
154 THE ANALYSIS OF HOUSEHOLD SURVEYS 3 1/(1 -e)
E whnhXh

(3.16) . = h=l H

Ew h nh

where N is the total number of people. (When E is 1, the calculation in (3.16) is
replaced by exponentiating the weighted averages of the logarithms.) The Atkin-
son inequality index is then calculated by dividing (3.16) by the (weighted) mean c
and subtracting the result from one.

Calculation of the Gini coefficient from equation (3.7b) is only slightly more
complicated by the need to convert household ranks to individual ranks. Since
everyone in each household is assumed to have the same PCE, we can order them
within the household in any way we choose. The first person in the best-off house-
hold is then given rank 1, the first person in the second household rank 1 + nI,
where n is the number of people in the first household, and so on. As before, if
there are nonzero survey weights, the simplest treatment is to pretend that there
are, not nh, but whnh people in household h. Hence, and starting from p, = 1, the
rank of the first person in household h + I can be defined recursively by

(3.17) Ph,I = Ph+ nhWh.

The average rank of all the persons in household h is therefore

(3.18) Ph = ph + O.S(whnh -1)

so that the Gini coefficient for individual-level PCE is given from (3.7b) by

N+1 2 H'
(3.19) Y = 2- h whnhXh[Ph +05(nh-1)]

N-1 N(N - 1) Xgh=1 h

with the best-off household coming first and the ranks calculated from (3.17).
Since these inequality measures are independent of the scale of x, they will not

be changed by deflation by the price index, provided that the price index does not
vary from one household to another. Note too that, because the Gini coefficient is

Table 3.2. Inequality measures between individuals, CMte d'Ivoire, 1985-88

Gini coef- Coeff. vari- Atkinson measures
Year ficient S.d. of logs ation e =0.5 e = 1.0 e =2.0

1985 0.383 0.716 0.807 0.118 0.223 0.394
1986 0.358 0.627 0.786 0.103 0.190 0.382
1987 0.381 0.665 0.894 0.119 0.215 0.444
1988 0.345 0.615 0.745 0.091 0.180 0.357

Note: Measures of inequality use household PCE attributed to individuals and are calculated on an
individual basis using corrective weights. S.d. is standard deviation and Coeff. variation the coefficient
of variation.
Source: Author's calculations based on CILSS, 1985-88.
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invariant to scaling of population size-doubling the number of people with each
x has no effect on the index-the calculations are unaffected by any rescaling of
the survey weights.

The different measures are in broad agreement; all show that inequality is
lowest in 1988, next lowest in 1986, and highest in 1985 and 1986. The Gini, the
standard deviation of logs, and the Atkinson measure with e = 1 rank 1987 as more
equal than 1985, while the reverse judgement is made by the coefficient of vari-
ation, and the Atkinson measures with e set at either 0 or 2. The Atkinson mea-
sures show more inequality the larger is the inequality aversion parameter e but,
like the other measures, all rank 1988, 1986, and either 1985 or 1987 in the same
way. Note that there is no simple relationship between the value of e and the
rankings; the distribution in 1985 is more equal than that in 1987 when E is 0.5 or
2, but the reverse is true when E is 1. Recall that inequality should always be inter-
preted jointly with the mean in order to assess changes in aggregate well-being.
Even so, the decline in inequality from 1985 to 1988, although substantial by some
of the measures, is not enough to have raised equality by the amount required to
offset the decline in PCE and maintain the level of social welfare.

Table 3.3 reports four poverty measures based on individual PCE, the head-
count, the poverty gap ratio, the Foster-Greer-Thorbecke measure with a set at 2,
and Sen's poverty measure. There are no new difficulties of calculation here; the
headcount is simply the fraction of people who live in households whose house-
hold PCE is less than equal to the poverty line, while P1 and P2 are calculated as
weighted averages in the usual way. The Sen index is calculated according to
(3.12) with the Gini for the poor calculated as described above but for the limited
population of those in poverty. I have chosen a poverty line to match some arbit-
rary but reasonable percentile in the base year and then held it fixed in real terms
in the other years. In 1985, (just over) 30 percent of people were in households
whose PCE was below 128,600 cFAr-an amount that is close to the useful (if
arbitrary) guideline of one U.S. dollar per head per day-and I use this figure as
the poverty line. Table 3.3 also shows bootstrapped standard errors for these
poverty measures. These come from 100 bootstrap replications and take into
account the clustered structure of the CILSS (see the Code Appendix for the STATA
code for the bootstrap and for the inequality and poverty measures.)

Table 3.3. Measures of individual poverty, Cote d'Ivoire, 1985-88
(bootstrapped standard errors in brackets)

Headcount Poverty-gap FGT index, Sen poverty
Year ratio, PO ratio, Pi P2 index, Ps

1985 0.300 (.030) 0.098 (.013) 0.045 (.007) 0.134 (.017)
1986 0.300 (.019) 0.082 (.007) 0.032 (.043) 0.112 (.009)
1987 0.348 (.025) 0.101 (.013) 0.043 (.008) 0.140 (.017)
1988 0.459 (.030) 0.142 (.016) 0.063 (.010) 0.196 (.021)
Note: Measures of poverty are based on household PCE attributed to individuals, and are calculated on an
individual basis.
Source: Author's calculations based on CILSS, 1985-88.
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Figure 3.4. Generalized Lorenz curves for Lorenz curves in Figure 3.3
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distribution C will be preferred to A by any equality-preferring social welfare
function. The generalized Lorenz curve of C now crosses that of B, so that the
social welfare ranking of the two will depend on the precise social welfare func-
tion used, on the tradeoff between more equality in B and the more mean in C.
These examples should make it clear once again that inequality by itself is not a
measure of welfare. If the mean of distribution C were further increased so that the
generalized Lorenz curve for C were everywhere above that of B, we would have
a situation where one distribution is preferred to another by all equity respecting
social welfare functions, even though it is more unequal according to all measures
of inequality that satisfy the transfer principle.

Lorenz curves and inequality in South Africa and Coe d 'lvoire

Figure 3.5 shows three Lorenz curves for the individual PCE distributions in South
Africa in 1993 for the whole population-the outer curve-for Blacks-the bro-
ken line-and for Whites-the innermost line. These curves show, for example,
that the poorest 20 (50) percent of South Africans receive only 3 (13) percent of all
of PCE, that the poorest 20 (50) percent of Blacks receive 5 (20) percent of all PCE
received by Blacks, while the poorest 20 (50) percent of Whites receive 7.5 (28)
percent of all PCE received by Wbites. Also important to note is that the Lorenz
curve for Blacks lies everywhere outside the Lorenz curve for Whites. As a result,
the unanimous ranking in Table 3.4, where the distribution of PCE among Whites
is shown as more equal than that amnong Blacks by all the measures, is not a special
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Figure 3.7. Distribution functions of individual PCE by race,
South Africa, 1993

I.0-

.= 0.S- / Coloreds 
0.8

0.6-

2 , / / Whi~~~~~~~~~~~~~~~~tes
0.46

0

0 S00 1,500 1,500 2,000
PCE: rand per capita per month

Sourre: Author's calculations based on South African Living Standards Survey, 1993.

'Me situation for M6e d'Ivoire is less clear because several of the distribution
functions cross. Here I have excluded people living in households with per capita
monthly expenditure of more than 300,000 CFAF, which is two and a half times the
poverty line used in constructing Table 3.3. Given the declines in PCE over time,
it is no surprise that, over most of the range, the curves are higher in the later years
so that, for most poverty lines, the fraction of poor people will be increasing from
1985 through to 1988. However, around the poverty line of 128,600 CFAF used in
liable 3.3, the distribution functions for the first three years are very close and, at
the lowest values of PcE, the curve for 1985 lies above that for 1986 and 1987. As
we have already seen in making inequality comparisons, the poorest did better in
1985 than in 1986, even though average PCE fell.

Tio examine the robustness of the other poverty measures, consider the "poverty
deficit curve," defined as the area under the CDF Up to some poverty line z

z

(3.25) D(Z;F) f F(x)dx

Why this measure is useful is revealed by integrating the right-hand side of (3.25)

to give z p

(3.26) D(Z;F) = zF(z) -ff(x)xdx = ZF(Z)(1 -11 ) = ZPI(Z;F)
where, as before, v P is the mean welfare anong the poor and Phe(z; F ) is the pov-
erty-gap measure of poverty. Equation (3.26) establishes that we can use the
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Figure 3.8. Distribution functions of individual PCE, CMte d'lvoire, 1985-88
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poverty deficit curve to examine the robustness of the poverty-gap measure to
different choices of the poverty line in exactly the same way that we used the CDF

to examine the robustness of the headcount ratio. If the poverty deficit curve for
one distribution lies above the poverty deficit curve of another, the first distribu-
tion will always have more poverty according to the poverty-gap measure.

Figure 3.9 shows the lower segments of the poverty deficit curves for the Ivor-
ian data. These curves, which are marked in the same way as Figure 3.8, show that
the poverty-gap ratio is higher in 1988 than in 1987 for a ran-ge of poverty lines,
results that establish some robustness for the estimates in Table 3.3. The poverty
deficit curve for 1987 is above that for 1986 and, except for low poverty lines,
above that for 1985. Given previous results, the crossing of the 1985 and 1986
curves is to be expected; 1986 was better than 1985 at the bottom of the distribu-
tion, but worse on average.

It is possible to continue this type of robustness analysis beyond the headcount
and poverty-gap ratios to the other poverty measures. However, it is better at this
point to look at the pattern that is emerging, and once again to link the analysis of
poverty back to the social welfare function. Note first that if, as happens in South
Africa, or in Cote d'Ivoire for 1988 and 1987, one of the distribution functions had
been higher than another from O up to some plausible upper limit for the poverty
line z', say, then the same would automatically have been true for the poverty
deficit curves. Formally, if for two distributions F, and F2

(3.27) F,(x) 2 F2(x), 0 S X S z '
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Figure 3.9. Poverty deficit curves, CMte d'Ivoire, 1985-88
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then
z z

(3.28) D(z;F,) f F1 (x)dx 2 f F2 (x)dx = D(z;F2), O S Z S z
0 o

Hence if the distributions do not cross before the maximum possible poverty line,
then not only are the headcount ratios robust to the choice of line, but so are the
poverty-gap ratios. Indeed, if we were to push the analysis a stage further, and look
at the area under the deficit curve, the resulting curves would not cross if the
poverty deficit curves did not cross, so that measures like P2 would also be robust
to choice of the line. Of course, these results only work one way; it is possible for
the distribution functions to cross and for the poverty deficit curves not to do so,
as indeed is the case for 1987 versus 1986 in C8te d'Ivoire. But if we find that the
distribution functions do not cross, we need look no further because all the poverty
measures will be robust. If they do cross but the poverty deficit curves do not, then
any measure that is sensitive to the depth of poverty will be robust, and so on.

While these results that take us from one type of robustness to another are
useful, they are not always exactly what we need. As emphasized by Atkinson
(1987), we may have a lower as well as an upper limit for the poverty line, and it
may turn out that the distribution functions do not cross between the limits, so that
(3.27) holds for z - s x s z +, say, so that the headcount ratio is robust to the choice
of poverty line within the range of possibilities. Since the distribution functions
may still cross below z -, we no longer have the implication that (3.28) holds even
over the restricted range.
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