ON THE EFFECT OF DIFFERENTIALS IN CONSUMER PRICE
INDEX ON MEASURES OF INEQUALITY!

By N. S. IYEXGAR and N. BHATTACHARYA
Indian Statistical Institute

SUMMARY. For paring tha inequalitics of two expendi liatributi differing in

timo,? ono should bring the hutor ditribution to tho pricea of tho cardior. This sloca not ariso if the cone
wumer price index, for the latet period with the earlior aa b, duoes not chnnga with the level of expenditure;

but wheeo thia index increasces {or d ) ically with expenditure, tho cusrent prico dixtribution
for the ltor perioil shows greater (or leas) inequality than the carrenponding constant prico distribution.
Annlogous realts hivo whio been provesd for tho ion curvest of expenditure on apecific i

tics. Thews results aco numerically illustratod from the Nntional Samplo Survoy data.

1. INTRODUCTION

L1, The present note aroso out of an investigation (Bhattacharya and
Iyengar, 1961) into tho changes over timo in the incquality of tho all-India expenditure
distributions thrown up by tho different “rounds” of the Indinn National Sample
Survey (NSS). It was felt that tho comparison of incqualities of two expendituro
distributions relating to different time periods is conceptually somewhat difficuls,
Given two exponditure distributions, ono for the ‘base’ period and tho other for the
‘eurrent’ period, it is necessary to bring Loth the distributions to somo common sot
of prices, before any measure of inequality is caleulatod. Tho natural step would bo
to bring the current period distribution to tho prices prevailing in the baso poried,
the baso poriod distribution remaining unchanged. This means finding out, with tho
help of consumer prico indices, the (real) expendituro y at baso period prices which is
oquivalent to cach expenditure-figure z involved in tho current poriod distribution,
and obtaining tho distribution of the y's. The of i lity ealculated for
the baso peried distribution should bo compared with those fur this distribution of
y's and not with thoso for the z-distribution. In other words, the comparison should
bo carried out al conslant prices.

1.2, This adjustment, nocessitated by price vaciations over timo, is hardly
over carticd out in practice. The function #(y) = z/y defining tho consumer prico
indices is not always known, even approximately, in tho form of a sories of consumor
price indices, ench index relating to a particular rango of y.  Most often the inoquality
mensurcs calculated for the z-distribution aro compared with thoso for tho ‘base’
distribution.

'This is  alightly oxpandod verion of & paper which was read at the Second Economotrio Confors
once held nt Waltair during 23.20 Juno 1961,

1Distributions of pvrsone by totul consumer oxpendituro at current pricea aro being referred to a1
oxpenditure  distributions.

3Tho fdoas contained in this noto aro ulso applicablo to tho problema of comporing expenditure
dintributions differing in wpaco.

s¥or tho dofinition and propertics of such curves, vido Roy, Chukrovarti and Laha (1000).
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1.3, Now, most of tho known measures of inequality are unaffocted by scalac
transformations of tho variate. Thus, if n{y) wero constant over tho wholo rango of
z or ¥, tho distributions of x and y would bo cssontially tho samo for purposcs of mea-
surement of incquality. If, howover, a{y) varics with z or y, that is to say, if tho
oconsumer prico indox varica with the lovel of living, tho inequality measures will be
different for theso two variates. In such casca, the measurcs for y should alone bo
compared with those for tho Lase distribution.

L4, It will be proved below that if n{y) is & tono i ing function of
. the distribution of = exaggerates the true extent of incquality (\hhlch is shown by
tho y-distribution); the Lorenz curve for z will ho umformly below tho Lorenz ourve
for y. I, on the other hand, n(y) is a t g function of y, tho Lorvnz
ourve for z will lio uniformly above tho curve for y. Section 2 proves this result for tho
theoretical distributions of z and y, assuming only that z is a non-negativo variato
with a distribution of the continuous type, Section 3 proves tho samo results for tho
grouped caso.

1.5. Scction 4 considers the neod of adj ts for fon curves
for individual commodities. No ndjuutmenv. is found to bo necessary for such curvos
bLased on quantitative For tion curves for expendituroe,
howover, reaults analogous to thono uuwd in para l.4 havo been proved. Only,
instoad of a(y), the function exp g the prico index for the commodity
as a function of y, is involved.

1.8. Secction & shows the results of such adjustments on some Loronz and con-

ourves obt d from tho Indian National Samplo Survey. Suitable
doflators used wero specially constructed for tho purpose. Tho results of price ad-
justmont do not scem to altor tho basio conclusions substantially.

bentl

2. UNOROUPED DISTRIBUTIONS OF THE CONTINUOUS TYPE

2.1. Wo first comparo tho inequalitios of tho ungrouped thoorotical distri-
butions of z and y which are assumed to bo of tho continuous typo.

2.2.. Wo start by examining a model, which, although simplo, scoms to bo
fairly illuminating. Let z bo ] y distributed with relativo standard dovia-
tion (inoquality paramoter) A,, and lot n{y) = ay® whero « and f are constants. Then
wo havo z = yn(y) == ayP+! so that (i) # > —1, and (ii) y is also lognormally distri-
buted, with its inoquality paramoter A, givon by

Ay = (B, w (1)

Thus wo havo
(N A <A ifg> 0 . (3
(O] A>Af—1<p<o. - (3
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2.3, Now tho Lorenz curve fur u lug-normal expondituro distribution is

dofined by the cquation
fy=1p—A e ()

where Q is the proportion of total expendituro incurred by tho puorest 100P%, of tho
population, 4y, Iy tho corresponding standard wormal doviates, and A tho rlative
standard doviation.® 1t follows from this equation thut the Loronz curve for a log-
normal distribution having a greater valuo of A is uniformly below the Lorenz curvo
for any log-normal distribution with a smallor valuo of A, Obviously, all movasures of
iequality (o.g. the Lorenz ratio) would be incrensing functions of A,  That the Lorenz
ratio inorenses with A can also bo seon frum the relation

L=2 (32)—1 e (8)
whero ¢ denotes the normal probability integral,

24, Now enso (I) with £ > 0 corresponds to a situation whoro the consumer
prive index is higher for tho rich than fur tho poor; in this caso, A, < A,, 30 that tho
Lorenz curve of 2 {current expenditure) oxaggerates tho truo extent of inoquality
(which is always given by the Lorenz curvo of y). In caso (II), on tho other hand,
£ < 0, which implics o higher consumer price index for the poor than for the rich;
in this case, the Lorenz curve of x understates tho true oxtent of inequality,

2.5, Tho abovo results can Lo shown to hold goad oven in the general caso.
1t is sufficient to assumo that z is & non-negativo variato with a distribution of tho
continuous type, and that 7 is a monotono function of y taking positive values. (For
tho sako of dofini wo shall supposo that » is monotone incteasing.) It follows

that y is also non-negative and has o distribution of tho continuous typo.

2.8. Let Fi(P) and Fy{P) bo the functions defining the Lorenz cucves of z
and y respeetively, P being tho incomplote probability integral (i.o. the abscissa).
Clearly, thess functions will bo continuous and differentinblo throughout (0, I).

2.7, Tho derivative of F\(P) with respect of P iy givon by

((P)= o
Fi(P) e e (6)
whero 2, i8 the valuo of z having incompleto probability integral P, and Efx) denotes
the expocted valuo of 2.0 Similarly, tho derivative of Fy(’) with respoct to P is
Py = I
o {P) = Y5 e {7)
tho notativn being porfoctly analogous. We thus have
Fy(P) _zp E(y) Ely)
Fo )~ " B =" By - @
§inco Elx) and Ely} aro constanty, this shows that (he Lh.s. of (3) ia & monotono
increasing funotion of y,. or I,

5 Iyongnr (1940).
300 Roy, Chakravarti nd Luha {1900).
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2.8. Wo may now noto that the function F(P) = Fy(P)—F\(F) has zoros
at == 0 and at P == 1. It must thorofure have ono or moro oxtremums in (0, 1).
Theso should satisfy tho condition that

F(P) = F{P)—F(P) = 0 )
Now if this holds for P = P’y then
Py
wey = e (10)

and (9) cannot hold for any other valuo of I sinco F;(P)[Fy(P) is monotone function
of P. Thero is, thus, only ono extromum of F(£) in the intorval (0, 1). Thoreforo,

F(P)< F{P) for all P<P, (1)
FyP)> FyP) for el P> P, . (12)
2.9. Tho dorivative of Fy(P)/Fy(P) with rospect to P is

Erti) F;(P:(—rl;(m FYP) . 13

and this must Lo positivo for all £ as the ratio F*,(P)/F’{(P) is a monotone increasing
function of P. Wo thus havo

FiP) _ FyP)

T > Fip) for all P. e (1)

In partioular, for P = P, we have, in virtuo of (10)
Fiba) e (15
Fry ” " )

which means that F7(P,) = F{Po)—F{(P,) is negative. Thus, the xsinglo extromum
ut P = P, is & maximum of F(P) = FyP) —Fy(P). As F(P)is zoro at P =0 andl
P = 1, this also shows that F(P) is positive throughout (0, 1).

210, We may put theso results into words as follows : Tho Lorenz cutvo
for y ia uniformly above that for z, tho vertical di b the curvos reachil
a maximum for that value of £* for which

Efx) (16)
t/ B as
alyy) T

Bolow thix valuo of £, the slupo of the curve for £ is luss Lhan the slopo for the curve
for y, tho inoquality boing roversed for £ > Py. The slopos are oqual at P = Py,

2.11. As the Loronz curvo for y is uniformly abovo that for # tho Lorenz
micasuro of inoquality will satisfy tho inoquulity L, > L,. This follows from the goo-
motrical intorprotation (ur delinition) of tho larenz ratio. Tho entire position will
Ve roversod (e.g. L, will bo greater than L,) if n{y) is o monotono deovewsing funotion
of y.
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3. THE CASE OF OROUPED DISTRIBUTIONS
3.1, Consider now tho wsituation whero the z-listribution is spocified by
{p, 2} (i =1, 2, ....9) where p; is the proportion of population in tho i-th expenditure
class, and 7, averngo expenditure of all pereons in this cluss, thero being in all ¢ ox-
yenditure classes. This caso deserves special mention beeauss hero (i) 2 noed not bo
striotly continuous, and (ii) the y-distribution is obtained only approximately by
using a single deflator for all z's within the i-th expenditure class (i = 1,2, ..., 9).

3.2. Tho broken Lorenz curve of z I8 obtained by joining the points (P, Q)
(i=12..9)
1

¢
whero Pi= X
(et ]

§
={ X =
a=(Enn)l(Zrm)=( La))( £o)
whete 4y = p,2,.  The curve for y is obtained by plotting the points (P, @;) where

07

=(x% o (I8

Qi (;..ﬂ,)/(l-nr,) - (8

3.3. Multiplying the numcrator of Q by the denominator of @ and tho

denominator of Q; by the tor of Q; and paring the cocfficients of all tho

a;a,’s it can bo easily scen that

A< if m&m<.. <n, v (19)

and A>¢ if mPm>.. >, e (20)

This means that the Lorenz curve for x is below that for yifthon's oro monotons in-
crensing, and above the curve for y if the #'s aro t de g. Concl

regarding the two Lorenz ratios follow obvioualy from this,

3.4, Tho case where the distribution of z is specified in g fraotilo groups,
with the group means 2,, 2, ..., 7, (and the Lorenz curvo basod on euch datn), is but
a specinl ¢aso of the above, The proof of the aliovo 1esults is very similar but slightly
simpler for this case.

3.5. Tho liroken Loronz ourve dofined by (17) leads to the following formula
for the Lorenz ratio

Ly=1— 'LI (P—P )@+ Qucy) - (21
which aimplifies to
L _!';'_E(M) . (22)
N [ g L

' P v B &
if tho 2-distribution is specificd in g fractilo groups, whero z; = S 2,. The formulae
s

for L, aro analogous. The incqualities regarding the two Lorenz ratios can be directly
proved from theso formulao,
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4. ‘THE EFFECT ON CONOENTRATION CURVES

4.1, The concentration curve? of nny commodity shows the percentage 100Q
of the 10tal consumption of the commadity which ix consumed by the poorest 10029,
of the population.  In most cnses, however, the actual quantity consumel i3 not consi-
dered fur such ourves, but only the consumer expenditure incurred on the commedity,
80 that the curvo shows the percentago 100Q of total consumer expenditure on tho
commality incurred by the poorest 10079 of the population.

4.2, Consicler tho concentration curves of any commedity for tho baso and the
current periods, and conxider the problem of adjusting the current poriod curve av as
to bring it to baso period prices for enrrying out comparisons in real terms. It is
abvious that tho ranking of persons ling to total oxpendi ix pro-
served by prico changes, so that the concentration curve of the quantity of any com-
modity does not require any adjustment nt all.

4.3. Let x denoto total eonsumer expenditure of individuals and y tho ex-
penditure on any given commodity, both at current period prices; z' and ¥’ the equi-
valents of z and y at baso perind prices; E(y] ) the conditional expectation of y for a
given valuo of z, and E(y) tho unconditional expeetation or average of y, with E{y’|z)

and E(y’) as their analogues; and lastly, Q(P) and Q'(P) the ordinates of the two con-
centration curves,

4.4, Tt has been shown by Roy, Chakravarti and Laha (1960) that
49 _ Egla)

- (2
dP Ey) e
Wo havo similarly %Q;=._(¥' (L".;’ . - (29)
Thus |

_Ew), Ew)a) )

Ey) EW'|2)

= cnly]z), sy
whero P AT e (20)

TR
The first factor on the right hand sidoe is a constant, and the sccond is tho consumer
prico index (for tho item) for the current period exprossed aa n function of #.  Equa-
tion (20) ia completely analogous to equation (8) of Scction 2, so that results similar
to thoso proved in Section 2 can be proved for the two concontration curves.

150 Roy, Chakravarth and Laha (1000).
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5. SOME ILLUSTRATIONS

8.1, Table 1 presenta the wnwelighted averages of the cost of living indices
(CLI) for 23 towns and cities of West Bengal published by the State Statistical Bureau,
Weat Bengal. The average CLL is scen to bnorense with the level of houschold ox-
penditure in the years 1954 and 1953, This trend began to bo reversed thereafter;
in 1956, the CLI rase very littlo with tho level of household expenditure, and from 1057
onwanls, it actunlly fell with sising cxpenditure levela. Tho indicea with 1034 s
base would show even grenter variation in CLY with the lovel of houschold expenditure.
Actually, during the period covered in this table, the CLI was more sensitive at the
lower levels of houscholil expenditure, showing greater deviations from 100 in either
diroction.

TABLE ), AVERAGE OF COST OF LIVING INDICES FOR 23 TOWNS AND CITIES OF
WEST BENGAL, BY LEVELS OF MONTIULY WOUSEHOLD EXPENDITURE

(Do November (830 = 100)

h':ou:.-ltl.ﬁ f average cost of living index A;-‘:umat
uml)iluw 1854 1055 1058 1957 (1] 59
(D] ) 3) ) 8] (U] [g] 8

1—100 8l.2 8.2 06,1 1o2.2 107.4 1o7.7 HIR)
101 — 200 2.6 on.6 0.4 101.8 107.0 107.4 112.0
201 — 350 n.s .7 99.3 101.0 105.8 1040 o.¢
351 — 700 .0 03.2 .7 18,7 105.0 100.7 .3
101 and ohavo 06.2 5.3 06.9 100.5 105.2 100.6 109.0

Source 1 Monthly Siatiatical Digeat, Weat Bongaf, Novembor 1160.

5.2, Similar features were also observed in the corresponding indices for the
food group which are published separately.

5.3, Ttissometimes atated that in recent years in Indin, the CLT has inerensed
more rapidly for tho poorer classes of the population. Tablo 1 lends somo support
to this statement. If this wero true in general, the stability over time of inequality
measures of all-India expendituro distribution at current prices (observed by Bhatta-
charya and Iyengar (1961)) would really mean an increasing inequality in the corres-
ponding distributions at constant prices. Tho iden is clearly of considorable impor-
tanco; but data on consumer prico indices by levels of living are scanty andfor un-
relinble, so that thia line of thought could not bo pursucd successfully.

54, Recently in n study just comploted, Iyengar, Chatterjeo and Sarkar
(1904) constructed aomo new acries of consumer prieo indices fractilewiso for rural West
Bongol entircly from tho National Samplo Survey materials. These indices have been
calculated separately for food items, non-food ftema as well as for all items, for
the year 1957-68 taking 1952-53 s tho baso yer. Two sots of price doflators have been
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worked out in twenty fractile groups from two interpenetrating sub-samples of tho
National Samplo Survey. Their main results ave reprodueed in the Tables 2 and 3.

TABLE 2. AVERAGE MONTHLY PER CAPITA EXTENDITURE BY FRACTILE GROUYR,
RURAL WEST RENGAL, 1952.53 AND 1957.38

195233 105758
per cent of
Population [ non-foorl il itoms food non.foodl all iterns

lub-l 'I -ub-' nub. -uh-' -ub-‘ sub- . sub.  sub.  sub-  sub.  sub-
mple
roinple sample sample somple sample smple samplo vample smple sample rmplo sampla

4] [ 3 (] (0] (O] Y] ®) ™ (e an gy (3
bottom Gp.c, 240 3.12 1.17 110 3.03 4.22 5.31 080 078 1.67 0.09 8.47
3—10 , 3.60 3.88 ).27 1.20 4.7 B5.27 7.50 A.35 051 1.2 B.%0 9.6l

441 123 LT3 5.0 6.1 7.02 9.08 175 1.6 0.67 10.73
8.04 IRl 1.05 6.61 6.0% 9.80 10.04 1.57 10.88 11.01
536 1.0F 198 7.1 7.34 10,28 9.04 233 .00 1227
5.01 1.02 255 7.80 A.16 10.51 10.04 2.08 12.65 13,78
6.32 2.20 280 £.30 8.9 11.03 11.22 2,43 13.21 13.70
R85 200 278 8.62 9,33 10.75 1. 2.60 1 14.40
7.29 2,54 3.20 0.04 10.55 12.51 10.96 3.92 1473 1488
7.35 3.38 .17 10.00 10.62 11.57 11.87 348 1.3 15.33
7.68 3.88 4.20 10.83 11.84 12,72 12.67 3.11 3.32 15.63 15.99
9.06 4.03 3.56 11.54 12.62 1378 1333 3.15 3.00 10.04 16.44
8.50 3.68 5.03 12,63 13.53 14.82 13.34 3.36 4.85 18,18 18.19
028 301 535 I3.7¢ 14.03 1574 15,34 3.66 3.00 19.40 19.40
9.501 6.43 5.58 15.83 15.03 10.78 10.36 3.60 4.5 20.33 2145
10.69 6.21 0.00 18.95 10.76 18.03 10.43 4.506 0.62 2259 23.07
11,50 6.26 7.60 18.08 19,00 17.04 20,43 8.8¢ 65,74 25.00 20.22
1,97 8. 0.50 20.19 21.33 20.9% 22,16 8.7l 6.47 20.65 23.03
13.76 N.04 10.01 25.33 23,77 22,52 23.23 11.88 7.77 34.33 .00
17.27 20.06 17.62 45.34 34.89 23.63 23.47 20.02 13.93 44.065_37.40
513 5.10_4.05 13.13 13.08_13.;0_13.04_3.00_3.27 18, %2
TADLE 3. CONSUMER PRICE INDEX IN 1057.68 WITH BASE : 1932—53=100
(RURAL WEST BENGAL)
food non.food Al itoms
B o P — R — R T P y—y

1] [i] N R @ ) [ii]
Toitom B p.e, Btz El 113°80 119,48
a— 10, 121,01 123,65 0443
w—15 . 138.74 120,54 . 112,08
13—20 138.21 115.84 120.73 119.32
20— 25 141,05 108.12 112.08 99.04
25— 30 12113 107.00 114,36 2.7
0—-33 .. 115.24 136.66 109.73 114.64
[t 1t 110,31 120.87 100,48
40— 45, 100. 18 94.06 127.63 132
45— 50, 114,50 18.71 12408 102,46
50— 55, 103.97 110.01 114.00 9.91 107.04 113.8¢
E5— 60 11.43 R8.75 17.98 0902 113,41 91.33
00— 65, 103,06 85.73 125,21 104,40 108.25 01.47
e—70 101,72 81.74 104.04 11014 102,51 93.10
0—75 ., 100.02 11443 120.02 100.84 HIRL nLe
15~ 80, 04,57 110,03 122.14 18.34 103,32 118.82

8 . 103.76 108.19 123.63 N2l 109.33 109.67
85— 90, 101.87 102.75 125.87 115.08 .42 108.07
80— 05 .. 104.19 80.98 123,13 116.80 114.10 100.18
95—100 ,, 107.79 102.18 121.97 124.08 118.58 112.08
T—100 ., TTu 38 ToZ.n& TI7. 70 716.35 3,17 Ton. 5%
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6.5. Table 2 provides estimates of tho distributions of total
expenditure as well us thoso of the relative distributions of food amd nonfood oxpendi-
tures ; Tablo 3 gives tho correxponding differential prico doflators.

5.6. In order to sco tho powsiblo cffects of ignering tho prico differcutinls
on measures of inequality some ealoulations were mado on the above data. Lorenz
ratios and specific concentration coefficients were caleulatedd for tho baso year 1052-53;
thexo calculations wero also oxtended to undeflated and deflated distributions of 1957-
58 using tho formulae of Section 3. The main results are summarised in Tablo 4, in
which the pooled estimates aro shown in columns (1), (7), and (10); the poolcd estimates
were, of courso, obtained by taking simple go of sl pl Ca

TABLE 4. CONCENTRATION RATIOS FOR THE DISTRIBUTION OF TARBLE 2

1052-33 1057.58
itera
sub- sub- poolvd undeflated deflated
wample | samplo ¢

wub. il pooled  sub-  sub-  pooled

wamplo 1 waraplo 2 samplo 1 samplo 2
n ) ] 4 (3} () (g] (O] ) )
Tood 0.2433  0.2306 0.2370 0.1007 0.1M3  0.1070 ¥.2223 0.2073 ©.2110
non-food 0.4730  0.3890 0.4313  0.4463  O0.}TT  0.3970 0.4687 0.3352  0.4020
ull toms 0.3333  0.2409 0.3116 0.2670 0.2209 0.2468 0.2442 0.2370 0.2000

5.7, From the fractilo graphs constructed for tho prico index series of Tablo
3, it appears that tho overall consumer prico index is o slightly deereasing function
of tho level of living. This is truc, oven to a larger extent, of the food indox which in
general is scen to bo higher for the lowor incomo groups than for tho highor groups.
‘The diffcrentials in non-food prices suggest a small incrcasing trend which may not
bo statistically important. Theso graphs would indieato that in rural arens of Wost
Bengal the price riso during 1052-53 to 1957-58 was higher for tho poorer sections
of the population, especially for foodgrains, ‘This wonkl inditectly suggvst that tho
coapser varieties of foodgraing consumed by thom bocame moro exponsivo.

5.8. The ber of samplo houscholds in rural Wost Bengal during 1952-53
(fourth and fifth rounds of the National Sunplo Survey) was about 400 in eaoh half-
sample, aud only about 100 in vach half-snmple in 195758 (thisteenth round of the
Nutional Sample Survoy). Henco tho procision uf tho estimatos may not bo very high.
Also, no attempt was jado to smooth the figures in any way.

6.9. From Tablo 4 it will bo neon that the offoct of prico adjustment is not
quite negligible,  Tho adjustment tends Lo inllato the Lorenz rativ as woll as spociliv
concontrulion cooflicicnts; prico udjusted wpovitio concentration rutio for food, for
oxumply, i3 about 4 por cont higher than the uncurrected.  For total conswmption,
tho adjusted Lorenz rutiv oxcewds tho origiual by 6 por cont.
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5,10, Now, if tho distributions of 1152-53 aro compnred with thoso of 105738
tho picture is ono of reduction in Incqunlity of foud and non-foud consumption by
O per cent and 7 per cent respectively.  The distribution of total tion in
rural West Jlengal scems to havo Leconto appreciably moro egulitucinn {16 per oont
In the Lorenz rutio) during the five yenr period. Tho picture portrayed in this
study should bo extremely ging since, simull ly with a rutuction In
dixparity of levels of living, thero Is also a olear separation (Mahalanubis, 1960}
Letween the 1052-53 fractile graphs and tho deflated 1037-58 graphs constructul
for averago consumor oxpenditures.

5.11. Tho above conclusion may bo trus uf other States as well. 1t would
therofore bo Intecesting to construot consumer prico indicos by levels of living, with
rural-urban brenk-down, for all the Indinn States, and with somo break-down by
items of oxpenditure.  This project has been takon up in tho Indian Statistienl Insti-
tuto on tho busis of National Samplo Survey data.
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