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Abstract

The economic model of the household predicts that child survival and indicators of child nutritional status
should respond to parental investments in resources and time in a similar way. Using survey data from
Brazil, this paper tests whether household characteristics affect child survival, height (conditional on
age) and weight (conditional on height). Maternal education has a very strong positive effect on both child
height and survival. Both outcomes are affected by father's education although to a lesser degree in the case
of survival. Income effects are significant but small in magnitude. Parental height has a large positive
impact on child height for age and on survival rates even after controlling for all other observable
characteristics. This is the first time the association between child survival and parental height has been
demonstrated empirically with micro—level data. There is, in addition, considerable inter—regional variation
in Brazil; maternal education, height and household income tend to have bigger effects in the poorer

Northeast.
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1. INTRODUCTION

This paper is concerned with child survival and indicators of child nutritional status. Nutritional
status is known to affect basic demographic outcomes such as mortality levels. Deficient child nutrition can
be directly related to low infant survival through low birthweight (eg. Chen, Chowdhury and Huffman,
1980; Lechtig et al., 1977; Martorell and Ho, 1984). Both child survival and nutrition outcomes are
important components of household welfare and are used as indices of living standards. As indicators of the
general health status of children child anthropometric outcomes may condition subsequent skill development
as adults (Ciavioto and Arrieta, 1986) having a subsequent impact on adults' productivity and health.

Conditional on underlying individual and parental endowments, the economic model of the household
would predict that both sets of outcomes respond to parental investments in resources and time in a similar
way. We attempt to measure the impact of household characteristics — in particular household income,
parental education and stature — on child survival, height and weight for height where the latter two are
adopted as proxies for nutritional status.v Height for age is usually considered to be a good measure of
long—run nutrition status, whereas weight—for—height tends to reflect more short run fluctuations.l

The literatures on child anthropometrics and child survival have recently been surveyed by several
authors.  Cochrane, Leslie and Ohara (1982) review studies on both the determinants of child
anthropometric outcomes and child survival, Martorell' and Habicht (1986) present a nutrition scientists’
view of the anthropometric literature. Schultz (1984) and Mensch, Lentzner and Preston (1986) survey the
child survival literature. Although the interdependence of child nutrition status and child survival is
recognized, apart from Wolfe and Behrman (1982), there is little intersection of the two literatures on their
underlying socio—economic determinants. This paper attempts to bridge this gap. We provide evidence
that child survival probabilities and indicators of child nutrition status do indeed respond similarly to
socio—economic determinants.

The child survival literature has documented the importance of maternal education (Caldwell, 1979;

1See Waterlow et. al. (1977) for a discussion of using child anthropometric measurements as indicators of
nutritional status. Fogel (1986b) uses height extensively to measure the long run economic well being of
eighteenth and nineteenth century populations.



Schultz, 1980; Farah and Preston, 1982; Rosenzweig and Schultz, 1982; Mensch, Lentzner and Preston, 1986).
Its importance for child nutrition outcomes has been demonstrated less often, partly because of flaws in
many of the early analyses and partly because of small sample sizes (see for example Delgado et al., 1986).

An important difficulty existing in former studies relates to the modeling problems resulting from not
maintaining a clear distinction between estimating the production of child nutrition outcomes (or its
proximate determinants) and indirect relationships (or reduced form). For instance, Wolfe and Behrman
(1982) use birthweight to explain child mortality; child height and weight are regressed on household caloric
intake and months of breastfeeding. Although these variables surely belong in production functions for
survival and anthropometric outcomes, they are jointly endogenous. The problems of simultaneity are
typically not addressed but see Rosenzweig and Schultz, (1983) and Pitt and Rosenzweig, (1986) for
exceptions.

Those studies which have examined child heights or weights have been constrained to small sample
sizes (Behrman and Deolalikar, 1985; Strauss, 1986) and/or little socio—economic information. Reduced form
results have therefore been hard to establish. On the other hand, child survival studies require large data
sets in order to obtain enough mortality events, and have typically relied on census data or special surveys
such as the World Fertility Survey. Unfortunately these datasets have very little socio—economic
information — such as income in the WFS case — and no anthropometic measurements.

In this paper we report reduced form estimates for both child nutrition outcomes and child survival
using a large Brazilian household expenditure survey, Estudo Nacional da Despesa Familiar (ENDEF).
While the ENDEF data have been tabulated at the regional level (see for example, Knight, Mahar and
Moran, 1979 or National Research Council, 1983 for tabulations of child anthropometircs and child mortality
respectively), there is no published work which exploits the richness of the dataset at the household or
individual level. We shall fill this gap by examining how household level factors — including maternal
education, education of her husband, and household income — affect child nutrition outcomes and survival.
Since all household members' heights and weights were measured, we include parental stature as
explanatory variables in both sets of analyses. The importance of parental height in explaining child height

is obvious, and has been demonstrated many times, (see the survey by Mueller, 1986, for instance). The




impact of parental stature on child survival, holding constant parental education and household income, has
not been examined empirically. The effect of low birthweight on child survival suggests that maternal
height should be an important determinant since it conditions biﬂ;hweight. Furthermore, Fogel (1986a)
presents evidence of a time—series association between average adult heights and average mortality rates in
the U.S. Since he uses aggregate data he is unable to test whether this association holds controlling for
other household level factors.

Our results show a very strong postive effect of maternal education on both child height and
éurvival. Both outcomes are affected by husband's education although in the survival case, the effect is
weaker than for the mother's education. Maternal height has a large effect on child survival. Income effects
are non—trivial and apparently quite nonlinear. We also estimate regressions separately for the wealthier
South and poorer Northeast, distinguishing urban from rural areas in each. The impacts of income and
maternal education are stronger in the poorer Northeast, especially on child survival. The results also
indicate small effects of maternal stature for younger mother cohorts in affecting survival, possibly a .

function of better health infrastructure and nutrition keeping alive more low birthweight babies.

2.a. A SIMPLE HOUSEHOLD MODEL

This section outlines a simple model of household behavior in which households exercise choice over
consumption, including leisure, the number and quality of children. The quality of children might be
affected by inter alia investments in their health and education. The formulation follows Becker's (1965)
model as well as extensions by Willis (1973) and by Rosenzweig and Evenson (1977) to farm households.
Schultz (1986) provides a useful review.

Outcomes such as number of children and their health are assumed to be produced by inputs, much
as farm output is produced. Households exercise control over some, but not all inputs, and consequently
exercise partial control over the outcomes. The focus of this paper is on long run decisions by households
and therefore the model is static; issues of sequencing are ignored.

Formally households are assumed to maximize their present discounted value of lifetirﬁe utility,

which depends on the consumption of a composite good, X, by each household member, i; the consumption




of leisure, 1, by each member; the services rendered by surviving children, Q; and the child survival rate, s.
U= U(Xla 11; Q, S) (l)

The services of surviving children depends upon the number of survivng children, C, and their
quality. The number surviving is simply the product of the number of children ever born, CEB, and the
survival function s. We shall assume the effect of child quality on services depends on each child's nutrition

and education:

'Q=Q(C, N, E)
and ‘ (2)

C =s.CEB

where N and E are vectors whose elements are the nutrition status and education of each child respectively.

-Each of these outcomes — number of surviving children, children ever born, their nutrition and
education status can be thought of as being produced by a set of inputs which include market purchased
goods (some of which may be part of X), time inputs of the household members, and those variables which
affect the underlying production conditions. At the community level the incidence of particular diseases
will affect the child survivor function as will a similar group of household specific factors. For example
education of the mother and father may directly affect the production of these "outputs," or it may only
affect the household's choice of inputs, either through income or better knowledge of how inputs can be
combined most effectively. Letting Z* represent the vector (C, s, N, E), then the production function for

each outcome, k, can be written
*
Zk = k(Xk’ tjk’ l"hal"c) (3)

*
where Xk is the investment of consumption goods in the production of Zk and tjk is the investment of time




by person j (presumably including the mother and father); k, and p, are vectors of relevant household and
community level factors, some observable (to the household or data analyst), some not. For example,
education of the parents might be included in the vector Py Since the probability a child survives is likely
to depend on the mother's nutritional status, we might also include the parents' health. N also includes
unobservable biological and genetic factors affecting these outcomes.

Each individual has a time constraint Ti which is allocated over leisure, production of household
produced items, and market work. Full income, Y, is equal to the sum of the value of time of each

household member plus unearned income, n. Thus

Y=L AT +nx (4)
1 1 1

where /\i is the value of time for the ith person.

Maximizing utility, (1), subject to the production functions, (3), time and budget constraints, (4), will
result in reduced form equations for each of the variables in the utility function, household chosen inputs in
the production function, and therefore outputs of the production function. In this paper we are estimating
such reduced form equations for child survival probabilities, child height and child weight for height.

Letting Z represent this triple, the functions to be estimated can be written:

Zki = Z(pa A, l"ha /‘07 eki) (5)

where p is a vector of market prices, € is a random disturbance for outcome k with respect to person i and

the remaining variables have been defined above.

2.b. EMPIRICAL MODEL
It is seldom reasonable to assume that errors are homoskedastic when using large scale household
survey data — and in the regressions we present a Lagrange Multiplier (LM) test statistic for the

assumption of homoskedasticity (see Breusch and Pagan, 1979). Since the assumption is violated in all



cases, least squares estimates of the variance—covariance matrix are not consistent. White (1980) has
suggested an estimator which is consistent in the presence of heteroskedasticity and mis—specification. This
estimator is identical to the infinitesimal jackknife in the linear regression model (see Efron, 1978). There is
considerable evidence that the jackknife, proposed by Tukey (1958) performs better than the infinitesimal
jackknife; see MacKinnon and White (1985) for an example in the linear regression case. In fact, relative to
the least squares estimates, the jackknife performs very well even in the absence of heteroskedasticity, and a
good case can be made for its use in all linear regressions. See Wu (1986) for a persuasive argument.

The jackknife, like the bootstrap, is essentially a resampling technique. Whereas the bootstrap
randomly resamples observations, the jackknife deletes one observation at a time and recomputes the 8
coefficients as many times as there are observations. The variation in these "pseudo—values" of b is then
used to estimate the standard error associated with the coefficient estimate (see Efron, 1978). We report
quasi—t statistics and Wald test statistics based on jackknifed variance—covariances in the regressions below.2

Estimation of child mortality regressions is not straightfoward. Ideally we would like to estimate a
hazards model of child survival where the probability a child attains some age, a, depends on his mortality

risk, p

T2 ut)dt
p(a)=e 0

This risk will, in turn, depend on a set of covariates, X, and a stochastic term, e

ua) = P

2Tt turns out that the jackknife and infinitesimal jackknife estimates of standard errors are very similar and,
typically, about 15—30% bigger than the least squares estimates. These results are not, however, uniformly
true. There are some instances in which the infinitesimal jackknife estimates are smaller than either the
OLS or jackknife estimates although none of the differences are very large. We know that the differences
tend to increase when the design matrix is unbalanced; a situation we have avoided in these regressions
through our choice of covariates.




Unfortunately, the data demands for the estimation of this model are non—trivial. For each mother, we
need to know the date of every birth and the age of death of each child not alive at the time of the survey.
Few large scale socio—economic surveys obtain a complete child—bearing history for every woman, and
ENDEF is no different. Few fertility surveys, however, collect extensive socio—economic information on
household members. It is our aim to exploit the richness of the ENDEF survey to determine how
socio—economic factors affect child mortality. We have information on the number of children ever born to
each mother and the number still alive; it is the ratio of the latter to the former — the survival rate, s —

which we seek to explain:

s=1(X, f) + ¢ (6)

We would like to standardize the proportion of children surviving by an expected survival rate from life
tables (see, for example, Trussell and Preston, 1982). These standardizations might be based either on time
since first birth, menarche, or on marital duration. Unfortunately we do not have any of this information.
The only potential variable to standardize on is the mother's current age. It is, however, inadequate since
better educated mothers of the same age may delay child—bearing and thus will have younger children.
Faute de mieux, therefore, the reported survival rate regressions are unstandardized. This may bias
mother's education coefficient upwards as well as bias the coefficients of mother's age downward, because
children of less educated or older mothers will tend to have longer exposure to risk of mortality. Trussell
and Preston compare regression analyses of child survival based on life—~table standardizations of mother's
age and marital duration. Unfortunately they do not include unstandardized regressions in their
comparisons. They find the impact of mother's education is lowered by some 10% — 25% when marital
duration is used. Although this does not seem overly large relative to the imprecision in the regression
estimates, it should be born in mind when interpreting the results below.

We use data on all women who have ever born a child. For many women, the survival rate is unity
and so estimation of [6] by least squares would generate biased estimates of the coefficients, f. We specify

*
the model in terms of an unobservable latent variable, s




*
Si = Xiﬂ + €
where (M
* *
s, = 8. ifs, <1
1 i i
*
=1 ifs. 21
i

Assuming the errors, ¢, are distributed as guassian, then we have an upper censored Tobit model with

likelihood function

L= T ¢[Si_xiﬁ] H [1—¢[I_Xiﬂ]]

s. *¥>1 ¢
i

where ¢(-) and (b() are the pdf and cdf of a standard normal respectively. It is these estimates which are
reported in this paper.

The expected value of the probability of a child surviving for the ith mother is:

By | X) = X;A@) - o6(r) +1- ) ®)

- Xp
I, = —rrmemr—

i o
and its derivative with respect to the jth covariate is

(s, ] X))
—ai_i;— = ﬂj¢(1'i)

which is reported for all continuous covariates at the mean of vector X. In the case of dummy variables,
the slope is approximated by the difference between E(silxi) when the dummy is turned on and when it is

turned off. Other variables are set at their means except for the dummies which are associated with the one



of interest; they are of course all turned off in both computations.

3. DATA AND SAMPLE SELECTION

Estudo Nacional da Despesa Familiar (ENDEF) is a large scale household expenditure survey carried
out in Brazil from August 1974 to August 1975. Not only is the dataset large in terms of the number of
households enumerated — there are just under 55,000 usable observations — but also in the breadth of
questions asked. It is the extent of the survey — in both directions — which makes it especially useful for
the kind of questions analysed here.

Detailed information was gathered, inter alia, on food and non—food consumption and expenditure;
labor supply, and income; occupation and education; heights and weights of all household members; fertility
- and child mortality data for each woman. The data have been very thoroughly and carefully screened for
coding, enumerator and computational errors; our impression from discussions with IBGE staff involved in
the project is that the collection and processing of the data has been very professional. Our experience with
the data bears out this impression.

Prices and community characteristics enter the reduced form, [5], but we do not observe either. We
allow for interregional heterogeneity by estimating regressions separately for two large regions. For the
purpose of the survey, the country was divided into the same seven regions used in the Pesquisa Nacional de
Amostra Domiciliar (PNAD) surveys. In this paper we analyse all but two of these regions3: the Northeast
is the poorest region in the country; the other four, Rio de Janeiro, Sao Paulo, the South East and Brasilia

are aggregated together into what we shall call the South. In all, we use information on 41,233 households.

We shall distinguish urban and rural sectors within each region. The urban South is by far the richest —

mean annual real per capita expenditure (PCE)# is Cr$7200 almost double that in the urban Northeast, two

3The excluded regions are Minas Gerais and the Central West—North. Data were collected only for urban
households in the latter.

4PCE is defined as monetary and imputed expenditure excluding savings, expenditure on durables and
housing semi—durables such as furniture and appliances. Nominal values are deflated by price indices
generated by IBGE from published sources.
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and a half times mean PCE in the rural South and five times as large as it is in the rural Northeast. Table
1 presents mean real incomes and expenditures for each of our regions as well as for the PNAD definitions.®
At least for these measures, the regions making up the South are very similar — with the possible exception
of rural households in Brasilia. Since these account for less than .1% of the sample, their influence is
unlikely to be large. While PCE is probably a better measure of long run welfare — because, for example,
reported incomes tend to reflect a larger proportion of transitory shocks than expenditures — we would
expect child nutrition and survival rate outcomes to be jointly endogenous with expenditures. We therefore
use certain components of household real income as explanatory variables in the regression below. The
inter—regional pattern described above holds for household income although the magnitude of differences is
larger; see Table 1.

- According to the theoretical model of Section 2, household unearned income should enter the reduced
form (equation 5).6 It comprises real income from rent (including rent of land), financial and capital assets,
pensions, and sales of immobile assets (such as land, livestock or automobiles). In the urban sectors,
unearned income accounts for about 20—25% of total income and only 12—13% in the rural sectors. In terms
of unearned income the interregional differences are thus further magnified. It turns out that zero unearned
income is reported by almost half the urban households and over 60% of rural households. Many
households rely exclusively on labor incomes. For some, however, especially in the rural sector, we just do
not have a good measure of unearned income, particularly net income from self—employment. To the extent
that there are errors in measurement, then coefficients on other covariates correlated with this measurement
error will be biased.

As a pragmatic strategy we adopt a second approach and include non—mother's earned income as an

5The annual income data are based on a twelve—month recall. Since inflation was about 30% per annum
during the survey period, it is important to use delators which refer to the same period. Expenditure data
were collected with one month, three month and twelve month recall periods depending on the nature of
the expenditure. It is natural to adopt the deflators used for expenditures based on annual recall, which
include inter alia energy, education, furnishings. To avoid sparse cell and endogeneity problems, price
indices were computed using the average for all expenditures within a municipality in any month.

6Recall that we are using education in part as a proxy for the value of time.
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additional variable in the regression. This would be justifiable if, firstly, only mother's time is allocated to
produce child health and nutrition and, secondly, if husband's leisure is separable from all other
consumption (including mother's leisure). Under these strong conditions, the husband's wage will have only
-income effects — and no substitution effects — on child health outcomes, and should have no effects
separate from non—mother's earned income. If earned and unearned income are treated equally then the
coefficients on the income terms should be the same. If either of the assumptions above are false, or if there
are differential measurement errors in the types of income, then the equality restriction on income and zero
restriction on husband's wage need not hold.

In the urban South, mean non—mother's earned income is about CR$2500 and about sixty percent of
that in the urban Northeast. In both areas, mother's earnings account for about 10% of total earnings. The
average household in the rural South has less than half the non—mother's earned income of its urban
counterpart and twice that of its rural Northeast counterpart. In the rural sector, mothers account for
slightly less of total earnings than in urban areas.”

Parental value of time, A, enters the reduced form [5]. In a competitive equilibrium, it would equal
the market wage if the person works in the market. For those working only at home, it will be their
shadow wage. It is, however, very hard to measure the shadow value of time; we assume it depends on
attained education of the person at the time of the survey which we use as a proxy for A in the regressions.
The substitution and income effects of wage changes are therefore subsumed in the education coefficients
along with the allocative impact of education on health input choices, and any direct impact on the health

production functions. The separate effects of education cannot be disentangled.

(a) Anthropometrics
We wish to determine how household — and in particular parents' — characteristics are related to

the height and weight outcomes of children. Modeling the heights and weights of children is

TPart of this difference arises because self-employment (eg. farming) is more important in rural areas. In
the survey net income from household enterprises was attributed to the person selling the output, which is
typically not the mother.
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straight—forward. Clearly a child's height will vary systematically with age and sex, and weight will also
depend on height. We could include a high order polynomial in age with sex dummies in the regressions to
replicate this growth function. Instead, we follow a more parsimonious approach. We use the NCHS tables
(NCHS, 1976) to convert all heights to a percentage of the median height of a child of the same age (in
months) and sex in the United States population; weights are similarly standardized conditional on height
of the child. Evidence (Habicht et.al., 1974; Martorell and Habicht, 1986) exists that well nourished children
of many ethnic groups grow similarly to North American or European children. This is also true in the
ENDEF éata, for the urban South, where standardized heights for children in the top PCE decile are, on
average, the same as the US median across all age groups. Since the NCHS weight—for—height standards
exist only up to heights of 145 cm for males and 137 cm for females, we have restricted the sample to
“children under nine years of age to avoid obvious sample selection problems. Weight measurements were
recorded to only the nearest kilogram. This resulted in such large measurement errors that it was decided
to exclude children under two years from the weight—for—height regressions. The older children are broken
into two age groups. Heights were measured in centimeters resulting in small rounding error even for small
children. - All children are therefore included in the standardized height regressions, and four ages are
distinguished.

The structure of the household roster relates each member to the head. Since we are interested in
parent's characteristics we are required to restrict our analysis to only children of the head. Of the children
for whom we have height data® only 1.4% are not relatives of the head and among the relatives, 91% are
children of the head. It turns out that conditional on age the heights and weights—for—heights are
remarkably similar for the two groups.

Table 2 presents, for each region and age group, mean weights and heights. Within each age group
children are tallest and heaviest in the urban South, and within each region, taller and heavier in urban

areas. Mean standardized heights—for—age, weights—for—age and weights—for—heights are also presented.

8Many of the people in the survey are guests or visitors for whom height and weight data were not
systematically collected. They were not included in these calculations.
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The distribution of standardized heights and weights—for—heights are reproduced for all age groups in
Figure I. We reproduce the distributions by age only for the urban Northeast in Figure 2.

Relative to standards in the inter—regional patterns of heights and weights are, of course, unchanged
although none of the differences are significant. It is now possible to meaningfully compare data for all age
groups; the entire distribution of standardized heights shifts to the left as we move from the urban to rural
South to urban Northeast and finally to rural Northeast. There are, it appears, important regional
differences in child nutrition outcomes which are independent of income; recall, on average, income is higher
in the urban Northeast than rural South.

Within each region, the distribution of standardized heights shifts substantially to the left as we
move from babies (0—5 months old) to older children; in all areas except the rural Northeast, almost half

-the babies are taller than the U.S. median. This proportion halves for 6—23 month olds and declines
monotonically with age in each region. Using 90% of the U.S. median as an indicator of stunting (see
Waterlow et. al, 1977) 10 percent or more of children fall below this standard, with roughly 1/3 of all
children in the rural Northeast below this threshhold.

Standardized weights follow a similar pattern — although there is considerably more heterogeneity
in weights than heights for each group. Conditional on heights, however, much of the inter—regional
differences in body mass disappear; the distributions for all four regions look remarkably similar. In fact, on
average, children from Southern Brazil and the United States have the same weight given height; children
from the Northeast tend to be lighter given stature. There is, however, a good deal of dispersion about the
mean. Less than 3% of children between 2 and 8 years of age fall below 80% of the U.S. median weight for
height (considered wasting by Waterlow et. al.,); similar proportions are reported for sub—Saharan Africa
(Svedberg, 1987).

Mean standardized heights—for—age and weights—for—height by deciles of per capita expenditure® and
education of the mother and father are presented in Figure 3 and Table 3 respectively. In all regions,

standardized heights rise with PCE, faster in the urban sector; we should expect, therefore, larger income

9Deciles are computed separately for each of the four regions.
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effects in urban areas. Weight—for—height also tends to rise with PCE, although not as fast as
height—for—age. There seems to be a lot of noise, especially in the rural areas and around the center of the
PCE distribution.

In the urban sector, we distinguish four educational categories: illiterate, literate, completed
elementary schooling and completed more than elementary schooling. Since the highest category accounts
for very few households in the rural sectors, we aggregate it with elementary schooling. The same
definitions will be used in the regressions below.

Mean heights and weights—for—heights rise with education of the mother and father, again — at
least in the case of heights — faster in the urban areas. The similarity of means, whether conditional on
mother's or father's education is striking. Since these are not conditional on income, if income is more
highly correlated with father's than mother's education, then we should expect mother's education, ceteris
paribus, to have a larger impact on children's nutrition outcomes. We shall find evidence to support this in

the regressions below.

(b) Survival Rates

The level of observation for the survival rate analysis is the mother; four age groups are
distinguished. The mean number of children ever born, survival rate and proportion who have never lost a
child are reported for each age group and region in Table 4. As with the standardized anthropometrics,
average survival rates can be ordered from the urban South to rural South to urban Northeast and finally
rural Northeast. Survival rates also decline with age — as they should since children of older mothers will
tend to have been exposed to mortality risk for longer. The differences between the urban and rural South
are small — although rather fewer mothers have lost a child in the urban sector. In the Northeast,
mortality rates are higher and the difference increases with age; in addition there is a significant difference
between the urban and rural sectors. These regional differences are well known and have been documented
in several places (see, for example Merrick, 1983, and National Research Council, 1983).

Survival rates tend to rise with PCE (Table 3) faster in the Northeast than Soutﬁ, and the

proportion who have lost a child falls. The same patterns emerge with respect to education and again the
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effects of mother's and husband's education are remarkably similar. Conditioning on income, we should

observe rather different results; see the discussion above.10

4. CHILD ANTHROPOMETRIC REGRESSION RESULTS

The results of regressing the logarithm of standardized child height for age on a set of household and
individual covariates for all children under 9 years old are reported in Table 5. Table 7 reports the results
of regressing the logarithm of standardized weight for height on the same covariates for children aged
24107 months. In all cases, we allow for region—specific effects by estimating the regressions separately for
each region.!! Means and standard deviations of the variables used are presented in Table A.l. Included in
the covariates are parents' education and stature. The inclusion of father's height — and thereby the
exclusion of children without fathers present in the household — raises potential sample selection problems.
The excluded children are somewhat shorter and have mothers from poorer households. Dropping father's
height and running regressions with the larger sample including all children of the househoid head results in
parental education coefficients rising by small amounts. Regressions using the smaller sample but excluding
father's height leads to the conclusion that it is the sample composition, not the exclusion of father's height,
which gives rise to this difference. Since the difference is not large in magnitude, and given the importance
of father's height, the tables are based on the smaller sample. Results including father's height are
discussed in the text.

Regression estimates for standardized height are estimated separately for ages 0—5 months, 6—23

months, 24—59 months and 60-107 months and reported in Table 6. This is intended to allow for different

101t has been argued that estimates of mortality based on the ENDEF data are high (National Research
Council, 1983), although it is not clear whether or why this should be true. Our objective is not to
reproduce aggregate mortality estimates but to evaluate individual household mortality outcomes as a
function of economic resources and household behavior. Our results should not be affected by this
discrepancy unless households have been non—randomly selected into the ENDEF sample in a manner
related to those variables we wish to explain. There is no reason to believe the survey has systematically
over—sampled households at low (or high) mortality risk and so we shall ignore the aggregate discrepancies.

URegressions are presented including household non—earned income [second column] and, in addition,
non—mother earned income [first column].
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impacts of parental education, household income and parental heights for these groups. Nutritional stresses
may vary with age. In particular the supplementation of breastfeeding with other foods, typically starting
at 6 months, may give rise to problems stemming from unclean water or poorly prepared foods. As a child
ages these pressures may become weaker as the transition into a solid food diet is cqmpleted. - Consequently
there may be a reduced impact of factors such as mother's education as the child ages past weaning (see

Barrera, 1987, for such evidence from the Philippines).

(i) Height regressions: Pooled over child's age

Relative to weight—for—height, the height—for—age coefficients are much more precisely estimated and
these are considered first. Mother's and father's education are positively and significantly associated with
child height. In the urban South, for example, the Wald test statistic for all education coefficients equal to
zero is 135 for mothers and 110 for fathers (with three degrees of freedom in both cases).

A child of a mother who is literate but did not complete elementary school can be expected to be 0.5
to 1.3 percent (depending on the region) taller than a child of an illiterate mother. The percentage
differential rises to between 2.4 and 3.0 for children of mothers in urban areas having completed secondary
school or higher. Notice that when non-mother's earned income is dropped from the regressions, the
coefficients on secondary or higher education rise, although the changes are barely noticeable for other
levels.

The significance of father's education, even after éontrolling for non—mother earned income, may
reflect a component of permanent incpme, or it may reflect failure of the separability assumption (see
Section 2(b)) say through the husband's participation in childcare. In fact the magnitudes of the
coefficients are very similar to those of mother's education, except in rural areas where the impact of
father's education is smaller. As for mother's education, it is only the father's secondary or higher
education coefficient which rises when non—mother earned income is dropped.

Although the effects of non—mother's earned income are weak in magnitude, they are statistically
significant with a p—value less than .0l in all regions. If non—mother earned income rises by a standard

deviation, then the height of an average child will rise by 1/2 a percent in the urban South and just over 1%
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in the urban Northeast. The magnitude of the effect is similar to the difference between a literate and
illiterate mother or father in all regions except the urban South, where the effect is only half of the
schooling effect. The household unearned income terms are not jointly significant in the two rural regions,
“and their coefficients are smaller in magnitude than for non—mother's earned income. This is consistent
with substitutability between mother's and husband's time in child care. As husband's wage, and labor
supply, rises the mother will devote more time to home activities if substitutability prevails. Provided this
activity is intensive in mother's time, there should be an increase in child nutrition outcomes apart from the
pure income effect.

Both mother's and father's heights are important determinants of child height. If parental heights
affect child heights only for genetic reasons, then the coefficients on mother's and father's height should be
"equal. This restriction is rejected in all regions — with a p—value less than 0.006. Parental heights are
presumably also proxying for human capital investments in the parents, including the mother's nutritional
status during pregnancy, which are not picked up in the. income or education coefficients. These
non—genetic factors are more important in the case of the mother. Furthermore, the difference between the
impact of the mother and father's height is magnified when separate regressions by child age are considered.
(See Table 6). The results that parental heights are important and that maternal height has the greater
impact are consistent with a variety of other stﬁdies including studies of U.S. heights from the HANES
survey (see Chernichovsky and Coate, 1983). Average mother's height ranges from 93.1 per cent of the U.S.
median female adult height (163 ¢cm) in the rural Northeast to 95.4 per cent in the urban South. Mothers
living in the rural Northeast who are 163 cm would be expected to have children who are 94.6 per cent of
U.S. standards, instead of 91.6 per cent as is the average Northeast rural child. For a mother of 163 cm in
the urban South the equivalent numbers are 98.0 per cent instead of 97.0 per cent.

Age of the mother at birth of the child is significant in all four regions (with a p—value under .0l).
Its magnitude indicates that delaying childbirth five years would be associated with heights higher by

roughly 0.5 per cent. While one would expect this impact to be nonlinear, a quadratic specification did not
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add significant explanatory power to the regressions.!2

Coefficients on child age indicate how Brazilian children fare at different ages relative to U.S.
children. The results indicate that heights lag significantly by 6 months with the difference increasing from .
6 to 24 months. This period coincides with the supplementation of breastfeeding and weaning and is
consistent with age patterns found elsewhere (e.g. Barerra, 1987., for the Philippines, or Svedberg, 1987, for a
summary of African evidence). There seems to be a slight relative improvement at two years followed by a
slight worsening at three or four years after which the age coefficients remain roughly constant.

The Northeast and South are both quite large, so state dummy variables are also included to capture
effects of different food prices (and thus diets), different health and education infrastructure as well as
underlying disease environment. In the urban Northeast children in Pernambuco (Recife) are taller than
those in Bahia (Salvador) (the omitted state), after accounting for the influence of parental education,
household income and parental height. Children residing in Ceara (Fortaleza) are smaller, with those living
in Piaui and Maranhao being shortest. In rural areas of the Northeast all states seem to be very similar
except for Maranhao and Piaui, where children are again smaller even after accounting for parental and
household characteristics. In the urban South children in Parana and Santa Catarina tend to be 1.3 percent
shorter than children in Rio de Janeiro, (the left out state), other factors held constant, followed by children
in Rio Grande do Sol and Brasilia. In the rural South region also makes a big difference, with children
surrounding Brasilia and in rural Parana being roughly I per cent shorter than children in rural areas

surrounding Rio.

(a) Regional Comparisons

Regional differences might also occur in covariate cbefﬁcients, especially if the effectiveness of these
variables depends on underlying community health levels and infrastructure. Comparing the rural and
urban South and Northeast results, some major differences are apparent.

Non—mother's earned income coefficients are considerably higher in the Northeast than the South

12Using age of the mother at the time of the survey gives similar results.
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and in rural rather than urban areas. This would be expected with a nonlinear income effect. Parental
height coefficients are slightly higher in rural areas, although no differences emerge between the Northeast
and South. This suggests that there may be factors in urban areas which substitute for the influence of
height.

Mother's education seems to have roughly the same impact in the South as the Northeast, but
coefficients are larger in urban than rural areas. If it were thought that mother's education, infrastructure
and level of development are substitutes, then both these results would be surprising.

Father's education coefficients are about the same in the urban South and urban Northeast except
for secondary or higher, for which coefficients are larger in the urban Northeast. They are smaller in the
rural Northeast and smaller still in the rural South. The fact that both parents' education coefficients are
larger in urban areas raises the possibility that selective migration of better endowed households to urban
areas may be partly responsible. Had the sample been stratified by region of origin rather than region of
current residence, which was not possible with these data, these differences might not have emerged (see
Schultz, 1986, for a discussion of earnings equations using Colombian census data in which these patterns
emerge).

-The one other difference between regional results of note are the coefficient magnitudes on child age.
Beginning at 6 months, the shortfall in height relative to U.S. standards, is much higher in the Northeast
than the South and in rural versus urban areas. This heterogeneity probably reflects variation in levels of
disease, health infrastructure, water supplies, or food prices (hence diet), which over and above household

level factors, make the period beginning with food supplementation more risky to child growth.

(b) Comparisons by Child Age Group

Examining results by child age group (Table 6) several patterns appear. The impact of mother's
education tends to decline with child's age, a pattern also found by Barrera (1987) for the Philippines.
Non—mother's earned income and to a lesser extent father's education seems to have greatest influence on
the 6—23 month old group, with a declining coefficient as the child ages beyond that. This may result from

a cleaner, less disease ridden environment, increased food intake, as well as perhaps better quality foods.
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Finally a very pronounced pattern emerges with the parental height coefficients. The magnitudes are
considerably lower for the 0—5 month group in all four regions, a result often found in the medical literature
(see, for example, Garn and Rohmann, 1966, or Mueller, 1986). Indeed father's height has a negligible
influence for this group (again noted in the medical literature, e.g. Tanner, 1962), although the size of the
impact rises for the 6—23 month group. This suggests a complex interaction between heights of parents and
the nutritional and disease stresses which affect children of this age. Finally note that for the 0—5 month
age—group maternal height has a larger effect in rural areas (as is the case for the pooled results), but this

difference vanishes with the 6—23 month group.

(i) Weight—for-height regression results

The weight—for—height results, reported in Table 7, are rather imprecise. Many short run factors
such as disease or food intake and energy expenditure may lead to short—run variations in
weight—for—height, though not height.

Of household and parental characteristics, non—mother earned income seems to have the largest
impact. It is significant in urban areas, with a p—value of under .0l, though not significant in rural areas.
As for the height equations, its coefficient is higher in the Northeast than the South, and in rural over
urban areas. Mother's education is significant only in the urban South (both jointly and individually for
the highest category) and the rural Northeast (only for elementary school or higher). Father's education is
positively related to weight for height only in the urban Northeast and, perversely, has a significant

negative effect in the urban South.

5. CHILD SURVIVAL REGRESSION RESULTS

The child survival sample uses all women aged 14 and over who have had at least one live birth.
Variable means can be found in Table A.2. In contrast with the anthropometric regressions we include
women with no husbands in this analysis and so do not include a husband height variable. The reasons for
this are two fold: the selectivity effects on education and income coefficients seem stronger in this case;

secondly experimenting with a smaller sample for which husband height is available we find the magnitude
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of its effect is small (see page 23), consistent with its small impact on heights of 0—5 month olds.
Husband's education is included in the covariates, although now we need to control for the existence of the
husband by an additional dummy variable. Maximum likelihood estimates of the upper censored Tobit
likelihood function are reported for all women and separately for women aged 25-34, 35-44 and 45 and
over.13 Splitting the sample by age of the mother at the time of the survey is intended to allow income,
education and mother's height to have different impacts, since health and schooling infrastructure, as well
as the disease environment may have differeed for different mother cohorts. If education and income
interact with these changes then their coefficients should differ across age groups.

Some strong common patterns emerge from the pooled results. Mother's education coefficients are
large in magnitude and significant. Looking at slopes of the expected value locus!4 (Table 8), being literate

~without having completed elementary education raises expected survival rates over nonmliteracy by between
3.7 to 6.1 percent, depending on the region. Completion of elementary education has an impact of between
5.2 and 12.2 percent, while secondary or university education raises urban child survival by between 10.1 and
15 percent. These are very large proportionate impacts especially when one considers that mortality rates
are falling from levels of .24 in the rural Northeast to .l in the urban South (Table A.2). When
non—mother's earned income is dropped from the analysis, the coefficients increase very little, the largest
change being for the secondary and college education dummy in urban areas. Education is thus not simply
a proxy for measured income, especially not at lower levels.

Husband's education also has an important influence but less than for m;)ther's education. This
result conforms with findings in the child survival literature (for example, the surveys of Cochrane, Leslie,
and O'Hara, 1982, and Mensch, Lentzner and Preston, 1986 but see Trussell and Hammerslough, 1984, for an
exception). While the impacts rise, especially for the higher education levels, when non—mother's earned

income is dropped they are still substantially below mother's education coefficients. The one anomaly in

13Small sample size precluded separating the 14-24 year old group; this group is included in the pooled
regression.

14That is the change in expected survivor rates resulting from a change in the independent variable, rather
than the Tobit coefficient. :
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this pattern is in the rural Northeast where the husband completing elementary school has a negative effect.
As pointed out for the height regressions, this may result partly from a selective migration pattern of higher
skilled educated males out of the Northeast.

For the income coefficients, non—mother's earned income, its square and interaction term with
unearned income are jointly significant with p—values less than .0l in all regions except the rural Northeast,
where it is .03. The magnitudes of the impact of increasiﬁg non—mother earned income by one standard
deviation region specific is .017 in the urban South, .019 in the rural South, .028 in the urban Northeast, and
.016 in the rural Northeast. These effects, while positive are much smaller than for mother's education and
are also smaller than for husband's education. Household unearned income coefficients are not jointly
significant (except in the urban Northeast) and tend to be smaller in magnitude than for non—mother
earned income as was true for the anthropometric regressions. Again this is consistent with husband's and
mother's time being substitutes in child health activities.

Mother's nutritional status or genetic endowments, as proxied by her height, plays an important role
in child survival holding education and income constant. When the logarithm of height as a proportion of
median U.S. female adult height (an attempt to standardize for any teenage mothers) is used as a variable
the slope of the expected value locus is approximately .32 in all regions except the rural Northeast where it
is just over .50. This means a mother in the urban south whose height is at the median for the U.S. (163
cm) is associated with a child survival rate .014 higher than that of a mother at the mean height for the
urban South (155.5 cm). Relative to the U.S. median mother's height is only 92.9 percent in the rural
Northeast. A woman of 163 cm can expect a .037 higher child survival rate than a woman of average height
there.

The mechanism through which mother's height is working is likely to be birthweight. This is
consistent with the strong impact of mother's height on child height—for—age also reported in this paper.
There exists abundant evidence (see, for instance, Chen, Chowdhury and Huffman, 1980, or the review, by
Martorell and Ho, 1984) that such a relationship exists between low birthweight or low weight—for—age and
subsequent child mortality. To our knowledge, however, most other multivariate analyses of child mortality

or survival have not had controls available for mother's stature.
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The impact of husband's height (not reported) is much less in magnitude and significance than
mother's height, with expected value slopes of .104 for husband's height versus .237 for mother's height in
the urban South and .137 versus .306 in the rural South. Standard errors are almost identical between
husband's and mother's height so that t—statistics are correspondingly lower, though still significant at the
05 level. This result is consistent with the relative absence of an impact of husband's height on length of
0—5 month olds. Inclusion of husband's height in the regressions requires the exclusion of a large proportion
of observations; 17% in the urban South, 8% in the rural South, 23% in the urban Northeast, and 15% in
the rural Northeast. Mothers without husbands include unmarried mothers and older women whose
husbands have died; they tend to be less well educated and have lower income than women with husbands
present in the household. Dropping them from the analysis while omitting husband's height lowers the
coefficients of mother's education and income, while slightly raising husband's education coefficients. For
instance in the urban South the slope of the expected value locus is lowered roughly 8 percent, from .083 té
076 for mother's elementary education and from .10l to .094 for secondary and higher education. This may
represent a selectivity effect, and since the impact of husband's height is small, these results are not
reported.

Holding constant education and income, there are large effects of mother's age. While this partly
represents older women having older children, who have consequently had more exposure to mortality, it
also contains cohort effects related to more health and educational infrastructure investments, as well as
possibly a reduction in underlying disease incidence. In general, the coefficients are increasingly negative
with higher age, although some exceptions exist notably in the rural Northeast, where survival rates bottom
out with 50—54 year olds. This may reflect less health mothers dying at younger ages in the rural Northeast
compared to higher income regions. The differences in magnitude, especially between extreme ages, is large.
For instance in the urban South a woman aged 60 or over is likely to have had a survival rate lowered by
14 compared to a 25—29 year old with the same education and household income. Even compared to a
40—44 year old the over 60 year old's child survival rate would be lower by .09. In the rural Northeast the
same differences are estimated as .14 and .02.

Mothers having husbands with no education at the time of the survey tend to have lower child
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survival than those who do not have husbands at that time. This is, of course, controlling for mother's age,
education, and household income variables, but is nevertheless surprising. The expected value loci slopes
cluster near —.015. If the husband has some education then this effect is reversed since the coefficients on
“husband's education are positive and larger in absolute value than for the coefficient on the existence of a
husband.

Even though the analysis is broken into two regions with urban—rural distinction within each, these
regions are still large. Using state dummy variables allows for further distinction based on differences in
health and food input prices, quality of infrastructure, and underlying disease incidence. Within the
Northeast differences are especially large. For urban areas Bahia (Salvador), the omitted state, and Piaui
have the highest survival rates after controlling for individual and household level factors, followed by
Pernambuco (Recife), Maranhao (Sao Luis) and Ceara (Fortaleza). Rio Grande de Norte. (Natal) and
Paraiba (Joao Pessoa) register the lowest survival rates, some .07 lower than Bahia after controlling for
observed household level influences. In the rural Northeast Piaui has the highest survival rates followed by
Bahia and Ceara. Alagoas and once again Paraiba share the lowest rates. In the South, the state
differentials are much smaller than in the Northeast except for Rio Grande Do Sul, which has markedly

higher survival rates in rural and moderately higher rates in urban areas.

(a) Regional Comparisons

Regional price, infrastructure and healthiness factors may not only shift child survival rates, but also
affect the impact of household level covariates. Better educated mothers may have less or more impact on
child survival depending on whether her education is a substitute or a complement to health infrastructure
and community healthiness. Likewise income may have more impact when incomes are low or under a
more severe disease environment. These issues can be explored by examining differences in slopes of

expected value loci across regions and rural and urban locations.1® Important differences emerge from such a

15Note it is the expected value loci slopes, not the Tobit coefficients that should be compared. This is
because the proportion of observations which are censored varies enormously between the four different

groupings.
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comparison.

For mother's education, effects are stronger in the Northeast than in the South, with proportionately
larger differences with higher education levels. This is certainly consistent with mother's education being a
- substitute for health infrastructure and underlying healthiness, both of which are higher in the higher
income South. Moreover, the degree of substitutability may be higher for more educated women. These
regional differences may even be understated if women of the same education and income delay childbirth
by longer in the South than in the Northeast, since then the education coefficients will be biased upwards
by more in the South.

Contrasting urban and rural areas a different story emerges. In the South, mother's education has a
larger impact in urban areas, while in the Northeast results are mixed, having a little education has a larger
impact in-urban areas but having completed. elementary school or more has greater effect in rural areas.
Thus these results are in partial agreement with the height regression results. Quality differences in urban
and rural schools are unlikely to be responsible since the pattern on husband's education coefficients for
child survival do not match. Here a qualification is in order. Since equivalently educated mothers probably
delay childbirth by more in urban areas the differences may be overstated.

For non—mother earned income impacts on expected survival rates are higher in the Northeast than
in South and in rural than in urban areas. This is consistent with a non—linear income effect, possibly
resulting from substitutability between health inputs purchased with higher income and community health
infrastructure or healthiness.

Husband's education coefficients have a less clear cut pattern. Completion of elementary school or
high school and university education has more impact in the urban Northeast than the urban South, but
the opposite is true for having literacy but not having completed elementary school. In rural areas
meanwhile there is a slightly higher impact in the South. Between urban and rural areas impacts are higher
in rural areas for small amounts of education, but higher in urban areas for elementary or higher. As
mentioned in the discussion of the height regressions, this may reflect selective migration of more skilled
higher educated males out of rural areas, particularly in the Northeast.

For mother's height the differences in coefficients between regions is small, except for the rural
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Northeast. Impacts are higher in the Northeast and in rural areas, which may reflect substitutability
between birthweight and health infrastructure resulting in fewer low birthweight children dying in the
South and in urban areas. |
Finally, examining the differential impacts of mother's age cohort reveals a number of patterns. The
coefficient differentials which hold education and income constant, are larger for the oldest cohorts in the
Northeast than in the South, and larger within rural areas in the South. The difference in coefficients
between 4044 year olds and over 60 year olds is largest in the urban South, .09, and smallest in the rural
Northeast, .02. This is consistent with other evidence that mortality declines began earlier in the South
(NRC, 1983), but suggests that recent — to 1974/75 —— advances may have been larger in the Northeast,

again holding household factors constant.

(b) Comparison by Mother's Age

The results presented thus far have pooled mothers of different ages allowing for only an intercept
shift effect. Results allowing for interactions with the other covariates are presented in Table 9. Sample
sizes for the 1424 age group are small, so they are omitted. For mother's education there is a tendency for
a larger impact among older women in all regions except the rural Northeast. While part -of this effect may
result from less exposure to death of children of younger, more educated women, it is also consistent with
increasing overtime infrastructure substituting for mother's education.  Husband's education and
non—mother's earned income shows an opposite pattern, having a slightly higher impact for mother's aged
25—34 than for older mothers. This may be an indication that current income of older women does not
measure their past income well. Mother's height has a markedly lower impact on expected survival rates of
younger mothers. This is further support for substitutability between child ‘birthweight and general

improvements in health and health infrastructure.

6. CONCLUSIONS
Large regional and urban—rural differences exist in Brazil in child survival and nutrition outcomes. Some of

these differences can be explained by differences in parental education, household income, and parental
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stature. For child survival, maternal education dominates husband's, and maternal height dominates
husband's height. The importance of maternal education on child height and survival duplicates studies in
other countries. Effects of maternal stature on child survival, holding constant other factors, have rarely
been documented. Income and husband's education independently affect height and survival outcomes.
The effect of income on survival has not been much explored in previous work.

The impacts of these household level variables differ by region and urban or rural residence,
particularly on child survival outcomes. These differences suggest that maternal education has a higher
impact on child survival in the poorer Northeast than in the South. A similar pattern emerges for
household income on both height and child survival. In addition the greater impact of maternal height in
rural areas, and in the Northeast of child survival suggests that regional factors are playing both an
important independent role, as well as modifying the impact of household level variables. - The smaller role
of maternal education and height among younger cohorts in explaining child survival outcomes suggests
there may be substitution between community and household level factors. Which community factors are

responsible is, however, unclear. This is an important avenue for future research.
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Survival Rates

Table 4

Age of mother Mean (Sd) =1
in years
South
Urban 89.5 (19.3) 69
14-24 94.1 (17.9) 88
25-34 93.4 (15.9) 81
35-44 90.8 (16.8) 69
245 83.8 (22.4) 54
Rural 87.6 (18.9) 58
14-24 93.9 (17.9) 87
25-34 90.6 (17.3) 69
35-44 88.4 (17.3) 57
245 82.0 (20.4) 39
Northeast
Urban 80.0 (25.2) 49
14-24 87.8 (25.1) 76
25-34 85.8 (21.8) 62
35-44 80.9 (23.3) 46
245 72.4 (27.1) 33
Rural 75.6 (24.9) 34
14-24 84.1 (28.4) 70
25-34 80.0 (23.0) 45
35-44 74.2 (23.7) 27
245 69.9 (24.2) 20
Notes:

Survival rates measured in percentages.
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FIGURE 1(b) : DISTRIBUTION OF STANDARDIZED WEIGHT FOR HEIGHT

with cumulative %age of observations <80, <90 & <100% of median
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FIGURE 3 : MEAN STANDARDIZED HEIGHT FOR AGE AND WEIGHT FOR HEIGHT
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