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The Living Standards Measurement Study

The Living Standards Measurement Study (ms) 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 decisionmaking. Specifically,
the L%iS 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 cmmunications between survey statistians, an-
alysts, and policmaker

The Ls Working Paper senes was started to dissminate intermediate prod-
ucts from the ISMS. Publications in the series include critical surveys covering dif-
ferent aspects of the ISMS data collection program and reports on improved
methodologies for using Living Standards Survey (iss) 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 L% data.
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ABSTRACT

Recent evidence suggests that food energy intakes are less responsive to

incomes of the poor than was once thought. However, it is not intakes per se

that we are concerned about, but undernutrition. Two facts have long

confounded assessments of impacts on undernutrition: individual nutrient

requirements vary in a generally unobserved way, and intakes are observed with

error. By modelling observed intake distributions econometrically,

straightforward stochastic dominance tests can permit robust qualitative

inferences. An application to Indonesia in the mid-1980s indicates that

regional differences in energy intake distributions are influenced by average

income levels, intra-regional inequalities, and local prices of staple food-

grains, all with unambiguous effects on undernutrition. The results suggest

that any adverse effects on inequality of a growth process would need to be

large to outweigh the desirable effect on undernutrition. Plausible effects

on rural incomes are insufficient to outweigh adverse effects on

undernutrition of higher rice prices.
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1. introduction

The attainment of adequate nutrition is an important criterion for

evaluating the success of development policies. However, such evaluations

have often been hampered by the fact that the measurement of undernutrition is

fraught with both conceptual and technical problems. Most importantly, the

nutritional reauirements needed for good health vary across individuals and

over time in generally unknown ways, and their intakes are typically also

measured with error. Can we still say anything useful about how the

instruments of development policies influence the extent of undernutrition?

Development policies have often emphasized the role of various

economic variables, particularly incomes and prices, in reducing

undernutrition. Recent household level studies have thrown light on the

effectiveness of these instruments in improving nutrition levels. There is

mounting empirical evidence suggesting that the income elasticity of

individual energy intake in developing countries is lower than had been

thought 10 or so years ago. (For recent surveys see Behrman 1988, Behrman et

al., 1988, Bouis and Haddad 1988, and Alderman 1989). There are reasons why

the methodologies of the earlier studies would have led to some over-

estimation of that elasticity, particularly associated with the level of

aaqrecation across persons and goods in the early studies.' And the downward

revision that seems to be called for is far from negligible; whereas 10 years

ago an income elasticity of energy intake for the poor of about 1.0 would

probably not have been seriously questioned, elasticities a good deal less

that 0.5 would be considered more in keeping with recent estimates. (See, for

example, Behrman and Deolalikar 1987, Bouis and Haddad 1988, Ravallion 1990,

Strauss and Thomas 1989, Bhargava 1991).
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This substantial downward revision in our priors about the income

response of nutrition intake has some potentially profound implications for

development policies. The fight against hunger has been one of the strongest

motivations for development, and raising incomes of the poor (through both the.

growth process and policies aimed at reducing inequalities of income) has long

been seen as the main weapon in that fight. The recent evidence has led some

observers to suggest that this weapon may well be quite blunt, or, indeed,

virtually useless. Does this aspect of our approach to development policy

need a major revision?

The recent empirical evidence on determinants of individual nutrition

has also led some to question the role of incomes and prices in the causation

of famines, a role which has been stressed in recent literature on famines

(Sen, 1981; Ravallion, 1987). Do we also need to rethink this approach to

understanding transient food insecurity?

This paper takes a further look at the question of whether aggregate

undernutrition is responsive to incomes and prices. The point of departure

for this study is the realization that it is not impacts on nutrient intakes

per se that one cares about in this context, but it is the impacts on the

adeauacv of those intakes relative to needs which matters. While this is

obvious at a conceptual level, it presents difficult measurement problems if

the insight is to be put into practice. The methodology proposed here is

potentially far more robust to the inevitable errors and unknowns in measuring

attainment relative to needs.

The approach starts with an econometric model of how nutrient intake

distributions vary across regions or sectors of the economy, and then uses

theoretical results on stochastic dominance to infer the effects of changes in
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incomes and prices on undernutrition. The usefulness of stochastic dominance

theory for ranking distributions in terms of some objective function has been

known for over 20 years, though the relevance to poverty and nutrition

analysis has only come to be appreciated quite recently.2 In assessing

impacts on undernutrition, the dominance approach has the advantages over past

methods that it uses all of the information available on the distribution of

nutrient intakes, and it places far fewer ad hoc restrictions on the unknown

distribution of individual nutrient requirements. It can also allow

inferences which are more robust to intake measurement errors, and to

arbitrary choices about the specific measure of undernutrition. The

theoretical results needed for this approach are outlined in Section 2.

The methodological contribution of the present paper lies in

combining the dominance approach with an econometric model of intake

distributions, thus permitting dominance tests of the comparative static

effects on undernutrition of changes in the explanatory variables of the

intake model. The methodology is used to explore further the results of

Ravallion and Huppi (1991) concerning Indonesia's progress in reducing

undernutrition during the mid-1980s. The regional dimensions of that progress

are examined, and some explanations are offered. New empirical evidence for

Indonesia is presented in Section 3, implementing the dominance approach. The

most popular question from past work is re-examined, namely that of what

effects (if any) on aggregate undernutrition can be expected from economic

growth and contraction. The role of food-staple prices is also examined, with

and without associated rural income effects.

The present approach also allows us to explore quite directly other

questions of interest concerning the distribution of the benefits of growth:
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How responsive is undernutrition to changes in income inequality? Will a

growth process which is associated with an increase in inequality, lead to a

reduction in undernutrition? If equalizing income redistributions (such as

through targeted transfers) entail a "growth trade-off" (such as through

adverse effects on aggregate savings), how severe would that trade-off have to

be to wipe-out the effect of greater equity on undernutrition? These

questions are addressed in Section 3.
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2. Aporoaches to Assessino Changes in Undernutrition

Recent approaches have been based on econometric estimates from

household level data of how energy intakes are related to incomes, prices and

other variables .3 This does not, however, directly address the issue of

primary interest, namely that of the response of undernutrition to changes in

incomes and prices. It is not intakes per se that matter, rather it is the

adequacy of those intakes relative to individual needs. This raises a number

of difficult further issues concerning the assessment of individual

nutritional well-being and aggregation across individuals.

The biggest single problem is that we typically do not know the

nutrient requirements that surveyed individuals need to maintain good health,

allowing normal physiological functions without symptoms of deficiency.

Requirements may vary widely, reflecting differences in the human body's

metabolic rate at rest and differences in activity levels. There has been a

great deal of controversy concerning the implications of variability in

requirements for estimating the extent of undernutrition (for good recent

surveys of the issues see Dasgupta and Ray, 1990, and Osmani, 1987). Two

sources of variability can be distinguished: inter-personal variability

(genotypic variations around the assessed requirements of some reference

person) and inter-temporal variability for a given person, which has been

interpreted as the outcome of physiological regulatory mechanisms influencing

energy utilization in the human body (as in, for example, Sukhatme, 1978, and

Srinivasan, 1981).4 However, for the purpose of the present discussion, we

need only imagine that there exists some distribution of person-specific

requirements at the survey date. This could reflect either source of

variability.



6

Uncertainty about requirements is not the only problem. Nutrient

intakes (though more readily observed than requirements) are typically

measured with error. In effect, this will also mean that we are generally

using the wrong individual requirements (which should ideally be adjusted for

the intake measurement error). This is another reason for treating

requirements as a random variable.

By making explicit assumptions about the inter-personal distribution

of nutrient requirements, measures of undernutrition can still be readily

constructed from household or (preferably) individual survey data. Also, with

an appropriate econometric model of intake determination, income and price

effects can then be simulated (Ravallion, 1990). But there is still an

uncomfortable arbitrariness in the assumptions made about requirements. And

those assumptions can readily matter to the conclusions drawn. For example,

it is not difficult to imagine the existence of an underlying distribution of

requirements such that even a purely random change in food energy intakes

(uncorrelated with intake levels) could have a substantial impact on aggregate

energy undernutrition. Similarly, while there may be little or no sign of a

correlation between intakes and incomes, there can exist requirement

distributions such that both the incidence and severity of undernutrition are

highly correlated with poverty.

Fortunately, for many purposes, one is mainly interested in the

aualitative effects of changes in incomes and prices on undernutrition. Is

some policy combination, interpretable as a set of price and income changes,

moving us in the right direction? Then there is an alternative approach which

places far fewer restrictions on the unknown distribution of individual

requirements. In fact each person may have a different requirement, and the

distribution need not have any recognizable form (such as the commonly assumed
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normal distribution). The still popular assumption of a single cut-off

point - a degenerate distribution - is an extreme limiting case.

However, while this approach allows a far more general class of

possible distributions of requirements, it still imposes two potentially

important assumptions about how requirements are distributed. And, like all

assumptions, neither of these need hold in reality. First, it is assumed that

intakes and requirements are independently distributed. This is a common

assumption, following Sukhartme (1961). On a priori grounds, one would

suspect that, because of the existence of common factors influencing both

variables (such as age, weight, and activity levels), they would tend to be

positively correlated. Nonetheless, there is some evidence suggesting that

there is little or no correlation between intakes and requirements (Sukhartme,

1961). And Kakwani (1989) has found that estimates of the proportion of the

population of India deemed to be undernourished are quite insensitive to the

assumption one makes about the correlation between intakes and requirements.

Second, it is assumed that the distribution of requirements does not

change (or, in the specific cases of interest here, independent of incomes and

prices). Whether that holds in reality will depend on how the changes in

incomes and prices come about. For example, if intakes improve as a result of

greater work effort leading to higher incomes then undernutrition need not

improve. There appears to be little more that can be said in general, though

the qualification should be kept in mind when interpreting this paper's

empirical results.

Under these assumptions, one can invoke well-known theoretical

results on stochastic dominance to attain at least a partial orderina of

intake distributions in terms of any well behaved measures of undernutrition.

To see how, suppose the intake distribution shifts from that of state A to
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state B, as a result of (say) changes in income distribution. For example,

state B may be reached after economic growth in state A. If one finds that

intakes increase for all individuals in the move from A to B, and there is no

change in any individual's requirement, then undernutrition must fall. But

that is an unnecessarily strong test. A more useful test can be constructed

as follows. Let Fj(z) denote the proportion of the population who fails to

reach a given intake level z in the state i=A,B. In the vocabulary of poverty

measurement, F;(z) is the "headcount index" of undernutrition when a single

requirement cut-off point is set at z. As one allows z to vary over its

entire range, Fj(z) traces out the cumulative distribution function of

intakes. If FA(z) is below FB(z) at all intake levels z (or, more precisely,

FA(Z) is nowhere above FB(Z), and at least somewhere below), then the

proportion of the population who are undernourished will be lower in A than B.

This is called the first-order dominance test for comparing undernutrition or

poverty in two states.

First-order dominance can be an extremely useful test for determining

whether there is more poverty in one state than another for any unknown but

fixed poverty line (Atkinson, 1987; Foster and Shorrocks, 1988). Furthermore,

the underlying theoretical result which supports this test can be readily

generalized to accommodate any fixed distribution of poverty lines, or (as in

the present application) nutrient requirements. It is easy to see why this is

so once one notes that our best estimate of the proportion of the population

who are undernourished for any distribution of requirements is simply the

expected value of F1(z), where the expectation is taken over that distribution

of requirements. If two intake distributions have the same requirement

distribution and first-order dominance holds then clearly the expected value
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of FA(z) must exceed FB(z) when both expectations are evaluated over the

distribution of requirements. Undernutrition is hlgher in state A than S.

First-order dominance of one intake distribution over another also

implies an unambiguous ranking of the two distributions in terms of a broader

class of undernutrition indicators than the simple headcount index. Let the

level of undernutrition of a person with intake x and requirement z be u(x,z)

which is positive for x<z, but zero otherwise. For the headcount index,

u(x,z)=1 for x<z, but zero otherwise. Thus the measure is insensitive to

differences in the severity of undernutrition. A better assumption is that

the function u is strictly deceasing in x and increasing in z for all x<z, and

vanishes at x=z. Aggregate undernutrition is then the expected value of

u(x,z) over the relevant intake and requirement distributions. For example,

if u(x,z) = (1-x/z)a for x<z and any positive parameter a then we have the

measure of undernutrition proposed by Rakwani (1989). (This generalizes the

Foster, Greer and Thorbecke (1984) class of poverty measures so as to allow

the poverty line to be a random variable.) It can be readily demonstrated that

first-order dominance then implies an unambiguous ranking of the two

distributions in terms of aggregate undernutrition. This holds for any

functional form for u(x,z) with the aforementioned properties and any fixed

distribution of requirements.

If this test is inconclusive (with cumulative frequency distributions.

intersecting at one or more interior points) then some requirement

distributions, and some reasonable measures of undernutrition, will rank the

two intake distributions differently to others. Here an analogous second-

order dominance test may prove useful. In particular, suppose one confines

attention solely to the measures discussed above which are strictly decreasing

in intakes of the undernourished (thus excluding the headcount index). It can
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then be shown that if the area under the A intake distribution is less than

that under B at all points then aggregate undernutrition will be lower in A

than B for any requirement distribution.5 This is the second-order stochastic

dominance test applied to the measurement of undernutrition. If this test

fails then one can invoke higher-order dominance tests (thus further

restricting the class of admissible measures of undernutrition), or one can

restrict the set of admissible distributions of requirements.

In applying the dominance approach, one can simply compare the

distribution of intakes at each of two dates, as in (for example) Ravallion

and Huppi (1991). This is useful in assessing overall progress in alleviating

poverty or undernutrition. However, the observed change is likely to be the

outcome of many variables, and it reveals nothing about their relative

importance. A more illuminating approach is to first model the intake

distribution as an explicit function of the variables of interest, and then

use this model to conduct dominance tests. (For another, somewhat different,

example of this approach see Ravallion and van de Walle, 1991.) That is the

approach followed here.

Note that this methodology does not yield estimates of the intake

elasticities at the household or individual level, such as that for income, as

widely discussed in the recent literature. That may be viewed as a limitation

of the methodology. But, as I have argued elsewhere, the loss is not great,

as the individual intake elasticity can be a poor guide to the effects on

undernutrition (Ravallion, 1990). If one wants quantitative results, a better

guide is provided by the elasticities of the cumulative intake distribution

F(x) with respect to the variables of interest. These are derived naturally

in the proposed methodology.
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3. An lanlementation for Indonesia

The National Socioeconomic Surveys (SUSENAS) done by Indonesia's

Central Bureau of Statistics give estimates of household energy intakes,

obtained by applying caloric unit values to consumptions of about 170 food and

beverage items, as estimated by interviewees from 7 day recall. The data

tapes of the 1984 and 1987 SUSENAS consumption surveys are used in this study,

giving stratified random samples of 50,000 households at each date, spanning

the archipelago. Population estimates were derived using household-specific

inverse sampling rates given on the data tapes.

The survey underestimates energy intakes, due to the fact that the

quantities of foods not prepared at home are not asked (though expenditures

are). This is an important source of food energy in Indonesia, particularly

for certain socio-economic groups (such as those living alone). While

undernutrition will probably be underestimated, it is less clear how this

would affect distributional comparisons over time and across regions. BPS

(1989a) estimate that average energy intake from foods prepared away from home

was 128 calories per person per day in 1987. The corresponding figure for

1984 is 112. Assuming that calories obtained from this source increase with

income, its exclusion would tend to lead to an under-estimation of the income

response of true intakes. However, one should not be too confident about that

assumption. It is reasonable to assume that "eating out" is a normal good.

But it is also a heterogeneous one, and casual observations suggest that food

from street stalls is popular amongst both poor and not-so-poor in Indonesia.

Furthermore, while expenditures on prepared foods increase with income (see,

for example, BPS, 1989b), It is less likely that intakes from this source will

do so, as the unit values will undoubtedly also increase.
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The SUSENAS indicates a marked improvement in the distribution of

energy intakes in Indonesia over the 1980s. Ravallion and Huppi (1991)

construct the cumulative frequency distributions of intakes for 1984 and 1987,

from the SUSENAS consumption surveys. Their results are reproduced in Figure

1. They indicate that the 1987 intake distribution lies below that for 1984

up to quite a high intake level. First-order dominance holds over a very wide

range of potential cut-off points. Furthermore, the second-order dominance

condition holds over the whole range of intake cut-off points. A wide range

of measures of undernutrition will thus indicate an improvement over the

period, irrespective of the distribution of requirements, assuming that the

latter did not change. This conclusion is unlikely to be affected by the

exclusion of foods prepared away from home.

Do these aggregate results hide significant regional diversity? I

have divided the 27 provinces of Indonesia into urban and rural areas, giving

52 *regions" (Jakarta being solely urban, and East Timor having only rural

observations in the sample). The intake distributions were then constructed

for each region, and the dominance tests applied.

An unambiguous improvement is indicated over the period for 29

regions, while an unambiguous worsening is indicated for only three (namely

the rural areas of Riau, Bengkulu, and Maluku). However, the first-order test

was ambiguous for 20 regions. For each of these, the 1987 distribution

crossed the 1984 just once from below i.e., there was an improvement at the

lower end of the distribution. The average cross-over point was at about 1950

calories per person per day.

The second-order test resolved this ambiguity for 12 regions, all but

one of which showed an unambiguous improvement. (The worsening distribution
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Figure 1
Distribution of Caloric Intake, Indonesia, 1984, 1987

Cumulative percent of population100 

40SX/ 

1 1.5 2 2.5 3 3.5 4 4.5
calories per person per day (thousands)

-1984 i 1987

Note: Each point on the curve shows the percentage of people living in
households with calorie intakes per person less than the amount on the
horizontal axis (excluding foods eaten away from home).

Source: Ravallion and Huppi (1991).

was that for urban Central Sulawesi; the regions for which the second-order

test was ambiguous were urban and rural Aceh, rural West and South Kalimantan,

rural South-East Sulawesi, and the urban areas of Riau, Jambi, and North

Sulawesi).

First-order or second-order dominance tests thus indicate a reduction

in undernutrition for about 80 percent of the regions.

The quantitative extent of this improvement varies considerably

across regions. Table 1 gives the mean and standard deviation of the

percentage change in F(x) over the two dates for selected values of x. Both



14

the average percentage decline and its standard deviation tend to be higher at

the lower end of the distribution, though the coefficients of variation are

increasing in x.

To what extent can we explain this regional diversity in the rate of

nutritional improvement in terms of income growth? Figure 2 gives the

percentage changes in F(1800) between 1984 and 1987 plotted against the

percentage change in mean household income over the same period. There is a

mild negative relationship (r=-.32). The least squares estimate of the

elasticity is -.36, with a standard error of .09. Table 2 gives income

elasticity estimates at various other points on the intake function, and the

corresponding elasticities with respect to total food expenditure. The

negative relationship is evident at all points for both income and

expenditure, and the (absolute) elasticity decreases sharply as the intake

cut-off point increases. Absolute elasticities are higher for food

expenditure than for income at all points. Figure 3 plots the relationship

between the absolute income elasticity and intake. (Note again that these are

not comparable with the intake elasticities often quoted in the literature

discussed above; they are the elasticities of the proportion of the population

below each intake cut-off point rather than the elasticities of intake at that

point.)

These data suggest that:

i) The regions with the higher rates of income growth tended to be

the ones with the greater rate of improvement in the intake

distribution.

ii) The proportionate shift induced by a given income growth rate

tended to be greater at lower intake levels.
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Table l Average Percentage Changes in the Proportion below Selected
Calorie Cut-Off Points for 52 Regions of Indonesia, 1984-1987

Calories per nerson Per dav

1200 1400 1600 1800 2000 2200

Mean percentage
change 1984-97 -46.8 -25.5 -12.9 -9.3 -5.2 -2.0

Standard
deviation 38.7 31.4 24.7 18.5 14.2 12.6

Coefficient of
variation 0.8 1.2 1.9 2.0 2.7 6.4

Excludes energy from foods not prepared at home (see text).

Table 2: Income and Expenditure Elasticities of Energy
Intake Frequencies by Region of Indonesia, 1984-1987

Calories Income Food
per person Expenditure
per day*

1200 -1.190 -1.480
(.259) (.168)

1400 -. 633 -. 852
(.185) (.128)

1600 -. 435 -. 537
(.127) (.094)

1800 -. 355 -. 424
(.092) (.067)

2000 -. 228 -. 265
(.070) (.054)

2200 -. 155 -. 166
(.061) (.050)

Note: OLS, percentage changes against percentage changes,
standard errors in parentheses, n=52. *Excludes energy from
foods not prepared at home.
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Figure 2
Reductions in Caloric Undernutrition and Income Growth, Indonesia, 1984-87

Percentage change in F(1800)
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Note: The figure plots the percentage change from 1984 to 1987 in the
proportion of people consuming less than 1800 calories per day by region
of Indonesia (vertical axis) against the percentage change in mean
household income by region over the same period (horizontal axis).

Source: Author's calculations from the data tapes of the National
Socioeconomic Surveys, Central Bureau of Statistics, Government of
Indonesia.
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Figure 3
Income Elasticity of the Distribution of Caloric Intake

Income elasticity
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Note: The figure plots the estimated income elasticity of the proportion
of people consuming less than 1800 calories per day (on the vertical
axis, with the elasticities at plus and minus one standard error)
against calories per person per day (horizontal axis).

Source: Author's calculations from the data tapes of the National
Socioeconomic Surveys, Central Bureau of Statistics, Goverrment of
Indonesia.
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iii) There is, however, considerable dispersion around these trends; for

example, there are many regions where there was a noticeable worsening

in the intake distribution, despite at least modest growth in mean

incomes.

The last observation could reflect any number of factors, including

higher food staple prices, a worsening in intra-regional income inequalities,

or a deterioration in related health services. To further explore the

determinants of the shifts in the intake distributions, Table 3 presents

estimates of the following dynamic model, estimated across regions i = 1,..,52

and for each of six values of x: 6

L"(x);i= 1Za(x) + A(x)L4(x); + es(x) (1)

where

L'(x) 3 log[F'(x)/(1-F'(x)]

and Z denotes a vector comprising mean income of the region, the Gini index of

inequality in consumption within the region, the average price of rice, and an

urban/rural dummy variable. The mean income and Gini index were estimated

from the unit record data. Income data in the SUSENAS include imputed values

of own production. An allowance was made for urban-rural price differentials,

but not for regional price differentials, apart from rice. (There is no

satisfactory price index for this purpose for Indonesia. One candidate was

tested as an additional independent variable, namely a deflator based on the

raw data for the CPI, but proved insignificant). Only Gini indices for total

consumption expenditure were estimated, though this is probably a better

indicator of inequality than the income Gini. The urban-rural dummy variable

may be picking up some of the measurement error in the dependent variable
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Table 3: Econometric Models of the Determinants of Energy Intake
Distributions Across Regions of Indon-sia, 1987

Calories Der Person per day

1200 1400 1600 1800 2000 2200

Intercept 46.23 20.64 21.65 20.21 -18.68 -39.52
(0.92) (2.94) (0.68) (0.12) (2.85) (4.1)

Urban/Rural 0.62 0.59 0.89 1.24 1.66 1.96
(0,1) (0.27) (0.38) (0.12) (0.14) (0.56) (0.35)

Income -10.07 -4.28 -4.54 -4.29 3.61 8.12
(0.062) (0.07) (0.03) (0.02) (0.04) (0.17)

Income2 0.42 0.15 0.156 0.13 -0.28 -0.52
(0.02) (0.02) (0.004) (0.003) (0.03) (0.02)

Price Rice 1.38 0.68 1.03 1.14 1.60 1.59
(0.14) (0.22) (0.11) (0.03) (0.17) (0.86)

Gini index 7.22 6.55 5.12 5.68 7.42 9.29
(3.51) (2.40) (1.33) (1.23) (3.47) (4.32)

Lagged 0.31 0.26 0.07 -0.21 -0.52 -0.79
dep. var. (0.27) (0.17) (0.18) (0.16) (0.58) (0.43)

21 137.5 190.8 218.8 229.3 221.8 207.3

Note: Standard errors in parentheses, n=52. The dependent variable is the
logit transformation of the ordinate of the energy intake frequency
distribution. Mean income and rice price are in logs. Intake distributions
exclude food not prepared at home.

associated with the greater importance of energy obtained from prepared foods

in urban areas. Note that the intake frequencies enter in logit form, to

avoid truncation in the distribution of the model's dependent variable and

error term. Dynamic effects are also allowed though there is little sign of

such effects in the results and so these will be ignored in the following
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discussion. Notice that rejection of the null hypothesis that A(x) - 1

implies rejection of the (nested) alternative specification using

proportionate changes in intake frequencies as the dependent variable. The a

parameters are estimated quite precisely in the results in Table 3. A number

of alternative specifications were also estimated. These (alternately)

deleted the lagged dependent variable, the squared income term, and used mean

consumption and mean food expenditures as alternatives to income. Similar

results were obtained; details are available.

The results in Table 3 indicate that, for all x considered, F(x) is

strictly decreasing in mean income (the turning point of the quadratic

function of log income is outside the range of the data [9.5,10.81 in all

cases) and strictly increasing in both mean rice price and the Gini index.

Thus, first-order dominance is satisfied, implying that undernutrition falls

with higher average incomes, lower rice prices, and lower inequality, for any

(fixed) distribution of requirements.
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4. Further lImlications of the ESmirLcal Results

Interpretation of the quantitative results is easier if one calculates

the implied elasticities of F(x) with respect to each of the variables of

interest. Table 4 gives the results at the mean point for each variable, and

each value of x. The income elasticity (this time controlling for the other

variables in the above model) is again found to decrease sharply as one

considers higher intake cut-off points. The same is true of the elasticities

with respect to the Gini index and rice price.

Table 5 gives simulated effects on the intake frequency distributions of

10% changes in mean income, the Gini index, and rice price alternately, all

evaluated at mean points. These are graphed in Figure 4 for 10% increases in

each variable. (The new intake distribution resulting from any change dZ is

estimated by its linear approximation F'[l+(l-F87)dZ.a].)

Both income growth and greater equity alleviate undernutrition, and they

have roughly equal proportionate impacts; around the middle of the

distribution, a 10% increase in the mean income is found to have about the

same impact on the intake distribution as a 10% decrease in the Gini index of

inequality. Table 6 gives the shifts in inequality which will exactly (or, at

least, to a first-order approximation) compensate for the effects of various

growth rates in mean income. The one-to-one equivalence holds well over 1600

calories per day.

This begs a further question: what if income growth is accompanied by

greater inequality? There is a significant positive correlation between the

Gini index and mean incomes across the 52 regions for 1987 (r=.47), though

this is less evident for 1984 (r=.24), and the correlation between

proportionate changes in the two variables over the period is weak, though
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Sable 4: astimated Elasticities of Cumulative Prequencies
of Energy Intake at Selected Points, Indonesia 1987

Calories Mean Gini Rice Critical
per person Income Index Price income
per day share

1200 -1.31 1.86 1.30 .99

1400 -.95 1.44 .55 .57

1600 -.84 .90 .66 .78

1800 -.77 .74 .55 .71

2000 -.71 .66 .52 .74

2200 -.56 .55 .34 .61

Excludes energy from foods not prepared at home.

M"aimum revenue from rice production as a proportion of
total income consistent with a positive total elasticity
w.r.t rice price (allowing mean income to vary).

positive (r=.23). There is at best a slight hint of a "Kuznets relationship"

in these data. One should be wary of giving this correlation a causal

interpretation. However, it is still of interest to ask: if growth was

associated with an increase in inequality consistent with the above

correlation, would undernutrition still fall? The relationship between the

two variables is fairly inelastic; an OLS regression of the Gini index against

log mean income in 1987 gives (t-ratios in parentheses):7

Gini index - -0.223 + 0.048.log(mean income) R2 = .218
(1.679) (3.737)Table 5
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Table St Displacements of Cumulative Frequencies of Energy Intakes Due to
Changes in Incomes and Prices, Indonesia 1987

Cumulative Freauencies 1%)

Calories 10% Change in 10% Change 10% Change in
Per Person Mean Incomes in Gini Rice Price
Per day Original Increase Decrease Decrease Increase Decrease Increase

1200 6.02 5.23 6.81 4.90 7.14 5.24 6.80
(5.43) (6.61)

1400 19.38 17.53 21.23 16.58 22.18 18.32 20.44
(18.02) (20.74)

1600 35.98 32.94 39.02 32.75 39.21 33.61 38.35
(33.51) (38.45)

1800 52.22 48.21 56.23 48.34 56.10 49.37 55.07
(48.90) (55.54)

2000 67.27 62.49 72.05 62.80 71.74 63.75 70.79
(63.27) (71.27)

2200 78.55 74.14 82.96 74.27 82.83 75.87 81.23
(74.89) (82.21)

Excludes energy from foods not prepared at home.
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Figure 4
Effects of Income and Price Changes on Intake Distribution

Cumulative percent of population
90

80 _- Original I Income up 10%
-4- rice price up 10% Gini Index up 10%

70-

40-

30

1200 1400 1600 1800 2000 2200

Calories per person per day

Note: The figure shows the percentage of people consuming fewer calories
than the amount on the horizontal axis before and after 10 percent
increases in mean income, mean price of rice, and in the Gini index of
expenditure inequality.

Source: Author's calculations from the data tapes of the National
Socioeconomic Surveys, Central Bureau of Statistics, Government of
Indonesia.
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Table 6: Compensating Equivalent Changes in Inequality for Various
income Growth Rates, Indonesia 1987

Percentage increase in income:

Calories 5 10 20
per person
per day Equivalent percentage decrease in Gini index

to leave F(x) unchanged

1200 3.5 7.1 14.2

1400 3.3 6.6 13.2

1600 4.7 9.4 18.8

1800 5.2 10.3 20.7

2000 5.4 10.7 21.4

2200 5.2 10.3 20.6

* Excludes energy from foods eaten away from home.

This implies an elasticity at mean Gini of .18; a 10 percent increase in the mean

would only yield about a two percent increase in the Gini index at the mean. At

this rate of change in inequality, growth would still have a positive effect on

undernutrition, and almost as strong as the previous partial elasticities had

implied. The figures in parentheses under each estimate of the new ordinate of the

intake distribution in Table 5 give the revised estimates, incorporating the change

in inequality.

If there is a "Kuznets effect" in the growth process then it would have to be

very much more dramatic in its impact on inequality than the above statistical
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correlation indicates before it would overturn the conclusion that growth alleviates

undernutrition.

It is sometimes also argued that policy interventions aimed at alleviating

undernutrition by redistributing incomes in favor of the poor will have an adverse

effect on aggregate income. The above results suggest that the percentage decrease

in the mean would need to be of about the same magnitude as the percentage decrease

in the Gini index before the redistribution was neutral in its final effect on

undernutrition. I do not know if such a trade-off is plausible.

The results also suggest that undernutrition will be quite responsive to rice

price changes, though the elasticity of the intake distribution function falls even

more sharply as one moves to higher intake levels (Table 4). Of course, these are

partial elasticities, holding both mean income and the Gini index constant. If the

share of income obtained from rice production exceeds some critical level then the

income effect will outweigh the direct adverse effect of a rice price increase on

undernutrition. (Noting that, to a first-order approximation, the elasticity of

income w.r.t. rice price is simply the share of income represented by revenue from

rice production).

One can use the results of Table 2 to evaluate that critical income share,

assuming that (for lack of any plausible alternative assumption) the price change is

distributionally neutral. This is given in the final column of Table 4. The

critical values appear to be a good deal higher than the average income shares from

rice production in rural areas of Indonesia. For example, from the 1987 data tape

for rural Central Java I calculated that the average share of income obtained from

food-grain production (no further disaggregation is possible) is about 20%, and this

varies little with income. It is evident then that a rice price increase will have
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an adverse effect on both urban and rural undernutrition, allowing for typical

income responses.

All these comparative static results hold without qualification for any

interpersonal distribution of requirements, provided that this is not also a

function of incomes and prices. If requirement distributions shift then caveats are

called for, as noted in the previous section. The above results may be either

strengthened or weakened. Take, for example, the case of income growth. Suppose

that this arises from an increase in demand for agricultural labor (due to, say, a

green revolution allowing multiple cropping). This tends to be strenuous work so

the requirement distribution may well shift to the right, and effects on

undernutrition are no longer obvious. On the other hand, income growth associated

with labor intensive industrialization would probably have the opposite effect on

the distribution of requirements; even unskilled modern sector jobs tend to have

lower energy requirements than those of the traditional agricultural sector (James

and Schofield 1988), thus strengthening the comparative static results on the

effects of income growth on undernutrition.
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5. Conclusions

While recent household level consumption studies have taught us much about the

micro level determinants of nutrient intakes, empirical assessments of

undernutrition and its response to changes in incomes, prices, or other variables of

interest are still confounded by the fact that, while nutrient intakes can be

estimated with tolerable precision from such surveys, nutrient recuirements are

unobserved. Some studies of the impacts of income or other changes on nutritional

status have simply ignored requirements, while others have taken a cut-off point

which is assumed constant for all individuals (or constant for all individuals of

some specific type, with a modest number of types identified). Neither approach is

really a convincing foundation for assessing impacts on undernutrition, when (as one

can reasonably expect) nutrient requirements for good health can vary enormously

across individuals, and in ways which the researcher can have little hope of

knowing. The potential hazards for inference are plain enough.

This paper has used an alternative empirical approach which exploits the

potential for establishing partial orderings of intake distributions in terms of

measures of undernutrition for any unknown but fixed distribution of requirements in

a population. Every individual may have a different requirement, which may change

over time, though the overall distribution is assumed to be static and independent

of the intake distribution. The theoretical results needed for assessing

comparative static effects on a broad class of measures of undernutrition are then

straightforward applications of well-known results from the theory of stochastic

dominance.

To implement the approach, an attempt has been made here to better understand

the regional dimensions and economic determinants of the fall in aggregate

undernutrition in Indonesia during the 1980s, as found by Ravallion and Huppi
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(1991). Cumulative distributions of household intakes per person for each of 52

regions of Indot:sia have been constructed at each of two dates, 1984 and 1987.

Ordinates of these distributions are then modelled as functions of regionally

specific variables of interest, focusing particularly on average incomes and rice

prices, and the inequality of consumption within regions. Dominance tests have then

been applied to assess qualitative effects on undernutrition.

A reduction in undernutrition between 1984 and 1987 is indicated for about 80

percent of the regions by either first-order dominance tests (over half of the

regions) or second-order tests. In modelling the intake distributions across

regions, the empirical results give a strong indication that aggregate

undernutrition in Indonesia is responsive to changes in incomes and prices. The

results of this paper are consistent with the view that growth in average household

incomes under conditions of non-increasing inequality and reasonably stable food-

staple prices has led to a reduction in undernutrition in Indonesia. This

conclusion is not inconsistent with recent claims that intake responses to income

changes at the individual level are quantitatively small. Nonetheless, the induced

shifts in intake distributions can be far from small.

The results also throw light on the relative importance of the identified

factors influencing undernutrition. Both growth in average incomes and reductions

in inequality will reduce aggregate undernutrition. But it appears that it would

take an implausibly large contemporaneous increase in inequality to outweigh the

desirable impact of income growth. Adverse effects on national income of transfers

from rich to the poor would need to be of roughly the same proportionate magnitude

as the associated changes in the Gini index to wipe-out the desirable effect on

undernutrition of greater eqAty. Higher rice prices will have an adverse effect on

undernutrition, and this will persist under plausible rural income effects
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associated with the price change. Clearly, the combined nutritional impact of

positive (negative) growth, a decrease (increase) in inequality, and a decrease

(increase) in food staple prices can be substantial.
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Notes

1. Substitution possibilities within food-staple aggregates between
nutritional values of food and other attributes can readily yield this result,
and this is the explanation given by Behrman and Deolalikar (1987), and others.
However, the few studies that have identified income elasticities of food quality
do not offer much support for this interpretation (see the Alderman, 1989,
survey). For an alternative interpretation, based on an errors-in-variables
model, see Bouis and Haddad (1988).

2. On the theory see Hadar and Russell (1969), and Rothschild and Stiglitz
(1970). On applications of dominance conditions to ranking distributions in
terms of measures of poverty or undernutrition (which are formally identical in
this respect) see Atkinson (1987), Foster and Shorrocks (1988), and Kakwani
(1989).

3. I shall follow most of the recent literature in confining attention to
caloric intake as the sole dimension of nutritional well-being; it is certainly
the most important in this context. In further work, protein, vitamin and
mineral deficiencies might (in principle) be introduced into the methodology by
using multi-dimensional dominance tests, following Atkinson and Bourguignon
(1982). Unambiguous orderings will then be harder to achieve, though explicit
modelling of the complementarities amongst nutrients may help.

4. The latter source of variability has led Sukhatme and others to advocate
a cut-off point in measuring undernutrition which is well below stipulated
requirements for a given person (Sukhatme uses mean requirement less two standard
deviations, though usually of the intake distribution). This is contentious.
Certainly the existence of intra-personal variability may lead one to use caloric
cut-off points which differ from the stipulated requirements. But whether the
cut-off point should be set lower or higher will depend on the relative
importance we attach to "type 1 errors" (incorrectly classifying the person as
undernourished) and "type 2 errors" (incorrectly classifying the person as
adequately nourished); see Dasgupta and Ray (1990) and Kakwani (1989). Advocacy
of a lower cut-off point can be interpreted as the value judgement that type 1
errors matter more than type 2 errors. This is clearly a questionable value
judgement (Dandekar, 1981; Osmani, 1987; Dasgupta and Ray, 1990).

5. Kakwani (1989) proves this for the aforementioned class of
undernutrition measures based on the Foster-Greer-Thorbecke functional form.
With a slight modification to the argument in Atkinson (1987), one can show that
the claim also holds for a quite broad class of other functional forms for
u(x,z).

6. This is a dynamic error components model. The region specific variables
X and the error term e are assumed to be normally distributed. The lagged
dependent variable is treated as endogenous (which is essential given that the
time series is so short). The Bhargava and Sargan (1983) maximum likelihood
estimation method for dynamic error components models estimated on short time
series is appropriate for this problem, and has been used to obtain the estimates
in Table 3. I am grateful to Alok Bhargava for his help in estimating the model.
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7. Applying a logit transform to the Gini index one obtains a similar results

Logit(Gini) - -3.48 + 0.242.log(mean income) R2 - .214
(5.14) (3.70)
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