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Abstract

This study analyses how childhood health determines future academic performance in Kagera region in
Tanzania. Academic outcomes considered are years of education and delay in enrollment, while the measure of
childhood health is (relative to the median) height. The repercussions of malnutrition in childhood on subsequent
learning and school performance are analyzed by using a unique longitudinal dataset. Results indicate the degree
to which malnutrition leads to reduced lifetime earning capacity due to both delays in schooling and declines in

total schooling.



[. Introduction

Severe hunger attracts public attention. In contrast, chronic hunger and malnutrition receive
less policy interest although they are considerably more prevalent in developing countries.
Malnutrition is neither a short term crisis nor a disease which brings immunity for survivors.
Rather it is a life cycle process that affects productivity and resources devoted to health over a
lifetime.

While decreasing the incidence of malnutrition is often justified on intrinsic grounds
as well as in terms of reduced mortality, potential gains in productivity and reductions in
economic costs contribute much of the total economic returns to investing in nutrition
(Behrman et al., 2004). Such estimates are largely driven by the expected increase in future
productivity and thus higher future wages that come from investing in maternal and child
nutrition. If an adequately nourished child starts school earlier or repeats fewer grades at
school, the child will either enter the labor force earlier than an undernourished comparable
child or will complete more schooling or both. Even without a probable increase in cognitive
abilities (Behrman et al., 2004) this child will receive higher earnings for his/her entire
productive life.

A number of empirical studies confirm the underlying logic that nutrition programs
targeted to children in their early childhood have appreciable influence on education. Many
of these studies have controls for the fact that the factors that determine malnutrition also
influence schooling (Maluccio et al., 2006, Alderman, Hoddinott and Kinsey, 2006, Glewwe
and Jacoby, 1995, Glewwe, Jacoby and King, 2001, Behrman, 1996)." The current paper
adds to that literature, investigating both delay in school entry and the total years of schooling
attained. Either of these could affect long-term economic prospects of children. Our aim is to
detect the impact that an improvement in nutritional status in childhood will have on the child

and the future adult. In particular, we ascertain if and to what extent malnourished children



are more likely to show lower academic grades ultimately achieved and if they achieve them
later on time due to school entry delay. We ask if malnutrition affects delay in starting school
only or both the time of entry in school and the final grades accomplished. We employ panel
data from Kagera region in Tanzania for this task, and, thus, link a child’s observed

nutritional status with that child’s subsequent school outcomes.

[1. Analytic Approach

The most nutritionally vulnerable period of the life of a child is the first 18 months of life
(Shrimpton et al., 2001). A child who is malnourished in the first stage of life is likely to
remain stunted in his/her adulthood. Moreover, malnutrition early in life is negatively
associated with cognitive development; malnourished children will most likely perform worse
at school than their healthy siblings. Thus, the health consequences of poor nutrition may
influence the amount and timing of school enrolment. A child who has fewer completed
years of schooling or has learned less in his or her time in school or both will exhibit a lower
productivity when in the labor market.

A few studies have separated the direct impact of nutrition on schooling from other
factors that both determine schooling as well as nutritional status (See Behrman, 1996 and
Alderman, Hoddinott and Kinsey, 2006 and the references in these articles). This evidence
could be in terms of enrolment delay, which postpones the age at which the final grade is
achieved, or in the amount of grade repetition or comparatively early termination of studies.
However, since many studies are based on children still in school, one needs to take this
sample characteristic into account in order to determine the relation between ultimate grade
achieved and malnutrition. Our study disentangles the impact of nutritional status both on
delayed enrolment and final grade achieved by accounting for right hand truncation of the

outcome variable, without which the impact of malnutrition on schooling would be



exaggerated (since students who enrolled late — the most malnourished - are more likely to
still be in school).

The measure of nutritional status of the child that we use, percentage of median
reference height, reflects parental decisions on investment in child’s health as well as the
child’s genetic endowment. Child’s height is thus the outcome of both household and
community characteristics, including some transitory shocks. We consider two periods of life
of an individual: early childhood and adolescence. Adolescence outcomes are observed in
2004 in terms of grades attained. These, as well as delays in enrollment, are related to
childhood nutrition status in 1991-1994. Our analysis exploits the longitudinal dimension of
the panel by linking information on individuals aged 10 or less in 1991-1994 with new data
on the same individuals collected ten years later. To estimate the impact of children’s
nutrition on their future educational attainments we perform a regression of education
achievements of respondents aged 10 or less in their last interview between 1991-1994, by
using the height of the child at that time relative to that of the median of the reference
population, for the same age, month and sex, as a regressor. As indicated below, we also used
an instrumented version of this regressor in alternative specifications.

Delay could reflect a filter imposed by schools if administrators use height as a sign of
school readiness or it could reflect parental assessment of whether their child is ready to start
the learning process or not. Glewwe, Jacoby and King (2001) verify that late school entry
may improve a child’s ability to perform school work. Nevertheless, even if, contrary to a
plausible and common assumption, a child’s capacity to learn is uncorrelated or positively
correlated with entry date, late entry may lead to a decline in total school attained since it
likely raises the opportunity cost of each year of school. Moreover, even if entry delay did
not influence the total years of schooling it would still be costly as the child will enter the
labor market with a delay, ceterisparibus. Such a postponement reduces life-time earnings.

Glewwe and Jacoby (1994) calculate the cost of an average delay of two years of school to be



about 6% of the individual life-time wealth, assuming the interest rate to be equal to 3% and

an infinite horizon’.

[11. Econometric M odel
As mentioned, we look at the age at which a child starts school as well as completed

years. The reduced form of the school outcomes can be written as follows:

Dk = ap f(Si)+ BoZk + uk (1)

Aok = aa F(Si)+ Badic + vic (2

where subscript 1 and 2 refer to period 1994 and 2004, respectively; f(Sik) is a function of Sy,
which represents the nutritional status of respondents when interviewed ten years ago and
allows for a more flexible impact of health status on educational outcome; Dy and A,y stands
for years of delay in enrollment and school attainment of the child k in the second period of
observation. Dy can assume positive discrete values as does Aok for which the maximum value
is, in general, the maximum grade attainable’. Z is a vector of household, community and
individual characteristics. We allow the two error terms vy, uy, the individual specific error
terms, to be correlated via the correlation coefficient p, to be estimated by our model and test
this possibility (Glewwe and Jacoby, 1994). A correlation may come about, for example, if
children entering school earlier are more likely to be more able to learn as well.

Both dependent variables are latent variables observed as discrete and ordered
variables. The actual number of individual years of schooling is determined by the value of a
latent (unobserved) variable which indicates the (latent) propensity for schooling as is the
propensity to go to school on time, of which we observe the counterpart D, the number of
years of delay. The dependent variables, Dy and Ay, estimated are thus redefined as

unobserved latent variable D * and Ax*, corresponding to the observed values of years of
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delay in school enrollment and school attainments. An individual will have myears of delay
and n years of schooling if the latent variable Dy*, Ax* falls between two threshold
parameters or cut-off points corresponding to years of delay mand nt+1 and grades nand n+1
as follows: cutm <Aa*<cutm+1, cutp,<Az*<cutp+1 where the threshold parameters (cutm, cuty)
have to be estimated by the model along with the set of coefficients 3 and c.

Assuming normality of the error terms in equation (1) and (2) we can write the
probabilities associated to each of the possible state of delay in enrollment and years obtained.
For example the likelihood term corresponding to n completed years of schooling with delay
is as follows:

PR(years=n& Delay =1) = ®(years< n+1,Delay = 0, p)— d(years< n,Delay = 0, p).
where O(Y<y,X<x, p) stands for the joint cumulative bivariate normal distribution of Y and
X, with correlation coefficient equal to p.

We allow malnutrition to have an impact on both educational outcomes.
Malnourished children are less ready to go to school and also less able to learn when in
school. In addition to influencing the timing of schooling as well as overall ability,
malnutrition could have an indirect effect on the level of education obtained if a delay in
school entry shifts school entry to a later point in time. Although the gap in educational years
could still be recovered over time if delaying school has no effect on the actual grades
obtained, children who delay are usually associated with higher drop-out of school and worse
learning when in school.

One potential problem source of bias is the endogeneity of the childhood nutritional
status which could generate a correlation between nutritional status and the error component
ux and vi. This correlation could stem from unobservable household preferences which
influence both schooling and health investments. Households with a higher propensity for
investments in children may feed them better as well as enroll them in school earlier and keep

them in school longer. Moreover, a child specific component (ability) that is known to
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parents but not the researcher might lead them to invest differently in each child. If children
who show higher abilities to school are also better fed by parents, as suggested by Glewwe
and Jacoby, (1995) the effect of height would be overestimated.* As discussed further below,
community shocks interacted with individual variables are used to instrument early childhood
nutritional status.

The dependent variable, years of schooling, indicate a cumulative investment in an
individual’s education. Both delay on school entry and grades attained are the observed
outcome of the latent propensity for schooling. Moreover, it is the outcome of a series of
ordered discrete choices (see for similar approach Glewwe and Jacoby 1994 and Glick and
Sahn 2000) and not a continuous variable of grade attainment. Going to next grade is
conditional on the previous grade attainment. An additional feature of the sample is
censoring of the variable of interest. Years of education are right censored for those who are
still in school; years attained do not necessarily indicate the total years of education to be
achieved by the respondent if (s)he is still going to school. As the respondent’s age is
between 10 and 20, most of children are still enrolled in school and expected to complete
additional years of education.

One way to eliminate this problem of right censoring would be to consider only a
sample of respondent old enough to have already completed their educational attainments by
the time of the interview. However, by restricting the sample to older respondents we would
lose the information on their nutritional status in their childhood, given the characteristics of
the data. As the focus of this study is to detect how malnutrition in early childhood affects
outcomes as adolescent, we select those respondents who were children in the first waves of
the survey and control for the right censoring of the dependent variable. Consequently we
employ two ordered probit model equations to estimate both the determinants of years of
schooling and delayed years of school entry, extended to control for right censoring of the

years of school. Given the measure of the school outputs, it would be unwise to use an OLS



technique, which implies a cardinal ranking between grades completed, while grades
completed can only be ordered.

Several functional forms and indicators were tried to identify the type of relation
between health nutritional status and educational outcome. With any indicator used the impact
of nutrition on educational output is clearly non-linear. We thus used a quadratic form of
height (as a percentage of the median of the reference population with the same age and sex)
as regressor to control for the non-linearity. This variable maps to z-scores that are
commonly used in studies of nutrition, but has the advantage of always being a positive
number. We verified that this functional form did not force the curvature by comparing the

results with that using spline functions with nodes at 85 and 95 percent of median heights.

V. Data Set

The study uses a panel data set that combine the 2004 Kagera Health and Development
Survey (KHDS) with all individuals who were household members in any round of the KHDS
1991-1994.> All household members in 2004 belonging to the same household of respondents
in 1994 were administered the full household questionnaire which collected information on a
wide range of topics, including: housing amenities, consumption, income, assets, time
allocation of individuals, business activities, remittances, support from organizations,
education, and health, including anthropometric measures, which are the key variables of our
study. The community questionnaire collected data on the physical, economic and social
infrastructure of the baseline communities.

While the questionnaires for the KHDS 2004 were revised to take into account the 10-
year retrospective, where possible, comparability is maintained with the baseline KHDS
survey instruments. Revisions to the questionnaires were made in order to reflect changes in
the region since 1994 (such as, the presence of new community organizations or recent health

campaigns). Moreover, the revised questionnaire was redesigned in an effort to capture key
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transitions that have occurred since the previous interview. These revisions included
expanded questions on the circumstances of deaths. For individuals who no longer reside
together, there is information on remittances, loans, bride price payments, social
communication and labor transfers between previous members. For all panel respondents,
there is a module on the incidence of economic shocks (both positive and negative) in the last
10 years. For respondents who re-located since their interview in 1991-1994, there is
information on migration. Lastly, a special module on informal insurance groups was
included.

A considerable effort was made to track surviving respondents to their current
location, be it in the same village, a nearby village, within the region, outside the region, or
even outside the country. The success of panel surveys is often measured in terms of re-
contact of households, rather than individuals therein. By this measure, excluding households
in which all previous members are deceased (17 households with 31 people), the KHDS 2004
survey re-contacted 93% of the baseline households (835 out of 895 households; 8.4% of
these were interviewed outside Kagera). At the individual level, 78% of children who were
under 10 years old in the first wave were reinterviewed, 7% died and 15% were not found.
This attrition rate compares favorably with other panel surveys in both low-income countries
and high-income countries.’ All households where at least one member was ever interviewed
in 1991-1994 were re-interviewed in 2004. Over the decade, it was found that many of the
original household members now formed a new, separate household. Typically individuals
noted as dependent children in the early survey lived independently in the later one; others got
divorced, orphaned or went to live with family. Resurveying the members of the original 835
households required visiting over 2,700 households in 2004.

Following the methods set out in Fitzgerald, Gottschalk and Moffitt (1998) and
Alderman et al. (2001b), we estimated a probit to determine whether there was attrition based

on observable variables. This involves regressing a dependent variable equal to 1 if the
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school attainment is observed in 2004 and 0 otherwise on initial height-for-age and a set of
child and family characteristics. As there was no statistically significant relationship between
initial height-for-age and attrition — the coefficient was -.005 with a standard error of .027 —

there 1s no evidence of attrition bias.

V. Descriptive Statistics

Our analysis focuses on the impact of health in childhood on academic achievements.
These two outcomes of investment in human capital are measured at different stages in life.
School achievement in year t is a cumulative result of regular investments including those in
nutrition in early stages of life. The health status of an individual reflects various interacting
factors such as the quality of environment, genetic factors and available resources, which are
other inputs in the academic achievement production function’. As mentioned, the children in
the sample are aged between 10 and 20 years and some of them may have not completed their
educational attainments. Years of education are, therefore, right censored for those children
who are still in school.

Figure 1 plots achieved years of education against age of the child both for the sub-
sample of children who were stunted in the first wave of data collection and those who were
not. If the main difference between malnourished children and others is in the date of school
enrollment, we would expect a constant difference in years of school for those who are
stunted when children and those who are well nourished in their childhood. Conversely, if
stunted children drop out of school earlier or repeat grades more frequently, the gap may
increase over time. The highest gap in attainment in figure 1 is observed in the age category
15-16. The gap shrinks slightly between 17 and 20 years suggesting that a fraction of stunted
children may have delayed their school completion relative to non-stunted children.

However, the gap does not close appreciably indicating that stunted children have lower

academic attainments overall®.
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Table 1. Years of delayed enroliment for respondentsaged 10 or lessin 1991-1994 who
eventually attended school and per centage never went to school

Female Male
Not stunted Stunted Not stunted Stunted
€9) 2 3 4)
Years of delayed 1.58 2.19 1.84 2.36
enrolment
(if attended school)
Never attended 7.94 14.49 7.35 8.43
school

Source: KDHS Survey 1991-2004

Table 1 reports the average years of delay in school entry for children that were
malnourished during their childhood and those that were not with a breakdown by gender.
15% of the children were enrolled in the first round and the date of school entry was derived
from that round. For the rest, the date of entry was obtained in the second round. Enrollment
is considered delayed when a child has not entered school at the age of 7. The majority of
children in Kagera (80%) do not begin school at the official starting age of 7; the average
delay of those who do not start on time is two years. Nevertheless, both boy and girls are
delayed in their school entry when stunted more than their healthy counterparts (about half a
year). In addition, consistent with Alderman et al. (2001a), malnourished girls appear to have
an increased probability of never attending school. The increased delay attendant to
malnutrition could reflect a parent’s assessment of school readiness or rationing of school
spaces by administrators. Additionally, it could be motivated by other factors such as
isolation. Households who are closer to school are probably less adverse to send their
children to school at the right age. However, as all villages in the sample had a primary school

this is unlikely to be a factor for school delay in this study.

V1. Estimation Results
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Summary statistics are provided in Table 2 and estimation results are shown in Table 3.
Column 1 in Table 3 reports coefficient estimates for equations estimated with nutrition taken
as exogenous while column 2 repeats the estimation with an instrumented variable for
nutrition. Delay in enrolment is reported in 1(a) and (2a) while years of education, estimated
by using an ordered probit model which takes into account the censoring of the variable are
reported in 1(b) and 2(b). We tested whether the correlation coefficient of the errors in the
two estimates, p, was significant by first estimating the two equations jointly with maximum
likelihood using with the Berndt-Hall-Hall-Hausman technique. As the estimated value of

p was -0.089 (s.e.= 0.22), we do not impose further cross equation restrictions in the
estimates reported.

As mentioned, we need to find instruments that are correlated with nutritional status in
childhood and not correlated with accomplished academic years. We take into account the
potential endogeneity of nutritional status by instrumenting nutrition status using crop loss
reported by the household as instruments as well as recent flood and drought weather shocks
at the community level interacted with the age (at the time of the interview) and gender. ° The
shock variables reflect disasters that occurred at the household or community level respectively 5-6
years prior to the first round of the KHDS (1991). Those variables have been interacted with age
categories (0-3 and 4-5) and gender, as shown in Table Al.

The instrumenting equations use community fixed effects to rule out the possibility of
bias from unobserved community level effects including infrastructure that influence both
nutritional status and schooling. This rules out the inclusion of covariate drought and similar
shocks as instruments, although it is still possible to include interactions of these community
level shocks and individual characteristics.

As drought and other agricultural shocks are time varying and been shown to affect
nutritional status of young children (Hoddinott and Kinsey, 2001) these are conceptually valid

if the shocks are not themselves long lasting.'® Similar shock variables were used by
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Alderman Hoddinott and Kinsey (2006) who compared such instruments with a preferred
maternal fixed effects instrumented approach and found little difference in the magnitude of
the coefficients (table 4 page 464) though both approaches to instrumenting resulted in larger
coefficients than if the nutrition variable was not instrumented.

The instruments pass the over-identification test, for the linear regression of years of
education run on exogenous and instrumented endogenous variables. The Hansen'' J-statistics
for over identification restrictions are equal to 2.2 and 11 for the models of delay in school
entry and years of school accomplished, respectively. Thus, the null hypothesis of absence of
correlation between instruments and the error term cannot be rejected. As the instrumented
equations are conceptually preferred, we will confine the remainder of the discussion to the
results in column 2.

These findings confirm that malnutrition in childhood affects the age of school entry
and are in line with those of Glewwe and Jacoby (1995). The results also show that shorter
stature in childhood has an impact on the ultimate grade achieved. However, the impact of
better nutritional status on school attainments declines as nutritional status improves.'

Other significant determinants of education are the logarithm of household
expenditure and the maximum grade of education within the family (excluding the
individual). The same variables act in opposite way to determine enrolment delay; children
belonging to wealthy households being more likely to be sent to school on time. Community
level shocks in the previous decade — that is, after the initial round — as well as recent
household level crop losses affect schooling in the same direction and additional to the impact
of expenditures. The variables are not always statistically significant, however. The longer
term measure of shocks has a relatively larger impact on the earlier decision on entry while
the shorter term measure of recent shocks has a greater influence on the subsequent decision

on the duration of schooling. School quality — as indicated by both teacher pupil ratios and by
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boards per class — also influences schooling. However, gender affects neither school entry
nor completed years of school."

Low stature in childhood is thus responsible for a direct effect on both delay in
enrolment and years of school accomplished. The set of coefficients obtained by estimating
equations (1) and (2), however, do not represent the marginal effect on the dependent variable
associated to each regressor; even the signs of the coefficients for equation (2) do not
necessarily correspond to the sign of the marginal effects (see Long 1997). To make the
marginal impact of improved nutrition more apparent, we provide a simulation based on the
coefficients of the instrumented results in Table 3. As our model is non-linear, the impact of
nutrition improvement depends on the value at which we set other regressors. Our predictions
are calculated as the years of school averaged over the observations in our sample if
nutritional status of malnourished respondents were improved but holding the other variables
at their observed levels. This is preferred to presenting the impact of nutrition when all other
variables are at their mean values. We find, for example, if the height of a boy is increased
from 80% to 95% of the median, this will increase schooling by 0.93 years, while the increase
will be 0.85 years for boys whose height is equal to 85% of the median.'"* The impact is
slightly less for girls at the respective percentage of reference heights.”” Children who are
severely malnourished face almost twice the risk of never attending school than well

nourished children.

VII. Discussion of Results on Schooling

The analysis of the Kagera panel shows that the children who are malnourished have
lower schooling and delay their school entry. What does this mean in terms of lost earnings?
To address this question we regressed wage earnings from the same overall 2004 Kagera
sample on schooling, controlling for sample selection (appendix 2). Each additional year of

schooling leads to an increase in the logarithm of earnings of 0.083. An alternative way of
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measuring returns to schooling is to use per capita consumption instead of earnings. Per
capita consumption reflects the resources available to the household and is observable for all
households, while earnings only for those individuals working as wage employees. The
return to schooling measured by using this alternative method is similar in magnitude to that
found using the earnings equation despite the potential bias from correlations of unobserved
assets and schooling.

We then used the estimated return to schooling in the simulations on the benefits of
the additional salary that are presented in table 5. We calculate the corresponding annual
benefit derived from the additional earning associated with an improvement in nutrition,
through the channel of additional years of education, by making the assumption that wages
but not the supply of hours worked change. Since bringing a child from 85 to 95 percent of
median height will increase schooling by approximately three quarter of a year on average,
this leads to 30,000 TZ shillings (calculated as 8% of the average annual salary, including
boys and girls)'®. In general terms, the stream of benefits perceived during life time due to

better nutrition (LTB) are calculated as follows:

LTB: (LJE_IZ“'E A (3)

1+r i=1 (1-4-|')i

where E is the age of entrance into the labor market, estimated as the sum of starting school
age (7), estimated number of years of delay and estimated number of completed school years.
B, is the additional annual benefit in monetary value due to the additional school years
imputed to better nutritional status. The benefits are reported in terms of the present value of
the annual benefits for a number of years equal to 60 (assumed retirement age) minus the
completion of schooling age (as in Table 4), discounted to age 1. Discounting the stream of
benefits to the first year of life of the child allows comparison of benefits with the costs of a

nutritional intervention; as mentioned, the most appropriate year for such an intervention is
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the first year of life when a child is most vulnerable to malnutrition. The overall impact of an
improvement in nutrition, through its effect on delay in school entry and additional years
accomplished, is summarized in the age at which the child would finish school."”

The impact of an increase in nutrition is always positive. For an interest rate of 5%, an
investment on nutrition targeted to children whose height would have been 85% of the median
height but which reaches 95% after the intervention would lead to a monetary benefit of about
245,000 TZ Shillings.

By considering an average discount rate at 5% and concentrating only on the impact of
nutrition on schooling, we can thus conclude that any program successfully able to moving a
child from 85% of median height to 95% of median that cost less than 245,000 TZ Shillings
would be justified in economic terms (1,000 TZ Sh are equal to 0.85 $).

This estimate may even be conservative since, in order to focus on the impact on
education, we do not include the impact of adult height on wages in the comparison of
expected benefits and possible program costs. Height is clearly significant in the wage
regression as it is in many other studies, from both urban and rural setting and from developed
as well as low income countries (Thomas and Strauss, 1998). However, it is not certain that
in addition to reflecting work capacity, the height coefficient does not also pick up differences
in cognitive ability associated with avoiding nutritional shocks in childhood. Indeed, it would
be desirable to have such an estimate of the additional impact of improved cognitive ability;
in the absence of any measures of cognitive ability or of test scores we underestimate the total
influence of nutrition on earnings under the plausible assumption that nutritional status
influences the amount of learning conditional on the years of schooling. If height is included
in our calculations the benefits increase so that a program would have a favorable benefit cost
ratio if it costs less than 630,647 TZ Shillings (calculated as the difference in earnings in

column (5) and column (2) at 5% discount rate), or equivalently, 539 $.
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In a recent paper, Alderman, Hoogeveen, and Rossi (2006) show a strong effect of
program interventions on children’s nutritional status. If children’s nutritional status
contributes to their academic achievements, and early childhood nutrition outcomes persist
over time, such successful early childhood nutrition interventions can lead to improved

education attainments for adolescents.
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Figure 1. Completed number of school years by age categories.

Years of school in 2004

T T T
10 1 12 13 14 15 18 17 18 19 20
Age in yrs in 2004

————— Mot stunted 10 yrs before — Stunted 10 yrs before
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Figure 2. Years of education of panel respondents aged 10-20 in 2004

o 1 2 3 4 5 6 7 8 9 10 11 12
yearschool
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Table 2. Summary Statistics

Mean Standard
Deviation

% of median of reference
height 93.17 4.95
% of median squared 8704.56 | 926.88
Parent had Secondary
schooling 0.08 0.26
# teacher per class 1.66 0.77
# board per class 0.84 0.20
Male 0.51 0.50
Age of child in years 15.69 3.25
Age squared 256.56 | 105.17
Mother’s height 158.392 | 5.441
Father’s height 168.599 | 5.393
Crop loss in 2004 0.63 0.482
Flood or Drought in 2004 | 0.59 0.492
Urban 0.17 0.38
Maximum education in
household 6.80 2.03
(Log)per capita hh
expenditure 2004 11.92 0.64
Electricity 0.63 0.48

Community regressors are at baseline.
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Table 3. Years of Education and Delayed School Entry.

School Entry Years of Delay

Coefficients for
Uninstrumented model

Coefficients for Instrumented
model

Regressors (1a) (2a)
% of median -0.495 -0.619
(5.20)%** (3.57)**x*
Residuals % median 0.068
(0.84)
% of median’ 0.003 0.003
(5.10)%** (3.51)***
Residuals % of median”2 -0.000
(1.00)
Female -0.097 -0.057
(1.53) (0.80)
Age in years 0.052 0.035
(5.08)*** (2.79)**x*
Mother’s height/10 0.003 0.031
(0.06) (0.35)
Father’s height/10 0.045 0.032
(0.79) (0.43)
Secondary school -0.074 0.043
(0.52) (0.27)
# teachers/class 0.055 0.040
(1.07) (0.70)
# boards/class -0.435 -0.494
(2.63)%** (2.67)***
Crop loss in 2004 -0.049 -0.017
(0.74) (0.24)
Village Flood or Drought 1994-2004  -0.196 -0.127
(2.76)%** (1.57)
Urban -0.282 -0.233
(2.51)** (1.92)*
Max years of school in the household  -0.064 -0.075
(4.04)%** (4.34)%**
(Log)per capita expenditure -0.258 -0.275
(4.83)*** (4.54)%**
Electricity in the household 0.123 0.106
(1.68)* (1.27)
Completed Years of School (1b) (2b)
% of median height 0.345 0.563
(2.49)** (2.11)**
Residuals % median 0.004
(0.03)
% of median”2 -0.002 -0.003
(2.68)*** (2.34)**
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Residuals % of median/10

Female

Age in years

Mother’s height

Father’s height

Secondary school

# teacher/class

# boards/class

Crop loss in 2004

Village Flood or Drought 1994-2004
Urban

Max years of school in the household
(Log)per capita expenditure

Electricity in the house

0.015
(0.16)
-0.042
(2.80)***
0.013
(1.51)
-0.002
(0.27)
0.291
(1.50)
-0.099
(1.48)
0.750
(3.35)%**
0.244
(2.71 )%+
0.098
(1.04)
0.149
(1.03)
0.113
(5.15)%**
0.301
(4.41)%**
0.037
(0.38)

0.002
(0.36)
0.024
(0.23)
0.012
(0.52)
0.023
(2.05)**
-0.003
(0.30)
0.225
(0.93)
-0.089
(1.12)
0.950
(3.42) %
0.194
(1.83)*
0.046
(0.43)
0.287
(1.73)*
0.122
(4.66)***
0.333
(4.06)***
0.053
(0.48)

Observations: 1147 panel respondents aged 10-20 in their last interview in 1991-1994. Right censored

observations (children attending school): 739.

Absolute value of z statistics in parentheses.

* Significant at 10%; ** significant at 5%; *** significant at 1%

All standard errors are adjusted for cluster effects.

Vector b and g of equation (1) and (2) are not the marginal effects.

The constant threshold parameters of the ordered probit estimates are not reported
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Table 4. Simulations based on regression predictions.

(1) 2) 3) “4)
Child Height
If80% of  1f85% of  if90% of 1f95% of
median median median median
height height height height
la. Expected years 5.82 5.91 6.62 6.75
of education. Male
1b. Expected years 5.75 6.07 6.62 6.77
of education Female
2a. Expected years 3.19 2.45 1.94 1.71
of delay. Male
2b.Expected years 2.87 2.48 1.99 1.81

of delay. Female

The simulations are based on our preferred model in table 3 which instruments past nutritional status. The set of
coefficients used for predictions is that in column (2a) and (2b), which allow for endogeneity of nutritional

status. The expected number of years of schooling for a child who enters school on time, for example, is

calculated as: E(Years)= Zi * PR(years=1) and the probability PR(i) is derived as:
i=1.12

PR(years=1) = [®(years<i+1)- ®(years<i)]
Where: @(.) is the cumulative normal distribution function. Simulations are calculated as the average of
predictions rather than using a prediction at average values. For example, column 2 is derived as the average
predicted years completed by increasing to 85% of the median the height of all individuals whose height is

below that level.
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Tableb. Total life-time benefits from an additional year of education and earlier school entry

using different discount rates.

Discount | Total Total Total Present Change | Change
rate lifetime lifetime lifetime discounted | in in
earningsif | earningsif | earningsif | valueof benefits | benefits
85% 90% 95% benefits from from
including | 85% to | 85% to
height 90% 95%
(@) 2) 3) 4 ) (©) @)
1% 15,203,798 | 15,912,410 | 16,084,362 | 17,451,563 | 708,612 | 880,564
3% 9,156,326 9,571,599 9,683,957 10,507,111 | 415,273 | 527,631
5% 4,292,918 4,477,109 4,537,839 4,923,564 | 184,191 | 244,922
10% 1,218,656 1,264,084 1,286,575 1,395,937 | 45,428 67,919

Monetary values are expressed in 2004 TZ Sh.

Annual benefit: 17,259 TZSh.

Present values are calculated by discounting, using the interest rate in column 1, the stream of earnings perceived
until the age of 60, starting when the school finishes (calculated as 7 + the number of delayed enrolment years +
the number of years at school,) and discounted to year 1.

Column (2) is calculated as the present value of the stream of earnings over the working life-time, supposing
earnings are constant and equal to the average individual earnings (490,000 TZ Sh.) and the (estimated) starting
of working life is at age 15 (15 corresponds to the working starting age of individuals whose % of median is
equal to 85, our baseline).

Column (3), (4) illustrates the present value of additional school if height is increase to 90% and 95% of the
median, respectively.

Column (5) illustrates the present value of additional 44,000TSh (9% of annual salary) due to additional Scm of
height.

Column (6) is calculated as the difference between (3) and (2), column (7) as the difference between (4) and (2).
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Appendix 1.

Table Al. Ancillary regression used to instrument endogenous variable of nutritional statusin
childhood.

Dependent variable: height as a percentage Coefficients | Variable Mean

of the median of the reference population’

Household reported Crop Loss & age less or equal 3 -0.958 0.365
(1.68)*

Household reported Crop Loss & age 4-5 -1.602 0.177
(2.92)***

Household reported Crop Loss & Female 0.304 0.399
(0.49)

Community reported Flood or Drought & age less or equal 3 | -1.005 0.210
(1.66)*

Community reported Flood or Drought & age 4-5 0.241 0.102
(0.34)

Community reported Flood or Drought & Female -0.286 0.230
(0.51)

Female 0.663 0.484
(1.04)

Age in Years -0.425 4.441
(4.99)***

Mother’s years of Education -0.007 5.176
(0.12)

Father’s years of Education 0.140 6.110
(2.42)**

Mother’s Height 0.113 158.392
(4.11)***

Father’s Height 0.133 168.599
(4.60)***

Log per capita expenditures 0.674 10.301
(2.03)**

Log per capita land 0.150 10.702
(2.08)**

Constant 45.512
(6.84)***

Absolute value of t statistics in parentheses. Community dummies are also included in the regression.
"Height refers to the first observation of the individual in the first rounds of the survey (1991-1994). Natural
shocks that have affected height in childhood refer to 5-6 years prior to the start of the initial KHDS rounds.
* significant at 10%; ** significant at 5%; *** significant at 1%. R squared equal to 0.12, F test:7.79.
observations used: 1118.

All regressors refer to last interview during 1991-1994.
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Appendix 2. Earnings regression

Nutritional programs are often advocated as a means to improve educational
attainments. Our results show that improved health during childhood is effective in increasing
the likelihood of completing more grades of schooling. As education exhibits significantly
positive returns, higher attainments imply higher future wages. In order to illustrate how
much future wages might increase we estimate an earnings function for wage earners using
the same data set as used for school attainment - albeit not the same individuals. Since only a
small fraction of the population receives a wage - the majority work in the agricultural sector
or are self-employed - this estimate accounts for sample selection using a standard Heckman
approach.

The main interest in this regression is the coefficient of schooling used in the
simulations. However, it is also noteworthy that adult height is also statistically significant.
It is also interesting that men earn more as they age and women do not. However, young
women seem to have higher earnings than young men. The cross over in this particular

specification is around age 40.
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Table A2a. Summary Statistics

Regressors Means St. Deviations
Lnsalary 5.31 1.14
yearschool 5.75 3.14
Female 0.56 0.50
Age 30.37 10.10
Height 162.28 8.34
yearschool 5.75 3.14
Kids 1.16 1.04
hhmember 5.42 3.06
Old 0.16 0.42
Table A2b. Earning regression.
(@) 2
(Log)salary Selection equation
Height 0.018 -0.004
(3.09)*** (1.02)
Years school 0.083 0.037
(6.23)*** (4.60)***
Female 0.980 -1.378
(3.13)*** (8.08)***
Age 0.023 -0.005
(4.02)*** (1.46)
Female*age -0.024 0.023
(2.66)*** (4.56)***
Work in Dar es Salaam 0.519 -0.089
(1.69)* (0.46)
# children -0.011
(0.38)
Female*# children -0.038
(0.90)
# hh members -0.058
(5.92)***
# old hh members -0.176
(3.07)***
Constant 7.248 0.305
(7.53)*** (0.52)

Absolute value of z statistics in parentheses
* Significant at 10%; ** Significant at 5%; *** Significant at 1%. Ro estimated equal to -0.73.

Total observations: 3951, uncensored observations: 728
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o Notestothe paper

! The literature exploring childhood nutrition on future schooling is inferential, as is this paper. An
exception is given by Maluccio et al. (2006), who estimate the impact of a specific nutrition
intervention targeted to children before the age of two.

? This result is calculated as the effect of postponing of two years the beginning of a stream of equal
earnings, and, thus, is not dependent on any particular country or income level.

3 In our sample the maximum grade obtained is twelve years of school, thus “max” is in our estimates
equal to twelve.

* Malnutrition measures are also sensitive to measurement errors. Measurement errors in age
would lead to a negative correlation between age and percent of the median nutritional status
and hence a spurious correlation between age of school entry and reported nutritional status.
There is, however, no systematic bias apparent in reported ages; the age pyramid for the
sample is not different from that of Census of Tanzania and, thus, does not point to a
particular problem.

> See Beegle, Dehejia and Gatti (2006) for another use of this panel data set.

® The attrition rate of the panel is much lower than that of some other well-known panel surveys. For
example, the attrition rate per year of three surveys summarized in Alderman et al. (2001b) ranged
from 17.5% to 1.5% per year.

7 We do not have any information on how the health or the socio-economic conditions of the
households and individuals evolved during the time window between the last interview and current
one (ten years). However, we observe the initial and final outcomes for the same individuals.

¥ Making comparison among individuals of different age can be potentially misleading. Difference
between kids of different age could also reflect cohort effects, instead of being attributed to age
passing. In fact, individuals aged n in 2004 could differ in their behavior, one year later, from n+1
years old individuals’ behavior, simply due to a cohort effect.

? In order to control for potential endogeneity of percentage of height and percentage of height
squared, we follow the procedure described in Blundell and Smith (1986). We perform the maximum
likelihood by including the endogenous variables along with their residuals, which are obtained by
regressing the endogenous variables on the instrument set (the first stage regression is illustrated in
Table Al). Exogeneity of percentage of median cannot be rejected, given the insignificance of these
residuals in the years of school equation, while exogeneity of height is rejected in delay school entry
equation.

' To the degree that these shocks are long lasting, they would affect income or assets. However, this
impact, if any, is picked up by the current expenditure variable included in the regressions in Table 3.
We also verified that the coefficients of childhood nutrition were unaffected when other functional
forms, such as ones including the square of the logarithm of consumption or consumption per capita,
were substituted for the one reported. This provides some assurance that non-linearities in the long
lasting effects do not bias the results of interest.

" The Hansen J statistics is reported as we run our regression allowing for cluster effects.

"2 This result is in line with that found by Yamauchi (2006) who provides a theoretic
justification in that improved health may increase the increase the opportunity cost of
schooling as well as increasing the returns to investing in education. These two impacts may
be partially offsetting. In this paper it is shown that increases in nutritional indicator (measure
by height z-score) are positively correlated to grade obtained, but the effect becomes
negatively correlated for large values of z-scores. The net measured impact turns negative for
about a quarter of the sample using the quadratic. Using a spline the coefficient is increasing
before 85% (0.11), almost flat between 85 and 90 (0.02) and negative after 95 (-0.04). All
three coefficients were statistically significant. The results using a spline function as well as a
linear version of the results are available from the authors.

" Interactions between gender of the child and nutritional status were used as additional regressors but
they were not significant in explaining neither delay in school entry nor years accomplished.

' Despite the marked differences in the coefficients in table 3, there is not as pronounced a difference
in the simulated values between the instrumented and uninstrumented results. For example, the
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uninstrumented years of schooling for girls at 85% of median is 6.1 and 6.7 at 95%;  The
corresponding values for boys are 6.3 and 6.8.

'> The apparent impact of improving nutrition is 18% greater if the truncation of years of schooling —
that is, the fact that some children are still in school - is not taken into consideration.

' The reason why we take 85% of the median as reference height is because stunted children exhibit,
on average, a value of height which is equal to 85% of the reference median.

'7 The first term of the product discounts the stream of benefits to the first year of life of the child, the
moment when the program is supposed to happen. The second term is the stream of earnings
discounted at the age of entry into the labor market. Years of delay and completed are taken from
estimates in table 4.
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