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The Living Standards Measurement Study

The Living Standards Measurement Study (LSMS) was established by the
World Bank in 1980 to explore ways of improving the type and quality of house-
hold data collected by statistical offices in developing countries. Its goal is to foster
increased use of household data as a basis for policy decisiornaking. Specifically,
the LSMS is working to develop new methods to monitor progress in raising levels
of living, to identify the consequences for households of past and proposed gov-
ernment policies, and to improve communications between survey statisticians, an-
alysts, and policymakers.

The LSMS Working Paper series was started to disseminate intermediate prod-
ucts from the LSMS. Publications in the series indude critical surveys covering dif-
ferent aspects of the LSMS data collection program and reports on improved
methodologies for using Living Standards Survey (LSS) data. More recent publica-
tions recommend specific survey, questionnaire, and data processing designs, and
demonstrate the breadth of policy analysis that can be carried out using LSS data.
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ABSTRACT

Several measures have been devised to analyze income or consumption

distribution inequality. The paper presents the large sample distributions of

several inequality measures that are used to test if the observed differences

in sample estimates of their values are statistically significant. The

results presented in the paper are applied to analyze income inequality in

C6te d'Ivoire from the data of the Living Standards Survey, 1985.
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1. INTRODUCTION

Several inequality measures have been proposed in the literature to

answer a wide range of questions: How large is income inequality and which

way is it moving? How does income inequality in developing countries compare

with that in developed countries? Is there any trade off between growth and

equity? To answer these and other related questions, it is essential to

measure the income inequality and to draw valid conclusions on the size of the

inequality.

Because inequality measures are estimated on the basis of sample

observations, we need to test whether the observed differences in their values

are statistically significant, that is, whether the differences are due to

sampling errors or due to some other factors affecting income inequality. The

paper presents the large sample distributions of several inequality measures

which would be used to provide distribution free confidence interval and

statistical inference for income inequality. The results are derived in a

simple manner, presented so that they are easily applicable to empirical work

and are applied to analyze income inequality in Cote d'Ivoire.



- 2 -

2. REVIEW OF INEQUALITY MEASURES

Suppose income x of an individual is a random variable with the.

probability distribution function F(x). Let L(p) be the Lorenz function which

measures the income share of the bottom lOOp percent of the population. If

the society is concerned only with the welfare of the bottom l00p percent of

the population, L(p) will be a suitable measure of income equality. This

measure has been popular with World Bank economists who assume p = 0.40, that

is, the income share of the bottom 40 percent of the population (Ahluwalia

1974).

An inequality measure based on the income share of the bottom lOOp

percent population may be defined as

*(p) = p - L(p) (2.1)

which takes value zero if the income share of the bottom lOOp percent of the

equation is equal to lOOp percent. +(p) will be zero for all p in the range

O S p < 1 if, and only if, every individual in the society receives exactly

the same income.

Among all the inequality measures, the Gini index is the most widely

used to analyze size distributions of income and wealth. It is defined as

G =A2

where

f1 = f |x-yI f(x)f(y)dxdy,



-3-

f(x) being the probability density function and p the mean income. This

measure is also equal to one minus twice the area under the Lorenz curve.l/

The relative mean deviation is another inequality measure most widely

mentioned in the literature. It is defined as

R = 2 J' ix-pi f(x)dx

which is also equal to *(p ) where pp = F(p). The main drawback is that it is

completely insensitive to transfers of income among individuals on one side of

the mean income.

The coefficient of variation as a measure of dispersion, suggested by

Pearson, is defined as

_ = a

where a is the standard deviation of the distribution. This measure has been

criticized on the grounds that it is equally sensitive to income transfers at

all income levels (Sen 1973).

Theil (1967) proposed two inequality measures that are based on the

notion of entropy in information theory. These measures have gained

popularity because of their decomposability property. Shorrocks (1980) has

derived the entire class of measures which are decomposable. These measures

are given by

./ For welfare implications of the Cini index see Sen (1973) and Kakwani
(1980).
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I C TiT3 [ MC - 1, c 0,1 (2.2)

Io = logp - log(g)

I = v logp

where

log(g) = E(logx) = fJ logx f(x)dx

m = E(xc) = fr xCf(x)dx

v = E(xlogx) = x logx f(x)dx

E stands for the expected value and g for the geometric mean of the

distribution; Io and I, are the two inequality measures proposed by Theil.

Atkinson (1970) proposed a class of inequality measures which are

derived from the notion of utility function. He assumed that the social

welfare function is utilitarian and every individual has exactly the same

utility function. His class of measures are under the assumption that the

individual function is homothetic given by

1

A(e) = 1 - [mine] 1-, E 1

where c is a measure of the degree of inequality aversion or the relative
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sensitivity to income transfers at different income levels. The larger the

value of c, the greater the weight which is attached to the individuals at the

lower end of the distribution. If c = 0, it reflects an inequality neutral

attitude, in which case the society does not care about the inequality at

all. When E = 1.0, Atkinson's measure is given by

A(l.0) = 1 =

where g given by

log(g) = .t logxf(x)dx

is the geometric mean of the distribution.
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3. CONFIDENCE IWNERVAL AND HYPOTHESIS TESTING

Let xl, x2 , ... , xn be a random sample of n observations drawn from a

population with mean income p and variance a . Suppose e is an inequality

measure defined in terms of the population distribution and 8 is its sample

estimate based on n observations, then it will be demonstrated below that

,n. (e - e) is asymptotically normally distributed with zero mean and variance

a2 A A 2 A 2
(e). If a 2() is a consistent sample estimator of a (e), then

ni = {n- ( 3 9 )(3.1)

a(e~)

is an asymptotic normal variate with zero mean and unit variance.2/ Thus, nI

can be used to form distribution free confidence interval for inequality

measures.

Further suppose 91and Q are estimates of an inequality measure 6

computed on the basis of two independently drawn random samples of sizes n
- 2 A 2

and n2 , respectively. Let al and a2 be the sample estimators of the

variances of /n 18 and /n 2 82, respectively, then statistics

* 01 02

-^ 2 ^ 2 (3.2)
a1 a2

/ n1 n2

2/ It is customary to refer a(a) as the standard error of A.

/1
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have asymptotic normal distribution with zero mean and unit variance. Thus, n

can be used to test the null hypothesis that the observed inequality

differences in any two samples are statistically significant.3/

3/ Note that the expression in the denomination of (3.2) is the standard

error of (01 a2).



4. HYPOTHESIS TESTING BASED ON THE LORENZ CURVE, GINI INDEX
AND RELATIVE MEAN DEVIATION

Lorenz curve

Let xp be the income level corresponding to the pth percentile of the

distribution and i be the corresponding sample estimate, then for a sample
p

xl, 2 .**.., xn, defining

a. = 1, if x.< x
1 1 p

= 0, otherwise

provides a sample estimate of the Lorenz curve ordinate L(p) as

px

L(p) =_
x

where n
Z a.x.

- i=1
x 
p n

E a.
i=l 

and s being the sample mean (noting that x = x when p = 1.0). Thus, x is a

sample estimate of uL(p)/p.

Beach and Davidson (1983) have proved that /ni (L(p) - L(p)) follows

an asymptotic normal distribution with zero mean and variance

a2= S [X2 +(1_p)(x _ pL(p)) 2 +(IP2) 2 _2 (pL(P))[X2+ -(P)( __Lp))]_

L 12 p p p 11 u p p p p

where a2 is the variance of the entire x distribution and Ap is the variance
p

2 2
of x conditional on x < x* Note that =a when p = 1.0. A sample

p ~~~~p
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estimate of a2L is given by

2.2 2-
A2=.. p ~A2 2 ,+(xp 2 2(P xp)rA2 +(

aL = 2 1 +(l-p)(x - x) -+ ) a - 3 1 +(x-x )(x -x)

x

where

2 1 n 2 -2
a Z X. -X

n i=l

n
£ 2

2 = i=l 'i'i -2X = - x
p n p

£ a.
i=l

2
It can be seen that aL =0 when p = 1.0 which happens because

L(p) 1.0 for p = 1.0.

Because p is fixed, the sample estimate of the inequality measure

*(p) in (2.1) will have the same variance as L(p) and, therefore,

Ti = i(P) - ¢(p)

(aL//n )

will be an asymptotic normal variate with zero mean and unit variance. Thus,

for instance p = 0.40, which provides distribution free statistical inference

for an inequality measure based on an income share of the bottom 40 percent

population.

Cini index

Let us define
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Ax = fo Ix-ylf(y)d(y)

which can also be written as

A = 2xF(x) - 2PF (x) - (x-P)
K

where F(s) is the distribution function and Fj(x) is given by

F (x) = Xf(X)dX
1 0 ~fxd

An unbiased estimator of Ax is given by

di - (nl [2(xi-ii)pi-(.i-x)

i -

where pi = a nd xi is the mean of the first i individuals in the sample (when

individuals are ranked in ascending order).

Because E(VA) = A,

1n
d = E d.

n

provides an unbiased estimator of A, Hoeffding's theorem on order

statistics, /n(d-A), has a limiting normal distribution with zero mrea-n and

variance (Fraser 1957):
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2 ~~2 d~ 2

°t = 4 [fW A f(x)dx-A
d Ox X

A sample estimator of the Gini index is

G - d
2x

Applying then 6 method given in Rao (1965), it follows that AE(G-G) has a

limiting normal distribution with zero mean and variance

a2 = 2.a -4Gncov(d,x) + 4G 2a2
C 2 'd

where = var(x), cov(d,s) is given by (Fraser 1957).

cov(,d) = 2 [.f xA f(x)dx - vA].

Because a is in terms of population parameters, it has to beG

estimated from sample observations, a consistent estimator of which may be

obtained as

~2. 1 ['2 - 2~21
a =x 2a 4Gncov(d,x) + 4G aG 4-2 'd

where

o2 1 Z X2 X 2

n 3.
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cov(x,d) = n [n x.d.- xd]
nni= I1

°d2= 4 [n £ di _ d

Relative mean deviation

The relative mean deviation may be estimated from a sample as

2x n i-l1

which as demonstrated by Gastwirth (1974), is asymptotically normally

distributed with mean R and variance n Ra where

a2 = 12 [o2(F(p)-R)2+ 2h2(F(u)-R) + h2- P2 R21
R 2

where

h= (x_-)2f(x)dx
0

and F(p) being the proportion of individuals having income less than or equal

to P.

If in a sample of n observations, n, individuals have income less

than or equal to the sample mean income x, then the sample estimates

of F(p) and h2 may be obtained as

n 1 -x)2
F(i.d-and h (xE

n n ~~i=1
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5. ASYMPTOTIC DISTRIBUTION OF A GENERAL CLASS OF INEQUALITY MEASURES

Except for inequality measures related to income shares, the Gini

index and the relative mean deviation, all the remaining inequality measures

considered in Section 3 can be written in a general form:

e = H[E(h(x)), 1] (5.1)

where E(h(x)) is the expected value of a function h(x):

E[h(x)] = f h(x)f(x)dx
0

A sample estimate of e is given by

8 = H[E(h(x)), x (5.2)

where

1n
E(h(x)) -l h(x 

and s being the sample mean.

Following Cramer (1946), it can be proved under fairly general

conditions that /n(6-0) is asymptotically normally distributed with zero mean

and variance

var(O) = var[E(h(x))]H 1 + 2cov[E(h(x)),J]H1H2+ var(x)H2 (5.3)
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where var stands for variance and cov for covariance, and H1 and H2 are the

values of the first order partial derivatives of H at the points E(h(x)) and

i, respectively. For this result to hold, the function H must be continuous

and must have continuous derivatives of the first and second order with

respect to its arguments. These conditions will always hold for all the

inequality measures considered in this paper.4/

Further, it can be verified that (Cramer, 1946):

varE(h(x)) = - [E(h(x))2- [E(h(x))2 ]

2
var )=

n

then substituting these results in (5.3) yields the variance of the asymkptotic

distribution of 8.

41 The result in (5.3) is also known as 6 method (see Rao, 1965).
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6. SPECIFIC INEQUALITY MEASURES

In this section we derive the asymptotic distributions of specific

inequality measures using the general results presented in Section 5.

Coefficient of variation

A sample estimate of the coefficient of variation is

- 2

I/ K

Cn 2
where m2 = x. z., which is obtained from (5.2) when h(x) = x . It follows

2 ni=l1
immediately from (5.3) and (5.4) that /n(C-C) is asymptotically normally

distributed with zero mean and variance

2 2 2_
- (m4 -m2 ) + 4m2 (m2 -Pm3 )

var(C) = 4 2 2 (6.1)
161i (m_- )

where m_ = E(xc), c = 2, 3 and 4. A sample estimate of var(C) can be obtained
- 1 nc

by substituting, x for p and m = n I xi for mc in (6.1), which immediately

provides the standard error of C.

The class of decomposable measures

A sample estimate of Ic in (2.2) is given by

Ac = 1 m - 1], c s O, 1
C (C-l) [-cC 

x

which is obtained from (5.2) when h(x) = xc. Again, it follows from (5.3) and

(5.4) that in(Ic- IC) is asymptotically normally distributed with zero mean

and variance
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1 1 2 m a2 a2m(m+- pm)
22 -2-c2c c 2 2c+2 2 2c+l
c (c-i) .i(C-i) u± c(c-1) 

Next, we consider Theil's two inequality measures Io and Il, the

sample estimates of which are

I= logx - log(g)

and

I = - logs
x

1 in
where log(g) = - E logx. (6.2)

n~~~i=l

and

A I n

v = nz Xlogx. (6.3)
n=l

Because I0 and I1 can be obtained from (5.2) by substituting

h(x) = logx and h(x) = xlogx, respectively. It immediately follows from (5.3)

and (5.4) that Vn(10 - Io) and /n(d1- I1) are asymptotically distributed with

zero mean and variances5/

5/ The asymptotic distributions of Theil's measures have been derived earlier
(Nygird and Sandstrom, 1981) by a rather complicated method. Moreover,
their results are not presented in a fashion that makes them easily
applicable to practical problems.
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var(I ) = a + E(logx)2 - (log(g))' - . (v-4og(g))
0 2 i

and

var(I ) = 2 [E(xlogx)_- v2] + (jv) a _ 2(.iv) rE( 2 1) - vp 
1 2 ~~~~4 3 xg vi,

respectively. The sample estimates of g and v are given in (6.2) and (6.3),

respectively and those of E(xlogx)2 and E(x2logx) are given by

E(xlogx)2 = nz (x.logx.)

and

2 1in 2
E(x logx) = n E xilogri,

respectively.

Atkinson's inequality measures

A sample estimator of Atkinson's class of estimators is

1

A(£) = 1 - - (min) , c * 1

where
^ 1 ~n 1-6

1 e n i-l 1 (6.4)
1 ni=1 I
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Because this class of inequality measures belongs to the more general

class (Section 5) and can be obtained from (5.2) when h(x) = x 1, it follows

that /n(A(e)-A(c)) is asymptotically normally distributed with zero mean and

variance 2c 2

21-C 1-c 2-2 1 1-c 2 ( 2 (in1 ) £(m 2 2-m 1m_) 4 (ml-£) °

1+C

2(m 1-e
13 2-cJi

3 (1-C) 2- 1-)

the sample estimate of which is obtained using (6.4).

For c = 1.0, a sample estimator of Atkinson's measure is given by

A(l.0) = 1 -

x

in
where log(g) = n E logxi.

i=1

It can be easily shown that

A0.0) = 1-e 0

where Io is an estimator of Theil's first inequality measure. This equation

gives

var(A(l.0)) = e 21 0 var(IO)

which immediately provides standard error of Atkinson's measure for e = 1.0.
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7. METHODOLOGY: APPLICATION TO COTE D'IVOIRE

The methodology discussed here is applied to the data obtained from

the C8te d'Ivoire Living Standards Survey (CILSS), conducted in 1985 by the

World Bank's Living Standards Unit and the Direction de la Statistique,

Ministere de l'Economie et des Finances of the Republic of C6te d'Ivoire.

To analyze inequality, we need to measure the economic welfare of

each individual in the society. Although income is widely used to measure

economic welfare, it has many serious drawbacks.6/ One major drawback of

using income as a measure of economic welfare is that it may have substantial

fluctuations which are averaged out in the long run. Therefore, it has been

suggested that consumption is a better indicator of the actual economic

position of a household than its current income.

In this paper we have used per capita adjusted consumption as a

measure of economic welfare. This measure, constructed by Clewwe (1987),

takes into account the imputed value of owner-occupied dwelling, the

depreciated value of consumer durables and the regional price variations. To

take account of the differing needs of various household members, Glewwe

divided the total household consumption by the number of equivalent adults.

In his formulation of equivalent adults, children were given a smaller weight

than adults: children less than 7 years old were given a weight of 0.2;

between the ages of 7 and 13, 0.3; and between ages the 13 and 17, 0.5.

The estimated values of various inequality measures together with

their standard errors (derived in Section 6) are presented in Table 1, columns

1 and 2. The last column in the table gives the numerical value of the

61 For a detailed discussion of this issue, see Kakwani (1986).
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statistic n as defined in (3.1). This statistic follows an asymptotic normal

distribution with zero mean and unit standard deviation. If n exceeds 1.96,

it means that the hypothesis of zero inequality is rejected at 5 percent level

of significance. This method is valid subject to the condition that-,gur

samples are large. In practice, it is often difficult to know whether our

samples are large enough for these approximations to be valid. However, the

approximation is usually good for samples larger than 30 (Cramer 1946).

Because our analysis of inequality is based on sample sizes larger than 250,

the statistical inference based on asymptotic distributions is appropriate.

Table 1 shows that the values of n are considerably larger than 1.96

which lead to the obvious conclusion that a large inequality in the

distribution of economic welfare exists in Cote d'Ivoire. However, an

important observation is that the numerical values of n differ considerably

for different inequality measures. The magnitude of 1T indicates how large the

standard error of an inequality measure is relative to its value. Thus, the

larger the value of n the greater is the precision with which the inequality

measure can be estimated from a given sample. It is observed that among all

the single inequality measures presented in the table, the Gini index gives

the smallest confidence interval relative to its value. Theil's second

inequality measure performs the worst on the basis of this criterion. thus,

these observations tend to suggest that the n statistic provides an acuitional

criterion for selecting an inequality measure.s/

71 The problem of choice of an inequality measure among several alternatives
has been extremely discussed in the literature; see for instance Atkinson
(1970), Newbery (1970), Sheshinski (1972), Dasgupta, Sen and Starett
(1973), Rothschild and Stiglitz (1973), Sen (1973) and Kakwani (1980).
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TABLE 1: Inequality Measures and Standard Errors: C6te d'Ivoire, 1985*

Value of
Inequality inequality Standard
Measures measure error n

Income share of bottom
10 percent 2.02 0.08 25.25
20 percent 5.36 0.18 29.78
30 percent 9.84 0.29 33.93
40 percent 15.34 0.41 37.41

Gini index 42.87 1.06 40.44
Relative mean deviation 30.77 1.19 25.86
Coefficient of variation 52.93 3.08 17.19
Theil's inequality measures

Io 31.61 1.57 20.13

Il 34.45 2.29 15.04

Atkinson's inequality measures
A (1.0) 27.10 1.14 23.77
A (1.5) 36.92 1.29 28.62
A (2.0) 45.27 1.37 33.04

* The inequality measures and their corresponding standard errors have
been multiplied by 100 in order to express them in percentages.

Table 2 presents inequality comparisons by sex of household head. In

the sample, 7.9 percent of households were headed by women. It is interesting

to note that the mean consumption (adjusted) of female-headed households was

found to be about 20 percent larger than those of male-headed households. The

difference between the mean consumption of the two groups of households is

statistically significant at the 5 percent level (see the last row in the

table). This is a surprising result because in many developing countries

female-headed households are often poorer than those headed by males. Part of
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the explanation of the situation in Cote d'Ivoire has been provided by Glewwe

(1987). He observed that female-headed households are disproportionately

located in Abidjan and other urban areas which are considerably richer than

the rural areas.

The numerical results in Table 2 tend to suggest that inequality of

consumption among female-headed households is lower than that among male-

headed households. For instance, the Gini index among female-headed

households has a value of 42.16 whereas among male-headed households the value

is 42.84. The difference in inequality is even larger when we compare the

values of coefficient of variation. To test whether the observed inequality

differences are statistically significant, we need to compute the values

of n* given in (3.2). n* follows asymptotic normal distribution with zero

mean and unit variance. If the absolute value of n* exceeds 1.96, we reject

the null hypothesis of equal inequality at the 5 percent significance level.

The numerical values of n* presented in the last column of Table 2 lead tus to

conclude that inequality differences between the female and male-headed

households are not statistically significant. This conclusion is valid for

all the inequality measures presented in the table. Thus, the observed

differences in the values of inequality measures may lead to misleading

conclusions without the statistical tests.

Several nationalities live in CMte d'Ivoire, but Ivorians are the

most dominant comprising 85.7 percent of the surveyed population. For our

inequality comparisons we have put together all other nationalities in one

group. These comparisons are provided in Table 3. It is interesting to note

that the adjusted per capita consumption is almost identical in the two
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TABLE 2: Inequality Comparisons by Sex of Household Head: C8te dlvoire, 1985

Female-Headed Households Male-Headed Households

Inequality Value of Value of
Measures inequality Standard n1 inequality Standard n n

measure error _ measure error l

Income share of
bottom 40% 15.67 1,29 12.15 15.32 0.43 35.63 0.26

Gini Index 42.16 2.87 14.69 42.84 1.10 38.95 -0.22
Relative mean
deviation 30.85 4.02 7.67 30.71 1.25 24.57 0.03

Coefficient of
variation 46.80 6.04 7.75 53.34 3.32 16.07 -0.95

Thell's inequality
measures

10 30.26 4.25 7.12 31.58 1.67 18.91 -0.29

11 31.39 5.13 6.12 34.57 2.46 14.05 -0.56

Atkinson's measures
A (1.0) 26.11 3.14 8.32 27.08 1.22 22.20 -0.29
A (1.5) 35.97 3.85 9.34 36.87 1.36 27.11 -0.22
A (2.0) 44.44 4.41 10.08 45.20 1.44 31.39 -0.16

Adjusted per capita
mean consumption 406.96 34.21 11.90 337.64 9.47 35.65 1.95*

* Significant at 5% level.

groups. The difference is insignificant at the 5 percent level. Can we

arrive at a similar conclusion about the income inequality between the two

groups? The answer is yes as well as no.

The values of n* in the last column of Table 3 show that inequality

difference is significant at the 5 percent level on the basis of Theil's first

inequality measure Io and Atkinson's family (when £ = 1.5 and 2.0) whereas the
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remaining measures show insignificant differences. The inequality measures

which show significant differences are those which have a high value of

inequality aversion parameters. These measures tend to give greater weight to

income transfers at the lower end of the income distribution. It can,

therefore, be concluded that inequality among the poor of Ivorian nationality

is significantly higher than that among the poor of the remaining

nationalities. The result clearly has an important implication for the

poverty in the two groups.

C6te d'Ivoire was divided into five survey regions: Abidjan, Other

Urban, West Forest, East Forest and Savannah. Table 4 presents the mean

adjusted consumption for each region with its standard error. It can be seen

that Abidjan (the colonial capital and largest city) has the highest adjusted

per capita mean consumption - almost twice that of the whole population. The

Other Urban areas are also fairly wealthy. The remaining three rural areas

are poor. The lowest average consumption is in Savannah, almost half that of

the whole population, followed by the densely populated East Forest region.

To see if the mean consumption differs significantly between the

regions, the statistics given by

_ _

iJ ^ 2 ^ 2
o. + a.

= 1 1

ni nj

were computed, where x. is the per capita adjusted mean consumption of the ith
1 ^ ~~~2

region with its estimated variance -. The numerical values are presented
n.
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TABLE 3: Inequality Comparisons by Nationality of Household Head: C8te d4lvoire, 1985

Ivorians Others

Inequality Value of Value of

Measures inequality Standard n1 inequality Standard n n
measure error measure error

Income share of
bottom 40 % 15.07 0.45 33.49 17.01 0.94 18.10 -1.86

Gini index 43.47 1.18 36.84 39.05 2.35 16.62 1.68

Relative mean

deviation 31.28 1.30 24.06 27.71 2.89 9.59 1.13

Coefficient of

variation 53.93 3.48 15.50 46.50 5.00 9.30 1.22

Theil's measures

I0 32.59 1.78 18.31 25.70 3.04 8.45 1.96*

11 35.46 2.60 13.64 28.42 4.16 6.83 1.44

Atkinson's measures

A (1.0) 27.81 1.22 22.20 26.11 3.14 8.32 0.29
A (1.5) 37.83 1.44 26.27 30.93 2.72 11.37 2.24*
A (2.0) 46.32 1.51 30.68 37.90 2.87 13.21 2.60*

Adjusted consumption

per capita 341.52 10.22 33.42 343.87 19.43 17.70 -0.11

* Inequality difference is significant at 5% level.

in Table 5. Since Fi. follows an asymptotic normal distribution with zero

mean and unit variance, its absolute value greater than 1.96 will indicate

significant average consumption differences among the regions. It can be seen

from Table 5 that all the mean consumption differences are significant at the

5 percent level. Thus, the observed differences in mean consumption among the

the regions are not due to sampling errors. There are some other elements

which must be analyzed to explain such wide differences.
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TABLE 4: Mean Consumption and its Standard Error
by Region: C6te d'Ivoire, 1985

mean incomeMean Standard n= m i
Region Consumption Error standard error

Abidjan 614.39 32.11 19.13

Other urban 392.23 17.25 22.74

West Forest 295.96 13.00 22.77

East Forest 244.63 11.49 21.29

Savannah 175.40 8.19 21.42

All regions 341.85 9.14 37.40

TABLE 5: Statistics for Testing Significance of
Differences in Mean Income Between Regions: C&te d'Ivoire, 1985

Region Abidjan Other Urban West East Savannah

Abidjan 0.00 6.09 9.19 10.84 13.25

Other urban -6.09 0.00 4.46 7.12 11.36

West Forest -9.19 -4.46 0.00 2.96 7.85

East Forest -10.84 -7.12 -2.96 0.00 4.91

Savannah -13.25 -11.36 -7.85 -4.91 0.00
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Because welfare depends on both the size and the distribution of

consumption, it will be interesting to see how inequality varies among the

regions. The numerical values of various inequality measures with their

standard errors are presented for each region in Table 6. The results suggest

that inequality varies widely among the various regions. The highest

inequality is observed in Abidjan, the wealthiest region in terms of per

capita average consumption. The lowest inequality is observed in the West

Forest region, which has more recent settlements and is less heavily populated

than the East Forest region (Glewwe 1987).

To test whether observed inequality differences between the regions

are statistically significant, we computed the values of n* given in (3.2) for

all possible pairs of regions. The numerical values are presented in Table

7. The conclusions emerging from the table are summarized below.

First, the significance of inequality differences among the regions

depends on which inequality measure is selected. For instance, comparing

Abidjan and Other Urban cities (see column 1, Table 7) we find that inequality

differences are significant at the 5 percent level on the basis of the Gini

index, Theil's first inequality measure Io and all measures of the Atkinson

family, though the remaining measures show insignificant differences. Thus,

we cannot infer that the inequality differences between these two regions are

statistically significant or insignificant.

The fact that some measures show significant differences in

inequality between two groups while others do not, may depend on what the

different measures judge inequality to be. For example, one that is very

sensitive at the positive tail of the distribution may find significant
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differences because one of the two groups contains some rich people, although

a measure that is insensitive to positive outliers may judge that the

differences in inequality are insignificant. Thus, if we think a difference

in inequality exists it depends on what we judge inequality to be, as

reflected in the inequality measure that most matches our value judgements.

Second, on the basis of the Gini index, the inequality differences

between Abidjan, Savannah and East Forest regions are statistically

insignificant. Similarly, the inequality differences between Other Urban

areas and West Forest are statistically not significant. The statisticaLly

significant inequality differences are observed between Abidjan and Other

Urban areas; Abidjan and West Forest; and West Forest and East Forest. From

these observations we cannot make a general inference that the inequality in

urban areas is higher than that in rural areas. Also, there is no significant

relationship between inequality and mean consumption levels of the regions.

The inequality difference between the richest region of Abidjan and the

poorest region of Savannah is statistically not significant.



TABLE 6: Inequality Within Phgions: Weto dlvoire, 19B5

Abidjan Other Ur in West Forest East Forest Savannah
Inequality

Measures
Value Standard ni Value S ai,dard ri Value Standard Ti Value Standard ni Value Standard Ti

error error error error error

Income share of
bottom 40S 16.94 0.86 19.70 19.06 0.79 24.13 20.92 0.90 23.24 18.12 0.83 21.83 17.33 0.78 22.22

Gini Index 40.93 1.92 21.32 35.15 1.88 18.70 31.71 1.88 16.87 37.32 2.03 18.38 37.46 1.80 20.81

Relative mean
deviation 30.06 2.67 11.26 25.52 2.55 10.01 22.60 3.26 6.93 26.74 2.63 10.17 27.21 2.60 10.47

Coefficient of

variation 47.76 3.28 14.56 40.12 6.57 6.11 33.88 3.45 9.82 44.63 4.56 9.79 40.63 4.52 8.99

Thell's measures

10 27.79 2.64 10.53 20.40 2.28 8.95 17.03 2.02 8.43 23.44 2.55 9.19 23.60 2.30 10.26

I1 30.90 3.22 9.60 22.15 3.60 6.15 17.73 2.54 6.98 26.08 3.60 7.24 24.36 3.14 7.76

Atkinson's

measures

A (1.0) 24.26 2.00 12.13 18.45 1.86 9.92 15.66 1.70 9.21 20.89 2.02 10.34 21.02 1.81 11.61
A (1.5) 32.66 2.39 13.67 25.67 2.18 11.78 22.40 2.18 10.28 28.78 2.39 12.04 29.48 2.18 13.52
A (2.0) 39.60 2.62 15.11 32.01 2.43 13.17 28.71 2.57 11.17 35.79 2.68 13.35 36.84 2.43 15.16



TABLE 7: Testing for Significance of Inequality Differences Between Regions: Cate d'lvoire, 1985

Other Other West
Inequality Abidjan Abidjan AbidJan Urban Urban Other Forest West East
Measures Other West East Abidjan West East Urban East Forest Forest

Urban Forest Forest Savannah Forest Forest Savannah Forest Savannah Savannah

Income share of
bottom 40%

population -1.81 -3.20 -0.99 -0.34 -1.55 0.82 1.56 2.29 3.01 0.69

Gini index 2.15* 3.43* 1.29 1.32 1.29 -0.78 -0.89 -2.03* -2.21* -0.05

Relative mean

deviation 1.23 1.77 0.89 0.76 0.71 -0.33 -0.46 -0.99 -1.11 -0.13

Coefficient of 0

variation 1.04 2.92* 0.56 1.28 0.84 -0.56 -0.06 -1.88 -1.19 0.62

Thei ls inequality

measures

10 2.12* 3.24* 1.19 1.20 1.11 -0.89 -0.99 -1.97* -2.15* -0.05

12 1.81 3.21* 1.00 1.45 1.00 -0.77 -0.46 -1.90 -1.64 0.36

Atkinson's measures

A (1.0) 2.13* 3.28* 1.19 1.20 1.11 -0.89 -0.99 -1.98 -2.16* -0.05
A (1.5) 2.16* 3.17* 1.15 0.98 1.06 -0.96 -1.24 -1.97 -2.30* -0.22
A (2.0) 2.12* 2.97 1.02 0.77 0.93 -1.04 -1.41 -1.91 -2.30* -0.29

* Inequality difference is significant at 5% level.
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8. CONCLUSIONS

The main purpose of the paper has been to provide distribution free

statistical inference for income or consumption inequality. The results are

derived in a simple manner and presented so that they are easily applicable to

empirical work.

The empirical application to C6te d'Ivoire suggests that observed

differences in the values of inequality measures may lead to misleading

conclusions without the statistical tests. The standard errors of the

estimated inequality measures can be so large that the observed differences in

the values of inequality measures can be statistically insignificant.

Further, some measures may show significant differences in inequality while

others may show insignificant differences. Thus, alternative inequality

measures may lead to conflicting conclusions. This is an important finding

which suggests that we should select an appropriate measure before embarking

on the analysis of inequality differences between populations.

Because inequality measures are estimated on the basis of sample

observations, the importance of using statistical tests cannot be over-

emphasized. However, these tests are based on the assumption that the samples

used are representative of the population they are drawn from. In practice

this assumption may be violated due to non-response errors.8- Moreover, non-

sampling errors may be so large that it may make little sense to worry about

sampling errors. In future work greater attention should be paid to the non-

sampling errors.

8/ The Living Standards Survey data for Cote d'Ivoire, 1985 used in the
present paper has a 92 percent response rate, therefore, the possibility
of large non-sampling errors is very small.
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