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Abstract

Do parents invest more in higher quality children, or do they compensate for lower quality by
giving more to children with lower endowments? We answer this question in the context of a
large-scale iodine supplementation programme in Tanzania. We find that children with higher
programme exposure were more likely to receive necessary vaccines and were breastfed for
longer. Siblings of treated children were also more likely to be immunised. Fertility behavior and
investments at the time of birth were unaffected.

Keywords
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A growing body of recent work provides evidence that children’s “endowments” in early
life, for example in health or cognitive ability, and interventions that change these
endowments, can have large effects on later-life health and economic outcomes that, in some
cases, persist even into adulthood (see Doug Almond and Janet Currie (2011) for a synthesis
of this literature).1 Given the size and persistence of these endowment effects, it is natural to
ask how household behaviors—particularly as relate to resource allocation among children—
respond to shifts in endowments. The sign and magnitude of these behavioral responses

*Many thanks to Doug Almond, Michael Boozer, A. V. Chari, Joe Doyle, James Fenske, Erica Field, Jason Fletcher, Omar Robles,
Chris Udry, Atheen Venkataramani, and seminar participants at the NBER Children’s Meeting, PACDEV, Yale, Cornell, Wesleyan,
and IFPRI for helpful comments and suggestions. We thank Chandresh Ladva for assistance with the map data. Adhvaryu gratefully
acknowledges funding from the NIH/NICHD (5K01HDO071949) and the Yale MacMillan Center Directors Award. All errors are our
own. All necessary data sets and programmes to replicate results are available online.

ror example, Jere Behrman and Mark Rosenzweig (2004) find a positive relationship between birth weight and adult height and
schooling attainment in the US. Sandra Black, Paul Devereux, and Kjell Salvanes (2007) confirm these results using data from
Norway, finding positive effects on 1Q and earnings. Almond (2006) shows that /7 utero exposure to the 1918 influenza pandemic in
the United States negatively affected completed educational attainment, income, socioeconomic status and adult health. Similarly,
Almond, Lena Edlund, and Marten Palme (2009) find negative effects of prenatal exposure to radioactive fallout from Chernobyl on
academic performance, but no effect on health outcomes. Erica Field, Omar Robles, and Maximo Torero (2009) find positive effects of
in uteroiodine supplementation on schooling attainment in Tanzania. David Cutler et al. (2010) show that cohorts who benefited in
early life from a malaria eradication campaign in India had higher economic status as adults. Almond, Hilary Hoynes, and Diane
Schanzenbach (2010) find large long-run effects of in utero and early childhood exposure to the Food Stamps Program. Baird et al.
(2011) find that school-based de-worming can lead to gains in educational attainment, health and productivity in adulthood. Prashant
Bharadwaj, Katrine Loken, and Christopher Neilson (2012) find that medical treatment for low birth weight infants positively affects
test scores and grades in school. Sonia Bhalotra and Atheendar Venkataramani (2012) find large effects of pneumonia in infancy on
education and socioeconomic status in adulthood for whites (but not blacks) in the United States.
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indicate whether—and by how much—parents’ investments magnify or dampen the baseline
effects of early-life interventions.?

In this study, we estimate the impact of shifts in childhood endowments (primarily cognitive
ability) on health investments in children. We exploit variation in /n utero exposure to a
large-scale iodine supplementation programme in Tanzania. The program, an effort begun in
the 1980s by the Tanzanian government to curb the high national rate of iodine deficiency,
distributed iodised oil capsules in at-risk districts, primarily targeting mothers of
childbearing age and young children. We focus on the effects of /n utero exposure to iodine
because fetal iodine is crucial to the cognitive development during pregnancy. We measure
exposure using a procedure developed by Field, Robles and Torero (2009, hereafter FRT),
who find that the same intervention had significant effects on schooling attainment for pre-
teens.3 We regress available health investment measures (vaccination coverage,
breastfeeding duration, and at-birth investments) on the programme exposure measure. \We
find that children exposed to the iodine supplementation programme while /n utero are more
likely to receive necessary vaccines and are breastfed for longer.

On the other hand, we find that the quantity and spacing of births, as well as investments
made at the time of birth, are not significantly affected by treatment exposure. Similarly,
physical health at birth is not affected, though availability of data is limited. We interpret
these results as consistent with the notion that parents responded once improvements in
cognitive functioning were observed, and that expectations prior to birth and perceptions of
endowments at birth appear to have been unaffected. While we cannot conclusively rule out
impacts on at-birth health and investments, investments in infancy respond strongly and
robustly. Magnitudes of these impacts are small relative to mean investment levels, but
treatment exposure explains a sizable fraction of the variation in investments (i.e. a one
standard deviation increase in treatment exposure leads to a roughly 0.2 standard deviation
increase in vaccination doses)

Finally, we ask whether programme exposure, and the resulting investment responses we
measure, have spillover effects onto siblings of the treated child. Spillovers may work
through a variety of mechanisms—for example, resource reallocations among children;
epidemiological externalities; behavioral peer effects; parental learning about the effects of
health inputs; and economies of scale in investments. These spillovers have potentially large
implications for interventions that target specific groups of children, say, school-age children
or girls. For example, if households strongly reinforce early-life interventions but hold fixed
the total level of investment in their children, welfare gains to one child may be offset by
losses in the welfare of his siblings. On the other hand, if parents’ preferences are such that
equity among children is valued, it is possible that a policy that increases one child’s
endowment may spur increases in resource allocations to all children.

To test for resource allocation spillovers across siblings, we include siblings’ (cumulative)
treatment exposure in the regression described above-that is, we regress health investments

1duosnuen Joyiny

2Almond and Bhashkar Mazumder’s (2013) recent review article offers a nice summary of the emerging evidence in this area.
In the appendix, we replicate our main results using alternate definitions of treatment; the results are robust to these alternate
definitions.
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on own and siblings’ treatment exposure. Across vaccination categories, we consistently find
that the siblings of children exposed to treatment are also more likely to be immunised. This
pattern of own- and sibling-investment responses is consistent with a model of intra-
household resource allocation in which parents are averse to inequity among their children.

Our study makes three contributions. First, it is meant to increase our understanding of the
impacts of early-life events on long-run outcomes. A small but expanding subset of this
literature has recently stressed the potentially important role investments play in reinforcing
or compensating for the initial effects of early-life shocks and interventions.# We show that,
in the case of interventions that improve cognitive functioning, health investments are
reinforcing. Moreover, it bears mention that our study is in a low-income country context, in
which resource constraints on investments in children are likely more binding than in high-
income countries. The natural next step is to compare reinforcement or compensation
behavior in a variety of countries across the per capita income distribution.

Second, we build on the use of sibling fixed effects estimators in studies on the impacts of
early-life events. Sibling fixed effects are frequently used to control for unobserved
household- or mother-level confounders like preferences and household resources.® If
treatment spillovers across siblings are large enough, the fixed effect estimate will not purely
reflect the investment response to own endowment changes, but rather will reflect the
investment response relative to the responses of other siblings.. Since the sign of this cross-
sibling response is a priori indeterminate, we cannot sign the bias. Our strategy, under the
assumption that programme exposure was exogenous, allows us to identify effects on both
own investments as well as sibling investments. Moreover, sibling fixed effects estimators
rely on households with multiple children, whereas our strategy is able to include single-
child households (in our sample, this amounts to more than a quarter of households).

Finally, we contribute to the discussion on proxy variables for child endowments. The
difficulty in finding exogenous variation in the endowment is that outcomes at birth (e.g.,
birth weight, APGAR scores) or in infancy (e.g., health shocks, cognitive ability) are in part
determined by prenatal investments. Studies using comparisons within twin pairs have
circumvented this problem (Behrman and Rosenzweig 2004; Rosenzweig and Zhang 2009;
Datar et al. 2010; Bharadwaj et al. 2013), but those that estimate investment responses must
contend with the same difficulties outlined above regarding sibling fixed effects estimators.
Our strategy adds to this discussion. lodised oil capsule distribution is advantageous for the
purposes of our study, in the sense that the intervention has its effect prior to conception, but
this effect is not readily perceptible until some time after the child’s birth. The benefit of this
timing is that our measure of treatment exposure does not fall prey to the criticism levied on
the studies mentioned above. The drawback is that we do not use a direct measure of
cognitive ability. We contend that the insights gained from the analysis of programme
exposure effects are nevertheless useful, because they help answer the policy-relevant
question: do iodine supplementation programs change parents’ investment behaviors?

4see, for example, Brandon Restrepo (2011), Richard Akresh et al. (2012), Anna Aizer and Flavio Cunha (2012), and Venkataramani

012).
E"See Currie (2008) for a review of recent studies using sibling fixed effects estimators in the early life literature.
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The remainder of the paper is structured as follows. Section 1 describes the iodine
supplementation programme in Tanzania. Section 2 describes the data. Section 3 explains
the empirical strategy. Section 4 presents the results and provides evidence related to the
potential mechanisms of impact. Section 5 interprets the results of sibling spillovers in the
context of a simple model of optimal intrahousehold allocations. Last, section 6 concludes.

1 lodine Supplementation Program

2 Data

In this section, we describe the relevant aspects of the iodine supplementation programme in
Tanzania. The programme was developed by the Tanzanian government as a stopgap
measure to curb iodine deficiency disorder (IDD), which, prior to programme roll-out, was
rampant (FRT quote a figure of approximately 25 percent of the Tanzanian population) (F.
van der Haar, P. Kavishe, and M.G. Medhin 1988). Pre-programme measurements of visible
goiter rate among school children were taken in 1984. Districts with a goiter rate above 10
percent were enrolled in the program. Stefan Peterson et al. (1999) estimate that the
population in these districts totaled about 25 percent of the national population.

lodine supplementation, via 380mg iodised oil capsules (I0C), was targeted towards women
of child-bearing age in programme districts. Remaining supplies were distributed, in
declining order of importance, to children 1-5, older children, and adult men 15-45. Priority
was given to adult women because of the importance of iodine in fetal brain development.

Dissemination of the capsules began in 1986 and was slotted to take place every two years.
The goal of the campaign was to visit each district every two years, but administrative
problems prevented this from happening; as a result, districts were visited between 1 and 5
times during the programme years (Peterson et al. 1999). Nevertheless, when the programme
ended in 1994, approximately 5 million individuals, most of them women and children, had
received 10C supplementation. Table A.1 in the Appendix (reproduced from FRT) lists the
programme districts and the years in which the programme visited each district.

Peterson (2000) evaluated the short-term impact of this programme in three programme
districts in 1991, and found that visible goiter rate and total goiter rate had declined
significantly among children who received 10C supplementation directly. FRT point out
that, given the medical evidence on the importance of fetal iodine, the potential programme
impact on children affected while /n utero is much higher. They produce the first evidence of
the long-run impact of the program, documenting significant improvements in educational
attainment for treated children.

In this section, we provide details on the data; variables used in analysis and their
construction; and the matching procedure used to identify residence in treatment districts.

2.1 The 1999 Tanzania Demographic and Health Survey (DHS)

We use the 1999 round of the Tanzania DHS. As described below, many of the early-life
investment variables, such as receipt of vaccinations and duration of breast-feeding for

Econ J (London). Author manuscript; available in PMC 2016 September 04.
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example, are only recorded for children under five years old. Thus, our main sample is the
sample of live children under five in 1999. There are 456 such children in 1999.

Note that we are restricting attention to only those children living in districts that were
visited at least once during the supplementation program. This is because programme
districts were not chosen randomly, but rather selected on the basis of visible goiter rates. In
this sense, comparison between districts visited at least once during the programme and
those excluded from programme participation is rendered invalid.

The DHS collects information on demographic characteristics of all household members. We
use the following demographic variables: child’s age (month and year of birth), gender, and
birth order; mother’s age and educational attainment in years; and household’s total size,
number of children, and urban/rural status. Means and standard deviations of these variables
are reported in Table la by sample.

The first two columns of Table 1 present means and standard deviations of child, mother,
and household level covariates included in the analysis. Columns 3-6 show the same
summary statistics for two subsamples: children with treatment probability of 0.75 and
above and children with treatment probability below 0.75.6 The treatment probability is
largely determined by month and year of birth and so we might expect to find a difference in
the mean of age across these two subsamples. This, of course, motivates the inclusion of age
and related variables as covariates in the specifications. We conduct all of our analysis using
fixed effects for the child’s age in years to avoid any issues deriving from this systematic
relationship between timing of birth and treatment probability.7 Indeed, we see that there
exists a difference in mean age of the child across the two subsamples. Otherwise, the means
of the remaining covariates show no statistical differences across the two subsamples.

Apart from demographic information, the DHS contains detailed information on early-life
health investments for all children under five in surveyed households. We use the following
investment variables:

. Count of the number of polio vaccine doses administered (maximum 3);

. Count of number of DPT (diphtheria, pertussis and tetanus combination)
vaccine doses administered (maximum 3);

. Receipt of measles, BCG and polio 0 vaccines;

. Formal-sector delivery and attended delivery;

. Possession of a health card, which tracks vaccinations;
. Duration of breastfeeding in months;

6Given the continuous nature of treatment probability, in order to compare means across sub-samples of the population with differing
exposure to the program, we must first choose some discrete cutoff in treatment probability. We have chosen a treatment probability of
0.75 as the cutoff because this roughly corresponds to the child being born in the 2 years after the programme year visited the district.
We explore the robustness of our main results to the use of this binary (as well as a binary corresponding to a treatment probability of
1) in the Appendix.

We explore the robustness of our main results to alternate age controls. Results from these robustness checks are presented and
discussed in the Appendix

Econ J (London). Author manuscript; available in PMC 2016 September 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Adhvaryu and Nyshadham Page 6

Perceived average size at birth (scale of 1-5);

. Birth weight (only recorded for the most recent birth of the household, 205
out of 456 children under 5 in our sample).

Means and standard deviations of these variables are reported in Table 1. Own treatment
exposure is, by definition, substantially higher in the “treatment group” (column 3). Note
that sibling treatment exposure is not significantly different across the two groups, lending
credence to our assumption that own and sibling treatment are not systematically related.

In terms of the outcomes, the general pattern observed in Table 1 is that children who were
more exposed to treatment received more vaccinations and were breastfed for longer, but do
not have substantially different means in terms of neonatal investments. This preliminary
evidence is corroborated using a more rigorous econometric specification in the sections that
follow.

2.2 I0C Supplementation Programme Data

The DHS also includes, upon request, geocode data for the sampling clusters. Coordinates
are skewed using a random skewing algorithm which skews the coordinates by a distance
drawn from a uniformly distributed probability area with radius of 15km around the actual
coordinate pair. To identify which households live in intervention districts, we superimposed
geocode data on the latitude and longitude of each cluster in 1999 onto a raster map of
Tanzania with district borders. We used this mapping to identify which clusters fell inside
treatment districts (with a very small random probability of misclassification due to geocode
skewing by DHS). We obtained data on the names of intervention districts and programme
years from FRT (Table A.1). As described in the following section, we use these data to
construct (following FRT) a measure of programme participation.8

3 Empirical Strategy
In this section, we define programme participation, present our empirical specification, and

discuss threats to validity.

3.1 Definition of Programme Participation

We define an exposure-to-treatment variable that reflects the extent to which an individual
was exposed to 10C supplementation while /n utero. We generally follow the procedure
outlined in FRT, and note where our procedure differs from theirs. To construct the treatment
indicator, we combine information on the following:

1. the month and year of birth of the child;

2 the district of the mother’s residence at time of survey;

3. years in which the programme was rolled out in each district;
4

and the biological properties of iodine within the body.

8\e are very grateful to Erica Field and Omar Robles for their guidance in this process.

Econ J (London). Author manuscript; available in PMC 2016 September 04.
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Suppose we knew exactly when each mother received 10C supplementation. If this were
true, we could calculate how long after receiving supplementation the woman was pregnant,
and thus we could determine (after making some assumptions on the rate of decay of iodine
in the body) the exact amount of exposure for the fetus.

However, we do not know the date of supplementation (nor, in fact, whether a given mother
received the 10C at all). Thus, as in FRT, we must instead calculate the probability with
which an individual was treated with 10C while /n utero. FRT begins by assuming, using
administrative records from the programme roll-out, that each roll-out took three months,
and that the timing of this three-month period was uniformly distributed over the roll-out
year.

FRT then couples this probability with information on the birth month and birth year of the
child and the biological properties of iodine within the body to arrive at a final probability of
treatment for each individual. 10C supplementation allows for normal development of neural
networks of fetuses in the first trimester of pregnancy, but not thereafter. Thus, the
intervention can only be effective if iodine from the IOC is present in the body during the
first trimester.

To approximate #ow much iodine is present at various times, FRT use information pertaining
to the decay of iodine in the body. 85 percent of the iodine is extracted immediately through
urination, and the rest is assumed to follow a hyperbolic decay pattern. Additionally, a lower
cutoff level is assumed, after which there is too little iodine left in the body for adequate
protection against fetal iodine deficiency disorder. These values, as well as the half-life
formula derived from the assumed hyperbolic iodine depletion, are detailed in FRT’s Web
Appendix.

The procedure described above generates a positive probability of treatment for each month
following a roll-out for four years after a roll-out year (after which the probability is
uniformly 0). These probabilities are reported in Appendix Table A.2 (replicated from FRT).
Coupling data on the birth month and birth year of each child with data on programme roll-
out years in each intervention district, we can assign each individual in our data a probability
of treatment.® Since programme roll-outs happened up to five times in a given district,
individuals may have multiple instances of exposure to I0OC. In these cases, we use the
maximum of the multiple assigned probabilities for that individual.

To estimate the effects of siblings’ treatment probabilities on the individual, we add up the
treatment probabilities of the two immediately older siblings and the two immediately
younger siblings in the child’s household (which may include siblings from a different
mother) to generate a total sibling probability of treatment. If the child has, in fact, less than
two older and/or two younger siblings, zeros are imputed for the treatment probabilities of
these non-existent siblings. In this way, we may compare children with a differing number of
siblings on the basis of total treatment within the household (we flexibly control for number

1duosnuen Joyiny

9Unlike FRT, who use the Tanzania Household Budget Survey for the majority of analyses, we know the birth year andbirth month of
each child, so we need not generate a year-level measure of treatment probability using the weighting procedure (using seasonality of
births) outlined in FRT. We instead use the raw treatment probabilities in the matrix shown in Appendix Table A.2.
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of siblings in all specifications). Treatment probabilities of siblings more than two spaces
ahead or behind the child in the birth order are ignored, under the notion that, for example,
decisions of whether to vaccinate two children of vastly different ages are not made
contemporaneously. 10

3.2 Empirical Specification

We now turn to estimation of the effects of IOC supplementation on early-life health
investments, using the programme exposure measure whose construction is described in the
previous section. Denote the investment (e.g. vaccinations, length of breastfeeding, etc.) as /;
programme exposure as 79 7as child (which is the level of observation); jas household; kas
district; aas age of the child; and Xas child-and household-level controls. We estimate
models with the following specification:

Iijka:a+ﬁTio+X;j5+“k+€u+5ijka~ 1)

We focus attention on two important sets of controls: district fixed effects () and (integer)
age fixed effects (C). The district fixed effects capture time-invariant elements of districts
which may be correlated with demand- and supply-side factors governing adoption of health
investments, as well as with treatment intensity. For example, districts with low access to
vaccinations may also have been targeted more intensively for IOC supplementation due to a
higher level of observed IDD (via visible goiter rates, as described in Section IIC, on
programme targeting, in FRT).

The age fixed effects restrict our treatment comparisons to children of the same integer age
who have different treatment probabilities (either because they were born in different
districts, or in separate months). Since variation in 79, own treatment probability, is entirely
determined by an interaction of district of birth and age in months, we must be careful to
empirically distinguish between age-related trends in health investments and the true
endowment effects we seek to estimate. Integer age fixed effects are thus essential, as they
flexibly absorb variation in health investments related to age.

In later analysis, we also estimate the following slightly modified specification, in which
cumulative sibling programme exposure ( 7°) is added to the regression:

7

Lijra=a+ BT+ BT+ X, 6+ pr+Cat€ijra- )

Note that 7%, cumulative sibling programme exposure, potentially varies at the individual
level within the household (though, as described earlier, we need not rely on this variation
for identification), since sibling treatment is only defined for the four closest siblings in
terms of birth order (two older and two younger).

100ur results are qualitatively similar when we relax this restriction to include all siblings in the calculation of sibling treatment;
however, magnitudes of these effects are decreasing in the size of the birth-order bandwidth, as expected under the notion that large
age differences sever the joint nature of the allocation decision.

Econ J (London). Author manuscript; available in PMC 2016 September 04.
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4 Results

3.2.1 Controls—In addition to integer age and district fixed effects discussed above, we
control for characteristics of the child (), his mother, and his siblings and household (j).
Included are a female dummy, number of girl siblings, fixed effects for the number of
younger and of older siblings, the sum of age across siblings, the minimum and maximum
ages of siblings, and dummies for the median age of children in the household. Finally, X
includes various additional child-, mother-, and household-level controls. Included are an
urban dummy; a rainy season dummyll; fixed effects for within-gender birth order2; and
decile fixed effects for each of the following: household size, number of females in the
household, mother’s age, and mother’s education in years.

3.2.2 Sample Restrictions—Our main sample is all children in the data born between
1986 and 1999 (inclusive) in intervention districts (i.e. districts which were targeted for IOC
supplementation at least once). We focus on these years of birth because this is the
maximum range within which children were potentially exposed to the programme with
positive probability. Outside of this birth year range (and obviously outside of intervention
districts), the treatment probability is uniformly zero. Our analysis is run on the sample of
children under five years old (i.e. with a maximum age of 59 months) in 1999 for whom data
on vaccinations and breastfeeding are available.

4.1 Main Results

In this section, we present the main results. Table 2 presents results of regressions of various
health investments on 10C programme exposure. Recall that “1OC Treatment Exposure”
ranges from 0 to 1, reflecting the extent of exposure to IOC supplementation. Columns 1-4
present results for recommended vaccinations during infancy, namely, polio (3 doses), DPT
(3 doses), and measles. We use count variables for the number of polio doses and humber of
DPT doses, a dummy for receipt of measles vaccine, and a count variable for total number
vaccinations (maximum 7). We use linear probability specifications for all variables. In
column 5, we regress a dummy that equals 1 if the child was breastfed for more than 6
months (the WHO-recommended minimum length of breastfeeding) on own and sibling
treatment exposure.

The results from all columns show that I0C programme exposure significantly increases the
number of vaccinations received and the duration of breastfeeding in infancy. Increasing
programme exposure by one standard deviation (0.43) increases the number of polio and
DPT doses by 0.16 and 0.18, respectively; the probability of receiving the measles vaccine
by 4.5 points; and the number of total vaccinations received by 0.38. A one standard
deviation increase in I0C programme exposure yields a 3.5 point increase in probability of
having been breastfed for the recommended period of time.

These effects on investments are somewhat small as compared to the means. For example,
the mean numbers of polio and DPT doses received by children in our sample are 2.65 and

11Rainy season dummy equals 1 if month of birth is March-May inclusive or October-December inclusive, 0 otherwise.
Within-gender birth order is birth order within gender categories among children within the household.

Econ J (London). Author manuscript; available in PMC 2016 September 04.
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2.63, respectively. However, there is a great deal of variation in these vaccination numbers
(e.g. standard deviations in polio and DPT doses are 0.84 and 0.90, respectively). A one
standard deviation increase in I0C treatment exposure leads to a roughly 0.2 standard
deviation increase in both polio and DPT doses received, as well as in total vaccinations.
The results on breastfeeding amount to roughly a tenth of a standard deviation rise in the
probability of being breastfed for at least 6 months in response to a one standard deviation
rise in 10C treatment exposure. We interpret these results as small to moderate in magnitude,
but statistically significant and very robust, as demonstrated in the Appendix.

4.2 Potential Mechanisms of Impact

In what follows, we explore impacts of 10C treatment exposure on other investments and at-
birth measures of health. We then discuss these results in the context of potential
mechanisms of impact of I0OC treatment on investments.

4.2.1 Formal sector deliveries and investments at birth—We might expect, since
vaccinations and breastfeeding behavior respond strongly the type of delivery and other at-
birth investments respond as well. In Table 3, we test whether this is indeed the case, by
presenting results from regressions of neonatal investments on 10C treatment exposure.
Columns 1 and 2 of Table 3 report estimates of effects on dummy variables for whether the
child was delivered in a formal-sector facility, and whether he had an attended delivery,
respectively. We find insignificant and fairly small effects compared with the effects we
observe on health investments in infancy.

Column 3 reports estimates of the effects on the initial dose of the polio vaccine, which is
recommended to be administered at the time of birth, and column 4 corresponds to a
regression of receipt of the BCG vaccine, recommended from 0-6 weeks, on 10C treatment
exposure. In both columns, we find small effect estimates that are not significantly different
from 0. In column 5, estimates from a regression of a dummy for whether the child has a
health card on treatment exposure are reported. A health card is used to keep track of which
vaccinations the child has received and is usually issued very early in the child’s life. Here
again the point estimates are small and not significantly different from 0.

We interpret this evidence as consistent with the notion that parents appear to be responding
to observed improvements in endowments later in infancy rather than to expected
improvements in birth endowments or observed endowments at birth. That is, if parents’
expectations regarding their child’s endowments were impacted by the programme before
realised endowments were observed, their investment decisions might reflect these amended
expectations as well as amended realised endowments; however, expectations alone can
impact at-birth investments, where as both expectations and realised endowments might
impact investments later in infancy.

Nevertheless, while it is interesting to see that investments in infancy respond to treatment
exposure when neonatal investments do not, we refrain from strongly interpreting these
results as conclusive evidence of investments responding only to observed improvements in
endowments after the child’s birth. Data limitations prevent us from ruling out the
possibility that programme exposure impacted expectations regarding child endowments,

Econ J (London). Author manuscript; available in PMC 2016 September 04.
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which in turn impacted investment responses. Specifically, we do not have data on
expectations or perceptions of cognitive endowments. We do, however, have some data on
perceived physical endowments at birth.

4.2.2 Health at birth—We next test whether the child’s health at birth is affected by the
program, either through direct biological impacts of iodine or as a result of prenatal
investment responses to information and/or expectations regarding endowments. We regress
dummies for perceived size of the child (below- and above-average size dummies), as well
as the actual birth weight (for last birth only), on 10C treatment exposure, using the same
baseline specification as employed for the main results on vaccinations. Table 4 reports the
results of these regressions. We find that treatment exposure is not clearly and consistently
related to perceived size or birth weight. In general, the coefficients are small and, at most,
weakly significant.

In Table 4, we find no consistent evidence of an impact of programme exposure on size at
birth. That is, columns 1 and 2 show no evidence of an impact on categorical size or below
average size. Column 3 shows a weakly significant, negative impact on the probability of
above average size; while column 4 shows a weakly significant, positive impact on measured
birthweight of the last born child. Overall, we find no consistent evidence that health at birth
was affected by /n utero programme exposure.

We interpret this evidence as suggestive that indirect programme effects on prenatal
investments, if they existed at all, were indeed not substantial.13 Nevertheless, we should
note that data on perceptions of size at birth and measured birthweight for a subsample of
children are not ideal measures for studying programme impacts on physical health at birth,
expected endowments, and prenatal or neonatal investment responses. Accordingly, while
these results are consistent with our notion that parental investments responded to observed
improvements in cognitive endowments later in infancy, we cannot provide conclusive
evidence against impacts on physical endowments and responses in prenatal or neonatal
investments.14

Though the evidence of the impact of /n utero iodine availability on observable physical
health endowments at birth (e.g., birth weight) is mixed, it is possible that parents perceived
or expected to observe improvements in the physical health of their children and adjusted
their investment decisions in response. Given that the primary empirical contribution of this
study is to estimate parental investment responses to endowments, the validity of the results
in Table 2 is unaffected by whether parents respond to perceived shifts in physical or
cognitive endowments.

L3This finding is also in line with the medical evidence that iodine deficiency does not have clear negative consequences on physical
health (Lindsay Allen and Stuart Gillespie 2001), but certainly affects cognitive ability. FRT show some evidence that health outcomes
in their sample are not affected as well (see FRT, Table 6). In addition, FRT provide some convincing evidence from 10C
programmatic details as well as their own empirical results, which we do not reproduce here, that indirect programme effects seem
unlikely. In short, Peterson (2000) finds no evidence in the programme implementation reports that any additional health information
or health services were administered to target populations during the IOC campaign rollout. Moreover, FRT show that the impact of in
utero exposure on educational attainment does not change when restricting the treatment group to children born in programme years,
which implies that the contribution of indirect effects of the programme (not related to iodine supplementation) is negligible.
Unfortunately, we do not have data on prenatal care and thus cannot test for effects on investments before birth.
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4.2.3 Can Mothers Perceive the Cognitive Endowments of Their Infant
Children?—The main class of investments we examine is vaccinations, which infant
children are supposed to receive between 6 and 12 months of age (depending, of course, on
the particular vaccination and number of doses). Although, as discussed above, investments
might respond to some combination of expected endowment shifts and perceived shifts in
both physical and cognitive endowments, for cognitive endowments to play any role, parents
must indeed be able to perceive the cognitive endowments of their infant children. In what
follows we cite a collection of medical studies on the plausibility of this notion.

The ability of mothers to identify behaviors in newborns is well documented. T. Berry
Brazelton’s (1984) seminal work on the Neonatal Behavior Assessment Scale has
documented significant variation in observable behaviors even at 7 days after birth; the scale
is often used by mothers to catalog their infant’s level of cognitive and physical activity.
Further, a long literature on pre-linguistic communication has demonstrated that the infants’
cognitive abilities become apparent through their demonstration of coordinated actions. For
instance, Bullowa (1979) writes that “infants master the difficulties of relating objects and
situations to themselves and predict consequences, not merely in hidden cognitive processes
but in manifest, intelligible actions” (Bullowa 322). Infants as young as 1 day old begin to
imitate the facial gestures of their mothers, and that this imitation is the root of later social
cognition (Meltzoff and Moore 1983, 1997). Maternal sensitivity to infants’ signals indeed
feeds back into the understanding of relationships and attachment security in adulthood
(Susman-Stillman et al. 1996; Beckwith et al. 1999). Overall, the evidence from the medical
literature supports the notion that mothers are able to recognise, assess, and react to signals
of cognition in their infant children from very early ages.

4.2.4 In Utero Exposure v. Mother’s IOC exposure—While the main purpose of the
Tanzanian 10C distribution campaign was to establish protection for children during the
crucial /n utero period of brain development, iodine supplementation also has direct,
contemporaneous effects on energy and cognition for mothers (Peter Laurberg et al. 2001).
This fact poses a threat to the validity of our interpretation that changes in investments
occurred because of changes in the child’s endowment. If direct exposure matters, part of the
estimated effects of the child’s IOC exposure might reflect changes in the mother’s health.

We present two arguments against this critique. First, if /7 utero 10C exposure had a large
enough effect on mothers’ energy levels to impact immunization and breastfeeding
behaviors up to a year after the child’s birth, we would expect that investments at birth
(closer to the time of supplementation) would respond as well, analogously to the argument
in the previous section. But as the results in Tables 3 and 4 show, these investments do not
respond significantly.

Second, we control directly for whether the mother was exposed an additional time to the
IOC campaign afterthe birth of the child, since contemporaneous exposure would boost
energy levels for mothers at the time when vaccination and breastfeeding choices are being
made. We report the results of this estimation in Table 5. Across all dependent variables, we
find that controlling for mother’s subsequent exposure (“Additional programme roll-out

Econ J (London). Author manuscript; available in PMC 2016 September 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Adhvaryu and Nyshadham Page 13

after child’s birth™) does not affect the magnitude or precision of the estimates on the impact
of 10C treatment exposure.

4.2.5 Endogenous Fertility Determination—Next we address the potential threat
posed by the endogenous determination of fertility. If some households (or mothers) time
their fertility so as to optimise the gains from 10C supplementation, then the realised
programme exposure would be larger for these households. If these same households, who
may hold a high preference for their children’s health, make health investments more
frequently, then the coefficient on IOC programme exposure would be an upward-biased
estimate of the true endowment effect. Moreover, programme exposure might itself change
fertility patterns via the quantity-quality tradeoff. That is, households may adjust their
completed fertility or the spacing of births after a high-endowment child is born.

Timing of Births: We examine the endogenous timing of births visually by plotting district
level birth rates in programme districts by year against the average yearly birth rate for
untreated districts. These plots are presented in Figures 1-5 for selected treatment districts.
As mentioned above districts were visited anywhere from 1-5 times during the program. We
have chosen to show an example district from each of these sets of districts which were
visited 1, 2, 3, 4, or 5 times. In these figures, we have denoted programme years with red
vertical lines. We see no structural breaks in the district birth rate trends during or just after
programme years. Though some districts exhibit greater volatility in birth rates over time, no
systematic pattern of peaks and troughs can be found.

To investigate empirically whether households’ fertility behaviors are affected by treatment,
we reshaped the mother-level DHS data (appended across the 1999, 2004 and 2007 rounds)
into a mother-by-year-level data set which expands the fertility histories of each mother into
a panel of 5968 women spanning 47 years (the earliest birth reported in the data was in
1961). We restrict our analysis to the sample of years between 1986 and 2002 inclusive (the
same birth year restriction used in the data). We are left with approximately 100,000
individual-year observations. Denote an indicator for a child birth for mother 7in district jin

year tas Bjj. Denote Tft as a dummy which equals one kyears after a programme year (£ in
district /, for k€ {0, 1, 2, 3, 4}. We run the following specification relating births to
programme years in intervention districts:

Bijt:a+ﬁTft+#i~ ©)

The above specification restricts attention to within-mother variation over time by
employing mother-level fixed effects. We can thus determine whether programme roll-out
has effects on fertility, and if so, with how much lag. The results of the estimation of this
specification for K€ {0, 1, 2, 3, 4} are reported in Table 6. The five columns in panel A
report results for the programme roll-out indicators as described above, while the four
columns of panel B report results for specifications using cumulative indicators which span
from the programme year to the Ath year after. Across all of these specifications, we find
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extremely small estimates tightly bound around zero, indicating that programme roll-out
does not have any discernable effects on mothers’ fertility patterns.

Quantity and Spacing of Children: We now check whether the treatment probability
affects the quantity and spacing of children. First, we regress the number of children born to
a mother after a particular child on the treatment probability of that child. We employ the
baseline restriction by including only those children born between 1986 and 2002 surveyed
in intervention districts. We run various fixed effect models—specifically, district-level,
household-level, and finally mother-level. The results are reported in the first panel of Table
7. The estimated coefficients, which are small and again tightly bound around zero, suggest
that having a child who was highly exposed to treatment did not alter subsequent fertility
decisions significantly.

We then explore, in an analogous fashion, the effects of treatment exposure on the spacing of
preceding and succeeding births. We regressed succeeding and preceding birth interval on
treatment exposure within district-, household-, and mother-level fixed effect specifications.
The results are reported in the second and third panels of Table 7. The coefficients on
treatment exposure are small compared to the mean interval between children (just under 35
months) and again tightly bound around zero.

Thus, overall we find little evidence that treatment exposure altered fertility patterns in any
observable way. These findings, in tandem with the results reported earlier, suggest that
inframarginal quality improvements can spur investment responses short of an adjustment
along the quantity margin.

4.3 Results on Sibling Spillovers

Thus far we have focused on estimating the “own endowment effect,” that is, the impact of
changing a child’s endowment on investments in that child. But investment decisions are not
in general made one child at a time—parents often face hard choices regarding the allocation
of resources among their children. Does changing the endowment of one child affect
resource allocations to other children, and if so, are these spillovers beneficial or
detrimental?

As described in section 3, we construct a sibling IOC exposure measure by adding up the
treatment probabilities of each child’s siblings. We then regress vaccination and
breastfeeding behavior on both own and sibling IOC exposure, in the same specification
described previously. The results of this estimation are reported in Table 8. Across all
investment measures, we find that 1) the magnitude and precision of the estimated effect of
own I0OC exposure does not change from the previous estimates in Table 2; and 2) sibling
I0C exposure has significant effects on all investments save for breastfeeding duration, and
this effect is consistently approximately half the magnitude of the own endowment effect.
These results indicate that sibling spillovers, at least in this context, are positive: conditional
on their own exposure, children whose siblings were exposed to iodine supplementation are
more likely to receive necessary vaccinations.
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Almond, Edlund, and Palme (2009) address the core premise of this study regarding parental
investment responses by comparing their main results with estimates obtained from sibling
comparison specifications. They find that impacts of exposure to radioactive fallout from
Chernobyl are stronger when estimated within families, comparing across sibling pairs in
which one was exposed and the other not. They interpret these pattern as evidence that
parents reinforced endowment differences with postnatal investments. This interpretation is
of course consistent with our results. For the sake of comparison, we repeat their exercise to
see if within sibling comparisons (using mother fixed effects) reflect similar increases. Of
course, taken together, our own treatment and sibling treatment effect estimates indicate that
within family comparisons might actually yield smaller impacts on investments. We report
results from mother fixed effects specifications in Table A.8. Unfortunately, it appears that
we do not have sufficient precision to glean much from this exercise. Point estimates are
similar in magnitude to own treatment estimates reported in Table 2, but are no longer
significant likely due to sibling exposure effects going in the same direction.

Next, we divide sibling I0C treatment exposure into the exposure of younger and older
siblings to capture the potentially different resource reallocation patterns in response to
shocks to the endowments of older or younger siblings. We include these two new variables
in place of the composite sibling IOC measure described above. The results of this
estimation are reported in Table 9. Across vaccination types, our findings are that 1) both
older and younger siblings’ I0C exposure have significant effects on own investments; 2)
the estimated magnitudes are always slightly larger (but not statistically) for older siblings’
exposure; and 3) breastfeeding duration does not respond significantly to either exposure
measure. On the third point, regarding breastfeeding, we might expect that this investment
does not respond to siblings’ exposure, given that contemporaneous resource reallocation is
impossible for breastfeeding (except in the case of twins). However, dynamic reallocation of
resources is possible, and in this case, we would only expect older sibling exposure to
matter; indeed, we find that the coefficient on older sibling exposure is 4 to 5 times as large
as the coefficient on younger sibling exposure, which is close to zero though imprecisely
estimated.

Finally, we might be concerned that even in the case of vaccinations, the opportunity to
revisit the investment decisions for older untreated siblings after observing the endowment
of younger treated siblings is minimal. That is, we might suspect that parents will not choose
to vaccinate older siblings late if they believe vaccinations are less effective, and that any
estimated impact of younger sibling treatments on older sibling vaccinations are evidence of
lower cost of vaccination or even spurious relationships. Though the data show that children
often receive vaccinations late, as shown in Table 10 and discussed below, we cannot know
what drives this late vaccination and if it is attributable to IOC programme exposure.
Accordingly, we run the specifications from Table 8 again using only the older sibling
exposure from regressions reported in Table 9, excluding younger sibling exposure. These
results are reported in Table A.10 and are nearly identical to those from both Tables 8 and 9.
We interpret these results as evidence that sibling effects are not driven entirely by younger
sibling exposure.
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5 Model

5.1 Setup

4.3.1 Timing of vaccinations—Since our central measure of health investments is
receipt of vaccinations, we must contend with the critique that vaccinations, unlike other
types of health investments, are supposed to follow a schedule. For example, the WHO
recommends that the first dose of DPT be administered at 6 months, the second dose at 10
months, and so on. While the timing of vaccinations poses little threat to the validity of the
estimated effects of owr treatment exposure, it may pose problems for the interpretation of
the effects of sibling exposure. Specifically, suppose all vaccines were given according to the
recommended timetable. Then, younger siblings’ treatment exposure should have no impact
on vaccination decisions for older siblings, since those decisions would have preceded the
birth of the younger siblings. Indeed, this assumption is the basis of identification strategies
used in previous studies of intra-household allocations in developing countries (see, e.g.,
Dow, Philipson, and Sala-i-Martin (1999)). Thus if the timetable were always followed, and
if we found an effect of sibling exposure, this would suggest that our interpretation of the
results as the investment response of parents would be called into question.

There is, however, considerable evidence to the contrary. For the majority of children,
vaccinations are not administered at the recommended ages in developing country contexts
(Andrew Clark and Colin Sanderson 2009). As shown in Table 10, in our data, only the BCG
vaccine is administered on time for the majority of children. Rates of delay are greater than
one half for the rest of the recommended vaccinations, with proportion delayed ranging from
0.58 to 0.82. If children who did not receive vaccinations are included, these rates only
increase. The evidence from other studies, as well as from our own data, thus suggest that
vaccination decisions are plausibly made concurrently across siblings of varying ages.1®

In this section, to better interpret our results, we present a simple theoretical framework
relating child endowments to intra-sibling allocations. The model generates predictions
regarding parents’ investment responses to shifts in their children’s endowments of quality.
The key insight of this model is that the pattern of investment responses to endowment
shifts, which we have estimated in the data, contains information about the shapes of the
production functions for child quality and the household’s utility function.

Consider a household with two children indexed /= 1, 2.16 Each child is born with an

exogenously given endowment of quality n; The endowment combines with the amount

parents choose to invest in each child, z; to determine child-specific quality ¢’ = g(z; 1).

We assume that for each / ¢’ is increasing and concave in both its arguments. We make no
82qi

restriction on the cross-partial, dz;0m; When endowments and investments are complements

150f course, as we increase the age gap across siblings, the likelihood that younger siblings’ treatment exposure affects vaccination
decisions for older siblings naturally decreases. This fact further validates our use of birth order bandwidths when calculating sibling
exposure, as detailed in subsection 2.

The model can easily generalise to an r+child household.
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in the production of child quality, this cross-partial will be positive; when they are
substitutes, it will be negative.

Parents value their own consumption Cand the quality of their children. We adopt a standard
quasi-linear utility function, in which consumption is the numeraire good: U= t(¢*, ¢7) +
C. We assume that the function s increasing and concave in each of its arguments, but

0%u
.. . = 17
make no restriction on the cross-partial “12 *= 7 753.

The budget constraint, given income A and the price of quality investments pj, is
P22+t C< M.18 The household’s utility maximization problem can thus be written as
maXz » ¢ Usubject to this budget constraint. The resulting three necessary first order
conditions, corresponding to C, z;, and 2, respectively, are:

1=X ()
ugl=Xp1, (5)

uqi=Ap2.  (6)

5.2 Investment responses to endowment changes

We now examine the effects of a shift in one child’s endowment on investments in quality
for both children. These comparative statics generate predictions on the optimal intra-
household re-allocation of parental investments in response to shifts in child-specific
endowments.

Notice that since A = 1 by the first order condition for C, equation 5 becomes ;¢! =p,, and

equation 6 becomes wu,q°=ps.

Implicit differentiation of the first order condition for z; with respect to 1y yields
oz 0z oz
1 19~41 1 29<2 1 1 1)
o (i (0t o) ot 52 ) o (b )0

Implicit differentiation of the first order condition for z with respect to n; yields

17The cross-partial u12 determines the complementarity or substitutability of child quality in the utility function, or equivalently, the
degree of parents’ aversion to inequality. Indeed, the cross partial can be mapped fully into the canonical Constant Elasticity of
Substitution utility that explicitly defines a parameter (call it p) governing inequality aversion (see, e.g., Behrman et al. (1982), Conti
et al. (2010), and Bharadwaj et al. 2013). It is easy to show that v12 > 0 if and only if p < 1, which is exactly the condition for
inequality aversion in this class of models.

The price of the numeraire good Cis normalised to 1.
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0z 0z 0z
2 19#1 1 2 Y=2 2 2_
= <u21 (qz om +q’7> Rt 3771) R om 0 (8)

32’1 32’2
The above equations relate the investment responses am and am to the extent of

complementarity (or substitutability) in the utility function and the production function for
quality. The estimated signs of these investment responses thus may contain information

about the signs of these parameters of interest: ¢, and q;n.

Solving for ¢4, from equation 8, we get the following expression:
¢822 < 162’1 1>_1
U19=Q—— — .
12 87’]1 qz 6771 qn (9)

Here, ¢ := —uyq?, /q* — uz0q>>0. Note that the numerator of the above expression is

82’2 821
increasing in any and the denominator is increasing in an Plugging this expression for ¢y,
into equation 7, we arrive at the following expression for qi,,, the cross-partial of the quality
production function:

0z 825\ 2 0z -1
1 2 2 1941 1
T om om om " 7 (10)

1.1

2
uigl+(gl) un 9-9,u11

uy

10 .
Here, @ := >0,06 = qzu_1>0, and 7 == — >0 Notice first that

822
am factors into the above expression only through B, and only the second-order (squared)
term appears, implying that the sign of the cross-investment response does not contain

information about the complementarity or substitutability of the production function.

On the other hand, as equation 10 shows, information on the sign of the cross-partial qin can

821
be gleaned from the sign of 3_771 In particular, it is clear from equation 10 that the cross-

821
partial is monotonically positively related to - Thus, for large enough positive values of

821
any the cross-partial must be positive (i.e., endowments and investments must be

82’1
complements), and for large negative values of any the cross-partial must be negative. In the

intermediate range, the cross-partial is of indeterminate sign. Interestingly, since the size of
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822 822
am determines the magnitude of B, if am is large enough, the cross-partial may be negative

321
(i.e., endowments and investments may be substitutes) even when 5~ is very positive.
om

5.3 Interpreting the results

In summary, the simple theory of intra-household allocations and endowments set forth
above yields a set of equations that relates parents’ investment responses to two key
parameters: inequality aversion in parents’ preferences (¢45), and the complementarity (or
substitutability) of endowments and investments in the child quality production function

(qin). Based on the estimated signs of the investment responses, we can, in some cases, infer

the signs of one or both of these parameters. We now return to equations 9 and 10 and assess
0z 0z9

what we can learn about the signs of ¢, and q;,, from the estimates of 8_771 and 3_771

presented in section 4.

Overall, the positive sign and the (standardised) magnitudes of the coefficients on own and
sibling treatment are remarkably similar across vaccinations and breastfeeding outcomes
(albeit slightly smaller for siblings’ treatment exposure). Recall that the comparative statics

%qb

_ on
o . U= . 0z1 Oz N
equations in the model imply that q2 (qgg%w%). Since both _3771 and _3771 are positive,

it is easy to see from this equation that ¢4, > 0. That is, our estimates of the investment
responses to endowment shifts imply that parents are averse to inequality among their
children.

On the other hand, recall equation 10, relating to the complementarity or substitutability of

1 82’1 1821 1 -1
investments and endowments: ==, ~ 15 qza—me 9y )+, for positive coefficients

a, B, y. Itis evident that this equation does not generate an unambiguous prediction without
821 822

knowing the relative magnitudes of am’ oy and the other parameters of the model. Thus,

using the estimated coefficients, we cannot infer whether investments and endowments are

complementary or substitutable in the child quality production function.

6 Conclusion

The economically meaningful, long-run effects of early-life factors documented in recent
studies have prompted a series of related questions. How do households respond to shifts in
their children’s endowments? Do parents’ investment responses reinforce endowment shifts
or compensate for them? Moreover, do reinforcing or compensatory investments come at the
cost or to the benefit of otherwise unaffected siblings?

We answer these questions by exploiting variation induced by a large-scale iodine
supplementation programme in Tanzania. We find that, at least in the context of iodine
supplementation, parents reinforced endowment increases by making health investments in
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children who were exposed to the campaign while /n utero. A variety of evidence is
presented in favor of the interpretation that parents reacted to observed differences in their
children’s endowments, and that indirect programme effects, if they existed, were not
salient. We then present evidence that sibling spillovers in this case were positive: the
siblings of treated children were also more likely to receive necessary vaccinations, and the
magnitude of the spillover effect was about one-half the size of the effect on investments for
the treated child.

If parents do indeed respond to shifts in children’s endowments, then it is natural to ask how
much of the total (long-run) effect of improving early-life conditions is explained by these
responses? In a recent review article, Bleakley (2010) invokes the Envelope Theorem to
argue that, at least with regard to the direct effect, the answer should be very little. Drawing
the analogy from his example of an investment, schooling, to ours, his argument states that
parents’ investment responses contribute to the overall utility (or health) effects of
endowment changes only because shifting the endowment changes the marginal returns to
investment. By the Envelope Theorem, if investments are optimised, the direct effect of

. 0z . .

investment responses ($ in our model) should be very small, because this effect only
contributes to the overall effect on utility to the extent that investments affect utility, which,
at the optimal level of investments, is necessarily 0.

If Bleakley’s Envelope Theorem critique is germane to the case of health investments, then
perhaps the literature on early-life factors has focused too heavily thus far on estimating
investment responses. Rather, as a corollary of the critique, more attention should be paid to
verifying the existence and estimating the extent of complementarities between endowments
and investments in the production of health.

On the other hand, we suggest that adapting Bleakley’s (2010) model to health investments
necessitates two key extensions, each of which change the conclusions regarding the
relevance of parents’ investment responses. First, parents may be uncertain about the returns
to additional investment (particularly in the case of new or complicated health technologies).
When the standard model is modified to incorporate this uncertainty, parents’ optimal
allocations may be different from the full information optimum, because marginal benefits/
costs are not fully known or are discovered over time via learning. If policy interventions
can solve this information problem through incentives, then, given the distance from the full
information optimum, we should expect a first-order contribution of parents’ investment
responses on child health.

Second, the standard model does not address the Pigouvian nature of potential subsidy
policies. For example, schooling subsidies may generate productivity complementarities
(i.e., an additional year of schooling has larger returns if your peers are also more educated),
generating larger private returns than in the case without spillovers. In a model with this sort
of externality, a public education subsidy could effectively move the private schooling
investment optimum, and thus, again, the direct (level) effect of investment responses would
be salient.
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As for the implications of our results on sibling spillovers, these results suggest that early
childhood interventions targeting specific groups—e.g., children under five, school-aged
children, girls, etc.—-may have large spillovers onto untreated siblings via intra-household
resource reallocations. In our context, we show that these spillovers are large and positive:
both treated and untreated children benefited from the iodine supplementation intervention
in Tanzania. The returns to early-childhood interventions may thus rely crucially on the way
in which households reallocate resources among siblings. It is incumbent upon researchers
and policymakers alike to measure the extent of these spillovers in order to accurately gauge
the full impact of a wide variety of policies targeting children at early ages.
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A Additional Tables

A.1 Programme Years

Table A.1 presents the years in which the programme visited each district.

A.2 Treatment Probabilities

Table A.2 presents the calculated treatment probabilities by birth month and birth year of the
child relative to the programme year in the child’s birth district.

A.3 Robustness to Alternate Treatment Definitions

We investigate the robustness of our results to alternate definitions of 10C treatment
exposure. We use two treatment exposure indicators, one for treatment exposure greater than
0.75 (as is used in the summary statistics tables to compare raw means of outcomes for
children with and without treatment), and one for full treatment exposure (i.e., treatment
probability equals 1). The indicator based on the 0.75 cutoff is equivalent to two years of /n
utero 10C exposure, while the indicator based on the cutoff for full treatment is equivalent to
one year of /n utero 10C exposure.

We regress our main outcome measures on these alternate definitions of treatment exposure.
The results are reported in Table A.3, Panels A and B. Panel A reports results for the 0.75
cutoff indicator, and Panel B reports results for the full treatment indicator. The results on
IOC exposure are positive and significant in both panels, though the magnitudes of the
coefficients are slightly attenuated compared to the main results presented in Table 2. This is
perhaps unsurprising, given that we are 1) not using available variation in the treatment
exposure measure, and 2) misclassifying “treated” and “untreated” children around the
cutoffs.

A.4 Robustness to Alternate Age Controls

Since the probability of 10C treatment exposure is largely determined by birth month and
year of the child, we must carefully control for variations in age in order to isolate variation
in programme exposure. In the primary analysis, we include fixed effects for integer age of
the child so that we are the effects of treatment within a particular age. We might worry,
however, that variations in the controls for age might affect the results considerably. In
particular, we want to be careful to rule out the possibility that the pattern of results is driven
largely by age rather than treatment exposure.

In order to check for this possibility, we explore the robustness of results to various sets of
age controls. We replicate our analysis of receipt of vaccinations and breastfeeding using
alternately no age controls, a smooth quadratic in age, and quarter of birth by integer age
fixed effects. The results from these robustness checks are reported in Panels A-C,
respectively, of Table A.4. We find that the general pattern of results is robust to various sets
of age controls.
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A.5 Alternative Vaccination Results (Individual Doses)

Next, we provide some evidence that the results on vaccinations are robust to changes in the
construction of vaccination counts as well as to the empirical model used. First, we
disaggregate the count variables and estimate effects for each of the three DPT and polio
vaccines separately. These results are presented in Table A.5. Linear probability models are
estimated. The results clearly show that IOC treatment exposure remains a strong
determinant of receipt of individual vaccinations. The magnitude of the treatment effect
across all doses of DPT and polio is roughly the same.

A.6 Alternative Vaccination Results (Count Regressions)

Second, we estimate count (negative binomial) models for the number of DPT, polio, and
total vaccines received, rather than the linear probability model specified in the main results.
The results are reported in Table A.6. The count model results are consistently precisely
estimated and large, with imputed magnitudes (computed at the means of the dependent and
independent variables) comparable to the linear probability effects.

A.7 Sibling Spillover Results Using Sample of Only Multiple-child
Households

Finally, we replicate the main results for own and siblings’ I0C treatment exposure using the
sample of households with multiple children, since in the main results, we used all
households, including those with only 1 child, imputing zeros for siblings’ 10C exposure in
these cases. The results when the sample is restricted to multiple-child households are
presented in Table A.7. We find the magnitudes of the effects on own and sibling exposure
are slightly attenuated, though in most cases the coefficients are comparable to those in
Table 8. Some of the precision of the estimates for sibling spillover effects is diminished
when the sample is restricted, but the overall qualitative pattern remains the same.

A.8 Mother Fixed Effects Estimates

For the sake of comparison with the literature, we repeat the exercise from Almond, Edlund,
and Palme (2009) to see if within sibling comparisons (using mother fixed effects) reflect
larger or smaller estimates of investment responses. Taken together, our positive own
treatment and positive sibling treatment effect estimates indicate that within family
comparisons might actually yield smaller impacts on investments. We report results from
mother fixed effects specifications in Table A.8. Unfortunately, it appears that we do not
have sufficient precision to glean much from this exercise. Point estimates are similar in
magnitude to own treatment estimates reported in Table 2, but are no longer significant
likely due to sibling exposure effects going in the same direction.

A.9 Robustness and Heterogeneity (Urban vs Rural Households)

We might be concerned, given the higher programme exposure in urban areas, that
breastfeeding results are driven more by an emphasis on breastfeeding among urban
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mothers, particularly those delivering in formal sector facilities. We check for this in three
ways and report the results in Table A.9: first, we report the correlations between formal
sector delivery, breastfeeding, and the urban dummy (Panel A); next, we run the main results
from Table 2 as well as the formal sector delivery results using only the rural subsample of
households (Panel B); finally, we check for heterogeneous impacts of treatment exposure by
urban (Panel C). Taken together, while the impact of treatment on breastfeeding appears to
be strongest for urban mothers, this heterogeneity appears not to be driven by formal sector
delivery as much as perhaps a higher opportunity cost of time for urban mothers. That is,
treatment exposure does not predict formal sector delivery, even for urban mothers, and
urban mothers appear to on average be less likely to breastfeed in the absence of treatment,
and are simply more likely to respond to treatment in breastfeeding behavior.

A.10 Intrahousehold Resource Allocations (Older Siblings Only)

We reproduce the results from Table 8 using only older sibling exposure as calculated for
regressions in Table 9 and exclude younger sibling exposure. These results are reported in
Table A.10 and show that sibling treatment results are not driven entirely by younger sibling
exposure, but rather are nearly identical when estimated using only older sibling treatment.
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District Birth Rates Over Time
Arumeru v. Untreated Districts
(\! ]

o

D w |

nr

£

Q ()

& !Q\, ARV

E . R \,,‘\\',4

= g) x' Ir". O bl \\

H: ,/ ‘ |
2y WAL n
O "¢ _® ,.

n ~&s/ oy V .‘,
* e 4 7" \/ ‘,0'.

O 4 OO0 \,-v,\“" '“'M'.- ¢
| | | | | |
1960 1970 1980 1990 2000 2010
Year
——®—- Arumeru ——¢-—- Average for Untreated Districts
FIGURE 1.

Birth Rate Trends

Econ J (London). Author manuscript; available in PMC 2016 September 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Adhvaryu and Nyshadham Page 27
District Birth Rates Over Time
Karagwe v. Untreated Districts
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Effects on Health At Birth

Table 4

Page 35

Effects of Treatment on Perceived and Measured At-Birth Health of Child

Perceived Measured
Size at Birth 1(Below Avg.  1(Above Avg.  Birth Weight (g)
(ordered, 5 categories) Size) Size) (last birth only)
10C Treatment Exposure 0.0345 0.000802 —0.0722" 209.7%
(0.120) (0.0659) (0.0373) (123.9)
1(Female) ~0323** ~00881% 0.0320 -136.8
(0.155) (0.0480) (0.0264) (113.8)
1(Age 1) 0.0934 0.0609 0.0648 -16.17
(0.254) (0.0907) (0.0536) (233.9)
1(Age 2) -0.184 0.0133 0.0866 69.26
(0.233) (0.106) (0.0907) (393.7)
1(Age 3) 0.173 0.125 0.0661 380.0
(0.345) (0.140) (0.127) (580.4)
1(Age 4) 0.0702 0.0588 0.0611 103.3
(0.404) (0.180) (0.147) (658.4)
Observations 455 454 454 205
Mean of Dependent Variable 0.110 0.165 0.0881 3071

Notes: Robust standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1), clustered at the level of DHS cluster (primary sampling unit).
Treatment exposure calculated using month and year of birth, and years in which the program was rolled out in each district (see Table Al).
Perceived size at birth (column 1) normalized to O (categories are -2, -1, 0, 1, 2); ordered probit model used. Below average size is dummy for
smallest 2 categories of 5: ";smaller than average" and "very small." Specifications also control for: district fixed effects; urban dummy; rainy
season dummy; percent of household's salt that is iodized (0, 25, 50, 75, or 100); minimum and maximum sibling ages; dummies for median sibling
age; household size (deciles); number of females in household (quintiles); gender-specific birth order dummies; dummies for number of younger
and older siblings; dummies for mother's integer age; and dummies for mother's years of completed schooling. Sample is restricted to households

with at least 1 child < 5 years in 1999 DHS.
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Table 7
Quantity and Spacing of Births
Effects of IOC on Quantity and Spacing of Births
Panel A: No. of Children Born After Treated Child
10C Treatment Exposure 0.0393 0.0172 0.00823
(0.0437)  (0.0287)  (0.0209)
Fixed Effects Disctrict  Household ~ Mother
Observations 4048 4048 4048
Mean of Dependent Variable 1.761 1.761 1.761

Panel B: Succeeding Birth Interval After Treated Child (Mos.)

10C Treatment Exposure -0.875 0.132 0.114
(0.631) (1.021) (1.022)
Fixed Effects Disctrict  Household ~ Mother
Observations 3046 3046 3046
Mean of Dependent Variable 34.85 34.85 34.85

Panel C: Preceding Birth Interval Before Treated Child (Mos.)

10C Treatment Exposure 1.432 1.519 1.371
(1.278) (1.965) (2.063)
Fixed Effects Disctrict  Household ~ Mother
Observations 1448 1448 1448
Mean of Dependent Variable 35.79 35.79 35.79

Page 38

Notes: Robust standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1), clustered at the level of DHS cluster (primary sampling unit).
Treatment exposure calculated using month and year of birth, and years in which the program was rolled out in each district (see Table Al).
Specifications also control for: district fixed effects; urban dummy; rainy season dummy; percent of household's salt that is iodized (0, 25, 50, 75,

or 100); minimum and maximum sibling ages; dummies for median sibling age; household size (deciles); number of females in household

(quintiles); gender-specific birth order dummies; dummies for number of younger and older siblings; dummies for mother's integer age; and

dummies for mother's years of completed schooling. Sample includes children from the 1999, 2004, and 2007 waves combined.
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Timing of Vaccinations

Table 10

1(Child received vaccination, but not by recommended age)

Children Aged Under 5 in 1999 DHS

Recommended Age (WHO) Mean  SD

Vaccinations

Polio, dose 0 0 months 0.324  0.469
Polio, dose 1 6 months 0.576  0.495
Polio, dose 2 10 months 0.725 0.447
Polio, dose 3 14 months 0.794  0.405
DPT, dose 1 6 months 0.589 0.493
DPT, dose 2 10 months 0.723 0.448
DPT, dose 3 14 months 0.797  0.403
Measles 9 months 0.519  0.501
BCG 6 months 0.209 0.407
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Table A.6

Page 48

Effects of IOC Exposure on Vaccination Counts Effects of IOC Treatment on Vaccinations using Negative

Binomial (Count) Models

No. of polio doses

No. of DPT doses

No. of total
vaccinations

10C Treatment Exposure 0.146
(0.0504)
1(Female) 0.0353
(0.0245)
1(Age 1) 03717
(0.0763)
1(Age 2) 0.424™*
(0.0891)
1(Age 3) 0.438 ™
(0.0998)
L(Age 4) 0434
(0.104)
Observations 456
Mean of Dependent Variable 2.645

0173
(0.0584)

0.0438*
(0.0238)

0.385
(0.0827)

0.434™**
(0.0956)

0.475™**
(0.105)

0.453
(0.115)

456
2.629

0.159
(0.0536)

0.0415*
(0.0243)

0.476 ™
(0.0820)

0.524
(0.0936)

0.546
(0.103)

0,536
(0.112)

454
6.026

Notes: Robust standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1), clustered at the level of DHS cluster (primary sampling unit).
Treatment exposure calculated using month and year of birth, and years in which the program was rolled out in each district (see Table Al).
Specifications also control for: district fixed effects; urban dummy; rainy season dummy; percent of household's salt that is iodized (0, 25, 50, 75,

or 100); minimum and maximum sibling ages; dummies for median sibling age; household size (deciles); number of females in household

(quintiles); gender-specific birth order dummies; dummies for number of younger and older siblings; dummies for mother's integer age; and

dummies for mother's years of completed schooling. Sample is restricted to households with at least 1 child < 5 years in 1999 DHS.

Econ J (London). Author manuscript; available in PMC 2016 September 04.



Page 49

"SHQA 666T Ul S1eak G > s oym

PIIYd T < YHM Spjoyasnoy 0} pajatisal si ajdwes "Buijooyds paiajdwod Jo sieak s Jayow Joj sajwwnp pue ‘abe Jabaiul s Jayiow 1oy saiuwnp ‘sbuljgis Japjo pue JaBunoA Jo Jagquinu J0j SajWWNP ‘sajwwnp
J19pJo yuiqg d14193ds-1apuab {(sajnuinb) pjoyasnoy ui sejeway 40 Jaquunu ((saf19ap) azis pjoyasnoy ‘abe Buljqis ueipaw 1oy sarwiwnp ‘sabe Burjqis wnwixew pue wnwiuiw (00T 10 ‘S ‘05 ‘Sz ‘0) pazipol
S11ey1 fes s,pjoyasnoy 40 1wadiad ‘Awwnp uoseas Autel ‘Awilnp uegin s10a44a paxiy 191ISIP 110} [043U0D OS|e SUOIed1}193dsS *(TY 8|qel 8as) 10LISIP Yoea ul 1N pajjos sem welboid ayp yoiym ui siesk pue
‘Uuiq Jo Jeak pue yiuow Buisn paje|nafed ainsodxa juswieal ) ‘(yun Burjdwes Arewiid) 181SN[9 SHA 40 [9A3] 8yl 18 patdlsn|d ‘(T'0>d x ‘G0°0>0 xx ‘TO'0>U xxx) SBSBYIUSIE UL SI0LIB PIEPUE]S ISNQOY :SAION

9/8°0 0v0'9 G9.°0 v£9°C 9T a|qeLeA wapuadaq Jo uesiy
1. 1€ {283 v1€ v1€ SUOIBAIBSAO
(€180°0) (€02°0) (851°0) (60€°0) (862°0)
e 9660 e €92T 2900 ey 1660 xe0T0T (v 3BT
(L120°0) (#59°0) (921°0) (s62°0) (682°0)
e 0950 e VBT, 0EL0 e STTT e 60T (€ 3BT
(6220°0) (065°0) (ve1°0) (99z°0) (29z°0)
o 5290 e LVLT 09270 oy 5860 e 00T (z 3BW)T
(0790°0) (65%°0) (0560°0) (s0z'0) (06T°0)
xx £C90 09T €90 e 1180 xx 9180 (1 3BW)T
(€620°0) (721°0) (eve00) (29200) (€180°0)
9£%00°'0 ¥82°0 19€0°0 »0rT0 L0T°0 (srewad)T
(96€0°0) @520 (11900) (Zz10) (11T (en1ppY)
95700 »6¢70 0v90°0 TLT0 £ 5610 ainsodx3 Juswieall DOl sBuIlgIS
(80%0°0) (t22°0) (9vv0°0) (veT°0) (0zT°0)
19200 e 9920 98600 L E9E0 < EOE0 aInsodx3 UaWIBsl ] O] UMO

Econ J (London). Author manuscript; available in PMC 2016 September 04.

Adhvaryu and Nyshadham

'SOW 9 UBY) 8J0W  SUOIBUIDIBA  S3|SBS|N  S3SOP 14 40 'ON  Sasop oijod 40 ‘'ON
10} pajiseaig [e101 J0 "ON

SUOITRUIDIBA

J01AYag BuIpaajiseslg pue SUOI_UIIORA UO JuswIesl] DO 40 S10813

G Japun ualp|iyd 31NN Yim spjoyasnoH Jo ajdwes Ajuo Buisn sinsey
L'V 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 50

Adhvaryu and Nyshadham

'SHA 666T Ul s1eak G > plIyd

T 1SB3] 18 UYIIM Spjoyasnoy 0} palalisal si ajduwies "Buljooyos pa1sjdwod Jo sieak s Jayjow 1oy saiwwnp pue ‘abe 1abaiul s Jayiow oy saiwwnp ‘sbuijgis Japjo pue J6UNoA Jo Jaguinu J0) SIWWNP ‘saiwwnp
13pJ0 YuIg o1193ds-1apuab (sajnuinb) pjoyasnoy ul ssjewsay Jo Jaquunu {(saj10ap) azis pjoyssnoy ‘abe Burjgis uelpaw Joy satwwnp ‘sabe Burjgs wnwixew pue wnwiuiw (00T 10 ‘S/ ‘0S ‘Sz ‘0) pazipol
S11eU1 1Jes s,pjoyasnoy 4o 1adiad ‘Awwnp uosess Autel ‘AWWNp UegIn S108448 PaxIy 1911ISIP 110J [04U0D OS|e SUOIeII}109dS *(TY 8|qeL 88S) 1911SIP Yoea Ul 1IN0 Pajjos sem welBoid syl yoiym ui siesk pue
‘Yuiq Jo Jeak pue yiuow Buisn payeinafes ainsodxa juswieas] (iun burdwes Arewrad) J81snjd SHA 40 [9A8] aYp 18 paJaisn|d “(T'0>d « ‘G0°0>0 xx ‘TO'0>0 xxx) S3S3YIUBIRA UI SIOLID PIEPUE]S 1SNCOY :SAI0N

Author Manuscript

2180 920'9 950 629'C
€Sy 14 614 95t
ANHN.OV Am._”m.._”v Amom.ov Aoow.ov
#8570 866'T #1690 899°0
QHN.OV Amﬁo.._”v Qmm.ov Ammw.ov
#0670 €06'T ££99°0 299°0
(ov1°0) (52£7) (692°0) (599°0)
e £99°0 109 xx 8980 1780
(egT°0) (062°0) (vez'0) (#8€°0)
e 0650 e 89T 1990 <0980
(£080°0) (9z1°0) (6280°0) (96T°0)
0£T0°0- G9T0°0 08200 T0T00
(6780°0) (179°0) (80T°0) (82€0)
7€50°0 8180 86700 vzro

S¥9'¢
95y

(859°0)
€790

(852°0)
1150

(209°0)
2180

(8¥€°0)
- 9580
(zoz'0)
9T20°0-

(692°0)
5010

3|qeLIeA Juspuadaq JO ues|n

SUOINBAISSAO

(CEL)

(¢ 3bW)1

(z 96w)T

(1 96v)T
(erewsd)T

ainsodx3 juawiesl] DO|

'SOW 9 UBY) 840W  SUOITBUIDOBA  S3|SES\  S3S0p 1dd 4O 'ON
10} pajiseaig 1€101 10 "ON

sasop oljod Jo "oN

SUOITRUIDIBA

J01neYag Buipaajiseslg pue SUOI_UIDORA UO JuswIeal] DO 40 S19813

(suoneaiy1oads 34 Jay10|A) Aourjul Ul SJUSWISAAU| aJedyljeaH

8'V alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Econ J (London). Author manuscript; available in PMC 2016 September 04.



Page 51

Adhvaryu and Nyshadham

Author Manuscript

ST7°0 .80 886'G z5L0 29T 9292 alqelIeA Juspuadaq Jo ues|\
LTy 1414 9Ty 9Ty LTy LTy SUOIRAIBSqO
(88T°0) (5€80°0) (8€9°0) (0s1°0) (8820) (592°0)
H@HO| KKK NM@.O KKK NO@.N KKK HNN.O KKX m._”._”.._” KKK ._”.VO.._” A? ®m<vﬂ
(€ST°0) (1580°0) (019°0) (TeT0) (c2z0) (592°0)
9210~ xx 9850 wex 98T, 6200 s LT s SEOT (€ 9bv)1
(1T0) (€1200) (2250 (czr0) (9g2°0) (szz0)
YHT0— oy V90 e 0BT 1SL0 e 980T e 80T (z 96T
(e0T°0) (2990°0) (92v°0) (ev80°0) (281°0) (881°0)
98800 e 7290 e CEST ., TS90 xx LG60 e 9160 (1 96T
(L£v0°0) (8520°0) (va1°0) (11£00) (8200) (zr20°0)
€920°0- 28600°0 €92°0 00200 #6210 2010 (erewo)t
(s820°0) (£70°0) (eLe0) (6650°0) (22170) (8sT'0)
8020°0 18900 #1960 «8010 xx VOV0 xx86€0 aInsodx3 Juswieall 90|
ISEN[ETe] 'SOW 9 UBY] 810W  SUOITBUIDJBA  SJISBAIN|  S8sOp 1dd 40 'ON  sasop oijod Jo 'ON

101035 [ew.104

10} pajiseaig

|10} JO 'ON

SUOITRUIDIBA

Author Manuscript

a|dwes AJuQ leany :g |aued

T ¥950°0- 91220 ueqin
T 1,000 "SOW 9 UBy) 10w Joj pajisealg
1 AJanijaQ 10198S [ewioS
uequn ‘Ssowl 9 uey3 JSENIETq]

940W J0J pajisealg  10]I3S |ewoH

6V dlgel

Author Manuscript

suone|ali0) 1y |aued

(uequn) AlsusbolslaH pue ssauIsnqoy

Author Manuscript

Econ J (London). Author manuscript; available in PMC 2016 September 04.



Page 52

Adhvaryu and Nyshadham

"SHA 666T Ul s1eak G > pIyd

T 1583] T8 YNM Spjoyasnoy 0} palolisal si ajdwes “Buijooyds pajadwod Jo SiesA s Jayjow 1oy saiwwinp pue ‘abe Jafiajul s Jayiow Joy sajwwnp ‘sbuljgis Japjo pue JBunoA Jo Jagquinu 1oy SalwwNp ‘sajwwnp
J19pJo yuIqg d14193ds-1apuab {(sajnuinb) pjoyasnoy ui sajeway 40 Jaquunu {(saj19ap) azis pjoyasnoy abe Buljqis ueipaw Joy sarwwnp ‘sabe Buijqgis wnwixew pue wnwiuiw (00T 10 ‘S ‘05 ‘Sz ‘0) pazipol
S11ey1 jes s poyasnoy Jo juaatad ‘Awwinp uoseas Aures ‘Awwinp uegin ‘s1994a paxiy 19LISIP 1104 |0JIU0I 0S[e SUoIedILadS (T 9]qeL 88s) 10LISIP Yaes Ul Ino pajjol sem weiboid sy yorym ul sieak pue
‘Uuiq Jo Jeak pue yiuow Buisn paje|nafes ainsodxa juswieal) ‘(yun Burjdwes Arewiid) 18119 SHA 40 [9A3] ay3 18 patalsn|d ‘(T'0>d x ‘G0°0>d xx ‘TO'0>d xxx) SBSBUYIUSIE UI SIOLIB PIRPUE]S 1SNQOY :SBION

2.80 280 9209 950 629 Sv9'Z alqeLieA Juapuadaq Jo uesiy
€6y g5y 1 Sy 95y 95y SUOIRAIBSqO
(¥220°0) (r2200) (r29°0) (15T°0) (zte0) (08z°0)
e P90 e 790 e 118, 7900 nn CE0°T nn 6007 ( 9BV)T
(9520°0) (9520°0) (¥19°0) (821°0) (822°0) (022°0)
s 7090 s 7090 e l98T L, TVLO xn 8807 re OVOT (¢ 36)T
(¥890°0) (¥890°0) (zes0) (T2T0) (zvz0) (82z°0)
oy LV90 e VOO0 e 89LT 1YL ne TOO'T rn €20T (z 369)1
(9£90°0) (9£90°0) (eev0) (2280°0) (¥61°0) Amﬁ.e
s 6290 s 6290 n €T 9590 s 8980 rx 6580 (1 9BV)T
(L220°0) (L220°0) (S10  (o1800) (8190:0) (5990°0)
91100 91100 x0L20 90£0°0 8CT0 £0T°0 (srewsd)T
(5110 (¥9.0°0) (Ger0)  (8v2000) (z0z0) (88T°0)
w1720 wx L2110~ S50 £6100 1810 £9T°0 (uequn)T
(8e10) (¢660°0) (Lv5'0) (0260°0) (e92'0) (e£2°0)
1120 e L0 96800 1£90°0 610~ 2610 UBgUN x 3INsodx3 JualipealL JOI
(9520°0) (0T70°0) (rve'0) (0£500) (€91°0) (sv1'0)
1/100 16900 »x 1680 £ €6600 2 7EVO »x09€0 2Insodx3 Juawweall DOl
Aaniag 'SOW 9 UBYY 8J0W  SUOIIRUIDIBA  SBISB3|l  S9SOP 1dd 40 'ON  sasop oiljod jo "ON
101938 [ew.1o4 10} pajisealg 1e101 JO 'ON

SUOITRUID0BA

uequn Aq AllsusbolsisH D |aued

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

; available in PMC 2016 September 04.

Econ J (London). Author manuscript



Page 53

Adhvaryu and Nyshadham

‘(swutod abejusalad Gz Jo S|aAs] Ui [eari0bared) pazipol si ey Ajddns 1jes s,pjoyasnoy Jo abeiuadiad ay3 Joj salwwinp apnjoul osje ajdwes 6EET 8UY3 U0 UnJ SUoITedl19ads || "Palou aSIMIBYI0

$S91UN ‘SHA 666T dY} WOJ4 G J0 abk ay} Japun plIya T 1Sea| 18 UMM SPjoyasnoy 0] palalilsal si ajduwies ay | 1aplo Yuig d1419ads-1apuab e ui adejd s,p]1yd ay1 10} Se |[9M Se dABM pue 10LIISIP 10} S1091J8 pax1y
apnjoul am ‘Ajjeuld "pjoyasnoy ayp Ul uaip[iyd |je Jo sabe ay} Jo ueIpaw 8y} 40} SAIWLIND PUE UIW PUB Xew ‘Wns 8y} Se ||[aM Se pjoyasnoy ay} Ul Uaip|iyd aeway Jo Jaquunu pue pjiya ayl o sbuljqgis JabunoA
pUE Jap]|0 JO Jaquinu IO} S1O3448 Pax1y Pue 8IS Pjoyasnoy 8y ‘uosess Aures e Bulinp ulog Sem pjiyd sy Jaylsym Joj pue eale UegIn Ue ul pajedo] i pjoyasnoy ay} Jayiaym 1oy Awwnp e apnjoul osfe sjoJjuod
“Jayow ays Jo (uonajdwod Jo s|ana] [ea110631ed aALL) UOKRINPS pue (S8]199p) abe se [jam se pJ1yd ay) Jo Japuab pue (sieak 1abajul) abe 1oy saiwwINp apnjoul suoiealy19ads ||y 'sbuljgis JabunoA omy pue
13p]0 0M1 8} JO Sani|Igeqo.d Juawieal) J0 WNs ayl S luawieal] BullqiS ‘[aAs] abe-191sIp 8yl 18 Palalsn|o aJe S10418 prepwelS (T'0>d x ‘'G0°0>0 xx ‘TO'0> xxx) S3SBYIUAIE UI SI0419 PIEPUES ISNCOY :SBI0N

2.8°0 920'9 950 629'C Sr9'C 3|qeLIBA Juspuadaq S0 Ues|y
€5t S 1514 95t 95t SUOIEAIBSAO
(L¥200) (£59°0) (¥¥1°0) (20g0) (e12°0)
KKK w.V@ O KHKK @Nw N KKK OON O KKK H@O H KHKK mwo ._” Qﬂ ®@<VH
(0720°0) (565°0) (677°0) (e12°0) (€92°0)
oy 090 e 96T 6V20 e 8TTT e 7LOT (€ 3BT
(9990°0) (Lzs0) (917°0) (evz'0) (Lzz0)
*.x.x._”mw.o . 008'¢ xx TG.°0 xx LT0'T . o1 (z 9bv)T
(5£90°0) (Te¥0) (1580°0) (v61°0) (e81°0)
KKK @M@O KKK H@qN KKK m_.@@O KKK wmmo KKK N@@O AH O@(v._”
(6220°0) €10 (90c00) (§1900) (¥590°0)
£110°0 »5920 T0£0'0 2 9CT0 T0T°0 (srews4)T
(88£0°0) (ezz'0) (02£0°0) (s0T°0) (zoT'0) (annippy) ainsodx3
£150°0 w570 »9€L00 »867°0 1« 81C0 Juswieal] 90! ,sbullais Jap|o
(L8£00) (zze0) (L2s0°0) (esT0) (6€T0)
L £1600 re 1860 A A o EOV0 en EIVO aInsodx3 WaWIBsl | O] UMO
'sowl 9 ueyl SUOITBUIDJBA  S3ISBAIAl  SASOP 1dd 40 'ON  sasop oijod Jo 'ON

210W 10y pajisealg  [e101 JO 'ON

SUOITRUIDIBA

loineyag Buipsajisealg pue SUOIBUIDIBA UO Juswiesll DOI Buljgis 'sA umQ Jo s10843

(AluO sBulgis J8p|O) SUOIIRIO||Y 924N0SaY pPjoyasnoye.aiu|
0T’V 3lgelL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Econ J (London). Author manuscript; available in PMC 2016 September 04.



	Abstract
	1 Iodine Supplementation Program
	2 Data
	2.1 The 1999 Tanzania Demographic and Health Survey (DHS)
	2.2 IOC Supplementation Programme Data

	3 Empirical Strategy
	3.1 Definition of Programme Participation
	3.2 Empirical Specification
	3.2.1 Controls
	3.2.2 Sample Restrictions


	4 Results
	4.1 Main Results
	4.2 Potential Mechanisms of Impact
	4.2.1 Formal sector deliveries and investments at birth
	4.2.2 Health at birth
	4.2.3 Can Mothers Perceive the Cognitive Endowments of Their Infant Children?
	4.2.4 In Utero Exposure v. Mother’s IOC exposure
	4.2.5 Endogenous Fertility Determination
	Timing of Births
	Quantity and Spacing of Children


	4.3 Results on Sibling Spillovers
	4.3.1 Timing of vaccinations


	5 Model
	5.1 Setup
	5.2 Investment responses to endowment changes
	5.3 Interpreting the results

	6 Conclusion
	References
	A Additional Tables
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10
	Table A.1
	Table A.2
	Table A.3
	Table A.4
	Table A.5
	Table A.6
	Table A.7
	Table A.8
	Table A.9
	Table A.10

