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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 Eritrca. The data were collected
by the Central Statistics Authority and covers a period cf one year, from
May 1961 to April 1982.

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



1. INTRODUCTION

Te1 GCbjective 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
is its inability to take into account the distributional

aspect of income among a society,

In the last gseveral decade studies on the relationship
of economic growth and income distribution at different
stages of economic development have been undertaken,
iLrthur(1985). One of the best known is the works of Simon
Kuznets, after with certain extensive supports, has postu=-
lated an inverted u-shaned hynothesis exists between
economic growth and income dietribution., 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 affecting distribution of income and in addit4on,
i6s changes overtime is mostly bandicapped by severe lack
of data, This problem may be highly aggravated in develop-
ins countries than developed countries, and hence many
objectives regarding the study of income distribution

are of limited scope.



Although wverious studies have been carried in
dif{erent parts of the worlid, Toth developing and
developed countries, here in IZthiopia, it may be due to
scareéity of well compiled data, very little of such type of

study is conducted,

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

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

i) To apply various statistical measures of income
distribution to the existing income data set of
Ethiopia

ii) To 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 of the data are given in Chapter
throe Chapter four deals with Results and Chapter five is

confined to Discussion and Conclusion.
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There are a number of statistical measures of income
inecuality each capturing a differont characterstic of the
social state and possessing desirzble properties as a

vardstic ef inequality,

The inecuality measures, in general, are classified
as positive measures end normative measures, The main
difference betweon these two classes of measures is that,
the latter make explicit use of social welfare function
while the former do not, Under social welfare function,
211 the possible states of society are ranked in order of
socictyis preference, Cowell (19?7). However, in some ways
+the positive measures may be viewed as nermative measures
under certain specific assurptions of the social welfare

function,

The positive measures include such as Range, Mean
deviation, veriance, coefficient or variation, logarthmic
variance, variance of logarthms, Gini Coefficient, Thi®l's
entropy index etc,whercns the normative measures include

D-1ltonts index and Aitinksonts index,

Therefore, in this Chepter, preperties of the measures
in capturing inequality of incorme and thedir estimation are
considered, Moreover, two thtoretical distributions, the

losnormal and pareto distributions, liability as a mathe-



reticzl descriptions of incone deta, estimation of their
perameters, how to test their guitability and application

of them in relation to measuring inequality are discussed

in the last S ection of this Chapter, However, implementation
of these measures to our income deta depends on the nature

of the data, importancy of the measures and availability

of computer facility,

2e1s Some Simple Moasur:s

The simplest measure oif inecuality is the Range which
is based on comparing the extreme wvalues of the distribution.
The problem with the Range is that by concentrating on
extreme values only it misses the important features of
the distributien, It might be satisfactory in a closed
society where everyonel!s incore is fairly known. Another
way of leoking at the distribution is by cemparing each
income with the mean income level, that is, by Relative
mesn deviation, The disadvantage of this measure is that
it is not sensitive to transfers of income from poor te
rich as long as both lie in the same side of the mean
income level since the transfer would add sne gap and reduce

another gap by exactly the same amount,

Variance, the common statistical mecasure of variation,
18 also used as inequality measure, Variance as inequality

measure has an attractive property when dealing with transfer



of income from the poorer to a richer person. This transfer
definitely alter the variance, This property 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 is unsatisfactory measure of inequality
because if everyonais 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 variation than
another and still end up having a lower variance, This
difficulty is overcomed by standardizing the variance i.e,
by taking the Coefficient of wvariation. The coefficient of
variation is liable for cepturing income transfer, But,an
equal amount of transfer 2t any income level reduces the
measured inequality 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 inequality
measure that arc more effective in reducing inequality for
income transfers when effected in low income brackots,

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 income while the latter is



€alined relative to the mecn o logarithm of income.
Assuming there =are n neople and observation on income
is on individual basis then the logarthmic variance, v,

and variance of losarithms of income ¥gy 8Fe defined as

4

n 1
1 " hond
- r —
iy 1or(r}] _ (2.1.1)
1=1
n %
i v, =25 Nerc1” (3.1.2)
i=1 x*
where

xi is income o0f an individual
X 1is overall mean inconme
X* is mean of iozarithms of income,

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

addition of a constant and goes out when pair wise

differences are taken,

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

inequality measures,



%42 " Cind Coetficient

The most co=monly uged inequality neasure is the find
Coefficient attributed ¢to CGini (1917), and much asnalysed
by Eicci (191#) and latsr oy Palton (1920), Vnetena (19138),
Aitinkson (1970), Newbery (1970), 8heshiniski (1572) and
others, One way of looking it is interms of the Lorenz
Curve; whereby the perceatac2 of ponulation arranged frorm
tha poorest to the richest are represented on the horizontal
axis end the percentag2s of income gnjoved by thae porulation
pronortion is shown on the wvartical axis, If thas given per-
centrge of ponulation recoive the same proportiom of income,
then there would be a line of equality specified by u 45
degres, Faenco the fini Cocfficient i1is equal to the ratio
of the area under the Loreznz Curve to the area under the
line of ecuality which is half,

The Gini Coefficient can be obtained from the following

form:la when observations on 1incone are made/raported for

n indivicduals

A n
6 === I I |x.-x] (2.2.1)
n X i=1 i=1

B

whare is overall mean income

xi is incorz of individual 1

!J is income of individual j
In ¢cas2 of grouped data, the Cini Coefficient lower and

upoer bounds are piven by:

k Aa,n

. e SR 3 2.2,2

lower bound: L 2151 3§‘n2? |1l1 uJ ( )
k E n:

upper bound: G =8 +I I —= 11{1:1—!.1] (2.2,.3)

i=1 j=1 n°X



wierae ¥ is nunber ¢¥ classes or ~roups

nilnd n1 are vronbk=2r of nersong in erour 41 and

group j respectivaly

p, and u:l are pean income of groun i and group J

i

respectively

X is overall menn income

Ei is lower 1linit of group i

Xi is pronortion ¢f the nopulation inm groupn i

petting income ﬂi.

Formulas (2.2.,2) and (Z.7,3) are derived by using

the assumptions in Section 2,5 4o be discussed later,

The Compromise value for the Gini which works for

most theoretical distributions, is approximated by:
N = f_,/"; Gu + 1/1 C'. (:o.)'o“]

The expression given above is found in Cowall,(l9?7)

There are meny criticizms of the Gini coefficient,
/.8 Simon Kuznets arguecd the standard Gini coefficient is
a2 summary that can conceal as much as it reveals and can
obscure some of the major underlying factors that influence
income distribution overtime, Ailso where relationships
amon; the distribution of different economic variables are

t



to be examined concentration curves of which Lorenz Curve

is a special case may be preforred,

The other problem of using Lorenz Gini lies in the
ivwlication of the line of perféct equality. The existing
line of equality overspecifies the cendition of ecuality
when used with annual income data, Age specific income
inecunlity is not considered under Gini coefficient,
Paglin has praposed an inequality measure of long run
intra=family inequality defined as Lorenz Gini minus Age
Gini ¢ Paglin, (1975).

2e3e Theills Entropy Inic:: -

Probability distribution, sometimes, provide useful
analngies for income distribution, One of which is Theil's

entropy index derived in relation to probability distribution.

Suppose that there are n events with prabability p1p2{*"
P From information theory, if events are likely to
occur, the information is not exciting, hence it is given
& number which is low, Also if events are not likely to
occur, the information is wvalusble and it is given a number

which is high, Let these numbers be h(pi) for respective

probebility pi’h(pi) decreases as Py increases and vice versa,

Lssuming that events arce independent, then the

probability that two events occur together is the product



oi their probsbilitier and i we want to be able to add up
the information values of the moSsage regarding independent
avents we want h to have the property.

h(pipj) = h (pi) + h(pj), i #J which can be satisfied
if h is a function of the form h=-Log p.

Aggregating the information wvalues of n events into

a single number describes whether the entire system is
more or less orderly, The aggresgation is done by taking
the weighted sum of the information values for the n
possible events, where the weights being the respective
nrobabilities, This average is known as the entropy of

the system .i,e.
n
Entropy = L p.uh{(vp. )
2l S

=-_F = I~ p :?.101
¥y o7 P, }

Theils states that the above fcrmmla can pravide a useful

inecuality measure,

Reinterpretation of the n possible events as n
noonle in the population and thﬂprobability,pi. as the share
of an individual in the population, say Sy allew us to
utilize the entropy as a tool of inqouality measure,

lloreover, if all people get an even share sy equals 1/n.
This valuewofai provide the maximun value of the entreapy.

Thoerefore, the Theils entropy index is given by the
maximum value of the entropy minus the actual entropy

that could be obtained from the data . Hence, for n



—"1 -

individuals, income data Theilts entropy index is given

bys n 1 r
LA Tt o Sl TR LA R

]

n ' 1
n

151

1
a - —_—
1{logs 109(n1)

i

X ¥
1 n .
'J:hf—.i- log “:1'1 (2.3.3)
b 4
X

where Xi is income o7 an individual 1

¥ 4is overall ssan income,

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

the reduction in T is the same,

2.4 Social Welfare IMunction Based Inequelity Measures

/nother way of measuring incquality is in connection with
the social welfare function, The two important classes of
inequality measures derived based on the social welfare
function are the Daltnr(DE) and Atinkson (AE) inequality
measures where E is the inecuality aversien parameter which
describes the strength of our yearning for equality vis-a-

vis uniformly higher income for all Cowell,(1977).



Dalton views inequality as how far the actual average

utility falls short of potentizl average social utility

(If all incomes were distributed equally). Atinkson

criticized the use of DE on the ground that it is sensitive

to the level from which the utility is meaured.

Given five properties of social welfare function%#,

that are:

-

k)

Social welfare function (CVWI') is individwalistic and
non-decreasing
SWF is symmetric, i.e. the value of SWF deaes not
depend on the particular a2ssignment of lables to
members of the populstion
SVF is addditive
SWF is strictly concave - the weifare weights decreases
28 X, increases
SWP has constant elasticity, or constant relative
ineouality aversion if utility function U(xi) can
be written as

U(x,) = EE x:'g, x, ies income of man i

1 . &

then we can obtain Dﬂ and Azgfrom the fellowing formulas

¥*

T_‘ = 1 -'

(2,4.1)

Dotails are given in Cowell, (1977)



n i !
AL = 1= 1 rs lz"']:-r (2.4.2)
E . n 1
i=1
whare !1 i8 incorme ofi iundividuoal 1

¥ 1is overall mean ircome

F 1is inoquality =version parameter

Dn riven as (2.,4,1) is onrly for ¥ < 1, Vor 2>1 3t 1»
e

Pea

which is hounded hetween 0 and 1, For

better to use

BE=1 4t is recommendad to replace X and X

1 7
" by lop

i

and log ¥, resnectively, Cowell (1977).

2e5e Estimation of Incguality leasures from greuped

income data

We have seen basic inecuality measures and estimating
theme, But, most of the formulas are applicable when
income data are given as individual records, In real
vorld situation income data are evailable 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 utilized fer

grouped income data,

Suppose that for a particular pepulation, the

theoretical density function which gives the proportion



of population that has 2n income in infinitestimal

interval x to x + dx is known, /ignin let us suppose

that the desired inecuality mecsure, or ordinally
ecuivalent transformation of the desired inequality

measure can be written in the fomm

Y= [ B{X)E(X)AX (2.5.1)
o

whare h(X) 1ir the ‘lesired inecuality measure

£(¥X) is the thecretical density function

For individual records of income data, fer n people

in the population, equation (Z.5.1) reduces to its

equivalent form as

For grouped data, as given by equation (2,5.1), the
velue of J may be estimated by fitting a theoretical
distribution that could possibly describe the income

cata, However, this approach maysnotbe possible for reason

that the theoretical distribution is a poor fit to the
income data at hand, Therefore, no reliable estimates of
inecuality measure is obtained, If such a failarity is
attained, overcoming this problem is to fit the pareto

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



| 4 b 4
v= 1 r M oyenvecmer (3.5.7)
i=1 fj
whare kK 4= numher of classes/rrouns

li is lower houndary of rroup i

£i+1 is uoper bLoundaryof srour 1

fgain in case of grouned income data it is pmssible
to obtain the lower and upper bounds of inequality
meesures, These bound can also be used as a test criterion
Tor suitability of theoretical distribution as a good fit
to income data, This concept is to be discussed when we

are dealing with theoretical distributian in the next

Bection.

The lower bound of an inecvuality measure ofor
grouped data is obtained by the Tollowing assumptions.
If the class intervels and averaze income within class or
group is given, we assume that everyone in each class
gets the average income in that class i.e. we assume

that there is no ineguality within classes, If there are

ny people in class i, n people in the populatien, and
these people are classified in k classes, then the lower

bound, say Jt of an ineguality measure is given by



¥
g = I ¥ h(p) (2.5.4)
L 1=1 i i
whore £, 1s provnortion of pconle in proup i,

i

h(ui) is the desired inequality measure as a

function of thas averame rroun inconme ui.

And to comnute the upner bound, say Ju' we nssume there is
maximum inequality within emsch class, subject tc the con-
dition that the assumed avernge income within the class is
egual to the observed averaze income of ench class, Ffo we
agsume that in class i everyone pets either the lowast or
the hizhest income in that class. I1f we let the sropcertion
A, of the neople in class i stuck at the lower limit of

i

clags 1, and 1-11 on the urper unit of clnss i, thon,

o ‘:-.(-'"}+(1-Jni)h(f (2,5.5)

1+1‘}

where, Ai, according to the assumption ~riven above, can

he shown to be

7 AT el
A, = ( E sy
i+1- 1

and h(e) is the desired inenru=zlity messure defined on the

upver and lower boundarias o©of each proup,.



“e€. Zhooretical Distributions
There are two distributions that their application
in measuring insquality of income is widespread, These

ere the lognormal and the peret> distributions, The

losnormal distribution is said to be close approximation
in low income range while pareto is said to be a good fit

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

2653 Lognormal distribution

Three types of lognormal distribution are identified;

two parameter, three parameter anc four parameter log-

normal distributions, The distribution functions and

theit statistical pronerties are given in Aitchisan and
Brown (196'3). However, in this paper the two parameter
lognormal distribution, statistical properties, method of
estination of the parameters and test of lognormality is
considered, Moreover, the rezson behind why the log-

normal distribution is considered as mathematical

descriptien of income data is discussed,

Let x be a positive variate defined in the interval

(0, ») such that y= Log x is normally distributed with

mean u and variance &2 , Then x is said to be Jdognormally

distributed with parameters y and &7 and its distribution

function is given by

1]
A

2 ,
(lor X=pu) '} ax (2.6,1.1)

> e
ACE; u, 8% oS == oxn{-
o Y2n8 252



The distribution nossasos moment of any order
criging from the properties of onent generating function
of the normal distribution, Fenca, the Jth moment about

the origin denoted by ud is

= o7 anty)

= aju+§3262 (3.6,1,2)

Therefore, the mean g and variance g2 of the two

»erametér lognormal distribution is thus,

& W e (2.%.1.9)
~ 2 2
g2 = o HHET 0% 1y
= a?p? (7.6,1,4)
2.
where n? = 06 -1

The moment about the mean mey readly found from the
moment about the origins In particular, the third and
fourth moments about the mean, cdenoting by u, and u;
respectively are

u; = a2(n +and) (2,€.1,5)

u; - u‘(n12*8n1°+19ns+16n“¢3n4) (2,68,1,8)



So that the measures of dnpn}turc from normality,
nemely the coefficient of skewness v,(x) and the

conificient of kurtosis v,(x) aro given by

oilke

n
ml.‘ -

Vl(!)
a (2.'.1.?.)

Va(X) = g—;-s

= n3+an°+15n4+1sn IR.G.I.Rh)

ks it can be scon from equation (2.6.1.7) the
distribution is positively skew and the greater the valua

of the greater is the skewness, Also the distribution

has positive kurtosis which increases as 82 increases,

The relative position of the mean, median and mede

u+‘62 u H"z
» 0

of the distribution is at x=e and e

respectively, This also indicate the positive skewness
ol the distribution, A simple relationship between the
“uzntilds of © A (u, 82) and the corresponding

ruzntilas of the standard normal distribution MN(0,1) 1is

g g¥E (9.8.1.9)

where ® and ?q ars the gquentiles of order a of
Q

ACu, §2) and %{2,1), respectively.
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In economic datu skew frecuency curves are the rule
rether than exception, The lownormal.diatribution which
is skewed has meinly, (Sowell, 1377), four reasons to be
considared as a mathematical description of income data
First, lognormal distribution hes a lot of convenient
properties such as its simple relation with the normal
curve, gsymmetical Lopenz Curves, non-intersectingdorenz
Curves, easy interpretation of parameters and reservation
under log=linear transformation, Second, under certain
izinds of random process the distribution of incomes
aventually 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
person;s income increases or decreases by a certain
nroportion, the exact proportionate increase or decrease
beinz determined by chance, If the distribution of thece
proportiOﬂ!teincrement or decrement follews the normall
lew, then the overall distribution of income approaches
iosnormality, provided enough time is allowed for the
process to operate, Third. There is still some notion of
individual utility or social welfare associated with
logarithm of income; it would be nice to claim that
szlthough incomes do not follow the normal distribution,
?utility' or twolfare! does, Iourth. the lognormal provides

a2 rezsonable sort of fit to many actual set of data,



The non-intersectinglorenz Curves is a special
senture of the two parameter lognormal distribution, The
problem of inter .secting Lorenz Curves may arise if we
ere dealing with more than twvo paramter lognormal
Cistributions and/or if one sxarines observations from
lognormal population that are truncated or censored. The
non-intersecting Lorenz Curves a>ising from the two para-
meter lognormal distribution are uniquelly labelled by
the parameter 2 and hence given two distribution frem
lognormel family one unambigously exhibit greater
inecuality then the other proviced they have the parameter

02 yhich is not the same for the two distributions.

For the estimation of the parameters of the log-
normal distribution there are & number of alternative
procedures, The decision to =2dopt a particular method,
(#itchison and Brown, 1963) cepend on a careful compromise
between the desirable statistical properties such as
unbiasodness,Minimum variance, considtency etc and what is
computational feasible, The estimation of the parameters
of *the lognormal distribution becomes more difficult as
the number of the parameters increased. Dctails of
estimation procedures are given in Aitchison and Brown,

(1963), However, in this paper four methods of estimation
srocedures for the two parameler lognormal distribution is

discussed, The four procedures (methods) include maximum

- - -

]
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likselihood, rethod of aomants, method of guantiles and

srapbhical methods,

Let X 1Xgreea Xy be semnle observations of size n
th
from A(u,Gz). Then the J samnle moment about the cririn

dencting by m1 and the res-ective sample moment about the

mean denotine by n; arz given by

¥ n
i sy r: (3.€.1.9)
I B 4
n
' 1 i
m o - ‘.: (3 =Mm !' (}‘-.eololn)
i n 3%y - Al
we can also write
¥ = mi
. =% - |
v: - == 1 (=)
x n fai
. e (2.€.1.11)
n-1 '

and if we take log x = y, then

(7.€,1.12)

1=1 1
p -
va = __1-.— Z (y,~y) (2.€,1.13)
y n~1 = i

The 1ikelihood function of the two naraneter lognormel dis-
tribution 1is:

-y - . ® . 1 2
L(u,82;X)= R !1, 5 FXp "= e P (lole-u) }
§ (2mdg n :1 28 1=1

1=1 (2.€.1.14)

By tha usual way of finding the maximum likolihond estimators



of u and 62, it can bes shown that the estimatore of yu

and 82 denoting by 0, =md #y » resvectively to ba

- 1 i
91 - ; 2-10 ?1 (%:;0,;1,18)
i=1
g . e 4 3
B8, == T log (X,-0.) (
1 n 1=1 e
o=l _2 v
o ?y £8.8.1.18)
n
2 i | - 2
where Vy _— ¥ (71'?)
i=1
¥y = lopg 31

2
The eatimator °1 is hiszed but consistent; but it

2
1

minimum variance unbiasad sstirator of u and 62. Tha

-
-~

variance of 91 and Pf

2 -~ -
equation (2.6.1.1¢) is roplaced by S, = V_, then, 0, & s;' are
required in determining the larpge
sample efficiencies of other estinmators are readly

cbtainad from normal theory ar

9 A _dz
p°¢0,) =
2 2 g Y
Q B e—
P ('1) n=1
. g b
ok (7.€.1.18)
n

¥hen obsgservations ars given in rrouned form maxirunm
litelihood estimation of = and §2 canm be anpliad but with

some difficulty. For detail procedures of maximur likeli-



- 24 -

hood sotimation of ¢ and 82 raference can he nade to

Alitchisun and Rrown (1372).,
The second method, mathod of moments estizatora of

o 2
and 62 , 8say 62 and 8, , resnsctively ara obtaines by

egsunating the first sample monents nl and ny witk (2.86.1.2)
-~ o
by substitutine 69 and 8; ir place of u and 82 , With j=1

and 2, €S0 1t can be shown thet

e

-— -
) 2 log ™ 4 10!”, 'F'I2 (Zuﬂol.l“)
c = lop =.o=2 log m (';3.6.1.30)

-~

Gﬂ end 82 are consisteat and their large sample vari-

ances ohtained by variational rethod are:

3 A = & )
n?(ezy = {;cngm\w -2n%+an?) (5.£.1.21)
81 ot $x adfanid B
n?(8ly = i—(n +an" +2n") (2.8.1.22)
where 2 82

» 2
Therefore, larre sanpla =2fficiencies of 92 an+ 82 ars

2A
2.0,

n,

ef!(nz)

= — 'ﬁ - (2.6.1.27)

u

2
atf(Fz)

v o e (2,6,1,24)



The efficiency of tha sstinators declines ns 62
increnses. The method can bo annlied to prounat Adats with
Sheppard's correction i1f thera is = hirh contact of thae

4igtribution with the <c-axia,

The aquartile estimatore of u and 82 are obtained by
equating the sample guaptiles cf order o and g, (ql <na)
with the expression eivan in (2,6,1,8) after replacing u

-~
and 6% by their estimators O, and Sz , resnectively. Ffo,

» 2
. and 83 are given bty the following exnressions:
- Y log X . =¥ lor X
g i 0 LS L. (2.€.1,25)
3 v -V
q? nl
log ¥ - log ¥
3 bodhe t 3 ql
£ 2,6,1.78
By vV, -V kb o lhey'
g= ol

The maximum efficiency attainable hy the mothod is
when guantiles are symmetrically nlaced 1i.e, Vl_q » vn-v
Therefore, the larre samnlec variances of 03 and S; with

quantilies symmetrically placed are riven hy:

2
: 2 ¥
b3t51) . 2 4Y .. (2.9.1.27)
n
|
4 v
| . (1= ¥ -
. p?(ely - AL LAo7ale (3.€.1.29)
l nv
l
and hence larre sannle efficiercies by
5 £ 3,6.1,30
eff{@s) = V3 (2,6.1,39)
fiqe
2 2
ef2(R,) = Y (2.8.1.30)

2
2 a(1-2q)e"




The method of gqualtilos con be epplied for grouped
detee  But the method becomes inefficient if the data aroc
go crouped that it is necesszary to choose quazptiles or
pairs of quantiles distant from the more officient
cuentiles that are assyretricelly placed, In such a case

interpolation may be preferred to obtein tho most efficient

cuertile pairs,

The graphical method of cstimating u nnd.dzia facilitated by

the use of logarthmic probability paper. The theory
uncerlying its use emerges from the relation given by
cxperession (2,6,1,2), Taking logartthms of both sides

of (Z.€4148) we get

loq ?q = BVB « il ! (2.901.31)

If we let L(z) to denote the proportion of sample
values less than or equal to x, then

= 2.‘-1132)
a; L(X,) (

and Yy T 108(31)- (2.6,.1,293)

then, we shculd expect the points (ti. y,)

to lie approximately on straight line y = &V + y

The same arrayof points is obtained if we plot the

points {L(X)), xi} with L(x) on a normal probabi-

lity scale and x on logarthmic scilej the purpose of the




logerthmic probability paper is thus to facilitate the

slotting of the points (v~1 = ) by providing these
-

aporonriate scales so that only [L(xi), xi) need be computed,

The application of tkis method require the form of
the data to be given in grouped cummulative frequency
sebles To obtain estimators of ' snd & say 6, =rd
respoctively, the following aporoach is said to be

appropriate.

Prom expression (2,6,1,8) the population guamtiles

| of order 16, 50 and 84 are given by

>
At .
PIHS e
= u
?505 =
u+s
e T
so thet u = lop Euo’ (2.€,1.34)
r r
6= lop (ML ain  (2.€.1.35)
Fier Tsom

If we read from the straigiht 1ine graph y = &V+yu
the values of x corresponding to the 16,50 and 84%
points and substitute in (2.6.143%) and (2.641.35) we

-~ 2 z .
obtain estimates €, and &, cf v and 62, reaspectively

plicable and simoultaneously
cdes of tho

This method is ezsily «p

provides a test of lognormality. The efficien




ontinatorsare not calculable anc 44 is said to be less

relicble than the numerical methods,

Lognormality test Zor the twe PRramcter case can bo
cerried out by the use of skowness and kurtoads tost of
noruality for the transformed sanple values, Geary
(cited in Aditchison and Browny19€3) treats a series of
tests for skewness and kurtosis on tha statistics £,(p)

and gz(p) defined by

o oembpman, e
{st))
B v
and "?fn) - “—T‘-ﬁ— (P.0.1.87)
{£(31])
wkare ? n >
1 ¢
Py g gy byt
A
= l - -;'
g (P 2 !:-’7"1
YRS YR T S,
e 19l
vhare yitl'_,:-}'i
and B > 0 o Ho concludes that, for large samples and

¢ wide T4eld of alternative hynothesis regarding the nature
ol the population 51(3) and (2(h) are the most effective
test statistics; also that for sample of moderate size

32(51) is probabily as officient as €, ().

7° goodness of fit test is a method that may be

L ]
applied for all lognormal distribution, Howewwr, thi

it
tost is likoly to be less sensitive thaps Geary since



ifmorcs the sign and pattern of the difforoncons betwoen
obsorved and expected group freoguencies and aften require
sdcitional grouping at the exiromes of the raa.ro’

iitchicon and Brown, 1963),

inother test of lognormality is the use of the
inecuality measures given in their bounds form, The
test using bounds of inequality mensures, however, even
17 they are not definitive test they provide some ides
about the suitability of the logmormal distribution for

income data,

Given lower and upper bounds of inequality measures
that could be obtained from the raw data and given inequality
“ensures derived in relation to logmormality assumption,

il the latter falls betwemn tho bounds of the respective
inequality measures, thon it is roasonable to accept the
lognormal distribution as 2 close approximation., This idea
works too for the pareto distribution which is to be 1

dlscussed in the next Section,

2e7¢2 Pareto distribution

"In the course of examinetion of the upper tail of
income distribution in a number of countries pareto
found a remarkably close fit to that particular tvo para=

metor distribution which now besrs his name,"” Cowell,
(2977)



“he two peramoter parefo distribution 4s given by

v o
F‘{x,zo,a) = 1-{—)-.-'.‘ 3 x°>ﬂ, axn;, ::xo (%,7.2.1)
and its density function by
a
g l'll.o
£ (x) = e » 850, ¥>x >0 (2,7.2.2)

VThere xo is some minimum income level and 'a! is known

as the pareto comstant znd as shepe paramoter,

The distribution posseses momont of any arder jrovi-
ded 'a' "4s not 1less than *he order of the moment, Thus,

the jth order moment about the origin denoting by PJ is

1
o A
2 tor a >} (5,7,2,M

Py

~

and tho roan T and variasrea, ¥ , is

ax b
T = L '] for Q > l {‘.'.’.“
a—
a] 2
ax’ (a=1)
v? & S, for a>3 (3.7.2,9)
.-

o examination of the

The pareto distribution ia th
1977)

income distribution fundametnl mﬂrtmc"(c"“ll’
Eirgt, the functional

romains for the following reasond,
form works well for a number of seots of datn, M'

onso
the distribution is relatod to n simple random proces

theory of income development sinilar to lognorwi



Adistribution, the main difference between the two being that
levice is introduced to prevent an indefinite incroase in
dispersion whichk as the effect of erecting a lower barrier
income X which none can fall, Third, the parotian for: can
be shown to result from simple hypothesis about the formation
of individual remuneration within bureactratic organizations,
ourth, the functionzl form of the pareto distribution has
some remarkably convenient properties which make 1t useful
for description of distributional 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
pronortion of the population with income less than or equal
to some specified income level x, 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! or more is simple a_ x', et
a=1

a is pareto's constant., c) The pareto distribution with para=
meter 'at! and X, also provide non-intersecting Lorenz Curves
vhich are uniquelly labelled by the pareto constant Tat,

¢) easy interpretation of the parameters, and e) preservation
under log-linear transformation,

For the estimation of the parameters 'a' and x, of

the pareto distribution, method of least squares, method
of moments, methods of quantiles and method of maximum

likelihood are available,




rgnrranrineg the expzrascion riven by (2.7.3.1} snd

goxini; logarithm of hoth sidss we obtain

1§

Lo [1—F(X)] a 15:’_’ KD- alog r (3.7.3.‘1)

Let P =i-F(x)
Z =alog ¥, 830, XX

hezce zcuation (2,7.2.2) can he written as

Loz P =7-a log X

Expression given by (2,7.2.7) indicate that under the
nareto distribution a linear relationship existe between lor
P and lo¢ x, sc, the parameter a and x, may be oatimated

5y ordirary least sauars mathod from sanple estimatos of

e

L(X's Thus ordipary l:ast sguare estinators cf 'at' and x

respactively are

n n 'l;: 3
: R _-nigllo_ﬂr '.{_i lop 'F'1+(1£110r Ki)(isllci 5
o n i .
1 - I 4 o X ¥ X )“ (207.2Da)
nigl(lc_ "i) (i=1 or 3,
1 a T ¥}
P —_ T lom
X = exp L el s L (2.7.2,9)
? &
1
ansistont,

Petimators obtained hy this method are €

(Jobnaon & gotz, 1070),




l“ethod of momrients also provide consistent estimators
srovided & > 1, the mean of ths pareto distribution exists
.né may be obtained from the expression (2,7:2.3). More-
over, the expected value of the lowest observation, say o
given the assumption that the obscrvations are from the

~arsto distribution can bte shown to be

>0 v > {go?aznln)

To obtain sample estimates of a and X 5 we equate
expression (2.7.2¢3) with sample mean X and expression
(:"2.7.1.’:.10) with the lowest vzluc Tqe Hence estimates a'Ih
nd % of a and X 9 respectively can be obtained from the

two couation and we get

ﬁ{X-Il}

b9 x = {1’_‘—1:}5 (3.7.?.12)
o &

P - ained
Quabtiles estimators of a =nd X are obt 4

1 and
selecting two numbers a4 and Go between O and

Then
obtain estimators of the values ¥ and X !

0.1 q1
be
55'51?‘.‘.3‘1:01"5 a and xo of a anc: xo, respsctivaly may
ivelby
obtained by solving two simoultaneous equations &
) .‘.Jo)a (3.7,3.13)
“1 B """'}'._
L
- ..-' 'yn\ﬂ. (2.?'9‘11,
qg T AT %8
13

(3
(1]

timator of a is thap




r A (?‘?':-l"

*he corresponding castinator of x can be obtained
o

from 2ither of the azxnragsisns (2.7.2.13) or (2.7.2,14).

“he likelihood functioa for a sarple “1'!"'"'! )
a a

fron 2 pareto distribution in

<]

. AX,
L= R 2.7 2

I (%:7.2.18)

Taking loparithms of hHoth sides and diffarcntiatine
vartialiy with respect to tha parareter 'a' and sefting the

regult to zero we find the relation

b &
a sni [lop xi/.'{o]-] (2.7.2,17)

i=1

which i3 an estirator of 'a',
"h= second egquaticn which nay be obtained by takine the

firat Zorivative of log with respect to x cannct yield the

9stimate ¥ in the usual way Since Loe L is unbouned with

~ - imize
rezard to X s+ By inspaction the value of X which emax

(2,7,1.16) is
(2,7.2.18)

e




-

However, the use of ey a cr:t

may be misleading when fitting a

distribution since a close ii"?_ii_;.‘-'f‘_*

inecuality measures as indicated wh

test of the lognormal distribution, .




an Jverview of the Data

The income data that is utilized in this paper is
+a7en from the sub-sample advencs report,which is a part
of rural housecholds income, Consumption and expenditure
survey conducted by Central Statistics Authority collected
from May 1981 to April 1982, The data are collected on
arricultural sedentary population of Ethiopia excluding
Tigrzi and Eriteea on a houschold basis and the method of
data collection employed was personal interviews and

3

objective measurements,

m

o]

main sample survey on the rural income,

Jonsuipiion and expenditure covers 12,000 households.
However, there is a delay in reporting the main sample
survey results, The main cause for the delay of the main
report, as indicated by the authority, is lack of time
since 100% manual editing, coding and verification of the
~uestionnaire was made at head office, Thus, priority
was given to the sub-sample advance ‘report in editing,
coding, verification and data entry. This sub-sample

renort consitutes 25% or 3082 households and informations

L
ar2 limited only to national ievel, The main sample survey

: al and
report is expected to provide jinformation on region

0.
national level, Data of the sub-sample are given 1

Lppendix A,

————————————— pr—
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.

‘he deta on income is collencted according to the

following congepts and Cafinitions, (Taken from the advane
@

l._-_-:_j_-_""‘t’ of bullctin F1’ USA, 19’!-‘3}'

Lousehold: Consitutes of - person or group of persons

irrespective of whether related or not, who normally live

together in the same housing unit or group of housing units

and who have common cooking errangements,

Member of Heusehold: Person consisuting a house is
member of the household,
the following are considered zs members of a household,
=) 411 persons who lived with the household for at least
six months including those vwlho were not with the
household at the time of the survey and were expected

to be absent for less than six months,

b) /11 puests and visitors vho stayed with household for

csix months and above.

¢) Servants, guards, baby-sitters etc who lived with the

household even for less than six months,

Income: refers to domestic consumption of own crops

and own livestock and livestock products, domestic cansump=

.

: ale or
tion of goods and services purchased for res

r
® “roduced or processed in the household enterprise othe

@
‘3.'1.’11‘1 agriCulture, wages and Salaries ﬂllowaﬂco, Ov.rtu ’

1 3 i.e. concessions
wonus, pension, commission, aiscounts, (i.e.




4e Results

The gquality of the data depends on many activitioes
wvhich ranges from the preparation stage to the
The cata that has been utili
published by CSA,

final report,
zed in this paper which was

(1988) has undergone all the necessary stages.

The cdata was collected by well trained enumerators and under

cereful supervision to meet many objectives at a national
levels, Moreover, important parts of data processing,
as editing, coding,

such
verification data entry and tabulation
was done at the head offfice of the Authority

the cuality of the data,

80 as to ensuro

From the sub-sample data average household size of the
rural population was 5 persons which is 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, Tho overestimation
coulcd be due to the exclusion of Tigrai and Eritrea in the
sub-sample, These two regions are believed to have mean
income which is below the national average income,

bot. Inequality Measures

The inequality 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 incomé Eroup.

the inavailability of appropriate computer soft ware has
for the most commonly used

But

been a bottleneck, However, .
Gini coefficient, the compromise valu

inecuality measure, (2.2 )
(] e

can be approximated by the expression given in

form are
In most cases income data given in grouped

this
open ended, The sub-sample income deta utilized in

.5 it can be seen
paper also reveal this nature, From section 2.3




.'-'-L;,‘_':: th = 1

3 e es timh tion of the '_I_i):J ex bound Of thﬂ ne quﬂl ’. t Y

magasures require all ClaSb liEiLS tO bO known - ‘
5U .

i(" ?J‘S‘Jmed thtit the lﬂwes t inboﬂie’ Of

sample to be Birr 1.00 and the

Thorefore s At

households af the
highest income to be B:lr:-utifl,‘ji‘o.

Yy measures lover and upper bound ostimatos
are confined to this income range,

Thus, the inequalit

Table L4141, shows the lower and upper bounds of four inequality
measures and the difference between the bounds.

Teble 4.1.1., Lower and Upper bounds of inequality moasures

Insguality measures Lower Upper
e bound bound Difference
Tini Coefficient 0. 36 2% D4 3650 0,003
Theill's index 0.2292 0.2319 0.0027
Felative mean
deviation 0.5215 0,.5225 *.0,001
Logarthmic variance 0,5187 0,6487 0,1300

The compromise value for the Gini coefficient is found
to be 0,364%4,
Gini coefficient and Theil's entropy indeXshow more equality

comnared to Relative mean deviation and Logarthmic variance,
This is true for Yower and upper bounds. Also, except for the
logarthmic wvariance the other three measures are quite stabdle,
This is shown by comparing the differences between the upper

and lower bounds of each measuress

“42. Results of the Lognormal Distribufion

2 of the lognormal distribution

For the estimation of u aznd g
two methods are employeds These are methods o f moment. and

method of cuantiles at quantiles of order 27% and 7%,
e lognormality assumption

lccordingly throc methods of testing th
i have been adopted.

as a close fit of the sub-sample income data

for
These include, skewness and kurtosis tests of normality
s of fit test and tests

2
the transformed data, the X = goodnes
he inequality monsSuUIras,

' £t
sing the lower and upper bounds ©
: al distribution to be

But all tests resulted in the lognorm

& poor fit to the sub-sample dincome data.




Slee ess8 and kars : +an
Skewness and kurtosis tests of normality shows a

CYE, e PO | arts ¥ o H = Y
clight ceparturs ol the transformed income data from

At Honso 4 u
NoTrmAaALL .;Y, and nence of 10:_. nor__!?lity. Estiﬂatea of 9 and

02 obtained by the two methods znd respective measures of

for the {ransformed data are Eilven

Table 4,2,1, Estimates of u znd J° with respective measures

of skewness and kurtosis

EZstimated] Lstimated| Relative meatRelative mon=-
mean variancel] sure of sure of
Siiewness Kurtosis
HMethod
of A
monents| 7.1922 0.,4658 00,0188 3.50
Method b.
of I 3
cuntilof 72116 O, L5 0,058 3.93

i 2082 : test
For a sample of size 3032, table value for a
of skewness at upper .02 limit ic around 0,070 whereas for

nezgure of kutosis table walue is around 3,22, Thus, the

(&)

tvo tests yield a Sli':ht de.}artur"; of the transfomed

1 be more with
cate from normality, the departure is seen i

the @nplication of method of oua tiles.

o f method of
%“ wvalues calculated with the application ©

61,02 and
woments and method of qua'tiles are foundyto i ;

-~

3 o ol o e at Sig.‘nificnnt
73+1% respeoetively whereas x teble valu

freedom 1is 46,797. In

level of 0,01 with 21 degrees of



20 ageds 7aluss calculated from the fit are graeater
wern £a=le value Cicatings +-- F
3 vaz .Lc vaill incaices e BeTs, e lozmormal ‘iiStribution

2o & close fit to the income datz under consideration is
invalide. As it can be seen from Appendix C the major
contributors for the departure are in the low income

brackets and to some extent in the upper income brackets,

Tests using the lower and upper bounds of inequality
measures has also resulted in the same conclusion in
rejecting the lognormality assumption. Table 4,2,2 shows
inecuality measures derived in relation to lognormality

assumntion and the lower arnd unper bounds without any

assunotion of distrivbution.

Tabie l1,2.2, Estimates of inecuszlity measures with log-

-

normality assumption and without assumption

With Vi thout

Inccualit Lormornality | _Assumption

Assumption Lower | Upper

measures I ; a

e bound | bound |

Gini coefficient ¢

Wy i D 0,362 0,3654

method of moments 043600

method of cualltiles 042616 r

o ]

Thiasl? 3 Cpoy b ' ’
-17,‘ s index r it b 0.2294 0,2319
nethed of moments O.&_,",'_\
itethod of guzPtiles 047222

Relative mean deviation e 0.5219 0.5225
method of moments 0.{?:'-_'

| _hethod of guaBtiles 05175

;ST 1 D ROSH

Logarthmic wvariance b W 0.6A78
method of moments 9-;;;‘:/
nethod of quantiles 044945




With the exception of the logarthmic variance, the
’

estimates obtained Ly lognormality assumption lie beyond

the upper bound for method of riciients while vith method
o) cuantiles they lie below the lower bound. This has

hoppened because of the difference between the variance

6"", estimates obtained by the tuwo methods. In other
words, inequality measure estimates derived with the

agsumption of logmormality cdepend on the value of ¢2

L,3+, Results of the Pareto cistribution

The Pareto constant !at! is estimated using ordinariy
least square method which worka hoth for ungrouped ind
grouned data case, For the whole distribution pareto
distribution is found to be 2 poor fit with pareto's fa!

1 o al
coual to 0.54 and coefficient of determination, R ,equ
t0 O.4 which is low, The test using lower and upper

bounds is not also infavour o the pareto distribution

- t
to bDe a good fit for the income data as 2 whole. Infact,

the pareto distribution is said to be a close approxi=

p e a conse~
ion to the upper tail of income datas Henc

ds
cutive fits and tests usingz the lower and upper boun

2 ion
- - 3 iatribut
of inecuality measures along with R, pareto €

: income of
is found to be a good fit for groups having

Birr 1700,~ and above i,e, for the last ten in

ted in
§roups, For these 10 groups the fib has resul

'al to be 2,7563 and R” to be 0,99




1o

Number of peeple (0

number of persen; in legacthmic scale, rath

ions, In fact, both yield 8

W

T v pe
<

w®

\'
3 RTTLE
¥
s P
') ﬁ
-+69315 INcoME (x) (1og wcale) 8,92259

Figs 4.7.1 Number of psople receiving income abeve or

aqual to an income level X Vs iacome level
x on logarthmic scale,

For convenciency Figs 4.3:1 ia plotted by using
ar than proport-

ame result to depict the

rolationship under copsideration.

™

As it is seen from Fig. 4,%,1 the exact linearity

|
the pareto distribution seam to work for the last

en Aneoige Sroupd.



able Le3s1. shows inequality measures estimates

wvith paretian assumption and bounds without assumption

for the last ten income groups,

Table 4,301 Ineguality measures for the last 10 income

-.'7'!1"0‘.12

Without assumption .
Tnecuality measures jwith a%gggp— Lower bound bgﬁﬁgr
¢ini Coefficient 0,22°6 0,2180 0,2261
Theil index 0+«1186 0.0958 0,190
Rel, mean dev, 0,3288 0,3215 0,3292
Lozarthmic variance| ©.7292 0,140k a. 1501

: . ures derived
Lxcept for logarthmic variance, inequality meas

; )T
in relation to pareto distribution, 34> between the lowe

ond upper bounds, Since thred of the inequality measures

2 be argued
satisfy the criteria with R” equal 0,99 1t Bay OO

c last
that the pareto distribution to work well for th

10 income groupsa.




5S¢ Discussion =nd

Conclusion
——“

The results of this paver are based on the sube

sample income data which ig = part of the main rural house-

holds income, consumption and exXpenditure survey conducted

by Central Statistics Authority (CSA) covering a period of
one year from May 1981-April 1982, The data are collected
on the agricultural sedentary population of Ethiopia

excluding Eritrea and Tigrai on a houschold basis,

As mentioned in Chapter 3, the sub-sample data
constitutes about 3082 houscholds which is about 25% of
the total sample survey whosc coverage is about 12,000
housecholds, Therefore, since resglta of the sub-sample
dlght 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 effects (“e s

?.:..1.1).

nt
The lognormal distribution has failed to represe

ata
the whole distribution of the sub~sample income d .

es of
A8 it can be soen from Table Le2sle relative measur ‘

tga** al\‘
skevnoss and kurtois that are utilized for the

compared
of normality for the transformed data, when comp



with rospective table values ghow a slight departure of
the transformed cota from normality, and hence a departure
from lognormality of the untransiormed 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 2 close approximation
of the whole income data, Moreover, according to the x2
goocdness of fit test as it may be seen from the table in
appendix C, the major contributors of the departure are
the lower income brackets and to some extent the upper
income brackets, This result is contrary to the existing
theory of the lognormal distribution as a better approxi-

mation to the low income range,.

The pareto distribution has been found to be a
good fit for groups having income Birr 1700,~ and abovo,
This result is supported by a test using the lower and

2
uppor bounds (see Table 4,3,1) aleng with R equal 0.99.

Morcover, from Fige. U¢3.1 it can be seen that the pareto

1
distribution oxactlimearity works well for the last 10

- and
income groups or groups having income Birr 1700,

to
above, Therefore it can be argued that the pare

theo
distribution is incomformity with the existing Ty

ncome
of its close approximation to the upper tail of 1

data,




Thorefore, from the above discussion it might be possibdle

to consider some conclusive remarks to the sub=-sample rural

thiopia houscholds income,

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

differences indicate minor effects attributed to grouping,

The contrary result of the lognormal distribution as
a close fit to the low income range might be attributed to
sub=-sampling error and grouping effects., According to 12-
coodness 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 ten income groups, This result is in agrue-

ment to the pareto distribution to be a close fit to the

upper tail of income data,
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Appendix A: percentage distribrtion of households by income

group.
Income Group Percentage of | Group mean
(Birr) households (Birr)
Below 199 0.81 144, 41
200 - 299 1.20 2h4, 84
300 = 3599 217 357.10
. Loo - 499 2.73 452,11
| 500 =~ 599 3.76 550,02
| 600 - 699 5432 648.82
i 700 < 5799 i 5.48 750.98
y 800 - 899 i 5439 847.77 '
! 900 - 1099 ; 11.10 999.38
1100 = 1299 | 9.86 1193.13
1300 - 1499 7.98 1391.13
1500 - 1699 759 1598.97
1700 - 1899 6.29 1797.46
1900 - 2299 9.77 2086.95
2300 =~ 2699 6.13 2488.30
2700 =~ 3499 7.62 3046,.82
3500 - 4299 2.92 3850.96
4300 - 5099 1475 4710.78
5100 - 5899 0.75 537757
5900 =~ 6699 N k2 6199.19
6700 - 7499 0.26 7047.73
7500 & above 0.68 10593.91




Appendix B:

group.

Cummulative percentage distribrntion of households

and cummulative percentage income share by income

Income group Cummulative Cummulative
(Birr) percentage of percentage
households income share
below 199 0.81 0.07
200 - 299 2.01 0.25
300 - 399 4,18 0.71
%00 - 499 6491 1.44
500 - 599 10.67 2.67
? 600 - 699 i 15.99 b,72 i
| 700 - 799 - 21.47 7.17 |
' 800 - 899 26466 9.89
900 -1099 37.96 16.48
1100 -1299 47,82 23.48
1300 -1499 55.80 30.08
1500 -1699 6%.39 37.30
17200 =1899 £9.68 45,02
1900 -z£99 79.45 56.15
2200 -2699 85458 65.22
2700 -3499 93.20 79,02
3500 -4299 96,12 85.71
4300 -5099 97.87 90.61
5100 -5899 98,62 3,08
5900 -6699 99,04 9k, 62
67¢0 ~7499 99430 95.71
7500 & above : 100.00 100,00
H e




Appendix C: x')

values calculats

*d from the lognorral distribution

fit.
' Observed W—- H;;::ﬂtsf P::h:‘: - D‘: ]
Income Group frzzt'::nc Expected (0-5)° Ebcpw':.,.-g > ‘G(O-I-;) .
N=3082 frequen- = o frequen- —
cies cies 3
Below 199 25.0 8.6 31.27 6.5 52.65
200 - 299 37.0 37.6 0.01 30.2 1.53
300 - 399 66.9 774 1.42 66.9 -
koo - 499 8441 111.9 6.91 102.3 3.24
500 - 599 115.9 143,6 5. 34 136.8 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 - 899 166.1 168.6 0.0k 172.9 0.27
900 - 1099 34241 324,.8 0.92 331.0 0.37
1100 - 1299 303.9 303.0 0.00 301.4 0.02
1300 - 1499 245.9 257.0 0.48 2574 0.51
1500 - 1699 233.9 213.3 1.99 226.5 0.24
1700 - 18¢9 193.9 178.4 1.35 190.6 0.05
1900 - 2299 301.1 276.1 2.26 278.0 1.92
2300 - 2699 188.9 186.2 0.04 195.1 0.20
2700 - 3499 254.8 222.5 0.68 227.1 0.26
3500 - L4299 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 1.59 29.9 1.24
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 l 16.0 1456
Total 3082 3082 i 61.02 i 3082 73,14
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appendix D: X° - values calculmted for paret

distribution fit.

é:ﬁsme Observed Expected (O-E;T-.
p frequencies frequencies .
(Birr) (0) (E) B
less than 199 25 1396.1 14,203,9
R s 20 37 33549 26540
300 - 399 66.9 194.2 83.4
koo - 499 84,1 132.5 1747
500 - 599 115.9 95.5 boks
600 - 699 164.0 75,0 109.5
700 - 799 168.9 58.6 20746
800 - 899 166.1 49,3 27647
900. - 1099 342.1 771 91048
1100 - 1299 303.9 58.6 1026,8
1300 - 1499 245.9 43.1 954,2
1500 -~ 1699 23349 37.0 1047.8
1700 - 1899 193.9 30.8 863.7
1900 - 2299 301.1 kg, 3 128641
2300 - 2699 188.9 37.0 62346
2700 - 3499 234.8 555 5793
3500 - 4299 90.0 37.0 75.9
4300 - 5099 53.9 27.7 2k,.8
5100 - 5899 23.8 21.6 0.22
5900 - 6699 12.9 18.5 1.70
6700 - 7499 8.0 12.3 150
7500 & above 21.0 2h0. 4 200,2
Total 3082 3082 22,764,82
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