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Abstract

This paper estimates the short, medium and long term effects on health and the sub-
sequent intergenerational transmission of exposure in childhood to the Tanzania Flood
of 1993. The identification strategy exploits exogenous variation in the disaster’s geo-
graphic extent and timing, and the exposure of different birth cohorts to the disaster.
Results show that children exposed to the flood have lower height-for-age Z-scores three
years after the shock, with larger effects for girls than for boys. Moreover, women who
were less than 18 years old during the flood experienced negative health impacts that
were persistent even 17 years after the flood. Surprisingly, the children of the women
exposed in childhood to the flood have lower height-for-age Z-scores, while the children
of the affected men experience no effect on their height-for-age Z-scores. The impacts
using GPS information are 32% larger than if exposure is measured at the imprecise
regional level. The effects are robust to selective migration.
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1 Introduction

There is growing concern among economists that severe economic conditions early in life
may have persistent effects. A number of recent papers have documented the long-lasting
effects of such shocks on adult height (Alderman, 2006), on adult socio-economic outcomes
(Almond et al., 2005), on adult self-reported health, on child development (Currie, 2009)
and on educational outcomes (Maluccio et al., 2009). Surprisingly, there is little attention
in the literature to the possibility of the intergenerational transmission of the effects of
shocks in early life despite an increasing number of papers showing a significant relationship
between parental and child health and education (Ahlburg, 1998; Anger, 2010; Currie et
al., 2003; Currie et al., 2007; Coneus et al., 2011).

The Tanzania Flood of 1993 offers a context in which to study how shocks in the early
life of one generation may be transmitted to the next generation of individuals. This paper
uses household survey data to estimate the short, medium and long term effects on health
of exposure in childhood to the flood. Furthermore, now more than twenty years later,
it is also possible to determine the intergenerational transmission of the effects of that
flood. The 1993 flood was the most costly natural disaster in the history of Tanzania. The
damage to infrastructure was extensive generating a recovery cost of USD 6,000,000. Crops
and livestock throughout the entire region were also affected. Moreover, disruptions and
pollution disturbed the water system and generated outbreaks of diseases affecting 201,543
people.

The identification strategy for this study exploits exogenous variation in the disaster’s
geographic extent and in the children’s birth cohorts who were exposed to the disaster.
This paper combines many nationally representative cross-sectional household surveys,
three collected in 1996, 2005 and 2010 (3, 12 and 17 years after the flood, respectively) and
one collected in 1991 (2 years prior to the flood). This is unique as few studies of natural
disasters have data bracketing a flooding event. The children exposed to the flood have
lower height-for-age Z-scores three years after the shock, with bigger effects on girls than
boys. Those women who were less than 18 years old during the flood experience negative
impacts due to the natural disaster as long as 17 years after the flood. The children of the

women affected before adulthood have lower height-for-age Z-scores while the children of



the men affected before adulthood experienced no effect on their height-for-age Z-scores.
In this context, this paper contributes to the literature of shocks in early childhood in
four respects. First, this work provides one of the few micro estimates in the literature of
the intergenerational transmission of shocks in early childhood showing how the different
impacts observed by gender in the short term may lead to mothers who transmit the
natural disaster’s health effects to their children and fathers that do not. Second, due to
the unique data that includes flood and household GPS information, this paper is able
to accurately measure the intensity of the impact using each household’s proximity to the
disaster area. This approach makes a difference in the estimated effects of flood, with
households within 100 kilometers (km) of the flood having 32% larger long term impacts
than if imprecise regional measures of exposure are used. Third, the separate estimation of
the impact of flood exposure for boys and girls finds that both suffer negative consequences,
but girls experience a greater effect in the short term, a result in line with the existing

1" Finally, the triple difference estimation used in this paper provides a more

literature.
accurate counterfactual comparison than the traditional approach of the literature. The
pre-flood data allows the empirical strategy to control for baseline health levels for a given
age group and exploits variation in which birth cohorts of children were still growing when
they were exposed to the flood.

Specifically, the results of this paper show that flood-exposed children have 0.4 standard
deviations lower height-for-age Z-scores 3 years after the disaster. By splitting the sample
by gender, the estimates indicate that girls have 0.6 standard deviations lower height-for-
age Z-scores, while boys have 0.2 standard deviations lower height-for-age Z-scores. The
results also indicate that those girls affected before their 6th year have 2.6 centimeters
lower height 12 years after the shock. The effect on girls is persistent even 17 years after
the flood. This effect decreases as the age of the affected individual at the time of the
flood increases. This work finds that those women younger than 18 years at the time of

the natural disaster have 1.2 centimeters less height 17 years after the shock. There is no

evidence of impact for women affected after age 18. Finally, the results suggest that the

'Neumayer and Plumper (2007) investigate gender differences in disaster-related mortality, and conclude
that women generally are more likely to die than men, or at a much younger age, especially when they
come from a disadvantaged socioeconomic background. By one estimate, women represented 70 percent of
casualties after the 2004 Indian Ocean in Aceh, Indonesia (World Bank, 2011).



children of women affected by the shock when they were less than 18 years old have 0.3
standard deviations lower height-for-age Z-scores, while the children of men affected by the
shock when they were less than 18 years old are not affected by the natural disaster. All
these results decrease as the distance to the flooded area increases.

In addition to literature on the effects of natural disasters on socio-economic outcomes,
the results of this work are also related to previous research on gender bias during early
childhood. Much of the literature finds evidence favoring boys over girls (see Neumayer
and Plimper, 2007 for evidence that disasters lower the life expectancy of women more
than that of men, that the stronger the disaster, the stronger this effect on the gender gap
in life expectancy, and that the higher a woman’s socio-economic status, the weaker this
effect on the gender gap in life expectancy). In line with the literature, this paper finds
differential gender impacts of the flood on children’s health: Girls were more affected than
boys.

There are several plausible mechanisms by which the Tanzania flood may influence
the intergenerational transmission of health effects, but this paper is able to confirm that
one of the main mechanism for the transmission of the impact is the poor performance
of affected females in the marriage market. In addition, exposed women have less years
of education. In particular, this work finds that those women exposed to the flood have
poorer educational performance but also less educated husbands than women unaffected
by the flood; presumably they marry men who would not have married otherwise.

The remainder of the paper is organized as follows. Section 2 provides an overview of
the Tanzania Flood and sketches the spatial and temporal event data for the disaster. This
section also describes the survey data used in the analysis and explains the key variables.
Section 3 describes the empirical identification strategy, and Section 4 presents the main

results as along with robustness tests. Section 5 concludes.

2 Data
2.1 Tanzania Flood of 1993

In February of 1993 there was unusually heavy rainfall with flash floods affecting more

than 10 villages in the Lushoto and Korogwe districts of the Tanga region of northeastern



Tanzania, as shown in Figure 1. The flood affected 201,543 people (UNISDR, 2011), killing
54 individuals, seriously injuring 30 persons, and destroying the homes of 2,900 people.

The damage to infrastructure was extensive, with 270 km of roads and 13 bridges
washed away. Two schools and five health facilities were destroyed. The crops and livestock
of the entire region were also affected (UNDHA, 1993a). These damages in infrastructure
directly affected health. In particular, disruptions and pollution crippled the water system
causing outbreaks of diseases including, for example, pneumonia and cholera.

The Tanzanian government estimated the damages at USD 3,510,000, making the flood
of 1993 the most costly natural disaster in the history of Tanzania. However, other es-
timates of the damages, from the Tanga regional development director, calculated the

rehabilitation costs in over than USD 6,000,000 (UNDHA, 1993b).

2.2 Demographic and Health Survey and geospatial disaster information

The Tanzania Demographic and Health Survey (DHS) data from 1991, 1996, 2005 and
2010 are used. These data come from nationally representative cross-sectional surveys that
provide information on anthropomorphic measures and the nutritional status of mothers
in the age range 15-45 and children under five. The 1991, 1996 and 2010 Tanzania DHS
collected detailed information on the date of birth, GPS location, and height of 5,341, 4,458
and 7,320 children born before, during, or after the flood, respectively. The DHS data from
1991 and 2005 includes information on the date of birth, GPS location, and height of 5,143
and 10,005 adult women, respectively.

In particular, the anthropomorphic measure for children younger than five years is
expressed in terms of Z-scores (standard deviation scores) for height, a system widely
recognized as the best for analysis and presentation of anthropometric data for young
children (World Health Organization, 1995). Adult height is measured in centimeters,
which is considered the best measure for adult height.

The DHS indicates the current region of residence of each respondent as well as the
GPS location of each village and information about the amount of time that each individual
had lived there. The fact that the data indicates the migration history of respondents at
the time of the flood is important in order to deal with the effects of a potential bias due

to selective migration, since the region of current residence may not capture the exposure



of households that moved after the flood.

2.3 Preliminary Observations

Table 1 summarizes the child characteristics, the adult characteristics and the household
characteristics of affected and non-affected regions using 1991 as the baseline year. Affected
and non-affected regions are balanced pre-event. In particular, the anthropometric Z-scores
of the children are presented along with other variables that measure whether the parents
are alive or absent. The table shows no difference in any of the characteristics between
exposed and non-exposed children at the baseline year.

In the middle part of Table 1, adult characteristics such as childhood place of residence,
height, marital status, religion and years of education are presented. The adult character-
istics between the affected and non-affected regions show no statistical differences.

Finally, this table analyzes the differences in household characteristics between affected
and non-affected regions. In the remainder of Table 1, variables that measure land owner-
ship, gender of the head of household and distance to the closest health center are checked.

As shown in the table, household characteristics are not statistically different across regions.

3 Empirical identification strategy

The empirical identification strategy for this study relies on a comparison of the mean
differences in Z-scores and height of individuals from different age groups in affected and
non-affected regions, as surveyed before and after the natural disaster. This strategy
compares by age the height of impacted individuals who were in their childhood when the
natural disaster occurred to the height of individuals in non-affected regions, as surveyed
before and after the disaster.

In particular, this paper uses a triple difference estimator (DDD) to observe three sets
of potential control groups for the analysis of data from before and after the flood. These
control groups were comprised of individuals unaffected by the flood either because they
were in non-affected regions, because they were part of a non-affected cohort or because
they were surveyed before the disaster occurred. For instance, in order to estimate the

short- term effects, the control group is composed of children 3-4 years old in non-affected



regions (Control 1), children 0-2 years old in 1996 (who were not yet born in 1993) in
affected regions (Control 2) and children 0-2 years old in non-affected regions (Control 3).
This paper uses all three control groups for the DDD method. The implicit assumption is
that differences across age groups and in average height would be similar across affected and
non-affected regions in the absence of the natural disaster. Based on the triple difference

regressions, the estimation is the following:

Heighticjr =P1(Y oung Cohort. x Af fected Region; x DH S wave;)

(
+B3(Y oung Cohort. x Af fected Region,)
(
(

+52(Young Cohort. x DHS wavey) (1)
+B4(Af fected Region; + DH S wavey)
+ae + 0 + DHS waves + Xicjt + [icjt

where Height;.;; is the height for an individual i from the cohort c in region j surveyed
in period t, Young Cohort; * Af fected Region;* DH S wave; is a binary variable indicating
whether an individual was in his young cohort (born before the flood) in a region affected
by the flood and surveyed after it occurred, o, are cohort fixed effect, 9, are district fixed
effects, DH S wave; is an indicator for being in the last DHS wave of data, X;;; are individ-
ual control variables that include gender fixed effects, and p;j; is a random, idiosyncratic
error term. The coefficient § measures the flood impact on individuals’ outcomes for those
who were alive at the time of the flood in the affected regions.

To address the possibility that the affected region variables could be measured with
error or might be correlated with village or household level characteristics that influence
child health, this paper uses the GPS information on village location in relation to the
affected areas. Children’s exposure is measured by taking advantage of information on the
distance from the flooded area of each surveyed village. To classify the intensity of flood
exposure, the distance to the nearest flood location (even if it crosses region boundaries)
is used. This empirical strategy starts by identifying villages within 100 km of the flood
location, then those within 200 km and 300 km. These distances are used to define binary
variables to indicate households living close to the flooded areas. Then the following
modified Equation 1 replacing Af fected Region; with dummy variables that indicates
the distance to the flooded areas (0 — 100km tothe flood;, 101 — 200km tothe flood; and
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201 — 300km tothe flood;) is estimated:

Heighticjr =
+ B1(Young Cohort; * DHS wavey x 0 — 100km to flood;)
+ [2(Young Cohort; * DHS wave; ¥ 101 — 200km to flood;)
+ B3(Young Cohort; * DHS wave; ¥ 201 — 300km to flood;)
+ Ba(Young Cohort; x DH S wave;)

(
(
(
(
+ B5(Y oung Cohort; x 0 — 100km to flood;)
+ B6(Y oung Cohort; x 101 — 200km to flood;)
+ B7(Young Cohort; x 201 — 300km to flood;)
+ B3(DH S wave; x 0 — 100km to flood;)

+ Bo(DHS wave, + 101 — 200km to flood;)

+ B10(DH S wave; * 201 — 300km to flood,)

+ ac+ 9 + DHS wavey + Xicjt + Micjt
Because the same identification strategies for the estimation of all direct effects of the
flood are used for each year’s data set, this analysis is able to detect the transmission of
effects of the flood. It can thus compare the outcomes of those children whose parents were
affected in their childhood (before their 18th birthday) with children whose parents were

not affected in their childhood. The following regression can then be estimated:

Height;cjs =p1(ParentY oung Cohort; x Af fected Region; * DH .S 2010;)
+B2(Parent Y oung Cohort; * Af fected Region;)

+ps(Parent Y oung Cohort; * DH S 2010;) (3)
+B4(Af fected Region; * DH .S 2010;)

+ac+ 0 + DHS 2010¢ + Xicje + ficjt

where Height;.j; is the height for an individual i from the cohort c in region j surveyed
in period t, ParentY oung Cohort; x Af fected Region; x DHS 2010; is a binary variable
indicating whether a child has a parent less than 35 years old (those who are less than

35 years old in 2010 were less than 18 years old at the time of the shock) in a region



affected by the flood and surveyed in the DHS 2010, «. are parent cohort fixed effect, J;
are district fixed effects, DH S 2010, is an indicator for being surveyed in the DHS 2010,
Xij;t are individual control variables that include child gender fixed effects and child age
fixed effects, and p;j; is a random, idiosyncratic error term. The coefficient 31 measures
the flood intergenerational transmission of the impact on individuals’ height for those with

parents affected.

4 Empirical results
4.1 Short term effects, three years after the shock

Table 2 presents baseline regressions for the DDD estimation of the flood impact on height-
for-age Z-scores in 1996 (three years after the flood). This table focuses on children in the
age range 3-4. Since the DHS has only anthropometric information for children 0-4 years
old, the only children alive in 1993 are the children 3-4 years old in 1996 (those children
were 0-1 year at the time of the shock). The first column of Table 2 shows the effect of the
flood on the height-for-age Z-scores when exposure to the natural disaster is defined based
on the region of residence of each child (as outlined in equation 1.) Column 2 show the
effect of the flood on height-for-age Z-scores when exposure to the flood is defined based
on the geographic location of the household and its proximity to the flood affected area (as
outlined in equation 2).

In Table 2, column 1 suggests that the flood reduced the height-for-age Z-scores of those
children in age group 0-1 in the affected region by 0.443 standard deviations in comparison
with non-affected children.? In column 2 equation 2 is estimated, coding as exposed those
children within 100 km, 200 km and 300 km of the affected areas of the flood. As shown
in Table 2, the size of the effect increases with greater proximity to areas affected by
the flood. In particular, column 2 shows that the flood reduces height-for-age Z-scores of
those children within 100 km of the affected areas in the age group 0-1 by 0.462 standard
deviations in comparison with non-affected children®. For those children that live farther

than 100km from the flooded areas, there is no statistical evidence of any impact of the

2Similar results have been found on Weight Z-Score, Weight for Height-standard Z-Score and Body Mass
Index-standard Z-Score.
3We consider “non-affected children” as those who live more than 300km from a flooded area.



flood.

Columns 3 to 6 explore the heterogeneity of the flood impact by gender. In line with
the literature on shocks that generally finds a large negative bias against girls, this study
of the shock of a natural disaster shows all children negatively impacted by exposure, but
the effect on girls in particular is greater. Specifically, females alive at the time of the
shock in the affected region have 0.622 lower height-for-age Z-scores after the shock, while
males alive at the time of the shock in the affected region have 0.230 lower height-for-age
Z-scores after the shock. Moreover, in a fully interacted model, the equality of coefficients
for females and males is rejected. Finally, when proximity to the natural disaster is used to
code exposure, the same bias against girls is found. The flood reduces the height-for-age
Z-scores of those males 0-1 year at the time of the shock by 0.652 standard deviations, and
it reduces the height-for-age Z-scores for boys in the same age group by 0.249. However, the
last coefficients is not statistically significant. Similarly, no statistically significant effects

for girls or boys within 101 to 300 km of the affected areas of the flood are found.

4.2 Medium term effects, 12 years after the shock

Table 3 analyzes the effect of the flood by age at the time of the flood twelve years later.
This table presents the baseline regressions for the DDD estimation of the flood impact
on height in 2005, focusing on females in the age ranges of 15-18, 19-22, 23-26, 27-30 and
31-34 years. This means that at the time of the disaster in 1993, these females were in
the age groups 3-6, 7-10, 11-14, 15-18 and 19-22 years respectively. The youngest group
of focus comprises those that are 15 years old, since DHS only has height information for
females 15-45 years old. Fach row in column 1 corresponds to different control groups.

As seen in column 1, those females in the flood region affected by the shock when they
were 3-6 years old are 2.594 centimeters shorter after the shock than females in the control
groups. The results for age groups 7-10, 11-14, 15-18 and 19-22 are presented, respectively.
The intensity of the effect on females who were older at the time of the shock decreases
with age; the effect is non-significant for those females affected after their 18th year. These
results are in line with the existing literature on shocks in early childhood that show that
the younger the child is when affected, the greater the long-term effect.

Since in column 1 it is shown that the most greatly affected group comprises those
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individuals younger than 18 years, analysis of the 2005 data for this group (columns 2
and 3) yields estimates of the the medium term impact on affected individuals who were
15-30 in 2005. In order to be consistent with previous tables, the estimates of Equations
1 and 2 for those younger than 18 years at the time of the shock are presented. Column 2
shows that the flood reduced the height of females in the affected region in the age group
3-18 by 0.966 centimeters. In column 3, Equation 2 is estimated, coding as exposed those
individuals within 100, 200 and 300 km of the affected areas by the flood, respectively.
From this analysis it is possible to see the size of the effect increasing with proximity to
areas affected by the flood. In particular, column 3 shows that the flood reduced the height
of females within 100 km of the affected areas in the age group 3-18 by 1.408 centimeters in
comparison with non-affected females. The shock is shown to reduce the height of females
within 101 to 200 km by 0.911 centimeters while there is no evidence of impact for those

living between 201 to 300 km of the flooded areas.

4.3 Long term effects, 17 years after the shock

In order to estimate the long term impact of the flood, Table 4 estimates the effect using
the baseline regressions for the flood impact on height in 2010 (seventeen years after the
flood). This table focuses on females in the age ranges of 17-19, 20-23, 24-27, 28-31, 32-35
and 36-39 years in 2010. In other words, at the time of the disaster in 1993, these females
were in the age groups 0-2, 3-6, 7-10, 11-14, 15-18 and 19-22 years respectively.

As shown in column 1, those females affected by the flood when they were 0-2 years
old are 3.599 centimeters shorter after the shock than females in the control groups. The
results for the age groups 7-10, 11-14, 15-18 and 19-22 are presented. As for the medium
term effects, the intensity of the impact decreases on the age at the time of the shock of
affected females. Again, he effect is non-significant for those females affected after their
18th year.

To be consistent with previous tables, the estimates of equations 1 and 2 for the age
group younger than 18 years at the time of the flood are presented. Column 2 shows
that the flood reduced the height of females in the affected region in the age group 0-18 by
1.182 centimeters. In column 3, equation 2 is estimated coding as exposed those individuals

within 100, 200 and 300 km of the affected areas of the flood. The results suggest that the
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flood reduces the height of females within 100 km of the affected areas in the age group 0-
18 by 1.565 centimeters in comparison with non-affected females. This effect is decreasing

with the age at the time of the flood of the affected women.

4.4 Intergenerational transmission of the shock effects, 17 years after the
shock

Table 5 presents the intergenerational transmission of the shock effects. On this table
the estimation of Equation 3 is presented using as the affected cohort those children with
parents younger than 18 years at the time of the shock.

When coding as affected the children of exposed mothers (Column 1 and 2), this study
finds negative and significant effects of the flood on the children of exposed mothers. In
particular, in column 1 it is found that children of mothers exposed in the affected regions
have shorter height-for-age Z-scores by 0.301 standard deviations. When using proximity
to the natural disaster to code exposure, this analysis reveals that mothers affected close
to the shock zone transmit a negative effect to their children in height-for-age Z-scores. In
particular, columns 2 shows that those children whose mothers were affected before their
18 years old and who were within 100 and 200 km of the flood areas have a reduction in
their height-for-age Z-scores by 0.364 and 0.228 standard deviations respectively.

The analogous analysis for fathers in Columns 3 and 4 reveals no statistically significant
evidence of intergenerational transmission of health effects. None of the effects reported
are statistically significant, even when the affected /non-affected region approach and the

GPS information are used.

4.5 Discussion: Mechanisms of intergenerational impacts of the flood

Understanding the mechanisms by which a flood can affect the health of individuals of the
subsequent generation is crucial for the creation of adequate policies to protect possible
victims and their children from the negative effects of natural disasters. This study finds
that those mothers affected by the flood transmit health effects to their children, while
fathers affected by the flood do not*. Thus, in line with the finding that short-term negative

4The documented impact in this paper is net of any assistance since there were not an official relief
program for the affected individuals. In addition, given the long range impact, the evidence hints that
recovery was slow and incomplete
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effects are statistically greater for females than for males, mothers are the channels by which
this effect is transmitted to the next generation. The factor that affects females more than
males may also be the mechanism affecting the welfare of the next generation of individuals.

This study also finds that those girls who experienced the shock of the flood exhibit
poor performance in the marriage market many years later. They find poorer partners
with smaller family incomes, and these factors can affect their children’s nutrition and
health. Two measures help to understand the performance in the marriage market of the
deprived females. First, this approach estimates the effect of the flood on the age of the
husbands of affected females. It then estimates the effect of the flood on the years of
education of the husbands of the affected females. The expectation is that those females
were not successful in the marriage market who found older, less educated and thus less
economically productive partners.

From Table 6 it is possible to conclude that those girls affected before 18 years have
partners 3.109 years older and with 0.521 fewer years of education (the average years of
education in the 2010 DHS for Tanzania is 3.791 years) in comparison with the partners of
unaffected women. The results using GPS information are stronger than the results using
the affected region definition. Thus, the results suggest that the flood affects the marriage
market performance of exposed females. Given the evidence found in the literature that
poor anthropometric characteristics may negatively affect the matching process in the
marriage market (Behrman et al. 1994; Chiappori et al. ,2012), the greater impact of the
flood on women is likely to also affect the marriage performance of affected women more
than men. Naturally, those children born in poorer households with less educated head of
household have a greater probability of having a poor performance in their anthropometric
measures. The marriage market is therefore suggested as an important impact mechanism

for affecting the children of mothers shocked in childhood by the flood.

4.6 Robustness checks

Two concerns regarding the validity of the estimation are related to the possibility that the
flood induced selective fertility and mortality. The impact on fertility and mortality are
thus examined. The results show no evidence that affected individuals had different fertility

patterns or mortality due to the flood. This study also uses information about household
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mortality to examine whether exposure to a natural disaster resulted in systematically
increased mortality. This overall lack of relationship between flood exposure and fertility
and mortality strengthen the main results reported in the paper.

Finally, false experiments are performed by simulating false dates for the flood in the
affected region and simulating false location for the flood (This false experiments include
experiments coding as exposed cohorts before conception). After several simulations in the
affected region and also simulating false locations of the flood for the affected cohorts, this
study finds no effects on these false experiments that strengthen our identification strategy

or the reliability of the results.

4.6.1 Migration

One additional difficulty in measuring the impact of natural disasters is that migration may
occur as a consequence of the shock. Even though the flood can be seen as an exogenous
event, it can generate non-random migration. Unfortunately, if the flood affects migration
in a non-random way, the results may be biased. Therefore, there is a need to determine
whether the results hold even taking this fact into account.

To account for migration, any individual who moved during the flood is assigned to the
affected region. For all non-movers, exposure is coded correctly, but there is no information
about the residence of movers prior to moving to the region where they were surveyed.
For any migrants who moved within the affected region, the exposure is coded correctly.
Likewise, for any migrant who moved within non-affected regions the coding is also correct.
However, the residence at the time of the flood is misclassified for those migrants who moved
from an affected region to a non-affected region.

The DHS provides data for the number of years that individuals lived in the village
where they were surveyed, and it is available in the DHS for 1991, 1996 and 2005. With
this information it is possible to generate a re-classified migrants as if they were exposed by
the flood. In particular, this approach re-classifies those individuals who migrated during
1993 (the year of the flood) as residents of the affected regions. So, in this re-classification,
all migrants who moved during the flood are assigned to the affected region (if currently in
a non-affected region, then the assumption is that they came from an affected region and

they are coded as exposed). Essentially, this means re-coding all individuals who migrated
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during the year of the flood and currently live in a non-affected region as having been
exposed to the flood in an affected region. If the negative impact still holds, the effects are
robust to selective migration. Similarly, this paper finds performs a similar exercise for the
proximity regressions, assigning movers who moved during the flood to close areas in the
first 100 km to the flood.

As shown in the tables of the appendix (Table A.1 - Table A.2), all results hold.
There is a negative and statistically significant effect three years after the shock for exposed
children, and as in Table A.l, the effect is greater for females. Negative effects are also
found twelve years after the shock for females affected before age 18.

The results for the short and medium run effects are robust to the assumption that all
of the movers came from affected areas. This assumption also assigns individuals who were
not exposed to affected areas. For this reason, the effects seen in the appendix tables are
smaller than those in the original tables. Unfortunately, there are no information available

about migration in the DHS survey of 2010 to perform the a similar exercise.

5 Conclusion

The objective of this paper is to estimate the short, medium and long term effects of
exposure to the Tanzania Flood of 1993 on the health of individuals affected in their
youth, and to estimate the intergenerational transmission of those effects.

This is the first paper able to measure the intergenerational transmission of health
effects using the exposure of parents to a particular shock as the exposure classification.
The nationally representative Demographic Health Survey data was used to assess the
short, medium and long term impacts of the 1993 Tanzania flood on the health status of
individuals.

Using a triple difference estimator, this study finds that children affected by the natural
disaster were shorter than unaffected children three years after the shock. This effect is
greater for girls than for boys. In addition, this paper shows that for those females affected
before their 18th birthday it is possible to still find negative effects seventeen years after
the shock. This work also finds that females affected by the shock in their youth transmit
the effect to their children, while males affected by the shock do not. Finally, this paper
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shows that the short, medium and long term effects are robust to a possible migration bias.

A critical reason for studying the impact of early childhood shocks on individuals’
height is that this health indicator correlates with future health, education, and economic
outcomes. Based on other estimates of the links between height-for-age Z-scores, schooling
attainment, wages and education, it is possible to speculate on the long-term consequences
that follow from the negative health impact of the Tanzania Flood, one of which seems to
be poor performance in the marriage market. This study argues that an affected woman’s
performance in the marriage market is one of the main mechanisms that collaborate to
transmit health effects to the next generation.

The results in this paper contribute to a growing literature that estimates the health
impacts of natural disasters. The findings in this paper also help to improve understanding
of a broader issue, the long-term growth and development consequences of natural disas-
ters. Since malnutrition during a person’s early years has been linked to worse economic
outcomes in adulthood, the long-term legacy of shocks during childhood is a problem that
needs to be addressed with various health, educational and economic intervention. The

data and analysis presented in this work provide ample justification for such policies.
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Figure 1: Tanzania Regional Map Indicating Flooded region
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Notes: The main flood occurred in Tanga region, which is painted in red on the map.
Map source: CC-BY-SA.
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Table 1: Summary statistics and Balance

Mean Mean Difference
Variable Affected region Control Region P-value
Child Characteristics
Height Z-Scores 0.460 -0.114 0.567
Weight Z-Scores 0.817 0.663 0.877
Weight for Height-standard Z-Scores 1.562 1.771 0.832
Body Mass Index-standard Z-Scores 1.729 1.935 0.834
Mother Alive 0.974 0.975 0.893
Father Alive 0.959 0.946 0.111
Absents Parents 0.321 0.331 0.513
Adults Characteristics
Childhood Place (Large City) 0.000 0.029 0.128
Childhood Place (Small Town) 0.078 0.102 0.489
Childhood Place (Countryside) 0.922 0.869 0.171
Height (cm) 155.845 154.691 0.997
Marital Status (no married) 0.051 0.077 0.402
Marital Status (living together) 0.615 0.550 0.255
Marital Status (widowed) 0.090 0.092 0.943
Marital Status (divorced) 0.205 0.143 0.127
Religion (No Muslim) 0.282 0.219 0.187
Years of Education 2.089 1.980 0.287
Household Characteristics
Land Ownership 0.994 0.982 0.277
Female Head of Household 0.481 0.497 0.533
Distance to the closest Health center 20.608 21.586 0.101

Notes: Child characteristics are based on children between 0 and 4 years old from the child
recode. Adults characteristics and household characteristics are based on the household mem-

bers recode. Data source: 1991 Tanzania Demographic and Health Survey data.
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Table 3: Medium term Impacts of Flood Exposure on Women’s Height

Dependent Variable: Height (centimeters) (1) (2) (3)
During Shock Age 3-6*Affected Region*DHS 2005 -2.594***
(0.332)
During Shock Age 7-10*Affected Region*DHS 2005 -1.6117%%*
(0.116)
During Shock Age 11-14*Affected Region*DHS 2005 -1.073%**
(0.091)
During Shock Age 15-18*Affected Region*DHS 2005 -0.451%%*
(0.065)
During Shock Age 19-22*Affected Region*DHS 2005 0.027
(0.070)
During Shock Age 3-18*Affected Region*DHS 2005 -0.966%**
(0.099)
During Shock Age 3-18%0-100 km to the flood*DHS 2005 -1.408***
(0.504)
During Shock Age 3-18%101-200 km to the flood*DHS 2005 -0.911°%*
(0.428)
During Shock Age 3-18*%201-300 km to the flood*DHS 2005 0.023
(0.282)
During Shock Age 3-18*Affected Region Yes Yes No
Affected Region*DHS 2005 Yes Yes No
During Shock Age 3-18*Distance indicators No No Yes
Distance indicators*DHS 2005 No No Yes
During Shock Age 3-18*DHS 2005 Yes Yes Yes
Observations 15,148 15,148 15,148

Notes: Robust standard errors in brackets, clustered at the region level. *Significant at 10%;

** gignificant at 5%; ***

significant at 1%. All regressions include region fixed effects, age
fixed effects, gender and survey year fixed effects. The regressions are based on the 15,148
women between 15 and 45 years old. The height variable is measured in centimeters. Data

source: 1991 and 2005 Tanzania Demographic and Health Survey data.
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Table 4: Long term Impacts of Flood Exposure on Women’s Height

Dependent Variable: Height (centimeters) (1) (2) (3)
During Shock Age 0-2*Affected Region*DHS 2010 -3.599%**
(0.319)
During Shock Age 3-6*Affected Region*DHS 2010 -2.508%**
(0.309)
During Shock Age 7-10*Affected Region*DHS 2010 -1.663%**
(0.305)
During Shock Age 11-14*Affected Region*DHS 2010 -0.970%**
(0.242)
During Shock Age 15-18*Affected Region*DHS 2010 -0.437*
(0.226)
During Shock Age 19-22* Affected Region*DHS 2010 -0.052
(0.201)
During Shock Age 0-18*Affected Region*DHS 2010 -1.182%**
(0.262)
During Shock Age 0-18*%0-100 km to the flood*DHS 2010 -1.565%**
(0.529)
During Shock Age 0-18%101-200 km to the flood*DHS 2010 -1.228**
(0.458)
During Shock Age 0-18*%201-300 km to the flood*DHS 2010 -0.696
(0.577)
During Shock Age 0-18*Affected Region Yes Yes No
Affected Region*DHS 2010 Yes Yes No
During Shock Age 0-18*Distance indicators No No Yes
Distance indicators*DHS 2010 No No Yes
During Shock Age 0-18*DHS 2010 Yes Yes Yes
Observations 15,049 15,049 15,049

Notes: Robust standard errors in brackets, clustered at the region level. *Significant at 10%;
** gignificant at 5%; *** significant at 1%. All regressions include region fixed effects, age
fixed effects, gender and survey year fixed effects. The regressions are based on the 15,049
women between 15 and 45 years old. The height variable is measured in centimeters. Data

source: 1991 and 2010 Tanzania Demographic and Health Survey data.

24



eyep Aoang yjrest pue orydeiSows g
eIURZUR], 0707 PU® [66T :@2Inos eye °(pooy o) Surmp QT 03 () aSuel o8e oY) Ul dI10M (T(Z Ul Gg 03 )T a8uel a8e o1} ul
S[RNPIATPUL) GE 0 LT 93url 98w Y[} Ul oIv USIP[IYD [ord Jo juared o1} JT oUO 0} [enbo anjea soye) 110Y0)) JUNOL uaIe d[qelIeA
9], ‘PIO SIEdA J, pue () USM}9(] USIP[IYD [99‘G] UO PIseq oI SUOISSAISAI oy, 'S109Jjo PoxXI Ieak A9AINS pue Sjodpe poxy
o8e sjuored ‘s10ofo PoxXy 90URISIP ‘IOpUS ‘S100Q0 PoxXY oFe ‘S100J0 PoXy UOISeI 9pPN[OUl SUOISSAISdI [V "% T 18 JuROUIUIIS

sxx ‘%G TR JuROYIUSIS L. (040 IR JUROYIUSIG, [OAS] UOISSI oY) Je POId)SN[D ‘SjoxORIC Ul SIOLID PIRPUR)S ISNGOY :(SOJON

199°CT  199°¢T  199°CT 199°C1 SUOTYRAIDS( ()
SOX SOX SO SoX 010% SH 4210700 Sunox jusreJ
SOA ON SOA ON 0T0% SH(I4SI0¥edIpUT 90UR)SI(]
Sox ON SO ON SI0YRIIPUT 9OURISI(T4HOYO)) SUNOX IUSIR]
ON LN ON SOX 0T0% SH4UOI3Y Pty
ON Sox ON Sox UOTISOY POl Y 4 OO SUNOX IUSIR]
(6L1°0) (200°0)
160°0- #xxE70°0 0T0% SHAxPOOY o1} 03 U (00E-T0TIOYOD) SUNOX JudIR]
(650°0) (€20°0)
690°0- #%x8CC 0" 0T0% SHAxPOOY 91} 03 U ()0Z-TOT4HOYO) SUNOX JudIe]
(201°0) (€1°0)
8€0°0- ++V9€°0- 010% SHAxPOOY 913} 0} W ()QT-(4H10T0) SUNnox jusred
(1%0°0) (L¥0°0)
¢90°0 +#x10€°0- 0T0% SH4UOI39Y PIORPY 411070)) SUNOX JUdIR]

(¥) (€) (¢) (1)
I8y Palospgy ISJOIN PoIRPY 91098 77 93y 10] JSOH :o[qerreA juopuado(]

91008-7 93e-10J-)YSIo} S, USIP[IY) U0 oInsodXF POO[ JO UOISSTWSURI], [RUOIIRIDUSSINU] G d[(R],

25



“eyep AoAaIng yjreoH pue orgdeidows(] erurzue], 010 PUC [66] :99IN0S
ejR(]"(pooy o) Sulmp QT 0} () oSueRI o3 oY) Ul oIom ()T(F Ul G¢ 0} LT oSuerl o3 o) UI S[ENPIAIPUI) GE 0} 2T d3uel afe oY) ul
ST [eNPIAIPUIL 9} JT 9UO 09 [eNbs onfeA soxe} 11070 SUNOL d[(RLIBA U, ‘P[0 SIESA G pPUR G] UeoM)o( SISYIOW 7/ 'G U0 paseq
oI’ SUOISSOIZI O], "0Seq BJep o) Ul IOYI0UW [OrS JO PURCSNY O} JO UOIIRINPd JO SIBOA o) SB Pauyep SI UOIyeONPH puRqSNi
"9se( ®JRP S} UI 90U [[OBS JO puRgSNY S} JO 93% o) Se Pauyep SI 98k PURGSN ‘S)09[0 PoXY IeoA AoAINS puUe S100[0 PoxXy
o8e s,juared ‘s109fe PoxXy 90URISIP ‘IOpUSF ‘S100e Poxy oFe ‘109 PoXy UOISel 9pN[OUl SUOISSaISal [V "% T 1B jueOUIUIIS

sxx (%G TR JURDYTUSIS L. ‘40T e JUedyIusIg, [0AS] UOISLI o) je PaleIsn(d ‘s)ayderlq Ul SIOII® PIRPUR)S ISNQOY :SIION

ovL'6 avL'6 avL'6 avL'6 SUOTJRAISS ()
SOX SOX SOR SOx 010Z SH%30Y0)) Sunox
ESN ON SOx ON 0T0Z SH(+5107e1pU] 90URISI(]
m@;% OZ m@% OZ QHOQOO MQSOW%mHOH@UMUQM @ogﬁmpmﬁg
ON SOx ON SOx 0T0% SH U013 Pojodyy
OZ m®> OZ m@»% Goﬁwwm U@po®ﬁ<*p=~o&oo mQSO»W
(e€€°0) (096°0)
zelro- G700 0T0G SHAxPOOY 243} 03 Wiy (0E-T0G4IO0Y0)) Sunox
(292°0) (¥9v°0)
79270~ w1l TO'T 0T0Z SHAxPOOY 943} 03 Wy (0g-TOT OO Sunox
(229°0) (808°0)
«C8T'T- +xC88°€E 0T0% SHxPOOY 93 03 Wy ())T-04HO0Y0)) SUNox
(e¥1°0) (L¥7°0)
w108 0" +xx60T°€ 010% SH4UOI3N PaIddJY 1010 SUnox

(%) (€) (¢) (1)
uorednNpy purgsny 08y pueqsnyg P[qeLreA Juopuado(]

9OUBULIONIOJ JONIBJN 98BIIIR]A S,USTIOA\ U0 oInsodxy] pool Jo spoedw] :9 9[qe],

26



Appendix

27



“ejep AeAIng yjreeH pue orydeiSows(] vIURZUR], 96T PUR [GE] :90IN0S vIR(] ‘POOY o) SULINP UOLSaI Pajdeje-uou
IoYj0oUR UI UTAI] WA dARY JYSIW UOIZSI POJOSPR-UOU ® Ul dPISOI A[JUSLIND PUR POOY 9} SULINP POAOUL OYM S[RNPIATPUI OWIOS
Sse uo1peISIuI SNousSopus 0} anp seiq a1} YHm Surfesp of yoeoidde dATyeAISsTIOD © SI SIY T, *(POOY oY) Surmp uordal pajdope ue
ur SUTAI] U0dq PeY [NPIAIPUIL 9} JI SB POUSISS'AI ST sNje)s oInsodxo ‘U0IFoI Pajoaye-uou ® Ul SUIPISOI A[JUSLIND ST pUR POOY [}
SuLImp poAOUT OYM [ENPIATPUIL AI0A 10] *0°T) AOAINS O} JO SUII) S} J& SOUIPISAI JO SSO[PIe3ol UOISOI Pajddjje Ue 0f PouIIsseal
ST POOY o1} SULINP POAOUL OYM [RNPIAIPUI AUR AQRIOUYM ‘DOOJ O} JO SWII) 97} J® dOUSPISAI JO UOLFaI [erjuejod oY) U0 paseq ST
eouepIsal Jo aoeld s enpiatpul oy ], ‘(Pooy oY) Surmp [-() oSuel a8 oY) UT oIoM USIP[IYD 9SO T,) F-¢ oSuel a8e oY) Ul USIP[IYD
IOJ 9UO oN[RA SONR] 1I070)) SUNOLX S[(RIIRA 9], 'P[O SIdA § PUR () WOMID( ULIP[IYD 666 OYI UO Paseq dIe SUOISSOIZAI oY T,
'$100]J0 POXY IR9A A9AINS PUR JOPUS P[IYD‘SI09JJo POXY 95e PIIYD ‘S109JJ0 POXY UOLZAI dPN[OUL SUOISSOISAI [ "% 1@ JUROYIUSIS

s ‘%G 2R quedyruSts . 9407 ye JuedyrudiG, [9A9] UOLSI 9} Je POIISN[D ‘S}oNorIq Ul SIOLID pIepUe)s ISNCOY :S9JON

€687 €687 906'F 906'F% 666 666 SUOTYRAISS( ()
Sox Sox Sox Sox SOx SOx 9661 SH(I 431010 Sunox
SOx ON Sox oN Sox ON 966T SH(I+SI0YeIIPUI 2OURISI(]
Sox ON Sox ON SOx ON SI0JRIIPUL 9OURISI(T,10T0)) SUNOX
oN Sox ON S0x oN sox 9661 SH+UOI3N] PRy
ON Sox ON Sox ON Sox UOIS9Y PRI 411010 SUNOx
(0L1°0) (291°0) (091°0)
L9070 8TT°0- z€0'0- 9661 SH(+POOF 913 03 WY 00E-T0T4ITOY0D SUnox
(291°0) (9¢1°0) #¥1°0)
eaT'0 z8T'0 8¥T°0 9661 SH+POOF o3 03 W 00Z-T0T 400D Sunox
(¢80°0) (6L0°0) (€70°0)
zro'0- sl LEO- wx5VTT 0" 9661 SHxPOOY 03 03 ULy 00T-04310Y0)) SUnox
(860°0) (890°0) (670°0)
920°0- N raalis s 6ET°0- 9661 SH{xUOISOY POIRRY 4310Y0)) SUunox

(9) (c) %) (€) (2) (1)
SoRIN soewo | ULIPIYD [V 91008 77 93y I10J JUSWH :o[qerie) juspuado(]

poog 9y} jo own oy e
9ouRpIsal Terjualod U0 paseq ‘9109s-7 93e-I0J-PSIO S, ULIP[IY)) U0 2ansodxr] pool jo spoedw] mia) JI0YS 1Y 9[qR],

28



Table A.2: Medium term Impacts of Flood Exposure on Women’s Height, based on poten-
tial residence at the time of the flood

Dependent Variable: Height (centimeters) (1) (2) (3)
During Shock Age 3-6*Affected Region*DHS 2005 -0.983%**
(0.265)
During Shock Age 7-10*Affected Region*DHS 2005 -0.747H%*
(0.215)
During Shock Age 11-14*Affected Region*DHS 2005 -0.637*
(0.318)
During Shock Age 15-18*Affected Region*DHS 2005 -0.404*
(0.233)
During Shock Age 19-22*Affected Region*DHS 2005 -0.354
(0.212)
During Shock Age 3-18*Affected Region*DHS 2005 -0.702%%*
-0.214
During Shock Age 3-18%0-100 km to the flood*DHS 2005 -1.349%**
(0.465)
During Shock Age 3-18%101-200 km to the flood*DHS 2005 -0.466
(0.293)
During Shock Age 3-18*%201-300 km to the flood*DHS 2005 -0.231
(0.297)
During Shock Age 3-18*Affected Region Yes Yes No
Affected Region*DHS 2005 Yes Yes No
During Shock Age 3-18*Distance indicators No No Yes
Distance indicators*DHS 2005 No No Yes
During Shock Age 3-18*DHS 2005 Yes Yes Yes
Observations 15,148 15,148 15,148

Notes: Robust standard errors in brackets, clustered at the region level. *Significant at 10%;

*x *** significant at 1%. All regressions include region fixed effects, age

significant at 5%;
fixed effects, gender and survey year fixed effects. The regressions are based on the 15,148
women between 15 and 45 years old. The height variable is measured in centimeters. The
individual’s place of residence is based on the potential region of residence at the time of the
flood, whereby any individual who moved during the flood is reassigned to an affected region
regardless of residence at the time of the survey (i.e. for every individual who moved during
the flood and is currently residing in a non-affected region, exposure status is reassigned as if
the individual had been living in an affected region during the flood). This is a conservative
approach to dealing with the bias due to endo&%ous migration as some individuals who moved
during the flood and currently reside in a non-affected region might have been living in another
non-affected region during the flood. Data source: 1991 and 2005 Tanzania Demographic and
Health Survey data.



