log = = y, then
- 1 o R
y == LY (7.€6.1,12)
n 1=1 i
n
a - -2
vy n=1 421 i

The 1ikalihood function of the two narameter lognocrmal dis-

tribution is:

=]

LR -]‘ ------ . . 1 2
. _ -
5 E (logd, ~u) }

n 26 1i=1

L(u,82; %)=

{2.6.,1,14)

By the usual way ot finding the maximum likelihood estinmators



of u anid 52, it ean he shown that the estinators of p

3 .
and 62 denotiny hy Ol end . , vcanectively to ke
A

Loom ey 1
2 1 n A /]
a’ = = X Z =0
1 - T lop ( i 01) (
i=1
=] 4
- n.u 7 2.8,1,1¢€)
1 y .
n .
2 -1 - A
r B e—— -y}
whore ly ] iilqyi y?

= X
yg T otor ¥y

2
The estimator Sl is hiased but consistent; but 1%

2 2 » :
egquation (2,8,1.1¢) is replaced by ﬂl = Vv , then, Gliksi are

winimum variance unbkbiasgcd egtirator of u and 62. Thea

~

-
2
yayriasnce of 91 and Sl reguired in determining the large

gample efficiencies of other estimators are readily

cbtained fron normal theory ag

2,5 gl
D (91) = =
2 2. -agh
g 5 —
D83 a-1
. zst 2.,€.1,18
- n ‘(v'o'- . }

When observatlions are given in srouned form maximumnm
likelitooed estimation of u and 82 can be anplied but with

some didficulty. For detail procedures of naximum likeli-
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hood gotimation of p an 52 g¢uference can he nade to

Adtchizgon and Rrown (13523,

The second method, wmathod of moments estimators of p

~

2 .
and §% say 0, and 8_ rofvactively are obtained by
H 2 2 ¥ .

aruating the first sample moments m_. and m

1 o with {2,5,1,2)

3

by subsgtitutineg 0, and 8% in slace of p and 52 , with J=1

s

hv]

angd 2., S0 1t can be shown thnt

93 = a log ml"* log My (2,6.1.12)
2 ¥ )
8 = iog m?--?. o ml {3.6.1.20)

e

N 2
9' and Sz are consisitent and their large samnple vari-

L3

ancz2s obtalned by varilational wmethod are:

2 ~ “v1 .8 & .4 . %
B (0,3 = Z;(n +4n -2Zn +4n ) (7.T.1,21)
2 2 : a # 4
ey = Lin®eant +an™y £3,8,1.22)
ar %
where 2 §2

M

Theresfore, larre sanmple 2fflcliencies of 6? and &_ ara

[0 B

2
L D0 )

1

eff(m, ) e
2 2. n
2 5%,

= — (2.6,1,2%)

PR A S— (2,6.1,24)



Yhe efficliency of tLae Lsitinmntors declines oo §2
increases. The method can be annlled to grounel dats with
Sheppard's correctlion 17 thers ig a hirh contact ol the

digtribution with the x=axia,

The auartile estimators of u and §? are obtained hy

eguating the sanmple guantlles o¢f order oy and ¢s (ql <q?)

with the expression siven in {2,5,1.8) after replacing i

~ 3
and 6; by their estimators Oq and Sé , redpectivaly., Fo,

2
03 and S3 are given by the following expresaions:

~ v o 105 ? -V 1 OoF X 9
o = 47 cl _al G (2.6,1.25)
3 A -V
G2 gl
log ¥ ., .~ log ¥
o VR o 8 r 7
o q11 ql = oo
R, = 2 & 2
3 v - v (‘ [ l1l 8)

Gg® al

The maximum efficiency attainable hy the mothod is

when guantlles are symmetrically placed i,e, Vl a = Vﬁ= v
A ‘-‘2 i
Therefore, the larpe sanple varlances of 6? and SQ with
quantilies gymmetrically placed are eiven hy:
2
2 A s S TF .2. .v
p(o,) = D8TdE (2.2.1.27)
3 i
2 ? ’ -4:]"[.5.4:1 .1- .?¢ . .VE
N(ety = {27 re (2,6,1,23)
nv’

and hence larpe ganvle efficioncies by

eff(ﬂg) (H,6.1,28)

............

1§

-,
2P (R % & 30
eff(f,} 5 (2.,6,1,30)

2 g(l-2q)e’



™o mcethod of cquelRtilos con be anplisd For grouped

Jete,  Hut the method Lecowes inedfficient 4f the data are

3
&)

so groupaed that it is nocessory to choose gquaptiles or

stant frowm the more officient

ot
o
©

pairs of qguantiles

4

ssymetricelly placed, In such a case

o)
2

guantiles that are
interpolation may be preferred to obtain the most efficient

cguartile pairs.,
£

The graphilcal method of estimat;ng'u and‘agis facilitated by
the use of logarthimic probability paper. The thoory
underlying its use emerpges Trom the relation given by
experession (2.6.1.8}. Taking logarithms of both sides

of (7,6,1,8) we got

log Eq = GVG + oy (2.7,1,31)

If we let L(x) to denote the proporiion of sample
values less than or equal to x; then

2.8,1,32
%y LX) (2.,8,1 )

i

and yi 1og(Xi). (2.6,1,23)

then, we should expect the points (ti, yi)

to lie approximately on straight line y = 6§V + u

The same arrayof points is obtained if we plot the

points {L(X;), X} vith L{x) on a normal probabi-

1ity scale and x on logarthmic scelej the purpose of the



logorthmice probability peper is thus to facilitate the
nlotting o the noints ( ti r Yy } by providing thesc

e gcales go that only (L(xi), xi) need be computed,

The application of this methed require the form of
the data to be gilven in grouped cummulative freguency

2 ~ 2
table, To obtain estimators of ‘W and 9 say 6, and 8
respectively, the following approach is said to be

appropriate,

Prom expression (2.6,1,8) the population quartiles

of order 16, 50 and 84 are given by

Fleq ~ pum 8’
“rog © ot
Boay = o ¥
3o that TR 1ap ‘0 {(2.6.1.34)

B . B
. B0 84
6 = top (i3G5 TE

. ’ 162 s04

(2,6,1,35)

If we read from the straight line graph y = &V+p
the values of x corresponding to the 16,50 and 84%
points and substitute in (2.,6.1.3%4) and (2,6,1.35) we

£

Y
]
obtain estimates 94 and 8 of p and 62, regspectively.

This method 1is easily uzpplicable and simoultaneously

provides a test of lognormality., The efficioncies.of the



wtorsnre not caleulable and it dis said to he less

rolichle than the nunerical wethods,

Lognormality test Ffor the two parameter case can be
carried out by the use of skewness and kurtosis test of
normality for the transformed sample values. Geary

LS

(cited in Aditchison and Brown,1863) treats a series of

tests for skewness and kurtosis on the statistics g1(p)
and g?(p) defined by
aleny =gt e ) .
(7Y = oy }ip( : (2.8,1.24)
‘ s sy
Bnd ﬁ-?(p> = ‘q‘{“'?>§p (".5.1_2'7)
' {agay)
vhere .. n N
{Py = X -¥
by
A
g1 (DY _-,;}L 'E>-['V1"GIP
n y:{_
1
Str(py= = % - - P
S v, v|v, -yl
whero yiﬂlogﬁi
and 2 >0 « He concludes that, for large samples and-

a wide fdeld of alternative hywothesis regarding the nature

o the population gT(B) and 59(4) are the most effective

test statistics; also that for sample of moderate size

= (ﬁ1) is probabily as efficient as g ).
2 2

2 PR s
47 goodness of it test is & method that may be
applied for all lognormal distyribution, Howewwr, this

test dis likely to be less sensitive than Geary since it
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he siegn and pattern of the differences between

.

e
%
i
O
F]
[0
o

observed and expected group iveguencies and often require

zdddtional grouping at the exbtromes of the range;

Litehison and Brown, 19635,

inother test of lognormaliity 1s the use of the
inegunality measures given in thsir bounds ferm, The
test using bounds of inequality measures, however, even
if they are not definitive test they provide some idea
about the suitability of the lognormal distribution for

income data,

Given lower and upver bounds of inequality measures

that could be obtained from the raw data and given inequality

tmeasures derived in relation to lognormality assumptilon,
iif the latter falls betwemn the bounds of the respective
inequality measures, then it is reasonable to accept the
lognormal distribubtion as a close approximation, This idea
works too for the parebto distribution which is to be ir

discussed in the next Section,

2472 Parecto distribuivion

“Tn the course of examination of the upper tail of
income distribution in a number of countries pareto
Ffound a remarkably close fit to that particular two para-

meter distribution which now bears his name," Cowell,

(zo77)
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The two poranetor parefo distribution ia given hy

, . Nt : o
}?‘{}.;xo,n) = 1..,.{-.?-; . x0>ﬂ, a»f;g x_zxo {5.,7.2,1)

and 1ts density funcition by

£ (%) = 2., a0, x23x >0 (2.7,2.2)

Where XO is some minimum income levsl and ta! 1is known

ag the pareto comstant end as shape paramoter,

The distribution posgsseses wmoment of any srder provi-

ded 'a' “is not less than *the order of the moment, Thus,

.bh
the J orcder moment about the origin denoting by Pj is
..&EOJ
F‘j = ol for a >j {247,2,3)

]

and the rean T and varisnce, ¥ , is

. BX
(“‘ -
T = T for a > 1 {3.%9.2,.4)
2
azx fa-1)
2 ,"0"". . e )
¥ve o= . — , for n>3 Fe7:2,5)

The pareto distribution ln the examination of the
income distribution fundametal importance, (Cowell,1977)
remains for the following reasons, First, the functional
Torm works well for a number of sets of data, Second,
thie disgtribution is related to o simple random process

theoxry of idncome developmenit similar to lognormal



cdistribution, the main differoncs between the two being that
o device ds dintroduced to prevent an dndefinite inereass in
cilspersion which as the effecv of e¢recting a lower barrier
income Xo wvhich none can fall, Third, the paretian form can
be shown to result from simple hypothesis about the formation
of individual remuneration within bureactratic organizations,
ffourth, the functional form of the pareto distribution has
some Temarkably convenient properities which make it useful
for description of distrdibutional problems and for some
technical manuplations. Among the convenient properties the
special attraction of the pareto distribution lies on a) Exact
linearity of the pareto diagram which allow to obtain the
provortion of the population with dincome less than or equal
to some specified income level %, b) There is a law attached
to vander Wijk;s name that particularly works for the pareto
distribution. i.e. take any income level x, then the average

income of everyone who get x! ox more is simple a_
a-~1
a is pareto's constant. ¢} The pareto distribution with para-

t
X , where

meter tal! and Xq also provide non-intersecting Lorenz Curves
viilch are unigueliy labelled by the pareto constant tal,
¢) casy interpretation of the paremeters, and e) preservation

under log-linear transformation,

For the estimation of the parameters 'a'! and X4 of
the pareto distribution, method of least squares, method
of moments, methods of quantiles and method of maximum

likelihood are available,



Toanrranrineg the eaprzecion riven Ly (S.7.3,15% ans

o

takxiny logarithe of botn gidss we obhtain

Lop [14F(x)] =a lo= x - & log = (2,7.,2,8)
Let P =1=T{g)
x4 -

=a log¥ a>n X>X
f, 0} H - 0

hewues esguation (2,7.2,%) can be written as

Log P =%-a log x

Bzpresslon given hy {2,7.2,7) indicate that under.the
nareto digtribution a iinear relatlonehinp exists bstween log
® and logy x, B0, the paramstar a and ®, nay bz estimated
by ordinary least sauvars meihod from sanple estimates of

FX(x}. Thus ordlnary laast sguare astimators cf 'a' and x

o
raegpecitively are
n n n
-1 1 A P o+(,% loe X 2 kS
a ~ ;igl op 40{,,1 (i=1 or i)(i=l‘cg s
a =
1 n ? 1 o
{teg X 27=(, L los ¥ )" 3.7.2,
niEI\qCE i> (izllop ti) ¢3.7.2.3)
" ..ﬁ(iﬁllog Pyt ;iglloq Hi}
X = exp = PV S (2.7.2,¢

(Schnsor & Kotz, 1970),. é~;
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Method of moments also provide consistent estimators
nrovided a > 1, the mean of th» nereto distribution exists
and may be obtained from the expression (2,7.2.3). More-
over, the expected value of the lowest observation, say Xy

glven the assumntion that the obsorvations are from the

parsto distribution can be showun to be

5>, $ﬁ>9 ER.7,2.10)
A

To obtain sample estimates of a and X, we eguate
expression (2,7.2.3) with sample mean x and expression

(2.7.2.10) with the lowest w=lue x Hence estimates a%

1.
¢

=nd x» of a and ¥, Tespectively can be obtained from the

two eguation and we get

RbAY 4
ﬂ%.{...:ﬂ-— EG.T.2,1°.1
f{R-% ) )
1
x ¥ = (1aiog {3,7,2,12)
0 ax’ * ’

tuantiles estimators of a and x, are obtained by
selecting two numbors ay and Ay between 0 and 1 and

obtain estimators of +the wvalues xq and xq + Then,
' i 1
egtimators a and X, of a and X respoctively may be

obtained by solving two simoultaneous equations givelby

“F

L

. S oa (2,7.2,13)

a R v B
. =)

1

T oo
{2,9,2,14)

]
3}
pond
H
n,
»
e

sand
fod
o

estimator 0of a is thzan



=g
o Cemee—
iog iy
m D ’ LI 2 - " o
a = ry (2.7.,8,18)
Lopcd % )
L /Y
ay/ o

The corresponding egtimaitor of xo can be obtained

fron either of the exnvogsiocnas (2.7.2.13) or (2,.,T7.2,14).

The likelihood functioan for a sarmple (xl,x?,...xn)

frown a pavreto digtribution in

a
. BX

L= T (5,7.2,18)
.a.xj .

Taking loparithms of hHoth sidaes and diffarvrcentiating
vartially with resgpect to tas marareter 'a' and settinpg the

result to Zero we filnd the vrelation

1 ~
a =nf [lop xi/xo]“] 2,7,2,17)

which 18 an estirantor o#f 'at,

The second equaticn which may be obtained ny taking the
first cdarivative of lop wiith respect to X cannct yiglid the
cgtimate Ebin the usual way since Loeo L 18 unbouned with

- . v .
regard to X . By inspzetion the value of x which wmaxinmice
(8}

(2,7.,1,1€) 1s

¥ = win ¥ e, 7.2.18)Y
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ifde guitability of the noreto distribution as a close
aponroximation to income data wmav be tesbted by the use of
. . 2
cocfficient ofdetermlnathn@.)if we are uslng regression,
2 A ;e .
However,; the use of R~ as o criteria of satisfactory fit
may be migleading when fitting a Curve to a highly skewed
distribution since a close fit in the tail may mask
substantial, departure elsewvhere, 4Ln easy alternative
method is the use of the lower and upper bounds of
inequality measures as indicated when we are dealing with

test of the lognormal distribution,



3. Dowvree and an Overview of the Data

LI e T S TR L B 4 BT B i 0 ST ET LT

The income date that dis vevilized in this paper is

-

talzem from the sub-sample advance report,which is a part

£N

of rural households income, Consumption and expenditure
survey conducted by Central Statistics Authority collected
from May 1981 to 4pril 1982, The data are collected on
agricultural sedentary population of Ethiopla excluding
Tigrai and Eriteea on a houscshold basis and the method of
data collection employed was personal interviews and

objective measurements,

The main sample survey on the rural income,
Consumption and expenditure covers 12,000 households.
However, thore is a2 delay in veporting the main sample

survey results, The main cause for the delay of the main

i
T

report, as Ilndicated by the authority,; is lack of time
since 100% manual editing, coding and verification of the
guestionnaire was made at hesd office, Thus, priority

was gliven to the sub-sample advanceﬂreport in editing,
coding, verification and data enitry. This sub-sample
report.consitutes 25% or 3082 households and informations
are limited only to national level, The main sample survey
report is exnected to provide information on regional and

national level, Data of +the sub~sample are given dimn ..

Lppendix A,
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re dzta on dncome ig collected according to the

following concapdts and Jefindti

4
1

(Taken from the advanc

e
B
-
o
<
}-
C
ot
ot
6]
-
o

report, of bulletin 61, CS4, 18928},

IHousehold: Consitutes of a person or group of persons
dryrespective of whether related or not, who normally live
togoether in the same housing unit or group of housing units

and who have common cookilng esrrangements,

Member of Heuschold: Person consituting a house is

member of the household,

The feollowing are considered as members of a houschold,
z) A£11 persons who livecd with +the household for at least
six months incilanding {those who were not with the

household ait the time of the survey and were expected

to be absent for less than six months,

b) L1L guests and visitors vho stayed with household for

six months and above,

¢) Servants, guards, baby-sititers etc who Lived with the

household even for less than six months,

Income: refers to domestic consumption of own crops
and own lidvestock and livestock products, domestic cansump-
tion of goods and services purchased for resale or - ,o.v
‘# produced or processed in the household enterprise other
than agrilculture, wages and salaries allowance, overtimo,

bonus, pension, commission, discounts, (i.e. concessions



-

O"?'{:&ined)o mnuhtod cent oX Iraec housing (pl"ovided by
omployer), imputed rent of cumpnlover subsidized housding
(i.e. subsidized amount only}, other employers benefit,

terest received and devidend received, imputed rent of

in
owner oocupied housing, remitience {(regularly received),

value of items obtained free, rent of personal possessions,

alimony {regularly received) and other type of income.

The average household size for the rural sector
obtained from the sub-sample is 5 persons and average income
of a household is Birr 1,680,353, The highegt percentage of
the household, about 1l.,l1 percent, fall in income group
Birr 900-1099, Regarding the disiribution of households
along with their income 48 pewrcent of the households have
income less than Birr 1200 while the next 45 percent fall
in income group of Birr 1300-3499, The rest 7 percent
earn income ahove Birr 3499, Accordingly when dealing
with their income share, housecholds earning income below
Birr 1300, i.,e, 48 percent of the households, share 23,5
percent of total income while the next 45 percent, those
who fall in dincome groun 1300~3499 share 55.5 percent of
total dincome, The rest 7 percent share 21 percent of

total income,

Cummailative percentage disbribution of households
by income group and their respective cummulative income

share is given in eappendix B,
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The guality of the data depends on many activities
which ranges from the prepavation stage to the final report,
The data that has been utilized in this paper which was
published by CS4, (1988) has undergone all the necessary stages,
The data was collected by well trailned enumerators and under
careful supervision to meet many objectives at a national
level, Moreover, important parits of data processing, such
as editing, coding, verification data entry and tabulation
was done at the head offfice of the Authority so as to ensure
the guality of the data.

From the sub~sample data average household sizme of the
rural population was 5 persons which i1s slightly higher over
the 1981 demographic survey which gave 4,8 persons per house-
hold, Moreover, per capita income from the sub-sample data
was Birr 333,~ which seems also high, The overestimation
could be due to the exclusion of Tigrai and Eritrea in the
sub-~sample, These two roglons are believed to have mean

income which is below the national average income,

The inequallity measures considered in this paper are
given in their lower and upper bound forms, An attempt was
made to estimate the compromise values of the bounds by
fitting the pareto distribution in each ilncome group. But
the inavailability of appropriate computer soft ware has
been a bottleneck., However, for the most commonly used
ineguality measure, Gini coefficient, the compromise value

can be approximated by the expression given in (2e2.4),

In most cases lncome data given in grouped form are
open ended. The sub-gsample income data utilized in this

paper also reveal thils nature, From sectlon 2.5 it can be seen
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ciitat the estimation of the upper bound of the ineguality

messures regquire all class 1limits to be known. Therefore, it
'

isg

!

3 assumed tha? the lowest income of households of the sub-
ample to be Birr 1,00 and the highest income to be Birr 1&,500.

Thus, the inecuality measures lower and upper bound estimates
are confined to this income range, |

Table lU,1,1, shows the lower and upper bounds of Ffour inequality
measures and the difference between the bounds.

Table 4,1,1, Lower and Upper bounds of inequallty measures

M i i

Ineguality measures Lower Upper
o bound bound Difference
Gini Coefficient 0, 3620 D.3654 0,003
Theill's index 00,2292 0.2319 0.,0027
Relative mean
devliation 0.5215 0.5225 T L.0.001
Logarthmic vardiance 0,5187 00,6487 0, 1300

The compromise wvalue for the Gilni coefficient is found
to be 0,3644,

Gini coefficient and Theil'!s entropy #ndeXghow more equality

compared to Relative mean deviation and Logarthmic variance,
This is true fox lower and upper bounds. Also, except for the
logarthmic variance the other three measures are gquite stable,
This is shown by comparing the dlifferences between the upper

and lower bounds of each measures.

a2s Resulis of the Lognormal Distribution
For the estimation of u and ¢? of the lognormal distribution

two methods are employved, These are methods ofmoment. and
method of guantiles at guantiles of order 27% and 73%.
Accordingly tﬁreo methods of testing the lognormallity assumption
as a close fit o the sub~sample income data have been adopted,
These dnclude, skewness and kurtosis tests of normality fox

the transformed data, the x2 - goodness of fit test and tests
using the lower and upper bounds of the ilnequality measures,

But all tests resulted in the lognormal distribution to be

a poor fit to the sub-sample income data,
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ascs x wvaluss calculated Trom the it are greater
then ta®le waluse dndicsting tihe lognormal distribution
an & close f£it to the income data under consideration is
invalid. As it can be scen frowm hAppendix C the major

contributors for the departure ave in the low income

brackets and to some extent din the upper income brackets,

m
A

ests using the lower and ﬁp@er bounds of dinequality
measures has also resulted in the same conclusion in
rejecting the lognormality assumption., Table Lk,2.2 shows
inequality measures derived in relation to lognormality
assumption and the lower and uppeyr bounds without any

assunption of distribubion,

Table L,2,2, Estimates of incguality measures with log-

normality assumption and without assumption

With Wi thout
Inscuality Lopgnormality Lssumption
) Assumption Lower Upper
measures . b a
La».-mh‘.:ur 3 2 mmm::l' S R i bo und ouna

Gini coefficient

 method of moments 0,3688 0.3624 0,3654
method of ousftiles 0,616 -
= ‘ ; : .
Thielt's dndex : 5 b
method of moments : 0,2349 0,2294 00,2319
method of quaftiles 0,722 o
RFelative mean deviation 4
method of motronts 0.53z24 0.521 0.5225
nethod of gualtiles Q,5192 e

Logarthmic variance

method of moments 0, 5280 0.5187 0,6478
method of quantiles ! 0,t9k5




With +the excepiion of the logarthmic variance, the

4]

cstiimates obtained by lognormelidty assunption lie boyond
the upper bound for method of moments while with method
o cusntiles they ldie Lielow the lower bhound. This has

P

hapunoned because of the difference beitween the variance
?
§, estimates obtained by the two methods. In other

words, inequality wmeasure esitimates derived with the

assumption of lognormality depend on the value of ¢2

ke3e Results of the Parcto distribution

The Pareto constant 'a{ is estimated using ordinarily
least sguare method vhich works hoth for ungrouped: vhd
grouned data case, For the whole distribution[pareto
digtribublion is Tound Ho be @ poor it with pareto's ‘a-i
egual to 0,84 and coefTicient of determinatilon, R2,equal
to 0,4 which is low, The test using lower and upper
bounds is not also infavour c¢f the pareto distribution
to be a good fit for the ilncome data as a whole, Infact,
the pareto distribution ds said to be a close approxi-
mation to the upper tail of income data., Hence a consge-
cutive fits and tests. using the lover and upper bounds

£ ineguality measures along with RL, pareto distribution
is Found to be a good fit fox sxoups having income of
Birr 1700.,- and above i,e, for the last ten income
groups, Iror these 10 groups the it has resulted in

tal to be 2,7563 and R® to be 0,99,
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Table 1':030 4 [

shows inecuality measures estimales

with paretian assumption and boundgs without assumption

Tor the last ten income groups,

Table 4,3.1. Ineguality measures for the last 10 income

BOUFEAT AR o

VWithout assumption

Inequality measures jwith a%iggpn Lower bound bgﬁggr'

Gini Coefficient 0,226 042180 0,2261
Theil index 0,1186 0.0958 0,1190
Rel, mean dev, 00,3288 0,3215 0,3292
Logarthmic wvariance 06,1392 0, 1hok G.1591.

Bxcept for logarthmic variance, inequality measures derived

in relation to pareto distribution, %43 between the lower

and upper bounds,

Since thrsa of the inequality measures

o
satisfy the criteria with R™ equal 0,99 it may be argued

that the pareto distribution to work well for the last

10 dincome groups.
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The results of this paper are bascd on the sub-
sample dincome data which is =a part of the main rural house-
holds income, consumption and expenditure survey conducted
by Central Statistics Authority (CSA) covering a period of
one year from May 1981l-April 1982, The data are collected
on the agricultural sedentary population of Ethiopia

excluding Eritrea and Tigrai on a household basis,

As mentioned in Chapter 5y the sub-sample data
constitutes about 3082 housecholds which is about 25% of
the total sample survey‘whose coverage 1ls about 12,000
households. Therefore, since results of the sub~sample
might differ from the main survey, we might be able to
take the results in this paper as informative rather than

conclusive,

The lower and upper bounds of inequality measures
show differences which are small., These small
differences are attributed to grouping offects (see Table

15‘0101)0

The lognormal distribution has failed to represent
the whole distribution of the sub~sample income data,
Ls it can be seen from Table k,2,1, rolative measures of
skewness and kurtois that are utilized for the teskt

of normality for the transformed data, when compared




with rospective table values show a slight departure of

the transformed data from normality, and hence a departure

L'

from lognormality of the untransformed data, Tests using
the lower and upper bounds (Table 4,2,2,) are also in
support of the above test results with minor departure

of the lognormal distribution as a close approximatlon

of the whole income data. Moreover, according to the x>
goodness of fit test as it may be seen from the table in
appendix C, the major contributors of the doeparture are
the lower income brackets and to some extent the upper
income brackets, This result is contrary to the existing
theory of the loghnormal distribution as a better approxi-

mation to the low dincome range,

The paréto distribution has been found to be a
good it for groups having income Birr 1700,~ and above,
This result is supported by a test using the lower and
upper bounds (see Table 4,3.1) along with R equal 0,99,
Moreover, from Fig, £,3.,1 it can be seen that the pareio
distribution exactlinearity works wall for the last 10
income groups or groups having income Birr 1700,~ and
avove, Therefore 1t can be argued that the pareto
digtribution is dncomformity with the existing theory
of its close approximation to the upﬁer tail of income

dota,




Therofore, from the above discussion it might be possible

to consider some conclusive remarks to the sub-sample rural

Tthiopia households income,

The difference obtained between the upper and lower
bounds of inequality measures are small, These small

differences indicate minor erffects attributed to grouping,

The contrary result of the lognormal distribution as
a close fit to the low dincome range might be attributed to
sub-sampling eryor and grouping effects, According to x2~
goodness of fit test, it may be argued that the lognormal
distribution to be a better approximation to the middle

income brackets,

The Bxact linearity of the pareto diagram works well
for the last {en income groups. This result is in agrue-
ment to the pareto distribution teo be a close fit to the

upper tall of incomeo daﬁa.
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Lppendix A

group.

Income Group

I e

(Birr)
Below 199
200 -~ 299
300 - 399
400 ~ Lg9
500 -~ 599
600 - 699
700 - 799 $
800 - 899 i
900 -~ 1099 I
1100 -~ 1299
1300 - 1499
1500 - 1699
17200 -~ 1899
1900 -~ 2299
2300 - 2699
2700 - 3L9g
3500 -~ 4299
47200 - 5099
5100 =~ 5899
5900 ~ 6699
6700 - 7h99
7500 & above

T R T

20 -

percentage distrihrtion of households by income

Percentage of

|

Group mean

households (Birr)
0.81 14y, 4
1.20 244,84
2,17 357.10
2.73 452.11
3.76 550,02
5.32 648,82
5.48 750.98
5439 847,77
11.10 999.38
9,86 1193.13
7.98 1391.13
7459 1598.97
6429 1797 .46
9.77 2086.95
6,13 2488.30
7.62 3046, 82
2,92 850,96
1.75 4710.78
0.75 5377.57
042 6199.19
0.26 2047, 7%
0.68 10593.91




Appendix B: Cummulative percentage distribntion of households

and cummulative percentage income share by income

R

gronup.
Tncome group Cummulative Cummulative
(Birr) percentage of .percentage
households income share
belov 199 0.81 0.07
200 - 299 2.01 0,25
300 - 399 4,18 0.71
Loo ~ 499 6.91 104
500 ~ 599 10,67 2.67
600 ~ 699 15499 hoya
700 - 799 21.47 7.7
800 - 899 26.86 9.89
300 -1099 37.96 16,48
1100 -1299 49,82 23%.48
1300 -1499 55.80 %0.08
1500 -1699 63%,39 37.30
1700 -1899 69.68 bh, 02
1900 -2C99 79,45 56.15
27200 ~2699 85,58 65.22
2700 -349g 93.20 79.02
3500 4299 96.12 85.71
4300 -5099 97 .87 90.61
5100 ~5899 98,62 9%.08
5900 -6699 | 99, 0l 94,62
67C0 ~7499 99.30 95471
7500 & above ; 100,00 100,00
! -
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Appendix C: X? values calculated from the lognormal distribution

fit.
Queerved | LIS Soenegyon
Income Group cies ?xpected (9:§)2 ?xpected (O—E)2
N=3082 | “otes . | E | Teiee | E
Below 199 25,0 3.6 31.27 6.5 52465
200 - 299 37,0 37.6 0,01 30.2 1.53
300 - 399 66.9 77k 1.42 66.9 -
h0o - 499 8,1 111.9 6.91 102,3 3.24h
500 - 599 115.9 143.6 5.%4 136.8 3.19
600 - 699 164,0 155.9 0,42 153.8 0.68
700 -~ 799 168.9 172.6 0.08 165.5 0.07
800 ~ 899 1661 168.6 0.0h 172.9 0.27
900 - 1099 342, 1 324.,8 0.92 | 331.0 0.%7
1100 - 1299 303.9 303,0 0.00 %0104 0,02
1300 - 1499 2h5.9 257.0 0.48 257.h4 0.51
1500 - 1699 23%3,9 213.3 1.99 226.5 0.24
1700 - 1899 193%,9 1784 1,35 190.8 0.05
1900 ~ 2299 301 1 276, 1 2.26 278.0 1.92
2%00 - 2699 188.9 186,2 0. 0h 195,71 0.20
2700 - 3L9g 234,8 222.5 0.68 227 .4 0.26
3500 - k299 90.0 110.0 3.64 111.0 3.97
4300 ~ 5099 53.9 57.3 0.20 57.0 0,17
5100 - 5899 23,8 30,8 1459 29.9 1.2h
5900 - 6699 12.9 18.2 1.54 16.6 0.82
6700 - 7499 8.0 10,0 0,40 9,3 0.18
7500 & above 21.0 18.2 0.43 16.0 1.56
Total 3082 3082 i 61.02 ; 3082 731k




Appendix D

X
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~ values calculated for pareto
distribution fit.

Income Observed Expected (0—E)2
Group frequencies frequencies -
(Birr) (0) (E) -
less than 199 25 1396.1 14,203,9
200 - 299 37 325.9 26540
300 ~ 399 66,9 194,2 83.4
Loo ~ ko9 84 a1 132.5 1747
500 - 599 115.9 9545 bt
600 -~ 699 164,0 74,0 109.5
700 - 799 168,.9 58.6 2076
800 -~ 899 166.1 hg.3 27647
900, ~ 1099 342, 771 910.8
1100 -~ 1299 303.9 58.6 102648
1300 -~ 1499 2h5.9 43,1 95h,2
1500 - 1699 233.9 37.0 1047,8
1700 - 1899 193.9 30.8 86347
1900 - 2299 30741 k9.3 128641
2300 -~ 2699 188.9 37.0 62346
2700 « 3499 234h.,8 55.5 57943
3500 - hpog 90.0 37.0 7549
k300 - 5099 53.9 27.7 2ks8
5100 - 5899 23.8 21.6 0,22
5900 -~ 6699 12.9 18.5 1470
6700 - 7499 8.0 12.3 1650
7500 & above 21.0 2ho. 4 200,42
Total 3082 3082 22,764,82




