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Abstract

Recent studies have documented the immediate and lasting effects of trauma in carly life, but
little is understood about how to protect children from these negative impacts. Protective effects are
difficult to identify empirically, because both preventative and corrective investments are endoge-
nous choices. We leverage a unique combination of events, in which a tornado struck an area of
northwest Bangladesh involved in a double-blind cluster randomized controlled trial (RCT) of ma-
ternal and newborn vitamin A supplementation, along with detailed birth and mortality records and
anthropometric measurements at 0-6 months, to test whether vitamin A supplementation mitigates
the deleterious effects of experiencing a natural disaster in eatly life. Exposure to the tornado iz utero
and at 0-3 months had a negative impact on infants’ anthropometric outcomes, and increased the
frequency of severe fevers. However, infants treated with vitamin A at birth through the RCT were
largely protected from these effects. Maternal supplementation exhibited a similar protective capac-
ity for those exposed iz utero, but this effect is estimated with less precision. Our results suggest that
simple health interventions can protect effectively against trauma in early life and that more research
on the role of micronutrients in infant’s resilience to shocks is likely to be valuable.
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1 Introduction

Recent studies from around the world have demonstrated that trauma 7z #zero and in early life can have
large impacts on the health and survival of infants and children. Much of this literature has focused
on air and water pollution (Adhvaryu et al., 2014; Chay and Greenstone, 2003a,b; Currie and Neidell,
2005; Currie and Walker, 2011; Currie et al., 2009, 2011; Greenstone and Hanna, 2011); the effects of
income shocks (Baird et al., 2011; Bhalotra, 2010), nutrient availability (Almond et al., 2011), clinical
intervention at birth (Almond et al., 2010; Bharadwaj et al., 2013), sanitation (Watson, 2000), and access
to health care (Almond et al., 2006) have also been documented.

This mounting evidence begs the question: how do we protect vulnerable children? In other words,
is it possible to engender resilience to eatly life shocks? This question is not answered easily. While it
is plausible that exposure to many types of early-life shocks is effectively random, measures taken to
prevent negative impacts—and measures to mitigate impacts once a shock has occurred—are likely not
random at all; they are rather deliberate choices. The extent to which parents invest in restoring their
child’s wellbeing after a shock is likely correlated with unobserved characteristics that also determine the
child’s outcomes. Assessing outcomes after these endogenous choices thus cannot produce a rigorous
answer regarding how much a particular investment actually contributes to resilience.

In this study, we exploit data from a unique situation that by chance combined an exogenous negative
shock with a randomized health intervention in early life. On March 20, 2005, a tornado struck several
areas of northwest Bangladesh that were involved in a double-blind cluster randomized controlled trial
(RCT) of maternal and newborn vitamin A supplementation. The tornado killed 56 people and injured
almost 4000, and generated significant property damage in about 7 percent of the villages under study
(Klemm et al., 2008). Both treatment and control villages were affected. We leverage this rare com-
bination of events, along with detailed birth and mortality records and anthropometric measurements
at 0, 3, and 6 months, to test whether vitamin A supplementation mitigates the deleterious effects of
experiencing a natural disaster in early life.!

Our empirical strategy exploits the contemporaneous combination of an RCT and a natural exper-

iment. To estimate the effects of the tornado, we compare the health of infant cohorts exposed to

"The protective role of vitamin A has a well charted physiological basis. Vitamin A promotes the functioning of neutrophils,
macrophages, and natural killer cells — vital components of the body’s immune system. It also helps restore innate immunity
after infection by promoting the normal regeneration of mucosal barriers (Stephensen, 2001).



the tornado 7z utero and at 0-3 months to unexposed cohorts, across villages (also called sectors) falling
within and outside the tornado’s path. Then, to identify the potential protective effects of vitamin A
supplementation, we add a third difference, across treatment and control sectors.

We show that exposure to the tornado at 0-3 months (the results are much weaker for iz utero ex-
posure) had a substantial negative impact on key anthropometric measures of infant health—namely
mid-upper arm circumference (MUAC) and chest circumference (CC), and increased the frequency of
severe fevers in infancy. However, those treated with vitamin A at birth through the RCT were effec-
tively protected from these deleterious effects. For example, a standardized anthropometric index at 3
months, constructed for mean effects analysis (Kling et al., 2007), dropped by .31 SD if the child was
exposed to the tornado at 0-3 months in a placebo (control) sector. That difference all but vanishes
for the same exposed cohort in treatment sectors. This pattern is consistent for anthropometrics at 6
months. Results on the incidence of fevers between 0 and 3 months reinforce the results on anthropo-
metric outcomes: exposure to the tornado in the first three months of life increases the incidence of
severe fevers, but this impact is wholly blunted in treatment sectors.

To our knowledge, our study is the first to rigorously demonstrate that it is possible to protect
against the deleterious effects of early life trauma. We show that health investments in early life can
engender nearly complete resilience to negative shocks. This result relates to recent studies suggesting
that intervention at birth can correct for health-related or economic disadvantage (Almond et al., 2011,
2010, 2006; Bharadwaj et al., 2013). These studies show that intervention in early life can improve
survival and health outcomes for children with low baseline health or economic status. Our findings
add to this literature in two ways. First, we measure a preventative (as opposed to a corrective) effect of
investments at birth. Taken together, then, the evidence to date demonstrates that investments at birth
work toward both improving outcomes after fetal disadvantage as well as protecting against trauma in
early infancy.

Second, previous work has stopped short of showing what outcomes would have been if the child
had been born without trauma. That is, how close does one get to coming to par with healthy babies’
outcomes if one intervenes on low birth weight babies at birth? This question can only be answered
well if the shock to the endowment is also plausibly random. We leverage the unique combination of
an RCT and a natural experiment to show that not only are babies who receive vitamin A more robust

after the tornado, as compared to exposed babies who did not receive vitamin A, but there is also full



catch up. Babies exposed to the tornado who received vitamin A are no worse off than babies who were
not exposed to the tornado.

We also add to the understanding of the “fetal origins” hypothesis—that early life factors have long-
lasting effects on health and economic well-being (Almond and Currie, 2011; Currie and Vogl, 2012;
Heckman, 2006, 2007). Recent work in this literature has emphasized the need to look at the long-term
effects of investments, asking the question: do early investments serve as complements or substitutes
to initial endowments (Almond and Mazumder, 2012; Bhalotra and Venkataramani, 2011; Cunha et al.,
2010). Our findings make some inroads toward answering this question. Our result—that outcomes for
exposed infants who received supplementation are no worse than for unaffected infants—supports the
hypothesis that, at least in the short term, endowments and investments are substitutes. Since the RCT
did not track infants beyond 6 months, we cannot determine whether this substitutability persists for
longer-term outcomes. Though much more work is needed in this area, our results suggest that it is
perhaps possible to protect young children from the lifelong disadvantage that can result from early life
trauma.

Finally, we provide evidence in support of policies encouraging vitamin A supplementation at birth
in low-income contexts. Our results suggest that much of the impact of supplementation, at least on
infant mortality, can be attributed to the large benefits accruing to the most distressed infants (in this
case, to tornado-affected infants, and more suggestively, to low birth weight babies). To enhance their
impact, supplementation policies should thus target distressed infants, particularly those living through
traumatic experiences — natural disasters, disease outbreaks, war, and the like — in the first few months
of life.

The remainder of the paper is organized as follows. Section 2 describes the child health in the
Bangladeshi context, and provides details regarding the vitamin A supplementation RCT and the tornado
event. Section 3 describes our data, and section 4 provides details on our empirical strategy. Section 6

describes the results, and section 7 concludes.



2 Context

2.1 The RCT

The two randomized field experiments we study were nested double-blind placebo-controlled cluster
randomized trials of maternal and newborn vitamin A (and in the maternal trial, 5-carotene) supple-
mentation in Bangladesh, conducted from 2001 to 2007.% These trials are part of the JiVitA Bangladesh
international nutrition research project on maternal and child health. Both trials were conducted in
a contiguous 435 square kilometer area in northwest Bangladesh, in Rangpur Division, with an esti-
mated population of about 600,000. The study site is typical of rural Bangladesh, lying at approximately
the 35th percentile of the distribution of economic and quality of life indicators among rural areas in
Bangladesh (see Labrique et al. (2011) for more details on representativeness of the study area).

The study area was subdivided into 596 sectors, each of which was populated with 107 to 377 house-
holds at baseline. These sectors were randomized using a 3x2 cluster randomized factorial design with
three different groups for pregnant women and 2 groups for their newborn children. The 3-group ran-
domization (maternal trial) used a geographic block randomization, which is described in detail in West
et al. (2011). The 2-group randomization (infant trial) was done by geographic block randomization,
where each block was defined within one of the three earlier groups, as described in Klemm et al. (2008).

All married women in the study area in 2001 (totaling 102,769) and newlywed women (during the
study, totaling 27,711), ages 13-45, were surveilled for pregnancy. In total, 60,294 pregnancies were
identified and, if consent was given (>99% of cases), the pregnant woman was enrolled in the maternal
supplementation study. The infant trial was nested within the maternal trial and was conducted during
part of the maternal trial, or between January 2004 and December 2006. A total of 15,937 infants
received supplementation (or placebo) directly at birth or shortly thereafter (79% within 24 hours; 90%
within 1 week) and were followed until 6 months after birth.

The two treatment groups in the maternal trial received the recommended weekly allowance of
vitamin A, either in the form of vitamin A or S-carotene (which the body converts into vitamin A), as

weekly supplements from first trimester through 12 weeks post partum, while the control group received

*These trials and the tornado survey referred to below were all approved by the Institutional Review Board of the
Bloomberg School of Public Health, Johns Hopkins University, and the Ethics Committee of the Bangladesh Medical Research
Council. Each of the trials was pre-registered at clinicaltrials.gov; Identifiers: NCT00198822 (maternal trial) and NCT00128557
(infant trial).



a placebo supplement. Life born infants in each sector were randomized to receive either 50,000 IU? of
vitamin A once at birth or to receive placebo once at the same time.
Further information on field procedures and other details can be found in Labrique et al. (2011),

West et al. (2011) and Klemm et al. (2008).

2.2 The Tornado

On the night of March 20th, 2005, a tornado swept through Gaibandha District, affecting about 7% of
the study area (Sugimoto et al., 2011) (see Figure 1). Between August and October 2005 each household
in affected areas was visited by a survey enumerator, who asked questions on mortality and morbidity
of household members as well as damage to homes as a result of the tornado. Based on this survey,
the tornado resulted in 56 deaths, injured 3,710 people and destroyed 3,540 houses(Sugimoto et al.,
2011). Out of 596 study sectors, 41 sector had some houses destroyed and in 24 sectors more than
20% of houses were destroyed. Our evidence suggests that the tornado had no effect on the timing
of supplementation or anthropometric and survey measurements. For instance, among infants in their
second or third trimesters in-utero during the tornado those in the tornado area were supplemented
within 24 hours at the rate of 80% while those outside of this area were dosed at the rate of 79.2%.
Birth anthropometry for this same population was obtain within 7 days in the tornado area at the rate

of 88.2% and outside this area at the rate of 89.5%.

3 Data

3.1 Sample

In defining the sample we follow Klemm et al. (2008) and include infants who were met and dosed
with vitamin A or placebo within 30 days of birth, and for which vital status at 24 weeks is known.
The randomized study was discontinued after December 31st, 20006, and all infants born after that date
were supplemented with vitamin A (regardless of randomization status). We therefore exclude the 3721
infants born after this date. We also exclude non-singleton births (298 infants) and those that we can

not assign to a cohort (63 infants). This leaves us with a final core analysis sample of 18767 infants.

3International Units



Survey Area Overview

Figure 1: Area damaged by the tornado. The figure was produced by the JiVitA GIS Unit.

3.2 Summary Statistics

Table 1 reports means and standard deviations of important outcomes and control variables. We code
as missing birth measures taken after 7 days and 3 and 6 month measures taken more than 8 weeks after
the target date (in our regressions we also control for the date of measurement). We report means for
the whole sample, as well as within and outside of tornado-affected sectors, and across treatment and
control sectors within the tornado area. We also report differences in means across these sub-samples.
Differences noted with asterisks denote statistically significant differences.

Babies in this area of Bangladesh are small relative to reference populations. The mean weight is
2.5 kg, exactly at the threshold for classification as low birth weight. Average length at birth in cm is
approximately 46.7, a full 3 cm less than the reference US population. Head circumference is 32.7 cm at
birth, which is 3 cm less than the same measurement for the reference US population. This difference
(with respect to the reference population) shrinks slightly by 6 months: head circumference at 6 months

is 40.89 cm as compared to 43.5 cm for reference infants.*

“Data for reference populations are from the Centers for Disease Control and Prevention Growth Charts for the United
States (Kuczmarski et al., 2000).



3.21 Comparisons across affected and unaffected areas and across study arms within tornado

sectors

Means of health outcomes at birth and at 3 and 6 months are balanced across the tornado and non-
tornado areas for pre-tornado cohorts. There is some evidence that infants in tornado-affected sectors
were slightly healthier, particularly by 6 months: 9 out of the 11 anthropometric measurements recorded
are larger in the tornado area; three of these differences—MUAC, CC, and Al all at 6 months—are statis-
tically significant, though the differences are small in magnitude.

Next, we compare means across treatment sectors (infants who received vitamin A supplementa-
tion at birth) and control (placebo) sectors within the tornado-affected area. Reassuringly, most birth
outcomes (weight and anthropometry) and maternal characteristics are balanced across the treatment
arms within the tornado area. Finally, anthropometric measures at 3 and 6 months are not significantly

different across the two groups.

3.2.2 Dosing

Infants were dosed within hours of birth with either treatment (vitamin A) or placebo. The trial was
double blind, so the implementation teams did not know whether they were dosing infants with treat-
ment or placebo. In Table 2, we report dummies reflecting the distribution of time to dosing (in hours
after birth) across key groups.

48 percent of infants were dosed within 6 hours of birth. 62 percent were dosed within 12 hours,
and 74 percent by 24 hours. The dose timing distribution has a long right tail: 16 percent of infants were
dosed more than 7 days after birth. Overall, the distribution of dosing timing was fairly similar across
tornado and non-tornado sectors, and within the tornado area across vitamin A and placebo groups.
We do see small significant differences in dosing less than 6 and 12 hours (note that this is prior to the
tornado). Tornado areas were dosed slightly ear/ier than non-tornado areas.

In Table 21, we verify that for exposed infant cohorts, dosing was actually more equal across tornado

and non-tornado areas, and, within the tornado area, across vitamin A and placebo sectors.



4 Empirical Strategy

4.1 Sources of variation

We leverage three sources of variation to identify the protective effect of vitamin A: 1) spatial variation
in tornado exposure; 2) temporal overlap between the tornado event and key early life periods; and 3)
the randomized allocation of vitamin A to newborns.

With regard to spatial variation, we compare infants born in sectors that were in the tornado’s path
with those born in sectors outside this path. Our baseline definition of spatial exposure classifies a par-
ticular sector as exposed if there was any tornado damage in the sector. Under this definition, 41 sectors,
or 7 percent of all sectors involved in the RCT, were exposed. Since several sectors experienced a low
degree of damage (less than 20 percent of homes were destroyed in 17 sectors), we may be misclassifying
these sectors as “exposed” according to the baseline definition. We can thus define an alternative that
includes only sectors affected to a greater degree — for example, sectors in which greater than 20 percent
of homes were destroyed. Results are qualitatively unchanged when we use the alternative definition of
spatial exposure. The caveat to using this alternative is that as we increase the cutoff, the number of
exposed sectors shrinks, leading to imbalance in the sample across the exposed and unexposed groups,
thus power goes down. A summary of tornado-affected sectors is provided in Table 3.

Second, we construct dummies for two main time periods of eatly exposure: the prenatal period (i.e.,
the infant was zz utero during the tornado event) and early life (i.e., the infant was either 0-10 weeks or
0-22 during the tornado event, depending on the timing of the measurement of the outcome variable).
Throughout the paper we define the 7z utero period as the time between our best guess of the date of
conception (based on the last menstrual period) and birth. This definition has the advantage of being
the normal definition of the 7 utero period but the disadvantage that it induces a mechanical correlation
between exposure to shocks iz utero and gestational length(Currie and Rossin-Slater, 2013). We discuss
what effect this has on our results in Section 6.6.4 based on re-estimation of our models using a definition
of the 7n-utero period as the 7 months before birth. For the postpartum period, we chose 10 rather than
12 (and 22 rather than 24) weeks because our measurements of anthropometric outcomes and the survey
of mothers were done at 12 and 24 weeks postpartum. We thus leave at least 2 weeks’ gap for the effects

of the tornado to manifest themselves in infant outcomes.”

>For regressions using the history of fever episodes at 12 and 24 weeks as the dependent variables, we use the full 12 and



Third, we use randomized variation in the allocation of vitamin A to newborns by sector. Accord-
ingly, we construct a dummy for whether the infant was born in a treatment sector, meaning he was
dosed with vitamin A at birth. As explained earlier, supplementation at birth in the RCT was cross-
randomized with prenatal supplementation. We focus on supplementation at birth in the body of the

paper, and describe the prenatal supplementation results in the appendix.

5 Estimation

Perhaps the most intuitive candidate strategy for identification of a protective effect for vitamin A is to
compare infants born in some window of time around the tornado event, inside and outside the tornado
area, and across treatment (vitamin A supplementation) versus control (placebo) sectors—a difference
in differences strategy. This would, however, require two fairly strong assumptions for identification.
First, we would have to assume that the tornado hit a random subset of sectors. This is cleatly violated,
as the tornado affected a spatially contiguous area. Second, we would need that the randomization was
balanced both inside and outside the tornado-affected area. Due to the small number of sectors inside
the tornado area, this assumption may not hold.

Obur strategy, which leverages the timing of births using a triple difference specification, allows for
much weaker assumptions. In particular, in the difference in differences strategy above, we would rely on
a single (spatial) difference across tornado and non-tornado areas to identify the effects of the tornado.
In contrast, here we can rely on both spatial and temporal variation (around the tornado window) to
identify the tornado effect. That is, we can compare babies born at different times (within and outside
of a window around the tornado event), across sectors affected by and unaffected by the tornado. Then,
we can essentially compare the size of this effect across vitamin A treatment sectors and placebo sectors.
This strategy also lowers concern about imbalance between the vitamin A and placebo sectors as we
estimate how birth outcomes change over time rather than comparing main effects across sectors.

Finally, we must also assume that the tornado hit vitamin A and placebo sectors equally hard. This
can be checked in the data. In fact, the average number of houses destroyed in the tornado hit vitamin
A sectors was 33.7% compared to 47.6% in the tornado hit control sections. This is in part because

the 6 sectors hit hardest (by this measure) were all control sectors. Excluding those sectors the average

24 weeks of exposure, respectively, since fever should respond more immediately than anthropometry.
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damage in tornado hit vitamin A sectors is 33.5% compared to 28.7% in the tornado hit control sec-
tors. However, as discussed below and displayed in Table 106, our findings are unchanged (and in fact
statistically stronger) if we exclude those sectors.

We thus estimate a triple difference across the three dimensions described above to identify the
protective effect of vitamin A. We assess the impact of the tornado by comparing outcomes for infants
across sectors affected by the tornado v. unaffected sectors and for those whose prenatal and early
life periods coincided with the tornado timing v. those for whom these periods did not. We then take
a third difference across treatment v. control sectors, to estimate the protective effect of vitamin A
supplementation at birth.

In section 0, we begin by presenting the raw conditional means of key outcome variables (anthro-
pometry, fever incidence, and mortality) within these groups. The differences across groups suggest a
large negative impact of tornado exposure and an equally large protective effect of vitamin A supple-
mentation.

We then estimate the full triple difference specification via ordinary least squares (OLS):

Oij =  a+VitA; (b1 + BT + BsU; + BaE; + B5T;U; + Be T E;) (1)

T + 72U + E; +vTUi + v T Ei 4+ Xi;0 + €45

Here, i denotes infant and j denotes sector. O;; is a health outcome measure. Tj is a dummy for
tornado-exposed sector. U; is a dummy that is 1 if the infant was iz utero during the tornado event, and
E; is a dummy that is 1 if the infant was 0-10 weeks during the tornado. Vit A; is a dummy for treatment
sector in the RCT. X; is a vector of determinants of child health used as controls. Standard errors are

clustered at the sector level.

6 Results

6.1 Birth outcomes

We begin with impacts on birth outcomes. The main purposes of this analysis are 1) to estimate the
impacts of zn utero exposure to the tornado on birth outcomes, and 2) to assess the protective effect

of maternal (prenatal) supplementation with vitamin A or [$-carotene. The main outcomes we assess
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as birth are birth weight, gestational age, small for gestational age (below 25th percentile birth weight
adjusted for gestational age), height, MUAC, HC, CC, and a mean effects index comprised of all of the
measurements at birth just mentioned.

Table 4 reports results of regressions of these outcomes on tornado exposure and its interaction with
prenatal vitamin A supplementation. For nearly all variables, we estimate a substantial negative impact
of in utero exposure. For example, the likelihood of low birth weight (birth weight < 2.5 kg) is higher by
16 percentage points; likelihood of prematurity increases by 6 percentage points; height decreases by .54
cm; and other anthropometric measurements (MUAC, HC, and CC) decline by .29 to .54 cm. In short,
we find strong evidence of negative impacts of 7z utero tornado exposure on outcomes at birth.

The coefficients on the interaction of exposure with maternal supplementation with vitamin A are in
general imprecisely estimated, but show a pattern towards protection. For example, the likelihood of low
birth weight increases by 15 points with iz utero tornado exposure, but that increase is cut approximately
in half for mothers receiving vitamin A supplementation during pregnancy. The magnitudes of the
interaction coefficients are similar (about half the size of the main effect of the tornado) for MUAC,
HC, and CC. Overall, the results, though not precise enough to claim conclusively, suggest a role for

prenatal vitamin A or 3-carotene supplementation in protecting against zz #fero assault.

6.2 Anthropometry at 3 and 6 months
6.2.1 Preliminary Evidence

Next we present preliminary evidence from means across groups of the anthropometric index (Al) at 3
months. The Al is constructed as the normalized sum of the three (normalized) independent measures
of anthropometry we have in the data: mid-upper arm circumference (MUAC), head circumference
(HC), and chest circumference (CC). The normalization centers the mean of the index over the whole
sample at 0 and standardizes the variance to 1. The Al is meant to be a summary measure of anthro-
pometry at 3 and 6 months.

Al group means are reported in Table 5. There are three panels of two-by-two tables; each panel
corresponds to a time period of birth relative to the time of the tornado event. A birth during the tornado
window is defined as being born up to 10 weeks before the tornado (early life exposure) or up to 40

weeks after the tornado (i utero exposure). The first panel reports means for infants born outside the
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tornado window, the second reports means for those with iz utero exposure, and the third reports means
for those with early life exposure. Each panel reports means across tornado v. non-tornado sectors and
across vitamin A treatment v. placebo sectors (where treatment is supplementation with a single vitamin
A dose at birth). This generates 4 means per panel. We also calculate differences across these groups,
and a difference in differences estimate within each panel. Finally, we take the triple difference across
panels. We report two such triple differences — one comparing iz utero exposure (second panel) to no
exposure (first panel), and one comparing early life exposure (third panel) to no exposure.

We begin with the first panel of Table 5. We see that outside the tornado window, there are fairly
large differences across sectors falling within and outside of the tornado’s path. In particular, babies
born in tornado sectors have significantly better anthropometry (by .09 SD in treatment sectors and
.14 SD in control sectors), in both vitamin A treatment and placebo sectors. This fact underscores
the non-random selection of tornado sectors, and therefore the need for a third difference over time.
Reassuringly, there are no significant differences across treatment and placebo sectors, though, as we
might expect given the smaller sample, the estimates are somewhat imprecise in tornado areas. The
difference in differences estimate is also not significantly different from 0.

The second panel of Table 5 reports Al means at 3 months for infants exposed to the tornado in
utero. In placebo sectors, mean Al in tornado areas was the same as in non-tornado areas (as compared to
.14 SD higher in tornado areas for infants outside the tornado window), suggesting that the tornado had
an adverse effect on infants who were exposed 7 utero. In vitamin A treatment sectors, this difference
was .10 SD, and thus the difference in differences estimate is essentially 0. None of these estimates is
significantly different from 0. Overall, this panel provides limited evidence in support of the hypotheses
that the tornado had an adverse impact on babies exposed 7 utero, and that vitamin A had any protective
effect.

The third panel of Table 5, with 3 month Al means for infant exposed in early life to the tornado,
shows large differences across groups. Non-tornado area means are essentially 0, as we would expect.
In tornado areas, however, the mean Al in placebo sectors is -.11 SD, compared to .15 SD for infants
outside the tornado window. This difference suggests a large negative impact of the tornado for infants
exposed in the first 10 weeks of life. Yet in vitamin A treatment sectors, the tornado sector mean for
exposed infants is the same as the mean Al in tornado areas (across vitamin A and placebo sectors)

outside of the tornado time window.
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Below these three panels, we report triple difference estimates for 7z utero and early life exposure.
These estimates capture the corrective and protective effects of vitamin A, respectively. The triple
difference estimate for the corrective effect of vitamin A after 7z utero exposure is .14 (and insignificant),
and the estimate for the preventative effect is .30 and significantly different from 0.

We report an analogous set of means for Al at 6 months in Table 6. The pattern of differences is
exactly the same as those reported in the previous table. The first panel demonstrates that, outside the
tornado time window, infants in tornado sectors are significantly larger at 6 months than those born in
non-tornado sectors. From the means in the second panel for infants exposed iz utero, we see the same
pattern, suggesting that the tornado did not have a large impact by 6 months for those infants exposed
during gestation.

The third panel, however, with Al means for infants exposed in the first 22 weeks of life, suggests
two things. First, the tornado did indeed impact these infants—the difference in the placebo group across
tornado and non-tornado sectors is -.04, compared to .16 for infants outside the tornado time window;,
indicating a large impact of tornado exposure on these infants. Yet in the vitamin A treatment group,
the difference across tornado and non-tornado sectors is .20, indeed larger than the difference outside
of the tornado time window. That is, those infants born in the vitamin A sectors appear protected from
the negative impacts of the tornado in eatly life. The triple difference estimates are consistent with the

difference in differences estimates from the separate panels and are significantly different from 0.

6.2.2 Regression Results

Next, we estimate impacts of the tornado for infants exposed 7 utero and in early life, as well as the
corrective and protective effects of vitamin A supplementation, using linear regression models of the
form shown in equation 1. We regress Al and, separately, its individual components—MUAC, CC, and
HC—on the triple interaction of a vitamin A treatment sector dummy, a tornado area dummy, and a
dummy for either iz utero or early life (0-10 weeks) exposure (we include both triple interactions in the
specification). All secondary interactions and main effects are also included. In addition, we control in
all models for the best guess length of gestation in weeks; in some models we also control for mater-

nal MUAC, maternal height, and a living standards index, which is a principal components analysis of

The mid-upper arm circumference (MUAC), chest-circumference (CC) and head circumference (HC) are all measured in
centimeters.
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household assets data.

The results for Al and its components at 3 months are reported in Table 7. The triple interactions
for in utero and eatly life exposure are reported at the top of the table. These tell us the magnitudes of
the corrective and protective effects of vitamin A, respectively. Next, we report the double interactions
with tornado area and being born in the tornado time window. These coefficients tell us the size of the
negative effects of the tornado. We then report other double interactions, main effects, and controls.

The results in Table 7 generally confirm what we learned from the preliminary evidence from Al
group means. We discuss Al results first, reported in columns 1 and 2 of the table. The interaction
of birth in tornado area with eatly life exposure has a large and negative coefficient (-.31, p<.05); the
coefficient on the interaction with in utero exposure is also negative, but smaller (-.14) and insignificant.
That is, by 3 months, infants exposed in eatly life to the tornado were more than .3 SD smaller than
non-exposed infants.

The triple interaction coefficients suggest that vitamin A has a significant protective effect, damp-
ening the impact of tornado exposure substantially. The coefficient on the triple interaction with early
life exposure is .37 without controls (column 1) and .28 with controls (column 2), indicating that infants
in vitamin A sectors were not significantly affected by the tornado, while those in placebo sectors ex-
perienced large negative impacts. The patterns for MUAC, CC and HC are similar, but triple difference
estimates of the protective effect of vitamin A are significantly different from 0 in both specifications
(with and without controls) only for MUAC. Length of gestation, maternal MUAC and height, as well
as living standards, are all positively associated with anthropometry.

In Table 8, we show the negative impacts of the tornado and the protective effect of vitamin A both
continue to be salient for anthropometry at 6 months. Indeed, the estimates of the tornado impact
on AL, MUAC, CC and HC are all larger at 6 months compared to 3 months, as are the protective
effects (read off the triple interactions). Again, we only find significant effects for early life exposure;

the impacts of 7# utero tornado exposure and mitigative impacts are both insignificant.

6.3 Growth

Next, we test whether growth, in addition to levels of anthropometric outcomes, was affected. To do
this, we use growth in anthropometric measures (Al, MUAC, CC, and HC) from 0 to 3 and 0 to 6 months

as the outcome variables in the same specification as worked with earlier.
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The results of these estimations are reported in Tables 9 and 10. Growth in both periods suffers
for infants exposed to the tornado in early life. Vitamin A seems to have a small protective effect on
growth at 3 months, but these estimates are rather imprecise and thus not significant at standard levels.
By 6 months, however, the protective effect is fully evident: the triple interaction coefficients are large
and statistically significant. Overall, the evidence suggests that levels as well as growth are affected by
tornado exposure in eatly life, but that the protective effect of vitamin A is manifest for both types of

anthropometric measurement.

6.4 Results on Fever Episodes

Here we present evidence on fever episodes, one mechanism underlying the impacts on anthropometric
outcomes. Since vitamin A’s primary role in infancy is to strengthen the immune system, we would
expect that infants dosed with vitamin A at birth are less prone to fevers occurring because of poor
nutrition, sanitation, and the like following tornado exposure. We test this hypothesis using data on
infant fever episodes reported by mothers at 3 and 6 months.

Table 11 shows group means for the number of high (as classified by the respondent) fever episodes
experienced in the first 3 months of life. The first panel shows that there were no differences in fever
episodes across tornado and non-tornado areas or across vitamin A and placebo areas for infants outside
the tornado time window. The average infant had just under 1 “high” fever episode in the first 3 months
of life.

In the second panel, we report the same group means for infants born in the 7z #tero exposure time
window relative to the tornado. Here, we see significant differences in number of fever episodes across
the tornado and non-tornado areas, indicating that 7z ufero exposure was indeed detrimental for infants.
In both vitamin A and placebo sectors, infants born in tornado areas had approximately .22 and .35 more
fever episodes, respectively. The double difference estimate (.13) is small and insignificant, indicating
that vitamin A had no corrective effect for this cohort of exposed infants. This evidence is consistent
with the small observed impact on anthropometric outcomes.

In the third panel of Table 11, we report group means for cohorts coinciding with early life exposure
to the tornado. We find that mean fever episodes in non-tornado areas was .86, consistent with the
means for other cohorts reported in the previous panels. But the mean number of episodes in tornado

areas that were placebo sectors in the RCT was 1.34, nearly .5 episodes (more than 50%) greater than
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non-tornado areas, while in tornado-exposed vitamin A sectors, the mean was unchanged, at .88. This
difference is echoed in the triple difference estimates of the protective effect of vitamin A, offering
powerful descriptive evidence that fevers indeed increased for infants exposed in eatly life, but this
impact was mitigated by vitamin A supplementation.

The regression results for fever and episodes for 0-3 and 4-6 months, reported in Table 12, confirm
these preliminary findings. The double interactions between tornado area and tornado time windows
show that exposure to the natural disaster increased the incidence of fever for most types of exposure—zz
utero (in some specifications), at 0-3 months, and at 4-6 months. However, vitamin A had a protective
effect for early life exposure (0-3 months), though this coefficient becomes insignificant when the triple

interaction for 4-6 month exposure is added to the specification.

6.5 Maternal Supplementation Results

Finally, we discuss results on the interaction of postnatal tornado exposure and the maternal supple-
mentation trial. Results are reported in Table 13. Overall, we find little evidence of a protective effect

of prenatal vitamin A or S-carotene supplementation.

6.6 Robustness Checks
6.6.1 Restricting Control Group to Pre-Tornado Cohorts

In our main analysis, infants conceived after the tornado are considered part of the (temporal) control
group. It is possible that these infants were affected by the aftermath of the tornado; for example,
sanitation and health infrastructure likely took time to rebuild in affected areas, so infants born in some
window well after the tornado could still have been exposed to its negative impacts.

To account for this possibility, we include additional interaction terms that effectively remove the
cohort conceived after the tornado from the control group. Thus all cohorts are now compared only to
the cohort born more than 3 months before the tornado. The results are reported in Table 14. We find
that the results on AI, MUAC, and fever all retain their magnitudes and statistical significance. As we
would predict, the inclusion of the cohort conceived after the tornado makes the estimates of tornado

impact in early life and the protective effect of vitamin A stronger.
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6.6.2 Changing the Definition of Tornado Exposure

Our baseline variable for tornado exposure is an indicator that equals 1 for each infant if the sector in
which the infant was born had a positive percentage of homes destroyed. Exposure might be better
defined using higher cutoffs, because low levels of tornado damage may not generate large enough
impacts on infant anthropometry to detect statistically. On the other hand, since defining the exposure
cutoff at 0 yields about 10 percent of sectors defined as exposed, increasing the cutoff will yield a very
small fraction of the sample classified as exposed. This creates small cells of infants who were born in
exposed sectors around the time of the tornado, and thus estimates become more imprecise. We favor
the “any exposure” definition to mitigate this latter concern, but we check whether exposure at higher
cutoffs has similar effects.

To do implement this, we take our basic specification and divide tornado exposure into two dummies
— one for 0-20 percent of homes destroyed, and one for 20-100 percent. We look at the double and
triple interaction coefficients for each of these indicators. The results are presented in Table 15. We find
in general that the size of the coefficients for both the impact of the tornado and the protective effect
of vitamin A are not statistically different for both definitions of exposure, suggesting that our baseline
definition seems to capture the appropriate variation in exposure.

Another possible concern for our estimates is that 6 of the most damaged sectors were all control
sectors. As a result, among the tornado hit sectors, 47.6% of houses in control sectors were destroyed
compared to 33.7% of houses in vitamin A sectors. If we exclude those 6 sectors most damaged then
the balance shifts such that 28.7% of houses in control sectors are destroyed compared to 33.5% in
the vitamin A sectors. We re-estimated our key regressions excluding these 6 sectors and report the
findings in Table 16. Our findings are similar and in fact statistically stronger than before. It therefore
appears unlikely that our findings are driven by control sectors being especially hard hit, at least not by

our measure of residential house destruction.

6.6.3 Multilevel Random Effects Models

In Table 17 we re-estimate our key regressions as multilevel hierarchical random effects models instead
of using OLS with standard errors corrected using the cluster sandwich estimator. In each model we

have a random effect for within and outside of the tornado area (level 1) and for each sector (level 2).
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Instead of fixed effects for each sector (as in previous tables) we include the three main effects: whether
the infant is in the tornado area, wether she is in a vitamin A sector, and the interaction of the two. Our

findings in this table are very similar to estimates obtained using our main specifications.

6.6.4 Changing the definition of the in-utero period

In Table 18 we change the definition of the éz-utero period to correspond to the 7 months before birth to
remove the mechanical correlation between gestational length and tornado exposure (Currie and Rossin-
Slater (2013) note that this causes a downward bias in estimates of the impact of shocks). Our results
of the impact of the shock are largely unchanged. With this new definition the tornado is estimated
to cause 0.16cm reduction in 3 month MUAC versus a 0.15cm drop using the original definition. The
number of fever episodes is estimated to increase by 0.31 versus an increase of .38 using the original
definition. We do find some positive effects of vitamin A on infants that experienced the tornado shock
in-utero using this new definition, but the effect is marginally significant, only found for MUAC, and in

other preliminary analysis, does not seem to be very robust.

7 Conclusion

Infants are vulnerable to a variety of assaults iz ufero and in early life. Quantifying the deleterious effects
of environmental factors, income and nutritional scarcity, and natural disasters on infant health and
survival is the focus of a rapidly expanding set of studies in economics. We know from this work that
impacts, particularly in low-income contexts, can be large and long-lasting, But we have little rigorous
empirical evidence that intervening in early life can change outcomes for children exposed to trauma.

In this study, we leverage the unique combination of a natural disaster and an RCT to estimate
the negative impacts of tornado exposure on birth outcomes, and the protective effect of vitamin A
supplementation at birth. We find significant impacts of the tornado on anthropometric outcomes at 3
and 6 months. But babies who received a one-time dose of vitamin A at birth did not experience the same
drops in anthropometric measures. Results on the incidence of fever episodes in infancy reinforce these
findings, lending some insight into the mechanism through which the protective capacity of vitamin A
operates.

The results this study demonstrate, to our knowledge for the first time, that simple interventions at
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birth can protect effectively against trauma in early life. This is important because improving the health
and survival of infants, particularly in low-income countries, is a primary goal for global health policy.
Moreover, a growing literature in economics shows that in addition to these immediate impacts, early life
assaults have far-reaching long run consequences. Disease (Almond, 2006; Bleakley, 2007, 2010; Cutler
et al.,, 2010), natural disasters (Currie and Rossin-Slater, 2013), income shocks (Maccini and Yang, 2009),
and war (Akresh et al., 2012) all leave lasting scars on health, human capital, and welfare that persist well
into adulthood. The role of public policy in mitigating these impacts or protecting against them is
widely recognized but poorly understood. In large part the dearth of rigorous evidence on policy levers
is due to the difficulty in finding overlapping episodes of early life trauma and an orthogonal natural
experiment that changed the incentives for investing in children.

Our study takes a step toward filling this gap. Our results demonstrate a strong protective effect
of one-time vitamin A supplementation at birth. We interpret this protection as evidence that, at least
in very early life, endowments (as proxied for by tornado exposure) and investments (vitamin A) are
substitutes. Whether this remains true when outcomes are measured in later childhood and adulthood is
an open question. Although our findings hold up to various robustness checks and are consistent across
a diverse set of outcomes (anthropometry, fever incidence and mortality), their strength is somewhat
limited by the relatively small share of infants in the study affected by the tornado. Our results hopefully
offer a valuable start and suggest that more research on the role of micronutrient deficiencies in infants’

resilience to shocks is likely to be very valuable.
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Table 5: Difference-in-Difference Table: Anthropometric index at 3 months.

Not in Tornado Area
In Tornado Area

Difference

Not in Tornado Window

Placebo Vitamin A
b (se) b (se)

0.00 -0.01

0.14 0.08

0.14 (0.05y%%  0.09 (0.06)

Difference (VA-PL)
b (se)

-0.01 (0.02)

-0.06 (0.08)

-0.05 (0.08)

Not in Tornado Area
In Tornado Area

Difference

In utero at tornado

Placebo Vitamin A
b (se) b (se)
-0.01 -0.01

-0.01 0.09

0.01 (0.09) 0.10 (0.12)

Difference (VA-PL)
b (se)

0.01 (0.04)

0.10 (0.15)

0.09 (0.15)

In first 10 weeks at tornado

Placebo Vitamin A Difference (VA-PL)
b (se) b (se) b (se)
Not in Tornado Area 0.01 -0.02 -0.03 (0.05)
In Tornado Atea -0.10 0.12 0.22 (0.15)
Difference -0.11 (0.14) 0.15 (0.08)*  0.25 (0.16)
Difference in-utero -0.13 (0.10) 0.00 (0.13)  0.14 (0.16)
Difference in first 10 weeks -0.25 (0.14)*  0.05 (0.10)  0.30 (0.18)*

The table shows means and differences (along with standard errors of differences) for the

various subsamples that define the triple-difference strategy: within vs. outside the tornado

area; within versus outside the tornado window (i.e. in utero or in first 10 weeks of life

at the time of tornado) and in treatment versus control sectors. The outcome variable is

the anthropometric index (standardized average of MUAC, head circumference and chest

circumference) measured at 3 months of age (the index SD is 1). Standard errors are clustered

at the sector (vitamin A randomization) level. Significance: * < 0.1; ** < 0.05; *** < (.01.
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Table 6: Difference-in-Difference Table: Anthropometric index at 6 months.

Not in Tornado Area
In Tornado Area

Difference

Not in Tornado Window

Placebo

b (se)

0.01

0.17

0.16 (0.06)***

Vitamin A
b (se)
-0.00

0.14

0.14 (0.06)**

Difference (VA-PL)
b (se)

-0.01 (0.03)

-0.03 (0.08)

-0.02 (0.08)

Not in Tornado Area
In Tornado Area

Difference

In utero at tornado

Placebo

b (se)

-0.02

0.10

0.12 (0.06)**

Vitamin A
b (se)

-0.02

0.17

0.19 (0.11)*

Difference (VA-PL)
b (se)

-0.00 (0.04)

0.07 (0.12)

0.07 (0.12)

In first 22 weeks at tornado

Placebo Vitamin A Difference (VA-PL)
b (se) b (se) b (se)
Not in Tornado Area -0.02 -0.02 -0.01 (0.04)
In Tornado Area -0.06 0.17 0.23 (0.12)*
Difference -0.04 (0.10) 0.20 (0.08y**  0.24 (0.13)*
Difference in-uteto -0.04 (0.07) 0.04 (0.10) 0.09 (0.13)
Difference in first 22 weeks -0.20 (0.10)*  0.05 (0.09) 0.25 (0.14)*

The table shows means and differences (along with standard errors of differences) for the var-

ious subsamples that define the triple-difference strategy: within vs. outside the tornado area;

within versus outside the tornado window (i.e. in utero or in first 10 weeks of life at the time of

tornado) and in treatment versus control sectors. The outcome variable is the anthropometric

index (standardized average of MUAC, head circumference and chest circumference) measured

at 6 months of age (the index SD is 1). Standard errors are clustered at the sector (vitamin A
randomization) level. Significance: * < 0.1; ** < 0.05; *** < 0.01.
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Table 11: Difference-in-Difference Table: Fever episodes at 0-3 months.

Not in Tornado Area
In Tornado Area

Difference

Not in Tornado Window

Placebo

b (se)

0.92

0.89

-0.03 (0.07)

Vitamin A
b (se)

0.91

0.92

0.01 (0.05)

Difference (VA-PL)
b (se)

-0.01 (0.02)

0.03 (0.09)

0.04 (0.09)

Not in Tornado Area
In Tornado Area

Difference

In utero at tornado

Placebo

b (se)

0.88

1.10

0.22 (0.11)**

Vitamin A

b (se)

0.87

1.22

0.35 (0.15)**

Difference (VA-PL)
b (se)

-0.01 (0.04)

0.12 (0.18)

0.13 (0.18)

In first 10 weeks at tornado

Placebo Vitamin A Difference (VA-PL)
b (se) b (se) b (se)
Not in Tornado Area 0.86 0.88 0.02 (0.06)
In Tornado Area 1.34 0.88 -0.46 (0.25)*
Difference 0.48 (0.19y**  -0.01 (0.16)  -0.48 (0.25)*
Difference in-utero 0.25 (0.11)**  0.34 (0.14)**  0.09 (0.18)
Difference in first 10 weeks  0.51 (0.16)** -0.01 (0.16)  -0.52 (0.23)**

The table shows means and differences (along with standard errors of differences) for the

various subsamples that define the triple-difference strategy: within vs. outside the tornado

area; within versus outside the tornado window (i.e. in utero or in first 10 weeks of life at the

time of tornado) and in treatment versus control sectors. The outcome variable is number of

fever episodes in the first 3 months top coded at 4 (> 4 episodes are set to 4). Standard errors

are clustered at the sector (vitamin A randomization) level. Significance: * < 0.1; ** < 0.05;

Rk < 0.01.

35



00 > sk *S0°0 > s F0T°0 > 5 POUEIPIUTIG
‘(4 se popod o3¢ soposida <) § 1€ papod doa

93¢ SYIUOW Q- PUE SYIUOW ¢-() UT SOPOSIdo JoA9J JO SI[ELILA SWOIINO Y ], "SUONEIFDIds UTeW JNO SUISN JOAJ] JO S[OPOW UOISSIFIIT JeUT |

L8S91 ¥SL91 29L91 1,891 SUOREAIISO)
000) 000
00°0- 00°0- (Po791U92) JUOWOINSEIW TPUOW 9 JB I3y
00°0) 00°0)
V.O,OL\OO ***OOO Quwwwucwuv JUdWwIInseawr LHGOE m Jje ow<
00°0) 00°0) 000) (0070
w1070 +00°0 0070 00°0 (syj2o4) woREIsIT JO YISuI[ ss9N3 389
- w~OH—QOQ Hoﬂuo -
#0°0) (o0
<00 20°0 98e Jo sypuow 9-f
*0°0) (200 (€00) (¢00)
#+60°0 €00 ¥90°0- 10°0- 93e jo syruow ¢-()
(€00) (100) (€00) (100)
<00 +20°0 +£90°0" 0070 oroIn UT
nmuaOQOU
(€0°0) (€00)
200" 100 93e jo sqruow 9-
(90°0) (€00) (S00) (€00)
0070 20°0 0070 ¥0°0- 3¢ Jo sypuow ¢-()
#0°0) (o0 #0°0) (T00)
€0°0- 00°0- 20°0 €0°0- o1oIn UT
. vm < u~> NCOmuUNuOHCm O~QBOAH
L10) (800)
w1170 S0°0 93e jo sqruow 9-
(1z°0) (80°0) 1o (L0°0)
€0 01°0 ++€S°0 +++CC 0 a3e jo syruow ¢-()
(11°0) (500 (1o (00
zro Y00 k+E€°0 LO0 oroIn UT
b MW eaJje O—U,NQHOH ﬁm UQOmuowuwuﬁm 0~Q§OQ
¥z°0) (60°0)
01°0- 10°0- 38e Jo sypuow 9-f
(Lz°0) 1o 61°0) 010
L10" <00 w+6E°0 S10- 93e jo syruow ¢-()
©1°0) (80°0) 810 (L00)
LO0 1070 <00 0070 oFoIn UT
b Mm < u~> N eaje OﬂuwﬂaOu QH “QOmucwuouﬁm Q-QCH
2s/q /9 2s/q 2s/9
sopostdo ‘wmpN]  F0a9] Auy  sopostdo rwmN]  Foa9] Auy

9-p STpUOW U

¢-() Sypuow U

(eouaropyrp-o1dmn) vonesyoads Urew :¥9A3J JO IDUIPIOUT (7 L],

36



TO0 > ok “G0°0 > 4k ‘010 > 5 9OULIPIUTIG

“[OAD] 303295 JU) & PFAISN[D IFE SIOTID PILPULIS '$I9SSE PlOYasNoY Jo sishfeue syuouodwod [edpund e o paseq xopur ue st
SPIepULIG SUTATT "$1097J9 PIXTJ (IUN UONEZIWOPUEE) F0I23S OPN[OUT SUOISSIIZIT [y AI[EITOW JUEJUT 29M f7 PUe (4 3¢ papod do1) sypuow
9 pue ¢ 1 soposido 7495 Jo Joquunu oy ‘(DH PUE D)) “DYIA JO 95LI0AL PIZIPILPUEIs) SYIUOW 9 PUE ¢ 1t () Xopu] dmawodoriuy ayp
93€ $O[qEIFEA DWOodINO oy, ‘voneiudwaddns [eurarew Jo A31ens 90u2FIP o[dIn € SUIsn $OWO02INO IULIUT JO S[PPOW VOTSSIIFT FeduT |

0ZE0Y YrL6T L818T €L06T 1SLLT SUONELAISqO)
00°0) 0070 00°0) 000 000
#4500 w1007 000" wxS0'0 kel 00 ($91201) uOREISAT JO (PFUI 5903 359
- wﬁc.H—QOU HUSH—O -
(10°0) (S0°0) (50°0) (50°0) #0°0)
#2070 %6070 <00 000 k€10 8¢ 3o sxPam (10
(100 (€00) (€00) (€00) (€00)
#10°0- 000 €00 w0107 b 10 o3I Uy
nw:OQOU
(100) (Lo0) (90°0) (L00) (90°0)
100 10°0- 80°0 €00 01°0 3¢ Jo sxyPam (10
(100 #0°0) (S00) #0°0) #0°0)
10°0- 200 LO0" €00 ¥0°0 o3aIm Uy
. MW Um "Gomubwuuﬁum O~QSOQ
(10°0) (80°0) (Lo (90°0) (90°0)
10°0 10°0- 600 €00 100 93e 3o s39am (10
(100) (S0°0) (50°0) (50°0) (50°0)
00°0- ¥0°0 €00 200 200 o191 Uy
b N <> uﬁomaoﬁuvuﬁm O—QSOQ
(€00 81°0) 10 Lro 10
000 ST <T0 ¥1°0 AR 8¢ o sxpam (10
(o'0) (4%0)] Lro) 010 (10
10°0- z10 bSO P10 z10 o190 U
b MW eaje OﬁNGHOu QH nﬁOmuUduUqu O~£50Q
#0°0) (62°0) (82°0) #z0) (cz0)
<00 LO0 Lo 620 0€°0- 23e 3o sxPam (10
#0°0) 610 Tz o) 1o 10
000 <10 LTO" 100 <10 o3I Uy
b Mﬂ Um Mm eale OHVGEHOH EH ”GOme,&uUuﬁm 0~&C,H.
#0°0) (6T°0) (€c0) (cz0) (zz0)
¥0°0- 200 01°0 €00 81°0 93e 3o s39Im (10
(€00 10 (cz0) (61°0) (cz0)
00°0- ¥1°0- «TV 0 Y0'0- ¥1°0- o3I Uy
b N <> N eaje OUNEan QH “ﬂOmuUN.uUaGm U~&~.~.H..
3s/q 3s/q 3s/q 3s/q 3s/q
SYooM $Z 3B SYPUOW 9  SYIUOW ¢  SPUOW 9  SYIUOW ¢
Aneasony soposido 1oA9,] v

aouafrsas [ereussod uo uonejuswarddns reusarewr Jo 135 ¢ (L],

37



TO0 > sk “G0°0 > 4k {010 > 5 9OULIYIUTIG

“[PAS] 303298 O} 1 PIFAISNID OFE STOIID PILPUEIS "OPLUIO) U} 230J0] SYITOW G'g UEYI 230W UF0q $IUEJuT A[uo sopnpur dnosd (90ua10503)
vospredwod oy voneayads sy Surs) +(ssanG 1s9q Mo £q) SWN OPEUIOI AU F21JE PIAIITOD IIM JEY) ISOYI JO 1IOYOD MIU & PPE M Ty
1dooxo suonesyoads Ul INO 01 JE[TWIS STONEIHDds JuIsn 0dUIPIIUT J0A0] PUE [IMO0IS JINOWOdOIYIUE JO SPPOT UOISSIISF JLIUT |

L8S91  T9L91  00T91  9S¥91  SIT9L  SL¥9I SUORTAIISAO)
000 000 000
OOO ***OOO **%ﬁoo Aﬁwuuuduuv Jjuoswainseauwr QuQOE O Jje ww<
00°0) 00°0) 000
#xk10°0 0k C0°0 #kC0°0 (Po323U23) JUDWRINSEIW PUOW ¢ I8 ww<
000 oo ©oo) 000 oo ©oo)
100 000 w00 k900 $kS00  45xL0°0 (s3joom) UOREISIT JO YITUI] $5INT 359
- m~0.~«ﬁ—00 Huﬁ—uo -
#0°0) #0°0) F0°0)
#kx€1°0 #0170 90°0- Y94 7Z-11 98y
00 o0 G0 00 o0 G0
wkL1°0 Y00 ¥0°0 <00 <00 €00 SIM (0]~ 95y
oo (oo  Goo oo oo  €oo
#4210 TO0 £900-  ¥00-  €00- Y00 ozaIm Uy
00 %00 G00) 00 oo (€00
w010 ++€C0 000" €00~ 000 ¥0°0" OPEUIO} 213 PIAFIUO))
uwauOJOU
(90°0) (90°0) (90°0)
00°0- $0°0- €00 Y94 7Z-11 98y
oo oo oo 000 o0 900
200 200 €10 900 L00- SO0 SY9M (1-0 95y
00 o0 (S0 o0 oo  Goo)
200~ 200 90°0- €00~ TO0- 000 ozaIm Uy
(G000 I (<0 YO M (+(0X0) o0 oo o0
€00 200 LO0" €00~ LOO- SO0 OPEUIO} 213 PIAJIUO))
b Mm < ﬁ> uGO_aUNuUaEm U—Qﬁoo
81°0) Lro s10)
sokxGh 0 0Z0- LOO 8¢ o sypam gz-11
tzo)  @®ro  @ro 1o  Gro 1o
#LE0  #SFO  wSE0- ¥9T0-  %9T0-  $TO 3¢ 3o sxPam (10
ro aro &ro oro oo  qro
60°0 #:6T0  TO0" 600 200 LOO ogoIn Uf
Gro @cro €ro o0 aro Qoo
010~ v00- 010 #0T0 910 +++12°0 OPEUIO} 213 PIAFIUO))
b Mm eaje OﬁNCuOu CH uGO_wQNuUaCm 0—£5OQ
Cra); (zz0) (0z'0)
91°0- 61°0 90°0 8¢ Jo syPam gz-11
zo)  Gzo Qo 1o @®ro Q1o
070" L0 506950  4x6€0  skbP 0 5xLEO 3¢ Jo sxPam (10
Lro  ro  @ro Lro  Gro 0o
90°0 Y00 LT0 61°0 80°0 810 o030 UT
(zo)  @®ro o 1o 1o €ro
200 100~ ¢TO €00~ €I0- 700 OPEUFO) 191J¢ PIAIITO))
b Mm < ﬁ> MW eaje OﬁNCan QH “.aﬁm U~@~HH.
as/q 3s/q 3s/q 2s/q 2s/q 2s/q
OW9 ONE¢ O 9 OWE¢  ON9 O
1897 OVOIN %

*33040 opeurol-1sod e Sururyap 01 suoIssax3ax A3 Jo ssauisnqoy ] J[qe],

38



TO'0 > s ‘SO0 > s 0170 > ¢ IVLIPIUTIG
‘[0A9] 301298 (UONEZIOPULI) 9Y) 18 PII2ISN[D
93¢ SJOIID PFEPULIS "OpruI0l ot £q PoLOTISOP 9J9M SISNOY JO 0/,()()[-(0Z SFOYM JOI29S B UT JuTaq (7 70 OPLUIO) 9 AQ PILOTISIP 2FoM $ISNOY
JO 0/,0g-(0 2FYM J0329s © U Suraq (] :SAEM OM) UT POUIJOP ST OPLUIO] ) 01 2INSOdXD 910UYM SI[RIFEA SWOIINO £33 JO S[OPOW VOISSIIZNY

L8S9T  T9L91  00T91  9S¥9T  STZ9T  SL¥9T SUORTAIISqO)
00°0) 00°0) 000
000~ $kk00°0 xx10°0 (Po391U92) JUIWIINSEIW PIUOW g 1€ 9Ty
(00°0) (00°0) (00°0) ‘
k1070 #kC0°0 sk C0°0 (Po323U23) JUdWRINSEIW (PUOW ¢ Je 9Ty
0o oo (00 (00°0) (00'0) 00°0)
#10°0- 000 w00 k90°0  kkS00 ek l00 (s3p2am) wopeasad jo yBuay ssond 1sog
- m~0.ﬂ—ﬁ—00 Huﬁﬁ—o -
#0°0) #0°0) *0°0)
¥90°0 i 90°0- Y94 7Z-11 98y
00 o0 G400 #0°0) #0°0) #0°0)
=010 €00 +00 90°0 <00 <00 SIM (0]~ 95y
oo oo (oo (€00 (€00 (€00
#5000 %5000 %900~ €00 €00 €00 o3aIm Uy
umuaOQOU
(50°0) (50°0) (500)
200~ 200" 0070 SYO9M 7Z-11 23y
0o o0 900 (90°0) (90°0) (50°0)
100 100 110 <00 ¥0°0 €00 Y994 (0]~ 3y
00 o0 G400 #0°0) #0°0) #0°0)
€00 200 €00 200 100 100 o1 U]
o vw < uW\/ ”COmuuwwoqu D?-SOD
(€z0) ©Lro #1°0)
LEOD 91°0- €10 Y94 7711 28y
zo @Gro €ro 81°0) Lro 81°0)
¥9€0  #kSS0  kxSE0- %1€0-  FTO 6T°0" $3IM (0]-( 93y
Cro  Gro  €ro 1o oro 010
110 870 900 Tro- 200 <00 o3I Uy
o vw o\:OO~vON OMNE.Nﬁ Oﬁ.mQ.HOrﬁ ”QOﬁuwuuuﬂﬁ U~£SOQ
(9¢°0) (0¢0) (62°0)
#16°0 L¥0 Y10 Y994 7Z-11 98y
o ©ro  ©1o (90°0) (010 (60°0)
150 810 wklV 0" okl€0T  workLS0T sanb €0 Y94 010 93V
zo)  Oro  Gro c1°0) 1o (zz0)
91°0 #EE0  LOO" Yz 0 0ro- €0 o3aIn Uy
. vw o\oON|O MMNENU OUNGHO.H ”GOEUNMOuCM U?-SOQ
8¢ 0) (sz0) (t1zo)
<00 LT0 90°0 SY9M 7Z-1] 28y
co  weo (o) €z 0 (sz°0) (€z0)
210 PO sssb80  #k1S0 #IS0 sbP0 SY9M (0]~ By
zo) (o (o) ¥z 0) (0z'0) (1z0)
000 €1ro 9¢°0 8T0 81°0 70 o191 Uy
“ X VA X %001-0g 23ewep opruro], (],
(ct0) (9¢°0) (9c°0)
19°0- SH0 61°0 Y94 7Z-11 98y
@S0 @  8ro Lro 010 ©Lro
850" LTO" kIS0 skbE0 €90 x1€0 S$3IM (]~ 95y
(gzo) Gz  Qro 610 Lro ¥z0)
80°0 €00~ 810 0Z0 €10 ST o3 Uy

"XV UA X %02-0 28ewep opeuiqy, :a[du,

s/q s/ as/q as/q as/q a8/q
'OIN 9 O ¢ ‘OIN 9 ON ¢ O 9 O ¢
FoAs OVNIN v

*21nsodxa OPBUF0} JO S[IAJ] JUIIIJJIP 01 SUOISSIATII £33 Jo ssauIsnqoy G| J[qe],

39



TO0 > sk “G0°0 > 4 ‘010 > 5 9OULIYIUTIG

“[9AS] 303298 (UONEZIWOPUEI) OY) 1 PIIAISN[D OFE STOIF PIEPULIG (701998 [0TITOD 2 01 pauaddey
[Te Y2TYM) PIAONSIP SISNOY JO 0/, ()Q UEBY} JOW Pey 1By} SI0II9S OU} OPN[OXd IM 9JOUM SI[ELFeA dWO0IINO L9y JO S[OPOW UOISSIITIY

62F91  €0991  ¥¥091  86T91  6S09T  LIE91 SUORTAIISAO)
000) 000 00°0)
00°0- w31:00°0 wxx10°0 (P2391U92) JUSWIINSEIW PUOW g JE ATy
00°0) 00°0) 0070
+rx10°0 ##x20°0 #4200 (P2397U90) JUDWIINSEIW YPPUOW ¢ ¥ ITY
0o oo 000 oo 000 000
#1000~ 000 wkxk70°0 k%900 #4500 sxxL0°0 (sy}oom) TON®ISOS JO YIFUI[ $SoN3 159
- m~0.ﬁ-ﬂ00 HOQHO -
#0°0) #0°0) #0°0)
¥90°0 #0107 90°0- 3¢ Jo sypam 7Z-11
¥ o0 G400 OO CX0) #0°0)
=010 €00~ +0°0 90°0 S0°0 S0°0 98e 30 s39Mm (T
oo oo (oo oo oo (€00)
#5000 #50°0-  %900- €00~ €00 €00 o190 Uy
uwquSOU
(50°0) (S0"0) (500)
20°0- 200 00°0 8¢ o sypam 7Z-11
oo oo 000 oo 00 (s00)
100 100 £11°0- SO0 ¥0°0- €00 3¢ 3o sxPam (10
¥ o0 400 @0 400 #0°0)
€00~ 200 €00 200 100 100 ogoIn U[
X V A fuondeInur diqnog
(cz0) 81°0) 10
#++EL°0 9Z°0" S0 3¢ Jo sypam 7Z-11
zo  Gro @ro Gro  &ro 81°0)
*9¥°0 *xk61°0 $kkCG 07 kkEV07 x990 xx9Y°0- o3e JO SYM (OT-0
@wro (1o ©1o aro  ©1o) €10
LT0 #k9€0 100 SIo- ¥0°0 81°0- o121n U]
b MW eaje OﬁNGHOu QH nﬁOmaUduuuGM O~£50Q
(00 (€z0) (0z°0)
LEO" 620 €ro a5e jo syPam 7z-11
co zo  «ro zo  @ro (1z0)
STO 6V 0" kL0 #k1S0 wkkTLO  #x1S°0 93e 3o s39IMm (10
@Gro  zo  Gro Oro  Gro Lro
10°0 100~ 020 0Z0 €10 7T0 o3I Uy
b N 4‘ u~> N eaje O@NGan QH “QOmuUNauaﬁm U~&~H.H.
3s/q 3s/q as/q 3s/q as/q 3s/q
OW9 OWNE¢  OW9 OWE O 9 O €
18] DV v

*$30109s paSeurep 1sowr 3y UIPN[IXI 01 SUOISSIIZOF £33 JO sSAUISNQOY 9] I[qL],

40



8 Appendix

41



TO'0 > sk SO0 > s {0T°0 > 5 :OULIPTUSIG
"[PA] J0129S 9 1 POIAISN]D dFE STOIID PILPULIS

‘(31N TONEZIWOPUELT) 01098 oL JOJ $199JJ0 WOPULI dPN[IUL SPPOW Y], SI[LIFEA dWO0IINO A9 JO S[OPOUN $139JJ0 WOPUEF [A[NNIA]

L8S9T  T9L91  00Z91  9S¥91  SIZ91  SL¥9T SUORTAIISAO)
000 000 oo 000 oo oo
#x10°07 00000 sokkb00 k900 sk 00  45xL0°0 (s901) UOREISIT JO PTUI] $5N3 389
- m—OuuGOU uoﬂuo -
oro oro  aro oro  G0ro 6o
€00 <00 €00 200- €00 800 703095 Y UIWEIA X ¥2I¢ OPEUIO} UT
(€00 oo €00 oo oo oo
10°0 100~ 000 000 100 10°0- 10109 UIWEITA
) oo 800 oo o 000
10°0- Y00~ L0O #€1°0 #4810 #kxL1°0 ©2J¥ OPEUIO} U]
umuou.mu Qmwz
(€00) #0°0) F0°0)
$xL0'0 sk L1707 $x80°0~ a3 JOSYamTT-11
#0°0) 00 G0 00 w00 G00)
010 S00-  ¥0°0 200 S0°0 000 3¢ 3o syPam (10
(€00 oo oo oo oo €
%S00 ¥S0°0-  #<L00-  ¥O0- 00~ €00 oFoIn uf
anuOﬁ—OU
(50°0) (50°0) (500)
€00 000 200 a3e Jo syPam 7z 11
(90°0) 0o 00 000 oo <o)
200 200 600 Y00~ €00~ €00 8¢ 3o sxPam (10
#0°0) 000  G00) 00 o0 G0
$0°0- 100 €00 00°0- 100 200 o3aIn Uy
b MN < uﬂ\? uﬁOﬁUduuuﬂm U~£30Q
&1°0) 10 #10)
S0 12°0- o a5e Jo sypam 7z-11
010 Oro 1o Oro  Gro 0o
ok IP 0 k6P 0 +k6€0"  xTE0- #xbE0- %0€°0 93e 3o s39Im (10
(1o oro  qro aro  O0ro  Oro
11°0 ##:LT0 900 LTO- SO0~ 910 o3I Uy
b Mm eaje O—UNH:OH CH uﬁomwoﬁuvaﬁm U—ono
(61°0) (0z'0) 61°0)
81°0 120 LO0O 8¢ o syPam gz-11
(1z0) zo) (o) zo) Gzo  (zo)
81°0- 6V 0" k€90 ALE0 wx6Y0  €€0 3¢ Jo sxpam (10
(s1°0) 1o 1o 1o Gro  Gro
90°0 LO0 €0 61°0 110 810 o030 UT
h MW < w~> MW edie O@GGHOH GH ":Omwo.&uuﬁkm 0~QC,H.
CRC&
3s/q 2s/q 3s/q 9s/q 2s/q 2s/q
‘OIN 9 ONE O 9 ONE ON9 ONE
REYES | OVAN vV

*[9AJ] J01D3S Y 1B S109YJD WOpULI SUIPN[OUT 0} SUOISSIITII £33 Jo ssawasnqoy :/] J[qe],

42



100 > sk SS0°0 > 5 0170 > 4 POULIPIUTIG

"[0AS] J03298 9 18 PIAISN]D d3E SIOFID PILPUELIG 9INs0dXd OpLUIO)
Pue ISU[ [LUONPISIT U2IMIO] TONE[IIIOD [EDTUBYIIW 9} 2A0WDI 03 (AIIq 03 Jorxd syruow / oy3 oq 03 porrad 039IN-UT 9} SUPOP oM 1T
13dooxa suopeoyoads UTew N0 03 Fe[rwrs SUONEdYAds SuTsn 20ULPIdUT 1949 PUL PMOIS dmPwWodoIIUL JO SPPOW TOISSIIZoT Feaur |

L8S91  T9L91  00T91  9S¥91  SIZTOL  SL¥IL SUOREAIdSqO)
000 000 00°0)
000~ $kk00°0 sk 10°0 (P2391U22) JUDWIINSEIW JUOUW g B ATy
000 000 000
k1070 55200 ##x20°0 (P2797U90) JUSWIINSEIW YUOW ¢ ¥ ATy
000 oo 00 oo 000 00°0)
#x10°0- 000 #6700 #6x90°0  #kxG0°0 HkL0°0 (s3904) wOREISIT JO YISUI] 59N I8¢
- w—OhaCOQ u@&ao -
#0°0) #0°0) #0°0)
¥0°0 ++80°0" S0°0- a3e Jo sypPam 7Z-11
00 o0 G400 OO CX0) #0°0)
#8000  TO0- 900 800 *L00 #L0°0 8¢ 3o sxPam (10
oo oo  Goo) con (€00 (€00)
€00 €00 10°0- #L00 200 Y00 o1 U]
nwquQOU
(50°0) (CX0), (s0°0)
10°0- 20°0- 000 a5e Jo sypam 7Z-11
000 o0 000 oo 00 (s0°0)
100 200 010~ SO0 00" €00 93e 3o s39am (10
00 oo <00 OO CX0) #0°0)
100~ 900 Y00 Y00~ 000 100 o3I Uy
b Mm < ﬁ\? uﬁomavﬁuvuﬁm U—Q—JOQ
(0z0) c1°0) 1o
#1S°0 £9T°0- ST0- 8¢ Jo sypam gz-11
zo  @ro 1o w1ro (€10 ¥r10)
*6¢°0 sk VPO swxk0F 0" 54€C°07  spkbC 0" 5x1€°0 93e Jo s32am ()1-()
aro cro  Oro aro  Oro 1o
LO0 #0€0  TU0 %610 TLO 810 o3aIn Uy
X eore O—U,&EuOu uy uﬁomucﬂuuuﬂm 0~£50Q
(Lz0) (oz'0) 810
¥1°0- 8T°0 ST0 3¢ Jo sypPam 7Z-1]
(zo)  zo  @ro CIND N CIX0) Lro
81°0- wxk8V°07  *xxxV9°0  xxCP0 $*kxCS'0  *k8¢°0 oFe JO SYM (OT-0
1o (1o (10 1o 10 (91°0)
81°0 000 #EE0  wI€0  %LTO +8T°0 o191 Uy
b MW < u~> Mﬂ edje O@NQHOH QH "GOmuUNuUaGm Oﬁnﬂhﬁﬁ
as/q  9s/q as/q 3s/q 2s/q 2s/q
ON9 OWNE ON9 ONE  ON9 O €
1989 DVOIN vV

swm 93nsodxd Jo UONTUGOP 01 SINSIT 0FNN-UT JO SSAUISNOY Q] L],

43



100 > sk S0°0 > s “01°0 > 5 9IULIYIUTIG

"[9AS] 301095 9} 1B PAIAISN]D I SIOIID PIBPUELIS 'SIISSE

proyeasnoy jo sisAfeut syuauodwods fedourrd e uo paseq Xopur Uk ST SPFepUeI§ SUTATT '$109J39 PIXT (IUN UOTBZIWUOPUET) F0193S IPN[OUT STOISSII3F
MV £1TeIsows 1ueyur Yoom 47 pue (4 38 papod dol) sqauowr 9 pue ¢ 38 soposido 19497 Jo Foquinu o ‘(D PUe D)D) DV JO 25LI0AL PIZIPILPUEIS)
sqpuow 9 pue ¢ 1 () Xopu JrNowWodoIIuy 9U3 9Fe SI[QELIEA SWO0IINO0 I, IYSPM AIIq A] SOWODINO JULJUT JO S[OPOW UOISSIISIF JLUT |

LSE9T LOTST 66VS1 TI6h1 29151 SUOREAIIS]()
(Lm (20'0) (c00) (c00) (100)
*xk9L"0C $xx76°0 *xxk08°0 $xx0T°0 sxx 1170 1U¥ISUO))
6801 #0°0) #0°0) #0°0) #0°0)
w107 GC T skxC 10 sxx 1170 $wxkL6°07 sk [T 3Y7 > WySrom g
(i) C0X0) (To0) (To0) (¢o0)
LTE 00°0 10°0 10°0 10°0 V UIeIrA
(8¢c1) (500 (90°0) (S00) (50°0)
8T'81- €107 9070 <00 ¥0°0 3Z > 1YSTrem yIIg X Y UIWEIA
2s/9 2s/9 2s/q 2s/q 2s/q

SY99M 7 e SIUOW 9 SYPUOW ¢ SYIUOW 9  STPIUOW ¢
(0001/9) SHieazoy s9posida 1aa9,1 v

syueju] WYSMyLITg Mo J0o§ uonerudwarddng ururelrp g1 9[qe],

44



*(A2An22dsax ‘syjoom g PUE ] ST 21Ep 1957¥1) 21EP 1957¥1 OU) I SYIIM § UBY) FAIP[ OU UIYE) JI SWL UO PIIIPISUOD ST SYPUOW 9 pue ¢ 1e Anowodorpuy
"pIIq J91Je SABP / UBY) F91¥] OU UDYE) JT 9WN UO PAIOPISU0D ST aaIq 1 Anowodompuy “(SIsA[eut 9U) WOoIJ PoPN]IXa 9J8 959U1) 130YO0D 94} JUTWIIAP 01 LIEP YSNOUD ALY 10U OP oM YITYM JOF
syuegur o3¢ (umouyu()) ¢ uwno)) uf ‘(porad [ennsuow 1se] pa1rodos TO Paseq) OPLUIO] o) J91JE PIAIIIUOD SO} 93¢ ( UWN[0T)) 130Y0d opeurol-1sod o ur syueju] *(¢ UWN[OD)) 0FNAN-UT
30 (Z uwWnN[O))) J1 JO YoM 4 IST IR UT ‘OPLUIO] I} A P2109JJ¢ SIFOYOD I} 93 STWN[OD OA) XU I, I OPLUIO) Y} UIYM 93¢ JO SYIUOW Q ISEI[ I8 I I8} SIULJUT JO 130Y0d a3 ST (]
uwn[oy)) opeuI0l-o3J (g MOy UT UDALS st ojdwies sTy1) syIFIq TOID[SuTs A[Uo asn om sasATeue u “((¢ mo0y) YaIq 1e viep smawodoryiue SurssTu-uou Juraey “5'9) sjuowarmbar viep uoAIs oy
[0 28 8302 1) JO 28vuadrod pue SIULJUT JO JOQUINU SISI[ 3T SMOF Juanbasqns UT MOI IS U U [e1 1) SULINP UFO] FIM B LITE PUL 1FOY0D AQ SIUEJUT JO FOQUUNT Oy} SIST] A[qEI oY T,

SL 9% 96 9Cse 86 6LSY 66 Oler 66 000¢ 0s ¢ 96 6SC 86 Le¢¢ 001 ¥l 001 80T SMIEIS [UIA JIUOW-9 SUISST-UON]
G¢ S1 98 ¢Sl 98 886¢ ¥8 <C99¢ I8 SI¥C G¢ 1 98 0¢Cc 88 ¢0¢ 16 88C C6 <61 £nowodoryue Yruow-9 swn-uQ
G¢ <1 98 691¢ 88 0O 98 o¥Le P¥8 ¥99C G¢ 1 98 ¢€C¢ 06 L0 C6 16C <6 S61 £nowodorypue Yuow-9 Furssiu-voN
0c ¢TI L8 80C¢ 98 066¢ 98 SvLE V8 L9SC G¢ 1 L8 ¥¢C 98 P¥6C 68 08C 68 981 £nowodorypue puow-¢ swn vO
0c ¢TI 88 ¢S¢¢ 68 9CIy 88 GC8C L8 ¢V9¢ ¢ 1 68 6¢C 06 80¢ <6 06C 16 161 £nswodorypue Yuow-¢ Jurssiu-voN
8¢ L1 18 ¥L6C 6L €99¢ 8L ¥OvE LL LTET 0 0 18 o6lc 18 LLC €8 09C 6L 991 £nowodorypue yriq swn v
Iy SC €6 ¥eve v6 6Cey €6 ¢SOy 16 TILC 0s ¢ ¢ <S¢ v6 ¢<C¢ L6 SOE <6 Sol £nawodorypue yraiq Surssiw-uoN
L6 65 66 TFIEC 66 S9SF 66 6CLY 66 910¢ 001 ¥ 66 99C¢ 00I ¢v¢ 000 GSI¢ 006 060¢ SYIq UOR[SUIS
19 6L9¢ L19Y L9¢Y 0¥0¢ ¥ 0Lc eve Sle 60¢ [EHH JUTFUT UL SU3] [BI0],
% N % N % N % N % N % N % N % N % N % N
opeuIo] oroIm Syoom opeuIn] opruIo] orom Syoom opruIo)
uMOUNU() 1804 -u] +2-0 -93d uMOUNU() 21504 -u $2-0 -91q
©oJ® OPBUIO) UT JON] ©OJE OPBUIO) UT

B3JE OPEUIO0) dY) IPISINO PUE IPISUT 1J0Y0D Aq UONEMY ()7 [T,

45



100 > sk SG0°0 > 5k S01°0 > 4 POULIPIUTIG
[9A9] 301098 Y3 IE PIIASI|D AT SIOLID PIEPUEIS 'SUOREIF2dS Urew Ino Juisn SUISOp & SWR JO SPPPOW UOISsIFas Jeaur|

18.91 18491 1891 1891 1891 SUOREAIISqQ

000 000 000) 000) 00°0)

*xx98°0 sk G L0 sk L0 $+xx€£9°0 sokx LY 0 JULISUO))

(10°0) (100 (100 (100) (100)

10°0- #€0°0- s5€0°0 #5600 k600 a8e 3o sxpPam (10

(10°0) (10'0) (10°0) (10°0) (10°0)

10°0- 00°0- 00°0- 100 000 o391 Uy

uwuHOQOU

(€00 (<00 (s0'0) (90°0) (90°0)

200 <00 <00 000 00°0- 3¢ Jo sxPam (10

(€00 (€00 (€00) (€00 #0°0)

100 000 200 €00 <00 oz Uy
. Mm edje O—U&QuOu ﬁH uﬁOmuO&HOHQm O?—SOQ

2/q 2/q 2/q 2s/q 2/q

sfep  => SINOY g => SINOYQ] => SINOYg[ => SMOYQ9 =>

Je paso(q

‘Bursop e dwiy, ;17 9[qE],

46



	Introduction
	Context
	The RCT
	The Tornado

	Data
	Sample
	Summary Statistics
	Comparisons across affected and unaffected areas and across study arms within tornado sectors
	Dosing


	Empirical Strategy
	Sources of variation

	Estimation
	Results
	Birth outcomes
	Anthropometry at 3 and 6 months
	Preliminary Evidence
	Regression Results

	Growth
	Results on Fever Episodes
	Maternal Supplementation Results
	Robustness Checks
	Restricting Control Group to Pre-Tornado Cohorts
	Changing the Definition of Tornado Exposure
	Multilevel Random Effects Models
	Changing the definition of the in-utero period


	Conclusion
	Appendix

