














J. l tho uch 4J'C'r i ous studic.s :,nve b e on carri ed in 

-' i f.:'E>rent part3 ot: tho " orld , devol oping and 

countries , hore in Ethiop i a , i t may be d u o to 

of' well catll , very li tt l e o f' such type o f 

i s co n du cted . 

dvalin g with measurement issues , the study of 

i n c oa e d istribut i on among n r e ly on ma ny co nc epts 

: ron stot i s tic • • Thus , tho ob j ective o f' th i s papor i s : 

i) To apply v ari ous measures of inc omc 

d i s tr i but i on to th e income d ata s e t of 

Ethiopi a 

1i) To the r e l ev anco of th e l ognormal an d 

the pareto d i s tribution a s a mathema t i cal d e scripti on 

of the income data under cons i de r at i o n . 

Chepter t wo i s devoted t o de s c ript i o n at: metho ds that 

c oule! poss i b ly be appliod in the stu d y of' inc ome d i strbut i o n . 

Sourco and an overvie w the data a r e g ivon in Ch apter 

throe Ch ap t e r four doals wi th Results and fiv e i s 

con ined to Dis c ussio n an d Co n c lus i o n . 



7hor are a n~ber of ct F.tiDt i c~l ~easure s o f inco~c 

i n oc-uali ty oach captu r i n C a c' i. f'·':-o r on t c~arac te r s f~ i c o f tho 

oo ~ i. nl sta t e a n d p o ssn s oing d e si.= c b l e r o per t i e o ns a 

yar tl s t i c o f i n oqu a l.i t y . 

The inequ a li ty me asu r e s , in G n o r a l , a r o c l a ss i f i e d 

a s p o s i t i vo meaBure s end nOrl.lut i v 3 moasuros . Tho mai n 

d i. :::f'o r o n c e bobtoo n t he se t wo Cll!3 Sea ", !, me a s u res is t h at , 

t!:::.o l a tter mak e o1:.plic i t u s a o f so c i a l we Lfa r e f u n c tion 

"hilo t ho f' C' rrn o r d o ::lo t . Un d e r oo c i a l we l f aro i'unct ion , 

~l l the ~o s M ibl o s ta t e s o f ~o c i ety a re ranked i n o rder o f 

Do c i o t y ' s proi'c r enco , -.!o -:e !.l (1 9(,7 ) . Howov or , in aor:lC ways 

-:ho p os i t i ·,e ~ea!:iure s Inay b e ·,-ie \ .. od a s n t) n'na tiv e me a s ures 

c n d e r c e rt a i n s pec i f i c a s s u:..ptions o f the 6 <" c i a l we l far e 

: u.., c t ion . 

Tho p o !:i i t i vo ~easurc s inc l~d e s u c h a s Ranse , Mean 

devi e.t i e n , v e r i- a nc e , c o o f' f' i c i e n t o x' variat ion , l o g a rthmi c 

vari anco , var iance o Z logarth~~ , Gi n :!. Coeffi c i e n t . Thi ~ll s 

a n t ropy ind e x otc , w~orc~s t he no m at i ve moasu r e s inc 1 u de 

~. l ton r o i n dex and Ai tinkson ' o i n ciex . 

Th o r o i'oro , in t hi s C n E'.:>t e r , p r " p o r t ies o f the meas u r e s 

i n cap turing inot.:ua1:i::y o f inc o .. o and thei r est i ma t i on are 

c onsidf'red . ~lo r~ over , t wo t~lcorat :lcal ci i s tri butions , t h o 

lo~ormal p~~d paro to d istribution s , lia bil i t y a s a mathe -



r .. 2-tic 1 r~ "'s cript ior.s o f i!lC I') I t~ , nst i~A tion of" thoir 

~,.:·cr.:aters , hOll to test ~h::dr oc.1h-.bil1 ty and applica t .lon 

o ~ tne .. i n relat ion to montiUrin..; inoqual.i ty are d iscusood 

in the l. aet S. o ction of' t his C.'laryto r . Howovor, im~l o~ontat ion 

o f" tho eo measureo t o our inc ome dt'.ta dep~nds o n th e natur e 

o :f the da t a , i mportanc y of' the oonsuros and availability 

of co rn~uter fac i l i ty . 

, . 
" • I . Sarno S i mplo l1o:-.s ur ~ 

The simp l est meaoure o f inoQu a lity i s the Range which 

is ba:J o d o n cOr:'lparing the oxtr'3:-.e values of the dis tribut i on . 

Tile pro 'b lorn wi th the !:anee is tl"!..:.t by co n centrat ing on 

o~:treme valuos onl y i t :':I i 5303 t :-:.e i mportant f eatures of 

tho d istribut i l') n . It "light be s a t i si'actory in a c lo sed 

so c i o ty where evoryone 1s inc o"'c is fairly kno n . Another 

Ha y o~ l n oking' .at the i stri !>ution 113 by c t} mpnrin g oac h 

inc ome with tho ~onn incor.lo l ove l , that i s , b y Relat i ve 

moC'-!l doviat ion . The d isadvantago of th i s measure is t h at 

i t i s not sonsitive to tran3~ers of inc o na £rom poor t o 

rich a s l ong aa both lie i n t~e same s i de or the moan 

income levol since t he trans:fer ,.,ould add " n o gap and r educ o 

~othor gap b y exact1y the 9 w~o ~moun t . 

Variance , t he c ommon D~ etis tical measure or variation , 

is a1so used a s inoquality xonsuro . Vari~~cc a3 i n oqu a1i ty 

moasur~ h na an attr nctivo property who n d oaling with trans £er 
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of income f rom tho poorer to a ric h or porson . This trane~or 

eofinit e 1 y a1te r t ho vari ance . This property h as to be t h e 

minimum property t h a t has to bo passed by inequali ty 

measures , H. Da l ton , 1920 . 

Ho wever , ev en i f tho variance satisfi o s the co n dit i on 

pO in ted above , i t i s unsat i sfac to ry measure o f inequ ali t y 

becaus e if ev eryone ' s income is doub l e d ; th e shape of tho 

d is t ribu tion will r emain unchanged . Al so s ince , th o 

vari an ce d opends on tho uni t of obs e rva tio n on o d i stri­

but i on may show mu ch greater rol at ive v ariat ion than 

another an d still en d up h av ing a lo wer v ari a nce . Thi s 

d i ff i culty i s ove r comed b y standardiz i n g t h e varianco i . o . 

by taking th o Co effi c i on t o f v ariat i o n . The coeffi c i ont of 

vari at ion i s liab l e for capturing i n come t r a n sfer. But , an 

equ a l amoun t of trru1sfor at ~y i n co me l ov e l r edu ces tho 

moasurod inequal~~ by the same amount . Thus , it may 

r easonabl y argued that tho coefr i c i e nt of v ariation i s 

good a t capturing i n equ ali t y amo ng high income gr oups . 

Contrary to capturing inequ a li t y amon g high income 

groups , thor e a p poars to be good reaso n to s u gge st inoqu a lity 

measur o that aro moro effect ivo in redu c i n g inequ a l ity ror 

incomo transfe rs whe n eff octed in lo~ income br a cke t s . 

Th e l ogarthmi c vari anco and vcrianc o o f l OGarithms of incemo 

appear to over come this p r obl em . Th e d i ff or e nce betweon 

t h oso t~o measuros lias in that t h o f orm or is d efi ned 

rolative to the l osnrithm of inc ome wbile t h o l a tte r i s 



( 

~::'.l lI. Tu .lot i ve t o th 

'93~~inc thor~ ~-Te n ~oo?lQ a nd observat i on on ineol e 

13 on individual. b asis then the .loe a r thoi c variance , v , 

..... nd vur:l.:lnco o f' lo "'arithmo o f' inc o:no V] ' ~;e dof'i nod a s 

) n .r 1 2 
V = E f10",( - )] 

" 1=1 T-
(2 . 1. 1 ) 

. nd 1 
n .Ai 2 

V, = t r lo ,,( - } ] . 
n 1 =1 I -

(~ . 1. ?) 

where 
X, ,. 1n ool'l0 o f an i !l d i v i d ual 

X ,. ov e ral l "'ean 1 nc oae 

X· ,- mea n o f lo ~ arlthn s 0' in c ome. 

'1':"1900 two moasures a tt ach a r oa ta r i mport a n ce t o 

t:::' <"'.1lo :~crs in low inC O r:lO' b r acI-;cts . In other words , a 

t~ano~er of inc ome in l ow i n con c b rackets r educes v or v, 

mere than a trc.nsfor in high i n c e r, le brackets do . One 

o ~hcr adv antago of t ~~inrr lo aa~i thm , unlike the variance 

0 .' :>.ctual v ahlo::; is that it o lir:linc. tes tho arb i ": t''\ry of 

uni to and thereforo of a bso luto l eve l s , sinc e a chango of 

units , which tw<eo the fom of mult i plicat i o n or th e 

abso lute values , COr.lCS out in a 1 0 g ari thm fo . as un 

fiddi tion o f' a c~n~tant and b Oo s out whon pai r wis e 

d i fforonceD are takon . 

Howover , it i s poso iblo f o r v or v 1 t n ris e evon 

\1:-.on thor o i s a rich to poor trans fo r in hig h incolmo 

bracl<:ot which is no t 3. c..:.o air e.bl c proporty to be possesod by 

in3~unlity moasures . 



~ . a (°'1"nl ·cop"'r Ie i c n t 

Coe~f ici e nt att rl b ' l te ~ t~ Gl :l1 ( J 'l~), Rnd ru~ b anal rG e~ 

by P i e ci (19 1 A ) sn d l a t r ~ y : pl too (l P~n Vn otena ( 11J 11J) , 

Alt i Dir a on (197 0 ), ·~e ... be r J ( 2910 ), 6 heshin l ak i (1 9 73) an d 

ot he rs . On e way at lo o~inp I t is int er"8 of t h o Lorenz 

Cu!"vej Vi'he r eb the pe rc Q :l t ~ ~~ ot oo~ulfttlon Ar= an ~.d f ro~ 

t ha ~00r o 8t t o the ri ch e s t ~ro T~ pre ~ e nt ort on th~ ~ o rizonta l 

a x is ~n~ the norcc n tng 3 o f I nc o~e en j o v od by t~e p o ~u latlon 

pr09 0rtion is 8ho~n on t bd v ~ rt l cnl axis. I f t h~ F,iva n pe r-

c e n taee at p opulnt l o n r cc 3 iv c the eRne p roportion o f I ncoes , 

th GD t he r e would be n lino of p~ unl it y s pecif i e d b y e 1 5 

P e n c o tho ~ l ni ~oD ff lcl o nt I s equal to the r o tio 

at tbe ar e~ u n do r . th e Lo r 3 n z Cu r ve to th o D r e~ unde r t he 

libe o f e oua lit y whicb i n h n lf . 

Tho ~ lni Coef f i ci on t c~n ~o ohtBln o1 fro~ t ho ~o l l oY in g 

for~u l a _hen ob s ervati ons o n 1 ncoo c aro a~d Q/ ro9 0rt 8d for 

n ~i1"' 1 v i c' un1 9 

I 
,. n 

G - E E 1',- ' 1 (2 . 2 . 1) 
0 -• X ' -I j- l J 

who r e X ,. ov o rllll Ir.Q nn inc"l'lo 

X, 's i n cot" '3 o f In('l1vi'.\u~l , 
Xj " in CODO of l n dividu(l 1 j 

In C ft3 ~ o~ pro up o d dftt~ , t~e Gin i rootficlon t lowor a nd 

u p~e r b ountle aro p i v o n by : 

k !!r: ·Q.i·D j 
lowe r bou nd: r. = 2 1 ~ 1 j h "- I" , - "i L 

D 1 
(2 . 2 . 2) 

k " 
2 

" u ppe r bound : r. - r, + E t --.=- ~ '{ " 1 - 1~ 
" L '-I J=1 n , 

(2 . 2 . 3 ) 
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n and n .!!lI TO c·!t"tr-'r ('f' "o r~ on 8 In ~ l' OU" 1 r..!ld 
i 1 

~ roup j r oa poc t lva lv 

B r e Ra/l.l'!: ~ncn",;e of a rou? 1 a nd ~ ~O U D j 

r ospClct l v Cly 

X 1 8 overall ~e~n ln~ono 

t i l R l o~ o r 11 ~1 t of g r o up i 

1 1 1. proDort lon o f th ~ DOFu l Btlon i n RToun i 

p a tt i n p in CO~Q t ~ 
• 

Fo rrr.u1 as ( 2 . 2 . 2) an ( ~ . ~ . 3 ) aro do r ived b y u s ing 

t!:.e a53u~ptions i n .s ect i on 2 • .5 t o '!1e d is c uss ed I nter . 

':'he Co t:'lpromi s e val· .. v~ _'or t:l.O Gi n! whi ch works for 

~ost theoroti c al d i stri but i ons , to approxim ated by : 

r = ', I ' G + 1/1 c - ~ U -f 

Thor e are many critic i =T. s o f t h e Gini coeffic i~ nt . 

UJ ::a.fI'Ion Ku z n ots arGUo,', tho standnrd Gi ni cooffi c i ont i s 

a SU:"l;.lary that can co n coal B:) :r:u c h as it r eveal s and can 

obocuro some o f the major uncerlying factors that influonc o 

i :1C Ot:'lo d i stribution ovortime . ).150 'Whore r e 1 atio n :J hips 

~~on,; tho dis tributio n of d i :!"feront economic variab1es arc 



to be exa~inad cODcQnt~ation cu~, s of wh i c h Lo r on z Curv o 

i8 a spncial cas~ mry ~e pref~r-ec . 

Th~ oth~r roulom of using ~ron z i n 1 li 05 in the 

1 ,11''' c. t i o n o f t b , 1100 o f po r£6c t oquality . Thu exi sting 

lin~ of equ ali t y over specifi os t h e c ~ ndition of eo u a l ity 

when u~ed wi t h a nnua l income d~ta . Ago speci f i c 1ncomo 

i noc:u'11i t y i e not c ons i de r od undor Gini c o e ff'1 c i on t. 

P~glin has pr~pos ed a n inequ ali t y mC3 s uro o£ l o ng r un 

i ntra- fnmi ly inequ a l i t y dofi ned as Lor an ? Gi n i minus Age 

Gi n i " Paglin , ( 1975) . 

Pro abi lity d i 3tr i bution , s ometimee , provido u se ful 

annl'l{"ies for incoma d i stri buti on . Ono o f whi ch i 8 Th e i l ' s 

Qnt~opy i ncox dori ved i n re l at i on to p r bability dis tribu t i o n . 

Suppa so t h at t h ere ere n evon ts ,,:ith pr nbabili t y P,P2 . ' " 
• 

I
n

• om informat i on t h eory , if even ts a r e l i k oly to 

o ccur , t h o inf o rmat i on is not exciti n g , h en ca it i s g ive n 

~ nunbar whi ch is l ow. Al so i~ eVGnte a r e no t likoly to 

o!,,;cur , the informat i on is val u::.blo a n d i t is e i ven " numb or 

\lhich io h i Bh . Let tho£)o numbero be h{ P
i

) for rospect i vo 

probebi1i t y Pi; h (P
i ) docreasos a~ ?i inc r oosos and v i co vor~a . 

J_8suminr thr.'t ('vents --:r(> inc!cpendont , thon tho 

probabili t y that two evento occur togo thor i s the produ ct 
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o. . cir pro~~h11i ' 1r~ an~ i ~ . c .an t to be abl e t o add u. 
t .. r i nior:tltltion val.uos of tr..e ::>('GOOf'O r~~ard :l.nh ind(\?e~d£nt 

"·!Ontll we wan t h to heve tt.o !,roperty . 

:'(Pi:>j ) ::: h (Pi ) + h(P
j
), i ~ j ",,',feh cnn be s8t 1 sf'i o~ 

if' h i s a f'u r.ct i o n o f tho .fo rrr. :1 ::: -L::>/r p . 

AggroGat inG th o in!'orrr.a t ion vo luos o r n ov o n ts into 

Q. Di ngl o number doscri bos wh et:'lor the o n tiro s ys t ern i s 

~oro or l ess o r dorly . Th o orrgragat inn ls dono by taking 

the \lo i crht c d Gu m of th o inf o rrr.at ion valuos for the n 

po::;sibl o Dv on ts , wh or o tho "'0 :t{,1"!~s b e ing th o r e spoct ive 

?ro abiliti s . This aver aeo 1 0 known as th o e n t l"OP Y of 

tho s y stem . 1 . 0 . 
• 

r ntropy ~ E P1~f 1) 
1 "1 : . 

• 
'" - r - .. 0- r 1 ,-" , -. 

Thei l e stat o 8 t hat t h o Qbovo i·c.T~lQ cnn ? r ", vide a us e ful 

i nocu nlity moasu ro . 

e i n t e r p r otat ion o r the n po ss i b l e evonts ns n 

poo!, l o in t h e pop latioD and tho?rO bFlh.:.lli ty , P i , 8S t h e s h a r e 

o f an ind i v i cl u a l in the porul at~on , s o y s i' all~ w u s to 

ut ilizo t h e ~ ntropy as a t oo l o£ inq~u ftlity measuro . 

Loraover , i r nll poopla pet P-.tl ovon s h ere 8 1 equ a l G l i n. 

This val uo Of' s i pro7ido the -:tr.xili:u.~ valu e n f t h o e n t r ,. py . 

~oroCoro , the Thei ls entropy indox is g ive n by t h o 

.ruc.:imurr. value of t he e n tro py cinU(; the ac t u o l e n trop y 

that co uld be obtain ed Cro~ the dr.ta . Ho n co , r or n 



- " 1 -

1.1' l-dcuals,incO-'ll c~tn n~oil l ,,: ent ropy indox is e ivon 

wh o re 

, 
T • _ t ~ lIeo: ) 

1-1 1 1 

n 
z r c: (1 o~S _ 

1-1 1 i 
1 

o r (-l] 
n 

1 n Xi 
• - r I -

n 1 = 1 .. ' 

X 

, 
, -_' J _0' 

r 

Xi 1s 1nc ono o~ n n I ndi vid unl 1 

X 1 s ovora l l ~ a 8D i ncone _ 

(1. . 3 . 2) 

Trans£ar of income frOM rich to poor decreases T . 

'.10."'11;:) reduct ion in T do one s on t1 J.o ratio nr the rich man 

in~omo sharo to the poor man incano s h a r e . Thus , 1 f 

t~ans£or of incomo at any i n COffie l ove l i s at samo ratio 

tho re~uction in T is tho sru~e . 

r' . 1. 50c 1 .:'1. 1 Welf'aro liUnct i on :Jased In0gU f\ li t y Hoaeu os 

;.noth or way or mOBeurin e inoqu a lity 1.5 in connocti on with 

t~o 30ciol wolfaro funct ion . ~h~ two import a nt e 1 83808 or 

inequality measurOD derived b~ood on the snciol we lfare 

f cnction ar the D.'l.l.t-o r(DZ ) and J~tink8on ( hE ) inequality 

measuros where E i3 the inerual.lty aveTsion paramo (lr ,,-hleh 

ccsc ribo8 he stren~th or ou~ y~arning for equality vis- a-

710 unifOrMly hieher ineoffiL for all Cowell , ( 1977) . 
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Da l ton views i :1or-uali ty as 1':0 \1 far the ftC tua l avora/~e 

utility ral ls short o~ pot c nti c l evorab c soc i al utility 

(I!' ll. .ll incomos .... o r o d i stributed equally ) . f.ti nkso n 

cri t ic i zod t he USA of' DE on t:!e g round that it i s sensi t i ve 

t o tne l eve l from which tho utility i s rn oau r e d . 

Gi ven f i v e propert i es of so c i a l we lfare f unc tion f , 

that are : 

1 ) So c i a l ",,'olf'are ['u nct ion (8111" ) i s individ~11st ic an d 

non- decr o a s ine 

2 ) ::ii'iF i s symmetri c , i . e . the ......-aluo of' S'WF d "l es no t 

do~ond on tho pa:=-t icul ar aOS i {p'llll o nt o:f ~ abl e 9 to 

membors of' tho po?ul &tlon 

J) SvTF i s add i t i ve 

1:) BWF is strict l y con cav o - tho we ~f'are we i gh ts dec r e as es 

.. 0 Xi increasos 

5 ) S W}i' has con~tant e l ast i c i ty , or c nn s t a nt r e l at ive 

inequ a lity evers ion i f utility ['unction U( Xi ) can 

be wri tten es 

u(X ) = ~ 1 1 - 11: x . i. s i.ncromo n f man i 
i l - E t ' l. 

thon wo can obtain DE and A S :from t h e f' (" llo wing formulas 

" - 1 " 

n 1-
E Y 

. T=r .1 

- l -I' 
n 

.., Datail:t arc p;bron in Cowe ll. , ( 1977) 

(2 . 4 . 1) 



1) 

1 
j\ • I -

E ! 
(, , 4 . 2) 

_to r e Xi 1 . lnco~e of lD~l vldual 1 

X 18 ovo T~l l Me~~ ncn~. 

r 1 s l n o qu ~llty ave r s ion Da r an~te r 

D. r iv e n s. (2 .4. 1) 1. only 'or 0 < 1. 'or , 1 It I s -
OF 

.. hl eb Is b ounrtort hot_eo n 0 '0' 1. ' o r better t o U 80 

°"' _1 
8=1 it 18 r ccolIIl'\cnd r d to r epltlce lor "/. 

I 
-I-V nnd I b y 

a Dd l o Q, r , r e"D~c tl vely . Ccwol l ( 1 97 ) . 

? . 5 . Est imation of Tp .. c..9.u nli t y i:onsureA .from ('Iuped 

income da t a 

We have s een basic inecu s lity measu r es a nd e stimnti 

them . But , most o f tho f ormulns arc ap licabl o vhon 

incofl"o data are g i ven aB int:! :1.v :l..d: .. \s l roc nrds . In r oal 

Horle! s i t u ation incoma dota are ... ·I'ailable in groupod .fo r m . 

In such cas e s t h e formulfts g i ven in t r. e p r ocooding Aec t:l..one , 

except fo r tho ~ini coo.ffi c i ont , can no t be npplied . 

Thorofore the fo llowing approach ~ay bo utili78d r~ r 

~ouped incomo data . 

~uppoeu that for a particul a r p~ pulat ion , th o 

t:'leorot i c al donsity function 'Which g ivce t h o proport:ion 



. , 
• 

o f ?opulation th~t h a$ en i r.c o 10 i n inrinitos i~al 

interva l x to x + dx i s kno·.nt . it ~ in l e t us su~pos e 

-:h&t t ile dosired l n ol'uali t y :"'flo. curc , or nrdin ally 

e C'ui.val o n t tran3:formn t:l.o n o f tho dosirBd i n e Qu a li t y 

measure can b o hTi ttcn 1n tho f'o -r:. 

-
~ = f b(~)'(' )dX 

o 

h e ) 1~ t h e 1 ~ 8 1 - o1 !no ~u al l t v ~a nftu ro 

t(X) j ~ th o tl , < e ~ c tl e nl d on s ity fu nction 

P . '5 . 1 } 

For i n d ividu a l r ocords o Z income data , f nr n peopl e 

in ~he populat ion , e quat ion ( ~ . 5 . 1) reduces to i t s 

~ quivalen t Corm as 

• 
t h." , 

n ~ _~ . :I .-. 
1 

,T = 

For rrro up ed data , as c ivc n by equation ( 2 . 5 . 1) , tho 

vc.luc of' J may bo es t i :nated b y 'itt ina a theoret i cal 

d i stribut ion tha t coul d possibly doscribe tho income 

~at a . Howev e r , this app ro a.:: h M£.Y!1b-tb O pO-5-e :Lb l o .for rGa&O n 

t h a t the theoretical d i stri bution is a poor 1'i t to tho 

incor.10 d ata a t hnnd . Tharo :forc , no r e liabl e e~ timat e ~ of' 

inoru a li ty ~o a8urr i~ obt a ined . I:f such a failari~y i. e 

rt t a inoc. , ove r comin , t:"l i. s p ro ;" l or. is to f i t tho paro to 

dcn3ity fun cti on in oach ~oup , and J wi ll h av~ t h o :form 



.f • 
• r f 

• 
1+1 ( • ~ . 1 

i t 1 s lo~er boundary of p rour 1 

Lea in in caso of grou ood income dat a it is p" 9s i b l e 

to obtain th o lo~er and up?or bounda of inequ ali t y 

~OC3ur0 8 . Those boun d c~n a l so be used as a tost cri terion 

~or suitabilit y of thooretical ~i s~ribu tion a s a good fit 

to inc ome date . This concc?t iz to be d is c uss ed whe n ~o 

arc dealing with thooreti cal d i Dtrihu t i .... n in the noxt 

Sc ction . 

The lowe r bound of an in0': ua1i ty mOaS1.1re ... -ror 

grou~ed data 1 3 0 tainod by ~h o £ollow1 ng a8a u~ptions . 

I .!:' tho c l ass interva l s and l!vo~a ""o inc o me with in c 1 as9 or 

.-roup 1 s g i ven , we a:Jsume that wieryon e in oac h c l a99 

ga ts the aver age income in that clas8 i . e . wo aSS UMe 

....... .... .... .......... ther o is no ineQuali ty wit:"lin c lass08 • If thore arc 

n
1 

poop l e in c l a ss i , n pooplo i n th o popul a tio n , a nd 

t h ose peop l o are clas!J:i1' i od in k c l a!58os , then tho lowe r 

bound , s ay J L of an ineouality moasure i s g ive n by 
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.' I 

11 18 prono r t 1on o f ro oDl e 1 n r rO'l~ 1 . 

b(P l) 1 8 t h e dos1 r e' 1~rQu~lttv ~C ~ 8 u r o aD a 

f u nc ti o~ o f t b~ a v e r Q~e ~ r oun i nc o e ~ 1 ' 

4nd t o eo~ ~u t e t he u uner bound , sny J , wo :,\D8uno t llere 1. 
u 

ma xleuc i no q un1 1t y .i tb 1p e~c h cl~88 , su l1 j oc t t c th e co o-

d1tlon t h at t h e ass u Med av e r ~gc i ncoD o wt th i n the cl ~ •• i s 

a~ual t ~ t ho ob se r ve d ~ve rB:a incene ot o~c h CI ASO . £' 0 w O 

~ovuoe t h At i n c l as s t Qv or y o~~ Fo t s ei t ho r th e lowe s t o r 

t ho b l ~~ e 8 t tn cooe to t b at c las s . I f . 0 l ot tho ~ ropo rtl on 

I I of th e p eo Dle i n c l ~sD 1 9t ue~ ~t t~ e lo~ o r 1 1Bl t ot 

c l~s' 1 , an~ 1 - 1 1 o n t ~ o u~:~r un i t o f c l ~ 8' t , tb3n . 

.' u 

n 
= r t l fAlb(f J )+( l - l l)b( ' t+l ' ] 

1 = ] 
( 2 . 5 . 5 ) 

" h e r o , 1 1 I nc cOT~ l n ~ t o the ~88U"ptlo n ~ lv e n ab o v e , can 

t\n shc." n to be 

~ . 
1 

~ nd h( . ) 18 t he de 81r ~d l n e" u ~ 1 1t y "oftsurc ~c t l ned o n th o 

u ppe r a n d lQwti r bou n rl ~ r l.8 of each r r o u p . 
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.( . ':'!-c-' or(' ieal Di3tril ·ution:l - . 

"bore a rc t .... o diotr i b",,:-:ionB that thoir application 

in ne~3uring in~ uelity of in~o~~ ie widospread . These 

~ ro tho lognorma l and t 0 .,e.r"t.,. d i s tribu ions . Th o 

lo~ormal d istribution 10 sai d to ~c c los e approximation 

f a low i nc ome rango whilo pareto 13 sDid to b o a good fit 

:in the upper income r<lnaO , A:1 tchi30 n 4 Brc,",n , (1963) . 

:: . 6 . 1 l:<>£porm~l d istribution 

Thr ee typos or locnormo1 d istri b u t ion aro idonti£icd ; 

trIO :>aramotor , th r ee par amotar enc. fo ur paramoter I og-

nor~al distri but i o n s . The d i stribution r unctions and 

thei r statistical pro~urtio~ aro g ive n in Ait chi s '-- n a nd 

Brotm (1 96 '3) . Howevor , in thi s p&pe r tho two parameter 

lOG'1lormal distribut i on , s":atis-+:ical properties , method of' 

c3ti.:..ati.on of' the pararneter3 e.n,1 test or 1 0 orma lity is 

c onsi.darcd . Moreove r , t he roeson b~hind why th o log-

nOrT.'l a l. dis tribut ion i s consi.clerol"! 0.8 mathematical 

u Gscri pt i o n of' income data is c! i ocussod . 

Lot x be a pos itivo ~I ari ato clof':ln od in tho int e rval. 

(0 , _) such that y= Log x i 3 no~cl.ly d istribu ted wi t h 

1'!10a.."1 u and vari an co ,. 2 ':'11(.. 0 7" is !lai d to be oogno'tT.lnl.l.y 

d i stributed with paramoter8 lJ llld 6 2 and its dJ.st.ribut1.o n 

func tion i s g ive n by 

11<1; 
2 x 1 

\.1 , 6 ).,1 '{ - o,," ,,{­
o 12.6 



1 

:-'1£. c i D"trib·.1t i o .,o=~ to ::. . o. e n t n f pny o r no r 

r i oin ,' f rOM tl:' r>ro~"rt1e= 0.1. ,O'Jl,m t r,-ene r a in,.. {'unct ion 

0= t~o non~81 d1 =t~i~ution . t h 
t he j morne n t ~bo ut ~ . .. ~ , 

u • 
j 

--
01. 6 .1. 2 ) 

The rerore , the Mean a ~d varianc o 82 of' tho two 

"' -rc.ma t a r l ognormal di3tribution i s t hus , 

( '1 . 6 .1. 4) 

.. h o !' o 

Th o moncn t abou t tho ':'lo an ~cy r eadly round f r OM the 

mo rr:ent about the orig in . In ~~rt i cul ar r th e t hi r d and 

four th moments about t h o no an , ~onoting by 

r e S90c t i voly a r c 

u' = 3 
( .... . (' . 1. "5 ) 

, 4 1 2 1 0 ~ R 4 
~4 ... Q (F') " S n +H n +18 n ..-3rt ) (" . 8 . 1 . f ) 
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::"0 that t~.Q t,Queur s of: • n rturo from normal.1 y , 

:"l. noly tho coeI'f'ici 9n~ of 0:: ,,-n ss -J,(x ) nnd h 

t':o'~_·!'1.ci.ent o f kurtos.1o v
2

( ) L.r g.1.vI' " by 

( . " . 1. 7.) 

e 6 .~ ~ 
.. n + (, :"1 + l Sn +1 6'1 

~s i t can bo soon from 0 'untion (2 . ~ . 1 . ~ th o 

diotribution 10 pos1 ti-,oly skow and tho grante r th e valua 

of" 6 2 tho ("Toe.tor i s the skOtmOo8 . Al so tho distribution 

has :?o3iti~'o kurtosis whi ch iner n008 as 6 2 iocr.ae 8 . 

Tho r e l a tive position o~ tho 

II +1 62 
of tho d i stribu tion 113 ~t x =o 

mean , median nne! I""'ndo 

IJ \.1 _ 6 2 
I n ", " Ii 0 

reopoct :l..·/oly . '!'1113 also 1ndic ... to tho positive okewnos", 

o~ the d i str i but i on . L s i nple r lations hip botwoon the 

r:.:::.ntiloa 

_ b o re 

~~( the correspo ndinG 

of tho otandnrd no~~l dio tribution (~ , l) 1. 

f • 
u+V 6 

• 0 • 

~ ~ n d V I\r ~ tho Que tile. Of O T ~~ r 1 of 
q • 

, . 8 . 1. '1) 
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I!l ..;:ono de ~"V e'~ 'H r uency cur-Jas are the rule 
. 

~ ... thC'r than oxcoption . lle 10 nornnl "l i otri but i o n '"'!lie") 

is okc ·.." od has meinly,(:;o \Jell , 1..;71} I four r easons to 0 

-: on3idarod 0.5 a ~at~.oIflClt ic C:l l v script i on of' inc ome r'lnta 

f i rst , lognormal d is t rib u t ion h a s a lo t of: conv ' n 1 o n t 

prOP Qrt i o 8 such as it3 simp l e r~ lat 1o n wi th th e norma l 

c~rve , c ~~mct i cal LODonz Cu~ 00 , non- inter~oc ~1nriLoronz 

;:; lll~VQS , e asy int erproto.tion 0 :[' paraM e tor s ann r eservation 

undor lo ~- linoar transforWo at ion . Second , under cor tain 

::ind5 ot: rando~ procoss the ti~stribution or incomos 

.:r,rentu a lly turns to bn approxi ::!':atcly 10 arma ! . This i doa 

horo i s that tho chanco in pOO~1 0 3 incomo can bo linked to 

u s ys temat i c p r ocess , .. here by , in oach mome n t o f' time a 

~orson l s income increases or docr~ ag e8 b y a cartain 

~roportion , the exact p ro port ionete increcso nr d ecr ease 

boi!l"~ d etermined b y chc.nce . I f' the d i stributio n of the ca 

:?rol?ortiOBl, eincrem~nt or decrer.l.en t fo 11"' ''''5 the norma 1 "_ 

leu , then the overall d istricut ion of income approac h e s 

lo ;"1lorma li ty , provi ded onoueh tir.l.e i s a l l o 'W od f or the 

:?rocnS9 to op~rato . Third . Ther e is stil l some notion of 

inc!ivid u 3 l utili t y or 90cia l \f e l fare associat e d "With 

lo c;-nr i tr..m of inc o:ne ; i t 'Would he nice tn c l a im tha 

... ,It!l.ouJ;'h i n c omes do not 1'0110\-1 t!lo n ormal distribu t i o n , 

Ictility ' or 1 'W ~ lfare l do e s . ~ou~th . the lorrnormal p rovides 

~ ro~sonab10 sort o £ £it to mnny nc tun1 sot or dato . 
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The non-intrro oci1~-Lo r~n~ ~~rv as i e n epoc i n l 

~ :a:.::-o o f tho t wo pnr ar.:etrr lO ~7J1or'll\ l d is t ributio n . :-ho 

~=o· 1, ;)11" of int or s ec"int,; Lo r en:: Curves "TI a y nris o i.f we 

~ :;;"...t do;:'!.lint- \li t h mora t:, an t\:o :paro.:lI t e r lOP:norrna l 

": i !:~ribut 1ons and / o r i :f one 3x:U:"i nes obs e rvA.tions from 

lOGn orma l populat ion that aro t runcatod or c onsorod . Tho 

non-int e rsectin c Lorcn~ CurvOQ a=1 s incr £rom tho two p a r a ­

~cter lognormal di ~tribution a r c uniquolly l abel l od by 

t h o paramo ter 02 and henc o ~ivon t wo di str i but i on rr~m 

lognor:;}~l f amily one un~~i -Dusly e xhibit groater 

ino~.ual1ty than the o t h e r ::?ro~J'iC:cd th e y h a ve the par<'lr:lotcr 

0 2 lIh 1 cb i s not t ho s a:':le for t hn t wo distribution s . 

~or tho e sti mation o f ~hc parame t e rs of tho lOG­

n o n ,al d istribut ion t her e ar~ c n~-ber or Rltorna t iv e 

~ro cedur~ s . Th e dec ision to ~~o~t a parti cula r me thod , 

( J_i tchison and Brown , 1 96 J) c.ep a n d o n a c a r e :ful c ompron i so 

co tucen tho do sirabla st a t i sti 'el p r ope r i e s such AS 

u nb i aeodnoee, n ini m m varianc o , c onsictoncy ot c ~ nd wh a t 1 3 

Co;,?utntiona l foa s i ble . ':'h e oati r.lat ion or tho pa r a motCl r s 

o i' 'th e lognorna l d is t r i bution bll ': one e morc diffic ul t a s 

tho nWllber of' t ho pareme tor ~ incr eas od . Of- t a ils of' 

c ottm e. i o n procoduro s are Ci",.,m in Ai't c hiflon and Brown , 

( 1963 ) . Howevor , in t h i s pa~or ~our me thods o f e stimation 

~rocoduros f or tho t wo pF-r~oter 10 orma 1 distribution is 

d is c uss od . Tho f our procedur~ s ( me thods) inc 1ude "D.ximure 
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11 &1 1ho od , re th od of ~O~ 3nt3 , ~c t hod o f Q'ln ntil,. a n d 

7 r apb l~aI oo t h o d s . 

! r o !l! 

dano tin g by mj a n d th e r cs-ac t i ve 8 4 M 1 0 Mon e n t abelJt t h e 

~e~n de notin p by "~ nr ~ g i v en by 

1 
n 

yj 
" j = I 

n i =, 
, 

, n • , 
"j = 1: (7.

1
- m

1
) · 

• i=1 
(~ . e .l.l 0) 

•• ca n n ise writ e 

, = D, 

y 2 1 
n 

- ? = I ( -:q 
x 0- 1 1 =1 i 

n , 
= '. .-1 ... it wo t 31::.0 le v. Y- • Y , thon 

1 
n 

y • I Y, • i=1 

(" . C . 1.1 ;\) 

2 " , ' '1 
Y - r (y - v) 

y n - 1 le I i 
( 2 . f' .1.1 3 ) 

TLe li ke lt h ood l unctio n of the two ~n r aneto r loencrn al 18-

tr ibut1 0D 1s: 
n 

(l . L l. l") 

S y t d usua l wa y of f in dln the ~n~ l nu" ll ~o ll ho"d .e t l ~ ~ to r . 
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0 1 U o!.\Dd 6 2 
I 1 t can b !l IJ CiY tI th a t the o 8ti l"lll. t orll of u 

a n d 6 2 d~ not l D ~ b y 01 o 
1 ' r osroe t lvely t o ~~ 

1 
n ., = I 10 ,; • 

n 
1"" 1 

(,' , (. 1.1 .5) 

2 , n 
(\-e

1
)2 ", = I ' o p 

n 
1=1 

( 

0'- : v2 
= 

u y 

2 1 
n 

- 2 
w h~ r Q = r (Y 1- Y ) y n- l ' =1 

" = ' 0" " 
Th o e~ti 1'l8 t o r 

2 
1 

.. }>183 E' d b u t eo n ,. l st e ntj but If 

. ? 2 . 
• 8

2 
e q '':'lt i o n ( 2 . 8 . 1. H ) ,. r ~ ill,..ce c' b y = V , t bea, ", ore 

1 v 1 

mi nl ~um v~ ri an c e un b l a an (, ~Dti ~~ t o r 0# u Bn d 6 2 . Tb~ 

v n ri ance o t 9
1 

an rl in dc t o r~ 1nin r t h o l a rpa 

8 e~p 1 0 ef fi c i enc i es o t otger &sti n nt o r s nro r edly 

ch t c i nad f r en nornAl t heory n • 

0 2 (9
1

) 
. , 2 

= n 

D2 ( S~) '<>6 It 
= 0 -1 

'}:6 li 
( . {' . l , U) = 

n 

Phen obs o r v a ti o ns ~ro ~ 1vo n 1n ~ r ou " Od !o r ~ ~nrir uM 

1 1 ~9 1 1 ~ o orl 0 8t i ~ n t l o n of ~ pn d 6' ca n b o ~~nl i o rl b u t .1th 

s oae dl~ flcu l t y . Po r detail pr oc p ~ure . n ~ "8~1~ u~ 1 1~ o Jl-
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bo~ d u tl~ntloD of u ~n~ 6 2 r ~ fc r cnco cft n he "_1e to 

Alt ch18 ~n Rn~ Prawn (l l~~) . 

The Boco n d nc th o d , ~dthod o~ ~onents 0 8ti ~t ~?a o f U 

2 
and "'z rn B ~~c tlv~ly a r o obtal ~. by 

b y 8u ba t ltutin ~ 9? 6 2 , witb j - 1 

a nd 2 , So it can be sh own t ~ 8t 

, 
8. = a I O'J "1 

-, l{\ ~ ", 

r~ = l c~ -7 - Z 1 0< " 1 

" 2 
9

2 
t n d 8

2 
nrc co n v18t,~t n~d thnir la r ge 

~nC3 S o ht ainort b y v ar i ~tl onnl ~nt ho ~ ~ ro : 

.. hero 

'l'her e foro , 

·· 1 8 ~ 4 ? = --(1'1 +4 1'1 - 21'1 + 41'1 ) 
Or. 

lo r 4 
::: - ( 1'1 +<11'1 +:; 1'1 ) , 

2 6' 
1'1 = e -1 

1 n r ~e 8 a~~l8 ~ t f l c lc n c i o8 of O? an1 

~ , 
.. ~ .ta

l
) 

off( II ? ) = 

a P 4 ? 
n +~n -Z 1'l + "1'1 

• B • • 
1'1 +1n +?n 

( 2 . ff . 1. Ul) 

(-1 . 6 . 1 . 20) 

8a.lllple va r i -

(?f. 1.22 ) 

('3 . £' . 1. 21) 

(2 . 6 . 1.24 ) 
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The off1ciency at t b~ = 8tj~ntnr ~ rtoc 1 in 0 8 _ 6 2 

iI'CrO'lDo e . Th o ~o t h o d c on bo ~~~1 1 od t ry ~ rou~~' 4~t~ • t h 

S~e~pnr d ' 8 corr octi on 1 ~ t hera i s , hj ~h c ont ~ ct ~ . th ~ 

11 o trl b u tion with th o ( - 3x ia . 

Th e o u~rt11 ~ o sti ~ntor8 o f ~ n r. ~ 6 2 ~ro ob t a io ed by 

aqua tin r: th e s'ln p l e q u'u!t 11ao c ' o rd e r 01 ft n d til ( q l < o~) 

with th e eXD r e s~i o n ~i v 3 n 1n ( ?S .l . q ) nftor r eplec1nr ~ 

~nd 6~ by the~r estiaft to r G e~ 
, 

li nd '3, . rC8f')e c t l v , ly . ro , 
2 

~3 ~ r o ~ iv e n by t h e fol lo.1n 

8
1 

= 
V IOi " V 

C! 2 01 (l 1 
v - Y 

q? 1" 1 

'" l o.p'. 1
92

,-, lor '9 1 

V q!:: v" 1 

1 OJ." I ., 
Q , 

(~ . f , 1. 25) 

(~ . f .1. "8 ) 

The nBxi~urn o t!iCi oDCy n tt ~ 1 nBbl e ~y th o Mo th od 18 

wh e n q u e ntl1 c l" ar c fl YM1"l9trlcl'tlly n l !\ced 1, 0 . V1 _ q, • Vq - V 

Tbo r ofor e, the l o r p c sSD~lo v a T i ~ n co 8 ot O~ ~n~ S~ wit h 

quant i l i e s syn M8tr1ctl l l y placId ftro pi ven h v : 

2 
JT6"2..q'e" v 

n 

<I v 1 
,., '''!IT6" . ( 1- 2 q )c , 

n v 

~nd he Dce l~r re s8~o l o eff icl e rc101 by 

v v. 
q{l - 2q)o 

(::t . · . 1. ~1' 

( . E .1. 2P) 

(~ . • 1 . "") 



'i'hl) motho o f qU"2n t1Ioo c "1 bo r-rm lied for ,.-rou pnd 

: .. t • • 3ut t!1e l;'l!? t hod beeo..-.;s i::lo.t"l'icio n t i f' the dAtn nro 

~o rou~ed thnt it 1 0 noeeo~ ~ry t o choos o q u en tiles or 

p::!i rs of' q u a n tiloa d i::;t::nt f rO ::1 the onoro Brfi e i e nt 

c-c..-.ntilos th c.t or o o.ssy:"" ~tri;;,;e.lly p l aced . In suc h a case 

inter p ol a tion ClUY be ?r6fe~roc to obtc in tho ~ost e Cri c i e n t 

(l u :-:o: t il e pai rs . 

2 Tho g r uphi ca1 method o f c stimatin~ ~ n nd 6 is f ac ilitatod b y 

the us c o£ logarthmi c p=obabil i ty pap or . Tho th oory 

un~urlyinG i t s us c o~e rgos f ron the rolation g ive n by 

0J:po::"oss ion (2.t' . 1 . 8) . Takinf,; lOGert thml'l of bo th 8ide~ 

o ? ( ~ . f . l . 8 ) v o go t 

1 0 v = 6V ... u 
q c 

(:I . P , I, 3 1) 

If we l ot L ( ;;: ) to deno te. t~1.(, ?roport i on of snmpl o 

',ral uos l oss t h an or equal to x , thr-on 

on' 

q = L (X ) , , 
y = l o g (X ) 

, j 

t~"lon , "'"0 ehculd oxpoct the pointD ( V <: 1 ' Y 1 ) 

to i a approxim~t e ly o n str~ight line y • 6v + U 

( 2 ."' . 1.="2) 

( z . e .I. " ') 

Tho s amo 3rr~ yo f ~o int9 ia o~tninod i f we p Ia tho 

pO ints \li t. L(x) o n a nonnal p r obabi-

1 to'"O ·1 0 1 the DUrnOD. of' tho Iity 3cclo and x on 0 tillr nn:_~ ... . -" 



10,":;.'t!1rric probabil i ty pn~(>r if) t::-tue to l'acilitato tho 

-)lotting 0:.. ... t!lc D,oints ( V 
::;: 1 ' Y 1 ) by provir .. in.- thee 8 

sc&los ~o that only (~(x1 ) ' Xi) nood he cOl"'lputar! . 

':"'nc appl i cat i on of thi s n·:'thod ronui r o "'h for.o of' 

t~~ data t o be g iven in groupad cummul ativo fr oquency 

t;.::.b l o . To o't>tain (lotimator~ of' \J and 

respoctive ly , the f'ollo~dng sp'Oronch is e i tl to br 

appropr i a te. 

Fro m expression ( ? ~ . 1 . 8) tho po~ulation qu tilen 

01" order 16 , 50 a .... ld 84 arc ~iven by 

< • 11 - 6 2 

16$ • 

" , 50't • .v 

~ J'{" • 
v <6 

0 

so t hc t V • l or [;5 0 ," 
(:l . E' . 1. 34) 

G • lor 
J"" r 

{o\ (~ ... ~ 
Pl~1( F50f'l' 

(~ . f .1. 3~ 

If' we r oad from the stroi1.!ht line I1r np h y = 6V +\J 

tho values of' x corro9pondine to tho l~ , 50 o.nd 8/~" 

po int:l nnd substi tute in ( Z.f' . 1. :H,) and ( 2 . ~ . 1. '5) .... 0 

obtain as timat oa 9
1 

!'lO ,i e: 0' u a Dd 6 2 
f rtoopoc ivoly . 

This method 19 o~s ily ;,p11l;abl o a nd aimoultanoously 

providos a tost of lOb~ormal:l.ty . Tho .fricionc~ e o f tho 
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• 11 tore ro not cclet:.n.ulo ..... ...... 1 t 1n .ft.1'1 to b. 1 •• 

11 .. lo th Jl th nu ri . 
• .~.uo .0 

Lopnon- ality .eet .. o ti~ -'. !" en. CAn • 

'T'Tted out; by tho uo e ot sko\'n... I k n ' urtol1. toa or 
nor;.;ali ty f'or til·) trnnsforme(·.IS pie v a lu, • . c. ry 

( itou i n Aitchi son 

'tC3t:; f'or skowno". nod 'curt.51 th ( ) 
U ~ n on a nt.tietlce «, P 

~C! g .... (p) dot'i n o d by .. 

_taro 

,. PO) • 
1 

" 'C')" '" <; ' • p ' ) 

{s(ni r 

,. .. , 
,.. (1'1 ' " 

? {~( ,} l P 

1 . -• c " r , . · '-1 J I 

1 • 1 · 1. r OC"' • . r. v_v 
~ f 1> " 1 

-: . ' ( ... , II: 1 y I 
• 1 

• 

f • . 1. , 

nnd. P > 0 Ho concl w!oa thut , fo r l "r~ •• upl.. nd 

t: Hiu f :1: o1d of' al tornat.lv hrothoai e raCar in t.he n tur 

o t;10 p opul ticD [.' 1 (J) a.r.u ( ) are tho ~o.t .fr_otl~ 

t at statistica l a1ao th~t for D'mple or .od.rato .t~. 

~ ... (-.1) ie prob~bil.y nD of' i~ i.nt -. 62 ( ) • 

. ,2 goorinoss 0" fit trDt ia ".etthod hat y t. 

-';,l:1ecl tor all lo ~ o:r":':l\1 <.l:1etri' ution . 1IOY ' r , ,hi. 

toot :15 1iko1y to be 1e •• 0 na1tivo thaD ~ ~ry .in~. 1 



2 

:i no 3 the 8i m an ' :>attcrn o. 
.10 r11 tt r n •• b. \I en 

co t the r n il" , 

knothor toat o f lo~orcal1ty 18 h. ue. 0 t b_ 

i noC'unli t y mcnoure e c ivon i n t ht i r bou.nd. r Th 

t at using b ound s o f inequality ~ nour •• , howov. r , v n 

1 " thoy ara not do:finit ivo te s t 'they p rev! ' I. 8"ne i doa 

~~bout tho sui tabi lity o f t he l.o{;-nomal d i . tribu tio n t or 

1nco~o da t il . 

Givon l.o ... or ~nd u~po boun II o r 1no~u 311ty • eu r _ 

.. ~: .. t could ho obtainod :fro'!" tho r ." de 11 li no! ( tv n in u 11 y 

UB;'\!)UreS (! r i vod in ro l ation t o lO.?lo n Da11ty • •• li on , 

1 .. t:ilC latt~r fal1 6 be tW'onn t ho Oc..:l'! a ,.,( the r •• p o tl .,. 

ino('uIl1.1 ty mORs uroo , t on i t i s !:"oB" o nabl o t o .c;C.p l t h e 

10 'normal d i stributi on as a c l ooe a"p J"'o' J(ilDn tio n . nd. 14 •• 

Horks too f o r the per oto d i nt:-! ut i o n ' hich h to h . 1 

die ul)sod i n -f:h a n orot Snot:1on . 

2 . 7 • • PAroto d:1 ~tribution 

"In th cou rso of' ox :1ne:t i on et r the u :"' r er t L1 of' 

inco":l('\ dis r :1but:1on :1n a numbor oC :OU;D d e. par e t o 

ou~~ a re~arkQbly c l o a e f' i t to that r l e ul r "., p r -

.tor d i a tr:1b u t1on whi ch now a~r. hi. n .. , ~ Co v 11 , 

(1977 
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'-'h~ t~/O r>~?'i\." " " r ~are "' o :ietri bu" ! on 1. 11 n r 
.. x 

~(X ; x , ~) • 1_ (-2., & x >n ., )on. or' • 0 ' • 

.. d its do n sity (unct lo~ b7 

• AX 

fx(X) 
0 r. >0 , '>x > • • - • 0 + 1 - 0 x 

'>x 
- 0 C . ''' ... . 1) 

<2 . 1 . 1 . 2) 

The r e X i s some minimum i n come lO~/el and I a r 1. knovn 
o 

a o thQ :;:>areto cOI!st nnt Cll '';! as ehe..pt" paramo t er . 

The d istributi on PO:J3030D ·r.o~on t of a.y /"l Td - .,r "ri-

dad l ao ' 1s no t 1 0a3 ~ho.n "';hc or,'.:- or t-he morl'! nt . Thua , 

'the j tb order mOr.'len t n-;:'out tho orif in dena i 

.,) .1 
D 

1 

... 0 . -
f , - 1 

'"n r '\ >j 

" 
"I.lld t~1) I""'l n T a nd vI1 T i ~rt"8 . 1/' , til 

T • , tor '\ > 1 

V 2 . ' _·_"..!o,-(~·n..,-.-I _)_ 
n -- 2 

I for G )o 'l 

( . 7 , 2 . '" 

( . ' . 2. " 

( . 1 . :' ) 

,.~o pareto distri buti on in tho oXluain ation nr 1.< 

1nc o r.le c:!istrib ution fundar.:et" l i .......,or o.nCfl' , (COY 11 , 1977) 

r '''laina 'for tho f'ol loW'in.<:" r o aeor.D . 
tr t , t he (un' tlon t 

!'cr- \lorks well :fo r a numbor of Dota 0 r da 

"'ho c.!.ictribution :Ls ral.ato'- to s:Lmple rando po ••• 

11 0 l0jo'!T10nl 1 
thoory o£ income dovo l.opmont o~. ar 



(' io t ::-ibution , the main d i fferenc e bct \o'('\'n the t .... o be!", that 

a "!8vice is introd ucod to prevont indefinite incroas . in 

dio?crs i o n wh i c r. as the effect o f' urectlng a lo .... or barrier 

i n c o;;e x which nona c:::m fa ll . 
o 

be shown to r e sul t from s impl e 
!l:lrd , t h o p arotian fo .. t.t'l n 

hypoth esis about the ro~ation 

o f indi v i dual remunerat i on ld thin buroac tra t i c organizations . 

[o,'1..:r;.Eh" the funct iona l form o f' t h e par e t o distributio n has 

some remarkably convenient prope r t ies ~hich make it usofUl 

f or de scri pt i o n of d is tri but i ona l probloms a nd fo r somo 

t o chnic a l manuplations . Among the conveni ent prope r tios tho 

s pec i a l attraction of tho paroto dis t ribution lies o n n) Exact 

linear i ty of the par e to d i agrar., whi ch a llow to obta in th 

pro port ion of tho p o pul a tion wi t h income l ess th an or Oc;u o.l 

t o sona specified incQl!le l eve l x . b) Th e r e i s a l('n.' attach ed 

to v~Jlde r Wijk l s n am€) that parti c u l a rly ~o rks for tho pare to 

d istribution . i . e . t ake any inconc l e ve l x , the n the ave r ftp,8 

i n como of eVGryon a who ge t x l or mo re is s i mpl e __ x ' whe re 
a- I t 

a i s par '3 to l s con stant . c) Tho par e to distribu tion .... i th para­

meter ' a I a n d x a l s o p rov i de non- intors ec tinc Lore nz CUrv08 
o 

~ ihich a re uniquelly I nbe llad b y the par e to con stont I a I. 

c: ) ea s y interpretat ion of' t he parame t e rs , and e ) pre s e rvation 

u n cer lo g-linear transformat ion . 

For the est i mat ion of' t he parametors ' a' a nd Xo of 

the p are to d i strib ution , me thod of' l east s qu a r os , method 

o f' mo ments , me thods of quantilos a nd mo thod of max i mum 

like l ihood are avail~blo . 



:r-c r. rt' l'I.n"'i ~ ("' t ~c 9:t:=,!' ~a=l on {" i ve n by ( 2 . 7 . 2 . 1 ) IHI I" 

t ~~1n l; l O G~ rlt h" of h ot h si de o we oh t ~ l n 

Let 

Lor; ( l-F(x>] =a 10::' x - 0 lO llY 
o 

P = I - FCx ) 

Z = e l og T • a >O . x>x 
o - 0 

hecc~ aq uat ton ( 2 . 7 . 2. !) ~sn be wri t te n BS 

Lo p' P = ? ..a log x 

O . 1 . 2 . r) 

Express i on q l ve n by { 2 . 1 . ? , 7 } ind i cnte that unde r t h~ 

on r ot :') ci istrih ution 3 I1ne'1.r rfll a t i on'!llt i n oxi9 te betw811ft lo ~ 

:.lod 10(' x , 60 . the p~l"~r.!e tar nand :,: M!l. Y b "J o eti ,""'" ed 
o 

by o r dina r y le~ s t 30 UBr 3 r,l oet .!:ic c' f r on snDr te esti l:8t 3 1 0" 

P (x } . x Thus ord inary 1 Hls t s .;. un r e o st i ntlto r9 c " ' ,. ' a nd :-':0 

rco p:!~t i vely n r e 

n 0 

- n i g lIO ? • ) . :) r- p +( L l o r-• .', ' i 1 '" 1 

" 

x 
o 

= 

= ox p 

n 
D E (l OR 

1 =1 -

~( l r l l Og 

2 n 
~) _ ( r l o" 

1 1 =1 

p + , 
• 

• 
ft E I o l'!' 

1=1 

0 

:X i) ( t ;llCii, " 
• : ) ' , (J . 7 . ::! . ~ ) 

r:' S ti!"lD.tcrs obtain e d b y f;!l. ls J"!o t hOd n TO c')n8i Otoc t, 



- J3 

~~e thod of' D.onen ts a l so ?ro~ide co nsistont o3 tima ora 

, . , thG lTean 0 :" tt ~ ;)creto d i stribution £xiGl:a 

'_"lC :-:cy l)(; o 'btai nod from t:'1e e:o::press ion ( 2.7 . 2 . 3) . Morc -

over , the expected value o:f the l01.,est obs orva t i on , !lay xl ' 

,zi v()n the ass um:;Jt ion that the obs e rva tion ::> a r (> fro m tho 

?ar 8to d istrib ution can b e sho,"m t o be 

_n_l1..x 0 

t1~ - 1 
y > (' 

o 
<'l . ·.' . ~ . l n) 

To o b tain sample est i mate s of a a nd xo ' 10'0 equate 

expression ( 2 . 7 . 2 . 3) with s amp1e meen x and e xp r oss i on 

of' a a n d x 
0 ' 

• He nc e ost i mat os a 

:l'0 s pec t i 7c l y can be ob t ein od from t ho 

tHO aqu a t i o n and we ec t 

~uant il C! s 

. _ .n5~-·X.l 
" ---~ , ,", 

, . 
o 

n -
n ( X-7.

t
) 

, ' 1 
"" (~ --\ x­.... <: . 

< . 7 . ~ . 1 ~l 

d o obtained by 
est i mators c~ a ~n Xo ar 

selcetin(~ two numbo r s 0_ 1 
be tween 0 a nd 1 and a n c'. q2 

o~tain es timators o f thu val ue s x and x~ 
Then, 

qi "' 1 

- n ' x r e spectivoly may be 
es ~inators a a n d x of a ~ ~ 0 ' 

o 
equa tiona given by 

obtained b y solving t ~ .. o simo\.\ltan e o us 

' . .. 
.• )1 0 n 

= 1 - ( -;;:-- ' 
• ., 
·2 

C" , .. . ? . 1 tl 



.. 1'-'(. 1 
1::;. ; t _ 

. . ·.l.-.c., 
• • ( " . 7 . ' .1 '\ ) 

T~G c orrespo n d in ~ GBti Aeto r of x can be oht a i Qo d 
o 

f rn !"'. 'ili t he r o f t he eX':)l' a ::'H~1 ·~!J. s (2 . 7 . ';! .1 3 ) or ( :1 . " . 2 . 1' ). 

?';a li l. e liho o d funct i o'-l lo r t\ sar-p l c (x x ) 
t' 2: '··· %1l 

f r o~ & p a r e to distribu ti o~ 10 

L = 
r. .. ax • 
n 0 

:'. .. 1 X a -I 
.j 

're i!inc- l o f':' !l ri t hl!ls o t bot h oidos and di tt.,roct e. thll· 

Dc r t 1 ,, 11y ",1 t h r espec t t o t h. "'I pa r nr e t o r ' ".' """'Ie! 90t t! p t"''' 

r e e u l t te ze ro we f iD ~ th e r e l At ion 

c 
a :::r n t [1 0i' 

1 =1 

whi ch is an e sti P Qtor of ' ll, '. 

( . 7 . ~ . 11) 

b 1 d by t s k icp t bo ~h 9 8eco n ~ eouat i en w~ l c h n a y he 0 t n nc 

fir a""; (o::' rivat i ve o f 1 '1 ~ wi t h r es pect to x 
o 

ctl nnGt ,io ld th e 

os tl~ et e i in the uRu~l 
o 

I s un houDed -with w:! y Gine s La .... J. 

r er-n r d t e i . 
o 

ay Ina na c ti o~ t he va lue o t xn 

0 . 7 . 1 . 1 £1 ) is 

z 
o 

( . 7 . 2. 18 1 



~he s ui tabi l i t y o:f the :;l~r e to dis t r i buti on as 8 c l ost 

~7~~o~imat ion t o inc o mo dat~ may 
2 

~ o o f~i c ient o:fd e t G rminat ion~ )i£ 

be tested by the U59 of 

we a r e us ing r egross i on . 
2 

HO Hever , the use of R as a cri teria of s ati s f ac tory fi t 

may be mislead i ng when :fi t ting a Curve to a h i ghly s kev ed 

d is tri but ion since a close f i t in t he t a i l may ma sk 

substantia l, depar t ure e l sewhe r e . An easy a l t er nat iv o 

method is th e use of' the lo· .... e r and uppe r bOWlds o f 

inecuali t y meas u r es as ind i c a t ed \olh en we are deal ing wi h 

test o f th e lognormal d i s tributio n . 



J . Co':r0e 2. n~ ;lr.. ()-.,. ~/; O " f th _. = ~- ... ... o ,cDat,., 

T:~e income dat a that is t.:ti l i:o cct in this paper 1s 

"; a::e n f rom the s ub- s::unp l a e.('.var.~3 r eport , ,,,,h i ch i s a part 

or rural h ou seho l ds inc ome , ConzUMpti on and expandi t ure 

survey c ond u cted b y Centra l St a t i stics Authority col l ected 

fra rr: Hay 1 98 1 to April 1 98 2 . Tho da t a a r e collected o n 

acricul tur a l seden tary p o p ulation of Ethi opi a exclud ing 

Ti g':::' e.i a n d Eri t e e a o n a h ous eho l d basis and tho me hod o f 

c.uta c o llecti o n emp l oy ed ,.as pers on a l in t erviews and 

ob j c:::t i ve rr,easuremen ts . 

':':w main saJ'I!p l e s u rvey on t:1.0 r ura l inc oT"1 o , 

'~ onD :..u,r;)t i on end expendi t UI" e c- o:>vers 12 , 0 00 h ousehol ds . 

Hou€ve r , ther a i s a de l ay in r eport ing tho main sampl e 

:::U::-fCy resu lts . The ma in c aw)€ f o r tho de l ay of t he mo.i n 

r eport , as i ndi es-ted b y t he a u thori t y , is l a ck of 1me 

:; ince :OO){, manu a l edi t i n g , coding a nd v erification o f t he 

c:u(!stio ;J.n a i re was made zt he£.d of~ic e . Thu s , priori ty 

\-1 ;;"::; c i ?en to the sab-sampl0 adv".ncC! re po r t in ed i t ing , 

cod i n g , ve ri f i cation and data en try . Th is 9ub- s~plo 

r c..port con s i t u tos 25~ o r ) 082 hO U:3£lhold s and informotion$ 

Th e main s ampl e s urvey 
ar ~ limi te d only to n at i onal l evel . 

r a?ort is expocted to p rov i de informat i o n on r eGi ona l and 

n a t iona l l c-.... cl . Data of t h e sub_ ::Hlmpl e a r e g i ven i n 

Ippcn d ix A. 



d-_ta on incont} i s col l cr.;tod 1'I.ct;'ord1n j" to tn. 
fo llol'linG con ca!)ts am ! <.'af':"n i t ions . 

r,::,o rt , of bulletin f, 1 , CSA , 

Eo useho l d : - Cor.s i t u tos of p ~crson or group of persons 

i~ronry_· Gctive of whether r e l ato t h or no , w 0 normal l y live 

t o .. .;cther in the sa.!ne hous in€.:' unit o r group of h o using uni 8 

s ..... ·1d vho hav e c oomon coo'iting cxr an ceme n ts . 

f-1o r:1ber of rt l".¥s=ehol d : Peroon consi:bu t1n a 8 house 1 s 

membe r of the h ousehold . 

~.e ~o 11owinb a r e con s i dered ~~ Momber s o f n housoho l d . 

'-) L1.1 pe r sons who lived wi th tho ho useh o l d f o r at l east 

nix month::; includ ing thos e ~ ;:10 we r o no t with tho 

housoho l d a~ the t i me of tho ~urvcy and we re expoo od 

~o be nbsent fo r l ess tl:an s i x ll'o n ths . 

c) , 11 GUosts ane! visitors 1Iho stayed with housoho l d for 

oi x months and above . 

::-: ) Se rvan ts , guar d s , baby - s i tters etc 1,d10 lived wi t h the 

h ouseh o l d even for 1e35 then s i x month s . 

I n c om e : refers to d omest i c con s umpt i o n of own c rops 

an(~ o wn livestock and livestock prod u cts , domest i c c .. nsump-

t i on of e oods a n d servic e s purchasoo fo r r esalo or 

th~ h ous ehold on erpris e 0 her 
~ ~roduced o~ pro ces s ed in 

d S e l a r i os allo wanco , o ve r ioe , than aer i cul t ure , wage s an 

;:,onus , d i s counts , (i . e . concessione 
~ens ion , c o mmission , 

• 
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4 . Re s ul t s --
The q u a l ity of the d a t a depends o n man y a ctivit ! __ 

which r ange s f'ro m the p r epara tio n stage to tho final r _port. . 

The da t a that has bee n u ti li zod in thi s papor whic h v a e 

p ub 1ished b y eSA , (1 988 ) h a s undergo ne all th e ne c • •• ary .t .... . 

The data was coll e c ted by well ~rainod e numo r a t o r . and und. r 

c arei'u1 supervi sion to meet many ob jec tiv~s at a natio nal 

l evel . Moreover , i t'lportant p a r ts of da t a p r ocess ing , such 

a s e d iting , coding , verifi cation da ta en try and t abula tion 

wa s d one at the h ead off' f' i ce o f' the Authority s o as t o e nsure 

the ~uality of the data . 

From the sub- sampl e da t a ave r age ho useho l d s i ze or th e 

rura l p opul a tion wa s 5 persons which i s s lightly high e r ove r 

the 1981 d emogr aphi c survey which ga v e 4 . 8 pe rsons per ho us o­

hold . t1o r eover , per c a pita income from th e s ub-sampl e data 

wa s Birr 333 .- which seems a l so h i gh . Tho ovorestimation 

c oule:. b e due to the exc lus i on o f' Ti grai a nd Eritre a 1.n tho 

sub - sampl e . Tho s e two regions ar e boliev od to have moan 

inc o me , ... hic h is b e1 0 w the n a t i on al. avorago income . 

L:. . 1 • Ine o u a li t y r4easures 

The inequ a lity measures consi dore d in this papo r are 

g i ven in the ir lower d f An attempt wae and upper boun onns . 

made to e st i mat e the compromis e v a lues o f tho bounds by 

But f it t ing the p a r e to distribution in e ach incomo gr o up . 

the inavail ability of' appropri ate comput or 80 ft wo r~ h0.8 

been a bo tt l e n eck . However, for the moet commonly us ed 

i n e q u a l ity me a sure , 

can be approximat ed 

th ompromis e value Gini coeffi c i ont, 0 c 

by the expr ession give n in (2 . 2. 4) . 

i o uped rorm e r e In mo s t c a ses income da t a givGn n 
e de t a util i z ed in thie 

open e n dod.. The sub- sampl o inc om it c an b • • •• n 
From s oc tio n 2. 5 paper a l so r eve e l this n ature . 

• 



t;u'.t t he estimation o f the 
u~pcr bound of the i 

•• ur.s r . . . nl(': ua11 ty m .... ~ il ..,- equ~re all e l as<: 1 
- U '-,l. ts to be k. nown , Thnreror 1 

is ~ssumed thnt the l owe s t 
sample t o be Birr 1 . 00 a nd 

i • t 
Lncome o f ho us eho l ds n ( th~ • 
~hv h i ehost i ncome to be BirrU~~ , 5VO . 

Thus , tho inequ Rlity me- 1 c.. sures ollor and uppo r bound nstlmatol 

are confined to t h is inc o me r ang e . 

Table 4 . 1 . 1 . shoHs the lowe r anc. uppor bounds f f i o our n o ual1ty 
mee sur e s and the diffe r e n ce b etweon th e bounds . 

Tabl e 4 . 1 . 1 . Lower and U b ppor aun de of inequ ality meaeuro. 

Inaqu a lity measur es 

Theil 1s index 
Re l ative mean 

devi a tion 
~arthmi c variance 

LaHe r 
b ound 

0 . 3nli---
0 . 2292 

0 . 5215 
O. 51 e1 

Upp~r 

bound Diffor once 
0 . 00) 
0 . 0027 

. • 0 . 00 1 
0 . 1)00 

The comp romis e v a l ue :ror t he Gin! coeffi c i ent i s 'found 

to be O. 364h . 
Gini co e~ficient and Thoil l s e ntropy ind e x s hov mo r e Gqu.~ity 

cc;;}par ed to R",lat ivn me :lll dcv i C'.tion a nd Logarthmic vari CG . 

This is true for l owe r and up:SHl r b ounds . Al so I excopt for the 

logarthmi c vari a n ce t!le o ther thr oe measures a r a l1 ui t. st ,,1 

Th i s i s shown b y comparing t he! c" i f f erGnccs b u t",ocn the upper 

and l ower bounds of each mca3ure~ . 

1~ . 2 . Results of the LoGnorma l Di str i bu tion 

For th e e stimation of' -..t :me 0 2 of h e l ognormal distribution 

two me tho ds are omployod . These are mo thods o f mom on 

of ordor 27 ~ nnd 73". 

and 

hlCthod of' o u antilos a t qu antilos 
1.c c ord ing l; throo mo thod s o f tost inrr tho lognormali Y assumption 

a s a clos e f'i t o f the sub- s n.t'lple incomo da t a havo eon adop t od . 

These inc l ude , skol'lrnass and l::urto s ia t osts of normality for 

the trans formed dat e , the x 2 _ goodn ess of fit tGat nd tea a 

u s ing the lowe r and uppe r bound6 

But a ll tests resulted in th e 10 

of tho inoquality men.urca . 

ormal d i stributio n to bft 

e p oor f1t to t ho sub- samp1o ~ncomo datn . 
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Gkownoss a n c. k~rto5is te~t~ of .... '" n or':lal1 ty ehovfJ " 

departur ..: 0::- t:1.El t r ans':-ormed incomo data from 

no~~l~ ty , and honee of 1 Of'l1or!'l2' l i t y . Estinetes of u ant' 

'0 2 ol:tzined by t- t no wo Ii eth-:> c s on d respoct i ve l!leasurftS of 

t:; ::o ',mc ss e.n d kurto z i ~ for tho trans fo~od data nro r.tv," 

Ta"Jlc4 . 2 . 1 . Es t i ma t es o f u ~nd J 2 with re spocti vo measures 

o f ::;k~\ome ss a n d k urto s i s 

Esti::.at e d Es t i mated , Re l a tive moa Re l ative r.toe. -
mean var i ance sure o f s ure of 

G~{ewne 9s Kurtosi s 

:·1et!tod 
of' 
noncnts 7 . 1922 0 . 4~98 0. 0188 3. 50 

tletno d 
o f 

cun t ilo 7 . 21 16 o . h1.:S 0 . 058 3. 93 

For a s ample o!' s i z>:! 3082 , tab l a v a l ue f or a teet 

0:' .::> kp.~mass at u p::?er . 02 limi t i ::, a round 0 . 0 '1'0 .... he r oas fo r 

I':1Cf:.=S:"lra of' k u tos is table 7al1..'.6 i s 3r ound ) . 22 . Th us , t.he 

h!O t0StS yi e l d a s lie;ht dG?artur~ o f the tran~formod 

tete. :from n orme1it y , the do!,>ar t ure i s soon to bo rloro 1l1t~ 

t he 1 " t il ~:?p ~cation o f meth od of {'U~_· es . 

x2 val.uDs cal c u l atod wi t!':. tho applica tio n of method of 

;noo.onts a n d Metho d of qu a- ti l oo a r e fo und to bo (. 1 . 02 and 
. 

73 . j l: ros ~Qo) t iv61y ~.,h erea5 x'" tabl. o va.l.uo at sicni fieant 

l ovel of 0 . 0 1 wi th 2 1 uo 
o ~ froedom i 5 46. 797 . In 

C05 



? 
-'0 '~:'~ '..:£.5eS X 7Z.1.U9 6 cal c ul a t ec: ·"ro -, th ' i ~ . - ' .0. tare oater 

-:';:!f!.n ta::: la valu :O) ind :icat:i:1G t ~:c l ot;no r ma l ci i stri bution 

..:.0 ::. clo30 i'i t to the in8 0l::e ce.t:!o u n der co nside r a tion i s 

invalid . As it can be seen f'ro .ll /·.ppon d i x C the 'll&jor 

con"!;r~",)utors for the do?e.rture C'.ro in tho l o w inc01'10 

br~.d<et s and to some o x tent in t :ho upper income b r ackets . 

Te s ts usine the l over am:' uppo r bounds of inequality 

measures has "1.150 resulted in the same concl usion in 

r e j e c tin g the lo 6'"llormali ty a r;sum:;? tion . Tab l e 4 . 2 . 2 ehows 

ine quali t y measures derived in ::, c l at i on to l ognorr:lali ty 

assuu pt i on a n d the l ower ar;.c. t.,:?:>or bounds without a ny 

a.:;su:n? tio:l at: d istribution. 

Table u. . 2 . 2 . Est i t'!1<:'. t <;. s o f ino<:.ual i ty meD sures with 10&-

nor~elity assum~ t ion an d wi thout as sumpt i on 

"ith i t hout 
I n oC't.:.ality LO l')!or~ali t y t. ssurn tion 

LZ5UTTlp t i on Lower Upper 
;J.eas""!r~ s cound bound 

Gini c o ef'fici ont ! 0 . ; 1' 2' 0 . ;1'54 
:710 t:":10 d of moments o . }I'08 

r,lGthoc of ounl]·t il c:3 0 .,t<ifl 
-

clh i. e l t S i ndex 
0 . 2;;~ 0 . ?29 0. 2)19 

r.:e ~.;hod of mo r-ents 
I~etrtod of ou:::,ptile s o ;;:z? 

l~'-'l l2.tive r.1ean devi at ion 
0 . 5;2~ 0 . 521 0 . 52~5 

me thod o f moment s 0: ,,'/? ::le tho d o f c; u a r:t t iles 

Lo[;arthmic variance 
0. 518 , 0. 6478 

0 . 5249 me thod of mo ment5 
0 . :.9L:· 5 i'lo thod o f c u a ntiles 



~ith t h e except i on of t ne l ora t~ . 
~ r 1~~ l e varianc e , the 

CDt :'i:".£..te s ob tained 'by lO ;<nlO~c..li ty ~ S!jUr:lption 
U . b <.o yon 

ti! :! u::,p2 r bou:ld for mc tho c: 0 :;'- n o, .on t s hil w 0 wi th ~otho1 

0 :.' c.ua n t iles they lie be lo!f tho l ower bound . This haa 

!: :lp p .:o n ed because of' the d i i':-e r c !lc o bo twoon the vari e.nce 

~ ~ , e st i mates obtaine d b y the tHO t.lcthods . I n other 

worc s , inequality r:te a 5ure es tim E!.t~ s derived 'Wi th the 

2. ':;S lt:,~pt i on of l o {,'"!lorma lity cep c n c. on the v a l u e of 02 

l~ . 3 . R.$.!3_u1 t.§ o f' th o Pa.Tot o c.i s t ribution 

T!1e P a r e to c ons tant I a l is est i mated us ing ordina r t y 

l e a st s q uare me tho ~ ,":r~ich ,..,or};:3 h a t h for un ,; r oupod ;.~d 

r,'rou~ e d data cas e . F o r the ~"~lO l e c!lstri bu tion pareto 

d i strib ution i s f ound to be a pOOl"' fit wi th pareto ' s ' a ' 

2 
c~ual to 0 . 54 a n d coe f!,i c i on t of' de t e rnina tion , R , eoud 

t o O . l:_ which is 1 011 . The tas t usin g l owe r end upper 

bound s is n o t a l so i nfa·four 0 :-: the a r e to distri bution 

t o be a g o o d 1' i t for t h e incoi':O C: .at a a s a ",hol e . I n ract , 

tho !) a re to d i stri b ution is s a it'. to be a c l o s o app r od-

:':1ation t o the upper tail of inc on:e da t a . Hence a con. D-

CU~iv~ f i ts a n d tests u5 in~ tl:' €i l owe r and uppe r ounda 

• ':1 2 
inor :Jali ty moasur~ a long 'Hi t ::. .... , 

p a r e to distribution 

is : ound t o be a good 
havin" income o f f i t for &roups l> 

I t t en incnmD 
Bi rr 1700 . _ and above i . c . for the 8 .!3 

t h as r osul t ed in 
(S'::'oup s . Fo r these 10 group s t h e £1 

Inl t o ~e 2 . 75~ 3 and R2 to b E 0. 99 . 

\ .. 
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1. -~.~6~9~1:1:5---------U'C-Q-M-l~~(~~)----7(1-.-'-'-C-"-l'-)--~~8-.9--2-~9· 

~ on logar l'ltill.).C IIcAltt~ 

A., i1. is S'don fro ll\ F1/!' It.:).1 tho .u t ltnu1"lt)" , 
" i!\O pay.eto distribution SOO!'ll to work for til. lnt 
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Tab l e 4.3 . 1 . shows i nc -:: u ali t y _ measures oati l1l.D. •• 

u i th pnrot i an assumpt i on and b _ auntie wi thou t nssul!iption 

f o r t~e l as t ten income g=o ups . 

Ine q u a lity mQasur. o ~ ~ _ _ ~ or tho l as t 10 inrom 

Without as sumotl on 

Ineau a l ity measures with a~ ~urnp- Lowor boun d 
Upper 

>on bound 

Gini Coeff:Lc i ent 
Q . 2F! -~ O ~ 2' 80 O. 226 'l 

The i l index o . 1 ~ 3 ~ 0.0958 O. 1:ge 

Rol . me an dev . O~J 2(:!3 0 . 32 ' 5 0 , 3292 

Lo g?xthmic v a r i anc o G . ~ ~9; O. 1LOU O. l }Ol 

Except for logarthmi c v a ri ance , inoqu ali t y measur os deri""ed 

in re l at ion to p~reto di stri~ution , ~i ~ botweon the l over 

.::.nd upper bounds . Since thn .. .:l of t he inequ ali ty measur es 

s a tisfy the cri t e r i a with R2 o~uel 0 . 99 it may be a r gued 

that t h e pareto d istribution to Hork ,.011 for t h o 1 at 

10 inc ome group~ ~ 



\ 
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5 . P.iSCllSSj.On" ::'...'l2;. Conc lus i on 

The r e Bul t s of' this paper ure bas ad o n the s u ... 

o C'l:lp l e income da t a uhich is €'. p::-.rt of t he i 
rna n rural house_ 

ho l ds incor.lc , co ns~~ption and e~pendituro survay conducted 

by Centr a l. S t a tisti cs Authority ( CSA) covering a poriod o f 

ono y o a r fro m l1e.y 1981-Apri l 1982, Tho data aro co llocted 

on tho agri cultur a l sedentary popul a t i on o f Eth i op i a 

cxc lud:i.n g Eri t r oa and Tigra i on a hous eho l d basis, 

As men t i o n €:'d i n Ch apter 3 , t h e sub- sampl e data 

cansti tutes a bout 3082 h ous eholds lih i ch is about 25; of 

the total samp l o surve y whos e coverage is about 12 , 000 

househo lds. Therefore , since results o f the sub- samp l o 

n i gil t d i f fe r f r om the ma i n survey , we mi ght be ab l e t o 

toke the r esults in t his paper e.s infonnativo rathor than 

con c lus ive . 

The l o we r and uppe r bounds of inequali ty measures 

ShOH d ifferences whic h er e sma ll . These small 

differen ces a r e attrib u ted to group ing off ec ts (s ee TobIe 

The l ognormal d istrib ution has f a i l ed to r epr e s ent 

the Hho l e d istribution of the sub- sampl o i ncomo da te . 

, T bl " 2 1 r c l a tiv() me~sures o f 
hoS i t can be seen from Co e '-< . • • 

skO"1ll0S S and kur to i ::; 

of n ormality for the 

d f o r the ted ~ tha t a re util i ze 

when comparod transformod data , 



\ 
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~Iith r o s pect iv :2 te'!Jlc veluo s ::; i10~1 a sl i Cht d oparture of 

<he tr~nsf :;') rmed c!c.tc!' f r o- n oO" 1< t ~ 1.1 _.me. _ y , and h onco n departuro 

f r om l ogn o rma 1. i ty of the un t re.ns:i:'o rmad data . Tosts usina 

tho l.ower and u pper b ound s ( 'i'e.b l e Q. 2 . 2 . ) are a l s o in 

support o f t he above tes t r 0 3ul ts wi t h minor doparturo 

a t: the l.o gno rmal d i stribut i on as e. c 10 so approxi ma tio n 

o f' the who l e income data . Horeover, accor d ing t o the x 2 

goo dness o f fi t t e st a s it ma.y be seon fro m t ho tllb l o in 

appen d ix C, the ma j or contr ibutors of the depar ture aro 

the l ower inco me b r ack e t s and t o some e xt en t the uppor 

income bra cket s. This r e s u l t is con t r ary t o the oxisting 

theo ry o f t h e l o gnormal. d i stribution a s a bot t or approx i -

nat i o n t o t h o l o w income r2'.llg'"' . 

The pareto d i stribution h a s boon f ound t o be n 

good :fit f o r g roups having L'1 (;ooac Birr 1700 .- a.ld abovo . 

Thi s resul t i s s uppor tod by a t est us ing t he l owor and 

upper bound s ( see Tabl e 4 . 3 . 1) a l one wi t h R2 equal 0 . 99. 

M F · 1;- ":I 1 i t C'~ be sean t hat t he ptu"o t o .aroover , from log o '-t o ..) _ ....... . 

k '· '0°11 f or t ho l ast 10 dis tri b ut i o n exactlin earity \-lor s .. 

income g r oup s or group s having incor.10 Birr 1700.- and 

abov e . Th e r e fore i t can b o argued that t he paroto 

d i stri bu t i on i s i ncomformi ty wi th t ho ex i sting t hoory 

of it s c l ose a pproxi mat i on t o thQ upper tail of income 

dc.tc. . 



Th ov o for9 . f 'ror:: the e.!>()vc 4 :' s cuss i on i t mi r ht bo po~si !>l e 

t o c ons i d or some c onc l us i v o remarl<s to t he s ub- sampl o rura l 

J:th iopi a hous e h o l ds i ncome . 

The diffe r e nce obtai n ec between the uppe r a nd l o we r 

b ounds o f inequ a li ty measures a r c small . Those small 

diff erences ind icat e minor e f £octs a ttr i buted t o grouping . 

The contrary result or t he l ognorma l d istribution AS 

a c los e fit to tho low income rang e might bo att ributed to 

sub - sampl ing e rror and grouping offoc ts . 
2 

Accordi ng to x 

goodn ess of fit test , it ma y b o arGued that the l ognormal 

d istribution to b e a better e.pprox i mation t o the middl e 

income b r nclwts . 

The Exac t linearity or t ho ~ere to d i agram works well 

for tho l ast t e n income gr oupo . This r osult is in 8 0-

ment to the par e to dis t~ibut ion t o b e a c l ose £i t t o tho 

upper tail of' income da t a . 
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Appendix A: per centage distri hrt.i..an of households by incooe 

group . 

. - - .. _. - - - - . 
Income Gr oup Pe:rcentage of Group oelln 

(Birr ) h ou6eholds (Birr) - ... - - -
Bel ow 199 0. 81 144 . 41 
200 - 299 1. 20 244 . 84 

300 - 399 2. 17 357. 10 
400 - 499 2. 73 452 . 11 

500 - 599 3.76 550 . 02 
600 - 699 5· 32 648 . 82 

700 - 799 5. 48 750· 98 

800 899 5.39 847 . 77 

900 - 1099 11 . 10 999 . 38 

1100 - 1299 9. 86 1193·13 

1300 - 1499 7. 98 1391 .13 

1500 - 1699 7. 59 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 1. 75 4710. 78 

5100 - 5899 0. 75 5377 · 57 

5900 - 6699 0. 42 6199 .19 

6700 - 7499 0. 26 7047 .73 

7500 & above 0. 68 1C593. 91 
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Appendix B: Cunmulattve percent age di s tribr.tion of households 

and cUl!lmulati'lc per c entage income share by incollle 

g r o'J.p . 

Income group Cu.."lmulative CUJ::C1ula t i ve 
(Birr ) p(')rc t.n t age of pe rcentage 

households incoce share 

bela 'll 199 0. 81 0. 07 
200 - 299 2. 01 0. 25 
300 - 399 4. 18 0. 71 
400 - 499 6. 91 1. 44 

500 - 599 10. 67 2. 67 

600 - 699 15. 99 11 . 72 

700 - 799 21 . 1'7 7. 17 

800 - 899 26 . 66 9. 89 

900 -~099 37. 96 16 . 48 

1100 -1299 "7 . 82 23 · 48 

1300 - 1499 55 · 80 30 . 08 

1500 -1699 63 . 39 37 . 30 

1700 - 1899 69 . 68 44 .02 

1900 -a:99 79 . 45 56 .15 

2;00 - 2699 35. 58 65 . 22 

2700 - 3499 93 . 20 79 . 02 

3500 - 4299 96 . 12 85 . 71 

4300 -5099 97 . 87 90. 61 

5100 - 5899 98 . 62 93 . ~8 

5900 -6699 99 . 04 94 . 62 

67C~ -7499 ?9 . 30 95 · 71 

17500 &: abov e 100. 00 100. 00 

- -



App endix c : 

I 
I Income Gr oup 

Below 199 

200 - 299 
300 - 399 
'.00 - 499 
500 - 599 
600 - 699 
700 - 799 
800 - 899 
900 - 1099 

1100 - 1299 

1300 - 1499 
1500 - 1699 
1700 - 1899 
1900 - 2299 
2300 - 2699 
2700 - 3499 
3500 - 4299 
4300 - 5099 
5100 - 5899 
5900 - 6699 
6700 - 7499 
7500 & above 

Tot al 

52 

2 
X values cnlculnted froa the lognor:.l dlet rlbu t loQ 
tit . 

I Observed Met hod or Hethod ot I frequonc Homente 
~u.'\ntl1.8 

eies Expected (0_E) 2 Expec ted 
(O-E)' 1l=3082 frequen_ 

T freql.oen _ 
T cies cie" 

25. 0 8. 6 31.27 6. 5 52 . 65 
37 . 0 37.6 0.01 30.2 1 . 53 66 . 9 77 . 4 1 .42 66 . 9 -84. 1 111.9 6·91 102 ·3 3. 24 

115. 9 143. 6 5.34 136. 8 3. 19 164.0 155 . 9 0. 42 153.8 0. 68 , 
168. 9 I 

172. 6 0. 08 165. 5 0. 07 
166 . 1 168 . 6 0. 04 172 ·9 0· 27 
342. 1 324 .8 0· 92 J31.0 0.37 
303.9 303. 0 0. 00 301.4 0.02 
245 . 9 257 . 0 O. 8 257 . 4 0· 51 
233. 9 213 .3 1.99 226 . 5 0. 24 
193 ,9 178 . 4 1· 35 190.8 0. 05 
301 . 1 276 . 1 2. 26 278 . 0 1· 92 
188. 9 186. 2 0. 04 195 .1 0. 20 
234.8 222 . 5 0. 68 227 .1 0. 26 

90 . 0 110. 0 3·64 111 .0 3. 97 
53 . 9 57 . 3 0. 20 57 .0 0. 17 
23. 8 30.8 1. 59 29 ·9 1. 2 
12. 9 18. 2 1· 54 16 .6 0. 82 
8. 0 10.0 0. 40 9.3 0. 18 

21 . 0 18. 2 0 . 43 16 .0 1. 56 

3082 3082 
, 
i 61.02 i 3082 73 . 14 

• • 



. ~ ppcndix D: x.2: - v.::al uGS cftlculated t r 

dia tribu t i on ti t. 

IncoClo 
. 

Obser ved Expec t ed Grnup 
t req(,onciea fr eqcenCiea (Birr ) 0) E) -

leeB than 199 25 1396. 1 
200 - 299 37 335. 9 
300 - 399 66 · 9 19'. 2 .00 - 499 8 •• 1 132 · 5 
500 - 599 115. 9 95 · 5 
600 - 699 164. 0 7' . 0 
700 - 799 168 . 9 58 . 6 
800 - 899 166 .1 '9 . -, 
900 . - 1099 342.1 77. 1 

1100 - 1299 303. 9 58 . 6 
1300 - 1499 2'5.9 3. 1 
1500 - 1699 233 · 9 37.0 
1700 - 1899 193 .9 30.8 
1900 - 2299 301 . 1 49· 3 
2300 - 2699 188 · 9 37.0 
2700 - 3499 234.8 55 · 5 
3500 - 4299 90 .0 37. 0 
4300 - 5099 53·9 27 .7 
5100 - 5899 23 . 8 21.6 
5900 - 6699 12 .9 18. 5 
6700 - 7499 8. 0 12 · 3 
7500 & a bo ve 21 . 0 240. 4 

Tot o.l 3082 3082 

ret o 

( ;)"2 .. 
" ,203. 9 

.. 65 .0 

83 . ' 
17 .7 
• • 4 

109 ·5 
207 . 6 
276 . 7 
910.8 

10"6.8 
954 . 2 

10'7.8 
863 .7 

1286.1 
623 . 6 

579 . 3 
75 .9 
2 • • 8 
0.22 
1. 70 

1. 50 
200. 2 

, 
I 22 ,76 • • 82 

n 
• 
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